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ABSTRACT

In an attempt to study the regulation of the immune 
response rn vitro, different agents have been used. Some appear 
to affect proliferation and/or differentiation of B cells and 
some specifically affect certain T cell subsets.

Infection with pseudomonas aeruginosa is lethal in mice 
and the extracellular slime glycoprotein (GLP) has been 

identified as the pathogenic component. The effect of GLP on 
murine lymphocytes has been studied. GLP was shown to act like 

a B cell mitogen, in fact this could be described more 

specifically as a TI-2 polysaccharide antigen and GLP also 
caused non-specific terminal differentiation of B cells into 
immunoglobulin secretion.

Repeated injections of 2'-deoxyguanosine (dGuO) can mimic 
purine nucleoside phosphorylase deficiency, which manifests 
itself as a selective T cell dysfunction. Using systems where 
the simultaneous development of T suppressor and cytotoxic 
cells occur, dGuO partially abrogates suppression but leaves 
the cytotoxic component unaltered. No effect on different 
populations of cytotoxic cells could be demonstrated and 
antigen presentation to T cells also appeared unaffected.

The effect of cyclosporin A (CsA) on antigen presentation 
to T cell lines and clones was investigated. Pre-pulsing the 
antigen presenting cells with CsA inhibited proliferation to 

the specific antigen and also prevented cytokine release by 

these T cell lines. The effect of CsA on T cell triggering via 
anti-CD3 or idiotypic antibody were also studied. Conflicting 

results were obtained with T cell lines or clones and T cell



hybridomas.

Using T cell lines developed in this laboratory, the 

release of cytokines spontaneously, or following antigenic 

stimulation, were studied. Following on from this, the effect 

of various purified cytokines on the T-independent autologous 
Plaque forming (PFC) assay were investigated. The majority of 
these factors did not affect this response with the exception 
of IL-5 and BCDF (SJL(4)F) which were consistently shown to have 

an enhancing effect in this assay.

One T cell line, SJL(4), was extensively studied in order 
to identify the factor(s) which could enhance the autologous 

PFC assay. A factor produced by SJL(4) cells, SJL(4)F, appears 
to be distinct from IL-1, IL-2, IL-3, IL-4, IL-5, IL-6 and 
IFN-^S" and therefore may well be a BCDF as yet undescribed in 
the current literature.
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CHAPTER 1

GENERAL INTRODUCTION

The immune response results from interactions between 
the antigen and a network of immunologically competent cells. 
This can be regulated in a variety of ways depending upon 
genetic background, the way the antigen was initially 
encountered, previous stimulation by the antigen or the presence 
of antibodies which recognise the antigen. This area has been 
extensively covered by many researchers and some examples of 

more recent publications are: Roitt, Brostoff & Male (1985);
Male, Champion & Cooke (1987) and Cooke (1988).

Genetic factors influencing the immune response have been 
known for many years (Jacobi, 1877) and the development of 

inbred strains of animals has allowed researchers to analyse 
the genetic influences on the immune response (Kroo &. David, 
1981) . Both major histocompatible complex (MHC) and non-MHC 
genes were found to strongly influence the immune response and 
these have been termed immune response genes or Ir genes. Non- 
MHC genes have a role in resistance to infectious organisms and 
some example of this can be found in murine mycobacteria (Gros, 
Skamene & Forget, 1983), Leishmania donovani and Salmone11a 
typhimurium (Blackwell, Vlczak & Channon, 1983), and murine
influenza (Staeheli, Haller, Boll, Lindemann & Weissmann,
1986).

The immune response arises as a result of interactions 

between antigen presenting cells, T helper cells (Th, CD4+ ) and 

B cells or T effector cells (Tcyt, CD8+ or Tdth, CD4+). Th

cells recognise antigen in the context of self class II MHC 
antigens on the surface of an antigen presenting cell (APC)



(Schwartz, 1985). Many cells express class II MHC antigens on 
their surface but not all cells can process antigen. The early 
studies used complex antigens (whole microorganisms) in an 

attempt to implicate genetic factors as control mechanisms of 

the immune response. After the availability of congenic strains 
of animals and simpler antigens (either small proteins or 

synthetic peptides) the responsiveness could be mapped to 
specific genetic loci. These were called Ir genes and mapped 
using recombinant mouse strains, to the I-region within the MHC 
on chromosome 17 (Klein, Figueroa & Nagy, 1983; Mengle-Gaw &. 
McDevitt, 1985). These class II MHC gene products (sometimes 
called la antigens) associate with a processed form of the 
antigen and can be recognised by a T cell receptor (TcR). If 
the antigen cannot associate with a particular class II 
haplotype, non-resposiveness will result. This has been 
confirmed recently with data showing that the MHC-class II 
genotype can control the functional outcome of an immune 
response (Murray, Madri, Tite, Carding & Bottomly, 1989). Also 
if a TcR does not exist which can bind a combination of la and 
processed antigen then non-responsiveness to the antigenic 
determinant would be observed. This has been termed a 'hole in 

the T cell repertoire'. Since most antigens are complex with 
many different antigenic determinants, the overall response to 
an antigen will be positive in many cases.

The collaborative interactions of T cells with B cells to 
produce antibody or with T cytotoxic cells provides an 
important role for T cells in regulating the immune response. 

When considering T:B cell collaboration, one must account for 

the requirements for T and B cell epitopes to be linked on the 

same antigen and for class II restriction in this interaction.



If T cell help is delivered by cytokines one needs to account 

for the lack of bystander B cell activation. From experimental 
data on presentation to Th cells, the role of B cells in 

presention of antigen has been considered by Janeway (1989a) and 
he has concluded that the B cell best able to present antigen is 
the one most likely to make antibody. This would be an antigen- 
specific B cell which binds antigen through its B cell epitope 
and internalizes, processes and presents the T cell epitope as a 
peptide fragment bound to class II MHC molecules (Abbas, 1989). 
The critical role of macrophages in Th cell priming has been 

confirmed _in vitro and tn vivo (Janeway, 1989b) . The priming of 
Th cells still needs to be fully characterised but recent 
studies have shed new light in this area (Janeway, 1989b) . 
Subsets of CD4 T cells exist with distinctive requirements for 
accessory signals derived from APC's to enable clonal expansion. 
The ability of CD4 T cells to deliver help to virgin B cells is 

not uniform and may be a function of the different CD4 subsets 
(Bottomly, 1989; DeKruyff, Ju, Hunt, Mosmann & Umastsu, 1989). 
When considering the different CD4 subsets, for example Thl/Th2 
(Mosmann, Cherwinski, Bond, Gieldin & Coffman, 1986) or 
inflammatory/helper T cells (Bottomly, 1989) one needs to bear 
in mind that for most of this data, antigen primed T cell clones 
were used and the results need to be confirmed with in vivo 
data. Some recent work has made a start on this problem but no 

definite conclusions can be drawn so far (Cardell & Sander, 
1989; Carding, West, Woods & Bottomly, 1989). Another question 
is whether these CD4 T cell subsets exist in all species. Human 

T cells have so far been uncommitted with regard to functional 
phenotype. Kim Bottomly (1989) has suggested that the majority 
of human T  cells are derived at a time when commitment is



incomplete, thus explaining the lack of equivalent CD4 subsets 
in man and mouse. Whether the functional differences of CD4+ T 

cells can be fully explained by different cytokine patterns is 

still debatable. Recent work by Dekruyff, Ju, hunt, Mosmann & 

Umetsu (1989) disputes this theory.

How do Th cells activate B cells ? Hodes (1989) suggested 
that Th cell secrete antigen-specific and MHC restricted 
molecules required for B cell activation. These factors could 
be shed forms of the TcR. Cambier & Ferguson (1989) have shown 
that B cell receptor cross linking may be important in 
sensitising the B cell for help in several ways and could help 

explain the lack of bystander B cell help found _in vivo and in 

vitro. They also showed a direct role for class II MHC 
molecules in B cell activation. One mechanism for cognate 
interactions between the Th cell and the antigen binding B cell 
could be directed release of cytokines by the Th cell. Support 
for this theory has come from various groups (Kupfer, Swain, 
Janeway & Singer, 1986; Mosmann, 1988; Poo, Conrad & Janeway, 
1988). The cytokines themselves play a role in regulation of 
the immune response by activation of virgin B cells, growth of 
B cells and maturation into antibody secretion. Also cytokines 
can regulate isotype switching (Coffman, Seymour, Lehman, 
Hiraki, Christiansen, Shrader, Cherwinski, Savelkoul, Finkelman, 
bond & Mosmann, 1988; Coffman, Savelkoul & Lehman, 1989).
The ability of different classes of CD4 T cells to produce 
different cytokines which in turn can regulate the antibody 

isotypes is another example of the way T cells can influence the 
immune response.

To obtain an optimal antibody response two kinds of Th 

lymphocytes are required, one to recognize the antigen and one



to recognise the idiotype of the B cell. The presence of the 

idiotype is necessary for expansion of the population and. 

administration of exogenous idiotype can allow specific 

expansion (Bottomly, 1984).
T cells not only provide help for B and T cells but they 

are capable of suppressing the immune response. Several 
populations of Ts cells have been described (See chapter 4 for 
a more extensive characteristion). Some suppress Th cells 
(carrier specific Ts) while others (idiotype specific Ts) 

regulate the effector population (eg Tcyt or B cells). 
Additionally non-specific suppressor cells have been described 
following polyclonal T cell activation or allogeneic 
stimulation. Feedback suppression loops have been described 

which are thought to protect Th cells from the action of Ts 
cells (Flood , Chue & Green, 1986). Whether these Ts cells 
exist as a separate lineage or whether suppression is a 
function of factors released from conventionally described 
cells (ie CD4+ (Thl) or CD8+ (Tcyt)) is still debatable.

The immune response can be regulated by circulating 
antibody, itself controlling the production of more antibody 
(reviewed in Moller, 1989; Roitt, Brostoff & Male, 1989; Cooke, 
1988). This can occur by simply combining with the antigen and 

competing with antigen receptors on the responding B cells 
(this depends upon concentration of the antibody and is Fc 
dependent). Antibody can suppress B cell differentiation by 

cross-linking the antigen receptor with the Fc receptor (Fc 
dependent). Levels of antibody which are insufficient to 

completely inhibit the production of antibody, have the effect 

of increasing its overall affinity. This is one way antibody



18
feedback can help drive affinity maturation. Pre-formed immune 
complexes can affect the response by suppression or enhancement 
and the enhancement is Fc dependent and may invole the use of 
antigen presenting cells to fix the antigen. The effect of 

antibody and complexes is influenced by the isotype of the 
antibody. In general IgM antibodies enhance the response (Henry 
& Jerne, 1968) although the mechanism is unclear but may 
involve the idiotype network or increased localisation of the 
antigen leading to more effective priming. IgG antibodies have 

been shown to specifically suppress the immune response if 

given with the antigen (Henry & Jerne, 1968) . Again the 
mechanism is unclear but IgG may simply complex with the 
antigen and aid opsonisation and clearance of the antigen from 
the immune system.

The variable and hypervariable region of an antibody may 

act as antigenic determinents. The antigenic constitution of 
the variable region of an immunoglobulin molecule is known as 
its idiotype. Experimental induction of anti-idiotype 
antibodies shows that lymphocytes exist which are capable of 
recognising the combining site of antibodies and receptors on 
other lymphocytes. Thus the posibility exists for regulating 
the antibody response through a network of idiotypes and anti
idiotypes (Jerne, 1974). Anti-idiotypes can not only enhance 

the immune response but by acting as surrogate antigens, can 
also suppress the immune response. The cyclical nature of the 
response to phosphory1-choline has been explained by the 

production of an anti-idiotype to the anti-phosphory1 choline 

idiotype (Kesloe, Isaak, and Cerny, 1980). This inverse 

relationship has been demonstrated clinically in myasthenia 
gravis (Lefvert, 1986)



In an attempt to develop some understanding of factors 

which can modulate the immune response in vivo and i_n vitro, 

studies have been carried out to investigate the effect of a 

variety of agents, some biological and some synthetic, covering 
most aspects of immune regulation.

The first area of work in this thesis covered the 

regulation of the immune response to polysaccharide antigens. 
These are interesting antigens in that they elicit a very 
different response to that stimulated by conventional T 
dependent antigens (Rosen, 1989). The agent chosen was a 
component of pathological significance from Pseudomonas 
aeruginosa. Infections with this organism are difficult to 
control due to development of multiple antibiotic resistance 
leading to complications and fatalities in infants and severe 
burns patients. One component of Pseudomonas aeruginosa which 
may be important in the pathogenesis of infections is the 
glycolipoprotein (GLP) from the slime layer, since injection of 
this compound can mimic the course of events found after 
infection with the whole organism (Sensakovic & Bartell, 1974). 
By investigating the effect of this GLP on the immune response 

in vitro, it was hoped to analyse its mechanism of action.

Another area of regulation is that mediated by T cells. 
Experiments in this thesis were designed to study many aspects 
of T cell activation and regulation. The areas focussed down on 
were antigen presentation leading to T cell activation, 
cytokine release following antigen specific activation of T 

cells and the regulation of the immune response by T 

suppression or cytokines. A controversial component of T cell 
regulation is the role of Ts cells. Experiments were designed



to see if agents could separate the Tcyt/Ts cells, 
preferentially affecting only one population. The system 
chosen was the use of a metabolic inihibitor, deoxyguanosine, 

which can mimic a genetic defect, purine nucleoside 
phosphorylase (PNP) deficiency which results in a selective T 
cell dysfunction. This disease was first described by Giblet, 

Ammann, Wara, Sandman & Diamond (1975) and is a rare, inherited 
disorder which results in a severe depleton of T cells and loss 
of cellular immunity (Giblet, Ammann, Wara, Sandman & Diamond, 
1975; Martin & Gelfand, 1981). Circulating levels of B cells, 
serum immunoglobulin levels and antibody levels following 
immunization are normal (Ammann, 1979). Repeated doses of 2- 
deoxyguanosine (dGuO) can mimic this effect experimentally, 

thus providing a means of analysing the effect of such a 
deficiency on different T cell subsets. Whether dGuO treatment 
selectively inhibits T cell function will be assessed and also 

effects on B cell functions and antigen presentation will be 
analysed.

The immunosuppressive drug, cyclosporin (CsA), has been 
used extensively in organ transplants. Unlike conventional 
immunosuppressive drugs, CsA is neither cytotoxic nor 
myelosuppressive (Bennett & Norman, 1986) . It is a powerful 

drug with many interesting characteristics, for example; 
inhibition of T helper, T cytotoxic and a subset of B cell 
functions have been documented (Bond, Feurer, Magnee & 

Stahelein, 1977; White, Plumb, Pawelec & Brons, 1979; Hess & 

Tutscha, 1980; Leapman, Filo, Smith & Smith, 1980; Kunkl & 

Klaus, 1980) but memory T and B cell responses remain intact 

(Klaus & Kunkl, 1983; Shidani, Colle, Motta & Truffa-Bachi, 
1983). Primarily CsA was used in organ transplants but side



effects have been noticed, for instance kidney toxicity, with 

increased blood urea and creatinine levels and decreased

glomerular filtration (Bennett & Norman, 1986) . A balance

between obtaining successful transplants and reducing
suppression of lymphoid functions is required. Experimental 

work has shown that differential effects of CsA occurs for T 
and B cell subsets, but the mechanisms are not fully 
understood. With regard to T cells, are the differential 
effects on subpopulations due to inhibitions of cytokine 
release (mainly IL-2) or multiple factors ? CsA has been shown 
to regulate the immune response by its effects on T cell 
activation and cytokine release. One area of CsA's activity
which has not been previously covered is its effect on antigen 
presentation. The effect of CsA on T cell activation could be 

due to inefficient processing and presentation and/or 
inhibition of cytokine release. In this thesis the action(s) of 

CsA on the activation of T cells was investigated by looking at 

effects on antigen processing and presentation as well as 
cytokine release following activation. It was hoped that this 
would give further insight into the mode of action of this 

drug.

The profile of cytokines released from T helper cells can 
have regulatory effects on the immune response at the level of 
both B and T cell maturation. Experiments were undertaken to 
look at both cytokine production from T cells and the effects of 
these cytokines on B cell maturation.

In the last few years, characterisation of many of the 

non-specific soluble mediators has been accomplished. The whole 

area of cytokine research has expanded rapidly over the 5 years



during which work for this thesis has been progressing. 
Originally, very little was known about soluble mediators of 
the immune response. Soluble helper and suppressor factors had 
been described, both antigen specific and nonspecific in their 
actions. Schimpl and Wecker (1972) had described factor(s) 

which helped B cells to differentiate and produce 
immunoglobulin. Among the factors released from T cells a 
growth factor for T cells (IL-2), was described (Gillis, Ferm, 

Ou & Smith, 1978). Initially this was characterised as a factor 

for establishing the growth of continuous T cell lines in 

vitro. Subsequent work has shown that IL-2 also acts on B 

cells, since receptors for IL-2 are present on B cells. 
Therefore IL-2 can act on both T and B cells. The interest in 

studying soluble factors and their actions on T and B cell 
functions was stimulated by studies like these. Some of the 
factors have been fully characterised structurally via gene 
cloning and the amino acid sequences are now known. The 
interleukins now cover IL-1 to IL-10, with others most likely 

to follow. Haemopoietic growth factors have been described for 
cells of the haemopoietic lineage. The precise actions of all 

the factors are still being established, the first description 
of the factor and its function may not necessarily be its only 
or main function. I_n vivo, an intricate system of control, of 

not only the lymphoid but neuronal and other systems, is 
influenced by hormones. Are the current cytokines in fact 
primarily hormones which have as yet undescribed functions but 

have fortuitously been discovered in a minor role ? Considering 

the vast accumulation of knowledge in the area of soluble 

factors precise interactions with lymphoid populations In vivo 

cannot be predicted. How these interact in vivo to form an



intricate balance is still unknown. In this thesis some attempt 

has been made to characterise cytokines released from T cell 

lines and clones established Tn v itro.

The control of autoantibody production by cytokines was 
studied using the autologous plaque forming cell assay. This 
system was used as a T independent assay for measuring the 
maturation of B cells into plaque forming cells since the 
autologous plaque forming cell assay has been classed among the 
TI-2 antigen responses. The suitablilty of this system for 
measuring B cell maturation was investigated as well as the 
similarities/differences to more conventional assay systems 
which were developed in parallel to this system at the time 

this work was being carried out.



CHAPTER 2

MATERIALS Aim MSTHQES

I MATERIALS 

Mice
CBA/Ca, BALB/c, (CBA/Ca x BALB/c) , CBA/N, (CBA/N x C-BA/Ca) 
female and male F^'s, CBA nu/nu, MRL lpr/lpr mice, 8-12 weeks 
old were obtained from an inbred colony from Dr. Colin 

Hetherington at the CRC, Harrow, London. SJL/J mice were bred 
in the animal house at the Immunology Department, Middlesex 
Hospital Medical School, the original breeding stock obtained 

from OLAC 1976 Ltd, Shaws Farm, Blackthorn, Bicester, Oxon. All 
mice were of specific pathogen free (SPF) quality and were kept 

for at least two weeks in our animal house before use.

Tissue Culture Media 
Cells were routinely cultured in RPMI-1640 (Gibco, Europe) 
supplemented with various concentrations of heat inactivated 
(56°C for 30 minutes) foetal calf serum (FCS) (Gibco, Europe), 

L-glutamine (2mM), 2-mercaptoethanol (5 xlO“^mM), streptomycin 
(lOOug/ml) and penicillin-g (100 units/ml). In all experiments 

the media used will be referred to as RPMI/x% (where the x is 
the concentration of FCS used).
T cell lines were cultured in Dulbecco's modified Eagles 
medium (DMEM) supplemented with all the above compounds and 
also containing 1% (v/v) non-essential amino acids (Flow
Laboratories, Irvine Scotland) and 110 ug/ml Sodium pyruvate. 

All cells were washed in balanced salt solution (BSS) (Flow 

Laboratories) prior to culture.



Mitogens
Concanava1in-A (Con-A) was obtained from ICN Biomedicals LTD, 
High Wycombe, Bucks.
Lipopolysaccharide (LPS) co 1 i 055.B5 was obtained from Difco 
Laboratories, West Molesey, Surrey.

Glycolipoprotein (GLP) was extracted from the extracellular 
slime of P .aeruginosa as described Bartel 1, Orr & Chudo (1970); 
Sensacovic & Bartell (1974). Briefly, slime was extracted from 

18 hour cultures of P .aeruginosa strain El grown on cellophane 
sheets overlaying with trypticase soy agar (Baltimore 

Biological Laboratories, Cockeysvi11le, Maryland, USA.)The 

cells were harvested by washing the cellophane with 0.15 M 
NaCl, and the slime was extracted by gentle shaking with glass 
beads.

The extract was precipitated with 95% ethanol in the 
presence of 10% sodium acetate and 1% glacial acetic acid and 
then dissolved in distilled water and clarified by 
centrifugation at 127,000 g. The precipitation with ethanol was 
repeated, and the slime GLP was passed through four layers of 
filter paper (N0.1 Whatman) and centrifuged, and the 
supernatant was dialysed against distilled water for 3 days. 
The dialysate was centrifuged at 105,000 g for 3 hours to 

remove any LPS, and the supernatant was lyophilized. The purity 
and homogeneity of the GLP fraction obtained from the 
extracellular slime layer were demonstrated by the column 

chromatography, sedimentation pattern, and immunodiffusion. 

Analysis of the composition of GLP has established that it is 

distinct from the LPS of P .aeruginosa (Sensakovic & Bartell, 

1974). This was a kind gift from Dr. M. Papamichail, Hellenic 
Anticancer Institute, Athens, Greece and Dr. G.



Dimitrocopoulos, Department of Microbiology, Faculty of 

Medicine, University of Patras, Greece.

OTHER MATERIALS
Cyclosporin A (CsA) was a generous gift from Sandoz Ltd., 
Basel, Switzerland.
2-deoxyguanosine (dGuO) was obtained from Sigma Laboratories, 
Poole, Dorset.
Mouse red blood ce 1 Is (MRBC) Fresh MRBC were obtained from 
bleeding the auxiliary artery of anaesthetized mice. The blood 
was heparinised and washed three times in phosphate buffered 
saline (PBS) before use.

Rat RBC Fresh cells were obtained by cardiac puncture of Wistar 
rats and washed three times in PBS before use.
Sheep RBC (SRBC) were obtained from Tissue Culture Services 
LTD.
Mouse thyroglobulin (MTg) was prepared by ultra centrifugation, 
differential ammonium sulphate precipitation and Sepharose 6B 
chromatography. (De Carvalho, Wick & Roitt, 1980).

Purified protein derivative of tuberculin (PPD) was obtained 
from The Ministry of Agriculture, Fisheries and Food, 
Weybridge, Surrey.

Bromelein and alpha-methy1-D-Mannoside were obtained from Sigma 
laboratories, Poole, Dorset.
Polyinosinate:p o lycytidylate (polyI:C) was obtained from ICN 
Biomedicals Ltd.

Phorbol Myristic Acid (PMA) was obtained from Sigma 

Laboratories, Poole, Dorset.

Acridine orange was obtained from Lamb, England and ethidium 

bromide was obtained from Sigma.

Culture flasks, petri dishes (5cm. and 10 cm.), linbro (24



well) and microtitre (96 well flat bottomed) plates were 
obtained from Nunc, Denmark.
All plastic disposable products (Universals, Bijou's, 10 ml V- 
bottomed sterile and non-sterile tubes and round bottomed 96- 

well plates) were obtained from Sterilin, Feltham, England. 

Filters for sterilization of reagents and glass fibre sheets 
for use with the cell harvester were obtained from Whatman Ltd, 
Maidstone, England.

CYTOKINES

IL-1
Recombinant murine interleukin-1 (rIL-1) was a kind gift from 
Dr. Peter Lomedico, Hoffman-La Roche.

IL-2
Three different sources of IL-2 were used in these experiments:
i) Supernatant was generated from pooled rat spleen cells (5 x 
lO^/ml) cultured with Con A (2.5 ug/ml) in serum free RPMI-1640 
(with the rest of the supplements used in culture m e d i a ) . After 

30 hours the cells were removed by centrifugation at 3000 G for 
20 minutes and the Con A was blocked by the addition of 
excess a-D-methylmannoside (20 mg/ml). The supernatant was 

sterilized by 0.2 urn filtration. The optimal concentration was 
assessed by stimulating an IL-2 dependent cell line (CTL-L) and 
was usually found to be 12.5% (v/v).
ii) EL4 supernatant was generated by stimulation with phorbol 
myristic acid (PMA) (10 ng/ml) at a cell concentration of 10^ 
cells per ml for 48 hours at 37°C. The cells were removed by 
centrifugation (1500 rpm ) . The optimal concentration for use 

was assessed with the IL-2 dependent cell line, CTL-L, and was 

usually between 1-2% (v/v). EL4 and CTL-L cell lines were a



kind gift from Dr. D. Warren while he was a student at NIMR.

iii) Recombinant IL-2 was purchased from Janssen Chimica, 2340 

Beerse, Belgium (Cat. No. 2329616).

IL-3
Supernatant from WEHI-3B cells (a kind gift from Dr. R.

Lelchuk, Wellcome Research Labs., UK) was used as a source of 
IL-3. The optimal concentration was assessed on the IL-3 
dependent cell line 32Dcl23 (also from Dr. R. Lelchuk, Wellcome 
Research Labs.) and was usually around 10% (v/v).

IL-4
Recombinant murine IL-4 (BSF 1) and mock IL-4 (expressed in
COS-7 cells) were obtained from Dr. M. Howard, DNAX Research
Institute of Molecular and Cellular Biology INC.

IL-5
Supernatant from a cell line (TH1) which contains EDF/BCGF II 
and is also called IL-5, was a kind gift from Dr. C. Sanderson. 
This is documented in references; Sanderson, Warren & Strath 
(1985) and Sanderson, O'Garra, Warren and Strath (1985). Also a 
small amount of rIL-5 was kindly donated by Dr. Sanderson to 
confirm results with the T cell supernatant (TH1).

IL-6
Two sources of supernatant from TUC2.15 cells and affinity 
purified IL-6 were kindly donated by Dr. J. Van Snick, Ludwig 

Institute for Cancer Research, Brussels Branch, Brussels, 
Belgium. T U C 2 .15 is supernatant obtained by stimulation of 
TUC2.15 cells with a clonotypic antobody (3D7) and contains IL- 

1, IL-3, IL-4, IL-5 and IL-6 (Van Snick, Cayphas, Vink,

Uyttenhove, Coulie, Rubira & Simpson, 1986). TB8 is supernatant 
from T U C 2 .15 cells stimulated with anti-CD3 antibody and 

contains all the same factors as T U C 2 .15 but with a higher



proportion of IL-6 than the other lymphokines. Affinity 
purified IL-6 was also used. All sources were used at 
concentrations giving comparable IL-6 units (as measured using 

the IL-6 dependent hybridoma, 7TD1 (Van Snick, Vink, Cayphas & 
Uyttenhove, 1987).
IFN-gamma (IFN->0

Murine rIFN-c?' was a generous gift from Genentech.
Rat r l F N - ^ w a s  a generous gift from Van' der Meide and prepared 
as described in Van der Meide, Dubbald, Vijverberg, Kos & 

Schellekens (1986). In some experiments a monoclonal antibody
(DB1) specific for rat and mouse IFN->^ was used (Van der
Meide, Dubbald, Vijverberg, Kos & Schellekens, 1986). The 
ascites containing DB1 was obtained from BALB/c mice and had 
anti-viral neutralising activity equivalent to 4x 10^ units/ml 
of IFN-'fc' .

Other T ce11 supernatants used as sources of lymphokines 
Cell free supernatants were used from T cell lines restimutated 
2-3 days previously with irradiated syngeneic spleen cells and 
antigen. Individual sources will be further documented in

experiments but the main ones used were from two T cell lines; 
SJL(4) (Generated in this laboratory) and D10.G4.1 (a kind gift 

from Dr. C.A. Janeway).

ANTI-CD3 (145.2C11) A monoclonal antibody specific for the
murine T3 complex was derived by immunising Armenian hamsters 

with a murine cytolytic T-cell clone and tissue culture 

supernatant from this hybridoma was used to stimulate T cells 
(Leo, Foo, Sachs, Samelson & Bluestone, 1987).

G K 1 .5 Supernatant from these cells recognises L3T4 and the 

cells were obtained from Dr. H. Waldmann, Dept, of Pathology,



Addenbrookes Hospital, Cambridge (Dialynas, Wilde, Marrack, 

Pierres, Wall, Havran, Otter, Loken, Pierres, Kappler & Fitch, 
1983) .

Anti-Ia sera (HYB-3JP) A generous gift from Dr. C. Janeway. 

Recognises all murine I-A strains (except H-2^).

RADIOACTIVE MATERIALS

1251-deoxyuridine and ^lcr-Sodium chromate were obtained from 
Amersham International, England.
1251-deoxyuridine pulsed wells were harvested onto glass fibre 
discs (Whatman GF/C) with a Titertek cell harvester (Flow 
Labs.) and incorporated radio label assessed by gamma counting.



II METHODS

(i) SOURCES OF LYMPHOCYTES 
Preparation of murine spleen ce 1 Is 

The left side of the mouse was swabbed with alcohol and 
sterile instruments were used to remove the spleen. The organ 
was teased into BSS with forceps and washed at 1200rpm for 10 
mins. at 4°C. The cells were resuspended in 10 ml BSS and the 
debris allowed to settle out (approx. 5 mins.). The cell 
suspension was then transferred into a fresh universal, washed 
again and then counted.
Col lection of peritoneal ce1 Is (PEC's)
Approximately 5 ml of cold BSS was injected into the peritoneal 
cavity of each mouse. The abdomen was massaged for 30 seconds 

and the medium was then withdrawn. The cells were pooled and 
washed three times in BSS before use.
Enumeration of cell viabi1ity

10 ug/ml of acridine orange was mixed in a 1:1 ratio with 200 

ug/ml of ethidium bromide. A 1:1 ratio of this mixture and the 
test cell suspension were loaded onto a haemocytometer. When 
viewed under a transmission ultraviolet microscope the live 
cells appear green and the dead cells appear orange.

(i i)CELL CULTURE
Cells were cultured in humidified incubators at 37°C in an 
atmosphere containing 5% CO2 in air.

(iii)PREPARATION OF CsA 

3 mg of CsA was dissolved in 300 u 1 of ethanol. Three drops 

(approximately 60 ul) of Tween-80 were added. Cold (4°C) RPMI- 

1640 was added dropwise until a final volume of three mis was



reached (The container was continually stirred with a magnetic 

stirrer and sat on a dish of ice). This stock solution was then 

diluted as required. The stock was stored at 4°C away from 

1ight.

(iv)RBC TREATMENTS 
Bromelein treatment of M R B C .

Fresh mouse RBC's were washed three times in PBS before 
treatment with the enzyme bromelein. This procedure follows the 

method of Cunningham (1974). Briefly, 40 mg of bromelein was 
added to 2 ml of PBS, this was shaken thoroughly and left at 
room temperature for 20 mins. The top 1 ml of this suspension 
was then added to 1 ml of packed MRBC. The enzyme treatment was 
carried out at 37°C for 40 mins. The cells were gently washed 
three times (1200 rpm, 10 mins.) and resuspended in BSS for use 
in the plaque forming cell assay (PFC). Bromelein treated mouse 
RBC are abbreviated throughout this thesis as Br.MRBC. 
Trinitrophenol(TNP) coating of SRBC

Fresh SRBC were washed gently (1200 rpm, 10 mins.) three times 
with PBS at 4°C. 1 ml of packed cells were aliquoted into a
small beaker with a magnetic stirrer moving as slowly as 
possible. 7 ml of cacodylate buffer (0.28 M sodium cacodylate 
adjusted to pH 6 .8 ) containing 20 mg of trinitrobenzene 

sulphonic acid was added to the cells. The mixture was stirred 
for 10 mins. at room temperature, and the cells were washed 
three times before resuspending in BSS for use. TNP coated SRBC 

are abbreviated throughout this thesis as TNP-SRBC.

Absorption of guinea pig serum

Guinea pig serum was used as a source of complement for 
Cunningham plaque assays, anti-Thy 1.2 killing and LR-1



depletion of cells. To remove anti-mouse (or antibodies against 
a particular strain of mice) activity, approximately 20 mis of 

serum was added to approximately 10® spleen cells in a 
universal and rotated for 40 mins at 4°C. The cells were spun 
down (1500 rpm, 10 mins.) and the serum reabsorbed with a fresh 
aliquot of 10® spleen cells. If sterile complement was 
required, the appropriate dilution was filtered through a 0 .2u 
millipore filter.

To remove anti-TNP activity the above procedure was followed 
using TNP-coated sepharose beads to absorb. To remove anti-SRBC 

activity the above procedure was followed using 10% packed SRBC 

(1 ml of SRBC to 9 ml of serum) to absorb.

(v)ANTISERA PRE-TREATMENT

T ce 11 depletion
IgM anti-Thy 1 monoclonal antibody (F7D5) was a generous gift 
from Dr. Mark Feldmann, University College, London. Spleen 
cells were treated with ammonium chloride (pH 7.4 at 4°C) to 
lyse the erythrocytes before use. 1 xlO? viable spleen or 
peritoneal cells were incubated for 40 mins. at 37°C with anti- 
Thy 1.2 at a final concentration of 1/500 in 1 ml. After one 
centrifugation (1000 rpm) the supernatant was replaced by 1 ml 
of guinea pig complement (GPC) at a dilution of 1/5 which had 
been screened for the absence of activity against mouse 
lymphocytes. After a further incubation for 40 mins. at 37°C 

the cells were washed twice and resuspended in a volume giving 

a cell concentration identical to the control cells. Control 

cells were subjected to the same washing procedures but were 

only treated with GPC.

B ce 11 depletion
An anti-B cell monoclonal rat antibody (LR-1) was generated by



Dr. S. Marshal 1-Clarke (Liverpool University). LR1 was derived 

from the fusion of splenocytes from a Lou rat, immunised 

repeatedly with anti-Thyl depleted CBA spleen cells, with the 

rat myeloma cell line Y3 (Galfre, Milstein & Wright, 1979). LR-1 
reacts with 50-60% of murine spleen cells and shows no overlap 
with cells reactive with anti-Thy l monoclonal NIM-R1 (Chayen & 
Parkhouse, 1982). Spleen cells were treated with ammonium 
chloride (pH 7.4 at 4°C) to lyse the erythrocytes and were
incubated at 1-2 xlO^cells per ml with LR-1 ascitic fluid at

1:500 on ice. They were washed once in RPMI and incubated for a
further 1 hour at 37°C with 1/5 diluted fresh GPC. The cells

were then washed three times, counted and assessed for 

viability. The cells remaining after treatment with LR-1 were 1— 
3% surface immunoglobulin positive and were more than 85% Thy 1 

positive.

(vi)PRIMING OF ANIMALS 

SRBC Pretreatment Mice were primed with 2 xlO® SRBC 
intraperitoneally (ip) 6 days prior to use.
Macrophage activation for cytotoxic targets Macrophages were 
activated using thioglycollate (4 gm dissolved in 100 ml cold 
distilled water and heated to boiling, this was sterilized by 
autoclaving for 20 mins. and then stored in the dark until 
use) . 1 ml was injected ip 2-4 days prior to use. The
macrophages were removed as described in section (i).
Deoxyguanosine (dGuO) pretreatment Mice were pretreated with 

dGuO by injecting 0.2 ml of a 5 mg/ml stock solution of dGuO in 

PBS (1 mg/mouse finally) ip daily for at least 4 days before 

u s e .
dGuO in vitro The final concentration used in the majority of



experiments (unless otherwise stated) was 0.1 mM.

(vii)MITOGEN STIMULATION 
Fresh spleen cells were prepared (i) and adjusted to 2 xlO® 

cells/ml in RPMI/5%. 100 u 1 aliquots were plated out into 96 

well, flat bottomed microtitre plates (Nunc). Mitogens were 
added as indicated in the experiments and the final volume of 

each well was 200 jul. The cells were cultured for 48 hours at 
37°C and then pulsed for 16 hours with 50 ill of 1251- 

deoxyuridine (0.5 uCi/well). The incorporated radiolabel was 
measured by gamma counting. All conditions were set up in 
triplicate and the results are expressed as means + standard 
deviations.

(viii)SECONDARY RESPONSE TO SRBC IN VITRO
SRBC primed spleen cells were resuspended at 3 xlO? cells per 

ml in RPMI/5%. The assay was cultured in 24 well linbro plates 
and 3 xlO® SRBC primed spleen cells were incubated with 1- xlO® 
SRBC in a final volume of 2 m l . Modifications of this assay, 
for example addition of mitogens (LPS or GLP) or addition of 
suppressor cells are described in appropriate experiments. The 

assay was cultured for 5 days at 37°C. The cells were 

harvested, washed in BSS, and the number of antibody forming 
cells was estimated using a modification of the PFC assay 
described by Cunningham & Szenberg (1968) using SRBC as a
monolayer. All cultures were set up in triplicate and the
results expressed as means standard deviations.

(ix)GENERATION OF Con-A SUPPRESSORS

Fresh spleen cells were resuspended at 1 xlO^per ml in RPMI/5%. 

These were cultured at 5 ml/petri dish with 4 ug/ml Con.A for
48 hours. The cells were harvested, washed twice and used in



suppressor or cytotoxic assays. For the suppressor assay the 

cells were used at 10® per well in a secondary SRBC response. 

The cytotoxic cell assay was performed using activated 
macrophages (vi) labelled with 51cr at 10^/well with Con-A 
cells at 100:1 (106/well), 50:1 (5 xl05/well) 25:1 (2.5
xl05/well) and 12.5:1 (1.25 xl05/well).

(x)PLAQUE FORMING CELL (PFC) ASSAY 
PFC were enumerated by the modified haemolitic plaque assay of 

Cunningham and Szenberg (1968). Briefly, Cunningham chambers 

were constructed by sticking two microscope slides together 
with double sided tape. 100 p. 1 of cell suspension for testing 

was mixed in a microtitre well together with 25 ul of 25% red 
blood cell suspension, 25 ul of GPC and 25 ul of BSS. For 
direct PFC a further 25 ul of BSS was added and for indirect 

PFC 25 ul of rabbit anti-mouse immunoglobulin (Ig) was also 
added. There is evidence (A. Cooke &. B De Souza, personal 
communication) that the rabbit anti-mouse Ig used in these 
experiments can inhibit IgM PFC. Therefore it cannot be 
concluded that indirect PFC is equivalent to IgM + IgG P F C 1s . 
This mixture was transfered to the Cunningham chamber, which 
was sealed with wax to prevent drying, and incubated at 37°C 
for 30 mins. The PFC were enumerated by "reading" the slides 
using a microscope with side illumination and a dark 
background.

