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ABSTRACT

The major aim of this Thesis has been to procure and
begin to characterise T cell-derived cytokines in the
clawed toad, Xenopus. Recent reports have suggested that
Xenopus 1lymphocytes, stimulated in vitro with T cell
mitogens, will generate factors that achieve the enhanced
proliferation and growth of assay T lymphoblasts, but not
unstimulated cells; these factors have been called 'T cell
growth factors’ and likened to mammalian interleukin-2. In
this Thesis the nature of factors released 1in culture
supernatants (SNs) by alloantigen- and mitogen-stimulation
of Xenopus leucocytes is re-examined and it is shown that
cells other than T lymphoblasts and even non-T cells are
responsive to such T cell-derived ‘lymphokines’.

Chapter 2 revealed that SNs collected from 48 hour
cocultures of splenocytes from MHC {major
histocompatibility complex)-disparate Xenopus were able to

achieve enhanced proliferation not only of PHA-activated

splenic- lymphoid -cells; - but- also of -‘unstimulated’
splenocytes. Thymic ‘blasts’, but not ‘unstimulated’
thymocytes, were also responsive to these mixed leucocyte

culture (MLC)-induced factors.

In Chapter 3, to further investigate lymphokine
production, splenocytes were stimulated with the T cell
mitogens PHA (phytohaemagglutinin) and Con A (Concanavalin
A) and the activity of the culture SNs then examined after

mitogen removal. SNs taken at 24 hours achieved good
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proliferation of both ‘unstimulated’ splenocytes and

splenic blasts.

In Chapter 4, miniaturisation of the SN screening
assay was successfully achieved, wusing only 1.5 x 104
leucocytes in a ‘hanging drop’ culture, in order to

minimise the amount of lymphokine required in an assay,
and to allow experiments on few assay lymphocytes. It was
shown that ‘unstimulated’ splenocytes from early-
thymectomised Xenopus responded by proliferation to active
supernatants (ASNs) (MLC-, PHA- or Con A-generated),
indicating that a cell type other than a T cell could be
induced to proliferate in the presence of ASN. Thymectomy
experiments also indicated that T cells were necessary for

the generaticn of active supernatants in vitro.

The identity of the thymus-independent cells
responding to ASNs was further explored in Chapter 5.
Using an anti-IgM monoclonal antibody, B cells from early-
thymectomised Xenopus were separated from the rest of the
splenocyte population by flow cytometry. Surface IgM+
cells (B cells) responded mildly to--ASNs, - - whereas the
sIgM- population (and unsorted cells) responded well to
both the PHA-ASN and the MLC-ASN.

Work carried out at the beginning of this Ph.D., that
identified splenic antigen-presenting cells and
{inconclusively) explored the r6le of these «cells as
stimulators 1in MLC responses in Xenopus, 1is reported in
Chapter 6. The main conclusions to be drawn from this

research are briefly discussed in Chapter 7 and
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suggestions for future work ¢considered.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 Immunology of Xenopus

Comparative immunology is concerned with the study
of the immune system in a variety of animals at strategic
evolutionary levels. Immunological studies of
representative species of the various vertebrate classes
(mammals, birds, reptiles, amphibians and fish) and also
of a panorama of invertebrate organisms have begun to
reveal how the immune system evolved (e.g. see Horton &
Lackie, 1989).

Within the class Amphibia is the order Anura, which
encompasses frogs and toads. The most widely studied
anuran animal model with respect to its immune system is
the South African clawed toad/frog (genus Xenopus) {Du
Pasquier, Schwager & Flajnik, 1989). The Xenopus immune

system possesses many similar features to the mammalian

o immune. systemn.- --Xenopus ‘has - been” ~ ¢hosen  as a
representative of this order for a number of reasons,
including the ease with which Xenopus c¢an be bred and
maintained under laboratory conditions. Furthermore,
studies of the Xenopus immune system have heen helped
considerably by the availability of inbred Xenopus
strains (Katagiri, 1978) and MHC (major

histocompatibility complex) identical clones (Kobel and

Du Pasquier, 1975), production and increasing



availability of monoclonal antibodies (McAbs) to a
variety of Xenopus cell surface molecules (reviewed by Du
Pasquier, Schwager and Flajnik, 1989; Flainik, Hsu,
Kaufman & Du Pasquier, 1988). There are a number of
useful cellular markers for Xenopus. For example, cells
from the species Xenopus borealis can be labelled using a
gquinacrine stain which 1labels the DNA present in the
cells (Thiébaud, 1983). The use of triploid and diploid
Xenopus, together with ploidy labelling techniques have
also been used to trace cell movements within
transplanted tissue (Turpen et al, 1982; Turpen & Smith,
1986).

