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A BSTRACT

MECHANISMS OF LYMPHOCYTE SELECTION IN  
PHYSIOLOGY AND AUTOIMMUNE PATHOLOGY

Stina Forsgren. Unit for Applied Cell and Molecular Biology, 
Umea University, S-901 87 Umeå, Sweden.

The role of mlg and la antigens in B cell activation was studied. While binding to 
mlgM as well as m lgD rendered B cells more susceptible to stimulation by T helper 
cells, binding to la antigens, I-A and/or I-E, resulted in inhibition of mitogen 
dependent B cell proliferation and maturation. This inhibition was not due to 
nonspecific effects, nor to sterical hindrance of the mitogen receptor, and was 
limited to the induction phase. Based on these findings we have postulated the 
existence of a membrane receptor complex regulating induction of B cells.

Increased susceptibility to T helper cell-dependent stimulation after binding to 
Ig demonstrates a plausible function of the highly connected natural antibodies 
which we have shown constitute the basis for a formal idiotypic network in normal, 
unmanipulated 6 d. old Balb/c mice. A large fraction of these antibodies bound to 
anti-MHC antibodies. One was chosen for further studies and shown to express an 
idiotype which mimic self-la determinants. This idiotypic family is naturally 
expressed in both newborn and adult Balb/c mice and constitute a ”major” idiotype 
in theTNP response in Balb/c. We speculate on MHC/anti-MHC complementarity 
constituting the basis for selection of B cell repertoires.

The regulatory effect of natural antibodies was studied in a T cell-mediated 
autoimmune model - the non obese diabetic (NOD) mouse. Suppression of B cell 
development for the first 4 weeks of life resulted in markedly reduced incidence of 
disease. The incidence of disease could also be reduced by administration of 
polyclonal (normal rabbit Ig) as well as monoclonal (Balb/c) natural antibodies 
during the first period of life, while induced antibodies showed no effect. This 
suggests that the natural B cell/Ig repertoire influences the establishment of the 
autoimmune T cell repertoire early in ontogeny.

Selection of autoimmune T cell repertoires was further studied using allophenic 
chimeras, NOD-C57B1/6. A positive correlation was observed between % cells of 
NOD-type in the perifery, as well as in the thymic medulla, and lymphocytic 
infiltrates into the pancreas (insulitis). . Thus, a contribution of negative selection 
to development of pathology in NO D mice can not be ruled out. However, in the 
thymic cortical region the correlation between presence of cells of NOD-type and 
insulitis was absolute, implying a crucial role for positive selection in the thymus 
in the establishment of autoimmune diabetes in NO D mice.
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A B STR A C T

MECHANISMS OF LYMPHOCYTE SELECTION IN  
PHYSIOLOGY AND AUTOIMMUNE PATHOLOGY

Stina Forsgren, Unit for Applied Cell and Molecular Biology, 
Umeå University, S-901 87 Umeå, Sweden.

The role of m lg and la antigens in B cell activation was studied. While binding to 
mlgM as well as mlgD rendered B cells more susceptible to stimulation by T helper 
cells, binding to la antigens, I-A and/or I-E, resulted in inhibition of mitogen 
dependent B cell proliferation and maturation. This inhibition was not due to 
nonspecific effects, nor to sterical hindrance of the mitogen receptor, and was 
limited to the induction phase. Based on these findings we have postulated the 
existence of a membrane receptor complex regulating induction of B cells.

Increased susceptibility to T helper cell-dependent stimulation after binding to 
Ig demonstrates a plausible function of the highly connected natural antibodies 
which we have shown constitute the basis for a formal idiotypic network in normal, 
unmanipulated 6 d. old Balb/c mice. A large fraction of these antibodies bound to 
anti-MHC antibodies. One was chosen for further studies and shown to express an 
idiotype which mimic self-la determinants. This idiotypic family is naturally 
expressed in both newborn and adult Balb/c mice and constitute a ”major” idiotype 
in theTNP response in Balb/c. We speculate on MHC/anti-MHC complementarity 
constituting the basis for selection of B cell repertoires.

The regulatory effect of natural antibodies was studied in a T cell-mediated 
autoimmune model - the non obese diabetic (NOD) mouse. Suppression of B cell 
development for the first 4 weeks of life resulted in markedly reduced incidence of 
disease. The incidence of disease could also be reduced by administration of 
polyclonal (normal rabbit Ig) as well as monoclonal (Balb/c) natural antibodies 
during the first period of life, while induced antibodies showed no effect. This 
suggests that the natural B cell/Ig repertoire influences the establishment of the 
autoimmune T cell repertoire early in ontogeny.

Selection of autoimmune T cell repertoires was further studied using allophenic 
chimeras, NOD-C57B1/6. A positive correlation was observed between % cells of 
NOD-type in the perifery, as well as in the thymic medulla, and lymphocytic 
infiltrates into the pancreas (insulitis). . Thus, a contribution of negative selection 
to development of pathology in NO D mice can not be ruled out. However, in the 
thymic cortical region the correlation between presence of cells of NOD-type and 
insulitis was absolute, implying a crucial role for positive selection in the thymus 
in the establishment of autoimmune diabetes in NO D mice.
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GENERAL INTRODUCTION

HISTORICAL GLANCE

Practical applications of a science often precede the birth of the science 
itself, and immunology is no exception. From the recommendation of 
doctors in ancient China to blow diseased matter through a silver tube into 
the nose in order to avoid disease, and the praxis around 430 B.C. that 
individuals who had survived the plague took care of the sick because it was 
known that the disease did not strike twice, to the vaccination against 
smallpox developed by Jenner in 1778, all were practical applications of 
an, as yet, unknown science. In 1880, when Pasteur, besides using 
vaccination as a practical application of immunology also showed that 
vaccination could be generalized to apply to many microbial infections, 
immunology as a science was born

The initial phenomenological phase of immunology was characterized 
by a conflict between Metchnikoff s (1883) cellular theory and von Behring’s 
(1890) humoral theory of immunity. This dispute ceased later when both 
theories were proven essentially correct. When Heidelberger showed that 
antibodies are proteins, the first molecular phase of immunology began. 
During this period, some of the most exquisite properties of the immune 
system were demonstrated. Landsteiner (1945) showed that even slight 
changes in antigenic determinants resulted in loss of reactivity with a 
particular antibody (specificity) and also that the immune system was 
capable of producing specific antibodies against artificially synthesized 
chemicals that had never existed in nature (Landsteiner 1936). Later, Ohno 
(1978) ascribed this to "the Promethean character" of the immune system, 
alluding to the Greek titan possessing an eye with foresight.

In the following cellular period several major contributions to the 
history of immunology appeared: (i) Burnet’s (1957) proposal of the clonal 
selection theory, based on the natural selection theory, previously formulated 
by Jerne (1955); (ii) identification of lymphocytes as the cells responsible for
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immune phenomena; and (iii) the demonstration by Fagraeus (1948) and 
Coons et al. (1955) that plasma cells were antibody producers.

With the basic properties of the cells in the immune system outlined, 
the interest now turned towards regulatory mechanisms and the effect of 
cell interactions. T helper (Rajewsky et al. 1969; Mitchison 1971) as well as T 
suppressor cells (Gershon et al. 1971) were discovered and the important role 
of MHC antigens in different immune functions demonstrated (McDevitt et 

al. 1965). A few years later came the original postulates on thymic selection 
and T cell tolerance (Jerne 197la, b; von Boehmer et al. 1978; Zinkernagel et al. 1978). 

In 1974 Jerne proposed a new regulatory mechanism based on variable- 
region interactions. With his "network theory" immunology entered its 
present stage where the interest focuses on the multicellular structure and 
function of the immune system.
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STRUCTURE OF THE IMMUNE SYSTEM

The immune system includes in its broadest definition everything that can 
protect us from foreign intruders. Our first line of defence, and perhaps the 
most efficient one, is the skin. Together with other protective mechanisms 
such as ciliary movements in the respiratory tract, the cough and sneeze 
reflex, proteolytic enzymes in body fluids, the normal bacterial flora in the 
gastrointestinal tract (competing with pathogenic organisms for substrates), 
it hinders pathogens from entering body tissues. If an antigen manages to 
by-pass this defence it is encountered by phagocytic cells (macrophages 
and neutrophils) in tissue and blood. This part of the immune system is 
non-specific.