(xi)51Chromium label ling of c e 1 Is and cytotoxic assays

51CHROMIUM LABELLING OF CELLS
Cells from culture or the peritoneal cavity of mice were 

washed three times in BSS and then resuspended in RPMI/5% at a 

concentration of 10^/ml. 500 ul of this suspension was removed



for labelling. 200 ul of sodium bichromate (i mCi/ml) were 
added and the cells incubated at 37°C for 45 mins. The cells 
were washed three times before use. 
b-lChromium re lease assay

The procedure used was a microtitre modification of the method
of Brunner, Mauel, Cerottini & Chapuis (1968) . The bl£r-

labelled cells were resuspended at a concentration of lO^/ml.

100 ul of this suspension were aliquoted into 96 well plates
(flat bottomed) and 100 ul of effector cells at the appropriate

cell concentration were added. The plate was incubated for 4 or
16 hours. After this time the plate was spun (1000 rpm, 7mins,
4°C) and 100 ul of supernatant was removed and counted in
plastic vials using a gamma counter.

The percentage of specific lysis was calculated by the
following formula :

% specific lysis * test cpm - spontaneous release x 100
total cpm - spontaneous release

NATURAL KILLER (NK) ASSAY
The NK sensitive cell line YAC-1 ( derived from a Molony virus 
induced lymphoma in A/Sn mice) was grown in RPMI/10%. YAC-1 

cells were blcr labelled and plated out at 10^/well and mixed 
with fresh spleen cells (Effector:Target ratio's of 100:1, 

50:1, 25:1 & 12.5:1) as in the cytotoxic assays. These cultures 
were incubated for 4 hours at 37° before specific blcr release 
was measured.

poly I :C induction of NK ce1 Is

Spleen cells were cultured in RPMI/10% at 5 xlO® cells/ml in 1 
ml aliquots in 24 well plates (Nunc) for 16 hours + poly I:C at 

50 ug/ml finally. Numerous wells were set up for each condition 
and pooled on harvesting. The NK assay was carried out as for



fresh spleen cells.

(xii)MIXED LYMPHOCYTE CULTURE (MLC)

A one way culture was set up using 1.25 xlO? irradiated (1500 
rads) stimulator spleen cells and 2.5 xlO? responder spleen 

cells. These were cultured in 10 ml of RPMI/10% in 25 cm^ 
flasks upright at 37°C for 5 days. The cells were harvested, 
washed in BSS and assayed for cytotoxicity and suppression (as 
previously described (viii & xi)).
Cultured suppressor cel Is
3x10? spleen cells were cultured in 10 ml of RPMI/10% (FCS 
suppressors) or RPMI/1% normal mouse serum (Syngeneic for 
responder cells or NMS generated suppressors), upright in 
flasks for 5 days and then assayed for cytotoxicity or 
suppression, as previously described ((xi) and (viii) 
respectively).

(xiii)BROMELEIN PFC ASSAY
Peritoneal cells or spleen cells were cultured at 2 xlO^ cells 
per well in 96 well plates in a final volume of 200 ul in 
RPMI/5%. Test cell populations or supernatants were added as 
indicated in the experiments. All samples were set up in 
triplicate and appropriate controls included. Unless otherwise 
stated the assay was harvested on day 3. The PFC assays were 
carried out using Cunningham chambers, guinea pig complement 
and using Br. MRBC as indicator cells.

(xiv)T-INDEPENDENT ANTIBODY RESPONSES IN VITRO 

Spleen cells were plated out at 10® cells per well in a final 

volume of 200ul in RPMI/5%. TNP-Ficoll, DNP-LPS and TNP-BA (a 
kind gift from Dr. S. Marshal1-Clarke, Dept, of Medical cell 
Biology, University of Liverpool) were added at doses stated in



the experiments and set up in triplicates. The method for 

making TNP-BA and the units used were as in Mond et al (1978). 

The assay was cultured for 3 days and assayed using TNP-SRBC's 

as indicator cells (as for PFC assay, x ) .

REVERSE PFC

2 xiob spleen cells, in a final volume of 200 ul in RPMI/5%, 
were cultured with appropriate concentrations of test
supernatants (as indicated in the experiments). Reverse PFC 

were measured on day 3 using goat anti-mouse u chain coated 
SRBC as indicator cells in the PFC assay (x).

(xv)CELL STAINING 
Surface immunog1obu1in (Ig) Spleen cells were depleted of RBC 
by lysing with ammonium chloride and aliquoted at 1-2 xlO® 

cells per tube and pelleted. The cells were stained with FITC- 
rabbit anti-mouse Ig (FITC-Rb anti-M Ig) (a kind gift from
Brian De Souza, Immunology department, Middlesex Hospital 
Medical School) at the appropriate dilution (1/10) in BSS + 
0.1% Azide. These were incubated at 4°C for 30 mins. and washed 
three times at 4°C in BSS/Azide. The pellet was resuspended in 
a small volume of BSS/Azide, dropped onto a microscope slide 
and sealed under a covers lip. The slides were scored for the % 
positive for the stain.
Ly staining The early staining (GLP and dGuO chapters) used 
Rat anti-mouse Ig (anti-Lyl & anti-Ly2) which were kind gifts 

from Dr. B. Thomas (NIMR, Mill Hill, London). Working dilutions 
were 1/40 for anti-Lyl and 1/100 for anti-Ly2. 1-2 xlO® cells

were resuspended in 50 ul of anti-Ly antibody (Ab) for 20 mins.

on ice. They were washed in BSS/Azide (0.1%) by spinning at 
1200 rpm for 10 mins. and then resuspended in 50 ul of FITC-Rb



anti-rat Ig (1/4) for 20 mins on ice. The cells were washed and 

mounted as for the surface Ig staining. More recent experiments 

used supernatants from rat hybridomas which recognised murine 

anti-Thy 1.2 (YTS 154.7), anti-L3T4 (YTS 191.1.2), anti-Lyl 
(YTS 121.5) and anti-Ly2 (YTS 169.4). These were kind gifts 
from Dr. H. Waldmann, Dept. Pathology, University of Cambridge. 
The second layer used here was a Rb anti-rat FITC (DAKO Ltd, 
High Wycombe, Bucks.).
Intracellular Ig staining The spleen cells were freed of RBC 

(Ammonium chloride lysing buffer) and resuspended at 5 

xiobce1ls/ml. 100 ul was loaded onto slides in the
cytocentrifuge and spun for 7 mins., air dried for 5 mins. and 
fixed in 95% Alcohol/ 5% of a 95% Acetic acid solution for 30 
mins. The slides were immersed in PBS, these were dried and 
stained with FITC-anti-Ig (as for the surface staining). 1 drop 
of mounting fluid (DABCO, in glycine buffer at pH 8.6 adjusted 
with HC1 and glycerol) was added to each slide and these were 
then sealed under covers lips.

(xvi)SUPPRESSION OF HYBRIDOMA la PRODUCTION 
Hybridomas Anti-SRBC hybridomas SCCI and C3 (IgG^ Ab produced) 
from CBA spleens primed with SRBC and fused with the myeloma 
Ag8 (P3~X63-Ag8653 variant P3-X63-Ag8, BALB/c, ,k). These were 

selected for their ability to produce anti-SRBC antibody, 
detected by a haemolytic plaque assay using SRBC as a 
monolayer. The hybridomas were cultured in RPMI/10%.
Suppression assays The hybridomas were cultured at 2 xl04 

cells/well in RPMI/15% in 96 well plates in a final volume of 

200 ul. Two types of assay were used; a) Hybridomas were 
cultured with a dose response of dGuO (0.01-0.ImM) for 4 days 

in triplicate cultures. The cells were assayed for viability,



number of SRBC PFC's, and also pulsed for a further 16 hours 
with l2bl-iododeoxyuridine to assess the proliferation of these 
cells. b) Con.A suppressors (lO^/we11)were added to the 

hybribomas (2 xlO^/well) in 200 ul and cultured for 24 hours. 
The number of SRBC PFC's were assessed using a modification of 
the haemolytic PFC assay.

(xvii)T CELL LINES 
Thyroglobulin and PPD lines

Mouse Thyroglobulin (MTg) lines {MTg 9B3 and 12B> and PPD lines 

{PPD 6 , 7 and 9A> were cultured and generated as in Champion,
Varey, Katz, Cooke & Roitt (1985). Briefly cells were
maintained by weekly restimulations with antigen, MTg (50

ug/ml) or PPD (25 ug/ml), and 2 xlO? irradiated (1500 rads) 
syngeneic spleen cells in a final volume of 8 mis in DMEM/10%, 
upright in 25cm2 flasks.
Rat RBC primed animals use for generation of T 1ines
CBA/Ca and SJL/J mice were injected with 2 xlO® rat R B C 's (ip)
for four or three weekly injections respectively. T cell lines 
were generated using spleen or lymph node cells cultured at 5 
xlO® cells/ml with 2 xlO® rat RBC's/ml in DMEM/10% in upright 
50 cm2 flasks. These were maintained by weekly restimulation of 
2-4 xiob cells/ml with 2 xlO? irradiated syngeneic spleen cells 
(2000 rads) and 2-5 xlO? rat RBC in a final volume of 10 mis 
per flask. The cells were cultured in Nunc 50 ml flasks, 

upright at 37°c and 5% CO2 in air in a humidified incubator.

MRL T ce 11 1ines

A number of T cell lines were established from the autoimmune 
strain of mice, MRL lpr/lpr. Different sources of lymphocytes 

were used, spleen cells and peripheral lymph nodes, and were



cultured at 5 xl06 cells/ml with IL-2 (Rat Con A supernatant). 

IL-2 dependent T lines were generated from these cultures.

CH9 Hybridoma
Derivation and specificity of these cells is described in 

Rayner, Delves, Warren, Roitt & Champion (1987). Briefly these 
hybridomas were obtained from the fusion of Tg primed CBA/Ca 
spleen cells with the HAT sensitive AKR T-cell tumour BW5147. 
The cells release IL-2 specifically upon stimulation with 
syngeneic spleen cells and thyroglobulin.
Mycoplasma screening
All cell lines, those generated in this laboratory and cell 
lines imported, were routinely screened for mycoplasma by the 
PPLO agar method. Only lines free from mycoplasma were used in 
these studies.
T 1ine proliferation assays
Cells were washed once in BSS and adjusted to 2 xlO^/ml in 
DMEM/10%. Triplicate cultures were established in 96 well flat 
bottomed plates 2 xlO^ line cells ,10® irradiated spleen cells 
(or 5 xlO^ PEC's) and various concentrations of test antigens 
were set up in a final volume of 200 ul. The cells were 
cultured for 48 hours and then pulsed for 16 hours with 125j_ 

iododeoxyuridine and incorporated radio label assessed by gamma 
counting.

Proliferation assays using Anti-CD3 antibody
T cells were plated out at the same cell concentrations as 
above, with and without irradiated syngeneic spleen cells, plus 

or minus dilutions of 145.2C11 (as indicated in the 

experiment) . The assay was carried out as for the proliferation 
assay above.

(xviii) CYTOKINE ASSAYS



IL-1 Assays
Two different assays were used for assaying IL-1, thymocyte 

proliferation and an IL-1 dependent cell line (D10.G4.1). 
Thymocytes from 4 week old BALB/c mice were aliquoted at 10® 
cells/well in RPMI/5% in a final volume of 200 ul. Six wells 

were set up for each sample (three with thymocytes alone and 
three with Con A, at a sub-optimal concentration of

0.lug/we 11) . Test supernatants were added at 25% (v/v) and

cultured for 72 hours. During the final 16 hours the cultures 
were pulsed with 0.5 uCi l2bl-deoxyuridine and harvested as 

usual.
D10.G4.1 T cells were a kind gift from Dr. C.A. Janeway and can 
be used to assay for IL-1 (Kaye, Gillis, Mizel,Shevach, Malek, 

Dinarello, Lachman & Janeway, 1984; Kaye & Janeway, 1984). 
Briefly , the cells were maintained by weekly restimulations 
with CBA/Ca feeders and Conalbumin (100 ug/ml) in DMEM/10% with
IL-2. Before use in the assay the cells were purified on ficol-
hypaque (1800 rpm, 4°C for 30 mins.) and cultured over night
without IL-2. The cells were aliquoted at 2 xlO^ cells/well
with 2.5 ug/ml Con A in a final volume of 200 ul in RPMI/5%. 
Dilutions of test supernatants were added as indicated in 
experiments and appropriate controls were always used. The 
assay was cultured for 72 hours with pulsing with 1251- 

deoxyuridine for the last 16 hours. All conditions were set up 
in triplicates.

IL-2 Assays

Two IL-2 dependent cell lines were used, a CTL-L line from

Kendall Smith and HT-2 cells from Dr. J. Tite, Wellcome

Research Labs., UK.
CTL-L cells were cultured at 10^ cells/well in RPMI/5% in a



final volume of 200 ul for 24 hours with or without test 

supernatants or a control IL-2 source. During the last 6 hours 

the cultures were pulsed with 125i-deoxyuridine and harvested. 

HT-2 cells were cultured as above except for the duration of 

the assay. In this case the cells were incubated for 24 hours 
and then pulsed for a further 16 hours with 125i_(ieoxyuridine 
before harvesting.

IL-3 Assay

The 32Dcl23 cell line (a gift from Dr. R. Lelchuk, Wellcome 
Research Labs) was added at a concentration of 1-2 xlO^ 
cells/well in RPMI/5% in a final volume of 200 ul and cultured 
for 24 hours with either test supernatants or supernatant from 
the WEHI-3B cell line, which secretes IL-3. The assay was 
completed as for the proliferation assays.

Absorption with 32Dcl23 c e 1 Is
32Dcl23 cells were resuspended in the supernatant to be 

absorbed at a concentration of 1-5 xlO? cells/ml and incubated 
for 1 hour at 37°C. The cells were spun out of the supernatant 
and the procedure was repeated again.

BCGF U  Assay (IL-5)
BCGF II was assayed using BCL^ cells (a kind gift from Dr. A. 

O'Garra, NIMR) which were passaged in BALB/c mice and grew as a 
splenic tumour. 3-4 weeks after ip. inoculation of 10^ cells 
the spleens were removed and treated with anti-Thy 1.2 and GPC 
to remove any residual T cells. 1.5 xlO^ cells were aliquoted 

into each well in RPMI/5% with the appropriate samples to assay 
and cultured for 48 hours at 37°c . During the final 6 hours the 
cultures were pulsed with 125j_(ieoXyUr iciine prior to 

harvesting.



Absorption with BCLi ce1 Is
Washed BCL^ cells were fixed with 0.0025% gluteraldehyde in PBS 

for 15-30 minutes. 500 ul of supernatant was added to a cell 
pellet of 5 xlO? cells, resuspended and incubated at room 
temperature for two hours. This was repeated twice for 

absorption.
T-c e11 rep lacing factor assay (TRF)
Mice were primed with 2 xlO® SRBC (ip) 6 days before use. 

Spleen cells were harvested, washed in BSS and the RBC's lysed 

using ammonium chloride before treating with anti-Thy 1.2 and
GPC. These cells were aliquoted at 2 xlO® cells /well with and

without SRBC (10®/well). Test supernatants were added and the 
volume was corrected to 2 ml with RPMI/5% using 24 well plates 
(Nunc). After 4-5 days the wells were harvested and 

individually washed in BSS before assaying the numbers of SRBC 
PFC's (x).

(xix)PURIFICATION OF SUPERNATANTS 
High Pressure Liquid Chromatography (HPLC)
Cell free culture supernatants were concentrated xlO on 
aquacide III (Calibiochem-Boering Division of American Hoechst 
Corporation, La Jolla, CA 92037), dialysed overnight in PBS and 

then 200 ul of the concentrated supernatant was run on a TSK-
G300 HPLC column (LKB-500) in PBS, at a pump speed of 0.5
mls/minute, absorbance 0.1 and a weight of 10 mis. Fractions 

were collected at 1 minute intervals and sterilized by 

filtration before assaying.

Isoelectric Focussing (IEF)

Cell free T cell supernatant was concentrated xlO on aquacide 
III and dialysed overnight in 1 litre of distilled water



plus 1 ml of xlO PBS. 2 mis of concentrated supernatant were 

loaded onto a LKB 8,100-1 column using 2 ml of pH 3.5-10.0 and 

4 ml of pH 5-8 ampholine. Sucrose was used as a stabiliser of 

the gradients with maximum focussing power of. 5w and 2 ml 
fractions were collected. The protein peaks were pooled and 
dialysed for 4 hours in BSS, for 16 hours in RPMI-1640 and 
sterilized before assaying.

(xx)Elispot assay 

This method is described fully in Hutchings, Rayner, Champion, 
Marshal1-Clarke, Macatonia, Roitt & Cooke (1987). Briefly, 
2x10® separated B cells with or without test supernatant were 

cultured in 24 well plates in RPMI/5% in a final volume of 2 
ml. After 5 days, trilpicate wells were harvested, washed twice 
and enumerated for antibody producing cells in an elispot 
assay. For determination of the total Ig secreting cells in 

these cultures sheep anti-mouse F ( a b ')2 (Wellcome reagents, 
Beckenham, England) was bound to the plate and the assay was 
developed with an alkaline phosphatase-conjugated sheep anti
mouse Ig.

(xxi) T-ce11 receptor B-chain gene rearrangements 
Ten ug DNA was digested to completion by a 16 hour incubation 
at 37°C with 25 units of Eco R1 restriction enzyme. Samples 

were then separated by electrophoresis in agarose and 
transferred to 0. ljum nitrocellulose filters (Southern, 1975), 

which were then baked for 2 hours at 80°C. After incubation for 

6 hours at 65°C in prehybridization mix (3x SCC, 0.2% Ficoll, 

0.2% BSA Fraction V, 02% polyvinylpyrrolidone, 0.1% SDS and 50 
ug/ml salmon sperm DNA), the filters were hybridized over night 

at 65°C in hybridization mix (prehybridization mix with the



addition of 10% dextran sulphate) containing 0.1 ug of 32p_ 
nick-translated probe. A T 1C 3 probe was used, consisting of an 
EcoRl-Hpa II fragment of the cDNA clone 86T1 (Hedrick, Nelson, 
Kavaler, Cohen & Davis, 1984). After hybridization, the filters 
were washed for 15 min. in 3x SSC 0.1% SDS three times and in 

0.3 SSC 0.1% SDS three times at 65°C. The blots were visualized 

by autoradiography on Kodak XAR-5 film.

(xxii) Statisics

All experiments were repeated at least three times, if 
possible, with each condition in triplicate. The results are 
expressed as means + standard deviations (SD) and the P values 
are derived from the students T test.



CHAPTER 3

Mitogenic effects of a glycolippprotein 
extract from Pseudomonas aeruginosa.

INTRODUCTION

The antibody response to repetitive units of saccharides 
which form bacterial surface antigens is an important aspect of 
the humoral immune response. Individuals with defects in 

antibody synthesis are susceptible to repeated infections with 
polysaccharide encapsulated microorganisms.

The response to polysaccharide antigens is very different 
to that of protein antigens. Polysaccharide antigens are not 
taken up and processed by antigen presenting cells like protein 
antigens and no T cell receptor has thus far been defined with 
reactivity for polysaccharide antigens and MHC. In man, antibody 
responses to polysaccharides are dependent upon T cell help but 
in murine systems the polysaccharides are regarded as T 
independent antigens on the basis of the ability to promote B 

cell differentiation in the absence of T cells. A large portion 
of work with polysaccharides has centred around strains of 

animals which have defective responses to these antigens.

An X-linked immunodeficiency was observed in a CBA line at 
NIH in 1972 (Amsbaugh, Hansen, Prescott, Stashak, Barthold & 

Baker, 1972) and an inbred strain CBA/N was developed which 

bears the xid mutation giving rise to this immunodeficiency 

(Berning, Eicher, Paul & Scher, 1980). Affected males have poor 

antibody responses to a wide variety of antigens particularly



the thymus-independent antigens (the majority of these antigens 

are polysaccharides). On the basis of CBA/N responder status 

thymus independent (TI) antigens have been divided into two 
groups, TI-1 and TI-2, and CBA/N males do not respond to TI-2
antigens (Mosier, Mond & Goldings, 1977).

B lymphocytes in CBA/N mice contain predominantly IgM
membrane immunoglobulin whereas age matched controls contain
more membrane IgD than IgM (Scher, Berning, Kessler &
Finkleman, 1980). CBA/N mice lack lyb 3,5 and 7 bearing B

lymphocytes and this suggests that CBA/N mice have a
maturational defect rather than a defective B cell subset. 
Indeed experiments using CBA/N mice led to the conclusion that 
the xid defect is intrinsic to B cells and results from a 
failure of normal B cell maturation (Scher, 1982). However 
normal B cell maturation can been induced by 8-bromoguanosine 
(Goodman, 1985). Results from the Herzenberg's laboratory have
shown that CBA/N mice lack a subset of B cells, namely the Lyl+
B cells (Hayakawa, Hardy &. Herzenberg, 1986). Whether the lack 
of Lyl4- B cells (or CD5+ B cells) can account for the
unresponsiveness to TI-2 antigens still needs to be resolved. 
Coulderc et al (1987) proposed that xid mouse lymphocytes can 
respond to TI-2 antigens when costimulated with TI-1 antigens or 
lymphokines. They demonstrated that these xid mice have a 

macrophage defect which results in an inability to respond to 
TI-2 antigens. This result is compatible with the idea that xid 

mice have a B cell maturational defect and not a subset 

def iciency.

Many substances of bacterial and plant origin can
stimulate lymphocytes to proliferate. Outer membranes of

enteric bacteria have been shown to be specific B cell mitogens



(Sultzer & Wilsson, 1972; Melchers, Braun & Galanos, 1975; 
Glode, Scher, Osborne & Rosenstreich, 1976; Morrison, Betz & 
Jacobs; Sultzer & Goodman, 1976; Bessler, Resch, Hancock & 

Hantke, 1977; Bessler & Henning, 1979) . The properties of one 

of the outer membrane components of Pseudomonas aeruginosa 

(GLP) have been investigated in this chapter.

Pseudomonas aerucrinosa frequently causes opportunistic 
infections in humans. This is particularly evident in burns 

patients, patients with gastric fibrosis or after 
catheterisation of the urinary tract (Rabin, Graber, Vogel, 
Finkelstein & Tumbush, 1961; Bodey, 1970; Alder, Burke & 
Finland, 1971) and infections are difficult to treat due to the 
broad range of antibiotic resistances (Unsigned editorial, 
Lancet, 1969; Alder & Finland, 1971) .

In the murine system infections with FL_ aerucrinosa are 
lethal. The events following infection are not completely 

understood but some factors have been identified. The slime 

layer of the viable bacterial cell contributes to pathogenesis, 
more specifically the glycolipoprotein (GLP) has been 

identified as the active component of the slime layer 
(Sensakovic & Bartell, 1974; Dimitrocopoulos & Bartell, 1980). 
The viable cell synthesizes slime in the infected mouse and the 
course of lethal events is a function of the de novo synthesis 
and dispersion of slime by means of the peripheral circulatory 

system (Dimitrocopoulos, Sensakovic & Bartell, 1974).

GLP of reproducible physicochemical characteristics can be 

isolated from the slime of P^ aeruginosa strain B1 

(Dimitrocopoulos, Sensakovic & Bartell, 1974) and the injection 
of this into mice reproduces precisely the pathogenic effects



of the viable cells. This GLP is distinct from LPS (Sensakovic 

& Bartell, 1974).

Previous work by Papamichail, Dimitrocopoulos, Tsokos and 

Papavassilou (1980) has shown the GLP to be mitogenic for human 

peripheral blood lymphocytes and cord blood lymphocytes. The 
experiments described in this chapter were designed to 
ascertain if GLP was also mitogenic for murine spleen cells and 
to determine the cellular target of GLP.



RESULTS

I Effects of GLP on murine s p leen cells
Previous work by M. Papamichail (1980) had shown that the 

GLP extract was mitogenic for human peripheral blood and cord 
blood lymphocytes. To ascertain the effects of GLP on murine 

cells CBA spleen cells were cultured with a range of 
concentrations of GLP for 48 hours. From Table 3.1 it can be 
seen that GLP is also mitogenic for murine cells and the 
optimal dose of GLP for stimulation was 50 m g / m l . GLP was 
routinely added at 50 and 100 ug/ml concentrations in all 
subsequent experiments. Con A was included in this experiment 
as a positive control. To further clarify the effects of GLP 
and to determine the cellular target involved spleen cells were 
used which had been depleted of T cells either by pre-treatment 
with anti-Thy 1.2 and complement (C1) or from nude mice. The 
results in Table 3.2 show that anti-Thy 1.2 treated spleen 
cells and nude spleen cells are unable to respond to Con A, 
which shows that the anti-Thy 1.2 treatment has deleted 
functional T cells in these experiments. GLP however stimulated 
all three types of spleen cells, which suggests that this acts 
as a B cell mitogen.

II Effect of GLP on CBA/N spleen c e 1 Is
CBA/N mice have an x-linked B cell defect which expresses 

itself in an inability to respond to certain classes of T- 

independent antigens, for example TNP-ficoll (Scher, Steinberg, 
Berning & Paul, 1975; Mond, Lieberman, Inman, Mosier & Paul, 
1977). CBA/N mice appear to lack a B cell which responds to TI- 
2 antigens and also to be deficient in Lyl+B cells (Hayakawa, 
Hardy, Parks and Herzenberg, 1983). Since these mice have an 
inability to respond to polysaccharide antigens they were used



TABLE 3.1

MITOGENIC EFFECT OF DIFFERENT DOSES OF GLP ON

Mitogen Dose 
None
Con A (2/ig/ml) 

GLP (25tzg/ml) 
GLP (50/ig/ml) 

GLP (lOOyg/ml)

CBA SPLEEN CELLS

Experiment 1 

1601 + 257 
21486 + 1768* 

14705 + 1013* 
15609 + 1813* 

10336 + 1353*

Experiment 2 

2580 ±  704 
10014 + 1373* 

17840 + 1553* 
17980 + 1993* 

12273 + 1009*

ce 1ls/we11Normal spleen cells were cultured at 2x10^ 
for 48 hours in the presence of mitogen. 
All p values (*) - 0.01 - 0.001



TABLE 3.2

MITOGENIC EFFECT OF GLP ON T-DEPLETED CBA SPLEEN CELLS

Mitocren dose Norma 1 sp leen a Thy 1.2 Sp leen Nude sp leen
Experiment 1

None 200 + 116 216 + 18 449 + 11

Con A (2jig/ml) 3040 + 1276 378 + 178* 312 + 184*

GLP (50ug/ml) 2268 + 1338 1092 + 145 4256 + 1011

GLP (lOOug/ml) 989 + 152 702 + 300 14303 + 2503
Experiment 2

None 104 + 11 150 + 13 410 + 30

Con A (2jig/ml) 784 + 72 173 + 10* 446 + 47*

GLP (50ug/ml) 775 + 79 1124 + 187 4652 + 950

GLP (100jug/ml) 1238 + 607 1750 + 245 8040 + 1018

Spleen cells were cultured at 2x10^ cells/well 
and proliferation was measured on day 3.
For addition of mitogens all p values - 0.05-0.01 

(except for * which are not significant)



to assess the mitogenic ability of GLP. From Table 3.3 it can be 

seen that GLP is not mitogenic for CBA/N spleen cells in the 

same experiments in which CBA spleen cells adequately respond.

III Effect of eyelosporin-A on the mitogenic response of. 
murine s p leen ce 1 Is to GLP

Cyclosporin-A (CsA) is an immunosuppressive peptide of 
fungal origin and was believed to selectively affect T 
lymphocyte function with minimal effects on B cells (White, 

Plumb & Caine, 1981). Kunkl and Klaus (1980) have evidence that 
CsA can specifically affect the function of a subpopulation of 

murine B cells, namely those which respond to TI-2 antigens. 
Since the previous experiments show that GLP is mitogenic for a 
subpopulation of B cells the addition of CsA to this response 
was investigated. Various doses of CsA (0.01, 0.05, and 0.1
ug/ml) were cultured with GLP, LPS and Con A for 48 hours 
(Fig.3.1). The higher doses of CsA may be slightly toxic for 
spleen cells. At the lowest dose of CsA (0.01 jig/ml) the LPS
response was not significantly reduced. The GLP response

however is completely abolished by addition of CsA at any dose. 
This again confirms the result with the CBA/N spleen cells that 

GLP is acting like a TI-2 antigen.

IV The effect of GLP on specific antibody responses in v i tro:
(i)Secondary immune response to SRBC in vitro

The B cell mitogen LPS induces B cells to proliferate and 
differentiate into plaque forming cells. GLP has already been 

shown to cause proliferation of B cells its effect on 

differentiation was therefore studied. One system where LPS 
enhances the antibody response is the secondary immune response 

to SRBC in vitro. Mice were primed with SRBC prior to sacrifice
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TABLE 3.3
GLP IS NOT MITOGENIC FOR CBA/N SPLEEN CELLS

STRAIN CBA CBA/N
Mitogen Dose Exp 1 Ex p 2 Ex p 1 Ex p 2

None 200 ± 116 1601 + 257 262 + 51 494 + 32

Con A (2wg/ml) 3040 + 1276 21486 ± 1768 2618 ± 868 6541 ± 1222

GLP (50ug/ml) 2268 ± 1338 15609 + 1814 362 ± 75* 745 ± 90*

GLP (100jug/ml) 989 + 152 10336 + 1353 301 + 101* 669 + 30*

Spleen cells were cultures at 2x10^ cells/well 
and proliferation was measured on day 3. 
Addition of mitogens: P values = 0.05-0.01

(except for * which are not significant)
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CBA spleen cells were cultured at 2x10^ cells 
per well in RPMI/5% in a final volume of 200ul 
with the mitogens indicated above. The assay was 
cultured for 48 hr. and pulsed for 16 hr. The 
results are expressed as means + SD of 
triplicate values.
P values: GLP; Con A = 0.01-0.001

LPS; 0-0.Olag/ml CsA - NS
0-0.lug/ml CsA * 0.01-0.001



and the spleen cells were cultured with SRBC for 5 days in
vitro before the number of antibody producing cells was 

assayed. In this experiment SRBC primed spleen cells were also
cultured with 50 jug/ml of GLP or 40 ug/ml of LPS. Figure 3.2
shows that both GLP and LPS increased the number of SRBC plaque 

forming cells (PFC's). Addition of CsA to this assay again 
showed that the increase in antibody forming cells induced by 
GLP was very sensitive to CsA at 0.01 ug/ml whereas the LPS

response was unaltered at this dose (Fig.3.2). Previous 
experiments have shown that GLP was not mitogenic for CBA/N 

spleen cells but the effect of GLP on differentiation of these 
cells was unknown therefore GLP was included in a secondary 
immune response to SRBC using CBA/N spleen cells. GLP induced 
differentiation in CBA/N spleen cells (Fig.3.3) even though no 
mitogenic response could be demonstrated. This differentiation 

response was also sensitive to low doses of CsA (0.01 ug/ml) 
whereas the LPS response with CBA/N spleen cells was unaffected 
by addition of CsA.

(ii)Response to bromelein treated mouse RBC
Pages and Bussard (1975) have shown that when normal mouse 

peritoneal cells (PEC's) are cultured in vitro a large increase 
in antibody forming cells with specificity for enzyme modified 
syngeneic red blood cells is observed. These are called 
autologous plaque forming cells (PFC) and are absent in CBA/N 
mice. Recent work has linked the bromelein PFC response to Lyl+

B cells (Hayakawa, Hardy, Masaaki, Herzenberg, Steinberg Si 

Herzenberg, 1984). The bromelein PFC response is enhanced if 

the PEC's are cultured with LPS i_n vitro. The effect of GLP on 
the bromelein PFC response was therefore investigated. As 
expected, GLP enhanced the number of autologous PFC's measured
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This experiment was carried out at the 
same time as Figure 3.2, using identical 
conditions (except for the source of 
s?leen ce 1 Is) .

P values: GLP: (1) vs (2) p = 0.001-0.01
(2) vs (3) p  = NS

LPS; (1) vs (2) and (2) vs (3) p  = NS



after 48 hours (Fig.3.4). The LPS induced autologous PFC 

response has been previously shown to be suppressed by T cells 

(Cox, Evans, Brooks & Cuncliffe, 1979). In agreement with this, 

it can be seen from Figure 3.4 that the LPS induced autologous 
PFC response is increased in T-depleted peritoneal cells when 
compared to normal peritoneal cells. T-depletion had no effect 
on the GLP-induced autologous PFC response.
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Figure 3.4
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CBA PEC's were cultured at 2xl0^cells per well 
for 72 hours with the above mitogens. Triplicate 
wells were individually harvested and assessed 
for numbers of Br.PFC's per culture.

For addition of mitogens all p values = 0.001



DISCUSSION

The experiments presented in this chapter demonstrate that 
an extract from the extracellular slime layer of P^ aeruginosa 
is mitogenic for murine spleen cells. Furthermore this extract 
contains a classical B cell mitogen, since mitogenic activity 
was seen in spleen cell populations from nude mice and T- 
depleted spleen cells (by anti-Thy 1.2 and C' treatment). To 
further characterise the mitogenic response to GLP a more 
extensive purification of cell populations would need to be 

carried out to separate B cells into resting and activated 
cells since the stage at which GLP acts is thus far unknown.

A further effect of the extract is in its ability to 
induce antibody production. Because mixed populations of cells 
have been employed in assays described in this chapter it is 
not possible to say whether the effect of GLP in antibody 
production is a direct effect on the B cell or another cell 
type (eg macrophages or T cells) such that a cytokine (eg IL-1, 
IL-4, IL-5 or IL-6) is released which may affect B cell 
function.

With regard to the influence of T cells on the ability of 
GLP to cause proliferation and differentiation of B cells, 

experiments presented here show that T cells may not be 
necessary for these effects. For example, GLP enhances the 
Br.PFC response in a wholly T independent manner. This is 

clearly different from the findings with LPS in which anti-Thy 
1.2 & C' T cell depletion enhanced the autologous PFC response
as has been shown by others (Cox, Evans, Brooks & Cuncliffe, 

1979). It has been suggested that the latter effect of T cells 

in depressing the autologous PFC response to Br.MRBC may be due



to Ts cells. IFN->5 clearly depresses the autologous PFC 

response (See chapter 6) and LPS triggers IFN— ^  production, 
therefore the increased PFC response of anti-Thy 1.2 & C'

treated cells may be due to a removal of I F N - ^  secretion by 
cells and not a direct removal of Ts cells.

The absence of mitogenic activity for CBA/N spleen cells 
could indicate that GLP is acting like a TI-2 antigen. 
Alternatively the CBA/N T-cells may not be in the right 
activation state to respond to this antigen. Experiments using 
purified populations of cells may clarify this issue. There is 
some data suggesting a macrophage defect in xid lymphocytes 
which can be overcome by co-stimulation with TI-1 antigens or 
cytokines (Coulderc, Fervrier, Duquenne, Sourbier & 
Diacopoulos, 1987). This permits a response to TI-2 antigens to 
be seen with xid mouse spleen cells (Coulderc, Fervrier, 

Duquenne, Sourbier & Diacopoulos, 1987).
The ability of GLP to cause polyclonal differentiation of 

CBA/N B cells but not proliferation of CBA/N spleen cells is 
interesting. As pointed out in the introduction of this chapter 
the defect in CBA/N mice could be attributable to a maturation 
defect and not to the lack of a subpopuation of B cells (Rosen, 
1989). This means that the lack of a proliferative response to 
GLP could be due to a maturational arrest of these cells. The 
results could suggest that the mitogenic property and the 
differentiation property of the GLP are separate functions of 

one factor. Alternativly, it is possible that the extract 

contains two factors; One capable of causing prolferation and 

another which influences antibody production. Therefore CBA/N 

mice are unable to respond to the proliferation component of



the GLP. Whether the same B cells or separate B cells 
proliferate and differentiate to the GLP is not known.

This work was published in 1984 (see bound copy at the end 
of this thesis) and the conclusions then were that GLP was 
specifically mitogenic for that subpopulation of B cells which 
are absent in CBA/N mice. This was based upon an assumption 

(valid at the time of the work) that CBA/N mice lacked a 
subpopulation of B-cells which responded to TI-2 antigens. 
Since the CBA/N defect could be explained as a maturation 

defect (Scher, 1982; Rosen, 1989) then this conclusion does not 
hold.

It is unlikely that the observed mitogenic effects of the 

GLP extract is attributable to contamination with LPS since the 
extraction procedure used by Sensakovic and Bartell (1974) 
removes LPS. Futhermore the pattern of sensitivity of GLP and 
LPS to CsA are very different. LPS is insensitive to CsA at low 
doses and if there was a large contaminant of LPS in GLP then 
this would also not be sensitive to low doses of CsA., This is 
not the case in experiments reported here. A difference in the 
response to bromelein treated MRBC is also seen. The autologous 
plaque forming cell response is much greater in response to LPS 
and is enhanced by T depletion. On the other hand GLP causes a 
smaller enhancement of autologous plaques which is not affected 
by T cell depletion. Experiments were attempted using C3H/HEJ 
mice (which are non-responders to LPS) but the mice available 

to us at that time gave very high background proliferation 

(spleen cells cultured without addition of mitogens) and no 

conclusions could be made. Addition of polymyxin-B to the 
assays is another way LPS induced proliferation should be 
inhibited. Daley (1985) included this in his experiments with
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the mucoid exopolysaccharide from P_;_ aeruginosa and found no 

effect on the enhancement induced by his extract. Due to the 

fact that the GLP extract was no longer readily available, 
addition of polymyxin-B to the response induced by GLP could 
not be carried out for this thesis. Kleine (1987) investigated 
polyclonal B cell activation induced by LPS compared to a 
synthetic analogue of bacterial lipoprotein, tripalmitoy1- 
pentapeptide (TPP), on numerous strains of mice. The 
proliferation and differentiation of B cells induced following 
addition of TPP differed in various mouse strains used and may 
implicate a role for MHC genes in polyclonal B cell activation. 

Precursor frequency analysis furthermore demonstrated that TPP 

and LPS acted in different ways.