A major histocompatibility complex has been
identified in Xenopus. This complex is the region of the
genome which codes for MHC proteins, that play a crucial
role in immunological recognition by T-lineage
lymphocytes. The Xenopus MHC (known as the XLA) codes for
the molecules which are crucially involved in stimulating
a mixed leucocyte response (MLR, Du Pasquier & Miggiano,
1973) and in the generation of cytotoxic T cells (Tc). In

Xenopus, as in mammals, the latter cells undoubtedly play_

a crucial r6le 1in the rejection of foreign skin grafts
and destruction of virally-infected cells (Bernard et al,
1979; Cohen, personal communication). MHC antigens also
play a critical réle in the collaboration of Xenopus T
helper (Th) cells with B <c¢cells, to bring about antibody
production (Blomberg, Bernard & Du Pasquier, 1980;
Bernard et al, 1981). Class I, IT and III subregions have

been identified within the Xenopus XLA (Flajnik et al,



1984; XKaufman et al, 1985; Nakamura et al, 1986).

In mammals, antigen can be presented in the context
of different classes of MHC molecules, either class I or
class IT MHC proteins. The T lymphocyte subsets (Ty and
Tc), which recognise antigen (or antigenic peptide) only
when it is presented in association with a particular
class of MHC molecule, are said to be "restricted" to
that particular class. Thus, the subset of T c¢ells known
as Th cells tend to be restricted to class II molecules,
whilst the Tc¢ cells are generally class I restricted.
However, there is a minority of mammalian T¢ cells that
are c¢lass II restricted (Braakman et al, 1987). In
Xenopus the response to alloantigen in the mixed
leucocyte response (equivalent to the phase in graft
rejection when Th cells are active) 1is mediated through
recognition by T cells (Du Pasquier & Horton, 1976) of
class II antigens (Flajnik, Du Pasgquier & Cohen, 1985).
The existence of Xenopus Tc cells that are effective
against <c¢lass II MHC antigens has also been recently
demonstrated (Horton, Horton & Varley, 1989). However,
the extent to which Tc cells are-restricted to class I or
IT MHC antigens has yet to be thoroughly investigated in
Xenopus.

As is the case with mammals, Xenopus have been shown
to possess both T and B 1lymphocytes. Xenopus T cells
differentiate 1in the thymus, an organ consisting of a
medulla rich in epithelial cells and a lymphocyte-rich
cortex.

A mouse monoc¢lonal antibody (XT-1) specific for



Xenopus T-lineage cells was raised by Nagata (1985). This
antibody recognises a 120kD membrane protein, éalled
XTLA-1, on the mwajority but not all, of Xenopus
peripheral T cells {Nagata, 1985, 1986a, 1986b). Studies
using this McAb have revealed that XTLA-1 positive
lymphocytes appear in the thymus at stage 48 (7 days old)
and the level of XTLA-1 positive cells increases sharply
until stage 49 (10 days old; Nagata, 1986a). Thus, stage
48-49 is thought to represent the first stages of
phenotypic thymocyte differentiation in Xenopus (Katagiri
& Tochinai, 1987).

Anuran T c¢ells are nylon wool non-adherent and
proliferate when cultured with the classical mammalian T
cell mitogens phytohaemagglutinin (PHA) and concanavalin
A (Con A). The importance of the r6le of T cells in the

Xenopus immune system can be demonstated by the removal

of the thymus (and hence the source of T cells) 1in early
larval 1life. Thymectomy within the first week of 1life
(i.e. until stage 48 of Nieuwkoop and Faber, 1967)

severely impairs skin allograft rejection and leucocyte

responses 1in mixed leucocyte culture (MLC; Horton &

‘Maﬁhlng, 1932; Tochinai & Katagifi; 1975; Kaye &
Tompkins, 1983; Nagata & Cohen, 1983; Du Pasquier &
Horton, 1976). Such early thymus ablation also impairs or
abrogates proliferative responses to the classical T cell
mitogens PHA and Con A (Du Pasquier & Horton, 1976;
Manning, Donnelly & Cohen, 1976; Donnelly, Manning &
Cohen, 1976) and antibody responses against T dependent

antigens, such as rabbit red blood c¢ells (Tochinai &

4



Katagiri, 1975; Du Pasgquier & Wabl, 1977). Responses to

T-independent mitogens (i.e. B cell mitogens)
e.g.lipopolysaccharide (LPS) and protein derivative of
tuberculin (PPD) are left intact following thymectomy

(Manning, Donnelly & Cohen, 1976), and B cell rich zones
of, for example, the spleen remains fully 1lymphoid
(Bleicher & Cohen, 1981).

A study involving the sequential thymectomy of
Xenopus laevis toads revealed that thymectomy at stages
54~55 of development (28-31 days old, Nieuwkoop & Faber,
1967) abrogated leucocyte responsiveness to PHA. However,
thymectomy at stage 51 (15-16 days) or earlier was
required to prevent 1leucocyte proliferation in MLC
(Horton & Sherif, 1977). A gradual establishment of
different T cell subsets in the periphery during ontogeny
is therefore suggested.