As opposed to more primitive organisms, vertebrates also possess an 
immune system which is based on specific recognition of the agent 
provoking the immune response. Specificity resides in receptors expressed 
on the surface of, and/or secreted by lymphocytes. These receptors bind 
antigen, eventually leading to its elimination. Each clone of lymphocytes 
expresses a unique receptor able to bind certain antigens but not others. 
Thus, in contrast to the non-specific immune system where almost any 
antigen can be eliminated by the same components, the specific immune 
system recruits different components depending on the provoking agent. 
The specific immune system consists of T and B lymphocytes with specific 
receptors that, on the T cell, are solely expressed on the cell surface while 
the receptors of B cells, the antibodies, can also be secreted. Parts of the 
phylogenetically older, non-specific defence mechanisms also contribute 
to the specific immune system, e.g. phagocytic cells are needed for 
processing and presentation of antigen to T cells.

Lymphoid organs can be divided into primary, where lymphocytes are 
produced (thymus and bone-marrow) and secondary, that are important 
for immune responses (spleen, lymph-nodes and Peyer's patches). Blood 
and lymphatic vessels are used for lymphocyte traffic in the body.
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B LYMPHOCYTES

B cells have the unique ability to produce and secrete antibody, and 
thereby do not require cell to cell interaction to exert their effector 
function. Immunoglobulins circulate throughout the body and mediate 
the humoral immune function that is primarily concerned with the 
extracellular phases of bacterial and viral infections.

Ontogeny
T he cells o f  the im m une system  all originate from a com m on, p luripotent 
hem atopoietic Stem Cell (Micklem et al. I960; V/u et al. 1968; Abramson et al. 1977) 

that early in ontogeny resides in the yolk  sac, later in  the fetal liver and 
spleen and, in the adult m am m al, in the bone-m arrow (Barnes*/*/. i967;Moore 

et al. 1967; Katz 1977).

B cells are named after the bursa of Fabricius, a specific B cell 
differentiation organ in birds (Glick */*/. 1956). A counterpart in mammals 
has been hard to demonstrate but, quite recently, Reynaud et al. (i99i) 
suggested that ileal Peyer's patches in the sheep behave as a bursa- 
equivalent. In the mouse, however, which is the most extensively studied 
mammal with regard to the immune system, the first precursor B cells are 
found in the fetal liver (Owen*/*/. 1974; Melchers*/*/. 1975) around day 12 after 
gestation and are identified by intracytoplasmic p  heavy chains (Raff et al. 1976; 

Kincade*/*/. 1980;Levitt*/*/. 1980). B cell production continues throughout life 
but is, after a short lived wave of production in spleen during the last 
trimester and throughout the first week of neonatal life, confined to the 
bone-marrow (Osmond*/*/. 1974; Abramson*/*/. 1977; Osmond*/*/. 1984; Velardi */ 

al. 1984; Osmond 1986). Differentiation of B cells in the bone-marrow seems 
to be independent of external antigen (Melchers et al. 1976) and mediated partly 
through hematopoietic factors (Kincade I9 8 I; Paige*/*/. 1984;Namen*/*/. 1988).

Immunoglobulins represent one of the few types of molecules which are 
known to be made solely by B lymphocytes. Although a number of surface 
markers appear during B cell development, expression of cytoplasmic p
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heavy chains is the earliest exclusive feature of a cell belonging to the B 
lineage, so far known. In mouse, the first cells appearing with this 
phenotype are large pre-B cells found, as mentioned above, in fetal liver at 
day 12 of gestation. They progressively change into small pre-B cells, start 
rearranging light chains and thereby express a complete IgM molecule on 
the cell surface (Landreth et al. 1981; Kincade 1987). These are the newly formed 
B cells, first detected at day 17 of gestation (Owen et al. 1974; Osmond 1975; 

Rosenberg et al. 1977), that leave the bone-marrow for the peripheral 
immunocompetent pool (Brahim et al. 1970).

Recently, other markers have been described that are unique for the B 
lineage; X5 and VpreB are two genes that are selectively expressed in pre- 
B cells and show homology to the constant region of the A. light chain genes 
(A5), and to sequences encoding the variable regions of k and A light chains 
and of heavy chain (VpreB) (Sakaguchi et al 1986; Kudo«/ al. 1987). They have been 
suggested to be important for stabilizing nascent heavy chains and to allow 
p. heavy chain expression on the cell surface prior to light chain synthesis 
(Tsubata et al. 1990). Furthermore, association with an a/ß heterodimer, 
exclusively expressed in B cells and with structural similarities to the CD3 
antigen-complex on T cells, has been shown to be required for expression 
of Ig On the membrane (Hermanson et al. 1988; Sakaguchi et al. 1988; Hombach et al. 

1990). The possible function of these B cell membrane antigens will be 
commented on in "results and discussion".

Other examples of B cell markers - although not exclusively such - 
appearing during development are B220, BP-1, la, Fc- and complement- 
receptors and Ly-1 (Sachs«/«/. 1973;Kincade«/«/. 1981;Kincade 1987). All these 
markers are maintained on the mature B cell.

1 g genes and protein structure
Immunoglobulin (Ig) is one of the most extensively studied and well 
characterized mammalian proteins. In its monomeric form, it consists of 
four subunits: two identical heavy (H) and two identical light (L) chains 
linked together by disulfide bridges and noncovalent association.
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Immunoglobulin polypeptide chains are divided into an amino-terminal 
portion exhibiting extensive amino acid sequence diversity (variable (V) 
region) and a carboxy-terminal portion with much more limited diversity 
(constant (C) region). The variable domains of both H- and L-chains are 
involved in antigen recognition while the H-chain constant region 
determines the selectivity of effector functions and antibody class. 
(Porter 1950; Kunkel et al. 1951; Edelman et al. 1961; Edelman 1973).

The B cell compartment within one individual has the property of 
completeness (Coutinho 198O), i.e. it can bind any antigen it encounters 
(Landsteiner 1936). The potential for this enormous diversity resids in the 
genetic organization and assembly of immunoglobulin genes. In mouse, 
the genes for the H and the two different L chains - kappa (k) and lambda 
(X)- are situated on chromosome 12 (M eoetal. 1980), 6 (Swanetal. 1979) and 16 
(D’Eustachio et al. 1981) respectively. The H-chain variable region is encoded 
by the variable (V^), diversity (D) and joining (Jj_j) segments. L-chain 
variable regions are encoded by just and segments (Early et al. 198O; 

Tonegawa 1983). Variable region genes are localized in clusters of 200-1500 
VH, 2 V*, 90-300 VK and a few genes in each of the D and J clusters. In 
the germline, non-coding sequences separate the different gene segments.

Several mechanisms have been shown to contribute to "the essential 
basis" for antibody production, "one cell one antibody-specificity" (Burnet 

1957): During B cell differentiation Ig variable region genes are joined 
together with the loss of intervening DNA thereby ensuring that only one 
V-(D)-J combination can be transcribed from each chromosome. Allelic 
exclusion assures that Ig genes are only expressed from one of the two 
homologous chromosomes - the other is inactivated. Isotype exclusion 
guarantees, through inactivation of both alleles of the non-expressed 
isotype, that only one of the two different L chains (k  and X) is expressed
(Bernier et al. 1964; Pernis et al. 1965).

Diversity
Through a presumably random combination of the different Vj_j, D, J j_j,
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VL and genes the potential germline Ig V-region diversity obviously 
reaches large numbers. This number is further increased by imprecise V- 
(D)-J joining, junctional nucleotide insertions, endonuclease and 
exonuclease nibbling of the terminals of the gene segments, combination 
of different H and L chains to a complete molecule and somatic mutations. 
Thereby, an individual has the potential of making at least 108 different 
Ig V-regions and, thus, 108 antibody specificities. Moreover, diversity is 
also assured by degeneracy of antibody specificity: one antibody can bind 
several different antigens with various affinities (Tonegawa 1983; Alt et al. 1987; 

Rajewsky et al. 1987).

Genes encoding the constant regions define the major classes or 
isotypes and are relatively few with the following chromosomal order in 
mouse: |i,5,Y3,Yl>Y2b,Y2a,e,a. Newly produced B cells all express IgM 
(Kincade et al. 1970; Lawton et al. 1972) and the majority also IgD at a lower level 
(Abney et al. 1978). During clonal expansion B cells can switch to the usage 
of another Cjj gene although keeping the same V genes, i.e. the same 
antigen specificity. This class sw itch occurs through recombination 
between specific DNA sequences located 5' to each gene (except C5) 
and results in deletion of intervening DNA (Nossal et al. i964; Hon jo et al. 1981 ; 

Wall et al. 1983).