Chen, Hancock and Mishell (1980) studied three outer 
membrane proteins from P^ aeruginosa PA01; protein F, porin H 

and lipoprotein I. These were not mitogenic for thymocytes but 
were mitogenic for spleen cells. They used C3H/HEJ mice to rule
out LPS, and concluded that these proteins were B cell
mitogens. Daley (1985) has worked with mucoid exopolysaccharide 
of P̂ _ aeruginoa isolated from cystic fybrosis patients. This 
mucoid exopolysaccharide behaved like a B cell mitogen, induced 

IgG secretion and activated macrophages to release IL-1. These 
results confirm the data described here but extend the work by 
exploring the effect of GLP on macrophage activation.

Muhiradt (1986) has described experiments using the blue 

Pigment (pyocyanine) from P_;_ aeruginosa. The effects of 

pyocyanine on proliferative responses of spleen cells to ConA 
were investigated. Pyocyanine was found to inhibit ConA

proliferation, the development of cytotoxic effectors and



diminished IL-2 receptor expression on T cells. The 

relationship of pyocyanine to the GLP extract used here is not 
known but both were extracted from the slime of P_;_ aeruginosa 

and the blue/green colour of the GLP extract used in this study 
might suggest a relationship.

Taking all the data into consideration a strong case can 
be made for an effect of F\_ aeruginosa on the immune response. 
The relative disadvantages of these effects on the host are 
difficult to ascertain. Non-specific activation of B cells into 
antibody production will produce only small amounts of relevant 
antibodies and although activation of macrophages may help in 
clearance of the organisms these responses are minimal when 
considered with the harmful effects. Mucoid exopolysaccharide 
enhances the virulence of the organism by inhibiting 
opsonization and phagocyte killing. The consequences of 
infection cause severe disruption of the immune system and may 
lead to immunosuppression. Investigation of isolated pathogenic 
components of P_̂  aeruginosa may lead to increased understanding 

of the effects of this organism and enable a more succesful 
treatment of infections.



CHAPTER 4
Differential effects of deoxyguanosine on 

suppressor and cytotoxic cel Is

INTRODUCTION

Suppressor cells have been considered as regulatory 
elements in controlling the immune response. There has been 
emphasis on the importance of levels of T suppressor (Ts) 
cells in certain disease states, for instance in the lack of Ts 
in allergies and autoimmunity and the excess of Ts cells in 
immunodeficiencies. So far the mechanisms of T cell suppression 
remain unresolved. A variety of types of Ts have been described 
in the literature;

Antigen specific suppression
There are well documented examples of suppresion .in vivo using 
animal models. The first data suggesting the presence of T 
cells which could mediate suppression came from Gershon and 
Kondo (1972) using SRBC as the priming antigen in v i v o . This 
was followed by several other observations showing the 
regulatory role of T cells (Herzenberg, Chen, Ravitch, Riblet & 
Herzenberg, 1973; Herzenberg, Tokuhisa & Hayakawa, 1983; Tada, 
1983). T cells can also play a role in the regulation of 
autoantibody production (Hutchings, Marshal 1-Clarke & Cooke, 
1985) and these cells have been identified as Ly-1+ T cells. 
Whether these are the Ts cells themselves or are initiators of 
events leading to suppression remains to be clarified.
Antigen non-specific suppression

Cells mediating antigen non-specific suppression can be 
generated in a variety of ways, for instance by polyclonal T 
cell activation (eg ConA), allogeneic stimulation (MLR) and



graft-versus-host (GVH) reactions. The ability of these 
activated 1T s 1 cells to suppress is usually assessed in an in 

vitro secondary antibody response or an MLC or MLR response. 
Many in vitro systems employed for generating suppression also 
generate cytotoxic cells capable of killing syngeneic target 

cells. These putative Ts and Tcyt cells carry the same surface 
markers and cannot be differentiated on the basis of phenotype. 
Therefore it is not clear whether the suppression from these 
cells is true suppression or in fact cytotoxicity (Hutchings, 
Cooke &. Gunn, 1983; Male, Champion St Cooke, 1987) . 

Idiotype-specific suppression
Administration of idiotype or anti-idiotype can influence the 
expressed B cell repertoire. Idiotype specific regulation has 
been studied using the plasmacytoma MOPC-315 as a model system 
(Rohrer St Lynch, 1978) . Immunisation with MOPC-315 
immunoglobulin leads to depressed growth and secretion by the 
tumour. A variety of mechanisms have been described; Id-Tcyt 
cells which can kill the tumour, anti-id antibodies and Id- 
specific Ts cells have also been identified (Abbas, Burakoff, 
Gefter St Green, 1980) . The Ts cell has been analysed and found 
to be a Lyl-2+ T cell, specific for an Id on the Vjj of MOPC-315 

immunoglobulin and to act via a soluble factor (Rohrer, Gershon, 
Lynch St Kemp, 1983) .

The phenomenon of 'suppression' has been demonstrated in 
many systems but what is unresolved is whether a true Ts cell 
exists or whether the observed suppression is due to the actions 

of other T cells, for example the release of cytokines which 

can exert suppressive effects. There are several theories 

concerning the mode of action of 'suppressor* cells. One is that 
a separate lineage or lineages of T cells exists. No distinct



lineage markers have been demonstrated which distinguish Ts 

cells. Due to the numerous surface markers already identified 

the lack of a marker specific for Ts cells casts doubt upon its
existence. It had been suggested that suppressor cells and

suppressor factors might express or contain a sequence encoded 
by the I-J gene which was thought to lie on chromosome 17 within 
the I-region (Reviewed by Moller,1985). The 'I-J gene' was 
originally mapped within the I complex of the MHC region but
following the development of hybrid DNA technology no gene for
I-J could be identified in this region (Steinmetz, Minard, 
Horvath, McNicholas, Srelinger, Wake, Long, Machg & Hood, 1982). 
Therefore the existence of an I-J gene or an I-J antigen still 
remains to be proved. Furthermore clones and hybridomas which 
were thought to be Ts cells have been shown to lack a T cell 
receptor or at least a meaningfully rearranged receptor 

(Kronenberg, Goverman, Haars, Malissen, Kraig, Phillips, 
Delovitch, Suciu-Foca & Hood, 1985). These observations cast 
doubts upon the existence of a separate lineage of Ts cells, a 
conclusion reached in several recent reviews on the subject 
(Moller, 1988; Batchelor, Lombardi & Lechler 1989 Lanzavecchia, 

1989).
Another theory is that Ts cells are not a separate lineage 

but belong to subsets of the CD4 and CD8 populations of T cells. 
Demonstrations that activated T cells released soluble, non
specific molecules which alter the behaviour of various targets 

gives support to this theory. Mosmann and Coffman (1986 and 

1987) classified cloned CD4+ T cells into two types based upon 
lymphokine secretion, a finding which has been confirmed by Kim 
Bottomly (1988). Both groups noticed that the so called TH1 
cells (those which released IL-2 and IFN- TS' ) could exert



suppressive/cytotoxic functions while TH2 cells (those which 
released IL-4 and IL-5) have helper functions. Also a CD8+Ts 
cell in the MOPC-315 system has been shown to work via a soluble 
factor which could be a cytokine (Rohrer & Lynch, 1978). These 
findings support the notion that different subpopulations of T 
cells can release different soluble factors and that the 
suppression observed could be due to these factors. The control 
of the immune response by differential activation of the CD4+ 
subsets on different MHC backgrounds has recently been reported 
(Murray, Madri, Tite, Carding & Bottomly, 1989). They 

demonstrate that the MHC class II genotype can control the 
outcome of an immune response and depending upon which CD4+ 
subset is activated, different panels of cytokines are released. 
These results could be interpreted as suggesting that antigen 
specific suppression is due to local release of cytokines by an 
activated subpopulation of CD4+ T cells. A third proposition is 
that some forms of T suppression are due to cytotoxicity.

The association of disorders of the purine nucleoside 
catabolism with severe immunological dysfunction provides 
evidence for the role of these metabolic pathways in the 

acquisition and expression of normal immune function. Giblett 
(1975) was the first to describe a patient with purine 

nucleoside phosphorylase (PNP-EC 2.4.2.1) deficiency, which is 
a rare , inherited disorder causing a selective T cell 
deficiency. This contrasts with the genetic deficiency of 
adenosine deaminase (ADA) which manifests itself as a form of 

severe combined immunodeficiency exhibiting both B and T cell 
dysfunction (Thuiller, Garneau & Cartier, 1981). Since both 
diseases arise from an enzyme defect in the purine catabolase 
pathway it is interesting that a dramatic difference in



severity of manifestation of the diseases occurs. PNP deficient 
children are susceptible to severe cytomegalovirus and 
varicella infections, and autoimmune phenomena. Ammann (1979) 

showed a very low percentage of circulating T lymphocytes 
(<10%) but relatively normal numbers of circulating B cells in 
PNP deficient children. Serum immunoglobulin levels and
antibody responses following immunisation were normal.

PNP deficient patients lack the enzyme in all tissues and 
high levels of guanosine, inosine and their deoxycompounds 

occur (all of which are substrates for PNP). Deoxynucleotides 
are selectively phosphorylated and trapped by T lymphocytes, 
with high levels of deoxycytidine kinase and low levels of 
intracellular deoxynucleotidase. Since nucleotides do not
traverse the plasma membrane, deoxyguanosine-triphosphate
(dGTP) progressively accumulates intrace 1lularly, leading to 
the inhibition of nucleotide reductase and eventually of DNA 
synthesis (Moore & Hurlebert,1966; Tattersall, Ganeshaguru &. 
Hoffbrand,1975; Carson, Kaye & Seegmi1ler,1977) (Fig 4.1).

Guanosine and deoxyguanosine inhibit DNA and protein 
synthesis of PHA stimulated human lymphocytes and 
lymphoblastoid cells (Ochs, Chen, Ochs, Osborne & Scott,1979). 
Deoxyguanosine (dGuO) at low concentrations inhibited division 

and viability of T-lymphoblastoid cells (LCL) whereas only high 
concentrations of this compound inhibited B-LCL.

The induction of an abnormal purine salvage pathway can be 

mimicked by administration of the metabolite dGuO jm viv o . 

Under these conditions the development of suppressor cells was 

inhibited using both human and murine systems (Dosch, Mansour, 
Cohen, Shore & Gelfand,1980; Dosch & GeIfand,1979; Lelchuk,



FIGURE 4.1 

Enzyme pathways for dGuO 
{Modified from North, Newton and Webster (1980)}
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Sprott & Playfair, 1981) .

The work described in this chapter was undertaken in order 
to study the effects of dGuO pretreatment on different T cell 
functions which develop in parallel. Thus the effects of dGuO 
on T suppressor and cytotoxic activity generated in mitogen or 
alloantigen stimulated spleen cell cultures were examined. 
Additionally, the effect of dGuO treatment, in v i v o , on T, B, NK 

and macrophage responses were analysed to assess the suitability 
of dGuO as an agent for mimicking PNP deficiency.



RESULTS

I Effect of dGuO on ConA generated suppressor and cytotoxic 
ce 1 Is

When murine spleen cells are cultured with supraoptimal 
doses of ConA (4 ug/ml finally) non-specific suppressor T cell 
and cytotoxic T cell activities are generated in parallel 
(Dutton, 1972; Dutton, 1973; Rich & Pierce, 1973). Dosch (1980) 
and his co-workers demonstrated that treatment of mice with dGuO 
in vivo resulted in a deficit of antigen specific suppression 
observed at supra-optimal antigen concentrations.

To see what effect, if any, dGuO pre-treatment showed on 
the generation of ConA activated suppressor and cytotoxic cells, 
mice were treated with lmg dGuO (ip) daily for at least 4 days 
prior to sacrifice. Spleen cells from such animals were used to 
generate ConA activated suppressor and cytotoxic cells and dGuO 
was also included in vitro (O.lmM) during the generation of 
these effector cells. Fig 4.2 and Fig 4.3 show the results of a 
typical experiment. The suppression generated by incubation with 
ConA was assessed by addition of the Ts to a secondary response
to SRBC (Chapter 2 II,viii). Addition of dGuO in vitro had no
effect on the development of ConA stimulated suppression in 
spleen cells of untreated animals (Fig 4.2; conditions 2 & 3)
but pretreatment (_in vivo) of spleen cells did lead to an

abrogation of suppression (Fig 4.2; conditions 4 and 5).
The cytotoxic activity of ConA activated cells from dGuO 

treated or untreated mice was assayed using chromium labelled 

P815 cells (as target cells) in a 16hr cytotoxicity assay 

(Chapter 2 II,xi). Pretreatment of mice with dGuO did not 
affect the development of a ConA activated cytotoxic response
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FIGURE 4.2

THE EFFECT OF 2-D EO XYG U A N O S IN E ON THE GENERATION OF C O N C A N A V A LIN -A  INDUCED SUPPRESSOR CELLS,
TESTED ON THE SECONDARY ANTI -  SRBC RESPONSE IN VITRO

1,500 1 -  Prim ed spleen cells + Ag (SRBC)
2 - 1 +C o n  A treated SPC cells
3 -  1 + Con A treated SPC cells + dGuO (in  vitro)
4 -  1 + Con A treated SP C .(pretreated dGuo)
5 - 1 + SPCfciGuoP.T.) treated Con A +dG uo<in vitro)
6 - Prim ed spleen cells alone

Direct PFC

ndirect PFC

1,000

500

C ontro l RESP Background RESP

Con A suppression was assessed in a 5 day secondary 
anti-SRBC response. The results are expressed as 
means + SD of triplicate values.
P values: Comparing 2 vs 4 and 3 vs 5 p<0.001
for direct and indirect PFC. (Found in four experiments)



FIGURE 4.3

THE EFFECT OF 2-DEOXYGUANOSINE (dGuO) 'IN  V IV O 'A N D  'IN  V ITRO 'O N CONCANAVALIN-A CYTOTOXICITY ASSAY 

(Using C r^ l Labelled P8I5 as Target Cells)
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Con A cytotoxicity was assayed in a 16 hour 
53-Cr-release assay with P815 cells as target 
cells. The results are expressed as means + 
SD of triplicate values.
P values: p=NS for + dGuO _in vivo (Found in 
three experiments).



(Fig 4.3). This experiment has been repeated at least four times 
and in all cases ConA suppression was abrogated while the 
cytotoxic response was left intact.

II Effect of dGuO on mixed lymphocyte (MLC) generated suppressor 
and cytotoxic c e 1 Is

Since dGuO affected ConA suppression, the effect of dGuO on 
another system which generates suppressor and cytotoxic cells, 
namely the MLC system, was investigated. The MLC was generated 
as in chapter 2 (xii) except that dGuO pretreated spleen cells 
were used and duplicate MLC flasks (with and without dGuO in 
vitro) were included. The results of MLC generated suppression 
and cytotoxicity are shown in Fig 4.4 and 4.5. In contrast to 
ConA activated suppressors, MLC generated non-specific 
suppressors were unaffected by dGuO pretreatment. The cytotoxic 
response was again unaltered by dGuO i_n vivo or in. vitro. This 
experiment has been repeated twice with identical results.

III Effect of dGuO on the secondary response to SRBC

The MLC and ConA generated responses studied so far are 
both means of generating non-specific suppressor and cytotoxic 
cells. To investigate the effect of dGuO pretreatment on a 

specific antibody response, mice were treated with dGuO daily, 
primed with SRBC (2 xlO® cells, ip) and 6 days later spleen 
cells from these animals were cultured with or without dGuO in 

vi t r o . The response to SRBC was assayed after 5 days. The 
results of two experiments are shown in Table 4.1. Conflicting 
results were obtained. Experiment 1 suggested that the dGuO 

treated spleen cells gave an increased response to SRBC compared 
to non treated spleen cells when cultured without dGuO in. vitro 

(b and d ) , but this relative increase was not seen following



FIGURE 4.4

EFFECT OF dGuO PRETREATMENT ON MLC GENERATED SUPPRESSOR CELLS 

(Using the Secondary A nti -  SRBC Response 'in  v itro 1)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MLC generated suppression was assayed in a 
5 day secondary anti-SRBC response. The 
results are expressed as means + SD of 
triplicate values.
P values: p=NS (For two experiments).



FIGURE 4.5

EFFECT OF dGuO PRETREATMENT ON MLC GENERATED CYTOTOXIC CELLS 
(Using C r^  Labelled P815 as Target Cells)
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MLC generated cytotoxicity was assayed in a 
16 hour 51cr-release assay using P815 cells 
as target cells. The results are expressed 
as means + SD of triplicate values.
P values: p =NS (For two experiments).
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TABLE 4.1
dGuO pretreatment of SRBC primed spleen cel Is

SRBC PFC1s per culture
SRBC primed 
spleen cells

No dGuO ±n 
Ex p  . 1

vitro 
E x p .2

dGuO added in 
E x p . 1

vitr<
Exp.;

2xl0^cel Is 
per well

Dir Ind Dir Ind Dir Ind Dir

a)CONTROL 149
±49

255
±95

27
±33

43
±18

43 160 
±37 ±85

5
±9

b)CONTROL + 
SRBC

1440
±195

1941
±112

651
±287

661
±276

4048 4544 
±113 ±181

240
±48

c)dGuO 32
±32

74
±49

5
±9

5
+9

32 64 
±32 ±32

16
±16

d)dGuO+SRBC 2272*
±554

2027
±276

139*
±49

144*
±85

3568 2544* 
±520 ±158

591
±24

5xl06celIs
per well
e)CONTROL ND ND ND ND 43 149 

±37 ±98
ND

f)CONTROL+SRBC ND ND ND ND 6736 7061 
±684 ±533

ND

g)dGuO ND ND ND ND 85 148 
±98 ±98

ND

h)dGuO+SRBC ND ND ND ND 14592*14018* 
±2327 ±1351

ND

i)2 .5xlO^Control 
+ 2 .5xl06dGuO+ ND 
SRBC

ND ND ND 12160**8320* 
±847 ±320

ND

P < 0.01 (*)
P < 0.05 (**)

All other values are not significantly different when 
comparing control and dGuO spleen cells.
Results given are means ±  SD's of triplicate cultures
and the PFC's were measued on day 5.
ND - Not determined 
Dir - Direct PFC's (IgM)
Ind = PFC's developed with RhccMIg

Ind

0

267
±13C
11

+18
85

±79

ND

ND

ND

ND

ND



addition of dGuO to the cultures (b and d, plus dGuO). 
Experiment 2 shows a lowered response of dGuO primed spleen 
cells and the ±n vitro addition of dGuO no longer enhances the 
control spleen cells response to SRBC (b and d + dGuO in 
vitro) .

To see if the dGuO pretreatment had affected the pool 
sizes of splenic B and T lymphocytes, increased numbers of 
cells (5xlC)6/well) were incubated and also the two populations 
were mixed (Table 4.1). A significant increase in the antibody 
response is clearly observed when comparing untreated and dGuO 
treated spleen cells (p <0.01 for f and h ) . When control and 
dGuO primed spleen cells were mixed (i) they gave an 
intermediate response showing that dGuO priming .in vivo 
enhanced a specific antibody response.

IV Effect of dGuO on mitogen responses of s p leen cells
The PNPP+ defect has been shown to preferentially affect T- 

cell responses and leave B-cell responses intact. The mitogenic 
responses of dGuO primed spleen T cells to ConA and B cells to 
LPS were investigated (Table 4.2). In 3/5 experiments the 
mitogenic response of dGuO treated spleen cells to ConA was 
significantly increased compared to control spleen cell 

responses (b and h) and after addition of dGuO in. vitro there 
was also an increased response to ConA in 4/5 experiments (e and 
k ) . dGuO has been shown to inhibit DNA synthesis (Ochs, Chen, 
Ochs, Osbourne & Scott, 1979) and increased 125i-deoxyuridine 

incorporation into DNA was therefore an unexpected result. 
Comparing the response to LPS of dGuO pretreated and untreated 

spleen cells produced conflicting results (c and i ) . In 2/4 
experiments no effects of dGuO pretreatment _in vivo were



TABLE 4^2

Mitogenic responses of spleen ce 1 Is pretreated with dGuO

Culture Condition E x p .1
Control spleen cells

(a) Medium 275+68
(b) Con A 5339+1665
(c) LPS ND

(d) Medium + dGuO 137+31
(e) Con A + dGuO 3325+1267
(f) LPS + dGuO ND

dGuo pretreated spleen cells
(g) Medium

(h) Con A
(i) LPS
(j) Medium + dGuO 
(k) Con A + dGuO 
(1) LPS + dGuO

201+80
17718+1038

ND

245+25
8288+398

ND

* *

Ex p . 2

343+129
1725+517
6191+1006

178+32
4531+512*
4778+355

370+90
4279+1183*
4470+206*

191+24
6234+248 * *

Ex p  . 3

4850+217
31735+4515
31035+2572

2599+145
29589+4065

16502+1119'

3117+277 * *

4543+877
54879+14088
30658+6813
4474+1966

42205+8904*
20563+7471

PTO for Experiments 4 and 5.



TABLE 4.2 CONTINUED

Culture Condition E x p . 4 E x p . 5

Control spleen cells
(a) Medium

(b) Con A
(c) LPS
(d) Medium + dGuO

(e) Con A + dGuO
(f) LPS + dGuO

562+103

5583+1927
6289+252
1099+192

5899+4065
11288+2950'

931+763
3615+261
4018+900
1203+498

2650+2076
6586+1309

dGuO pretreated spleen cells
(g) Medium

(h) Con A
(i) LPS
(j) Medium + dGuO 
(k) Con A + dGuO 
(1) LPS + dGuO

422+111

2504+2074
6777+2107
768+656
995+106

4004+1697 ★ *

626+89
18523+1462
10581+2250

568+1001
14209+78471
13467+22451

* *
★ *

Spleen cells were cultured at 2x10^ cells per well in 
RPMI/5% for 72 hours with Con A (2 ug/ml), LPS (40 
ug/ml) or dGuO (0.1 m M ) . Results shown are means + 
standard deviations of triplicate results.
P values: p - 0.05-0.01 (*), p - 0.01-0.001 (**).



observed and of the other 2, one experiment showed an increased 
response and one experiment showed a decreased response. 
Addition of dGuO i_n vitro to dGuO pretreated cells reduced the 

mitogenic response to LPS in 3/4 experiments (i and 1). and in 
the fourth experiment led to slightly enhanced response to LPS. 

Normal spleen cells incubated with LPS and dGuO (in vitro) , 
showed an enhanced response in two experiments and a depressed 
response in two other experiments (c and f ) . These results are 
therefore inconclusive since conflicting data were obtained.

V Surface staining of s p leen ce 1 Is after dGuO pretreatment
The results of the mitogen responses from Table 4.2 were 

inconclusive with regard to clarifying the effects of dGuO on 
total T and B cell populations. An alternative appproach to 
this problem is to characterise the lymphocytes for surface 
immunoglobulin (Ig), intrace 1lular-Ig and Ly-1 and Ly-2 surface 
antigens. Table 4.3 shows two experiments, each with groups of 
three mice, individually treated, with and without dGuO 
pretreatment. In both experiments the percentage of surface Ig 
positive cells was reduced following dGuO treatment. Since dGuO 
was thought to affect mainly T cells, the reduction of surface 
Ig+ cells was surprising. Table 4.4 shows the effect of dGuO 

pretreatment for 4 or 7 days on the percentage of surface Ig+ 
or intracellular Ig+ cells. Again the surface Ig+ cells are 
significantly reduced following dGuO pretreatment. The 

percentages of intracellular Ig+ cells were very low and no 
significant differences occurred between the two groups. From 

these experiments, it appears that dGuO pretreatment reduced 

the numbers of surface Ig+ cells. The staining for T cell 
surface markers was not clear in these experiments and no 
conclusions could be drawn from them.



TABLE fLJl

Staining normal and dGuO pretreated c e 1 Is 
surf ace immunog1obu1i n markers

Experiment 1_

Total N o . Ce 1 Is Surf ace Ig Staining
{% positive cells)

Control Spleen
1 9.50x10? 50.5
2 12.00x10? 46.3
3 9.25x10*7 55.0

dGuO Spleen
1 8.75xl07 22.6
2 11.75x10*7 31.5
3 11.50xl07 35.1

P  values NS 0.01-0.001

Experiment 2 

Control Spleen
1 7.60x10*7 52.8
2 7.70x10*7 59.4
3 7.50xl07 70.0
dGuO Spleen
1 8.10x10*7 38.7
2 9.20x10*7 36.9
3 7.80x10*7 41.9

P  values NS 0.01

for

Groups of three mice were used and treated individually.



TABLE 4.4

Staining of ce1 Is from 4 and 7 day pretreated mice

4 Days Pretreatment 7 Days Pretreatment
Total 
No.s of 
Spleen 
cel Is

Ig+ 
cel Is 
(*)

Intra- 
cel lular 
Ig stain 

(*)

Total 
N o .s of 
Sp leen 
ce 1 Is

Ig+ 
ce 1 Is 
(*)

Intra- 
cel lular 
Ig stain 

(S)
Control 
Spleens
1 5.9xl07 56.5
2 6.9xl07 52.7
3 5.9xl07 54.3

1.5
2.2
3.3

5.7xl07 
5.6xl07 
5 . 8xl07

49.6
48.6
48.7

1.5
2.5 
3.0

dGuO 
Spleens
1 6.4xl07 48.3
2 5.OxlO7 50.0
3 6.5xl07 42.7

1.6
0.9
1.9

6.9xl07 
8.6xl07 
9.lxlO7

40.6
39.8
43.8

4.0
1.9
3.0

P values NS 0.01 NS NS 0.001 NS



VI Effects of dGuO and Cyclosporin A (CsA) on the generation of 
Con A suppression

CsA has been shown previously to inhibit the generation of 

T cytotoxic (TCyt) cells but the effects, if any, on T 
suppressors (Ts ) were slight (Leapman, Filo, Smith & Smith, 

1980; Hess & Tutscha, 1980; Gunn, Varey & Cooke, 1981). Previous 
work has shown that the observed suppressive effect of ConA 
induced cells may be attributable to two components, 

cytotoxicity and suppression (Dutton, 1973). Since dGuO was 
thought to preferentially affect T s cells and CsA affects T cyt 
cells, experiments were undertaken to investigate the combined 
effects of these agents.

ConA suppressor cells were generated using spleen cells from 
normal or dGuO pretreated mice in the presence of dGuO and/or 
CsA. The results of two experiments are shown in Table 4.5. In 
both cases an additive effect of dGuO and CsA on the generation 
of ConA suppressors can be seen (5 vs 10). The effect of these 
agents was measured by the abrogation of suppression of a 
secondary response to SRBC. In one experiment the dGuO 
pretreated spleen cells incubated with ConA and dGuO showed 
significantly more suppression than dGuO pretreated spleen cells 

incubated with ConA, dGuO and CsA (p <0.01). If dGuO was added in 

vitro to these cultures a significant difference was only 

observed with the indirect PFC's (p<0.05) . Results from the 
second experiment did not show significant differences except 
for the indirect PFC's in the presence of dGuO _i_n vitro. This 
suggests that some additive effects of dGuO and CsA may occur, 
indicating that there could be two or more populations of cells 

involved in the response to ConA. Some cells may be affected by
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TABLE 4.5
Effects of dGuO and CsA on the creneration of suppressor ce 1 Is 

Experiment 1

Generation of suppressors 
ConA dGuO CsA

Normal Spleen cells

No dGuO dGuO in vitro No dGuO dGuO in vitr<
Dir Ind Dir Ind Dir Ind Dir Ind

SRBC
Spleen

125
+32

123
+17

29
+39

72
+42

21
+36

21
+36

11
±18

32
±32

SRBC 
Spleen 
+ SRBC

3160
±597

4213
+359

4360
+394

4587
+716

267
+49

3000
+175

491
±121

4128
±727

1 - ND ND ND ND 320
±64

2155
±26

360
±72

1888
±228

1
2 +

j;

- - 661 
±261

981
±161

1738
±158

2261
±596

117
±18

752
±203

180
±17

792
±181

3 + + - 1140
±206

1621
±441

1536
±115

2679
±289

309
±92

1824
±337

448
±60

1741
±472

+\\
- + 3040

±384
3232
±529

3637
±368

3712
±85

367
±37

1728
±210

392
±73

1845
±391r + + 1760

±320
2389
±259

1835
±307

2805
±265

277
±74

2528
±256

520
±60

2416
±601 dGuO Pretreated Spleen cells

|6 - - - ND ND ND ND 267
±144

1003
±18

168
±83

1296
±150

7 +I
\

- - 1515
±49

1589
±144

2091
±158

2400
±169

128
±55

629
±49

272
±147

1472
±141

8 + + - 1355
±218

1611
±225

2155
±311

2773
±98

181
±18

1205
±80

288
±96

1488
±105

9 + - + 1813
±333

2869
±206

1835
±772

3072
±200

416
±32

1248
±128

248
±50

1104
±110

10+ + + 2389*
±259

3403*
±408

2442
±290

3424**
±389

213
±18

1333
±67

336
±63

2091**
±398

i Secondary SRBC assay; 3xl06 SRBC primed spleen cells + lxlO6 SRBC ±
1x106 suppressor cells in a final volume of 2 m l .
Generation of suppressors; ConA (2jug/ml) , CsA (0. ljug/ml) , 
dGuO (O.lmM).
P values: * - 0.01, ** - 0.05 (Compairing dGuo spleens plus dGuO in 
vitro and ConA +CsA)



both CsA and dGuO but some may be affected by each compound on 
its own.

VII Effect of dGuO on natural k i 1ler (NK) ce 11 activity
In the experiments described so far, the cytotoxic 

activities have been generated jin vitro in an MLC assay or by 

culture with ConA. NK cell activity can be measured with fresh 
spleen cells in a 4 hour 51cr release assay using the NK 
sensitive target YAC-1. The effects of dGuO pretreatment on 
spontaneous NK activity has been measured and a representative 
experiment is shown in Fig 4.6. This has been repeated three 
times and dGuO consistently had no effect on NK activity. NK 

activity can also be induced i_n vitro by incubation with 
polyinosinate:polycytidylate (polylrC) for 16 hours and assayed 
with YAC-1 cells, as for the spontaneous NK activity. Table 4.6 
shows one experiment with polyI:C induction of NK activity. dGuO 
pretreatment showed a slight enhancement of the induced NK 
activity but this was not significant at any effector:target 
ratio. This was only a preliminary experiment but it indicates 
that dGuO pretreatment may enhance the inducible NK activity in 
v itro.

VIII Effect of dGuO pretreatment on Bromelein Plague forming 
cel Is (Br.PFC's)

Pages and Bussard (1975) have shown that when spleen or 
peritoneal cells (PEC) are cultured for 3 days, an increased 

number of antibody forming cells with specificity for bromelein 

treated mouse red blood cells (Br.MRBC) is observed, the so 

called autologous plaque forming cell response. They also 
showed that addition of LPS enhanced this response. Cox (1979) 
showed that the autologous plaque forming cell response was



FIGURE 4.6
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x-------x dGuO pretreated spleen cells

o_______ o normal spleen cells
NK activity was assayed in a 4 hour 51cr- 
release assay using YAC-1 cells as target 
cells. Results are expressed as means + SD 
of triplicate values.
P values: p=NS (For three experiments).



TABLE 4.6

Effect of poly I :C induction on NK activity 

poly I :C % of cytotoxicity (Effector: Target ratio)
Addition 12.5:1 25:1 50:1 100:

Normal spleen
1 — 8.3 9.4 18.7 26.9
1 + 13.6 22.4 38.7 56.2

2 _ 8.0 18.9 22.3 31.6
2 + 17.1 21.3 27.2 47.9

3 _ 11.5 8.1 14.5 29.9
3 + 10.0 16.0 27.7 43.6

dGuO pretreated spleen
1 — 10.5 11.4 24.3 29.7
1 + 17.1 16.0 27.7 43.6

2 _ 7.7 13.7 19 .3 28.7
2 + 16.8 23.5 38.2 54.6

3 _ 12.5 11.1 20.0 38.0
3 + 22.8 36.5 46 .2 59.6

lice were treated with dGuo for 4 days prior to
groups consisted of 3 animals dealt with separately. For 
induction with poly I :C 5 xlO^ spleen cells were cultured 
with 50 jug/ml poly I :C in 1 ml RPMI/10% for 16 hours. Each 
well was washed and used in a 51cr release assay as for the 
NK cytotoxicity assay. All p values were not significant.



regulated by T cells. Since dGuO affects T cells, the effects 
of pre-priming with dGuO on the autologous plaque forming cell 
response was investigated.

Table 4.7 shows the results from one experiment where 
spleen cells and peritoneal cells were taken from control or 

dGuO treated CBA mice. dGuO pretreatment reduced the total 

number of Br.PFC's in the spleen with or without addition of 
LPS to the culture (p<0.01). Addition of dGuO jm vitro also 
caused a reduction in the number of Br.PFC's in normal spleen 
cells (p<0.01). Cultured PEC's yield a greater number of 
Br.PFC's than an equivalent number of cultuerd spleen cells, 
but whereas treatment with anti-Thy 1.2 and complement (C1) did 
not significantly increase the response of normal or dGuO 
treated spleen cells (p=NS) autologous PFC's in normal PEC's 
were significantly enhanced by I_B vitro treatment with anti-Thy 
1.2 and C' (p<0.01) and by the addition of dGuO in vitro 
(P<0.01). This implies that the inhibition of Br.PFC's observed 
in spleen cells after the addition of dGuO Tn vitro was not 
due to a toxic effect of dGuO (Table 4.7). However the numbers 
of Br. PFC's in PEC's was again reduced after dGuO pretreatment 
(p<0.001) and in contrast to normal PEC's, treatment with anti- 

Thy 1.2 and C' had very little effect on the Br. PFC response 
of dGuO pretreated peritoneal cells (p=NS). The conclusion from 
these experiments is that dGuO pretreatment reduces the total 
numbers of Br.PFC's found after culturing spleen or PEC's. 

Moreover anti-Thy 1.2 and C' treatment of these populations had 
no effect on the subsequent numbers of Br.PFC's developing 
after culture with or without addition of LPS and/or dGuO. This 

implies that dGuO pretreatment affected two pools of cells: 
namely those capable of generating autologous PFC's (the Lyl+ B



TABLE 4.7
Bromelein PFC Assay

Population 
Cells used

No dGuO in vitro
-LPS +LPS

Plus dGuO in vitro 
-LPS +LPS

Norma1 
Sp leen

253
+15

1017
+38

270
+20

737
+114

ccThy 1.2 
Normal Spleen

143
+40

1370*
+131

250
+96

710 
+ 131

dGuO 
Sp leen

150
+26

510**
+52

223
+35

563*
+78

ccThy 1.2 
dGuO Spleen

137
+45

533**
+76

127
+21

390** 
+ 10

Normal
PEC's
ccThy 1.2 
Normal PEC's

307
+12
530

+120

3270
+30
6170**
+590

573
+120
1013
+32

5577
+328
7120*
+927

dGuO
PEC's

223
+25

410** 
+ 115

873 
+ 112

1700**
+195

ccThy 1.2 
dGuO PEC's

107
+31

580** 
+ 125

677
+65

1417* * 
+278

CBA mice were used, plus and minus dGuO pretreatment. 
The cells were cultured at 2 x 10^ cells per well, in 
RPMI/5% for 72 hours. Results are expressed as means + 
standard deviations of triplicate wells. This 
experiment has been repeated three times with identical 
results.
P values : 0.01 (*), 0.05 (**) .



cells) and T cells which could influence the autologous PFC's.

IX Culturing hybridoma ce 1 Is with dGuO

From the results described so far dGuO seems to be 
affecting some B cell responses. Since the numbers of 
autologous PFC's have been reduced by dGuO, the effect of dGuO 

on immunoglobulin production by hybridoma cells was also 
investigated. Two hybridoma lines were used, both making anti- 
SRBC antibodies of the IgG^ subclass. The cell lines were 
incubated with a range of dGuO concentrations (0.OlmM-O.ImM) 
for 4 days and then assessed for viability and number of SRBC 

PFC's or cultured with 125I-deoxyuridine for a further 16 hours 

and the 125i-deoxyuridine uptake measured. Table 4.8 shows the 
results from two experiments. If we consider the SCC1 cell line 
first, the viability of the cells is slightly reduced on 
addition of dGuO but the number of SRBC PFC's is greatly 
reduced (p<0.01) . 125i-deoxyuridine uptake is inhibited in
experiment 1, but the inhibition is not as dramatic as that 
observed in SRBC PFC's. Experiment 2 shows a reduction in SRBC 
PFC's but in contrast with experiment 1 there is an increase in 
1251-deoxyuridine uptake. Since the viability of the cells was 
poor in experiment 2 this result may simply be a reflection of 
the fact that the cells were not in an optimal condition and 

therefore unreliable for assessing the effects of dGuO. When 
interpreting these results it is important to allow for 
possible effects on cell division and the reduced SRBC PFC's 

may just be a reflection of the number of cells at the end of 4 

days culture. Alternatively these results may suggest that 

dGuO inhibits PFC's In vitro. The results obtained using the 

second hybridoma (C3) confirm the results with SCC1 cells 
(Table 4.8).



TABLE 4.8

SCC1 HYBRIDOMA

Hybridomas incubated with dGuO in vitro

dGuO
(mM)

Addition Viability 
(S)

SRBC PFC 
/culture

IUDR Uptake 
(Cpm±SD)

Expl Exp2 Expl Exp2 Expl Exp2
NONE 77 29 7813

+377
4653
+295

14360
±1083

3849
±924

0.01 74 31 3440*
+493

3943* 
+ 158

9731*
±873

6528
±1605

0.05 65 29 3227*
±213

2227*
±326

7885*
±2554

5789
±2221

0.10 63 19 1373* 
+ 132

1173*
±167

2754*
±1257

3391
+881

C3 HYBRIDOMA
dGuO
(mM)

Addition Viability 
(S)

SRBC PFC 
/Culture

IUDR Uptake 
(Cpm±SD)

Expl Exp 2 Expl Exp 2 Expl Exp 2

NONE 76 71 4456
+283

7827
±170

3299
+879

8642
±1232

0.01 74 ND 3296*
+159

ND 2638*
±716

ND

0.05 60 ND 2584*
+289

ND 2773*
±184

ND

0.10 61 80 1712*
+272

4546*
+580

1986*
+135

5227
+2116

Both hybridomas produce IgGi anti-SRBC antibodies. 
Hybridomas were incubated for 4 days with dGuO in 
RPMI/20% at a cell concentration of 2x10^ cells/ 
well (96 well plate) in a final volume of 200ju 1. 
All conditions were set up in triplicate and the 
results are expressed as means ± SD (Except for 
viabilities which are expressed as %) .
(*) P < 0.01



X ConA suppression of hybridomas

Cooke and Marshal1-Clarke (1981) described a system where 
immunoglobulin production by a hybridoma line was regulated by 
ConA activated T s cells. In this system the suppression 
observed acted directly on the secreting B cell and not via 
other cells or factors. As dGuO pretreatment abrogates the 

ConA suppression of a secondary SRBC PFC response, the effect 
of dGuO on the ability of Ts cells to suppress immunoglobulin 
production by SCC1 and C3 cells was investigated. Table 4.9 
shows the results of two experiments in which immunoglobulin 
production by either B cell line could be suppressed by ConA 
treated normal spleen cells but not by spleen cells taken from 
dGuO pretreated mice. These results confirm the earlier 
experiments using ConA mediated suppression.