Xenopus B cells differentiate in the early larval
liver (Hadji-Azimi, Schwager & Thiébaud, 1982). In
contrast to higher vertebrates, the Xenopus bone marrow

does not appear to play a part in the development of B

cells since there is an absence of pre-B <¢ells in the

‘bone marrow of 756£hA g&ﬁi£_ énd 7lérva1 Xenopus. In
addition, B cells and plasma cells are rarely found in
adult Xenopus bhone marrow (Hadji~Azimi, Coosemans &
Canicatti, 1990). Xenopus B cells are characterised by
being radiation sensitive, nylon wool adherent and
surface immunoglobulin positive (sIg+). Such B cells
respond relatively poorly to the mammalian B cell

mitogen, E. coli lipopolysaccharide (LPS). It 1is



generally believed that the low proliferation achieved by
this mitogen 1is due to a contaminant present in
commercial LPS preparations (Bleicher et al, 1983). The
latter, nevertheless, induce Ig synthesis in Xenopus B
cells (Williams et al, 1983). Hsu & Leanderson also noted
that induction of Ig synthesis in Xenopus B cells could
be achieved wusing doses of LPS that were mitogenic for
mammalian cells (Du Pasgquier, Schwager & Flajnik, 1989).
Xenopus B cells are stimulated to proliferate and
differentiate in vitro by pokeweed mitogen (PWM) and by
anti-TIgM antibodies (Schwager & Hadji-Azimi, 1984;
Schwager & Hadji-Azimi, 1985).

Xenopus B cells can produce three c¢lasses of
immunoglobulin; IgM, which is analogous to IgM 1in
mammals, IgY, which is equivalent to the mammalian IgG,
and IgX, which is associated, in particular, with gut

plasma cells and could therefore be an IgA-equivalent

¢lass. However, the Xenopus antibody repertoire is much
more restricted in size than that of mammals (Du
Pagquier, Schwager & Flajnik, 1989). The spleen is rich

iqﬂ;g&_pqg@tivg»B_qe;lsl‘whereaswLhisuorganrcontainsrvery
few IgY and IgX cells (Du Pasquier, Schwager & Flajnik,
1989).

Xenopus 1is a useful model with which to study
immunological development, since its free-swimming larva
is unaffected by maternal influences. Furthermore,
Xenopus c¢an also be relatively easily manipulated as
embryos or larvae. These features have been exploited in

a number of ways. For example, thvmectomy (removal of the



thymus) can be achieved very soon after the thymus bud

appears at 3 days post-fertilisation (see Katagiri &

Tochinai, 1987), when there is very little
differentiation of the thymus. This surgical operation
may be considered to have certain advantages when
compared with the "thymusless" nude mouse model, since

the thymectomised Xenopus represents a genetically normal
animal, developing without the influence of the thymus.
There are a number of strategies for exploring the
r6le of the Xenopus thymus in immune development and, in
particular, on T cell education i.e. on the rbéle the
thymus plays in conferring "MHC restriction" and "self-
tolerance” in developing T-lineage cells. One of these
strategies is to use thymus-reconstituted, thymectomised
(Tx) toads. Thus, Tx Xenopus can be reimplanted with a
histoincompatible thymus in late larval 1life. Such
thymuses are seeded by host-derived "stenm" cells, as
shown by the use of the quinacrine marker (Horton et al,
1987). This thymus transplantation induces tolerance to
the donor strain as assessed by in viveo skin grafting

(Horton & Horton, 1975; ﬁ;qgl}_& Horton, 1986). _However,

coculture of splenocytes from the thymus-reconstituted Tx
Xenopus with stimulator cells from the donor strain
results in a positive in vitro MLC reaction (Arnall &
Horton, 1986). In addition, S000R irradiated splenocytes
from the donor strain produced splenocyte proliferation
when injected iIn vivo into allothymus reconstituted Tx
animals (Arnall & Horton, 1987}). These animals are said

to display "split tolerance" - tolerance to skin, but not



with respect to MLC responsiveness.

Another way of examining thymic education and the
phenomenon of "“"split tolerance"” 1is by using certain
Xenopus chimeras. These chimeras are produced by joining
the anterior portion of one embryo with the posterior
portion of a genetically different ewmbrvo, when both
embryos are only 24 hours old. Thus, when the toad
develops, the thymic¢ epithelium derives from the anterior
portion , whilst the haemopoietic stem cells (which c¢an
give rise to lymphocytes) arise from the posterior part
of the embryo (Flajnik, Du Pasquier & Cohen, 1985). These
chimeras will accept skin grafts of the same genotype as
the anterior part of the embryo, but 1leucocytes fronm
these animals will proliferate in vitro to stimulator
leucocytes of the anterior genotype.

It 1is also possible to induce tolerance in Xenopus
to incompatible genotypes by grafting disparate donor
skin onto perimetamorphic or larval Xenopus (Di Marzo &
Cohen, 1982; Arnall & Horton, 1987). The success of
inducing tolerance by this method is dependent on genetic

disparity of donor or host, graft size and the age of the

Host. The éﬁccessfﬁl—tolégising protocol wuses 1large
grafts (2-5mm2) differing by only one MHC haplotype (Di
Marzo & Cohen, 1982; Arnall & Horton, 1987).