B cell lineages
Recently, the existence of a unique and highly specific minor B cell lineage 
has been postulated. In the adult these cells mainly populate the coelomic 
cavity where they comprise 10-40% of all cells while they are not 
detectable in conventional lymphoid organs, except for a few percent in 
spleen (Hardy et al. 1986; Herzenberg et al. 1986). The majority of these cells express 
the CD5 (Ly-1) membrane marker - until recently regarded as an exclusive T 
cell marker - and are further characterized by high IgM and low IgD levels.

Unlike conventional B cells, CD5+ B cells can (most often) not be 
reconstituted with transfer of adult bone-marrow into irradiated individuals. 
Neonatal bone-marrow and spleen, fetal liver and adult peritoneal cells
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how ever, do reconstitute CD5+ B cells (Hayakawa */ al. 1985; Hayakawa*/*/. 
1986b). T his suggests that after an in itia l period in  on togeny the production  
in  the bone-m arrow cease and in  the adult, CD5 + B cells are generated in  
th e peritoneal cavity by se lf  renewal and are perhaps also lon g  lived(Hardy
et al. 1986; Herzenberg et al. 1986).

An interesting feature of these B cells is that they have been shown to 
produce most of the spontaneously secreted IgM (Förster*/*/. 1987), and to be 
biased for auto-antibody production (Hayakawa et al. 1984; Hayakawa et al. 1986a; 

Hardy et al. 1987). Furthermore, the genes used by a large proportion of
B cells in this lineage have been characterized as belonging to a new family
(Reininger et al. 1987).

B cell activation
Activation of B cells can be accomplished with (thymus dependent, TD) 
or without (thymus independent, TI) the help of T cells. Most antigens are 
TD. They result in stimulation of antigen-specific B cells only, and require 
close and direct contact between B and T cells. This was demonstrated in 
classical hapten-carrier experiments where effective T-B collaboration 
only took place if the hapten and carrier were physically linked (Ovary et al. 

1963; Mitchison 1971). Furthermore, T-B cell collaboration is restricted by 
major histocompatibility class II antigens (Katz*/*/. 1973a, b). Upon interaction 
between the two cell-types, T cells are triggered to production of soluble 
factors and B cells are triggered to reactivity to these with subsequent B 
cell expansion and differentiation into antibody secretion. The different 
phases of B cell activation require distinct T cell-derived factors that have 
now been cloned and sequenced: interleukin-4 (IL-4) is important for 
induction (Lee et al. 1986; Noma*/*/. 1986), IL-5 for growth and differentiation 
(Kinashi et al. 1986) and IL-6 for Ig secretion (Hirano et al. 1986).

As papers I-III in this thesis concern B cell activation, this subject will 
be further elaborated in "Results and discussion".
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T LYMPHOCYTES

In contrast to B cells, T cells do not release their antigen binding receptors 
in soluble form and are thereby strictly dependent on cell-to-cell interactions 
in order to execute their specific effector functions. T cells account for 
nearly all forms of cellular immunity, including cell-mediated lympholysis, 
delayed-type hypersensitivity, and transplantation reactions such as graft- 
versus-host disease and allograft rejection.

Ontogeny
In ontogeny, precursor T cells move directly from the bone-marrow to the 
thymus (Owen et al. 1981). Upon entry into the thymus, T cells start to express 
antigen specific receptors and surface markers (CD4/CD8) for the different 
T cell sub-sets. Thymus is a relatively large organ in young individuals but 
starts a progressive atrophy at puberty and, although the production of 
mature T cells in the thymus continues throughout life, the output is very 
low in old age. When released from the thymus, most immunocompetent 
T cells do not reside in any one lymphoid organ but migrate continuously 
from one organ to another via blood and lymphatic vessels and form part 
of the recirculating lymphocyte pool. Some sub-sets of immunocompetent 
T cells, however, migrate preferentially to certain organs, probably due to 
the expression of "homing receptors" (Chin it al. 1980; Picker et al. 1991).

Subsets
T cell effector functions are of two main categories: regulatory and 
defensive. Cytotoxic T  lymphocytes (CTL) have a defensive effector 
function and mediate lysis of virus infected cells and foreign (grafted or 
transplanted) cells through direct cell contact. H elper T  cells (Th) induce 
proliferation and differentiation of both B cells and CTLs. They also 
activate macrophages to digest intracellular parasites and take part in 
delayed type hypersensitivity (DTH) reactions. Thus, Th cells belong to 
both categories of T cell effector functions. Based on the pattern of 
lymphokine synthesis in murine T cell clones, it has been suggested that Th
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cells can be divided into two classes; Thl and Th2. Type 1 Th cells produce 
preferentially IL-2, interferon-yand lymphotoxin. They activate macrophages 
and CTLs and mediate DTH and are called "inflammatory" T cells. Type 2 Th 
cells produce IL-4 and IL- 5. They interact primarily with B cells and are called 
"helper" T cells (Mosmann et al. 1986; Cherwinski et al. 1987; Bottomly 1988). It has been 
argued that the differentiation into specialized Th 1 or Th2 cells from a common 
precursor depends on type of accessory cell interaction and is influenced by 
lymphokines (Gajewski et al. 1989).

CTL and Th cells can be distinguished by different cell surface markers. In 
addition to Thy-1 (Raff 1971) and Ly-1 (Ledbetter*/al. 198O) that are expressed on 
all T cells, at least at low levels, T helper cells selectively express CD4, and CTLs 
CD8, molecules. CD4 and CD8 antigens have been shown to bind to non- 
polymorphic class I and IIMHC determinants respectively (Greenstein et al. 1984; 

Davis et al. 1988; Goldstein et al. 1988). It is now admitted that the expression of CD4 
or CD8 molecules is correlated with MHC restriction of the T cell receptor 
rather than with effector function (Swain 1983; Goverman et al. 1986; Sprent et al. 1986, 

1987). The role of CD4 and CD8 antigens is to strengthen cell interactions and 
function as co-receptors in signal transduction.

Suppressor TceUs(Ts)(Gershon*/*/. 1971 ; Germain*/*/. I98i)areagain regulatory 
T  cells. A lthough it is now unquestioned that some T  cells can inhibit the 
function o f  other T  cells (Green et al. 1983), it is still unclear whether Ts cells are 
a separate lineage. Ts cells are C D 8 + like CTLs and at least some Ts phenomena 
are probably controlled by typical CTLs that can inhibit the function o f  other 
T  cells by for example lysing antigen presenting cells, absorbing growth factors 
and destroying T  cells through T  cell receptor recognition o f  idiotypic 
determinants (Beligrau*/*/. 1979).

The T  cell receptor
T h e nature o f  th e  T cell receptor (T cR ) was until 1982-83 virtually  unknow n. 

T h en , in a short period o f  tim e , the T cR  protein  was identified  and th e genes  

en cod ingthereceptorw ere cloned and sequenced(Allison*/^. i982;Haskins*/*/. 1983; 

Kaye */ al. 1983; Hedrick */ al. 1984a, b; Yanagi et al. 1984). At the level o f  Structure and
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genetic organisation, the TcR genes show similarities to Ig genes. It is 
constituted by a disulfide linked heterodimer consisting of an a  and a ß chain. 
Both chains have a variable and a constant part. The TcR variable region is, as 
is that of the Ig, assembled from a cluster ofV, D (ß chains only) and J segments 
which, after rearrangement and RNA splicing, are joined to a constant region 
segment to form a single exon. There are approximately 100 Vo, 25 Vß, 50 Ja, 
14 Jß and 2 Dß genes in most mouse strains.

Apart from TcR a +/ß+ T cells, another population express a different TcR, 
composed of y and 6  chains (Bank «/ al. 1986; Brenner et al. 1986). These cells are rare 
in lymphoid tissues(around 5 % ofCD3+cells)andpopulateparticularanatomical 
sites such as epidermis, gut epithelium and lung. The majority of TcR y+/8+ 
cells show the double negative (CD47CD8"), immature phenotype, with the 
exception ofthe gut where most areCD8+(Stingi«;*»/. 1987;Goodman«/«/. 1988;Augustin 

et al. 1989). The physiological function of these cells is presently unknown. 
However, their presence in all species thus far examined (humans, mice and 
chickens) indicates that they mustprovidean important, butas yet unappreciated, 
function in the immune system.Both a/ß and y/5 TcR are linked to a cluster of 
cell surface molecules termed the CD3 complex which plays an important role 
in T cell induction (Clevers et al. 1988).