XI Foetal calf serum (FCS) or norma1 mouse serum (NMS) 
generated suppression and cytotoxicity

Culture of murine spleen cells in FCS leads to the 
generation of cytotoxicity and suppression (Hutchings, Cooke & 
Gunn, 1983) . Culture in NMS leads to the generation of 
suppression which does not appear to be due to cytotoxicity and 
is not sensitive to CsA. These cultures also give rise to 

cytotoxic cells (Hutchings, Cooke &. Gunn, 1983) . Pretreatment 
with dGuO did not affect either suppressor or cytotoxic cells 
generated by culture in FCS or NMS and one can conclude that 

these cells are insensitive to this agent (Tables 4.10 & 4.11). 
indicating that for these cells dGuO pre-treatment had no 

effect.

XII Effect of dGuO pretreatment on antigen presentation to T



TABLE 4.9

Suppressors
added
Experiment 1 

NONE

Spleen plus; 
Con A dGuO

+  -

+ +
Experiment 2 
NONE
Spleen plus;
Con A 
+

+

dGuO

+

Con A suppression of hybridomas
C3 HybridomaSCC1 Hybridoma 

dGuo PT No PT

753+35

600+17

510+30*
710+33*

1656+144

1568+55*
1784+77*

477+47

210+72

286+45

1112+55
1440+120

dGuO PT

3440+174

2427+389
2693+528*

2427+340*

6400+587

3712+35*
4554+154

No PT

2667+101
1200+120
1493+107

3120+220
2736+209

Suppressor cells were generated from CBA mice 
+ dGuO pretreatment (PT) with Con A (4jLig/ml) 
and dGuO (0.ImM).
Hybridomas were plated out at 2xl0^/well with 
suppressor cells at lxlO^/well in RPMI/5% in a 
final volume of 200 jliI.
Results are expressed as means + SD of triplicate 
wells, indirect SRBC PFC's.
P values: (*) p  < 0.01.



TABLE 4.10

Suppressor cel Is generated in M L C 1s cultured in FCS or NMS

Suppressors assayed in a secondary SRBC PFC assay

Addition SRBC PFC's (Means +SD) 
Direct PFC's Indirect PFC

Primed Spleen 10+10 23±2
Primed Spleen 
+ SRBC (=A)

173±25 370±56

A + Norm(FCS) Sup 20+10 40+10

A + Norm (NMS) S u p 63+15 80+17

A + dGuO(FCS) Sup 27+12 17+12

A + dGuO(NMS) S u p 30+0 27+12

To generate MLC suppressors 3.75x10? cells 
were cultured in F C S (5%) or NMS(1%) for 5 
days. The usual secondary SRBC assay was 
set up with 106 suppressors/well.
This experiment has been repeated twice 
and on both occasions dGuO pretreatment 
did not affect the generation of suppressors. 
P values = N S .



TABLE 4..,. 11

Cytotoxic cel Is generated from M L C 1s cultured In FCS or NMS

Cytotoxicity was measured by lysis of ^lcr-labe1 led activated 
BALB/c PEC's in a 16 hour 51cr release assay.
The MLC generated cells were set u p  in identical conditions 
to the ones for the generation of suppressor cells.
Cytotoxic 

ce 1 Is 
added

Percentage cytotoxicity

Effetor : Target ratio
100:1 50:1 25:1 12.5:1

Norm(FCS) 19.9 17.8 22.4 22.1
+ 10 +1 +4 +5

Norm(NMS) 21.3 21.5 24.0 20.2
+4 +10 +1 +2

dGuO(FCS) 14.2 4.4 7.1* 5.5*
±4 +9 +3 +5

dGuO(NMS) 16.9 19.9 16.7 10.9
+5 +9 +5 +14

This experiment has been repeated twice and 
overall no differences were observed between 
normal and pretreated animals.
P values ; all NS except for (*) where p<0.01



cell 1ines
The effects of dGuO on T (cytotoxic and suppressor) cell 

and B cell responses have been presented. One way that dGuO 
could exert its effects is by inhibiting the activation of T 
helper cells so that they can no longer help Tcyt or B cells. A 
critical step in the activation of Th cells is the presentation 
of antigen and the next series of experiments were designed to 
look at this. To study the effect of dGuO on antigen 
presentation dGuO pretreated spleen cells were used to present 

to T-cell lines. The T cells used were cloned cell lines, 

MTg9B3 (specific for mouse, rat and pig thyroglobulin (Tg)) and 
PPD9A (specific for purified protein derivative of tuberculin, 
PPD) and the generation and maintenance of these lines is
described in Champion, Varey, Katz, Cooke & Roitt (1985). 
Briefly, the cells were maintained by weekly restimulations 
with irradiated spleen cells and antigen, both lines gave a 
specific proliferative response to antigen. Normal or dGuO 
treated spleen cells were irradiated and cultured with the 
appropriate antigen for presentation to the T cell lines. A
range of concentration of spleen cells were used in these
experiments. The responses of PPD9A are shown in Table 4.12 and 
the responses of MTg9B3 are shown in Table 4.13. With regard to 

the responses of PPD9A no significant effects of dGuO 
pretreatment on antigen presentation were observed. At lower 
spleen cell concentrations (2.5 x 10^/ well) a slightly 

improved response of PPD9A can be seen after dGuO pretreatment 

(p<0.01), perhaps due to a shift in the antigen dose curve. The 

first experiment with MTg9B3 (Table 4.13) indicated a 
significantly reduced proliferative response of the T-line when 
dGuO pretreated spleen cells were used at 5-10x10^ cells per



TABLE 4.12

Presentation of antigen to T-lines with spleen c e 1 Is p lus

or minus dGuO pretreatment

PPD9A T-line
Irradiated Spleen Experiment 1 Experiment 2
cell concentration

-PPD
Normal Spleen
1x 106 ND

5xl05 316
+46

5x105 + dGuO 243
(in vitro) +33

2.5xl05 435
+87

2.5xl05 + dGuO 289
(in vitro) +59

+PPD -PPD +PPD

ND 560 16638
+99 +3599

1644 406 17308
+443 +114 +6336

1576 ND ND
+ 162
794 368 5481

+504 +45 +1609
682 ND ND

±193

dGuO Pretreated Spleen 
lxlO6 ND

5x105

5x10^ + dGuO 
(in vitro)

2.5xl05

2.5xl05 + dGuO 
(in vitro)

378
+52
299
±69
324
±40

315
+23

ND

945
±193
1247
±176
1116
±236

1199
+274

663
±65
498
±36
ND

445
±445

ND

10553
±1630
17213
±782
ND

22565*
±639

ND

PPD9A was used at 2 ^ 104 cells per well ±  PPD 
(5 jug/ml) . The figures for irradiated spleen cells 
refer to numbers added per well. This was cultured 
for 48 hours and pulsed with 125i_±eoxyuridine for 
16 hours. Results are expressed as means ± SD.
P values; (*) p < 0.01



TABLE 4.13

Presentation of antigen to T-lInes with s p leen cel Is p lus 
or minus dGuO pretreatment

MTg 9B3
Experiment 1Irradiated Spleen 

cell concentration
Experiment 2 Experiment 3

Normal Spleen
HuTg (jug/ml) 
0 

10
lxlO6

5xl05

5xl05 
+ dGuO

2.5xl05

2.5xl05 
+ dGuO

0
10
1
0

10
1
0

10
0

10
dGuO Pretreated Spleen 

HuTg (ug/ml) 
0 

10
1x106

5xl05

5xl05 
+ dGuO

2.5xl05

2.5xl05 
+ dGuO

0
10
1
0

10
1
0

10
0

10

848+22
7264+127

523+115
11092+1117

ND
ND
ND
ND

489+78
7738+49

ND
ND

572+58
3229+1019*
358+90

4068+502**
ND
ND
ND
ND

448+29
6556+1523

ND
ND

ND
ND

378+68
958+367
ND
178+58
562+98
ND

232+94
1454+776
215+28

1498+662

ND
ND

510+113
811+378
ND
263+115

1869+1297
ND
202+77

2421+1561
262+79

1797+462

ND
ND

299+21
2203+51
2453+1073
299+21

2991+225
2631+84
258+25

3698+62
283+93

2893+604

ND
ND

513+8
2652+419
2116+213
529+63

2323+134
2357+79
356+127

2571+274
319+30

3521+682

MTg 9B3 was used at 1x10^ cells per well 
with human thyroglobulin (HuTg) as the 
antigen. Figures shown for irradiated 
spleen cells refer to numbers added per well. 
The proliferation assay was a 48 hour culture 
plus 16 hr. pulsing with 125i_cieoXyUr j(ijn e .
P values; (*) p<0.01 (**) p<0.001



well to present antigen. However this was not a consistent 
finding and it has to be concluded that dGuO pretreatment does 
not affect the presentation of antigen to these two T lines.

XIII Does dGuO affect cytokine re lease f o 1 lowing ConA 
stimulation ?

dGuO pretreatment consistently affected Con A induced 
suppression. In the light of recent publications the presence 
of a suppressive function in the ConA system can be 

reinterpreted. The suppression may be due to the effects of 
cytokines released from T cells activated by ConA, for instance 
interferon- . CD4+ T cells have been shown to suppress B cell
responses (Bottomly, 1988) and ConA is known to activate CD4+ T
cells. To address this question supernatants from ConA
stimulated dGuO pretreated or normal spleen cell cultures were 
assayed for cytokine content; IL-1 (assayed using D10.G4.1 
cells), IL-2 (assayed with CTL-L cells), IL-3 (assayed using 
32Dcl23 cells) and IL-5 (assayed on BCL1 cells) . Table 4.14 
gives the results using 24 hour cell free supernatants on the 
above cell lines. No difference was observed between normal and 
dGuO pretreated spleen cells with regard to production of IL-1, 
IL-2, IL-3 and IL-5 following Con A treatment. Spleen cells
which were pretreated with dGuO or untreated spleen cells were 
cultured for 48 hours with and without ConA and were 
subsequently used in an ELISPOT assay (See chapter 2,II(xx) for 

method) to determine the numbers of cells capable of producing 
IFN--̂  and T N F . Preliminary results show that after 

pretreatment with dGuO, the number of cells capable of 

releasing both IFN- ^ a n d  TNF was reduced (P. Hutchings, UC&MSM. 

personal communication). This could allow one to conclude that



TABLE 4.14

cytokines re leased in Con A stimulation of spleen c e 1 Is

Source of 
supernatant

None
Positive
Control

D10.G4.1
(IL-1)
613+217

4315+1438

Assay system used 
CTL-L 32—D
(IL-2) (IL-3)
1404+186 365+26

17963+1178 4812+155

Generation of supernatant 
ConA dGuO

Normal Spleen 

594+38 

1053+547 
861+48 

2378+1692

518+43

3293+100
574+105

3663+176
dGuO Pretreated Spleen
578+81

1381+187
956+207

1186+284

592+106
3282+118
848+80

3537+202

496+70

716+28

530+26
749+15

452+67
538+27
493+11
585+27

BCL1
(IL-5)
538+140

8159+419

290+20

225+25

301+61
313+3

380+58
296+14
323+62
296+31

CBA spleen cells were used, three spleens were 
pooled per group. Supernatants were generated 
by culturing with Con A (4ug/ml) or dGuO (O.lmM) 
for 24 hours.
Positive controls used were; lOu rIL-1, 10% EL4 
supernatant (IL-2), 10% WEHI-3B supernatant (IL-3), 
10 jLzg/ml LPS (BCL1 assay) .
P values: NS between control and dGuO pretreated 
spleen cells.



the 'suppression' observed after ConA activation of cells is 
due to the release of cytokines which non-specifically suppress 
the antibody response and that dGuO abrogates the 'suppression' 

by reducing the numbers of cells which can release these 
cytokines.



J . V  ■

Discussion

These studies were undertaken to further clarify the 
effects of dGuO priming In v i v o . Patients with a PNP deficit 
have a selective T-cell dysfunction with a normal bone marrow 
B-cell function. Experiments with T lymphoma lines have shown 
the sensitivity of these cells to dGuO (Chan,1978; Gudas, 
Ullman, Cohen & Martin Jr.,1978; Sacchi, Fiorini, Plevani, 
Badaracco, Breviario & Givelli, 1983) and that T-cells 
accumulate dGTP. Edwards (1979) showed that differential 
expression of 5'-nucleotidase activity in T and B cells could 
account for the differential effects of dGuO and may be linked 
to T-cell ontogeny. In these experiments various parameters of 
the immune response were studied after dGuO pretreatment to 
assess dGuO's effects on T,B,NK and macrophage populations. 
Previous work with Ts cells has led to the conclusion that 
systems where proliferation is needed for full expression of T s 
function are very sensitive to dGuO (Lelchuk, Cooke & Playfair, 
1982; Bril, Van den Akker, Molendijk-Lok, Bianchi & 
Benner,1984; Bril, Van den Akker, Hassarts-Odijk & 
Benner,1985). The results in this chapter with Con A, MLC, FCS 
and NMS generated cells are consistent with respect to T cyt 
activity in that this function is not affected by dGuO 
treatment. Also NK activity was not affected by dGuO treatment, 
confirming all the data on the lack of effect of dGuO on any 
cytotoxic response studied so far. The Ts activities generated 

in an MLC, or following culture in either FCS or NMS differ 

from ConA stimulated T s in susceptibility to dGuO, which may 
reflect differences in the generation of these cells, for 
instance whether they are already primed i_n vivo or need to 
proliferate in order to develop suppressor activity. Bril



(1985) showed that dGuO inhibited proliferation dependent Ts 
induction and development but did not affect T s which were 

already activated. The differential effect of dGuO on 
suppressor cells generated in the ConA system and the MLC or 

MLR systems may reflect the type of cells carrying out the 
suppressive function. In the MLC and MLR systems the same cell 
may be suppressive and cytotoxic and be resistant to dGuO 
whereas in the ConA system, different populations of cells may 
exert suppressive and cytotoxic functions and only one may be 
sensitive to dGuO.

These studies were completed a number of years ago and the 
conclusions depended upon what was known about these 
populations at that time (See bound copy of paper in this 
thesis) . I_n vitro generation of suppressor/cytotoxic cells in 
ConA and MLC systems can be interpreted differently now. 
'Suppressor' cells may not be a separate population but the 
result of factors produced by either cytotoxic (CD8) or helper 
(CD4) cells. Kim Bottomly (1988) has shown that TH1 cells can 
mediate both supression and cytotoxicity. Preliminary data on 

the numbers of TNF and IFN- producing cells present following 
dGuO pretreatment supports this idea since reduced numbers of 
these cells were found. Furthermore, recent results from 
Silver, Scott and Quill (1989) have shown that activation of 

TH1 cells with an ant-CD3 antibody allows these cells to 
suppress LPS-driven antibody secretion in a non-antigen 

specific and non-MHC restricted manner. This suppression 
occured across a cell impermeable barrier suggesting that it is 

due to a soluble factor or factors. Therefore dGuO may exert 

its effects either by reducing the number of cells capable of 
releasing IFN- or by inhibiting the release of these



cytokines.
Palacios and Moller (1981) have shown that IL-2 can 

abrogate ConA suppression. They found that ConA activated cells 
absorbed out available IL-2 and the inhibition of PHA or 
alloantigen proliferatiion or PWM antigen stimulation was due 
to the lack of IL-2. Various cytokines are necessary for the T- 
dependent response to SRBC, one of which is IL-2, and this 
could be one explanation as to how ConA stimulated suppressor 

cells function (Leibson, Marrack & Kappler, 1981; Swain, 
Dennert, Warner & Dutton, 1981; Mond, Farrar, Paul, Fuller- 
Farrar, Sheater & Howard, 1983; Zubler, Lowenthal, Erard, 
Hashimoto, Deiors & Macdonald, 1983). Alternatively data by 
Cooke and Marshal 1-Clarke (1981) showed that ConA suppressors 
could inhibit the immunoglobulin release of B cell hybridomas. 
This is inconsistent with Palacio's data since immunoglobulin 
release from hybridomas is independent of IL-2. However, other 
cytokines have been shown to depress immunoglobi1 in secretion 
eg IFN- and TNF (See chapter 6 for further expansion) and one 
of these could be responsible for the suppression observed.

Since CsA can affect T cyt cells (dGuO had no effect on 
this population) and ConA mediated suppression in vitro may 

involve both Ts and Tcyt cells, experiments incorporating both 
compounds were undertaken. The results in Table 4.5 show some 
slight additive effects of CsA and dGuO but not total 

abrogation. Since the effects are not totally additive it 
suggests that CsA and dGuO act on overlapping populations of 

cells. Treatment with one compound could additionally render 
the T cell more susceptible to the other compound perhaps 
explaining these results. Alternatively if one accepts the 
hypothesis put forward by Palacios and Moller (1981) then CsA



renders the ConA cells insensitive to IL-2 and therefore unable 
to remove IL-2 from the system. If this was true, no 
suppression would be observed after CsA treatment but some 
suppression remains, although reduced, therefore this cannot be 
the whole explanation. Alternatively CsA may inhibit the 
activation and/or cytokine release of cells so decreasing the 
availability of factor(s) to mediate suppression. If the same 
cell can mediate cytotoxicity and suppression depending on which 
factor is released, then CsA inhibits both functions of the same 
cell. dGuO may have reduced the number of cells capable of 
releasing the relevant factor(s) which would explain the reduced 
suppressive effect observed but the cytotoxic response may be 
unaffected. These cells may be the same or a different 
population to those affected by CsA.

The toxic effects of dGuO have been attributed to dGTP 
accumulation which inhibits DNA synthesis (Tattersall, 
Ganeshaguru &. Hof f brand, 1975 ; Cohen, Gudas , Ammann, Staal & 
Martin,1978; North, Newton & Webster,1980). To investigate the 
effects of dGuO pretreatment on mitogenic responses 
experiments using Con A and LPS were undertaken. The results of 
these experiments were inconclusive, both enhancement and 
depression in overall responsiveness being observed.

The surface staining studies show a decreased number of 
surface Ig+ cells following dGuO pretreatment which may 

indicate some inhibition of B cell function, possibly of 
differentiation. Other groups have looked at dGuO's effect on 

lymphoid proliferation and found an inhibition of both T and B 

cell division (Martineau & Wilemot, 1983; Spaapen, Rijkers, 
Staal, Rijksen, Wadman, Stoop & Zegers, 1984). The observation
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that dGuO directly inhibits B cell differentiation into PFC's 
(Spaapen, Rijkers, Staal, Rijksen, Duran, Stoop & Zegers, 1984)
contradicts the findings with PNP“ patients, who have normal B
cell function. In the second paper by Spaapen (1984) this is 
investigated further and the contradictions over dGuO effects 
on normal and PNP deficient B cells appear to be due to the 
absence of the enzyme PNP in deficient patients. dGuO is broken 
down by PNP and the toxic end products inhibit differentiation. 
If the B cells lack the enzyme, dGuO cannot be broken down, and 
therefore no accumulation of toxic end products occurs to 
inhibit differentiation.

Another interesting point made in these papers was that 
FCS may contain high levels of PNP activity which could
decrease the sensitivity to dGuO. Heat inactivation for 30 
mins. at 56°C (the usual treatment) does not remove this 
activity, and they found that heating to 64°C for 2 hours was 
needed to destroy almost all the PNP activity. Different 
batches of FCS have different levels of PNP activity and since 
the experiments in this thesis were carried out over several 
months using different batches of FCS, this could perhaps 
contribute to lack of reproducibility when investigating 
theeffects of dGuo on ConA and LPS mitogenic responses. 
Scharenberg (1986) looked at the in vitro proliferation and 
differentiation of human PBL B lymphocytes and showed dGuO 
inhibited both functions but Hanglow and Lydyard (1985) showed 
enhanced intracellular Ig+ staining and proliferation to PWM. 
Staining studies in this chapter show that surface Ig+ cells

were reduced after dGuo pretreatment whereas intracellular 
staining although very low, was unaltered by dGuO pretreatment. 

On balance the effects of dGuO treatment differ from those



found in PNP- patients since both T and B cells are affected. 
This casts doubts upon the suitability of dGuO pretreatment as 
a mimic for PNP deficiency.

When dGuO pretreatment was carried out at the same time 
as priming with SRBC, an enhanced secondary antibody response 

to SRBC was observed. This could be explained by the effect on 
in vivo Ts cells, which may lower a normal secondary antibody 
response to SRBC. Dosch et al (1980) showed that antigen

specific Ts cells generated In vivo were abrogated by 
administration of dGuO, the results with SRBC are therefore in 
agreement with this.

The autologous PFC response (Br. PFC response) has been
linked to the response of Lyl+ B cells. These cells are
sensitive to CsA and absent in CBA/N mice (Kunkl &. Klaus,1980; 
Herzenberg, Hayakawa, Hardy, Parks and Herzenberg, 1983). This 
response has been shown to be regulated by T cells (Cox, Evans, 
Brooks & Cunc1 iffe,1979) . Since dGuo affected some B cell and 
Ts cell responses the effect of dGuO on the Br.PFC response was 
investigated. dGuO pretreatment caused a reduction in the 
number of P F C 's specific for Br.MRBC in both PEC and spleen 
cell populations. Under normal conditions treatment of cells 
with anti-Thy 1.2 and C' enhances the Br.MRBC response but this 
was not observed if the cells were taken from dGuO pretreated 
mice, suggesting that such pretreatment may have eliminated T s 
cells involved in regulation of this response. Alternatively 
the suppression observed in the Br.PFC response may not be due 

to a specific T cell but due to the release of fator(s) from T 
cells, for example IFN- . dGuO may have reduced the number of 
cells and or release of factors from these cells and this would



account for the observed lack of suppresion. Since these 
autologous PFC's have been linked with autoimmune phenomena, in 

for instance NZB mice (Hayakawa, Hardy, Honda, Herzenberg, 
Steinberg & Herzenberg, 1984) dGuO has affected the autoimmune 
status of these animals.

Early work with B cells used transformed lines (Gelfand, 
Lee & Dosch,1979; Ochs, Chen, Ochs, Osborne & Scott,1979) and 
these were relatively insensitive to dGuO, but this may be a 
reflection of their transformed status. Experiments using 
myelomas (producing SRBC antibodies) were undertaken to study 
the effects of dGuO on transformed B cells. Cooke and Marshal 1- 
Clarke (1981) showed that myeloma immunoglobulin production 
could be regulated by non-specific Con A Ts cells.

Since dGuO partially abrogated Con A Ts cells the effect 
of dGuO treatment on Con A Ts cells and the effect of these Ts 
cells on SRBC specific myelomas were investigated. Incubation 
of the myelomas with dGuO at low concentrations showed an 
inhibition of proliferation and this does not fully agree with 
previous work, which states that high concentrations of dGuO 
are needed for effects on B cells (Gelfand, Lee & Dosch,1979). 
Inhibition of antibody secretion was significant and occurred 
in a dose dependent manner. The effect of dGuO on the 
development of Con A Ts and the suppression of SRBC specific 
myelomas was identical to the results obtained using the 
secondary SRBC assay in that partial abrogation of suppression 

occurred. This system allows for the direct action of T s cells 

on antibody production and differentiates it from indirect 
effects due to the inhibition of factor release by other cells 

which in turn affects antibody production. If the suppression 
observed in the ConA system can be attributable to the release



of factor(s) (ie TNF and IFN-S" etc) then these factor(s) may 

directly inhibit immunoglobulin secretion. The effect of IFN-^ 
inhibiting immunoglobulin release has been covered in chapter 6 
and agrees with this conclusion. dGuO may therefore inhibit 
either the generation of cells capable of releasing these 
factor(s) or the release of the factor(s) themselves and cause 
an abrogation of suppressive function.

Cohen and Kimichi (1982) showed that dGuO affected 
macrophage function in vivo and that one of the functions of 
dGuO i_n vivo may be regulation of macrophages. Penit and 
Papiernik (1986) showed that phagocytic cells could prevent the 
effects of dGuO toxicity on thymic T cells and that thymic 
phagocytic cells are important in maintaining proliferation of 
thymocytes and protection from dGTP accumulation. When the 
effect of dGuO pretreatment on antigen presenting cell 
populations was investigated using Tg and PPD specific T lines, 
no effect of dGuO could be demonstrated.

These results show that dGuO has affected some T s and B cell 
functions but T Cyt, NK and antigen presentation are all left 

intact. More work to clarify differences in different systems 
is needed, especially at the biochemical level investigating 
enzyme pathways used by different cell populations. Recent work 
by Mowat (1986) looking at the effect of dGuO on the generation 
of Ts in the regulation of the immune response to dietary 
proteins showed that dGuO abrogated the suppression of DTH and 
antibody responses normally found after feeding ovalbumin and 
also prevented the generation of ovalbumin specific Ts cells. 
Thus dGuO is a useful compound for dissecting out components of 
the immune response showing some selective effects on T or B



functions.
Sidi and Mitchell (1984) suggest that the PNP enzyme 

inhibitors used thus far for experiments lead to substrate 
concentrations far in excess of those found in congenital 
deficiency states and this is reflected by inhibitions of both 
T and B cell functions following dGuO in contrast to the 
selective T cell function found in PNP deficiency. Recent work 
by Fairbanks (1990) also concluded that in vitro systems may be 

poor at mimicking the in vivo PNP deficiency state and results 
are difficult to interpret for the i_n vitro systems. To mimic 
such deficiency states more accurately another approach may 
have to be used with different inhibitors of PNP or perhaps 
combinations of inhibitors. Future work in this field may shed 
light on specific differences in closely related cells which 
have so far remained elusive.



CHAPTER 5

The effects of eyelosporin A on antigen presentation to T-ce11 
lines and their cytokine re lease

INTRODUCTION

Antigen processing and presentation
The differential requirements of B and T cells for 

recognizing antigens have been known for many years, B cells 
can recognize soluble antigens directly but T cells require the 
presence of an accessory population to be activated by the 
antigen. The first demonstration that the accessory population 
presenting antigen required histocompatibility between the 
presenting cell and the responding T cell was by Rosenthal and 
Shevach (1973). They demonstrated that T cells need to interact 
with antigen and self MHC molecules for activation, class I 
molecules are required for antigen presentation to most 
cytotoxic T cells and class II molecules for helper T cells. 
Many groups observed that B cells primarily recognized 
determinants found on native molecules and T cells could 
recognize both native and denatured forms of the antigen. 
Chesnut, Endres and Grey (1980) were the first to demonstrate 
that the T cells responding to native antigen were the same as 
those responding to denatured antigen. Further work established 
that many antigens, for instance bacterial and protein 

antigens, required 'processing' prior to presentation to T 
ce 1 Is

Antigen processing
Antigen processing may be related to mechanisms used for



the turn over of cellular molecules. Recent articles have dealt 
with this area extensivelty (Chain, Mitchison, Mitchison, Daves 
and Marcinkiewicz, 1989; Male, Champion & Cooke, 1989). Briefly 

macrophages can phagocytose particles from their environment 
after binding to ill defined receptors or internalize soluble 
molecules from extracellular fluid by pinocytosis. The 
mechanisms controlling this are poorly understood. This 
endocytosis can lead to re-expression of molecules on the cell 
surface which are still intact or partially or wholly degraded. 
Presentation to T cells requires that the antigen is seen in 

conjunction with self MHC molecules and recent data has 
suggested that exogenous antigens are presented by class II 
molecules whereas endogenous antigens are presented by class I 
molecules (Germain, 1986; Morrison, Lukacher, Braciale, Fan Sc 
Braciale, 1986). Zeigler and Unanue (1981) provided the first 
evidence that a processing step was required before antigen 
could be presented to T helper cells using L̂ _ monocytogenes as 
a particulate antigen with murine T cells and macrophages. They 
found a lag period between binding of the antigen to
macrophages and detection of the antigen on the surface of the 
macrophage allowing recognition by the T cells. Evidence of 
processing within an acid compartment came after studying the
effects of ammonium chloride and chloroquine which localize in
lyzosomes and can block the degradation of proteins (Zeigler Sc 
Unanue, 1982). Similar results were obtained using T cell 
hybridoma's which recognized soluble antigens (Chesnut, Colon Sc 

Grey, 1982; Grey, Colon Sc Chesnut, 1982) . Direct evidence that 

the processed antigenic moiety recognized by T cells is a
proteolytic fragment of the antigen came from studies with 
ovalbumin (Ova) specific hybridomas. These cells recognized Ova
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presented by untreated antigen presenting cells (APC's) but 
failed to recognize Ova after the APC's were fixed. If Ova 
peptides were used the T cells could recognize these after 
presentation by normal and fixed APC's (Shimonkevitz, Kappler, 

Marrack & Grey, 1983). The need for the antigen to be processed 
and degraded may vary between different T cells and antigens. 

The fact that many T cells recognize processed antigen 
(fragments or unfolded) may reflect the nature of the A P C . A 
relatively stable membrane bound form of the antigen is needed 
to interact with the MHC molecule and the T cell. Exactly how 
this occurs still needs to be clarified.
Antigen presentation

The a and 13 chains of the T cell receptor recognize a 
complex ligand formed by an association of antigen and la. 
Whether the ligand is formed independently (Schwartz, Fox, 
Fraga, Chen & Singh, 1985) or in the presence of T cell 
receptor (Grey & Chesnut, 1985) is still debatable. In summary 
three steps are found in antigen processing; binding of the 
antigen to the surface of the antigen presenting cell, active 
catabolic events where the antigen is altered to a recognizable 
form and association of MHC molecules and antigen 
for recognition by the T cell.

Originally the role of presenting antigen to T cells was 
ascribed solely to the macrophage. Recently a variety of other 
cells have been shown to present antigen to T cells.

Both normal and neoplastic la-positive B cells have been 
shown to have the ability to present antigen to T cells. B 

cells are non-phagocytic but can endocytose molecules by 

pinocytosis or after binding to their antigen receptors 
(membrane immunoglobulin). B cell lymphomas and B cell blasts



can present Ova and KLH to specific T cells irrespective 
of their membrane immunoglobulin specificity but unlike 
macrophages only a small amount of intracellular antigen 
degradation occurs (Chesnut, Colon & Grey, 1982; Grey, Colon & 
Chesnut, 1982). Lanzavecchia (1985) showed that B cell clones 
specific for tetanus toxoid could present this antigen to T cell 
clones specific for the same antigen and la molecules of the B 
cell. This presentation involved a pH-dependent process, a step 
also required by macrophages. Due to the specificity of the 
immunoglobulin molecule and therefore its ability to focus and 
concentrate specific antigen, B cells can present antigens at 
much lower concentrations (up to 1000 fold) than can macrophages 
or dendritic cells. The APC function of B cells is exquisitivly 

radiation sensitive (Ashwell, deFranco, Paul & Schwartz, 1984) 
unlike macrophages or dendritic cells. This area of presentation 
has recently been reviewed by Abbas (1989).

Lymphoid dendritic cells are bone marrow derived, non- 
phagocytic cells characterized by an irregular shape and 
expression of class II molecules at high levels. They are 
present in low numbers in lymphoid preparations (<1%) but can 
be very potent APC's. There have been some suggestions that 

dendritic cells are the most important cells in presentation to 
virgin T cells but this has to be substantiated (Austyn, 1989). 
Macrophages may be better at presentation of particulate 
antigens (bacteria) than dendritic cells but protein antigens 
can be presented by both cell types. Some suggestions that 
processing can occur in the membranes of dendritic cells by 

membrane ectoproteases need confirming before conclusions can 
be drawn.

Cyclosporin A (CsA) was first isolated in the Sandoz



Research Laboratories in Basel, Switzerland (1970) and was 

originally described as an anti-fungal metabolite from the soil 
fungi C y 1indrocarpon lucidum Booth and Tolypocladium inf latum 
Gams (Petcher, Weber & Ruegger, 1976) . This drug is a powerful 
immunosuppressant with some selective effects on different 
populations of cells in the immune system. The major clinical 
use of CsA has been in organ transplantation due to its unique 
action on T-cell immunity without myelosuppression. This has 
not been without problems since adverse reactions to CsA have 
been reported. The clinical action and toxicity of CsA have 
been recently reviewed by Bennett and Norman (1986) and they 
note that increased understanding of the actions of this 
compound may allow for expansions in therapy outside the 
benefits in organ transplantation. CsA is not a cytotoxic agent 
(at pharmacological doses) and is selective and specific in its 
immunosuppressive activity. Its action is mainly found on 
lymphoid cells, eg T cells and B cells (Tosato, Pike, Koski & 
Blaese, 1982) and affects other systems only partially or 
indirectly. CsA exerts its effects by blocking the activation 
of lymphocytes at an early stage. Cytokine secretion is 
inhibited by CsA but CsA spares effector functions of activated 
cytotoxic T lymphocytes and allows the differentiation of 

alloantigen activated Ts cells (Hess & Tutschka, 1980) . 
Different subpopulations of T cells (Bond, Feurer, Magnee & 
Stahelin, 1977; White, Plumb, Pawelec & Brons, 1979; Hess & 
Tutschka, 1980; Leapman, Filo, Smith & Smith, 1980), and B cells 
(Kunkl & Klaus, 1980; Dongworth & Klaus, 1982) have different 

susceptibilities to the drug. The actions of CsA are reversible 

once the drug is washed away fron the culture.

Many experiments have been carried out in an attempt to
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dissect the mode of action of CsA on T cells. Some workers have 
shown that CsA inhibits mitogen or alloantigen induced 
proliferation (Palacios, 1981; Dos Reis & Shevach, 1982; Orosz, 
Fidelus, Roopenian, Widmer, Ferguson & Bach, 1982; Gunn, 1985). 
Others have looked at the ability of CsA to inhibit cytokine 

secretion and/or development of responsiveness to cytokines 

(Larsson, 1981; Bunjes, Hardt, Rollinghoff & Wagner, 1981; Dos 
Reis &. Shevach, 1982; Orosz, Fidelus, Roopenian, Widmer, 
Ferguson & Bach, 1982; Kaufmann, Chang, Robb & Rosenberg,1984; 
Lillehoj, Malek & Shevach, 1984). Even though CsA appears to
inhibit IL-2 release from T cells, effects on expression of

receptors for IL-2 seem to be variable. Some groups find no 
effect on receptor expression (Dos Reis & Shevach, 1982; 
Miyawaki, Yachie, Ohozeki, Nagaoki & Taniguchi, 1983; Kronke, 
Leonard, Depper, Arya, Wang-Staal, Callo, Waldman & Green, 1984; 
Gelfand, Cheung & Mills, 1987; Grane11i-Piperno, 1988 and 1989) 
where others find that IL-2 receptor expression was inhibited 
following incubation with CsA for greater than 24 hours
(Lillehoj, Malek & Shevach, 1984). More recent data from 
Grane11i-Piperno (1988 and 1990), in which the levels of
cytokine gene expression were monitored following _in vivo 

administration of CsA, showed that the levels of IL-2 receptor 
expression were unaffected by CsA. Many reviews cover the in 
vitro actions of CsA (Borel & Ryffel, 1986; Hess & Columbani, 
1986; Thomson & Webster, 1988; Di Padova, 1989) but from all the 
accumulated data so far one could conclude that a major function 
of CsA is to inhibit the proliferation of T cells by inhibiting 

cytokine secretion.
CsA binds to all peripheral blood lymphocytes with no 

preferential binding to T cells (Ryfell, W i 1lard-Gallo, Tammi &



Loken, 1984). Within a few hours of culture with CsA all murine 
lymphoid cells contain CsA within lipid droplets regardless of 
their susceptibility to the drug (Koponen & Loor, 1983). 
Identification of a specific membrane receptor for CsA has so 
far remained unresolved. Various theories to explain the 

specificity of CsA activity on certain cell lineages include 
differential binding (Hess & Colombani, 1986), high affinity 
plasma binding sites close to mitogen receptors (Ryfel, 
Donatsch, Goetz & Tschopp, 1980; Ryfel, Goetz & 
Heuberger,1982), competition for the same binding site as anti- 
CD3 antibodies in human T cells (Palacios, 1982), competition 
with prolactin binding site (Russell, Kibler, Matrison, Larson, 
Poulos & Magun, 1985; Hiestand, Mekler, Nordmann, Grieder & 
Permongkol, 1986; Larson, 1986), decreased transmembrane 
potential of murine lymphocytes (Doujanovitch, Azzab, Mulhern, 
Balazs & Matyus, 1986; Gelfand, Cheung & Mills, 1987), binding 
to cytosolic protein 'eyelophi1 i n ' (Handschumacher, Harding, 
Rice, Drugge & Speicher, 1984), binding and inhibiting 
calmodulin (Simons, Noga, Colombani, Beschorner, Coffney & Hess, 
1986). In the last example stated, CsA interferes with the 
binding of Ca2+ by calmodulin which is an essential step in 

lymphocyte activation. Hess and Colombani (1986) explained 
resistance versus sensitivity to CsA by the concentration of 
eyelophi1 in versus calmodulin. This theory was not supported by 

other workers (Hait, Harding & Handschumacher, 1986; Legrue, 
Turner, Weisbrodt & Dedman, 1986; Kay, 1987). As yet there is no 
evidence that in lymphocytes calmodulin has unique features 

which could explain the selective actions of CsA.
Many results support the notion that CsA blocks lymphocyte 

activation by agents which induce Ca^+ but not by agents
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independent of Ca^+ (Kay, Benzie &. Borghetti, 1983; Rosoff & 
Terres, 1986; Gelfand, Cheung & Mills, 1987: Kay, 1987). Other 
groups have evidence which does not support this since Ca2+ 

levels are not affected following culture with CsA and mitogens 
(Heistand, 1984; Metcalfe, 1984; Bijsterbosch & Klaus, 1985).

CsA has been shown to act at the level of cytokine mRNA 
and inhibit induction of cytokine encoding mRNA but not total 
mRNA since C-fos, C-myc and IL-2 receptor production are 

unaffected by CsA (Elliot, Lin, Mizel, Bleackley, Hamish & 
Paetkau, 1984; Grane11i-Piperno, Inaba & Steinman, 1984;
Granelli-Piperno, 1988 and 1990).