The identification and role of lymphokines in the
Xenopus immune system has only recently begun to be
investigated. For example, there is now evidence that
factors resembling (functionally) mammalian IL-1

({Watkins, Parsons & Cohen, 1987) and others resembling T



cell growth factors (TCGF) are produced by Xenopus.
Evidence for TCGF in Xenopus will be dealt with in detail
below, Dbut first it is necessary to provide a review of
the r6le that TCGF plays in the mammalian immune systemn
and comment on evolutionary aspects of this important

lymphokine.

1.2 _Lymphokines and interleukin-2

1.2.1 Mammalian studies

"Lymphokine"” is the term used to describe the
soluble mediators released by lymphocytes, this term is
distinct from terms such as "monokine" and "cytokine"
which refer, respectively, to the mediators released by
cells of the monocyte lineage and non-lymphoid cells (as
defined by Hamblin, 1988). [It should be noted that other
authors use the term "cytokine" as an umbrella term to
cover thg §Q¥ub}e»mgdi§t9rs released by..cells- of - any -
type. ]

"Lymphokines” are proteins or glycoproteins,

produced by lymphocytes, that are involved in homeostatic

control of the immune system. Several hundred activities
ascribed to lymphokines have been described. O0Of the
lymphokines studied, many have been shown  to have

pleiotropic effects and often to act synergistically with

other 1lymphokines (reviewed by Hamblin, 1988; Gearing,

s



1989).

Interleukin ("between leucocytes™) -2 (IL-2),
previously called T cell growth factor (TCGF), is one of
the most studied, and consequently best c¢haracterised
lymphokines. Mammalian (Human)} IL-2 has a molecular
weight of 15kD and is composed of 153 amino acids. The
production and functions of IL-2 have been elucidated
largely through the existence of T cell lines and the
application of molecular cloning techniques.

The human IL-2 gene has been cloned (Taniguchi et
al, 1983) and sequenced (Fujita et al, 1983; Holbrook et
al, 1984). In order to understand the structure-function
relationship of the molecule, its tertiary structure has
also bheen studied (Cohen et al, 1986; Brandhuber et al,
1987; Landgraf et al, 1989).

Unstimulated T cells (in the resting Go phase of the
cell c¢ycle) do not express high affinity receptors for
IL-2 on their c¢ell surface and thus respond poorly, if at
all, to IL-2. High affinity IL-2 receptors (IL-2R) are
induced on T cells when the T cell receptor complex (the

complex which recognisggwgntigenic"peptide-when-~it-‘is'

co—pgesented with MHC molecules) is stimulated through
antigen recognition (Cantrell & Smith, 1983; Gullberg &
Smith, 1986) . IL-2R expression is accompanied by a
phenomenon known as "blastogenesis”. The T cell enters
the G; phase of the cell cycle and increases in size to
become a "blast"™ <c¢ell (Herzberg & Smith, 1987). T cell
blasts respond to IL-2 by proliferation.

Stimulation of T cells by antigen, MLC or mitogen



has a two-fold effect. As well as inducing IL-2R
expression on T c¢ells 1t also causes the stimulated T
cell to produce IL-2, which c¢an act in both an autocrine
and paracrine fashion. The proliferation of T cell blasts
(or T cell lines) in response to exogenous IL-2 has
become a standard assay in detecting the presence of IL-2
in mammalian culture supernatants (SNs).

The IL-2R consists of two polypeptide chains, the
p75 alpha chain and the p55 beta chain. The alpha chain
is found at low concentrations on resting T cells. On
activation, upregulation of alpha chains and beta chains
ensues. Each polypeptide chain possesses an individual
binding site for IL-2 (Tsudo et al, 1986; Teshigawara et

al, 1987). The p75 alpha and p55 beta chain have been
shown to have, respectively, intermediate and low binding
affinities for IL-2. Examination of the IL-2 binding
kinetics wusing McAbs directed against IL-2 and the p55
beta chain of the IL-2R (the anti-TAC McAb) revealed that
only when both the alpha and beta chains came together
were authentic high affinity IL-2 receptorsgs made (Wang et
al, 1987; Smith, 1988a & b). _. . - . -~ - - - - =~
_ It has been shown by using the anti-TAC McAb that
beta chains are expressed on cell types other than T
cells. For example, p55 hbeta c¢hains have been
demonstrated on natural killer (NK) cells (Tsudo et al,
1987; Siegel et al, 1987) and on activated B cells
(Nakanishi et al, 1984; Muraguchi et al, 1985). IL-2R
expression and B cell responses to IL-2 are discussed

more fully in subsequent chapters.
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1.2.2 Comparative studies

IL-2 has been purified from mitogen-stimulated
leucocyte culture supernatants (SNs) from human (Mier &
Gallo, 1982; Gillis & Watson, 1980}, mouse (Riendeau et
al, 1983; Granelli-Piperno et al, 1981), rat (Di Sabato,
1982) and gibbon (Henderson et al, 1983) sources.