T cell activation
T cells do not react to native antigen. Specificity is directed to small fragments 
of antigen bound to cell surface MHC molecules. Resting T cells express high 
levels of antigen-specific receptors and very low levels of receptors for the T cell 
growth factor IL-2. Upon interaction with antigen, TcR expression is down- 
regulated (Reinherz«/«/. i982;Meuer «/<*/. 1984), IL-2 receptor expression up-regulated 
and de mvo synthesis of IL-2 induced resulting in an autocrine growth response 
(Meiler«/«/. 1984). Antigen-specific clonal expansion is assured by induction of IL- 
2 reactivity only in cells expressing high IL-2 receptor density, a property 
restricted to antigen-activated T cells (Cantrell«/«/. 1983). Furthermore, high IL- 
2 receptor density requires presence of antigen and gradually declines in its 
absence (Cantrell «/ «/. 1985).
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THE MAJOR HISTOCOMPATIBILITY COMPLEX

Regardless of what threatens a species, individuality is of high survival 
value. Concerning the immune system, individuality is essential in order 
to assure survival of at least a few members of a species when threatened 
by, for example, a highly infectious, pandemic, lethal disease. In all 
mammals and probably all vertebrates, a major contribution to the 
individuality of the immune system is based on cell surface antigens 
encoded in a gene complex with loci that are unique, compared to all other 
known loci, because of their very high degree of genetic polymorphism. 
This major histocompatibility complex (MHC) is designated HLA (human 
leucocyte antigen) in man (Dausset 1958) and histocompatibility-2 (H-2) in 
mouse (Snell 1948). Each single locus has roughly 50 to 100 alleles and the 
probability of finding two non-related human beings with identical sets 
of alleles is less than about one in a billion.

The murine MHC was initially defined as the gene complex responsible 
for the strongest allograft rejection in inbred strains of mice (Gorer 1936). 

Consequently, it became of great interest for applied immunology, e.g. for 
organ transplantation. As a result of considerable research in this area, the 
MHC is now considered one of the central gene families influencing the 
immune system and the biology of vertebrates. The murine MHC is 
located on chromosome 17 (Gorer i t  al. 1948) and encodes several different 
types of molecules in various gene clusters. Mentioned below are the two 
classes of MHC antigens that are of central importance in the immune 
response.

Class I glycoproteins are expressed on all nucleated cells and consist 
of a single polypeptide chain with a molecular weight of45.000. They are 
encoded by the K and D regions of the MHC (Klein it al. 1978, Klein 198I) and 
are noncovalently associated with ß2 -microglobulin ^ m ) ,  a peptide not 
linked to the MHC.

Class II molecules are mainly expressed on B cells, accessory cells such 
as macrophages and thymic epithelial cells (Möller (ed.) 1985). These antigens
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are heterodimers composed of an a  (33-35.000 MW) and a ß chain (28- 
31.000 MW). They are encoded by genes in the I region of the MHC and 
are also called I region associated antigens (la). There are two subregions 
of the I region: I-A which encodes the Aa, Aß and Eß chains and I-E which 
encodes the Ea chain of the heterodimer. These antigens are intimately 
associated with immune recognition and responsiveness.

In 1973 Rosenthal et al. found that primed T cells could only be 
restimulated by syngeneic or semi-allogeneic accessory cells presenting 
the relevant antigen. Further demonstrations of the requirement for 
histocompatibility in T cell recognition followed: virus specific cytotoxic 
cell lines could only lyse MHC compatible virus infected cells (Zinkernagel 

et al. 1974) and recognition of self class II MHC antigens was an obligatory 
requirement in the cooperation between Th cells and B cells (Katz«/al. 1973a, 

b). Sub-types of T lymphocytes were shown to use different restriction 
elements. CTLs and Th cells recognize antigen in association with class I 
and class II molecules respectively (Katz et at. 1975; Miller et al. 1975; Zinkernagel 

étal. 1975;Bevan 1977 jKappler et al. 1978;Swain 1983). This phenomenon was called 
MHC restric tion .

Already in 1963, Levine et al. showed that injection of a synthetic 
polypeptide into guinea pigs of two different strains evoked a vigorous 
response in one strain while the other failed to respond. In mice, the 
responding trait was found to be under the control of a single gene that 
mapped in the region between the K and D loci of the MHC (McDevitt «/<*/. 

1965). This gene was called immune response (Ir) gene. After extensive 
genetic, serological and biochemical analysis the formal proof that MHC 
antigens - more specifically class II molecules - were responsible for the Ir 
gene phenotype came when Le Meur et al. (1985) demonstrated that in vivo 
introduction of a class II gene conferred on a non-responder mouse the 
ability to respond to a synthetic polymer.

Antigen presentation
With the aim of determining the residues and the actual site of reactivity
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within MHC molecules involved in antigen presentation, variations in 
primary structure have been correlated to differences in function. The 
dilemma with these types of experiments is that changes in one residue 
could result in changes in some distal site, thus making it hard to depict 
the particular residue involved in functional recognition.

This problem was recently solved when the crystal structure of a class I MHC 
antigen was defined by Björkman et al. (I987a, b). When the four domainspredicted 
from the primary structure were identified in the three dimensional model they 
were found to be presented as two pairs of similar domains; a  1—a2 on top of a3— 
ß2 m, closer to the cell membrane. The a l-a2  domain consists of two a-helices 
situated on a floor of ß-sheets. The resulting groove on the top of the molecule 
makes this region a prime candidate for the active site of the class I molecule. 
In fact, many of the residues lining the groove coincide with those predicted for 
T cell recognition in former studies and there are strong indications for a foreign 
peptide actually binding in the groove (Björkman et al. i987a,b). Based on the class 
I crystal structure, a model has been proposed for class II antigen structure (Brown 

et al. 1988). This shows strong similarity to class I, i.e. helical structures lining a 
groove with variable residues pointing inward and conserved residues found 
outside this region.

Recently, it has been demonstrated that antigens presented with class 
I molecules are intracellularly derived peptides that, after transport into 
the endoplasmatic reticulum, bind to and take part in the assembly of class 
I molecules before transportation to the cell surface (Townsend*/*/. 1989). Genes 
encoding putative peptide transporters have been cloned and sequenced 
(Deverson et al. 1990; Monaco et al. 1990; Spies et al. 1990; Trowsdale et al. 1990). Class II 
molecules associate with an invariant chain in the endoplasmatic reticulum 
that prevents binding of peptides that are bound by class I molecules. The 
invariant chain also targets the class II molecules to endocytic compartments 
(Lotteau*/*/. 1990) and, after dissociation, makes the class II antigen-binding 
site accessible for the peptides primarily bound to classs II molecules, i.e. 
internalized and degraded exogenous antigens.
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SELECTION OF REPERTOIRES

The fact that although we do produce self-reactive B and T cells, we do not 
(normally) develop pathological autoreactivity, makes it obvious that 
selection must take place within the immune system The ability to 
discrim inate self from non-self or, in other words, to to lerate self 
antigens is one of the most important features of the immune system To 
understand the mechanism(s) underlying this central property has been, 
and still is, one of the greatest challenges for immunologists, not the least 
because of the implications it will have for our understanding of 
autoimmunity.

Already in 1945 Owen showed that a majority of bovine twins have 
identical blood types although they are not monozygotic, and suggested 
that this would be due to interchange of hematopoietic stem cells via the 
commonly occurring vascular anastomosis between bovine twin embryos. 
These stem cells are apparently "tolerated" by their co-twin host and can 
provide a source of blood cells throughout life. Other examples of the 
ability of the immune system to tolerate foreign antigens if introduced 
early in life followed (Billingham et al. 1956), as well as induced tolerance in 
adult mice (Dresser 1962). Studies with wide range variation in the antigenic 
load resulted in the discovery of high and low zone tolerance (Felton et al. 1942; 

Mitchison 1964). Thus, tolerance can be learned by the immune system - but 
how?

Selection o /T  cells
For T cells, parts of this learning process takes place in the thymus where 
T cells mature to immunocompetence. The most immature T cells are 
found in the peripheral part of the thymic cortex. These cells are so called 
"double negative" as they express neither CD4 nor CD8 markers. They are 
alsoTcR negative and comprise 1-2% of thymocytes. Upon entry into the 
thymus these cells rapidly express high levels of Thy-1 and proliferate 
extensively (Kisielow et al. 1984; Fowlkes et al. 1985; Kingstone et al. 1985). W îth time 
these cells express both CD4 and CD8 antigens on the surface and thus
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become ”double positive”. At this stage they also express low to intermediate 
levels of oc/ß T cR (Roehm et al. 1984) associated with the CD3 complex and can 
thereby be specifically influenced by their antigenic environment and, 
thus, selected. This phenotype represents the majority of thymocytes (80- 
85%) and also the majority of cells found in the cortex. 10-15% of 
thymocytes are single positive cells (CD4+ or CD8+) with high levels of 
CD3-ot/ß TcR. They represent the end stage of thymic maturation and are 
largely found in the medulla.