One area of action of CsA still to be clarified is its 
effects on the function of antigen presenting cells. Previously 
CsA was reported to have no effect on the function of 
macrophages (Paavonen, Jarvelainen, Kontiainen & Hayry, 1981; 
Bunjes, Hardt, Solback, Deusch, Rollinghoff & Wagner, 1982; 
Thomson, Moon, Geczy & Nelson, 1983) on the basis of
phagocytosis of bacteria, migration in response to lymphokines 
(eg. macrophage inhibition factor (MIF) and pro-coagulant
factor (MPCA) production) and production of IL-1. The relevance 
of these functions in immunoregulation is debatable. Due to the 
critical role of macrophages in mitogen and antigen-induced in 
vitro lymphocyte proliferation and graft rejection it was 
decided to explore the effects of CsA on antigen presenting 
functions. Using polyclonal T cell populations CsA has been 

shown to inhibit macrophage accessory cell function with 

various mitogens, for instance ConA, PHA and PWM (Uyemura, 
Dixon & Parker, 1983; Uyemura, Dixon & Parker, 1985). Since T 
cell lines and clones specific for Tg and PPD were available 
this provided a good system for examining the effects of CsA on



specific antigen presentation. In this chapter experiments were 

undertaken to dissect the effect(s), if any, on processing of 
antigen and its presentation to T cell lines.

Some of the T cell lines used in these experiments 
released cytokines in response to stimulation with antigen 
presenting cells and antigen. Experiments were also undertaken 
to study the effect of CsA on cytokine release and to determine 

if production of all cytokines was inhibited or whether only a 
selective inhibition of IL-2 release occurred. To study this 
the effects of CsA on all the cytokine assays used to 
characterise the supernatants were also undertaken.



RESULTS

I Effects of CsA on antigen presenting cells
Previous work by Bunjes et al (1982) suggested that CsA 

did not affect macrophage function but Uyemura, Dixon and 
Parker (1983 & 1985) showed that CsA could affect macrophage 
functions. To resolve this discrepancy experiments were 
undertaken to study the effect of CsA on specific antigen
presentation to purified thyroglobulin (Tg) and PPD specific T 
cell lines. In the first series of experiments, antigen 
presenting cells (APC's) from different tissues were used and 
these were added to the T cell lines with differing 
concentrations of CsA to assess the suitability of the cell 
populations as APC's. Figure 5.1 shows the proliferative 
responses of two lines, mouse Tg7 (MTg7) and PPD6, which were 
stimulated with irradiated spleen cells, PEC's or irradiated 
PEC's as sources of APC's. These were added in the presence or 
absence of specific antigen with different doses of CsA (see 
Fig.5.1). For both the lines CsA shows a dose dependent
inhibition of proliferation. When the different sources of
APC's were compared, irradiated spleen cells appeared to be the 
most efficient for presenting antigen to these T cell lines and 
were used in all subsequent experiments.

To analyse the effect of CsA on APC function the 
conditions were altered so that CsA could be added at different 
time points in the process. Figures 5.2 and 5.3 show the 

proliferative responses of MTg7 and PPD6 respectively under 

different culture conditions.

a)Does CsA need to be present during presentation and 
processing ?



FIGURE 5.1
Effect of CsA on the function of different cell populations

MTq 7 PPD 6

a) Irradiated Spleen

CPM

b) PEC’s

1
1
1

1

c) Irradiated PEC's

0.01 0.05 0.1 0.5 1.0

rradiated Spleen

In

b) PEC's

Plus Ag 

0-0 No Ag
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MTg7 and PPD6 were added at 2x10^ cells/well + antigen (MTg 
at 50 jug/ml and PPD at 25 jug/ml) . Irradiated spleen cells 
were used at 10$ cells/well and PEC's were used at 5x10^ 
cells/well in a final volume of 200til. Proliferation was 
measured after 3 days and the results are expressed as means 
+ SD of triplicate values. All subsequent figures use these 
cell concentrations unless stated otherwise.
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FIGURE 5.2
Altering the time of addition of CsA to MTg7
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FIGURE LEGEND EOR FIGURES. 5^2 AND 5^3

CULTURE CONDITIONS:
a) Same as Fig.5.1, the usual proliferation assay.
b) Irradiated spleen cells were cultured overnight (0/N) in
microtitre wells (lO^/well) + CsA, + Ag (MTg at 50/ig/ml; PPD 
at 25ug/ml). After 16 hours the T cell lines were added and 
the assay continued as for a ) .

c) Irradiated spleen cells were cultured 0/N + Ag. T lines
and CsA were added after 16 hours and the proliferation assay
continued.

d) Irradiated spleen cells were cultured 0/N + CsA. T lines
and antigen were added after 16 hours. The irradiated spleen 
cells were cultured in 10% FCS (as usual) or 1% NMS 
(Syngeneic).

e) Irradiated spleen cells were cultured 0/N + Ag, ±CsA. 
After 16 hours the wells were washed and the T lines added 
for measuring proliferation.
f) Spleen cells were T cell depleted (anti-Thy 1.2 and C'), 
irradiated and cultured 0/N. T-lines, Ag and CsA were added 
after 16 hours.



lzy

FIGURE 5.3

Altering- the t_ime of addition of CsA to PPD6
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Figures 5.2(a) and 5.3(a) show the usual 3 day proliferative 
response with CsA present during processing and presentation, 
in which a dose dependent inhibition of proliferation by CsA 
can be seen.

b)Presence of CsA during Ag processing

APC's were pulsed overnight with antigen and CsA to allow for 
processing of the antigens in the presence of CsA before 
addition of the T cell lines. Figures 5.2(b) and 5.3(b) show 
the results, which are essentially the same as for condition
(a), in that the presence of CsA during the whole period of 
culture leads to inhibition of proliferation.

c)Presence of CsA during presentation of processed Ag
The APC's were allowed to process the antigen in the absence of 
CsA (condition (c)) and 16 hours later the T lines and CsA 
were added. Figures 5.2(c) and 5.3(c) both show that CsA again 
inhibits proliferation of the T lines. This has not ruled out a 
direct effect of CsA on the T cell lines leading to reduced 
proliferation and this will be discussed later.

d)Culturing A P C 's in FCS vs NMS p lus CsA before presentation to 
T 1 ines
APC's were cultured overnight in FCS or 1% normal mouse serum 
(NMS) in the presence of CsA to assess any effects of FCS in 
the CsA inhibition of proliferation. The antigens were added 

the next day and the results are shown in Figures 5.2(d) and 
5.3(d). Unfortunately, culturing the APC's overnight without 

antigen abrogated their ability to present antigen to the T 

lines whether they had been cultured in FCS or NMS.

e)Does CsA need to be present continuously for its effects?



To assess the need for CsA to be continuously present 

throughout the proliferation assay, the APC's were pulsed 

overnight with and without antigen and CsA and then washed 
before addition of the T lines. Figures 5.2(e) and 5.3(e) show 
the results of this experiment. The effectiveness of the APC's 

to present antigen was drastically reduced by this washing 
procedure and therefore any conclusions about the effect of CsA 
on presentation cannot be made.

f )Does CsA mediate effects on A P C 1s through s p lenic T ce1 Is?
To test the possibility that overnight culturing in the 

presence of CsA allowed the development of Ts-like cells which 

in turn inhibited the proliferation of the T lines and that CsA 
itself was not the inhibitory factor, spleen cells were 
depleted with anti-Thy 1.2 and C 'and cultured overnight with 
and without CsA before using them to present antigen to the T 
cell lines. Unfortunately by omitting the antigens at the start 
of the incubation there was no presentation to either T cell 
line (Fig. 5.2(f) and 5.3(f)).

II Effect of CsA on MTg7 and PPD6 T-lines
One simple explanation of the effects of CsA in this 

system could be that the presence of CsA prevents the T-lines 
themselves from responding. To investigate this the T-lines 
were cultured overnight with and without CsA, washed, and then 
used in the proliferation assay. Figure 5.4 shows that CsA has 
not affected the ability of MTg7 and PPD6 to respond in the 
proliferation assay. Any inhibition of proliferation seen must 

therefore be due to CsA affecting presentation to these lines.

III Effect of CsA on IL-2 re lease of MTgl2B



FIGURE 5.4

Culturing T-lines with CsA overnight and their subseguent
proliteration to antigen.
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The proliferation assay was carried out as in Fig.5.1. 
P values: for + CsA, p = not significant.
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Previous reports have shown that CsA can inhibit 
cytokine release, more specifically IL-2 release, from T cells 
(Bunjes, Hardt, Rollinghoff & Wagner, 1981; Kaufmann, Chang, 
Robb & Rosenberg, 1984; Lillehoj, Malek & Shevach, 1984). MTgl2B 
specifically releases IL-2 upon stimulation with thyroglobulin 

and APC's. To see the effect of CsA on IL—2 release and 
proliferation of MTgl2B, the cells were set up in the usual 
proliferation assay with and without CsA. After 24 hours, 

supernatant was removed from the cultures and assayed for IL-2 
content using the IL-2 dependent cell line, CTL-L, in a 24 hour 
IL-2 assay (Chapter 2.II,xviii). Figure 5.5(a) shows the results 
of the proliferation assay and Figure 5.5(b) shows the IL-2 
release measured. Both proliferation and IL-2 release are 

inhibited by CsA, which agrees with previous work. The IL-2 
release seems to be more sensitive to CsA than proliferation 
since significant inhibition occurred at 0.01 ug/ml for IL-2 
release whereas proliferation was not significantly affected at 
this dose.

IV Effect of CsA on processing and presentation of antigen to T 

ce11 1ines
In order to further analyse the effects of CsA on the 

processing and presentation of antigen to the T-cells,
experiments were carried out using antigen pulsed presenting 
cells. The APC's were first pulsed with one antigen (Tg or PPD)
for 2 hours and then pulsed with the other antigen (PPD or Tg)
for 2 hours plus or minus CsA. These cells were then washed 
before adding to PPD9A or MTgl2B to assess their ability to 

present antigen in the proliferation assay. This showed the
effect of CsA on preprocessed antigen and on the processing and 

presentation of the second antigen. Figure 5.6 shows the



FIGURE 5.5

EFFECT OF CsA ON THE RESPONSE OF MTg 12B 

TO HuTg.

a) Proliferative Response.
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MTgl2B was used at 2x10^ cells/well with HumanTg (HuTg) 
50ug/ml.
P values: (*) p < 0.001.



FIGURE 5.5

b) IL -2  Release.
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CTL-L.
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FIGURE 5.6

EFFECT OF CsA ON PRESENTATION OF ANTIGEN TO T CELL LINES.

CPM M O '3 )
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Irradiated spleen cells were first pulsed for 2 hours + MTg 
02" F P D . Aftei- washing these cell3 were pulsed for a f ui"ther 2 
hours with PPD or MTg + O.ljig/ml CsA. Antigen presentation by 
such pulsed cells was assayed by their ability to cause a 
proliferative response following addition to MTgl2B and 
PPD9A. Proliferation was measured on day 3.
P values: (*) p< 0.05, (**) p< 0.01. (Comparing corresponding
cultures + CsA addition).



results of this experiment and for both cell lines CsA has 
affected the ability of APC's to process antigen and to present 

already processed antigen.

V Does CsA carry over on membranes of APC1s to inhibit T ce 11 
pro 1 iferation?

To test for the effect of CsA carry over in the membranes 
of APC's, which could subsequently affect the proliferation 

assay, APC's were pre-pulsed with antigen or CsA, washed, and 
then mixing experiments were carried out. Figure 5.7(A) shows 

that addition of CsA pulsed APC's to APC's pulsed with antigen 
alone had no effect on the proliferative response of a PPD line 
(b & c ) . Also addition of APC's pre-pulsed for 2 hours with CsA 
and then washed (b) to fresh irradiated spleen cells and 
soluble antigen, did not inhibit the proliferation of the PPD 
T-line (Fig.5.7(B)). These experiments show CsA was not carried 
over with the APC's after pulsing for 2 hours and that CsA had 
inhibited the ability of the APC's to present antigen to T 
1ines.

VI Addition of IL-1 and IL-2 to CsA pulsed presenting c e 1 Is
CsA has been shown to inhibit IL-1 release from 

macrophages (Bunjes, Hardt, Rollinghoff &. Wagner, 1981). The 
previous experiments have shown that CsA affects the antigen 
presenting ability of irradiated spleen cells and one way CsA 
might inhibit this function could be by inhibiting IL-1 releae 
by these APC's. To investigate this, the irradiated spleen 

cells were pulsed with antigen plus or minus CsA (as in 

previous experiments) and used to present to T lines in the 
presence of recombinant murine IL-1 (rIL-1). Figures 5.8(a) and
(b) show the responses of MTgl2B and PPD9A to CsA and antigen



FIGURE 5.7 (A)

Eff ect of addition of CsA pulsed s p leen ce1 Is on the 
proliferative response of a PPD-specif ic T cell 1ine
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stimulate a proliferative response in a PPD-specific T cell 
line. PPD pulsed cells were mixed with medium pulsed cells 
(a+c) or CsA pulsed cells (b+c) and added to the PPD-specific 
T cell line to test for a possible carry over of CsA. 
Proliferative responses were measured on day 3.
P values: (**) p< 0.01, NS= not significant.



FIGURE 5.7 fB)

Effect of addition of CsA pulsed s p leen cells on the 
proliferative responses of a PPD-specif ic T-ce 11 1 ine .
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Medium pulsed (a) or CsA pulsed (b) cells were added to the T 
cell line in the presence of fresh irradiated spleen cells 
and soluble antigen as a further test of CsA carry-over. 
Proliferative responses were measured on day 3.
P values: NS= not significant.



FIGURE 5.8 fa)

Addition back of IL-1 and IL-2 to CsA pulsed A P C 1 s and

measuring a pro 1 iferative response.
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Irradiated spleen cells were pulsed for 2-4 hours + HuTg, 
+CsA. After washing these cells were added to MTgl2B to test 
their ability to present Ag in the presence of the above 
cytokines.
P values: p=NS for addition of IL-1 or IL-2 in the Ag pulsed
APC's + CsA. (For 2 experiments)



FIGURE 5.8 (b)

Addition back of IL-1 an IL-2 to CsA Pulsed A P C 1 s and
measuring a proliterative response.
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Irradiated spleen cells were pulsed for 2-4 hours ±  PPD, ± 
CsA, washed and added to PPD9A to test their ability to 
present to these T cell lines in the presence of the above 
cytokines.
P values: P=NS for addition of IL-1 or IL-2. (For 2
experiments)



pulsed APC's in the presence of rIL-1 (10 and 100 U / m l ) . 
Addition of rIL-1 to MTgl2B cultures had no effect on 
proliferation (Fig.5.8(a)) but addition of rIL-1 to PPD9A 

cultures showed some restoration of the response (Fig.5.8(b)) 
although this was not significant. When IL-2 (Rat Con A 
supernatant) was added to the cultures, the proliferative 
capacity was restored showing that these cells are capable of 
responding, provided they have been given the right stimulus, 
and CsA has not affected the ability of these T cells to 
proliferate. This experiment has been repeated three times with 

identical results.

VII Does CsA affect stimulation of T-ce1 Is by idiotypic 

antibodies?
Even though presentation to the T-ce11 lines has been 

shown to be inhibited by CsA how does this occur ? Does CsA 
inhibit interactions at the surface of the T cell via receptors 
for antigen or cytokines, or by inhibiting complex formation 
between MHC molecules and antigen ? One way to trigger T cells 
to proliferate, as an alternative to APC's and antigen, is 
through their idiotype receptors. An idiotypic antibody (3D3) to 
the T line D10.G4.1 was available and experiments were 
undertaken to study the effects of CsA on this response. 
D10.G4.1 (Kaye & Janeway, 1984; Kaye, Gillis, Mizel, Shevach, 
Malek, Dinarello, Lachman & Janeway, 1984) is a T cell line 
which can be used to assess specifically IL-1 content of 
supernatants in the presence of low concentrations of Con A 
(Chapter 2.II,xviii). The initial experiments studied the 

effects of CsA on the IL-1 assay in which a dose range of CsA 

was added to D10.G4.1 cells in wells containing 10 or 100 units



of recombinant murine IL-1 (rIL-1). Figure 5.9 shows the results 
of one of these experiments. A dose dependent inhibition of 
proliferation is seen upon addition of CsA to the culture. Since 
this assay uses an antigen specific T cell line, one concern 
regarding the results is that CsA causes loss of cell viability 
leading to the observed inhibition of the proliferative 
response. Figure 5.9 shows viability counts under all 
conditions, measured at the same time as the cultures were 
harvested for assessing 125i_cieoxyuridine uptake. A significant 
reduction of proliferation was seen even when the viability of 

the cells was unaffected showing that CsA has specifically 
reduced this response. This experiment has been repeated three 
times with identical results. Another problem is that CsA 
inhibits Con A induced proliferation and the effects seen here 
may be due to this inhibition and not inhibition of D10.G4.1 
cells. To resolve this, the idiotypic antibody (3D3) was used to 
stimulate the cells in conjunction with CsA. Results from a 
representitive experiment are shown in Figure 5.10 and CsA 
clearly inhibits the 3D3 antibody induced proliferation. These 
results show that CsA inhibits the proliferation of D10.G4.1 
cells to its idiotypic antibody with or without exogenous IL-1 
addition.

VIII Does CsA inhibit stimulation of T ce 1 Is through the CD3 

receptor?
T cells can be triggered to proliferate through their CD3 

receptors. Does CsA inhibit this interaction ? A guinea pig 

monoclonal antibody to the murine CD3 receptor (145.2C11) was 
available (Leo, Foo, Sachs, Same Ison & Bluestone, 1987) and was 
used in conjunction with CsA to investigate this. Initially the 
antibody was assayed at different concentrations to see its



FIGURE 5.9
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D10.G4.1 were cultured at 2x104 cells/well plus 2.5ug/ml Con 
A + IL-1, ±  CsA for 3 days. Viabilities were measured on day
3.
P values: p< 0.001, for all doses of CsA. (For 3 experiments)



FIGURE 5.10
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effects on activation of two different T cell lines. The 
D10.G4.1 cells were assayed for proliferation with and without 
APC's and anti-CD3 antibody. Table 5.1 shows the results from 
this experiment in which the anti-CD3 antibody caused optimal 
proliferation in the presence of APC's, probably denoting the 
requirement for IL-1.

The second cell line used was a T cell hybridoma of BW5147 
fused with CBA cells primed with thyroglobulin (CH9) (Rayner, 
Delves, Warren, Roitt & Champion, 1987). The CH9 cells 

specifically released IL-2 in response to Tg and syngeneic 
APC's. Doses of anti-CD3 antibody plus or minus APC's were 
added to the CH9 cells and 24 hours later the supernatant was 
removed and assayed for IL-2 content using CTL-L cells. Table 
5.2 shows the results of one experiment and in this case anti- 
CD3 antibody triggered IL-2 release in the absence of APC's. 
Since previous data in this chapter has shown that CsA inhibits 
APC's functionally, the effects of CsA on anti-CD3 antibody 
stimulation were studied using the CH9 cells to avoid problems 
of interpretation. Therefore specific IL-2 release by CH9 cells 
in response to anti-CD3 antibody and in the presence of CsA was 
assayed. The results, shown in Figure 5.11, demonstrate that 
CsA has no effect on this system. To test if the lack of 
proliferation of the D10.G4.1 cells to anti-CD3 antibody in the 
absence of feeders was due to a requirement for IL-1, the assay 
was repeated in the presence of IL-1. Figure 5.12 shows that 
addition of IL-1 restored the response and that the response is 
sensitive to CsA.

From these experiments CsA has been shown to affect 

interactions between idiotypic and TcR antibodies and their 
receptors in systems where APC's are not necessary but where



TABLE 5.1

D I O .G 4 .1 ce 1 Is cultured with aCD3 antibody (145.2C11)

aCD3 Pilution 
Nil 

1/2 
1/4 
1/8 
1/16 
1/32 
1/64 

1/128 
Controls;
Conalbumin (100jug/ml) 
No antigen

- Irradiated Sp leen 
312+64 

1200+50** 
1177+94** 
1427+197** 

1646+59** 
1957+261** 
1943+261** 

1954+153**

+ Irradiated Sp leen 
1213+274 

8700+986* 
8945±331* 

11524+1755* 

9692+1255* 
8055+1011* 
5529+247** 

4540+247**

15511+183*
1422+955

Proliferation of D10.G4.1 cells (2xl0^/well) 
with dilutions of 145.2C11 + irradiated spleen 
cells (5xl05/well) for 72 hours. Results are 
expressed as means +SD of triplicate wells.
P values: (*) p< 0.001, (**) p< 0.01.
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TABLE 5.2

IL-2 re lease from CH9 ce 1 Is following addition of 145.2C11

ccCD3 Pi lution - Irradiated Sp leen + Irradiated S p leen
Nil 4047+777 8489+1263

1/2 30751+350* 34118+8937*
1/4 25471+1506* 33414+4523*
1/8 24539+523* 29849+5668*

1/16 16500+2819* 19241+2529*

1/32 17881+3557* 14304±3227**
1/64 16624+2461* 10788+899
1/128 13767+4900* 9840+950

CH9 cells were cultured with dilutions of 
aCD3 antibody (145.2C11) + irradiated, 
spleen cells for 24 hours. Supernatant 
was removed and asayed for IL-2 content 
using the IL-2 dependent cell line CTL-L. 
Controls for the CTL-L assay were; 
background 2698+197, 10% EL4 supernatant 
(for IL-2 positive) 7945+3454.
P values; (*) p< 0.001, (**) p< 0.01.



FIGURE 5.11

IL-2 re lease from CH9 ce 1 Is following 145.2C11 and CsA
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No 145.2C11

Controls: Media 1286 + 84
6

10% EL4 34430 + 929
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0
0 0 .0 1 0.05 0 . 1

CsA Dose (pg/ml)

CH9 cells were cultured with 145.2C11 supernatant (aCD3) + 
CsA for 24 hours. lOOul of supernatant was removed and 
assayed for IL-2 content using the IL-2 dependent cell line 
CTL-L.
P values: (*) p < 0.05 (For 2 experiments).



FIGURE 5.12
D I O .G 4 .1 proliferation plus 145.2C11 and CsA
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D10.G4.1 cells were used at 2xl0^/well, rIL-1 was used at 10 
units/ml, CsA was used at 0.lug/ml and 145.2C11 used as a 
culture supernatant (aCD3).
P values: p< 0.001 for all doses of CsA. (For 2 experiments)



exogenous IL-1 is required for the D10.G4.1 ,cells. However, the 
point at which the inhibition occurs ie. at the 
receptor:antibody interaction or inhibition of membrane 

signalling is not certain. The lack of effect of CsA on the 
fused T cell, CH9, is interesting but could be due to the 
transformed status of these cells making them insensitive to 

CsA.

IX Effect of CsA on cytokine assays
Since CsA inhibits IL-2 release from various T lines,

experiments to test its ability to inhibit secretion of a
variety of other cytokines from T-cell lines was undertaken to
see if general or selective inhibition of cytokines occurred. 
Before these experiments could be undertaken, the effect of CsA 
itself on all the cytokine assays to be used needed to be
established to clarify the interpretation of data. The effect 
of CsA on inhibition of the IL-1 assay using D10.G4.1 cells has 
already been described (section VII and Fig.5.9).

Effect of CsA on IL-2 dependent cell 1 ines
The effect of CsA on two IL-2 dependent cell lines was 

investigated. CTL-L and HT-2 cells were resistant to any 
effects of CsA (Fig.5.13 and Table 5.3) and this has been 
repeated numerous times with identical results.

Effect of CsA on IL-3 dependent ce 1 Is
The IL-3 dependent cell line, 32Dcl23, was resistant to 

CsA at concentrations below 0.1 ug/ml (Table 5.4).

Effect of CsA on the IL-5 assay
BCLi cells are used to measure IL-5 and the effect of CsA 

on this assay was assessed. Figure 5.14 shows that CsA inhibits



FIGURE 5.13 

Proliferation of CTL-L c e 1 Is with C s A .

1

1

• — •  Plus IL -2

CsA
Plus IL-2  + 1.0 |jg /m  

CsA

5030 4010 200
Percentage of Con A Supernatant

CTL-L cells were used at 104 cells/well in a 24 hour assay. 
The source of IL-2 was a rat spleen cell supernatant cultured 
with Con A.
P values: p =NS (For 2 experiments).



TABLE 5.3

Effects of CsA on HT-2 c e 1 Is
Addition CsA dose (ug/ml)

None 0.01 0.05 0.1

None 2948+482 3277+272 3712+341 3176+2792
Rat Con A 
Supernatant
(*)
25.00 140510+10797 128765+3910 132245+780 137825+4731

12.50 127765+9606 123780+7186 132839+8639 126641+9112
6.25 113939+12268 114909+7109 114083+3044 110489+4557

rIL-2 39924+6312 42784+6074 44583+2812 39095+2908
(25u)

HT-2 cells were cultured at 10^ cells/well 
in a 48 hour assay plus + CsA.
No significant differences were observed 
between cultures + CsA addition.



TABLE 5.4

Effects of CsA on 32-D cells

Dilution CsA dose (ug/ml)
of WEH1
supernatant None 0.01 0.05

None 254+95 175+28 239+60

20% 8219+442 7868±1216 8408±594
10% 6723+339 6792+452 7449+421
5% 5252+707 6138+504 6351+431

32-D cells were cultured for 24 hours 
at 2xl04 cells/well, + CsA and 
no significant differences were found 
after addition of CsA.

0.1

158+13
8303+264
7447+180
6517+362



FIGURE 5.14 
C s A 1s effect on the BCL1 cells

•  • L P S  (10|jg/ml)
O Media alone

0. 10.050. 010
CsA Dose (pig/ml)

BCL1 were cultured at 5x104 c e 1ls/we1 land assayed for 
proliferation at 48 hours.
P values: p < 0.01 for all doses of CsA. (For 2 experiments



this response at all doses (0.01, 0.05 and 0.1 u g/ml). This
experiment has been repeated three times with identical 
results.

Effect of CsA on the B r . PFC response
When CsA was added to cultures of PEC's with and without 

LPS and subsequently assayed for Br. PFC's a dose dependent 
suppression of the response was seen (Fig.5.15). The Br. PFC 
response is classed as a TI-2 antibody response and Kunkl and 

Klaus (1980) demonstrated that the TI-2 antibody response was 

sensitive to CsA.

X Effect of CsA on cytokine re lease of D I P .G 4 .1 c e 1 Is
Since the proliferation of D10.G4.1 cells was inhibited by 

CsA the effect of CsA on cytokine release was also
investigated. CsA was added at 0.1 ug/ml to flasks of D10.G4.1 
cells at the time of restimulation. D10.G4.1 cells were 
restimulated with irradiated CBA spleen cells at 2 x 10? cells 
per flask and Conalbumin at lOOug/ml in 10 mis of DMEM
containing 10% F C S . Supernatants were removed at 24, 48 and 72 
hours and assayed for IL-2 and IL-3. The results of this
experiment are shown in Table 5.5. Production of both
cytokines was specifically inhibited. D10.G4.1 cells also 
release IL-1 and IL-5 but these were not assessed since the 

presence of CsA inhibits the assays themselves making it 

impossible to interpret the results.
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FIGURE 5.15 
B r .P F C 1s + CsA and L P S .

CsA LPS

0.01

0.05

0.1

0 . 01

0.05

0. 1

H

H *

H *

H *

1000

B r. PFC /Culture

2000

PEC's were cultured at 2xl0^/well and the results are 
expressed as total numbers of B r .P F C 1/wel1. LPS was used at 
lOug/ml and CsA doses are expressed in ug/ml.
(Found in 3 experiments).
P values; (*) p< 0.001



TABLE 5.5

Supernatants from D I O .G 4 .1 ce 1 Is restimulated with
and without CsA

Time supernatant CsA HT-2 assay 32-D assay
removed (hours) (jug/ml)

24 0 15202+2244 3009+94
24 0.1 582+56* 879+30**

48 0 11411+234 3658+91
48 0.1 661+33* 1141+424**
72 0 6956+2941 2984+320

72 0.1 617+185* 1046+187**

Controls: Background
Positive

252+52
20564+561

870+54
3759+312

(25% Rat Supt.) (10% WEHI-
3B Supt.)

D10.G4.1 cells (2x10^/ml) were restimulated with 
irradiated spleen cells (2xl0^/ml) and Conalbumin 
(100/ig/ml) + the addition of CsA (0. lug/ml) .
Supernatant was removed at the times indicated above and 
assayed for IL-2/IL-4 content (HT-2 cells) or IL-3 content 
(32-D cells) in 24 hour proliferation assays.



DISCUSSION

The results presented here clearly show that CsA has
affected the ability of irradiated spleen cells to present 

antigen to T cell lines. This does not appear to be due to a 
carry over effect of CsA since addition of CsA and antigen 
pulsed spleen cells to spleen cells pulsed with antigen alone, 
showed no alteration in the proliferative response of the T 

cell line (Fig.5.7). Also, pulsing the T cell lines overnight 
with CsA showed no difference in the ability of these cells to 
proliferate in response to irradiated spleen cells and antigen 
the next day (Fig.5.4). In the two stage pulsing experiments 
with CsA added at the second pulsing stage, the ability of 
spleen cells to present antigen was inhibited whether the
antigen was currently under processing or had already been 
processed. Unfortunately this does not allow any conclusions to 
be drawn about the effects of CsA on antigen processing but
does' show that presentation of antigen is inhibited.

These results have been confirmed by two other groups of 
workers, both using antigen specific T cell lines (Manca, Kunkl 
& Celada, 1985; Palay, Cluff, Wentworth & Zeigler, 1986). Manca 
et al (1985) showed that CsA pulsed presenting cells inhibited 
proliferation and IL-2 release from T cell lines, confirming 
the data in Figure 5.5. Palay et al (1986) speculated that CsA 
interfered with the complexing of processed antigen and la 
molecules which inhibits the formation of the trimolecular

complex of the T cell receptor, la molecules and antigen. Thus

the inhibition of T cell : antigen presenting cell

collaboration is envisaged as an inhibition of T cell
activation. The need for the presence of CsA during the first
2-4 hours is consistent with the time period over which this
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occurs.
The previous work stating that CsA did not affect 

macrophages was concerned with non-specific functions such as 
MIF and procoagulant production (MPCA) and showed that CsA had 
no effect (Bunjes, Hardt, Solbach, Deusch, Rollinghoff & 
Wagner, 1982; Thomson, Moon, Geczy & Nelson, 1983). These 

workers noticed that an inhibition of cytokine release from 
macrophages occurred, including IL-1 release. A deficit in IL-1 

may be one possible explanation for an effect of CsA on antigen 
presentation and therefore addition of IL-1 should restore APC 
function. Bunjes (1982) noticed that addition of IL-1 to MLC 
cultures resulted in a restoration of proliferation but not of 
IL-2 release. Koide et al (1987) added exogenous rlL-lcc to 
isolated T cells in mitogen or MLC systems but could not
circumvent the inhibitory effect of CsA. Palay (1986) added IL- 
1 and indomethacin to the T cell cultures but also could not
alter the inhibitory affects of CsA. This confirms the data
described here on MTgl2B and PPD9A since restoration of a 
proliferative response was not seen after addition of rIL-1. 
These results were not surprising since the use of
glutaraldehyde fixed presenting cells (Shimonkevitz, Colon, 

Kappler, Marrack & Grey, 1984) or antigen and MHC compatable 

class II coupled liposomes (Walden, Nagy & Klein, 1985) could 
present adequately to T cell lines, thus implying that not all 
T cell lines require IL-1 for antigen specific proliferation. 
More recent data has shown that Thl and Th2 CD4+ T cells have 

different requirements for accessory molecules, T h 2 1s require 
IL-1 whereas T h l 1s need another accessory molecule which is so 

far uncharacterised (Lorenz & Allen, 1989). This suggests that 

even if CsA inhibits IL-1 release from A P C 's then this factor



on its own is not sufficient to inhibit T cell proliferation. 
Renauld, Vink and VanSnick (1989) have shown that to replace 

accessory cell function in an MLC response both IL-1 and IL-6 
were required. Each factor on its own did not restore this 
function. If in the experiments described in this chapter both 

IL-1 and IL-6 had been included, the APC function after pre
incubation with CsA may have been restored. Addition of IL-2 
allows these T cell clones to proliferate non-specifically. The 

fact that CsA does not inhibit this suggests that IL-2 receptor 
expression is not affected by this agent.

In these experiments, unfractionated, irradiated murine 
spleen cells were used as a source of A P C 1s . This mixture 
potentially contains three types of cells capable of antigen 
presentation; namely macrophages, dendritic cells and B cells. 
The spleen cells were irradiated at 1500 rads so the APC 
function of the B cells will have been abolished since B cells 
are exquisitively sensitive to radiation (Ashwell, deFranco, 
Paul & Schwartz, 1984) . Attempts to assess the role of 
dendritic cells in presentation to the Tg and PPD T cells was 
carried out by Dr's Champion and Katz (personal communication). 
After the lenghty procedure needed to purify dendritic cells, 
there was no presentation to the T cell lines or clones. Whether 
this was due to an inability to process Tg or PPD (which are 
large molecules) or simply that the purification method had 
rendered the cells incapable of presenting antigen is 
unresolved. Dendritic cells have been shown to be sensitive to 

CsA (Knight, Balfour, O'Brien & Buttifant, 1986). The inhibition 
of APC function by CsA could therefore be acting on two cell 
types, macrophages and dendritic cells, and the relative
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contributions of each cell are as yet unresolved. Nevertheless 
it is clear that CsA has affected the APC function of murine 
spleen cells to T cell lines and clones.

The exact mechanisms of CsA's inibition of antigen 
presenting function remain obscure. One way to monitor the fate 
of CsA after pulsing the spleen cells would be to use 
radiolabe1 led CsA so that the exact location of this compound 
could be ascertained.

The idea that CsA inhibits receptor or complex formation 
at the surface of the T cells still remains attractive but is 
disputed by recent molecular biology work. Grane11i-Piperno et 
al (1986, 1988 & 1990) showed that CsA works at the level of
nuclear transcription and not at the level of the cell 
membrane. Using human T cell lines, they have shown that 
synthesis of mRNA for cytokines is inhibited by CsA but not 
total mRNA since C-fos, C-myc and IL-2 receptor production are 
not affected. Herold et al (1986) have also shown that although 
CsA inhibits transcription of lymphokine genes it does not 
affect expression of the T cell receptor for antigen. Gelfand, 
Cheung and Mills (1987) used recently available homologues of 
CsA to dissect the effects of cyclosporins in the response of 

human T cells to PHA. They found multiple sites of action of 
CsA (for instance; Ca2+ channel blocking, inhibition of IL-2 

release and membrane depolarisation). Interestingly IL-2 
receptor expression was unaffected by addition of CsA even 
though IL-2 release was blocked. This suggests that CsA does 

not necessarily exert its effect at the surface of T cells via 
receptor expression. When using D10.G4.1 cells to assay for IL- 
1, a significant inhibition by CsA was seen (Fig.5.9) but this 

could have been due to CsA affecting the response of these



cells to Con A. One way to look at effects of CsA on D10.G4.1 
cells without the use of Con A is via the idiotype specific 
antibody 3 D 3 . The presence of this antibody with or without 
exogenous IL-1 caused the D10.G4.1 cells to proliferate and 
this was inhibited by CsA. CsA also inhibited the proliferation 
of these cells to an anti-CD3 antibody (145.2C11) in the 
presence of IL-1. Triggering of another cell line (CH9) to 
secrete IL-2 in the presence of anti-CD3 antibody was not 
sensitive to CsA. CH9 cells are derived from the fusion of 

BW5147 cells with spleen cells and are therefore transformed 
which could make them insensitive to CsA. The results show that 

CsA can inhibit proliferation of D10.G4.1 cells induced by 
antibodies to CD3 or Id. Does this occur via inhibition of 
antibody : receptor interactions or by inhibiting early
membrane signalling ? Molecular biology experiments should be 
able to clarify this further as to whether first or second 
order signals are inhibited in the affected cells.

A consistent finding is that CsA inhibits cytokine release 
from T cell lines and that transcription of mRNA's for these 
cytokines is specifically inhibited (Kronke, Loenard, Depper, 
Arya, Wong-Stall, Callo, Waldman & Green, 1984; Granelli- 
Piperno, Andrus & Steinman, 1986; Herold, Lancki, Moldwin & 

Fitch, 1986; Grane11i-Piperno, 1988 and 1990) . The second part 

of the work presented here was concerned with the effect of CsA 
on cytokine assays.

Addition of CsA to IL-2 dependent cells (CTL-L and HT-2) 

showed that these cells were unaffected by CsA, and is in 
accordance with my previous results (published and 
unpublished). The 32-Dcl23 cells (IL-3 dependent) were also



unaffected by CsA. It has been suggested that CsA
preferentially affects immature as opposed to mature cell lines 
so the results with CTL-L, HT-2 and 32-D cell lines, all mature 
lines, were not unexpected.

LPS stimulation of BCL1 cells and the development of 
Br.PFC are both inhibited by CsA in a dose dependent way. The 
cells giving rise to Br.PFC's reside in the Lyl+ B cell
population. Since the BCL1 cells also express surface Lyl and 
belong to this B cell subpopulation, this may explain the fact 
that both are equally sensitive to CsA. Recent work by O'Garra 
et al (1986) showed that CsA affected all stages of B cell

stimulation (activation, proliferation and differentiation). 
Percoll separation of B cells indicated that small resting B 
cells plus anti-Ig or dense B cells plus IL-5 were both 
sensitive to low doses of CsA. This confirms the present data 
on the sensitivity of BCL1 cells to CsA. The sensitivities of 
different B cell subsets to CsA has also been shown by other 
groups (Kunkl & Klaus, 1980; Highman, Sells & Marshal1-Clarke, 
1987) and adds to the multiple effects of CsA which have been 
observed. Bower and Hinrichs (1983) showed that CsA affects the 
proliferative responses of rat spleen cells to LPS and that
this inhibition is due to an effect on macrophages involved in 
the response (but not due to altered IL-1 release by the 

macrophages). Maybe one of the reasons that CsA has different 
effects on different subpopulations of B cells is the 
importance of macrophage involvement in these interactions.