The technique of purifyving proteins from culture SN
has been superseded by molecular cloning techniques. This
has resulted in the availability of human (Taniguchi et
al, 1983), mouse (Kashima et al, 1985) and bovine (Reeves

et al, 1986; Cerretti et al, 1986) recombinant IL-2 (rIL-

2). Monoclonal antibodies towards the IL-2R of these
species have also been generated and thus kinetic binding
studies have been undertaken {(Uchivama, 1981; Seiss et
al, 1989).

In mammalian c¢ross reactive studies IL-2 from human,
primate and rat can induce the proliferation of mouse
lymphoblasts. However, human 1lymphoblasts do not

proliferate in response to rat, mouse or gibbon IL-2.

‘A __brief 7 review '5£ IL—Z -like factors in

invertebrates and non-mammalian vertebrates follows.

Echinoderms

The starfish Asterias rubens possesses an ancestral
lymphoid organ known as the axial organ. Luguet and

Leclerc (pers. comm.) showed that "T-like" cells from



this axial organ, when cultured in MLC, produced a
soluble factor(s). This proteinaceous factor caused
proliferation of the complete cell population of the
axial organ, when added to these cells in vitro. Although
this 1is far from convincing evidence for an IL-2-1like
molecule, it does demonstrate that soluble mediators, or
lymphokines, are probably present in animals from the
phylum Echinodermata. This is of interest in comparative
studies since this phylum is at the origin of the branch

leading to vertebrates.

Fish

An IL-2-1like factor has been described for carp

{Cyprinus carpio; Grondel & Harmsen, 1984; Caspi &
Avtalion, 1984). These authors generated factors through
in vitro mitogen and alloantigen (MLC) stimulation of

leucocytes from outbred animals. The mitogen-derived SNs
were found to possess more stimulatory (proliferative)
activity for carp blasts (pronephric leucocytes that had
been cultured with PHA) tbaq the MLC-derived -active ~
'supérnéﬁahté/(ASNs;l fhis is due to the polyclonal nature
of the mitogen response, which will cause proliferaton of
the majority of T cells, compared with the stimulation of
only a subset of T cells in an alloantigen response.
Grondel and Harmsen also noted that mitogen-stimulated
cultures had produced good levels of factor(s) by 24
hours. In comparison, SNs from the MLCs required longer

culture periods (48 hours - 6 days) to produce maximumnm

g
]



factor levels,

In the above experiments MLC control supernatants
(CSNs), i.e. SNs from cocultures of syngeneic cells, were
not investigated. Instead these authors’ control
experiment was to culture the assay lymphoblasts in
medium alone; they then used this background level of
tritiated thymidine incorporation as a c¢ontrol value.
This may have had important implications on the analysis
of the data as the effect of ‘*factors’ spontaneously
released by 1leucoc¢ytes upon iIn vitro culture were not
taken into account. Thus, their control was not a "true”
control.

Interestingly, these same authors showed that human,
rat and gibbon IL-2-rich SNs stimulated carp blasts to
proliferate, whilst mouse IL-2-rich SN had no
proliferative effect on carp blasts.

Mammalian {human) IL-1, in the presence of
suboptimal doses of the T cell mitogen, Con A, stimulates
peripheral blood 1lymphocytes of the channel catfish,
suggesting the early phylogenetic emergence of the

recognition of IL-1 -(Hamby et al, 1986) .

Reptiles

Splenocytes from the snake Spalerosophis diadema
that were Con A activated, produced a culture SN that
supported the proliferation of snake splenic lymphoblasts
(E1l Ridi, Wahby & Saad, 1986). A polypeptide of 14-15kD

was believed to be responsible for this activity.



Birds

Schauenstein, Globerson and Wick (1982) and
Schnetzler et al (1983) demonstrated the existence of an
IL-2-1ike factor from mitogen (PHA and Con A) -stimulated
cultures of chicken lymphocytes. Antigen primed chicken
peripheral blood leucocytes (PBL) were able to be kept in
continuous proliferation in vitro for more than 25 weeks
by culturing PBLs with SNs from mitogen-treated c¢hicken
leucocytes (Vaino, Ratcliffe & Leanderson, 1286). These
authors ascribed the activity to a protein with a
molecular weight of approximately 13kD (for review see
Schauenstein & Kromer, 1987). The ¢generation of
monoclonal antibody towards the putative chicken TIL-2R
{Schauenstein et al, 1988) revealed that the kinetics of
receptor [called chicken-activated-T-lymphocyte-antigen
(CATLA) ] expression during T c¢ell activation were
analogous to the kinetics of mammalian IL-2R expression.