Although there is an extensive proliferation going on in the thymus, 
the output is rather low (lxlO^/day). Thus, cell death in situ seems to be 
the normal fate of the vast majority of double positive thymocytes (Scollay 

et al. 1985,1988). This selection is based on recognition of self-MHC antigens 
on epithelial cells found in both cortex and medulla, and on macrophages 
and dendritic cells situated almost exclusively in the medulla and 
corticomedullary junction (Adkins et al. 1987). Selection of T cells in the 
thymus is thought to be a two step process including first positive 
selection of cells recognizing self-MHC and second, negative selection of 
autoreactive clones. Both events take place at the double positive stage.

Positive selection is believed to be carried out by interaction with MHC 
antigens on cortex epithelial cells and was first suggested several years ago
(Jerne 197 la,b; Fink et al. 1978; von Boehmer et al. 1978; Zinkernagel et al. 1978 ) and has 
been confirmed by more recent reports (foetal. 1986; Marrack et al. 1987; von Boehmer 

et al. 1988). TcR-MHC (epithelial cells) binding has been suggested to give 
a protective signal to double positive thymocytes that otherwise are 
programmed to destroy themselves (Sprent et al. 1988).

ThegermlineT cell repertoire contains at least lO^different specificities 
(Kronenberg et al. 1986). A random representation of these, positively selected 
to recognize antigen plus self-MHC, will certainly include autoreactive 
receptors. This requires negative selection that takes place either in the 
cortex or medulla as a result of thymocyte receptor engagement by ligands 
on bone-marrow derived cells (macrophages and dendritic cells) or, 
according to some authors, medullary epithelial cells. The development of 
anti-Vß monoclonal antibodies has provided new, powerful experimental
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tools. With the use of these in studies of so called Msuper-antigensM, that 
stimulate most T cells bearing a given Vß, clonal deletion has been shown 
to be a major mechanism of T cell tolerance of self antigens expressed in 
the thymus (Kappler et al. 1987).

Thus, maturation of T cells requires selection on the basis of self 
recognition (self MHC) and restriction against self recognition by the same 
receptor. Two hypotheses have been proposed to try to explain this paradox:
- The affinity hypothesis proposes that, whereas thymocytes with both 
high- and low-affinity receptors are positively selected on self-MHC, only 
the high-affmity clones are subsequently deleted (Sprent et al. 1987).

- The ”altered ligand” hypothesis rests on the idea that thymus 
cortical epithelial cells may express MHC molecules bound to a collection 
of peptides that are not found elsewhere in the animal (Marrack et al. 1987).

Selection ofB cells
The number of potential Ig V-regions that can be produced in one indivi
dual mammal by far exceeds those that are expressed at any point in life. 
Depending on maturation stage, antibody diversity can be divided into: 
(i) the potential reperto ire  that consists of all V-regions that can be 
generated from the germ line, i.e. in the mouse around 10^ (Tonegawa 1983; 

Berek*/*/. 1985), (ii) the available reperto ire  made up of V-regions on all 
immunocompetent B cells available for antigenic selection - a maximum 
of 10  ̂(Jerne 1971a), (iii) the actual reperto ire which comprises V-regions 
that are actually being used by Ig secreting cells - only a few millions 
(Coutinho et al. 1984; Freitas et al. 1986a, b).

A great deal of interest has focused on whether the emergence of B cells 
from the different repertoires is a random process or due to selection of 
specificities. Such studies have analysed Vpj usage based on the grouping 
ofV ft gene segments into eleven different gene families based on nucleotide 
sequence similarities (Brodeur et al. 1984; Dildrop 1984; Winter*/*/. 1985). Initially, 
it was found that the early B cell repertoire (fetal and neonatal pre-B and 
B) shows over-representation of the most D-proximal Vpj genes (Yancopoulos 

et al. 1984; Perlmutter et al. 1985; Holmberg et al. 1986; Alt et al. 1987), compared tO
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adult peripheral B cells (jeong«*/. 1988; Freitas«al. 1989). Quite recently, this 
preferential usage of D-proximal Vpj genes was found to apply also to early 
maturational stages of B cell development in the adult (Freitas««/. 1990; Malynn 

>t al. 1990). Thus, selection of Vjj genes is likely to be determined initially 
by a non-random, position-dependent rearrangement process (Yancopoulos 

«  al. 1984). The loss, in adult peripheral B cells, of the initially selected 
predominance of D-proximal Vj_j genes is thought to be due to différent 
life spans or differential selection of cells expressing different V^j families 
(Freitas et al. 1990; Malynn et al. 1990).

Other results in support of selection of the early B cell repertoire derive 
from studies showing an appearent hierarchy in the ontogenic development 
of the ability to make an antibody response to different antigens (Klinman
etal. 1975; H oward««/. 1976; Sigai et al. 1976; P ollok««/. 1984; Stohrer et al. 1984;Teale 

«  al. 1986).

The concept that immunity was acquired by clonal selection of 
antigen-specific B cells (Burnet 1957) led to the hypothesis that tolerance 
would be acquired by clonal deletion or functional inactivation of B 
lymphocytes Specific for self antigens (Burnet 1957; Lederberg 1959; Nossal 1983). 

In contrast, the following discovery of distinct types of lymphocytes, T and 
B cells, and the need for B cells to collaborate with antigen-specific T cells 
tO mount efficient antibody responses (Claman*/*/. 1966;Miller*/*/. 1967; Mitchell 

etal. 1968; Vitettaetal. 1989)led to the suggestion that no changes in the B cells 
themselves were necessary for tolerance as long as self antigen-specific T 
cells underwent clonal deletion (Miller et al. 1970).

Today, recent transgenic studies by Goodnow#<z/. (1988, i990)and Nemazee 
and Burki (1989a, b) have reintroduced clonal deletion and functional inactivation 
(anergy) as mechanisms mediating B cell tolerance. The fact still remains, 
however, that autoreactive antibodies, as well as naturally activated, self
specific B cells can be found in normal individuals, suggesting that clonal 
deletion/anergy is not the only tolerizing mechanism for B cells and that 
systemic regulatory (network) mechanisms should be considered.
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NETW ORK THEORIES

New perspectives on selection and regulation of the immune system were 
introduced in 1974 when Jerne proposed his network theory. Antibodies 
had previously been shown to express unique antigenic determinants in 
their variable regions (idiotypes) that could induce specific antibody 
responses (Kunkel et al. 1963; Oudin et al. 1963). Based on these findings, and 
bearing in mind the completeness of the antibody repertoire, Jerne 
suggested that the immune system within one individual is built up as a 
network of interacting variable domains mediating either positive or 
negative signals. This would result in an internal activity with a dynamic 
equilibrium. Exogenous antigen disturbs this equilibrium and the following 
immune response could be regarded as a mean to reach a new steady state.

Considerable amounts of data demonstrating the effect of idiotypic 
manipulations of the immune response have accumulated since the early 
1970’s (e.g. Hart et al. 1972; Augustin et al. 1976; Cazenave 1977; YLeìsoeetal 1980). Only 
more recently, however, was the existence of an idiotypic network formally 
demonstrated in normal, unmanipulated animals (Holmberg*/*/. 1984; Kearney

et al. 1986a).

The development of a network system is proposed to be based upon self 
recognition, and it has been argued that it ensures knowledge about the 
internal world (self) and, together with constantly present regulatory 
elements (anti-anti-self), constitutes the basis for control of autoreactivity 
(Coutinho «/<>/. 1989). In line with a self-centered, network perspective of the 
immune system is the demonstration that multireactive antibodies, biased 
forself recognition (Avrameas«/a/. 1983; High iero cl al. 1983; Holm berg a/. 1986;Portnoi

et al. 1986), form a highly connected idiotypic network and dominate the 
naturally activated B cell repertoires (Holmberg et al. 1984; Kearney et al. 1986a). 

Furthermore, antibodies with these properties have been shown to be 
germline encoded (Carlsson et al. 1990) and to constitute a major fraction of the 
B cells in early ontogeny.
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In the light of the central role of MHC antigens in immune regulation 
it is interesting to note that MHC class II complementarity can be found 
amog natural, as well as highly connected neonatal antibodies (Pena Rossi et 

al. 1989; paper IV). A selection of the early B cell repertoire based on MHC 
complementarities together with the well-documented restriction of T 
cells provides a possible explanation as to how the two sets of lymphocyte 
repertoires can be selected on the basis of different strategies and still be 
connected, forming a unified immune system.