Consideration of the results on cytokine assays suggests 

only CTL-L and 32-D cells can be used to assess the effects of 

addition of CsA on presentation to T lines and their subsequent



cytokine release. A preliminary experiment using the D10.G4.1 
cells showed that both IL-2 and IL-3 release from these cells 
was inhibited (Table 5.5), which is consistent with the 
literature (Herold, Lancki, Moldwin & Fitch, 1986; Granelli- 
Piperno, Andrus & Steinmer, 1986) . The experiments with the Tg 
specific T-lines showed that inhibition of IL-2 release by CsA 
occurred and was more sensitive to this drug than the inhibition 

of proliferation, an observation also made by Kaufmann (1984). 
Further analysis of cytokine content in supernatants is not 
practical for cytokines other than IL-2 or IL-3 since these are 
the only dependent lines unaffected by CsA. Analysis at the
molecular level, for example mRNA's of other cytokines, is one 

way round this problem and has been tackled by Grane11i-Piperno 
(1988 & 1990) . Additionally the availability of ELISA assays to 
estimate cytokine levels allows one to obtain results on those 
cytokines whose dependent cell lines were sensitive to CsA.

In conclusion, the effects of CsA are more complex than 
first thought. CsA affects many stages of T cell activation and 
additionally seems to affect antigen presentation. The effects 
seen jm vivo of CsA may partly be due to effects of CsA on 

APC's. The fact that non-specific macrophage functions, for 
example phagocytosis, are unaffected allows for the macrophage 
to combat infections while inhibiting APC function (which may 
be important for the role of CsA in inhibiting graft
rejections). Perhaps the role of antigen presentation in memory 

responses is characteristic of B cells. It would be interesting 
to analyse the CsA sensitivity of memory B cells for antigen 

presenting capacity. The .in vivo and jin vitro data suggest that 
CsA spares suppressor cell regulatory mechanisms but inhibits
T Cyt generation in response to allogeneic cytotoxicity (Hess &



Tutscha, 1980; Dos Reis & Shevach, 1982; Hutchings, Cooke & 
Gunn, 1983) and transplantation antigens (Hess & Columbani,

1986). This imbalance of Ts : T cyt cells allows for
transplantation tolerance and unresponsiveness. The imbalance 

generated by CsA is directed at precursor T cyt, at T^ cells 
which secrete cytokines and also at specific antigen 
presentation. A summary of CsA's effects are shown in Fig.5.16.

On a cautionary note, Klaus and Chisholm (1986) have 

pointed out that some paradox's of jin vivo and in vitro results 
occur with CsA. T cells can proliferate in vivo at 

concentrations CsA which abrogate T cell functions in vitro. 
They propose that the effects of CsA in vitro are due to the 
native peptide but in vivo effects are due to metabolites of 
CsA, probably generated in the liver. Although no experimental 
evidence is provided to support this, it emphasises the point 
that one should be cautious about extrapolating from in vitro 
data to effects found in v i v o . Granel1i-Piperno (1990) has 
recently reported results where CsA has been administered in 
vivo and cytokine gene expression was monitored. She confirms 
her in vitro studies (Grane11i-Piperno, 1988) in that CsA
inhibits T cell growth by inhibiting cytokine production.

Recently another fungal compound has been described, FK- 
506. This has been isolated from the fermentation broth of soil 
fungus Streptomyces tsukubaensis (Kino, Hatanaka, Hashimoto, 
Nishyana, Goto, Okuhara, Kosseth et al, 1987). Many 
similarities of FK-506 and CsA can be demonstrated for example 

in the sensitivity of different T cell pathways to inhibition 

(Sawada, Suzuki, Kawase & Takaku, 1987; Walliser, Benzie & 

Kaye, 1989) but both drugs have different molecular structures.
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Figure 5.16 
Summary of some effects of CsA



FK-506 is more potent than CsA and both can work synergisica1ly 
to impair T cell responses (Thomson, 1989). It would be 
interesting to use FK-506 in similar experiments to ones 
described here with CsA to see what effect this compound would 
have on antigen presentation.



Chapter 6

Cytokine involvement in the autologous PFC assay

INTRODUCTION

The mechanisms involved in the differentiation of B cells 
into antibody forming cells and the genetic control of specific 
antibody responses have been investigated for many years, both 
in vivo and .in vitro. I n vitro systems used to study B cell 
differentiation enable the investigation of growth control and 
immunoglobulin secretion (Kettman & Wetzell, 1980). Using 
purified cell populations the regulatory influences of soluble 
factors on antibody synthesis can be investigated.

The existence of cytokines has been recognised for over 
20 years (Dumonde, Wolstencroft, Panayi, Mathew, Morly & 
Howson, 1969). Identification of factors providing short range 
communication between cells of the immune system has recently 
made considerable progress. These factors have been termed 
interleukins and can act on B, T and macrophages. Some can also 
act on endothelial cells, epithelial cells and fibroblasts. The 
production and activity of interleukins can be regulated by 

glucocorticoids.
The first soluble T cell replacing factor (TRF) was 

described by Schimpl and Wecker (1972). Further analysis of the 

role of TRF in the differentiation of B cells into antibody 
forming cells led them, with Dutton, to propose a two signal 
model for the activation of B cells: B cells are first
activated by antigen to proliferate but differentiation into 

plaque forming cells is dependent upon late-acting, Ag-non- 

specific helper factors (Schimpl & Wecker, 1975; Dutton, 1975).
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Parker (1980), using anti-u antibody stimulation of B cells, 
was able to demonstrate that TRF could be split into separate 

proliferation and differentiation moieties (Parker, 1982) . 
Swain &. Dutton (1982), Howard & Paul (1983), Kishimoto (1985) 
and many others have used this assay and several others to 
define an array of factors (BCGF's) regulating B cell growth 
and differentiation. Many different non-antigen specific 
factors have been described but whether these factors act on 
all B cells, sub-populations of B cells or cells at particular 
phases in the cell cycle remains to be clarified. Recent 
reviews have summarised the extensive range of factors reported 
in the literature (Hamaoka & Ono, 1986; Melchers & Andersson, 
1986; O'Garra, Umland, De France & Christiansen, 1988; Swain, 
McKenzie, Dutton, Tonkonogy &. English, 1988; Callard, 1989).

The distribution of imunoglobulin isotypes produced during 
an immune response is determined by the antigen, its form of 
presentation and patterns of T cell help involved. Some examples 
of this can be found in parasitic infections where high levels 
of IgE are found (Jarret & Miller, 1982) and in viral infections 
where high levels of IgG2a are found (Coutelier, Vanderlogt, 
Hessen, Warnier & Van Snick, 1987) . Using polyclonal activation 
of B cells with the addition of T cell cytokines .in vitro, one 
can reproduce the heavy chain isotype specificity of immune 
responses. B cells stimulated with LPS result in cultures 
containing high levels of IgM, IgG2b and IgG3 isotypes (Yuan & 
Vitetta, 1983). Addition of IL-4 to B cells stimulated with LPS 

results in decreased amounts of IgG2b and IgG3 while 

increasing the production of IgGl and IgE (Vitetta, Ohara, 

Myers, Layton, Krammer & Paul, 1985; Coffman, Ohara, Bond, 
Carty, Zlotnik & Paul, 1986; Bergstedt-Lindquist, Moon,
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Persson, Moller, Heusser & Severinson, 1988). IFN- Increases 
the amount of IgG2a found in LPS cultures (Snapper & Paul,
1987) and IL5 can increase the amount of IgA produced by B 
cells stimulated with LPS (Coffman, Shrader, Carty, Mossman & 
Bond, 1987; Murray, Mckenzie, Swain & Kagnoff, 1987; Tonkonogy, 
Mckenzie & Swain, 1989). Transforming growth factor 0 and IL-2 
have also been shown to increase IgA production in LPS cultures 

(Coffman, Savelkoul & Lehman, 1989; Rothman Li & Alt, 1989). 
The mechanisms by which this isotype switching occurs are 
unclear. The factors which regulate isotype expression are in 
many cases the same molecules which control the activation, 
growth and differentitation of B cells (Coffman, Seymour, 
Lehman, Hiraki, Chrisitansen, Shrader, Cherwinski, Savelkoul, 
Finkelman, Bond & Mosmann, 1988). One theory is that class- 
switch recombination is random and the isotype specificity 
results from expansion of certain subsets of cells (Coleclough, 
Cooper & Perry, 1980). Another theory is that mitogens and 
cytokines can affect isotype specific recombination by 
modulating the accessibility of different S-regions to class 
switch recombination (Rothman, Li & Alt, 1989). One exception to 

this is the mechanism(s) by which IL-5 increases levels of IgA. 

IL-5 acts as a differentiation factor to cells already switched 
to a (Coffman, Shrader, Carty, Mossman & Bond, 1987; Harriman, 

Kinimoto, Elliot, Paetkau & Strober, 1988).

The murine Ly-1 lymphocyte surface glycoprotein was 

defined with conventional antisera in cytotoxic asays (Cantor & 
Boyse, 1977). Initially Ly-1 was thought to be expressed on T 

helper cells (Cantor & Boyse, 1975) but FACS sorting experiments 
showed that all T cells express Ly-1 (Ledbetter, Rouse, Micklem



&. Herzenberg, 1980). Subsequently Ly-1 was found to be expressed 
on several B cell tumours and a small proportion of normal 
splenic B cells (Manohar, Brown, Leiserson & Chused, 1982; 
Hayakawa, Hardy, Herzenberg, Parks & Herzenberg, 1983) . The 

distinctive properties of Ly-1+ B cells have been extensively 
revieved by Herzenberg, Moore, Parks and Herzenberg (1986). Ly- 
1+ B cells have been classed as a distinct lineage of B cells 
(Hayakawa, Hardy, Herzenberg & Herzenberg, 1985) although recent 
work from Palacios and colleages questions this data (Palacios, 
Stuber & Rolink, 1989) . They have re-interpreted Hayakawa's data 
by stating that peritoneal Ly-1+ IgM+ B cells have a long life 
span rather than being precursor (IgM- ) cells. So the evidence 
for a distinct lineage remains inconclusive. Experimental data 
shows that the Ly-1+ B cell subset is associated with the 
production of autoantibodies, particularly anti-bromelein MRBC 
antibodies (Hayakawa, Hardy, Honda, Herzenberg, Steinberg &. 
Herzenberg, 1984) and the closely related phosphatidyl choline
antibodies (Mercolino, Arnold, Hawkins & Haughton, 1988). The 

Ly-1+ B cell frequency is elevated in some autoimmune diseases 
(Hayakawa, Hardy, Parks & Herzenberg, 1983) but no autoimmune 
pathology has been attributed to these cells. The Ly-1+ B cells 
have a unique growth potential (Hayakawa, Hardy, Herzenberg & 
Herzenberg, 1985; Forster & Rajewsky, 1987; La lor & Morhan,
1990) and produce most of the serum IgM found in unimmunized
animals (Forster & Rajewsky, 1987). Interestingly the
immunoglogu1 in repertoire of the Ly-1+ B subset is restricted 
(Forster & Rajewsky, 1987; Rajewsky, Forster & Coumano, 1987; 

Lalor & Morhan, 1990). This implies that Ly-1+ B cells have a 
role in normal physiology as well as in autoimmune pathology. An 
equivalent subset of B cells, Leu-1/Tl/CD5, has also been
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demonstrated In man (Caligaris-Cappio, Gobbi, Bof111 & Janossy, 
1982).

Culturing cells from the peritoneal cavity (PEC) or from 
the spleen leads to the development of cells producing 
autoantibodies specific for autoantigens in the membrane of 
mouse red blood cells (MRBC) (Pages &. Bussard,. 1975) . These 
autoantigens can be exposed by treating MRBC with the

proteolytic enzyme bromelein (Cunningham, 1974). Autologous or 
bromelein plaque forming cells (Br.PFC1s) can be demonstrated 
in normal and autoimmune strains of mice and the peritoneal 
cavity is a richer source than the spleen (Pages & Bussard, 
1975; Lord & Dutton, 1975a). This autoimmune response is 
regulated i_n viv o . possibly by antigen or by T-cells (Pages & 
Bussard, 1975; Lord & Dutton, 1975b; Cox, Evans, Brooks & 
Cunliffe, 1979) . Almost all B cells from the peritoneal cavity 
secrete autoantibodies following culture in vitro (Steele & 
Cunningham, 1978; Cox, Evans, Brooks &. Cunliffe, 1979;
Hayakawa, Hardy, Hondo, Herzenberg, Steinman & Herzenberg, 
1984). Thus, peritoneal cells contain a population of cells 
committed to autoantibody production and under appropriate 
stimuli these cells differentiate into antibody secreting 

cells. The role of cytokines in the regulation of autoantibody 
production was undertaken and the results discussed in this 
chapter. The population investigated was the B cells found in 
the peritoneal cavity of normal mice and the effects of various 

cytokines on the differentiation of this population into
autologous PFC's was examined.



RESULTS

Previous results (Cox, Evans, Brooks & Cunliffe, 1979) 

have shown that culture of PEC's with LPS for 72 hours resulted 
in a dramatic increase in the numbers of Br.PFC1s. Since the 
effects of various cytokines were to be studied conditions were 
standardised in this laboratory. LPS (10 or 40ug/ml) was 
consequently used as a positive control for all the bromelein 
assays (Method in Chapter 2, II,xiii). In all experiments, 
fresh PEC's from CBA x BALB/c mice were cultured at 2x10^ 
cells/well and cytokines were added at the onset of the 72 hour 
cu1ture.

I rIL-1

IL-1 is thought to act early in the differentiation 
pathway of B-cells (Howard & Paul, 1983). To ascertain the 
effects of exogenous IL-1 on the autologous PFC response, a 
dose range of rIL-1 (12.5 - 200 units/ml) was added to the 
PEC's (Table 6.1). No enhancement was found in the final 
numbers of Br.PFC's and occasionally suppression was seen. This 
experiment has been repeated three times and on no occasion did 
rIL-1 increase the numbers of Br.PFC's. Since Howard and Paul 
(1983) have shown that the presence of 2-mercaptoethano1 (2-ME) 
in the culture media could obscure the dependence of B cell 
differentiation upon IL-1, the Br. assay was conducted without 
2-ME. Table 6.1 shows that rIL-1 still had no enhancing effects 
under these conditions, in fact significant suppression was 
observed using 50 and 25 units.

II IL-2
Cox, Daenke and Samcewicz (1984) have shown that addition 

of Con A conditioned media from the EL4 cell line (probably
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TABLE 6.1

Effects of rIL-1 on the autolocrous PFC response

Addition Br. PFC / Culture

None 43+15
LPS (lOjUg/ml) 790+26**
rIL-1 (Unlts/ml)

100 37+12

50 37+21
25 43+6
12.5 60+10

ts/ml) No 2—ME
100 27+6
50 13+6*

25 17+6*
12.5 37+12

CBAxBALB/c PEC's were cultured at 2x10^ cells/well 
plus the indicated factors.
The Br. P F C 's were measured on day 3 and the results 
are expressed as means + SD of triplicate results.

P values: (*) p<0.05
(**) p < 0 . 0 0 1



containing large amounts of IL-2 and other B cell growth 
factors) enhanced the Br.PFC response without causing 
proliferation. It was found that addition of PMA stimulated EL4 

supernatant (which contains IL-2 and many other factors, see
Table 6.5) to PEC's enhanced the numbers of Br.PFC's (Table
6.2) In agreement with Cox et al increased numbers of Br. PFC's 

were found following culture with EL4 supernatant. PMA alone 
did not affect the response. Since this EL4 supernatant contains 
many factors as well as IL-2, the exact contributions of each 

factor is unknown.
Supernatant from Con A stimulated rat spleen cells (which 

contains predominantly IL-2) was used as another source of IL-2 
and added to the B r . PFC assay (Table 6.3). In these 
experiments the number of Br.PFC’s was reduced. To clarify
unequivocally the role of IL-2, rIL-2 (6.25 - 50 units/ml) was 
added to the PEC's and this also suppressed the response (Table 
6.4) . These results indicate that IL-2 has no role in enhancing 
the development of autologous PFC's in vitro and the enhancement 
seen with the EL4 supernatant is most likely to be due to other 
factors present in the supernatant.

Ill IL—3

Conditioned media from the WEHI-3B cell line contains 
large amounts of IL-3 (the presence of other cytokines could 
not be demonstrated by any of the standard assays used, see 
Table 6.5) and the effect of WEHI-3B supernatant on the
autologous PFC response jm vitro was investigated. Table 6.3 
shows that the WEHI-3B supernatant had no enhancing effect on 

the development of B r . PFC's and at higher concentrations, 
appears to suppress the response. This demonstrates that IL-3
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TABLE 6.2

Addition of EL4 supernatant to the autologous PFC assay

Addition Br. PFC / Culture

None 107+50
LPS (40jL£g/ml) 1647+403*
EL4 Supernatant(2%) 680+174*
PMA (lOng/ml) 80+20

The Br.PFC's were measured on day 3 and 
the results are for triplicate values. 
EL4 supernatant was generated in the 
presence of PMA (10 ng/ml) so this 
was included as a control in all 
experiments. The PMA on its own had no 
effect on the numbers of Br. PFC's so 
any effects of EL4 supernatant are 
unlikely to be due to the presence of 
PMA.
P values: (*) p<0.001
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TABLE 6.3

Addition of Rat Con A supernatant and WEHI-3B supernatant

to the autologous PFC assay

Addition Br. PFC / Culture
Source of supernatant

(% Supernatant) Rat Con A WEHI-3B

25.000 150±44* 130+56*
12.500 67+6** 263+15*

6.250 77+15** 283+6*
3.125 90+17** 453+107

Controls
Nil 381+23
LPS 

(lOjug/ml)
1760+96**

The Br.PFC's were measured on day 3. 
P values: (*) p< 0.01

(**) P< 0.001
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TABLE 6.4

Addition of rIL-2 to the autologous PFC assay

Addition Br. PFC / Culture

None 387+23
LPS (40jLtg/ml) 1760+96**
rIL-2 (Units/ml)

50 133+12*
25 140+40*
12.5 150+10*
6.25 193+12*

The Br.PFC's were measured on day 3. 
P values: (*) p<0.01

(**) p<0.001



does not stimulate the Br.PFC response.

IV IFN-*

Interferon-*^ has been associated with stimulation of B 

cell antibody responses In vitro and is considered to be a 
late acting growth factor (Zlotnik et al, 1983; Leibson, Gefter 
& Zlotnik, 1984; Sidman, Marshall, Shultz, Gray & Johnson, 
1984). The cells capable of responding to Br.MRBC's are thought 
to be pre-committed .in vivo (Pages & Bussard, 1975) and thus 

may be regarded as being partly along the differentiation 
pathway for Ig secretion. Addition of IFN-'fc*" to these cells in 

culture should demonstrate whether IFN-25" can act as a late 
acting B-cell growth factor for autologous PFC's. Figure 6.1 
shows that murine and rat rlFN-'^s" decreased the numbers of 
Br.PFC's. Addition of rIFN-2^to the LPS response also caused a 
decrease in this response (Fig.6.1). This experiment has been 
repeated numerous times and on no occasion was any enhancement 
found.

V Effects of B cell growth factors
As this assay system measures the differentiation of Lyl+

B cells into PFC's, the effects of documented B cell growth
factors were studied. Initial experiments examined the effect 

of different T cell supernatants on the development of Br. 
PFC's in vitro. Table 6.5 shows the known growth factor
composition of the T cell supernatants used in these
experiments. R a t (8) supernatant, which contains only IL-4, did 
not cause enhancement of the B r . PFC numbers (Table 6.6). 

Subsequent experiments using a dose range of recombinant IL-4 
as well as mock IL-4 also revealed no effect of this lymphokine 
(Table 6.7) confirming data obtained with R a t (8) supernatant.
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Figure 6.1 

Eff ect of IFN—S  on the B r . PFC response
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(*) The LPS controls are 800 B r .PFC/culture 
for both the murine and the rat I F N - #  
f igures.
IFN-S' is shown in units/ml.
In all cases addition of IFN-S' led 
to a significant suppression (p  < 0.001) 
when compared to cultures without I FN-# .



TABLE 6.5

Composition of T ce11 supernatants used for the autologous

PFC assay

Assay used
Cytokine
Detected

Source of 
Supernatant

DIO
IL-1

CTL-L
IL-2

32-D
IL-3

HT-2
IL-2/4

BCL1
IL-5

TRF
IL-5

Br.PFC
BCM/DF

Rat (8) - - - ++ - - -

D10.G4.1 - +/- + + + ++ +

S J L (4) - - +/- - +/- ++ +/++

NIMP-TH1 - - - - ++ + +

EL4 ND ++ + ++ + ++ +

WEHI-3B - - ++ - - - -

Rat Con A +/- ++ — + — +/- —

Key: ND - Not determined
- - Background level

(same as for no addition)
+/- = Some experiments showed week 

stimulation of cells (< x2)
+ - x 2-4 Background level 

++ - > x 4 Background level



TABLE 6.6

Effect of Rat (8) supernatant on the autolocrous P F C 1 s

Addition 
{% Supernatant)
DMEM
25
12.5
R a t (8)[1]
25
12.5

R a t (8) f21 
25
12.5
S J L (4)F 
25
12.5

B r .PFC / Culture

147+12
133+12

230+190
140+10

73+23*

73+58

1080+40*
1220+156*

R a t (8) [1] and [2] designate two different
batches of supernatant.
The Br.PFC's were measured on day 3.
P values: (*) p < 0 . 0 0 1
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TABLE 6.7

Addition of rIL-4 to the autologous PFC assay

Addition Br .PFC/Culture
Nil 67+31
LPS (40jjg/ml) 2187+462*
rIL-4 dilution:
1/2 (990U) 27+31
1/4 (450U) 20+20
1/8 (225U) 40+20
1/16 (112.5U) 13+12**
1/32 (66U) 66+31
1/64 (33U) 120+20

mock IL-4 dilution:
1/2 20+20
1/4 13+12**
1/8 27+12

The 
mock 
The :

rIL-4 stock 
IL-4 was used 

Br.PFC's were
was at 1800U/ml and the 
l at a comparable dilution 
measured on day 3.

P values: (*) p < 0.001

(**) P< 0.01



Supernatant from a T cell line, SJL(4), enhanced the 

development of Br. PFC's. This supernatant contains low amounts 
of IL-5 plus other maturation factors (see Chapter 7 for 
further characterization of this supernatant) (Fig.6.2). 
Supernatant from the D10.G4.1 line (an H-2^ restricted 

conalbumin-specific Th2 cell), which contains at least IL-4 and 
IL-5, also enhanced the numbers of Br. PFC's (Fig.6.3) as did 
addition of TH1 supernatant, a supernatant which contains a 
single factor which enhances eosinophil differentiation (EDF) 
and causes proliferation of BCL1 cells (Sanderson, Warren & 
Strath, 1985; Sanderson, O'Garra, Warren & Klaus, 1986) 
(Fig.6.4). TH1 has now been classified as IL-5. Addition of rlL- 
5 also showed enhancement of the autologous PFC assay (Table 
6.8), confirming the data obtained with T cell supernatants. 
Thus IL-5 and B cell maturation/ differentiation factors can 
enhance the autologous PFC response i_n vitro.

VI IL-6
The recently described factor, IL-6, has many different 

functions and sources (Wong & Clark, 1988; Van Snick, 1990; for 
reviews). One of the functions demonstrated is the ability to 
allow differentiation of B cells (Hirano et al, 1986; Van Snick, 
Cayphas, Vink, Uyttenhove, Coulie, Rubira & Simpson, 1986; 

Billiau, 1987; Kunimoto, Nordan & Strober, 1989; Van Snick, 
1990) therefore the effect of IL-6 on the Br.PFC response was 
investigated. A murine factor previously described as hybridoma 
growth factor, IL-HP1 (Van Snick, Cayphas, Vink, Uyttenhove, 
Coulie, Rubira &. Simpson, 1986), is included in the list for IL- 

6. Supernatants containing IL-6 and affinity purified IL-6 were 

kindly donated by Dr. Van Snick (Ludwig Institute for Cancer
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Figure 6.2

Effect of S J L (4)F on the Br.PFC response
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The culture media used to maintain the lines 
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difference in these mediums DMEM was included 
in assays using T cell supernatants (p=NS). 
SJL(4)F supernatant was taken from cells 1 
restimulated three days previously (p< 0.001) 
and has been used more than 20 times with 
identical results.



Addition

Nil
LPS (10|ig/ml) 

DMEM (%) 
25

12.5
6.25

D 1 0 <%)
25

12.5
6.25

Figure 6.3 

supernatant on the B r .PFC response

a*
Z P

V////////////////////77M
,////Z77777y//77/77//7///////7 //A — i 

Z /////7 /////////P /7 Z Z //7 /7 7 7--1

0 100 200 300 400 500 600 700 800  900  

Br. PFC/Culture

The D10.G4.1 supernatant was used three 
days after restimulation and added at 
day 0 of the assay (p < 0 . 0 0 1 )
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Figure 6.4

Effect of EPF (IL-5) on the B r .PFC response
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The EDF used was a cell free supernatant 
from TH1 cells (p< 0.001, except for 3.1% 
where p< 0.05).



TABLE 6.8

Addition of rIL-5 to the autologous PFC assay

Addition B r .PFC/
Nil
LPS (40jLtg/ml)

EDF(THl) dilution;

1/2
1/4
1/8
1/16

rIL-5 dilution:
1/200
1/400
1/800
1/1600

Culture BCL1 Proliferation 
12+3 987+67
90+30** 6185+525**

40±10* 18273+494*
13+6 11424+686*
20+5 11213+1159*

22+10 12616+285*

48+3** 6020+628*
33+8* 4609+624*
68+16* 5039+317*
45+13* 4565+167*

Both the TH1 and the rIL-5 were from Dr. C. 
Sanderson and neither had a quantified units 
attatched to them, except that the rIL-5 was 
approx. 100 times more potent for eosinophil 
activation (C. Sanderson, NIMR; personal 
communication) .
The Br.PFC1s were measured on day 3.



Research, Brussels Branch, Brussels, Belgium) and subsequently 
used in the B r . PFC assay. Three different preparations of IL-6 
were used in these experiments;
(1) T U C 2 . '15 - this is supernatant obtained from a KLH specific 
T helper cell line stimulated with a clonotypic antibody (3D7) 
and contains IL-6 plus at least IL-1, IL-3, IL-4 and IL-5.

(2) TB8 - supernatant from T U C 2 .15 cells stimlated with an anti- 
CD3 antibody and contains all the factors in T U C 2 .15 

supernatant.
(3) Affinity purified IL-6. (Van Snick, Cayphas, Vink, 
Uyttenhove, Coulie, Rubira & Simpson, 1986; Van Snick, Vink, 

Cayphas & Uyttenhove, 1987).
All these preparations were used at comparable IL-6 

concentrations for the Br.PFC assay. The results show that 
while the non-purified supernatants stimulate B r . P F C s  the 
affinity purified IL-6 is unable to do so (Table 6.9). Since 
the T U C 2 .15 supernatants contain IL-5 which can stimulate 
Br.PFC1s (Table 6.8) and the affinity purified IL-6 lacks this 
factor then the enhanced Br.PFC response observed with the two 
supernatnts (TUC2.15 and TB8) is most likely to be due to the 
presence of IL-5.

VII BCL1 and TRF assays
Previous work studying the role(s) of cytokines involved 

in B cell differentiation have used different assay systems. 
One assay for IL-5 uses a B cell tumour line called BCL1, which 
is maintained as a splenic tumour in BALB/c mice. The specific 

proliferation of these cells in vitro is measured 48 hours 

after addition of test supernatants or LPS (as a positive 
control). Swain (1985) studied the role of different cytokines 
in antibody secretion using both BCL1 and TRF assays. These



TABLE 6.9

Effect of IL-6 on the autologous PFC response

Addition

Medium

LPS (40ug/ml)
S J L (4)F (25%)

TUC2.15 (1/250) 

TUC2.15 (1/500) 
TUC2.15 (1/1000) 
TUC2.15 (1/2000)

TB8 (1/250)
TB8 (1/500)
TBS (1/1000)
TB8 (1/2000)

Affin.IL-6 (1/250) 
Affin.IL-6 (1/500) 

Affin.IL-6 (1/1000) 

Affin.IL-6 (1/2000)

B r . PFC/Culture

660+79
2740+96*
3720+180*

1470+30*

1380+210*
970+62*

1030+46*

1650+267*
1700+321*
2000+308*
1440+60*

580+35
440+87

550+46

620+62

All three sources of IL-6 were used at 
concentations of equivalent units of 
IL-6. The stocks of TUC2.15, TB8 and 
Affin.IL-6 were all at lOOOu/ml of IL-6. 
The Br.PFC's were measured on day 3.

P values; (*) p < 0.01



studies showed that IL-2 had no effects on the BCL1 assay, 
either on its own or in synergy with other factors. However IL- 
5 and BCDF, together, had a positive effect on these assays 
whereas IL-1, IL-3 and IFN-7£ were found to be without effect 

(Swain, Wetzel & Dutton, 1985). Tables 6.8 and 6.10 shows the 
effects of the various cytokines used in this thesis on the 
proliferative responses of BCL1 cells. In agreement with Swain, 
these results show that IL-3, rIL-4, and rlFN-^T gave no 
stimulation of the BCL1 cells.

Many groups have used the T-cell replacing factor (TRF) 

assay to measure factors which can enhance the numbers of 
antibody producing cells. Briefly this consists of culturing T- 
cell depleted (aThy 1 and C') SRBC primed B-cells with SRBC and 
test supernatants for 4-5 days. After this time the cells are 
assessed for their ability to lyse a liquid monolayer of SRBC, 
thus demonstrating the presence of Ig secreting cells specific 
for SRBC. Using the TRF asay it has been shown that IFN-^ can 
act as a late acting B cell growth factor (Zlotnik et al, 1983; 
Leibson, Gefter, Zlotnik, Marrack & Kappler, 1984; Sidman, 
Marshall, Shultz, Gray & Johnson, 1984). Since our data using
the Br.PFC assay did not agree with this finding, we
investigated the effects of IFN-£T on the TRF assay. From Table
6.11 it can be seen that IFN-^ does not enhance the SRBC PFC's
in these experiments. In contrast to IFN-^S", IL-2, which has
been shown to enhance the TRF assay, gives an enhanced response 
(Tables 6.11) . Table 6.12 shows one experiment where IL-2 (EL4 

supt) did not enhance the TRF assay, but in this experiment the 

background responses were to high and suggest there may not 

have been total T cell depletion and the presencee of T cells 
may have affected the results. Many other groups have reported



TABLE 6.10 (a)

BCL1 proliferation with various cytokines

Addition CPM
Nil 401+83

LPS (lOtig/ml) 1165±107**
LPS + 100U IFN-tf 673+130

LPS + 50U I F N - ^ 889+267*

LPS + 25U IFN-'fc' 1303+324*
WEHI -3B (1/2) 304+39

TH1 (IL-5) (1/10) 1100+149*
EL4 Dilution:
1/2 4069+276**
1/4 2878+245*
1/8 2037+119*

1/16 294+23

BCL1 at 5 xlO4 cells/well in RPMI/5% 
plus the above additions and the 
proliferation was measured at 48 hr. 
CPM - mean +SD of triplicate wells.
P values; (*) p< 0.01

(**) p < 0.001
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TABLE 6.10 (b)

Effects of rIL-4 on BCL1 proliferation

Addition
Nil

LPS (40jUg/ml) 
rIL-4 Pilution:

1/2 (900U)
1/4 (450U)
1/8 (225U)

1/16 (112.5U)
1/32 (66U)
1/64 (33U)

1/128 (16U) 
mock IL-4 Pilution: 
1/2 
1/4 
1/8

BCL1 Proliferation 

497+84 
8475+1483**

422+23
445+6
620+96
772+166
681+92
666+84

813+94*

478+159
273+29
353+145

rIL-4 stock at 1800 U/ml, mock IL-4 
was used at an equivalent dilution. 
The BCL1 proliferation was measured 
after 48 hours.

P values; (**) p <0.001
(*) p <0.01



TABLE 6.11

Effects of IFN-&* and EL4 supernatant In the TRF assay

Culture condition SRBC PFC / Culture
Direct Indirect

Primed spleen 11±17 7Q±17
(Primed spleen + SRBC)=1 460+62 580+92
1+ LPS (lOjug/ml) 2085+361* 3675+148*
1+ DIO (12.5*) 3250+1062* 4210+2109*
1+ EL4 (10*) 1590+295* 1890+295*
1+ EL4+ 100U IFN-*' 3080+642* 3730+242*
1+ EL4+ 50U I FN-^ 2400+226* 3010+596*
1+ 200U IFN-^T 400+135 620+104
1+ 100U I F N - ^ 440+135 540+240
1+ 50U IFN-2T 410+125 540+240
1+ 25U IFN- 2$ 410+114 730+176
1+ EDF(THl) (10*) 1110+483* 2210+272*

TRF assay; 2x10^ aThy 1.2 treated SRBC primed 
spleen cells per well plus 106 SRBC. Cultured for 
5 days and numbers of SRBC PFC's/we 11 assayed. All 
conditions were assayed in triplicate and the results 
expressed as means + SD.



the enhancing effects of IL-2 in the TRF assay (Swain, Dennert, 
Wane & Dutton, 1981; Leibson, Marrack & Kappler, 1981; Mond, 

Farrar, Paul, Ful ler-Farrar, Shaeffer &. Howard, 1983; Zubler, 
Lowenthal, Erard, Hashimoto, Deiors & Macdonald, 1984) all 

using the TRF assay. In Tables 6.11 and 6.12 significant 
enhancment of the TRF response was also seen using supernatants 
from TH1 and D10.G4.1 cells. TH1 supernatant contains only IL-5 

and D10.G4.1 supernatant contains at least IL-3, IL-4 and IL-5 
(Table 6.5).

VIII Synergy experiments
The composition of TRF has been attributed to a 

combination of more than one factor (Leibson, Marrack & 
Kappler, 1981). To attempt to dissect the effects seen with T- 
cell supernatants from D10.G4.1 and SJL(4) cells the knowledge 
gained from synergy experiments is vital. Experiments were
undertaken using combinations of cytokines and measuring the 
numbers of B r . PFC's, proliferation of BCL1 cells or induction 
of SRBC PFC's in the TRF assay.

IFN- in my experiments did not have any demonstrable
BCGF activity on its own therefore the effects of IFN-cS'
together with IL-2, IL-4 and IL-5 was assessed in all three 
assay systems (Tables 6.11, 6.12 & 6.13). The results show that 
in the TRF assay IL-2 (From EL4 supernatant) synergises with 
IFN->T to give increased numbers of SRBC PFC’s (Table 6.11). 
This agrees with previous work (Zlotnik et al, 1983; Leibson, 
Gefter, Zlotnik, Marrack & Kappler, 1984; Sidman, Marshall,

Schaltz, Gray & Johnson, 1984) showing that IFN-<5 can act as a 

B cell differentiation factor in certain conditions.
Addition of IL-4 showed no enhancing effects in any of 

the three assays; in fact in conjunction with IL-5 and/or IFN-^5



TABLE 6.12

Effects of different cytokines In the TRF assay

Culture Conditions SRBC PFC 

Direct

/ Culture 

Indirect

Primed spleen 253+141 250+183

(Primed spleen + 4267+464 4813+743
SRBC) (1)
(1) + S J L (4)F 3200+288 4120+423

(1) + LPS 4307+361 6040+1400

(1) + D10 2947+23 4240+589

(1) + TH1 5013+311 7000+1595

(1) + TH1 + IL-4 553+129 1107+220

(1) + IL-4 + IFN-£f 493+101 493+83

(1) + EL4 3080+346 3560+485

(1) + EL4 + IFN-2S" 5867+260 5787+395

(1) + IFN-^5" 2840+106 3280+708

(1) + IL-4 400+213 500+46

CBA/Ca mice were primed 6 days before use.
Primed spleen cells were treated with aThy 1.2 
and C' and used at 2x10^ cells per well.
T cell supernatants (SJL(4)F, DIO, TH1 and EL4) 
were use at 10% (v/v), LPS was used at 40 ug/m l , 
rIFN-£S*was used at 100 U/ml and rIL-4 was used at 
450 U/ml. The numbers of SRBC PFC's per well were 
assessed on day 4 and the results expressed as 
means + SD.



TABLE 6.13

Synergy experiments with different cytokines

Addition BCL1 Proliferation BrPFC / Culture

None 401+33 13+3
LPS 1165+107* 68+23*

TH1 1100+149* 72+8*
TH1+IL-4 294+158 47+20*
THl+IFN-o 570+55 23+8
TH1+IL-4 499+11 21+6
I F N - ^

LPS was used at 10 ug/ml 
TH1 supernatant was used at 10% (v/v) 
IL-4 was used at 450 U/ml 
IFN-^was used at 100 U/ml
P values: (*) p< 0.01



a depressed response was observed (Tables 6.12 & 6.13).
Therefore the presence of IL-4 in T cell supernatants could 
exert inhibitory effects on the assay systems used and render 
the interpretation of results difficult.

These results suggest that the presence of more than one 
cytokine in a single supernatant could exert both positive 
and negative signals on the immune response.



DISCUSSION

The data presented here show that rIL-1, rIL-2, IL-3, 

rIL-4, IL-6 and rIFN-£ do not act as B cell differentiation 
factors in the autologous plaque forming cell assay. These 
data contrast with some of the previous results published on
these factors but any conflict probably a reflects the use of

different assay systems and the requirements of different B 
cells. A summary of the results obtained with the various 
cytokines in the assay systems used are shown in Table 6.14.
Each of the cytokines will be discussed in turn, as will the
differences between the assay systems.

Howard et al (1983) showed that IL-1 enhanced the IL-4 
assay (costimulation of resting B cells with anti
immunoglobulin) in the absence of 2-ME. Table 6.1 shows that 
with or without 2-ME, rIL-1 did not enhance antibody production 

in this assay system. Discrepancies between these and Howard's 
results could be explained by differences in the sources of IL- 
1 used. Murine IL-1 can now be separated into two moieties, a 
and 6, and these may have different effects in this assay 
system (Oppenheim, Kovacs, Matsushima & Duncan, 1986). The IL-1 
used in the experiments described in this thesis and the IL-1 
used by Howard's group were both generated at Hoffman La Roche, 
but whether they were from similar sources, and whether they 
were IL-la or IL-1B is unknown.