SNs from Con A treated mouse leucocytes will not

cause chicken blasts to proliferate, and Con A-derived

_SNs - from ~ &hicken leucocytes will not drive the
proliferation of mouse lymphoblasts {Schauenstein,

Globerson & Wick, 1982).

Amphibians

Leucocytes from 12 wmonth old outbred Xenopus laevis

were cocultured in bi-directional MLC and an activity was

1%



demonstrated in the SNs at 24 hours after initiation of
culture {Gearing, 1985). The assay used to detect
activity was a thymocyte costimulation assay. In this
assay a suboptimal dose of PHA is used in order to induce
IL-2 receptors on the lymphocytes with minimal
proliferation of the thymoc¢ytes themselves. The presence
of IL-2 will cause further proliferation of the
thymocytes, which can be measured by tritiated thymidine
incorporation. Since either IL-2 or IL-1 can cause
thymocyte proliferation in mammalian systems, this is not
a specific assay for IL-2. IL-1 potentiates the
proliferative response of T cells to mitogens and
antigens, and thus can cause a proliferative response in
the thymocyte costimulation assay. In addition, the
validity of the thymocyte costimulation assay, with
respect to the detection of IL-2 and IL-1, has also come
into question (Gearing, 1989), since it appears that
other lymphokines can substitute for IL-1 function in
this assay (Dinarello, 1987; Le & Vilcek, 1987)

A more detailed study of X.laevis TCGF was carried

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

~coculture. of -leucocytes ~from ‘5aﬁif;"”6ﬁ£££;d;' MHC
undefined X.laevis with T cell witogen (principally
PHA). The PHA was subsequently removed by incubation
(adsorption) with chicken red blood cells (CRBC). It was
demonstrated that a 24 hour PHA- or Con A-derived SN
(with the mitogen removed) could cause the growth (as
assayed by cell number) and proliferation (as assayed by

tritiated thymidine incorporation) of Xenopus splenic and

16



thymic lymphoblasts, i.e. leucocytes that had been
precultured with PHA to bring about blastogenesis (and,
theoretically, IL-2R expression). These SNs also
costimulated Xenopus thymocytes in a PHA costimulafion
assay. The activity of the ASNs was ascribed to a protein
of molecular weight 15kD by SDS-PAGE (polvacrylamide gel
electrophoresis). However, activity was not eluted from
this band. Cross reactivity studies have shown that human
rIL-2 and mouse IL-2-rich SNs do not drive proliferation
of Xenopus lymphoblasts in vitro. Likewise Xenopus IL-2-
rich SN does not promote proliferation of a mouse T cell
line (Watkins, 1985; Watkins & Cohen, 1987).

However, there is evidence to suggest that mammalian
IL-2 may modulate Xenopus immune responses in vivo. For
example, the response to trinitrophenol-ficoll (TNP-
ficoll) is thymus dependent in Xenopus. Indeed, X.laevis
thymectomised even in early adult life, are unable to
respond to TNP-ficoll (unless treated with reagents that
cause stimulation of T cell activity in the periphery).
Murine IL-2 {(affinity purified), human IL-2 (affinity

purified) and  mammalian rIL-2 - each- - separately”

administered with TNP-ficoll were all able to substitute
for the presence of a thymus in adult Tx X.Iaevis (Ruben,
Clothier & Balls, 1985).

Another example of rIL-2 activity in vivo in Xenopus
comes from hapten-carrier experiments. In order for
X.1laevis to respond to haptens, e.qg. trinitrophenol
(TNP), the hapten has to be presented with a thymus

dependent (TD)} immunogenic¢ carrier, e.g. sheep red blood



cells (SRBC). In addition, before the hapten-carrier is
administered the toad must be primed in vivo with the
carrier alone. Human rIL-2 administered in vivo c¢an
substitute for the need to prime the Xenopus with the
carrier (SR&C), but the priming must be undertaken less
than 3 hours before the hapten-carrier (TNP-SRBC) is
administered (Ruben, 1986). A third example of rIL-2
activity in vivo is that it can modulate the phenomenon
of TNP-induced tolerance. Injection of TNBS into Xenopus
conjugates TNP to the animals’ cells and proteins. In
Xenopus this induces tolerance if TNP is subsequently
presented on ficoll. In vivo injection of human rIL-2
breaks this state of tolerance (Ruben et al, 1987)

The process by which mammalian rIL-2 modulates such
in vivo responses in Xenopus is unclear. However, McAbs
to the p55% beta chain of the mammalin IL-2R (anti-TAC)
have been used to demonstrate the presence of the TAC
antigen on Xenopus leucocytes (Langeberg et al, 1986/7;
Ruben et al, 1989%9a & b). Stimulation of the splenocytes
using mitogen, followed by anti-TAC labelling experiments
revealed an increase in the number of TAC+ cells, and in
phg amount of TAC. expressed-per cell (Langebeérg et al,
1986/7; Ruben et al, 1989b). Thus, mitogen stimulation
appears to increase the number of IL-2 receptor
expressing leucocytes, as 1is the case in mammals.
However, there is currently dispute over whether the
human rIL-2 or anti-TAC McAb bind to the genuine Xenopus
IL-2R and not some other irrelevant epitope (Cohen, N,

unpublished paper presented at the joint BSDB and BSI



conference in Durham, 1987).