One of the central properties of the immune system, namely that upon 
a second challenge with the same antigen the response is more rapid and 
more effective, has also been explained in network terms. The basis for this 
immunological memory was earlier suggested to consist of long-lived 
memory cells (Miller et al. 1971). With a functional network, a systemic 
memory could exist, built upon continuous interactions between the 
elements of the system (Hiernaux 1977).

Although it still remains to be established whether the idiotypic 
network plays a major functional role in immunoregulation in vivo> 
a few experiments have directly addressed this question. Thus, the 
establishment of responsiveness to certain antigens has been shown to be 
regulated by idiotypic interactions (Kearney et al. I986b), and the administration 
of naturally expressed idiotypes has been demonstrated to alter the 
expression of both the idiotypic specificity itself and its complementary 
counterpart (Lundkvist et al. 1989).
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AUTOIM M UN ITY

Soon after what we today consider as the beginning of scientific 
immunology (Pasteur 1880), when the protective effect of the system was 
emphasized, Ehrlich (1 9 0 0 ) introduced the idea ofa quite opposite, negative, 
effect due to antibodies directed against the individuals own antigens. He 
called this autoimmunity. Perhaps due to his own comment that 
autoimmunization "would be difficult foranyone to believe", the prevailing 
opinion did not take autoimmunity seriously for the next 50 years, despite 
several reports on the phenomenon.

The change came at the end of the fifties when Rose and Witebsky (1956) 
discovered that rabbits immunized with rabbit thyroglobulin developed 
a thyroid lesion and regularly produced anti-thyroglobulin antibodies. 
This finding was reinforced by Koittetal. (1 9 5 6 ) who found anti-thyrogloblin 
antibodies in human cases of thyroiditis. Thus, for the first time auto
antibodies relevant to the lesions of both a human autoimmune disease and 
its corresponding animal model were demonstrated. During the same 
period came the first discovery of an animal model of a spontaneous 
autoimmune disease: the New Zeeland Black (NZB) mouse (Bielschowsky et al. 

1959), characterized by autoimmune hemolytic anaemia. This legitimated 
research in autoimmunity once and for all. To explain the apparent 
paradox of autoimmunity in the face of tolerance, Burnet (1969) postulated 
that autoimmunization is the result of abnormal (mutated) lymphocytes 
"forbidden clones".

Today, with the demonstration of auto-antibodies (Karsenti et al. 1977; 

Guilbert et al. 1982; Avrameas et al. 1983; Dighiero et al. 1985) and Self-reaCtive T cells 
(Pereira et al. 1985; 1986) in normal individuals, autoimmunity has changed 
from a concept "difficult for anyone to believe", through acceptance of the 
phenomenon, although abnormal, into being an inherent property of the 
normal immune system. The generality of autoreactive B and T cells, with 
receptors that often are germline encoded, has even raised the question of 
a beneficial role of self-reactivity.
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Mechanisms of autoimmunity
The large numbers of "physiological” auto-antibodies (as well as autoreactive 
T cells) in the naturally activated repertoire of normal individuals can not 
be distinguished from pathological auto-antibodies in terms of organization 
or expression of V gene repertoires. Therefore, it is necessary to consider 
alternative explanations to the historical mechanisms of autoimmunity 
mentioned above.

Due to lack of correlation between the concentration and affinity of 
auto-antibodies and clinical signs of disease (Appel«/*/. 197 5; Lindstrom et al. 1976a, 

b) health or disease have been suggested to be systemic properties (Holmberg 

et al. 1985; Coutinho 1989). As mentioned above, a high degree of idiotypic 
connectivity can be found among natural antibodies (Holmberg«/*/. 1984; Kearney 

et al. 1986a). Furthermore, self specificity amongst natural antibodies includes 
reactivity with TcRs (Araujo«/*/. 1987). Together with the demonstrated B 
cell-dependent regulation of the T cell repertoire (Sy «/ */. 1984; Martinez-A. «/ 

al. 1985), these findings suggest that naturally activated lymphocytes, 
including self-reactive cells, may be under constant stringent control by 
each other, thereby avoiding pathological self reactivity. It follows that in 
order to understand the mechanisms of autoimmunity, a wider perspective 
has to be applied, not restricting our studies to self reactive antibodies or 
T cells found in autoimmune lesions.

In spite of these considerations the main focus in the field has been 
auto-antibodies considered to be the effector molecules in a variety of 
autoimmune diseases, e.g. antibodies specific for DNA in systemic lupus 
erythrematosus, the constant part of IgG (rheumatoid factors) in rheumatoid 
arthritis, thyroglobulin in thyroiditis and red blood cells in hemolytic 
anaemia. In other diseases such as experimental allergic encephalomyelitis 
(EAE), adjuvant arthritis and insulin dependent diabetes mellitus (IDDM), 
autoreactive T cells with specificity for myelin basic protein (Weigle 198O; 

Trotter et al. 1987), Cartilage (Taurog et al. 1983; Cohen 1986; ) and pancreatic islets 
(Haskins et al. 1988; 1989) respectively, have been extensively studied.
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Theories concerning the mechanism of autoimmunity have centered 
around the role of MHC, as one of few molecular alteration that has been 
specifically linked to any autoimmune disease lies within this complex. 
The importance of MHC antigens in T cell repertoire selection is well 
documented and it has been suggested that certain thymic MHC antigens 
are unable to present the self antigen in question so that negative selection 
does not take place. This would indirectly influence B cell responses due 
to MHC-restricted T-B cell interaction. With the above suggested impact 
of MHC on B cell repertoire selection, a direct influence on B cells is also 
possible.

Other mechanisms that have been suggested are:
Polyclonal B cell activation that is associated with systemic 

autoimmune diseases such as murine lupus (Klinman et al. 1987). This could 
bedue toan inherent abnormality ofB cells,T cell lymphokines (Hirano it al. 1987; 

Atkins et al. 1988) or other signals that activate B cells, for example mitogenic 
bacterial products (izui et al. 1977).

Viral infections can stimulate local production of interferon-y which in 
turn can induce class II expression (Bottazzo et al. 1983). A berrant class II 
expression has been suggested in IDDM (Bottazzo et al. 1985), EAE (Sobel et 

al. 1984; McCarron et al. 1986) and On thyroid epithelial cells (Hanafusa et al. 1983), 

only to mention a few examples. Abnormal expression of class II antigens 
could permit recognition of autoantigens by "intolerant" T cells. More 
likely, however, class II expression is only secondary to lymphokine 
production by T cells which exaggerate the autoimmune process.

Microbial antigens can share regions of amino acid sequence homology 
with mammalian proteins and show " antigenic mimicry" (Oldstone 

1987). This has been found to occur in rheumatic carditis where group A 
streptococci surface antigen cross react with myocardial cells (Kaplan et al. 

1962; Dale et al. 1986), in adjuvant arthritis (Mycobacterium tuberculosis - 
cartilage) (Van Eden et al. 1985) and in EAE (hepatitis B virus - myelin basic 
protein) (Fujinamì et al. 1985). An alternative explanation could be, however, 
that virus causes direct damage of cells with release of self antigens that 
provokes autoantibody production (Neu et al. 1987).
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Apart from cases in which differences in MHC genes are thought to 
determine development of autoimmunity or not, other inducing agents 
have been suggested, such as horm ones. Females are generally more 
prone to develop autoimmunity (Ahmed et al. 1985). Sex hormones can modify 
immune responses but how their effect is mediated is unknown.

Viruses as etiological agents of autoimmune diseases have long been 
sought. For example, a correlation to coxsackie virus has been suggested 
in IDDM (Ahmad«/al. 1982) and to Epstein-Barr virus in rheumatoid arthritis 
(Britton 1982) where the virus is thought to mediate its effect through 
antigenic mimicry or polyclonal B cell activation. Viral infections can also 
stimulate release of interferon-y which in turn can induce aberrant class II 
expression (Bottazzo et al. 1983). Recently, minor lymphocyte stimulatory 
antigens (Mis), known to cause clonal elimination of T cells expressing 
specific TcR Vß chains in mice, was shown to be encoded by a mammary 
tumor virus gene (Acha-Orbea*/*/. 1991 ; Choi et al. 1991). Such a linkage between 
virus and T cell repertoire selection could suggest a crucial role for viruses 
in autoimmunity. However, a virus as the primary cause of autoimmunity 
has never been conclusively demonstrated (Christian 1982).