Booth, Prestige and Watson (1984) have shown that 
supernatant from the WEHI-3 cell line has a BCGF/BCDF activity 
which co-purifies with IL-1 and can enhance B cell 

maturation/differentiation. Using WEHI-3B supernatant, only 

suppression of the Br. PFC assay could be demonstrated (Table
6.3). The relationship between these two cell lines (WEHI-3 and



TABLE 6.14

Summary of f indings

The data presented , using T cell supernatants and 
recombinant factors, is given for three assay systems

CYTOKINE Br.PFC

Supernatants
Rat ConA Deer.
EL4 +
WEHI-3B (IL-3) Deer. 
R a t (8) (IL-4)
S J L (4)F +
D10.G4.1 +
TH1 (IL-5) +
Recombinant factors
rIL-1
rIL-2
rIL-4
rlFN-^
rIL-5

Deer
Deer

+

TRF

+ / -
+
(-)
(-)
+
+
+

ND
ND

Deer
Deer

ND

BCL1 Proliferation

(-)
+

(-)
+ / -
(+)
+

ND
ND

Deer
ND

Synergies

EL4 (IL—2) + rlFN-K' ND
rIL-4 + TH1CIL-5)
rIL-4+ IL-5 + Deer.
r l F N - ^
IL-5 + rIFN-c^ Deer.
rIL-4 + r l F N - ^  ND

+
Deer

ND

ND
Deer

ND
Deer
Deer

Deer
ND

KEY:
- - No effects
+ - Enhancement over background response 

+/- = Inconsistent results with different batch's 
of supernatant 

Deer. = Decreased response when compared to 
background response or single factor 

() - Results not presented in this chapter



WEHI-3B) is not clear and it is possible that differences 
between these two clones were responsible for the conflicting 
results. The WEHI-3B line used in this thesis contains 
predominantly IL-3 and was negative for all other cytokines 
asayed in this study (Table 6.5).

Many groups have shown that IL-2 can act as a B cell 
growth factor using the TRF assay (Swain, Dennert, Warner & 

Dutton, 1981; Leibson, Marrack &. Kappler, 1981; Mond, Farrar, 
Paul, Fuller-Farrar, Sheater & Howard, 1983; Zubler, Lowenthal, 
Erard, Hashimoto, Deiors & Macdonald, 1983). Although this 
effect of IL-2 was confirmed using the TRF assay (Table 6.11) 

no enhancing effect of IL-2 could be seen on the Br. assay 
(Tables 6.3 & 6.4). The discrepancy between these results could 
be due to differences in the assay systems employed, perhaps T- 
dependent and T-independent responses require different 
cytokines for maturation of their respective B cells into 
antibody secreting cells. In confirmation of this, several 
studies have suggested that distinct B cell subsets respond 
differently to cytokines (Swain, Howard, Kappler, Marrack, 
Watson, Booth, wetzel & Dutton, 1983; Rasmussen, Takatsu, 
Harada, Takahash & Bottomly, 1988).

There has been some controversy concerning the role of 
IFN- as a late acting B cell growth factor. Using a TRF 

assay several groups showed a positive effect of IFN-^ 
(Zlotnik et al, 1983; Leibson, Gefter, Zlotnik, Marrack & 

Kappler, 1984; Sidman, Marshall, Shultz, Gray & Johnson, 1984; 
Brunswick & Lake, 1985) but other researchers using different 
assays could not confirm this observation (Johnson, Bukovic & 

Baron, 1979; Mond, Finkelman, Chanders, Ohara & Serrate, 1985). 
The results discussed in this chapter also fail to support a



role for IFN-'S as a BCDF. When EL4 supernatant (containing IL-2 

& BCDF containing) was mixed with IFN-^ and used in the TRF 
assay (Table 6.11) a synergistic effect was observed

demonstrating that IFN-2S may act as a BCDF under the 
appropriate conditions. Mond (1985) found that rIFN-^S 
inhibited B-cell proliferation induced by soluble anti
immunoglobulin Ab suggesting that the presence of IFN-eS in 
supernatants could mask the presence of growth promoting 
activities. Recently Lohoff (1989) has shown the suppressive 
effect of IFN-c$ on the BCL1 (IL-5) assay and suggests that 
when assaying supernatants for IL-5, an anti-IFN-^ antibody 

should be included. Assays carried out without an anti-IFN-^ 
antibody would read negative for IL-5 in the presence of IFN-?f.

One of the recent additions to the interleukin list is 
IL-6. This has previously been referred to by many other names, 
for instance: IFN-32 (Weissenbach, Chernajovsky, Zeevi,
Shulman, Soreq, Nir, Wallach, Perricaudet, Tiollais & Revel, 
1980; Seghal & Sagar, 1980), BSF2 (Hirano et al, 1986), IL-HP1 
(Van Snick, Cayphas, Vink, Uyttenhove, Coulie, Rubira & 
Simpson, 1986) and many other names. The functions of IL-6 are 
as diverse as the names suggest and have been recently reviewed 
by Wong and Clark(1988) and Van Snick (1990) . Among the 
functions described are activation of haemopoietic cells, 
growth and differentiation of B and T cells, and similarities 
in function to IL-1. To test the B cell differentiation factor 

activity of IL-6, it was included in the autologous PFC 
response. The results in Table 6.9 show that for this assay IL- 

6 did not demonstrate any BCDF functions. In agreement with 
these results IL-6 was shown to be unable to induce 
proliferation or differentiation of B cells after polyclonal



activation, or using anti-Ig antibodies or dextran sulphate as 
co-stimulators (Vink, Coulie, Wauters, Nordan &. Van Snick,
1988). However, in conjunction with IL-1, IL-6 became a potent 
growth and differentiation factor for B cells. Experiments 
combining both IL-1 and IL-6 in the autologous PFC assay would 

be interesting to see if these results could be confirmed. 
Synergy experiments with IL-6 have been expanded by Kinimoto, 
Nordan, and Strober (1989). They show that IL-6 and IL-1 
synergise to enhance IgM production and IL-6 and IL-5 synergise 
to enhance IgA production. These results show that IL-6 can act 
as a terminal differentiation factor but only in the presence 
of other cytokines.

The data in this chapter have clearly shown that IL-5 can 
enhance the Br.PFC assay, BCL1 proliferation and differentiation 
of SRBC PFC's. Confirmation of these results showing that IL-5 
enhances the Br.PFC response have been found in a recent 
publication (Wetzel, 1989). IL-5 was shown to increase the 
numbers of Br.MRBC's, and the number of Ly-1+ B cells correlated 

with the number of IL-5R+ cells. One difference in the action of 
IL-5 in murine systems and man is that human B cells have so far 
been shown to be insensitive to IL-5 (Clutterbuck, Sheilds, 

Gordon, Smith, Boyd, Callard, Campbell, Young and Sanderson, 
1987). If the correlation of IL-5R+ (ie. cells responding to IL- 
5) cells with Ly-1+ B cells is upheld then the reason that IL-5 

has no effect on human B cells could be that the wrong 
population of B cells was used. Experiments with Leu-1/CD5+ B 
cells are needed to clarify this point.

In order to understand the differences between the 

results from the Br. PFC assay and the results obtained with



the BCL1 and TRF assays, one must compare the assay systems 
used. The standard asays for measuring IL-5 use proliferative 
responses of the BCL1 tumour cell line or co-stimulation with 

dextran sulphate primed B cells (Swain and Dutton, 1982; Swain, 
Howard, Kappler, Marrack, Watson, Booth, Wetzel &. Dutton, 1983; 
Dutton, Wetzel & Swain, 1984). The two cell populations used, 
BCL1 and PEC's, may be similar since both BCL1 cells and the 

precursors of the autologous PFC response are pre-primed in 
vivo (Pages & Bussard, 1975; Brooks, Yuan, Uhr, Krammer & 

Vitetta, 1983) and are Lyl+ cells (Hardy & Hayakawa, 1986). 
Wetzel (1989) correlated IL5R+ cells to those which were Ly-1+ 
(BCL1 and Br.PFC's) showing that the BCL1 assay and the Br.PFC 
assay may be similar. The autologous PFC assay has one 
advantage over the BCL1 cells in that it uses a more 
physiologically natural population of cells since they are 
taken fresh from the peritoneal cavity of normal strains of 
mice and does not involve the passaging of tumour cells, as is 
the case with BCL1 cells.

In the in. vitro assay for measuring T-cell replacing 
factor (TRF), sheep R B C 's (SRBC) primed spleen cells which have
been T cell depleted Tn vivo or in vitro are used to assess
antibody responses to SRBC (Schimpl and Wecker, 1972). This is a 
complex T-dependent response requiring more than one cytokine 
(Leibson et al, 1981; Howard & Paul, 1983; Leibson et al, 1984). 
The presence of a few contaminating T cells in this system
renders the results difficult to interpret since the cytokines 
added to the TRF assay can also be produced by these

contaminating T cells.

The T-independent autologous PFC assay has advantages 
over both these assays since other cytokines , namely IL-1, IL-



2, IL-3, IL-4, IL-6 and IFN-^s , do not enhance this response.
Additionally fresh peritoneal cells used in a 72 hour culture 
system give a simple, quick assay for screening crude 
supernatants for the presence or absence of IL-5 and BCDF/BCMF. 
However the presence of IFN-'S may mask any enhancing effects 

of IL-5 and BCDF/BCMF since IFN-^causes inhibition of the 
autologous PFC response. One way to control for this would be 
to use antibodies to IFN-^ to inhibit any residual IFN-^ 
activity. Reynolds, Boom & Abbas (1987) and Lohoff, Sommer & 
Rollinghoff (1989) also recomended the addition of an antibody 
to IFN-2) in their experiments since they found that IFN-^ 
could mask IL-5 and/or BCGF/BCDF activities.

Recent work by Alderson, Pike and Nossal (1987) looked at 
the role of cytokines in the early through to late activation of 
single fluoroscein-specific B cells (Tl-response). They noticed 

that IL-4 enhanced early activation (increased cell size and 
proliferation) of the B cells but did not affect antibody 
secretion. This is in agreement with the data presented in this 
chapter using the autologous PFC assay. Also, Alderson showed 
that IL-1 and IL-2 did not affect the number of antibody forming 
cells in the absence of either antigen or feeder cells, which 
supports the data using the autologous PFC assay (Alderson, Pike 
& Nossal, 1987). Alderson tried synergy experiments with these 
cytokines and found that IL-4 could not enhance the effects of 
other cytokines in causing differentiation into P F C 's . Since 
the data presented in Table 6.7 also show that IL-4 does not 
enhance Br.PFC's and synergy experiments in Tables 6.12 and 6.13 

show suppression rather than an enhancing effect of IL-4, this 

also agrees with Alderson's results.



Improvements could be made to the autologous PFC assay by 
the use of limiting dilutions or single cell assays. Pike and 
Nossal (1984) developed a single cell assay system for 
measuring Ab production rn vitro. They analysed the role of 
crude supernatants (Con-A stimulated EL4 cells) on single 
hapten-specific B cells and tried to distinguish TI-1 and 2 
responses. Due to the crude nature of the cytokines used the 

distinctions between TI-1 and TI-2 responses were not clear. 
Therefore the optimum way of studying these responses i_n vitro 

would be to use a single B cell and pure recombinant cytokines. 

Cox, Daenke and Samcevicz (1984) reported precursor frequencies 
with and without LPS and dextran sulphate using limiting 
dilution analysis. One improvement to the experiments described 
in this chapter could be an analysis of precursor frequencies 
after addition of various cytokines. Daenke and Cox (1987) 
showed that in the single cell assay for developing autologous 
PFC's a partial dependence upon T cell derived cytokines was 
evident (as demonstrated with supernatants from a fibroblast 
line and a T cell line). Further work in the area of single cell 
cultures is needed to clarify unequivocally the requirement for 
cytokines in the development of autologous PFC's. Also the 
classical experiments with autologous PFC's only demonstrate an 
IgM response to Br.PFC's. This is not surprising if one 

considers the autologous PFC's to be similar to Ly-1+/CD5+ cells 
which have a restricted immunoglobulin repertoire (Rajewsky, 

Forster & Coumano, 1987; Forster & Rejewsky, 1987) . Experiments 
investigating the isotypes of Br.PFC's after addition of 

cytokines would have been interesting and this would have 
allowed the identification of cytokine(s) capable of modulting 
autoantibody isotypes.



In conclusion the autologous PFC assay can be used to 

demonstrate the presence of IL-5 and BCDF(s). These experiments 
show that autoantibody production can be regulated by cytokines 
in vitro and this may be one mechanism of regulation of this 
response i_n vivo. The demonstration that some cytokines inhibit 
and some enhance show that this response can be u p  or down 
regulated depending upon the balance of cytokines surrounding 
the responding cells. Evidence supporting this in vivo can be 
found in results suggesting that this response can be regulated 
by T cells (Cox, Evans, Brooks & Cuncliffe, 1975) and one 
mechanism of control may be cytokines released from these T 
ce 1 Is.



209

CHAPTER 7
Characterisation of cytokines produced in T cel 1 supernatants

INTRODUCTION
In the last few years many soluble factors released from T 

cells (and other cells) have been identified and gene cloned. 
Their functions in the regulation of the immune response have 
been extensively studied. T cells can be considered as one of 
the most important regulatory cells (Feldman, Londei & 
Hanworth, 1989) and some examples of their effects on the
immune system are influence of B cells in antibody production 
via classical T cell help, activation and stimulation of T and 
NK cells, and activation of macrophages. There are numerous 

ways that T cells can influence the activities of other cells. 
One method is cell recognition and destruction, mainly by CD8+
T cells. Another way T cells can influence other cells is by 
the release of mediator molecules, called cytokines, and more 
than 10 cloned products have been identified so far, for
example IL-lcc, IL-2, IL-3, IL-4, IL-5, IL-6, IL-10, TNF, LT,
IFN-cc, IFN-^" , GM-CSF and TGF0 as well as a number of other
products yet to be cloned. This production of cytokines is
transient and occurs in the first 24-48 hours after stimulation 
(Buchan, Barrett, Fujita, Taniguchi, Maini & Feldmann, 1988). 
In the majority of the work reported so far CD4+ T cell clones 
were used but CD8+ T cell clones can also release fators 
including IL-2 (Feldmann, Londei & Haworth, 1989) and IL-3, GM- 

CSF and IFN-^5 (Gajewski & Fitch, 1990) . One interesting aspect 

of cytokines is that they can act in synergy to produce greater 
effects on other cells, for example on the differentiation of 

B cells (Callard, 1989; Kawakami, Kakimoto, Shinbori & Onoue, 
1989) .



Descriptions of individual factors can be found in 
numerous reviews and books (Hamaoka & Ono, 1986; Kishimoto, 
1986; Male, Champion & Cooke, 1987; O'Garra, Umland, Defranee & 
Christiansan, 1987; Callard, 1989; Feldman, Londei & Haworth, 

1989). A brief summary of the current cytokines which can 
influence T and/or B cells are given in Table 7.1.

One point to note is that the identification of these 
factors coincided with the time this work was being carried out 
and some have only recently been characterised while finalising 

the draft of this thesis. Also the assay systems used to 
characterise these factors were not generally available at the 

time my own studies were undertaken. This led me to develop the 
autologous PFC assay as a system to measure B cell 
differentiation. The autologous PFC assay was chosen since this 
was classed as a T-independent system so that B cell 
maturation/differentiation factors could be identified without 
the influence of T cells. Subsequently, with the advent of 

standardised assay systems this work would have been simpler to 
complete and clarify.

Recent studies of Ia-restricted CD4+ murine T cell clones 
have demonstrated that CD4+ T cells can be divided into two 
subsets based upon patterns of cytokine synthesis (Mosmann, 
Cherwinski, Bond, Gieldin & Coffman, 1986; Killar, Macdonald, 

West, Woods & Bottomly, 1987; Litchman, Kurt-Jones & Abbas, 
1987). T cell clones designated Thl (Mosmann, Cherwinski, Bond, 

Gieldin & Coffman, 1986) or inflammatory T cells (Tite, 

Foellmer, Madin & Janeway, 1987; Bottomly, 1988) synthesize IL- 

2 and I F N - ^  whereas T cell clones desingated Th2 synthesize 

IL-4 and IL-5 (Mossmann, Cherwinski, Bond, Gieldin & Coffman, 
1986; Cherwinski, Schumacher, Brown & Mosmann, 1987). Thl cells



Table 7.1

CYTOKINES

NAME
IL-1

IL-2
IL-4

IL-5

IL-6
IL-7
IL-10
IFN-K

TGF-&

REFERENCES
1 . Oppenheim, Kovacs, Matsushima & Durum, 1986
2. Gillis, Ferm, Ou & Smith, 1978.
3. Howard et al, 1982.
4. Noma et al, 1986.
5 . Lee et al, 1986.
6 . Kinashi et al, 1987.
7. Sanderson, O'Garra, Warren & Klaus, 1986.
8. Ono et al, 1986.
9. Van Snick, 1990.
10. Namen et al, 1988.
11. Moore et al, 1990.
12. Gray & Goedell, 1983.
13. Mosmann & Vitteta, 1988.
14. Hsuan, 1989.

TARGET CELLS REFERENCES
Many. Role in inf lam- 1.
mation.
T, B & Macrophages. 2.
T, B, Macrophages & 3,4,5.
Mast cells. Haemo- 
poietic progenitors.
B(murine), T & 6,7.
EosinophiIs.
T, B & Hepatocytes. 8,9.
Immature lymphocytes. 10.
TH1 cells. 11.
T cells, B & 12,13.
Macrophages.
B maturation & Lymph- 14.
ocyte proliferation.



can generate a delayed type hypersensitivity response whereas 

Th2 cells do not (Cher & Mosmann, 1987). This distinction is 

not absolute since other workers have found that their CD4+ T 

cell clones do not fit in to such cytokine release patterns 
(Hayakawa & Hardy, 1989; Tatakovsky, Axelrod, Blankenstein & 
Mozes, 1989). Also a recent paper by Mossmann's group has shown 
that the ability to induce immunoglobulin synthesis in B cells 
by T cells does not correlate fully with their Thl/Th2 

classification based upon cytokine release (Dekruyff, Ju, Hart, 

Mosmann & Umetsu, 1989).
The mechanism controlling the various patterns of cytokine 

release in the two types of CD4+ T cells is unknown. The 

characterisation work so far has used primed, cultured T cell 
clones and not unstimulated, resting T cells. Recent work using 
primary _in vitro stimulation of T cells followed by in situ 

hybridization for cytokine genes has been carried out to 
determine if the two types of CD4+ T cells are distinct. The 

results from two groups have shown that the IL-2 and IL-4 
producing cells have different precursor CD4+ cells (Carding, 

West, Woods & Bottomly, 1989; Munoz, Zubiaga, Olson & Huber,
1989), but Hayakawa and Hardy (1989) demonstrated that IL-2 
releasing cells could give rise to IL-4 releasing cells. 
Therefore further experiments are needed to clarify this point. 
Cardell and Sander (1990) have shown that IL-2, IL-4 and IL-5 
are differentialy produced after various mitogenic stimuli in 
murine spleen cultures. This supports the theory that different 

activation signals can switch on different Th cells.

Various different T-cell lines have been generated during 
this project and the cytokines released from these T-cell 
lines have been investigated. This work was completed



before many of the currently described cytokines were
characterised and before CD4+ cells were classified into
Thl/Th2 cells. The experiments in this chapter were undertaken 
to study the range of cytokines released from Th (CD4) cells
involved in autoimmune diseases. Initially all the T cell lines
will be described and the later part of the work will focus 

down on one T-cell line, SJL(4) and the factors produced by 
this cell line.



RESULTS

When normal mice are immunised with rat R B C 1 s they develop 

autoantibodies to their own erythrocytes and also suppressor 
cells capable of preventing induction of autoantibodies upon 
transfer to naive recipients (Naysmith & Elson, 1977; Cooke, 
Hutchings & Playfair, 1978). Experiments were undertaken to 
prime mice (CBA/Ca and SJL/J) in this way and to establish T- 
cells specific for rat RBC's iji v itro. Table 7.2 lists some of 

the cell lines which were established in culture from this 
priming method. Antigen specific cell lines were very elusive. 
Due to RBC's being used as the antigen, difficulties in 

removing all traces of this antigen for assaying in a standard 
T-cell proliferation assay were encountered. Since testing 
these lines by proliferation was difficult, another method of 
assaying antigen specificity was tried, namely cytokine 
release following restimulation with irradiated syngeneic 
spleen cells and antigen. The results of these tests are shown 
in Table 7.3. Originally it was hoped that there would be 
specific release of IL-2 upon restimulation but Table 7.3 shows 
that none of these lines released IL-2. Other cytokines were 

additionally screened and gave similar results.

The second parts of Tables 7.2 and 7.3 show a series of T- 
cell lines established from the autoimmune strain of mice, MRL 
lpr/lpr. Mice that are homozygous for the lpr gene exhibit 
lymphopro1 iferation with a massive increase in an unusual T 
cell subpopulation which expresses low levels of surface Thy 1 
and Ly-1 (Theofilopolous, Eisenberg, Bourdion, Crowell and 

Dixon, 1979; Lewis, Giorgi & Warner, 1981; Pisetsky, Caster, 

Roths & Murphy, 1982; Takei, 1984; Davidson, Roths, Holmes, 

Rudikoff & Morse, 1984). Increased levels of autoantibodies



TABLE 7.2

T ce11 1 ines generated

Name

R a t (8) 
Par
R a t (8) 
Gil
R a t (8) 
H8
R a t (8) 
H5
R a t (9)

Source
lymphocytes

Spleen 

Spleen 

Spleen 

Sp leen 

Spleen

Priming

x4 Inj 
Rat RBC 
ip into 
CBA/Ca 
mice

Surface
staining
ND

ND

ND

ND

ND

Antigen 
specif icity
Restimulated 
weekly with 
irradiated 
CBA/Ca spleen 
cells plus 
Rat RBC.
Not antigen 
specif ic.

S J L (2)LN Auxiliary LN x3 Inj
Rat RBC

SJL(2)Sp Spleen into
SJL/J

SJL(4) Spleen mice.

MRL/1 Aux.LN
MRL/KG5) Aux.LN
MRL/11 Spleen
MRL/12 Mes.LN
MRL/13 Aux.LN
MRL/14 Spleen

None.
All used 
from RF 
positive 
MRL lpr/lpr 
mice.

ND
ND
L3T4+

Ly 1 +
Ly 2+ 
L3T4+

All Thy 1'

Weekly
restimulations 
with SJL spleen 
cells and Rat RBC 
Probably Ag 
specif ic?
None since 
generated as 
IL-2 dependent 
cell lines.

MRL/17 Aux.LN



TABLE 7.3

Cytokine release from the T cell lines

Name IL-1 IL-2 IL-2 IL-3 TRF IL-4 
Inhib

IL-5 Br.PFC
increase

R a t (8)Par 
R a t (8)Gil 
Rat(8)H8 
Rat (8) H5 

R a t (9)

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND ND

+
++
++
+
++

+/-

+/■

+/■

+/■

S J L (2)LN 
S J L (2)Sp 
S J L (4)

ND ND + ND
ND ND + ND

+ + -

ND
ND
+

ND
ND

++/+

MRL/1 
MRL/1.G5 
MRL/11 
MRL/12 
MRL/13 
MRL/14 
MRL/17

+ / -

+ / -

+/
+/
+/
+/

-  + / -  -

+ / -  -

+/-

+ / -

+
+
+
+
+
+

ND
ND
ND
ND
ND

+
+
++
++
+

+ / -

+
+

+ / -

+ / -

Key; ND - Not Determined
- = Background levels
+/- = xl-x2 background 
+ = x2-x4 background
++ = >x4 background



lead to an accelerated lupus like autoimmune disease (Murphy & 
Roths, 1978). Joint disease also manifests itself in some 
animals with high serum rheumatoid factor (RF) levels. Animals 
were used when they possessed high serum levels of rheumatoid 
factors and lymphocytes from various organs (ie. spleen and 

lymph nodes) were cultured with IL-2 in vitro. The cell lines 
which were established are listed in Table 7.2 with their 

various starting populations and were all independently derived 
from individual mice over a period of approximately 2 years. 
These lines release a variety of cytokines, as shown in Table 
7.3.

One cell line, SJL(4), proved interesting as its supernatant 
gave a consistent enhancement of Br.PFC's. The subsequent work 
in this chapter was generated while trying to identify the 
cytokine(s) responsible for this increase in Br.PFC's. The 

biochemical characteristics of this activity have been analysed 
and similarities or differences from the currently described 
cytokines will be discussed.

SJL(4) was generated in March 1984 from rat RBC primed 

spleen cells of an SJL/J mouse. To maintain the cells in 
culture, weekly restimulation with syngeneic spleen cells and 
rat RBC's was required (Chapter 2,II,xvii). Experiments were 
undertaken to clarify the function of these cells and also to 
characterise cytokine(s) released into the supernatant 
following specific antigen restimulation.

I Effects on the autologous p lague response

When fresh CBAxBALB/c spleen or peritoneal cells (PEC's) 
were cultured in. vitro PFC against Br.MRBC developed together 
with cellular proliferation. In the presence of SJL(4)



supernatant, a significant increase in proliferation and in the 

numbers of bromelein PFC's were observed with the peak of 

proliferation appearing earlier at 48 hours (Fig 7.1).

11 Characterisation of supernatant from S J L (4) c e 1 Is

As well as increasing the numbers of Br.PFC's in the 
autologous PFC assay, SJL(4) supernatant also caused 
proliferation of BCL1 cells (which measure IL-5 content). 
SJL(4) cells were restimulated at different cell concentrations 
and the ability of the supernatants to cause proliferation of 
BCL1 cells and enhanced numbers of autologous PFC's are shown 
in Table 7.4. This experiment demonstrates that the factor 
causing enhanced numbers of autologous PFC's is optimally 

produced on addition of 2 xlO? rat RBC's to SJL(4) at a cell 

concentration of 2.5-5 xlO5 cells/flask. Interestingly, the 
production of IL-5 does not seem to be antigen dependent in 
this experiment.

Supernatants were harvested at different time points 
following restimulation and assayed as before (Table 7.5). The 
production of enhanced autologous PFC's was again shown to be 
antigen dependent and greater on days 2 and 3. When spleen 
cells from BALB/c and CBA mice (which are H-2 incompatible) 
were used as antigen presenting cells reduced production of the 
enhancing factor was observed. Again, the production of IL-5 
was not antigen dependent, and in fact, seems to increase in 
the absence of RBC's.

Surface staining of SJL(4) cells revealed them to be Thy 

1“ , Ly 2~ and L3T4+ (by indirect immunofluorescence using rat 
monoclonal antibodies to murine surface markers , followed by 

an anti-ratlg-FITC). Since SJL(4) was L3T4+ (CD4+), addition of



Figure 7.1

EFFECT OF SJL SUPERNATANT O N  PROLIFERATION A N D  PFC IN  (BALB/c X CBA)F1 PEC 

PROLIFERATION

DMEM 25%

• •

PFC
2.5 DMEM 25%

2.0

— 1.5

72 hrs24 hrs 43 hrs
TIME IN CULTURE

The values given are means ±  SD of triplicate 
values. CBA x BALB/c PEC's were cultured at 
2 x 105 cells per well.
P values; (*) P< 0.001



TABLE 7.4

Altering ce11 concentrations for generation of S J L (4) supernatant
Condition B r .PFC/Culture BCL1 proliferation

Cell No. Rat RBC

10$ - 18+2 7125+1422
106 + 18+2 10760+2224
5x105 - 8+2 10762+2184
5xl05 + 56+34 8349+1994
2.5x105 - 10+2 22028+9249
2.5x105 + 44+6 25192+5019
1.25x105 - 10+2 13882+1024
1.25x105 + 32+6 7128+1422
CONTROLS
DMEM 6+2 450+26
LPS (40jug/ml) 122+3 21582+799

Cell No.s refers to the number of S J L (4) cells 
added to 10ml of DMEM/10% in a 50cm2 flask, 
with 2x10*7 irradiated SJL spleen cells, cultured 
upright for 72 hours. Rat RBC were added at the 
start of the assay at 2x10^ cells per ml. All 
supernatants were taken at 72 hours and used in 
both the Br.PFC assay and the BCL1 assay at 25% 
(v/v). Results are expressed as means + SD.



TABLE 7.5

Time course of release of S J L (4) activity
Source of supernatant B r .PFC/culture
CONTROLS

DMEM (25%) 42+8
LPS (40jLtg/ml) 230±31
SJL(4) cells + SJL spleen

Day 1 
Day 2 
Day 3

60+6
112+23
148+28

SJL(4) cells + SJL spleen + Rat RBC

Day 1 
Day 2 
Day 3

204+6
256+17
246+14

BCL1 Proliferation

578+85
9555+2829

9165+5558
14099+595
16307+3145

1193+305
2538+685
4965+873

S J L (4) cells + BALB/c spleen + Rat RBC
Day 1 
Day 2 
Day 3

104+11
118+14
114+6

SJL(4) cells + CBA spleen + Rat RBC
Day 1 
Day 2 
Day 3

104+11
90+3
98+54

975+191
3850+670
5965+1421

1028+69
3834+586
9964+1105

Supernatants were taken at days 1, 2 and 3 
and all used at 25% for both assay systems. 
Results are expressed as means + SD.



GK1.5 supernatant (anti-L3T4 (CD4) monoclonal antibody) at the 
time of restimulation was investigated to see if any effects on 

the production of the enhancing factor could be observed. Table
7.6 shows that addition of 5% culture supernatant from GK1.5 
cells abolishes the production of the enhancing factor. Also 

addition of an anti-I-A sera (HYB-3JP), which recognises H-2S 
(SJL), inhibited the production of the enhancing factor (Table 
7.6) .

To determine whether S J L (4) cells had rearranged their 3- 
chain genes, DNA was extracted from these cells and run on a 

southern blot with SJL liver DNA (see methods II (xxi)). This 
experiment was kindly performed by Dr. P Delves (Immunology 
Dept., University College and Middlesex Hospital Medical 

School, London). The SLJ(4) cell line showed 3-chain gene 
rearrangements of one chain (Fig. 7.2) with band sizes of 11.0 
and 12.0 kb whereas SJL liver gave band sizes of 6.8 and 11.0 
kb. The T cells, MTg9B3 and BW5147, were used as markers for 
band sizes.

In summary, the production of factor(s) from SJL(4) cells 

are antigen specific (Tables 7.4, 7.5 and 7.6) and dependent

upon syngeneic spleen cells (Table 7.5). The optimal conditions 
for production of the factor were studied and found to occur 2- 
3 days following restimulation of 2.5-5 xlO^ cells/ml. In all 

subsequent experiments on the characterisation of this 
supernatant, the source of supernatant was from cells 

restimulated 2-3 days previously at the optimal cell 

concentrations and will be refered to as SJL(4)F.

Ill I_s SJL (4) F an early or late acting factor?
In order to determine if the activity in SJL(4)F was



TABLE 7.6

Factors affecting the re lease of S J L (4) activity

Addition to B r .PFC/Culture
flask Time of harvesting supernatant (Hours)

4 24 48

SJL Spleen 5±1 15+5 12+0

( SJL Spleen + 
Rat RBC) - A 9+1 49+11* 37+11*

A + 5% HYB3JP 3+1 2+0* 1 + 1*
A + 5% G K 1 .5 9+3 10+2 15+5
NONE 8+3 14+7 11 + 1
ConA (2ug/ml) 25+6 17+6 11+3

Controls for Br..PFC assay; Media = 5+3
LPS (40jug/ml) = 136+9

All flasks contained SJL(4) cells at 
a constant concentration.
HYB3JP = anti-I-A sera (which recognises H-2S) 
GK1.5 = anti-CD4 sera
P values: (*) p  < 0.001



FIGURE 7.2

T-ce11 receptor B-chain re-arrangement of SJL(4) cells

1 2  3 4
kb

23.1  -

9.4 -

6.6 _

5 . 7  _ S
-  7.8

-  6.2 
-  5 . 7

Genomic Southern Blots of DNA from T-cell lines, 
hybridoma cells and liver. All DNA's were digested 
with ECoRl, run on agarose gel, and hybridized with 
a TiCB probe.

Lane 1; BW5147. 6.6 & 5.7 kb.
Lane 2; SJL liver. 6.8 & 11.0 kb.
Lane 3; SJL(4). 11.0 & 12.0 kb.
Lane 4; MTg9B3. 7.8, 6.2 & 5.7kb.

This data was kindly provided by Dr. P. Delves (Dept, 
of Immunology, UC&MSM, London.



attributable to an early or late acting factor SJL(4)F was 

added at different time points to the autologous PFC assay (Fig 

7.3) . The effect on antibody production was found to be optimal 

when the supernatant was added at day 0.
When normal mouse serum (1% v/v) was used instead of FCS, 

addition of SJL(4)F to fresh peritoneal cells still showed a 
comparable degree of enhancement of Br.PFC's indicating that 
there was no synergistic interaction with FCS in the culture 
media (Personal communication from P.R. Hutchings, Dept. of 
Immunology, University College and Middlesex Hospital Medical 
Schools, London).

IV T Independent Responses

Since the appearance of Br.PFC's in PEC cultures has been 
shown to occur independently of the presence of T cells (Cox, 
Evans, Brooks & Cunliffe, 1879), the effect of SJL(4)F on 
responses to known TI antigens was investigated. The effect of 
SJL(4)F on the response to TNP-Ficoll (TI-2), DNP-LPS (TI-1) 
and TNP conjugated Bruce 11a abortus (TNP-BA) (TI-1) are shown 
in Table 7.7(a). All the T-independent responses studied showed 
a significant enhancement following addition of SJL(4)F, both 
for the TI-1 and TI-2 antigens. Use of the reverse plaque assay 
has shown that SJL(4)F increases the total number of IgM 
secreting cells in culture (Table 7.7(b). The reverse PFC assay 
was kindly performed by Dr. S. Marshal 1-Clarke (University of 
Liverpool). When spleen cells are cultured fdr 4 or 5 days in 
the absence of additional antigens an increase in the 

background response to several antigens such as SRBC, TNP or 

Br.MRBC can be observed. CBA or CBA/N spleen cells were 

cultured for 4-5 days in the presence or absence of SJL(4)F and 

the response to SRBC and TNP assessed. SJL(4)F significantly
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Figure 7.3

EFFECT OF DELAYIN G  THE A D D IT IO N  OF SJL SUPERNANT TO  CULTURES

DMEM 25%

4 .0

48 hrs24 hrs0 hrs

TIME OF A D D IN G  THE SUPERNATANT

The results are for means ± SD of triplicate 
results for Br. PFC per culture.
P values; (*) p< 0.001



TABLE 7.7 (a)

Effect of S J L (4)F on T-independent responses

TNP PFC/Culture 
Antigen No SJL(4)F Plus SJL(4)F (25%)

TNP-Ficol1 (2ng/wel1) 87±23 702+113
TNP-Ficol1 (lOng/we11) 130+92 677+196

DNP-LPS (20ng/wel1) 382+113 795+88
DNP-LPS (lOOng/wel1) 330+10 887+88
TNP-BA 1:104 240+77 452+112
TNP-BA 1:105 335+90 817+66
NONE 27+11 245+119

106 spleen cells were cultured in 200jLtl + antigens 
± SJL(4)F as indicated. The experiment was harvested 
on day 3. Results are expressed as means + SD of 
triplicate results.

TABLE 7.7 (b)

Reverse PFC on CBA s p leen ce 1 Is

SJL(4)F Concentration (%) PFC/Culture

25 4200+2687
12.5 2750+636
6.25 1350+71
3.125 1150+71

NIL 150+71

2 x 105 CBA spleen cells in 200ul + SJL(4)F 
as indicated. Reverse PFC measured on day 3 
using Goat anti-mouse u chain coated SRBC.
This data was kindly provided by Dr. S. Marshal 1-Clarke, 
Dept, of Medical Cell Biology, Liverpool University.



increased the background response of CBA spleen cells to SRBC 
and TNP but did not affect the antibody response of CBA/N mice. 
In this experiment the background plaque responses of the CBA/N 
mice were negative but previous experiments have shown variable 

antibody responses, which were always lower than those of CBA 
mice. Interestingly SJL(4)F provided a proliferative signal to 

CBA/N cells but they did not differentiate into plaque forming 
cells (Table 7.8).

The total immunoglobulin producing cells and the

background PFC responses were assayed in CBA and SJL/J mice
plus or minus SJL(4)F (Table 7.9). The enumeration of the total 
number of immunoglobulin producing cells was kindly assayed by 
P.R. Hutchings (Department of Immunology, University college 
and Middlesex Hospital Medical Schools, London). SJL/J mice 
were used here because, like CBA/N mice, they possess very low 
numbers of Lyl+ B-cells and have very low numbers of Br.PFC's 
(Hutchings, Varey & Cooke, 1986) . The total numbers of Ig 
secreting cells were increased in both strains of mice and
SRBC, and TNP-SRBC PFC1s were enhanced in both CBA and SJL/J 
cultures. These results show that SJL(4)F stimulates all

subpopulations of B cells (ie. T-dependent and T-independent) 
assayed so far.

V T and B c e 11 depletion of s p leen and P E C 1s
Although SJL(4)F stimulated T independent antibody 

responses it was still possible that SJL(4)F acted indirectly 

on B cells via signals to T cells. Spleen and PEC populations 

were therefore T-depleted using anti-Thy 1 sera and complement, 

before use in assays. Neither the enhancement of Br.PFC nor the 
proliferative response of spleen cells were affected by this



TABLE 7.8

Effect of S J L (4)F on proliferation and differentiation 

of CBA and CBA/N s p leen cel Is

% Supernatant 48 hour prolif. 
response

Background PFC response 
* CBA spleen only

DMEM

CBA
Spleen

CBA/N
Spleen

SRBC 
Dir Ind

TNP-
Dir

SRBC
Ind

Br.PFC

6.25 1226
±85

280
±56

ND ND ND ND ND

12.5 1424
±128

329
±3

87
±24

67
±31

393
±127

380
±121

1980
±122

25 1528
±84

364
±17

73
±24

53
±42

480
±106

627
±81

2827
±996

S J L (4)F
6.25 3607

±74
965

±110
ND ND ND ND ND

12.5 5439
±459

1201
±122

320
±87

280
±92

1207
±147

1439
±381

4300
±433

25 5330
+309

1291 
+ 129

333
+31

340
+53

1573
+200

1593
+122

5633 
+ 162

Proliferative response used 2x10^ spleen cells per well 
in 200jul ± SJL(4)F as indicated in the experiment. The 
background PFC response was measured on day 4 and 3x10^ 
spleen cells were set up in 2ml with and without SJL(4)F, 
as indicated in the experiment. All figures are means ±
SD of triplicate results.
ND is not determined
* CBA/N spleen cells were negative for all background PFC 
responses.