Mammalian rIL-2 administered to mice has been shown
to break the induction of tolerance induced to semi-
allogeneic cells during neonatal 1life (Malkovsky &
Medawar, 1984). IL-2 has also been shown to break the
maintenance of tolerance whgn skin allografts were
subsequently applied (Asherson et al, 1985; Loveland,
Hunt & Malkovsky, 1986). However, human rIL-2 failed to
break skin allo-tolerance in Xenopus that had received
perimetamorphic skin grafts and had borne the grafts for
at least 100 days without any sign of rejection (Horton
et al, 1989). Thus, human rIL-2 failed to modulate the
maintenence of tolerance. 1In contrast, some preliminary
evidence suggests that this recombinant 1lymphokine may
influence the induction of allotolerance when injected at
the time of transplantation to perimetamorphic 1larvae

(Ruben et al, 1989).

1.3 Purpose of thesis

) The major aim of,this—Thesis‘has”bééﬁ‘ﬁbEinvgsﬁiéate
the nature of "lymphokines" produced by Xenopus T cells
in vitro. It was considered that the availability of such
Xenopus-derived lymphokines would greatly benefit ongoing
studies 1in this laboratory, which are exploring the
immunoregulation of transplantation tolerance and the

possible differentiatiion of "T-equivalent” cells through

thymic-independent pathways.
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The work began (Chapter 2) by exploring "lymphokine”
production achieved in MLC responses. Supernatant
generation by this method had the advantage of having no
mitogen present in the ASNs. Furthermore, alloantigen-
induced lymphokine production had not been studied in any
depth by Watkins and Cohen (1987).

The finding (Chapter 2) that MLC-ASNs induced
proliferation of “"unstimulated" assay cells, was of
particular interest since this contrasted with Watkins
and Cohen’s work (that revealed only blast cells could
respond to T cell derived growth factors generated by
PHA-stimulation). It therefore seemed essential to study
the nature of mitogen-induced ASNs in our own laboratory,

to directly compare findings from the two laboratories

with T c¢ell mitogen generated ASNs. The experiments with
PHA and Con A (and the SNs derived from then) are
presented in Chapter 3. A miniaturised technique for

assaying mitogen and MLC ASNs is described in Chapter 4,

this miniaturisation being necessary to minimise the

amount of "lymphokine" used and to allow experiments on
few assay lymphocytes (i.e. cells from Tx animals) to
take placeti>bﬁéﬁféf3 3--and .4 indicate a

T-dependency of

"lymphokine" production, but that T-independeﬁ£négi1§’65ﬁ'
respond well to these factors. In Chapter 5, the nature
of the T-independent responding leucocytes is explored by
the use of an anti-IgM monoclonal antibody (McAb) and
through fluorescence-activated cell sorting.

Other aspects of the MLC response in Xenopus - i.e.

the nature of the stimulating cells - were investigated



at the beginning of these Ph.D studies, but since the
experiments were somewhat inconclusive and do not tie in
closely with the major theme of the thesis, they are
included in Chapter 6.

Conc¢lusions and suggestions for further work are

given in chapter 7.



CHAPTER 2

MIXED LEUCOCYTE CULTURE IN XENOPUS AND THE PRODUCTION OF

GROWTH_FACTORS THROUGH ALLOANTIGEN STIMULATION.

2.1 INTRODUCTIOR

Mammalian interleukin 2 (IL-2) is a polypeptide
"¢ytokine” released by activated T helper cells, that
triggers growth of a variety of cell types e.g.T and B cells
and natural killer (NK) cells (reviewed in Smith, 1988;
Hamblin, 1988). Interleukin 2 receptor (IL-2R) is the protein
that binds IL-2, and is comprised of two polypeptides, the
alpha and beta chains. Resting T (and B) cells have small
numbers (approx. 500) of alpha chains (mol. wt. 75kD) and
essentially no beta chains (mol. wt. 55kD). After lymphocyte
activation, the beta chains are actively produced, the alpha
chains less so, resulting in approximately 5000 alpha chains
and up to 50, 000 beta chains on each activated T cell. The
high affinity receptors for IL-2 are alpha-beta heterodimers,

that can respond to low concentrations of IL-2. ~ Such high

éffigity receptors are found only on activated T cells
(Cantrell & Smith, 1983; see review by Roitt, Brostoff &
Male, 1989). Thus the presence of (low concentrations of) IL-
2 «can be detected by its ability to cause the growth and
proliferation of activated T cell blasts. [The low affinity
receptors are the beta chains, which by themselves, are not
able to interact with IL-2 and activate cells. The alpha

chain alone is an IL-2 receptor of intermediate affinity and
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can be involved in activation in the presence of high
concentrations of IL-2. Thus resting cells - e.g. NK cells -
possessing high concentrations of alpha chains, c¢an also be
stimulated by this c¢ytokine].