The list of mechanisms suggested to be involved in autoimmunity 
could certainly be made even longer. This demonstrates that autoimmunity 
includes a vide array of diseases, but also suggests that autoimmunity is the 
result of complex changes in the immune system and stresses the need for 
systemic views.
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RESULTS AND DISCUSSION

Local rules, e.g. those guarding the activation of single lymphocytes, as 
well as global perspectives on repertoire development and selection 
constitute a central aspect in immune physiology. This thesis deals with 
both these aspects. Papers I-IV adress the role of membrane Ig and la 
antigens in physiologic selection of B lymphocytes, while papers V-VII 
deal with selection of lymphocytes in autoimmune pathology, i.e. insulin 
dependent diabetes mellitus.

LYMPHOCYTE SELECTION IN PHYSIOLOGY 

B CELL ACTIVATION

The increasing amount of studies on T cell-derived soluble factors have 
dissected the process of B cell activation into three distinct phases that are 
independently controlled (Andersson et al. 1980; Martincz-A. et al. 1981; Julius et al. 

1982a; Nakanishi et al. 1983): (1) induction, when resting B cells are induced to 
growth factor reactivity, (2) proliferation and (3) maturation into terminal, 
Ig-secreting plasma cells. We have focused our interest on the induction 
process and molecules involved therein.

The fading role o flg
Ever since the discovery of specific antibodies (Landsteiner 1945) expressed on 
the surface of and secreted by B lymphocytes (Fagraeus 1948; Coons et al. 1955), 

the membrane Ig receptor has been a prime candidate for a molecule 
involved in B cell activation.

Initially, the interest focused on the astonishing lymphocyte potential 
to produce antibodies against virtually all antigens (Landsteiner 1936) and how 
the specificity in the response was acheived. As early as in 1900, Ehrlich 
had proposed a theory that later on would prove to be correct in its 
"selective basis". He suggested that a B cell expresses several different side-
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chains (antibodies). Antigen binds to (selects) the best fitting side-chain 
resulting in overproduction of the selected chain and down-regulation of 
the others. However, with the demonstration by Landsteiner (1936), 

mentioned above, it appeared unreasonable that an individual could 
spontaneously make specific antibodies against so great a number of 
foreign antigens. Instead, antigen was suggested to act as a template for 
antibody formation (Breìnl et al. 193O; Pauling 1940). These so called instructive 
theories did not, however, give a satisfactory explanation to many biological 
properties of antibody responses and resulted instead in a return to 
selective theories. In 1955 Jerne outlined his natural selection theory 
which later was modified by Burnet (1957) into the clonal selection theory. 
Thus, antibodies are pre-formed cell surface receptors with which antigen 
reacts selectively and thereby inducing clonal proliferation. With the rule 
"one cell, one antibody", the specificity properties of B lymphocyte 
responses were given a satisfactory explanation, and the interest now 
turned towards more precise activation mechanisms.

In the beginning of the seventies, two models of B cell activation were 
proposed that were contradictory with regard to the role of Ig. One was the 
"two signal model" by Bretcher and Cohn (1970; Bretcher 1975). The first 
signal was thought to be mediated by antigen-binding to surface Ig and, 
in the absence of the second signal, induce tolerance. The second signal, 
by itself devoid of stimulatory capacity, would be offered by an accessory 
cell through a molecule with non-specific B cell activating properties. In 
the other "one non-specific signal" model proposed by Coutinho and 
Möller (1974), B cell activation is due to a non-specific signal delivered via 
a receptor distinct from the Ig molecule. The molecule binding to the non- 
Ig triggering receptor is supplied by accessory cells such as T cells and/or 
macrophages. In this model, the role of Ig would merely be to focus the T 
cell to the right B cell.

The "one non-specific signal" model was derived from studies using 
thymus-independent (TI) antigens, so called mitogens. Due to the low 
percentage of B cells stimulated by thymus-dependent (TD) antigens, 
most initial studies of B cell physiology were based on the usage of 
polyclonal B cell activators, such as e.g. lipopolysaccharide (LPS). TI
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antigens were thought to activate B cells by cross-linking of membrane Ig 
(Feldman «/ al. 1972). However, the lack of complementarity between the 
combining site of secreted Ig and the inducing TI antigen LPS, demonstrated 
by Coutinho and Möller (1974), suggested instead that B cells are activated 
via a non-Ig receptor and that TI antigens have the property of delivering 
this non-specific signal by themselves.

Ever since Ehrlich 1900 pointed out that we, remarkably, do not 
develop "horror autotoxicus", i .e. we do not seem to make antibodies to our 
own tissues, it has been considered obvious that any theory concerning B 
cell activation must be compatible with self-non-self-discrimination. The 
need for self-non-self-discrimination in immune responses became a 
widely accepted argument against antigen recognition and binding per se 
resulting in a direct triggering signal for B cells in an immune system with 
a complete potential antibody repertoire. However, although not 
functioning as a triggering receptor, Ig-binding could still be an essential 
event for induction. As stated above, the polyclonal nature of the LPS 
response, as well as the fact that the response is not influenced by soluble 
hapten, argues against this (Coutinho«/«/. 1974). So do the results from several 
groups showing that Th cells specific for membrane molecules other than 
Ig can induce resting B cells. This was demonstrated with the use of T cells 
specific for the male H-Y antigen (Pettersson et al. 1982) as well as minor 
(Augustin«/«/. 1980) and class II (Pobor«/«/. 1984) MHC antigens. Furthermore, 
T cells can activate B cells to which the antigen is chemically coupled 
(Martinez-A. «/«/. 1980). However, while the studies mentioned above describe 
optimal B cell responses after interaction with non-Ig-specific Th cells, 
contradictory results and interpretations have been reported using the 
same type of system but claiming the need for Ig receptor occupancy (Julius 
et al. 1982b; Zubier«/«/. 1982).

Studies of the earliest events of B cell activation have revealed that Ig 
receptor occupancy results in a series of changes in B cell physiology, 
including capping of membrane Ig (Taylor«/«/. 1971; Diener«/«/. 1972; Ashman 

1973; Goding et al. 1976; Snow et al. 1983), ion fluxes and plasma membrane 
depolarization (Monroe et al. 1983a), induction of phosphatidylinositol (PI) 
turnover (Coggeshall «/ «/. 1984; Ransom et al. 1986a; Grupp et al. 1987), Ca2 +
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mobilization (Pozzan */ al. 1982 ; Ransom et al. 1986b), increased expression of c-myc 
mRNA (Smelane! et al. 1985; Snow et al. 1986) and increased la expression (Mond 

et al. 1981; Monroe et al. 1983b). It should be noted that, although crosslinking 
of membrane Ig by antibodies has been reported to induce GO to Gl 
progression (DeFranco et al. 1982) and promote acquisition of lymphokine 
responsiveness (Howard*/*/. 1982), TD antigens do not (Cambier*/*/. 1982;Snow 

et al. 1983; Pikeetal. 1984; Alderson */*/. 1987). These series of events, although not 
essential for induction, could facilitate induction and perhaps explain the 
controversy in TD B cell activation mentioned above.

This possibility is investigated in paper I. With the use of either highly 
or poorly efficient MHC class II-specificTh cells we have studied the effect 
of anti-Ig antibodies. While having no effect on B cell responses to optimal 
numbers of high efficiency Th cells, anti-p and anti-5 antibodies greatly 
enhance B cell responses to sub-optimal numbers of high efficiency Th 
cells as well as to all concentrations of low efficiency Th cells. It is 
important to note that the effect of anti-Ig antibodies is only observed in 
direct Th:B cell collaboration and that neither anti-p nor anti-5 had any 
stimulatory effect by their own, measured as B cell proliferation or 
maturation. These results suggest that membrane Ig binding renders B 
cells more receptive to interactions with Th cells, which is supported by 
the finding of Kearse et al. (1988), and offers an explanation for the 
contradictory results obtained wiht respect to the role of Ig in TD B cell
activation (Augustin*/*/. 1980; Martinez-A. et al. 1980; Pettersson*/*/. 1982; Pobor */*/.

1984). Increased la expression is one example of an event induced by 
crosslinking of Ig that is likely to enhance T-B interaction. Moreover, 
these results also offer alternative explanations to the reported, direct 
stimulation of lymphocyte responses by anti-Ig antibodies, in particular 
since a contamination of less than 1% T cells suffices to induce optimal B 
cell proliferative responses in the presence of (by itself non-mitogenic) 
anti-Ig antibodies (paper I).

As B cells have been shown to function as antigen presenting cells 
(Chesnut*/*/. 1981; Rock*/*/. 1984) for Th cells, it is also reasonable to consider 
that the biochemical pathways initiated as a consequence of membrane Ig
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occupancy might enhance the efficiency of antigen processing, presentation 
and conjugate formation by the B cell.