TABLE 7.9

Background PFC and reverse PFC (Elispot) Assays

% Supernatant Total 
Ig PFC 

(Elispot)
Br.PFC SRBC PFC 

Dir Ind
TNP—SRBC PFC 

Dir Ind

CBA s p leen c e 1 Is 
DMEM (12.5)

DMEM (25)

S J L (4)F (12.5)

S J L (4)F (25)

163200
±16857
135466
±46271
253866
±38577
285333
+30873

613
±133
657

±153
2900
±130
3200
+400

90 33
±17 ±15
60 17
±26 ±17

410 470
±75 ±56

523 507
+86 +76

393
+20

100
+0

387 143
±102 ±60

900 773
±177 ±90

987 897
+91 +31

SJL spleen c e 1 Is
DMEM (12.5) 38933

±4663
0 10

±10
7

±6
93
±67

40
±10

DMEM (25) 24426 3 7 3 87 20
±2401 ±6 ±6 ±6 ±12 ±10

S J L (4)F (12.5) 47680 3 217 650 490 383
±2401 ±6 ±86 ±779 ±90 ±29

S J L (4)F (25) 52480 7 413 393 350 413
+6922 +12 +81 +50 +53 + 131

All figures represent means ±  SD of triplicate results. 
Background PFC and reverse PFC were measured on day 4. 
Addition of SJL(4)F was significantly different in all 
cases and the response of SJL spleen cells was always 
lower than for CBA spleen cells but the increases were 
comparable.
The elispot data was kindly provided by Mrs P.R. Hutchings, 
Dept, of Immunology, University College and Middlesex Schools 
of Medicine, London.



treatment suggesting that T cells are not involved in the 

enhancement process (Table 7.10). Following B-cell depletion of 

spleen cells with monoclonal antibody LR-1, a lytic antibody 

for splenic B cells, no proliferation was observed following 
addition of SJL(4)F (Table 7.10), indicating that this 
proliferative response must be exclusively B cells.

VI Identification of cytokines present in S J L (4) supernatant
Assays for IL-1, IL-2, IL-3, IL-4 and IL-5 were performed

in order to identify the growth factors present in SJL(4)F.
SJL(4)F did not contain IL-1 or IL-2 either in crude 

supernatants or any of the HPLC or IEF fractions generated. 

Inhibitors of IL-1 and IL-2 ativity were not detected in 

SJL(4)F. Assaying on 32Dcl23 cells showed the presence of IL-3 
(Table 7.11). However when IL-3 containing WEHI-3B supernatant 
was added at zero time to spleen cells or peritoneal cell 
cultures no increase in the number of Br.PFC was observed 
(Table 7.11). Absorption of SJL(4)F with 32-Dcl23 cells reduced 
IL-3 activity but still left a significant effect of SJL(4)F on 
the autologous PFC response (In contrast to absorption with 
BCL1 cells) suggesting that IL-3 is not the active component in 
the supernatant (Table 7.11). GM-CSF activity was also found in 
SJL(4)F (personal communication from Dr. Ian Pragnell, Beatson 
Inst., Glasgow).

To exclude the possibility that stimulation of the Br.PFC 
was due to IFN-^ the pH of SJL(4)F was reduced to 2.0, which 

destroys IFN-^5 . After this treatment, the supernatant was 

restored to pH 7.0 and no loss of enhancing activity as 
observed (Table 7.12). SJL(4)F was still active after repeated 

freezing and thawing and could withstand temperatures up to 

56°C suggesting that I F N - ^  is an unlikely candidate for the



TABLE 7.10

Effects of T and B cel 1 depletion on the prolIferatlve response
Induced by S J L (4)F treatment

Dilution of 
SJL (4) F

C' alone D1H7 + C* C' alone LR1 + C'

NIL 5725
+446

3429
+262

1730
+553

81
+36

1/4 22618
+3620

19424
+263

14847*
+1170

382 
+ 105

1/8 11694
+2441

15902
+654

12150*
+2309

453 
+ 158

1/16 9017
+633

12641
+555

7725*
+2132

292 
+ 165

1/32 7338 
+ 1346

6936 
+ 163

6451*
+1136

148
+68

1/64 6335 
+ 179

4752
+528

4242*
+662

117
+88

1/128 4750
+74

3429
+262

ND ND

2xl05 CBA 
+ S J L (4)F 
antibody

spleen cells were cultured in 
as indicated. D1H7 is an anti- 

and was used to deplete T cells
20 Ojlz 1 
Thy 1 
with

proliferation measured at 48 hours. LR1 is an 
anti-B cell antibody and was used for B cell 
depletion with proliferation measured at 72 hours 
All figures are means + SD of triplicate results. 
P values (*) p  < 0.001



TABLE 7.11

Effect of absorbing SJL(4)F with BCL1 and 32dcl23 ce 1 Is

Source of IL-3 Assay IL-5 Assay Br.PFC Assay
supernatant 
(% supt. used 
in the assay)

Nil

LPS (40jug/ml)
WEHI-3B (10%)
S J L (4)F (20%)
S J L (4)F Absorbed 
with BCL1 (20%)
S J L (4)F Absorbed 
with 32-D (20%)

5498+519

5628+444
99686+4964
36533+6008

25043+6981

13162+678*

459+119

3307+108
474+158

4748+562

320+28*

1262+148’

40+16

568+40
27+5

291+53

40+8*

171+26

The IL-3 assay was measured using 1x10^ 32-D cells 
per well in a 24 hour assay. IL-5 was measured 
using BCL1 cells at 1.5x10^ cells per well in a 48 
hour assay. Br.PFC's were measuered in a 72 hour 
assay using 2x10^ CBAxBALB/c PEC's per well.
P values; (*) p < 0.001 (comparing unabsorbed 
supernatant with absorbed supernatant)



TABLE 7.12
£H 2_1_0 dialysis of SJL(4)F

Addition B r .PFC/culture
(All at 25%) Experiment 1 Experiment 2

1 DMEM 453+46 257+15
2 S J L (4)F 1287+12 1713+95
3 Media dialysis 978+90 997+110

4 p H 2 .0 dialysis 1040+106 680+95

The media dialysis was carried out as 
for the pH 2.0 dialysis except that 
RPMI was used (pH 7.0) instead of pH 
2 . 0 .
P values;
3 vs 4 = NS (Exp 1), p< 0.01 (Exp 2)
2 vs 3 or 4 = p< 0.001 (Exp 1 & 2)
1 vs all other values = p < 0.001 (Exp 1 & 2)



observed stimulation of the Br.PFC response. This is supported 

by the observation that IFN^S is a late acting BCGF (Sidman, 
Marshall, Shaltz, Gray & Johnson, 1984; Leibson, Gefter, 

Zlotnic, Marrack & Kappler, 1984) whereas SJL(4)F acts early in 
the response. Addition of an antibody to IFN-'ss' (DB1) to SJL(4)F 
showed no effect on the increase by SJL(4)F of the Br.PFC 

response, again suggesting that IFN-^ is not the active factor 
(Table 7.13).

B-cell growth factor activity was assayed either in a co
stimulator assay (IL-4) or by stimulation of BCL1 cells to 
proliferate (IL-5). The co-stimulator assay data was kindly 

obtained by Dr. Anne O'Garra (NIMR, Mill Hill) and very low to 
negligible amounts were found. Since IL-4 also stimulates HT-2 
cells, SJL(4)F was also assayed on these cells. The results in 
Table 7.14 show that SJL(4)F was negative confirming the lack 
of IL-4 activity in SJL(4)F. IL-5 activity was found in some 
but not all SJL(4)F supernatants, as seen in Table 7.14. In all 

cases the SJL(4)F enhancement of Br.PFC activity was 
independent of BCL1 stimulation, suggesting that these two 

activities are separate.
Using T cell depleted SRBC primed spleen cells in a 

secondary plaque forming cell assay against SRBC, we have shown 
that SJL(4)F contains TRF activity (Table 7.15). Since TRF and 
IL-5 have similar molecular weights and biological properties 
(Swain, Howard, Kappler, Marrack, Watson, Booth, Wetzel & 
Dutton, 1983; Kishimoto, 1985; Takatsu, Havada, Hara, Takahama, 
Yamada, Dobashi & Hamaoka, 1985) the TRF activity of SJL(4)F 

may be attributable to IL-5.

VII HPLC andlEF fractionation of S J L (4)F supernatant



TABLE 7.13

Addition of an anti-IFN-t< antibody (DB1) to the 

autologous PFC resoponse in the presence of S J L (4)F

Addition B r .PFC/culture

Media 93+15
LPS (10jug/ml) 937+121

DB1 dilution:

20NU 110+10
40NU 80+10

80NU 153+55
160NU 133+38

S J L (4)F (25%) 460+15

S J L (4)F (25%) + DB1:
20NU 613+38*
40NU 523+59
80NU 503+65

160NU 450+65

SJL(4)F was used at 25% in all wells.
D01 was used as indicated above in 
neutralizing units (NU) for I F N - ^  (See 
Van der Meide, Dubhald, Vijverberg, Kos & 
Schellers, 1986; for definition of units) 
P values: SJL(4)F versus SJL(4)F + DB1 
(*) P < 0.05.



TABLE 7.14
Assaying SJL(4)F on BCL1, HT-2 and CBAxBALB/c P E C 1s

Addition Br.PFC/
culture

Proliferation of: 
BCL1 HT-2

Nil

RCS (25%)

S J L (4)F (25%) 
1
2
3

83+21

LPS (lOyg/ml) 445±38*
ND

437+12*
687+42*
297+21*

D10.G4.1 (25%) 387+57*

2895+402

5726+341*
ND

2131+333
4603+461*
1479+342
5221+1924*

8244+2386

ND
53361+1578*

9054+2076
7365+477
7946+255

31024+2132*

RCS = Rat Con A generated supernatant, mainly IL-2. 
D10.G4.1 supernatant contains IL-4 and IL-5 (plus 
other lymphokines) and was used as a positive T 
cell supernatant. SJL(4)F 1,2 and 3 refer to 
different batch numbers of supernatant.
P values: (*) p < 0.001 (for background values
versus addition of the factor).



Table 7.15

TRF Assay

Addition PFC/Culture
Direct Indirect

Anti-Thy 1 Spc 0 17+6
(Anti-Thy 1 Spc 
+ SRBC) - B 27+12 20+17
B + DMEM(25%) 90+60 70+17**
B + SJL(4)F ,1 343+42* 523+190*
B + SJL(4)F ,2 287+72* 613+107*
B + SJL(4)F ,3 703+87* 753+29*

The TRF assay uses a secondary SRBC 
PFC assay as a read out system. Spleen 
cells primed to SRBC iri vivo are T 
depleted with anti-Thy 1 and C' and 
cultured at 2xl06 cells per well with 
106 SRBC and test supernatants for 4 
days. The numbers of SRBC P F C 's are 
determined for triplicate wells and 
shown above. SJL(4)F 1,2 and 3 refer 
to different batches of supernatant.
P values: (**) p  < 0.01, (*) p < 0.001



SJL(4)F was fractionated by HPLC and IEF (Chapter 

2,II,xix). All fractions were tested for their ability to 

stimulate the response of PEC's to Br.MRBC, and of BCL1 cells 

(IL-5), BALB/c thymocytes(IL-1) , 32-Dcl23 cells (IL-3) and CTL- 
L cells (IL-2). When SJL(4)F was fractionated by HPLC the 
fraction capable of stimulating the response to Br.MRBC was 

found to have a molecular weight of 20,000 (Fig 7.4) and the pi 
was found to be 5.9 and 7.9 by isoelectric focussing (Fig 7.5). 
Furthermore testing of all HPLC fractions for IL-5 activity 

using BCL1 cells showed that all the IL-5 activity found was at
50.000 MW or higher. No IL-5 activity was demonstrable at

20.000 (Fig 7.4). The higher MW activity (Fraction 8) may be 

due to complexed IL-5. The fraction of the IEF separation that
stimulated BCL1 cells occurred at pi 5.4; no stimulation of 

the autologous plaque forming cell response was found with this 
fraction. Considering the work in the previous chapter, this 
result was a little surprising but one explanation could be 
that most of the IL-5 activity had complexed and only a small 
amount had passed either down the HPLC column or separated in 
the IEF fractions. This small amount was sufficient to cause

stimulation of BCL 1 cells but not enough to cause enhanced

Br.PFC. No IL-1, IL-2 or IL-3 activity was demonstrated in any 
of the HPLC or IEF fractions. These separations have been 
repeated twice with identical results. Since IL-5 has a pi of 
5.4 and the secreted form has a MW of 50,000 (Recent gene 
cloning data suggests it to be synthesised as a 20K product;

Kinashi, 1986) and SJL(4)F is found at pi 5.9 & 7.9 with a MW

of 20,000, this indicates a difference in these two activities. 

One way to clarify this would be to use an antibody to IL-5 in 
conjunction with SJL(4)F and to assess any effect on the Br.PFC



Figure 7.4 

HPLC ana lysis of S J L (4)F
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Figure 7.5

IEF analysis of S J L (4)F
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assay. Unfortunatley no antibody to IL-5 was available at the 

time to continue this investigation.

VIII S J L (4) clones

Subsequent cloning of SJL(4)F has led to the development 
of two clones, IIE4 and IIA12, which do not stimulate BCL1 
cells (Table 7.16) but cause enhancement of the autologous PFC 
response. Purification (by HPLC and IEF) would have been useful 
in characterisation of SJL(4)F since these clones lack IL-5 
activity. These experiments give further confirmation of the 
differences between SJL(4)F and IL-5.

IX Synergy experiments
To look for synergistic effects of SJL(4)F with other 

factors, mixing experiments were performed. SJL(4)F was mixed 
with LPS and assayed on BCL1 cells and in the Br.PFC assay 
(Table 7.17). A clear synergistic effect was seen in this 
experiment. This has been repeated twice, with comparable 
results.

Synergistic interactions between SJL(4)F and TH1 (IL-5) 
supernatant were also examined using the autologous PFC assay, 
BCL1 proliferation and proliferation of CBA spleen cells as 
indicator systems. The results are shown in Table 7.18. Clear 
synergy is seen between SJL(4)F and IL-5 with regard to BCL1 
proliferation but this synergism was not seen with regard to 
proliferation of CBA spleen cells or the autologous PFC 
response. This experiment has only been attempted on one 

occasion and would need repeating before definite conclusions 

could be drawn.



TABLE 7.16

Different clones of SJL(4) ce 1 Is and their factor re lease

Addition Br.PFC/culture BCL1 proliferation

SJL(4)F (25%) 437+12*
S J L (4)IIE4 (25%) 687+42*
S J L (4)11A12 (25%) 293+25*

2131+333
1913+94
2235+385

DMEM (25%)
LPS (lOjLig/ml)

83+21
445+38*

1223+189
5726+841*

P values: (*) p  < 0.001



TABLE 7.17 

Synergy experiments with LPS

Addition Br.PFC/culture BCL1 proliferation

1 DMEM (25%) 93+15 270+110
2 S J L (4)F (25%) 367+23 19989+9201
3 LPS (10ug/ml) 937+121 18274+4444
4 LPS + S J L (4)F 1953+359 65066+9495

P values; 1 vs 2,3 or 4 = p< 0.001 (Br. & BCL1) 
2 or 3 vs 4 = p< 0.01 (Br.& BCL1)



TABLE 7.18

Synergy experiment with TH1 supernatant

Addition Br.PFC/ Proliferation of:
culture BCL1 cells CBA spleen cells

DMEM (25%) 293+50
LPS (40jtig/ml) 1147+153

1470+239
54897+2495

4931+811
59459+3715

S J L (4)F : 
10%
5%

2.E

907+114

600+174
540+60

2937+514
2658+224
2172+127

37280+4326

18544+416
12304+469

THI :
10%
5%
2.5%

607+81
520+52
413+140

10451+1473
7943+660
4625+1249

16030+8742
8079+733

6256+309

THI + SJL(4)F :
10% 953+155
5%
2.5%

847+155
873+142

22084+2826
15932+3320
9174+2468

32430+951
27041+4021
20034+1025

For THI + SJL(4)F combined, the % of supernatants 
indicated above refers to the addition of both of 
supernatants at the stated concentrations.

P values: at 5% & 2.5%, p< 0.001 for combinations 
of the supernatants vs the supernatants on their own. 
10% values for THI, p < 0.001 when compared to 
combined supernatants.
10% values for SJL(4)F, only BCL1 values are 
significant ( p < 0 . 0 0 1 ) .



DISCUSSION

The supernatant (SJL(4)F) described in this thesis is 
derived from a stable T-cell line which has consistantly 
produced a factor which enhances the response to Br.MRBC. This 
autologous plaque forming cell response provides another assay 
for measuring B-cell growth factors and/or
maturation/differentiation factors. Since it has been suggested 
that peritoneal cells have been pre-primed in. vivo to Br. MRBC 
(Pages & Bussard, 1975), this system is similar to the BCL1 
tumour assay but has the advantage that it uses a more 
physiologically normal population of cells than tumour cells 

and is a reproducible, rapid assay. The response to Br.MRBC is 
not enhanced by the addition of IL-1, IL-2, IL-3, IL-4, IL-6 or 
IFN- using culture supernatants or recombinant forms of 

these cytokines (Results in chapter 6). Addition of THI 
supernatant, which contains eosinophil differentation factor 
(EDF)/IL-5 (Sanderson, O'Garra, Warren &. Klaus, 1986), and rlL- 
5 to the assay did result in a significant increase suggesting 
that IL-5 alone or in combinations with other factors can 
cause enhancement of the autlogous PFC response (Chapter 6). 
Following fractionation of SJL(4)F on HPLC, the fractions 
which stimulated Br.PFC's were assayed for EDF and shown to be 
negative (Colin Sanderson, personal communication). Since no 

evidence was found of an EDF inhibitor in SJL(4)F or in the 

HPLC fractions this suggests that SJL(4)F and IL-5/EDF are 
different entities.

Swain (1985) concluded that IL-5 may be a major factor 
determining the magnitude of an antibody response in many



culture systems, the most effective combination of growth 
factors being IL-5 plus BMF. The activity in SJL(4)F which 
enhances the reponse to Br.MRBC appears to be distinct from IL- 
5 and we have no evidence of more than one factor being 
involved in the observed stimulation of Br.PFC. The fact that 

SJL(4)F causes BCL1 cells to proliferate and that absorption on 
BCL1 cells removes the increase suggests that SJL(4)F resembles 
IL-5. However, SJL(4)F appears to have a molecular weight of
20.000 and BCL1 cells are not stimulated by the 20,000 
fraction. Numerous maturation and differentiation factors have 
been described which cause BCL1 cells to differentiate (Pure, 
Isakson, Takatsu, Hamaoka, Swain, Dutton, Dennert, Uhr & 

Vitetta, 1981; Sidman, Page & Schrier, 1984; Leanderson, 
Pettersson, Ruuth, Lundgren & Coutinho, 1985; Takatsu, 1985; 
Sherris & Sidman, 1986). These factors differ from SJL(4)F in 
MW and/or biological activity. Takatsu (1985) described the 
characterisation of a murine TRF (B151K12)) which causes 
induction of IgM PFC's in BCL1 cells. This TRF has a molecular 
weight of 50,000-60,000 on gel permeation chromatography and
18.000 on SDS page under reducing conditions (Harada, Kikuchi, 
Tominaga, Takaki & Takatsu, 1985). Like SJL(4)F, B151K12-TRF is 
distinct from IL-1, IL-2, IL-4 and IFN-"^, but the active
factor in SJL(4)F has a different MW and pi value to that of 
B151K12—T R F . Sherris and Sidman (1986) have shown that their 
BMF activity differs from IL-5 and IFN-cS' . Their BMF has some 
similar characteristics to SJL(4)F but differs in that BMF 

causes proliferation and differentiation of CBA/N spleen cells 

whereas SJL(4)F is only capable of allowing CBA/N spleen cells 

to proliferate. However, the possibility that Sherris and 

Sidman1s BMF contains several factors, one of which is similar



to SJL(4)F cannot be excluded.
An interesting observation was the lack of Br.PFC or 

background antibody responses by CBA/N spleen or PEC's after 
addition of SJL(4)F although they showed a proliferative 
response. Previous studies have shown that CBA/N B cells are 

defective in their response to Br.MRBC and also in their 
response to T cell derived helper factors. Kishimoto (1985) 
showed furthermore, that CBA/N B cells could only respond to 
IL-4 following culture with a T cell line for 24 hours, 
suggesting that when suitably activated, CBA/N B cells can 
respond to BCGF and/or BCD F . It is possible that the background 
antibody response of CBA/N cells was refractory to SJL(4)F 
because the cells were not in the optimal activation state.

Asano, Singer and Hodes (1983) have shown that activation 
of hapten specific Lyb5- B cells requires both hapten-carrier 
linkage and H-2 restricted T-B interactions while triggering of 
hapten specific Lyb5+ B cells is genetically unrestricted and 
does not require carrier-hapten linkage. CBA mice have both of 
the above populations of cells and their background plaque 
response increases on addition of SJL(4)F. CBA/N mice lack 
Lyb5+ cells and their B cells may require a more restricted 
interaction for differentiation. One explanation for the 
inability of SJL(4)F to cause CBA/N cells to differentiate may 
be that SJL(4)F acts primarily on Lyb5+ cells. However the 
proliferative response of CBA/N spleen cells suggests that 

SJL(4)F cannot be wholly restricted to an effect on Lyb5+ cells

Lyl+ b cells are thought to be the majority of the B cells 

which respond to Br.MRBC. This subset of B cells is absent in 
CBA/N mice (Hayakawa, Hardy, Hondo, Herzenberg, Steinberg & 
Herzenberg, 1984). One interpretation of the lack of a



background response to SJL(4)F by CBA/N spleen cells could be 
that SJL(4)F preferentialy acts on Lyl+ B cells and in the case 

of CBA/N mice the lack of these cells results in the lack of a 
response. This seems unlikely since SJL mice, which have very 
low numbers of Lyl+ B cells and make a poor response to Br.MRBC 
(Hutchings, Varey & Cooke, 1986), show an increased background 
antibody response when their spleen cells are cultured with 
SJL(4)F. The stimulation index is comparable to that seen when 
CBA spleen cells are cultured with SJL(4)F (Table 7.8). This 

argues against SJL(4)F acting predominantly on Lyl+B cells. 

Furthermore the finding that responses to T-independent 
antigens (both TI-1 and TI-2) are increased by SJL(4)F (Table 
7.6) suggests that Lyl+ B cells are not the only B cells which 
can be stimulated by SJL(4)F.

Kishimoto (1985) has described a BCDF activity fom PHA 
stimulated human T-cell lines with a molecular weight of 20,000 
and pi 5.5-5.7 and Teranishi, Hirano, Arima and Onoue (1982) 
have described TRF like factors from B-lymphoblastoid cell 
lines whose activity were like BCDF from T-cells, i.e. MW
22,000 and 36,000 with pi 5.0-6.0. Since many human lymphokines 
have structurally equivalent factors in the mouse it is 
possible that SJL(4)F contains a 20,000 MW BCDF previously 
undescribed in the murine sysytem. Noma and colleagues (1986) 
have cloned DNA encoding the murine factor enhancing IgGi 
antibody responses (which is 20,000 and pI6.3 & 7.3) and shown 

that the protein product can function like IL-4 as well as 

inducing an increased IgG^ antibody response. Since the IgG^ 

induction factor does not alter the IgM antibody response then 

this factor is likely to be different from SJL(4)F, which 
enhances IgM antibody responses. Moreover, IL-4 is unable to



enhance Br.PFC's demonstrating further differences from

S J L (4)F .

The characterisation of B151-supernatant has revealed two 

factors, B151-TRF1 and B151-TRF2 (Ono, Hayashi, Takahama,
Dobashi, Katoh, Nakanishi, Paul & Hamaoka, 1986). Recent
experiments with B151-TRF2 have revealed that this acts like a 

BCDF and can cause enhanced autoantibody production (Br. PFC's) 
in vivo and in vitro (Dobashi, Ono, Murakami, Takahoma, Katoh & 
Hamaoka, 1987). This confirms data obtained with SJL(4)F in

demonstrating that BCDF's can enhance autoantibody production. 
In comparison to SJL(4)F, B151-TRF2 has some similarities and 
differences which may be attributable to the presence of other 
factors.

One of the recently described interleukins is IL-6 and the 

multiple actions of IL-6, also known as IFN-02, BSF-2, 26KDa 
inducible protein and IL-HP1, have been reviewed by Wong and 
Clark (1988) and Van Snick (1990) . This factor can act on many 
different cell types under many conditions and since IL-6 can 
function as a BCDF this was compared to SJL(4)F. Experiments in 
chapter 6 have shown that affinity purified IL-6 was unable to 
stimulate Br.PFC's (Table 6.9). These results, taken together 
with results showing IL-6's similarities to IL-1 (Wong & Clark, 
1988), lead to the conclusion that SJL(4)F is different from 
IL-6.

The results so far suggest that SJL(4) cells do not fit 
into the Thl/Th2 CD4+ T cell subclasses based upon cytokine 
release as suggested by Mosmann, Cherwinski, Bond, Gieldin &. 

Coffman (1986) . Recent results from Tartakovsky and co-workers 

also demonstrate CD4+ T cells which do not fit the Thl/Th2 

classification and show the presence of an uncharacterised



cytokine disinct from IL-1, IL-2 and IL-4 (Tartakovsky,
Axelrod, Blankenstein & Mozes, 1989).

In conclusion, SJL(4)F contains IL-3, GM-CSF, IL-5 and a
20,000MW B cell growth factor. After HPLC fractionation, only

the 20,000 factor is capable of enhancing the reponse to 
Br.MRBC, and this factor differs from previously described 

cytokines in the murine system.



CHAPTER 8

CONCLUDING REMARKS

This thesis describes the use of various agents which 
specifically affect certain T cell subsets or B cell 

proliferation and differentiation in order to gain insight into 
some parameters affecting the immune response.

The experiments described were completed a number of years 

ago and purification techniques for the isolation of lymphocytes 
and cytokines have improved since then. Numerous assay systems 
have also since been developed to assess the function of 

lymphocytes and the presence of cytokines. If these, techniques 
had been available at the time this work was undertaken the 
results obtained could have been improved since more purity of 
reagents and assays would have allowed more precise 

observations.

The conclusions reached after experiments using a 
glycolipoprotein extract from Pseudomonas aeruginosa (GLP) were 
that GLP was mitogenic for a subpopulation of B cells but had no 
effect on T cell responses. This theory was plausible at the 
time of these experiments and the work was published (Varey, 
Cooke, Dimitrocopouloos & Papamichail, 1984; see copy bound in 
this thesis) although subsequent data have suggested alternative 
explanations. Firstly, the data showing that GLP was mitogenic 
for a subset of B cells depended upon the results that CBA/N 

spleen cells were unable to proliferate to GLP. This can be 

reinterpreted if one considers that CBA/N mice have a 

maturational defect instead of lacking a subset of B cells 

(Rosen, 1989). Also, there are some experiments which
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demonstrate a macrophage defect in CBA/N mice (Coulderc, 1987) 
and the lack of a proliferative response of CBA/N spleen cells 
to GLP could be due to the lack of adequate antigen 

presentation. The result still stands that GLP acts like a 
classical B cell mitogen.

In the experiments presented in this thesis, unseparated 

populations of spleen cells or peritoneal cells were used, and 
it is not clear whether GLP caused proliferation of resting 
and/or activated B cells. Experiments with purified B cell 

populations, for example percol separated, and single cell 
assays, would be more informative with regard to the identity of 
the target cells of GLP. Also the precursor frequency of cells 
responding to GLP and LPS could help clarify which cells GLP 
stimulates. To obtain the data showing that GLP caused terminal 
differentiation of B cells a secondary response to SRBC or an 
autologous PFC assay were used and the target cells in both 
cases were unseparated cells (spleen cells or PEC's). From these 
experiments it is unclear whether GLP acted directly on the B 
cells or on T cells to release cytokines (for example; IL-1, IL- 
4, IL-5, IL-6 etc.) which then affected B cell maturation. The
assays monitoring B cell differentiation used in this thesis 

involved both IgM and IgG isotypes. Since viruses and cytokines 
have now been shown to influence the pattern of isotypes 
produced, the role of GLP in isotype regulation would have been 
most informative. Recent data has shown that patients with 
elevated IgG2 and IgG3 antibody levels to P̂ _ aeruginosa have a 

poor prognosis (Presler, Penderson, Esposen, Hoiby & Koch, 

1990) . Therefore the regulation of isotypes in P_̂  aeruginosa 

infection appears to be critical for the outcome of infection.

GLP could now be more extensively purified and questions



about the presence of one or more factors (for example one for 

proliferation and one for differentiation) or LPS contamination, 

could be more easily answered. The question of LPS contamination 

could be resolved by using either polymyxin-B and/or C3H/HeJ 
mice in experiments to see if proliferation and differentiation 
could still occur after any putative effects of LPS were 

blocked. Neither of these were available at the time of this 
w o r k .

The conclusions reached with experiments using the 
metabolic inhibitor 2 1-deoxyguanosine (dGuO) were that dGuO 
specifically affects certain T cell subsets. Non-specific Ts 

cells were inhibited in systems where the non-specific Tcyt 

cells were unaffected. This result was valid at the time of this 

work and published in Varey, Lelchuk, Hutchings & Cooke (1983) 
(see bound copy in this thesis). Recent data have questioned the 
existence of 'Ts‘ cells as a separate lineage of cells (Moller, 
1988) therefore experiments designed to look at the development 
of Ts and Tcyt cells in parallel may now seem redundant. The 
non-specific suppression found after incubation with ConA could 
be due to the actions of cytokines released from T cells, for 

example Thl cells release IFN-^f" which can suppress B cell 
differentiation. If one was designing a series of experiments 
to look at the T cell defect in PNP deficiency using the 
metabolic inhibitor dGuO to mimic T cell dysfunction, it would 
be interesting to examine the effect on T cell subpopulations. 
The effect of dGuO pretreatment on T cells separated according 

to CD45R expression would allow one to monitor the effect on 

memory T cells. After priming with dGuO i_n v i v o , the T cell 

populations could be analysed by surface staining (FACS 
analysis). This could reveal any gross alterations in T cell



numbers, for example the CD4:CD8 ratio, following dGuO priming. 
Since Th cells (CD4) can be divided into Thl and Th2 cells 

(Mosmann, Cherwinsky, Bond, Gieldin & Coffman, 1986) and Thl 

cells can cause suppression (Killar, MacDonald, West, Woods & 
Bottomly, 1987) then the effect of dGuO priming on Thl/Th2 cells 
could be analysd.

The ConA suppression experiments reported here could be 
open to reinterpretation. One could explain the suppression of a 
secondary SRBC response after addition of ConA stimulated spleen 

cells by suggesting it is due to IFN-'^re leased by these cells. 
IFN->f has been shown to suppress antibody responses (See 
chapter 6). Therefore, dGuO could have reduced the numbers of 
cells (Thl) activated by ConA or inhibited the release of 
cytokines from these cells. Recent data on IL-10 has shown that 
this cytokine is released from Th2 cells and inhibits the 

secretion of cytokines from Thl cells. dGuO could have increased 
the number of Th2 cells releasing IL-10 and in turn reducing the 
amount of cytokines released from Thl cells. The net result of 
this would be an abrogation of ConA suppression. Experiments to 
test this out would use dGuO pretreated spleen cells and normal 
spleen cells stimulated with ConA and then assayed in an ELISPOT 
system to estimate the numbers of cells capable of releasing 
IFN-cS\ IL-4, IL-5, IL-6, IL-10 etc. This would allow a direct 
measurement of the number of cells capable of releasing these 
cytokines.

The effect of cyclosporin A (CsA) on T cell activation and 

proliferation were investigated. With regard to activation, the 

effect of this drug on antigen presentation or direct T cell 

triggering by soluble antibodies were studied. CsA inhibited the



ability of irradiated spleen cells to present antigen to T cell 

lines and clones specific for Tg or PPD (Varey, Champion & 
Cooke, 1986). This could not be reversed by the addition of IL- 
1. The effect of CsA on soluble anti-CD3 or idiotype antibody 

activation of T cells has not been described thus far in the 
literature. Using the cell line D10.G4.1, it is possible to show 
that CsA inhibited activation by both anti-CD3 and the idiotypic 
antibody 3D3. When a T-hybridoma cell line, CH9, was stimulated 
with anti-CD3 to release IL-2 in the presence of CsA, no 
inhibition of cytokine release was found. One interpretation of 

these results could be that CsA has different effects on 
different types of T cell lines. The hybridoma cells being less 
sensitive to CsA. To confirm these results a more extensive 
analysis with many different T cell clones and T cell hybridomas 
would need to be completed.

Recent data on accessory factor requirements for activation 
of Thl and Th2 cells have shown that Th2 cells require IL-10 and 
that Thl cells need an unidentified accessory factor (Lorenz & 
Allen, 1989). The T cell lines used in these experiments can be 
classified into Thl/Th2 CD4+ cells. MTg7 and MTgl2B are Thl 
cells, therefore, addition of IL-1 to restore the antigen 
presenting function of CsA treated spleen cells would have no 
effect (as seen in chapter 5). D10.G4.1 cells are Th2 cells and
need IL-1 for stimulation. Addition of IL-1 to these cells with 
CsA treated APC's would have been interesting since this may 
have helped to clarify whether the effect CsA has on APC 
function is due to the inhibition of release of accessory 

factors. Van Snick has reported that both IL-1 and IL-6 are 
required for restoration of APC function to Thl cells (Renauld, 
Vink & Van Snick, 1989) and both of these factors may be



required to restore the accessory function of CsA treated APC1s .
These results show that the APC function of spleen cells is 

affected after CsA treatment but not whether processing and/or 
presentation are affected. Cyclophilin has been shown to 
mediate the biological effects of CsA (Tropschug, Barthelmess & 
Neupert, 1989). Cyclophilins can act as catalysts, slowing down 

steps in protein folding iji vitro (Standaert, Galat, Verdine & 
Schreiber, 1990) . Therefore CsA may also slow down the folding 
of peptides and affect the final conformation of the peptide 
processed by the APC and its subsequent re-expression on the 

surface of the APC's. This could inihibt the stimulatory effect 
of a protein on the T cells. One way round this problem would be 
to use peptides which can stimulate the T cells and remove the 
need for processing the antigen. The use of radioactive CsA 
would be interesting to see where the CsA is located after 
pulsing the APC's. Any carry over effects of CsA could be 
resolved by the use of radioactive CsA.

The population of A P C 's used in these experiments was 
spleen cells. This potentially contains three types of cells 
capable of APC function, namely macrophages, B and dendritic 
cells. The exact role of each of these cells in APC function to 
T cells needs to be clarified. The role of memory B cells in APC 
function is still unclear as is the effect of CsA on these 
cells. Do all the three types of APC's present to naive T cells 
and/or primed T cells ? Most of the work described in the 
literature uses primed T cell populations. Presentation to naive 

T cells needs to be assessed before the role of CsA in 
presentation can be clarified.

FK-506 has many similarities to CsA with regard to the 

populations of cells it affects. CsA and FK-506 can show



additive effects and the role of FK-506 in antigen presentation 

needs to be assessed.

This thesis also described a new assay system for measuring 
IL-5 and BCDF/BCMF's. The autologous PFC assay provides a rapid 
means of assessing B cell differentiation. LPS causes a 

significant enhancement of these Br.PFC's and therefore is used 
as a positive control for all assays. From extensive studies 
using a panel of supernatants or recombinant cytokines, only two 

factors appear to enhance this response; IL-5 and SJL(4)F. IFN- 
inhibits this assay and will reduce any enhancing efects of IL-5 
or SJL(4)F. To eradicate any inhibition by IFN- , addition of 
antibodies to IFN- could allow accurate screening of crude T 
cell supernatants, as also suggested by Reynolds, Boom & Abbas 
(1987) and Lohoff, Somer & Rollinghoff (1989).

The autologous PFC assay could be improved by the use of a 
single cell assay. This has recently been described by Daenke 
and Cox (1987) who found that a partial dependence upon 
macrophage derived factors was required for the development of 
autologous PFC's. Using such a single cell assay the role of 

cytokines could be assessed in more detail. The use of 
antibodies to cytokines (recently developed) would further aid 
clarification of the role of cytokines in the autologous PFC 

assay system. Synergistic interactions between cytokines and 
isotpype regulation could be studied using recombinant 
cytokines. Since the Br.PFC's appear to belong to the Lyl+ B 
cell population and the isotypes used by these cells are 
restricted (mainly IgM), factors which could modulate the 

isotype of Br.PFC's would be interesting.

Wetzel (1989) correlated IL-5R+ cells with Lyl+ B cells. 
One of the assays for IL-5 uses BCL1 cells, which are IL-5R+ and
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Lyl+ . Recent data has shown that PEC's contain greater numbers 
of IL-5R+ cells than spleen cells and in similar numbers to 
cells expressing Ly-1 (Hitoshi, Yamaguchi, Mita, Sonoda, Takaki, 
Tominaga & Takatsu, 1990). It was concluded that the IL-5R+ 
cells are present on only a subpopulation of B cells. These 
results suggest that the Br.PFC's are most likely IL-5R+/Ly-1+/B 
cel Is.

Since removal of T cells prior to culture resulted in an 
increase in the numbers of autologous PFC's, this result was 

thought to demonstrate the role of Ts cells in the regulation of 
autologous PFC's (Cox, Evans, Brooks & Cunliffe, 1979). 

Howevever, there are alternative explantations. For example, CD4 
cells can be divided into Thl and Th2 cells and Thl cells 

release IFN-&* which can suppress this antibody response 
(chapter 6). The observed T cell "suppression" could therefore 
be due to IFN-c5 since treatment of PEC's with anti-Thy 1.2 
and C ‘ will remove Thl cells and any IFN-^S produced and thus 
permit development of an increased number of PFC's. An internal 
regulation for inhibiting release of IFN^T from Thl cells can be 
found in the release of IL-10 from Th2 cells, because the latter 
suppresses the release of cytokines from Thl cells. Therefore 
the autologous PFC response can be regulated by the balance of 
cytokines present and may represent one way in which these cells 
are regulated i_n v i v o .

A novel BCDF, thus far undescribed in the literature, has 

been shown to be produced by a T cell line, SJL(4). This BCDF 

has a MW of 20K and pi values of 5.9 and 7.9. When compared to 
other factors SJL(4)F appears to be distinct from IL-1, IL-2,

IL-3, IL-4, IL-5, IL-6 and IFN-^T .
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The recent availability of antibodies to cytokines, for 
example IL-4, IL-5 and IL-6, could help to identify those 

components of SJL(4)F which are important in the development of 

the autologous PFC's and clarify which cytokines are present in 
S J L (4)F .

The advances in purification and cloning techniques have 

enabled the cloning and sequencing of many cytokines. If this 
were to be pursued the next step would be to clone and sequence 
SJL(4)F and compare its sequence to that of other cytokines.
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