T c¢ell mitogens or alloantigens c¢an be wused to
stimulate 1leucocyte cultures to obtain culture supernatants
(SNs) which secrete an array of cytokines (Hagiwara et al,
1987; Cherwinski et al, 1987), including IL-2. Previous work
on Xenopus lymphokines has primarily focussed on the use of
mitogens, such as phytohaemagglutinin (PHA) or concanavalin A
{con A), as the principle method for generating factors that
can subsequently be shown to achieve growth of "activated" T
cells - called T cell growth factors (TCGF) by Watkins &
Cohen, 1987. Such mitogens are polyclonal activators, which
stimulate many T cells, regardless of their antigen
specificity. In this way more TCGF is likely to be generated
than by stimulating a much smaller subset of T cells, e.g. by
coculture with alloantigen. However, there is the
disadvantage of having to remove all the mitogen from the
culture SNs before assaying for induced growth factors. This
is particularly pertinent, since therg may”bewa”qostimulatory'
effect. -between ahY'lymphbkinévﬁreééngkin the SN and residual
mitogen.

The most extensive study of Xenopus TCGF (Watkins &
Cohen, 1987) used mainly PHA-derived SNs. These authors

removed PHA activity by treatment with c¢hicken red blood

cells (CRBC, see Grimm & Rosenberg, 1982). This protocol
appeared to be an effective method (as determined by
bioassay) of PHA removal. However, Watkins and Cohen admit
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that residual PHA may have been present in some SNs, but
cléim that this would have little bearing on the outcome of
their experiments. Watkins and Cohen partially purified the
PHA-SNs. This appeared to remove any residual PHA. Further
analysis of the PHA-SNs by SDS-PAGE revealed a protein band
with a molecular weight of 15 - 20kD. However, the IL-2-1like
activity in this band was not eluted. Thus the IL-2-1like
activity cannot be categorically ascribed to this 15 - 20kD
protein.

In this Chapter, experiments are described which
utilise mixed leucocyte culture (MLC) to generate putative
lymphokines. As noted above, this protocol eliminates the
problem of possible mitogen involvement in the assays. There
has been some investigation of Xenopus factors in SNs
generated from 24 hour splenic MLCs (Gearing, 1985; Watkins,
1985; Watkins & Cohen, 1987). Gearing showed that a MLC-
induced SN (MLC-SN) could cause proliferation of thymocytes,
when tested in a costimulation assay, with suboptimal doses
of T <c¢cell nmitogen. In mammals, this assay detects the
presence of both IL-1 and IL-2. Thus, Gearing’'s results are

rather amhiguous, with respect to determining whether IL-2-

or IL-1-like factors wére being bfoﬁuced in MLC-induced SNs.

Watkins (1985) showed that culture SNs from a Xenopus
alloreactive T cell line, re-stimulated in MLC, could achieve
the growth and proliferation of witogen-induced T cell
blasts, a standard assay for IL-2 in mammals. These studies
involved the use of splenocytes taken from LG1S5 Xenopus, that
had been grafted with J skin and subsequently restimulated 1in

vitrowith J cells in MLC, in the presence of crude (CRBC-
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passed) TCGF (obtained from mitogen-treated cultures).
Watkins (1985) demonstrated that fresh Xenopus
splenocytes were unable to proliferate when cocultured with
PHA-SNs or MLC-SNs. This was attributed to the lack of IL-2
receptor expression on the surface of resting splenocytes.
However, experiments using the human anti-beta c¢hain
monoclonal antibody (anti-TAC McAbhb) revealed that a
proportion of freshly biopsied Xenopus splenocytes could bind
the anti-TAC antibody (Langeberg et al, 1987; Ruben et al,
198%a & b). This suggests that a small number of Xenopus
splenocytes may constitutively express IL-2R. Treatment of
Xenopus splenocytes with PHA raised the number of human

IL-2R-positive splenocytes considerably.

The level of induced proliferation in MLC in Xenopus is
an 1index of class II incompatibility between leucocytes from
different individuals (Du Pasquier, Chardonnens & Miggiano,
197%). A T c¢ell subset is thought to mediate this MLC

response, the evidence for this coming from a number of

studies. Removal of the thymus in early larval life has_ a
pr9§9und - effect - on -subsequent T ‘béli/ﬁ&eVélépﬁént and
function. Du Pasquier and Horton (1976) demonstrated that
splenic leucocytes from 7-day thymectomised (tx) Xenopus

laevis were unable to mount a MLC response to allogeneic
stimulators. Other studies of early thymectomised animals
supported this view (Horton & Sherif, 1977; Nagata & Cohen,
1983), Horton and Sherif showing later thymectomy had no
effect on MLC reactivity, whereas PHA responses were still

intact.
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