There are certainly other possibilities as well, but whatever the future 
reveals of the role of membrane Ig-mediated responses in B cells, 
experimental data to date does not support a featured role for membrane 
Ig in the delivery of the major growth stimulus to resting B cells.

Towards a central role for la
Reports on the influence of Ir genes on immune responses can be found in 
the beginning of the sixties (Levine et al. i963;M cDevitt*/*/. 1965). However, it 
was not until their equivalence to MHC class II antigens was proven and 
restricted T-B cell collaboration demonstrated (Katz et al. 1973a, b), that 
extensive studies on the role of class II antigens in B cell activation were 
initiated. Antibodies reactive to class II MHC gene products can effficiently 
inhibit TD antibody responses (Pierce et al. 1974; Frelinger et al. 1975), and it is 
possible that class II molecules on B cells serve only as cellular recognition 
molecules for interactions with T lymphocytes. However, inhibition also 
of TI B cell activation, by anti-la antisera (Niederhuber et al. 1975) suggested 
that class II MHC antigens may have a more complex role in the activation 
of functional responses of B cells.

Our interest concerned induction of B cells and molecules involved in 
this process. Due to accumulating evidence presented above, we found it 
unlikely that Ig would serve as an essential triggering receptor in normal, 
physiologic induction of B cells. We therefore concentrated on the other 
major B cell antigen, MHC class II, or la antigen, whose importance in TD 
as well as TI activation of B cells had been suggested.

The I-region of the MHC encodes two types of class II molecules, I-A 
and I-E. Furthermore, serological studies indicate that la molecules have 
several distinct "epitope clusters" (Pierres et al. 1981; Hämmerling et al. 1982). In 
order to evaluate possible differences in effect on B cell induction between 
the two types of la molecules and between different epitope clusters,
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monoclonal antibodies with specificity for both I-A and I-E as well as four 
antigenic clusters were used in order to probe their effect on LPS-induced 
B lymphocyte responses (paper II). LPS is a TI B cell mitogen and activates
10-50% of all B cells in different mouse strains (Andersson et al. 1977). 

Responsiveness maps to a locus on chromosome 4 (Coutinho«/<»/. 1978a; Watson 

et al. 1978) presumably coding for a mitogen receptor, although its nature 
has proven hard to reveal (Coutinho et al. I978b).

When B cell proliferation and maturation were measured after addition 
of antibodies, it became evident that most antibodies were competent to 
specifically inhibit the response, with no remarkable difference between 
antibodies binding to I-A, I-E or different antigenic clusters (paper 11, Fig. l). 
Other authors have, however, demonstrated different roles for I-A and I- 
E in B lymphocyte responses: the murine B cell lymphoma CH I2 could 
present both types of la antigens to T cells but activation was only achieved 
via I-E (Corley et al. 1985). Studies of ligand-induced co-redistribution have 
revealed different coupling for I-A and I-E (Forni 1984). Recent reports on 
B-B cell interaction show inhibition with anti-I-A as well as anti-I-E 
antibodies although the response is restricted to I-A (Takahama et al. I989a). 

Nevertheless, the inhibitory effect of anti-la antibodies on LPS-dependent 
B cell activation is independent of both antigenic cluster and type of class 
II molecule (I-A or I-E) engaged.

Most of the experiments were carried out on total spleen cells. As class 
II molecules are expressed on bone marrow-derived phagocytic cells, as 
well as B cells, it is important to note that although the LPS response is, 
at least in part, dependent on accessory cells (Corbel et al. 1983; Pike et al. 1983, 

1984), and anti-la antibodies can influence macrophage functions (Larsson et 

al. 1984; Palacios 1985), the effect of anti-la antibodies in our studies is carried 
out directly on B cells (paper ill, Fig. 4).

Most individual anti-la antibodies inhibit both proliferation and 
maturation to a similar extent (paper II, Fig. l ,  2). This could have two 
explanations: e ither anti-la antibodies slow down clonal expansion of all 
responding cells or this reflects selettive inhibition of certain B cells, 
possibly due to differences in level of la expression. However, from
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limiting dilution experiments it is clear that inhibition is an "all or 
nothing phenomenon" as B cells that escape inhibition develop to normal 
clone size (paper II, Table 3). In TD, as well as TI activation of B cells, the 
presence of the inducing agent (Th cells or mitogens) is only required 
during the induction phase. Thereafter the response can be driven by 
soluble factors alone. The requirement for Th cells in the initial response 
to TD antigens reflects the need for MHC class II restricted induction. The 
results from limiting dilution experiments mentioned above (paper II, Table 

3) suggest that the apparent limitation of the role of la to the induction 
phase in TD activation of B cells is also valid for TI B cell activation. This 
was further demonstrated in kinetic studies where anti-la antibodies were 
shown to mediate an in-hibitory effect only if added during the first 18 hours 
of culture (paper III, Fig. 7).

The observed inhibitory effect of anti-la antibodies could be achieved 
by two, basically different mechanisms: either delivery of a negative signal 
or hindrance of a positive signal. From the results presented in paper II and 
III the following arguments could be made concerning the different 
mechanisms:

Delivery o f  a negative signal:

- As the majority of the anti-la antibodies used in our studies were of 
the IgG class, the possibility of an Fc-mediated effect had to be considered. 
However, lack of inhibition with an anti-class I antibody of the same 
isotype, as well as similar, or even more pronounced, inhibition with an 
IgM anti-la antibody, argue against this (paper II, Fig. l ,  4).

- Results of published studies performed using soluble anti-I-A/E 
antibodies to simulate the effect of Th cells have been inconsistent, 
demonstrating that la-binding ligands can suppress (Paper n and Hi; 

Niederhuber et al. 1975; Clement et al. 1986) Or enhance (Palacios et al. 1983; Cambier et 

al. 1987a) B cell activation and enhance B cell differentiation (Bishop et al. 1986). 

One hypothesis to explain this lack of consistency is that la molecules do 
in fact serve as triggering receptors for B cells. This is supported by the fact 
that Th cells, exclusively recognizing class II antigens, can induce B cells
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(Pobor et al. 1984). However, as activation is concentration-dependent and 
follows a classical bell shaped curve, inhibition instead of induction could 
be due to insufficient or excessive stimulation. A continous presence of 
inducing agents, i.e. anti-la antibodies, could result in paralysis and 
explain the negative effect of ligation of la found in our studies.

Hindrance o f  a positive signal:

- Simple explanations, such as unspecific membrane loading is unlikely 
due to the low concentrations of antibodies needed for inhibition, but also 
because of lack of inhibition with anti-class I antibodies that bind equally 
well to the responding cells (paper n, Table 2).

- Another straightforward explanation could be that the receptor for 
LPS is in fact la or a molecule situated in close proximity to la, and that 
anti-la treatment results in sterical hindrance of this receptor. This is, 
again, highly unlikely as mice non-responsive to LPS express la antigens 
with no known defect (Coutinho et al. I978a; Watson et al. 1978), and definitly 
outruled by the lack of competition between anti-la antibodies and LPS
(paper III, Fig. 5).

- Cambier and colleagues (Cambier et al. 1987a,b; Chen et al. 1987) have shown 
that anti-class II antibodies can stimulate the translocation of protein 
kinase C (PKC) from the cytoplasmic pool to a nuclear membrane- 
associated pool, suggesting that class II molecules have a signalling 
function. This observation may also explain the inhibitory effects of anti
class II antibodies on mitogen-induced B cell responses, since a class II- 
induced translocation of PKC to the nuclear membrane would deplete 
cytoplasmic stores of PKC, which are usually translocated to the plasma 
membrane pool after mitogen stimulation (Chen et al. 1986).

- Signal transduction in B cells has been extensively studied in the last 
years. As in a number of other tissues, a role of protein kinase C 
translocation from the cytosol to the membrane in stimulus-response 
coupling has been demonstrated (Cambier et al. i987a). In contrast, ligation of 
la results in a unique translocation of protein kinase C to the nucleus
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(Cambier*/*/. 1987b), suggested to render the membrane devoid of the kinase, 
which could explain non-responsiveness in the presence of anti-la antibodies.

- Evidence have accumulated for MHC class II-restricted self recognition 
among B cells (Singer et al. 1982; Ono et al. 1986). Such B-B cell interaction has 
been suggested to be important in LPS-dependent activation (Takahama et al. 

1989b), thus providing a possible explanation to our findings.

- Ligand induced interactions between several independent B cell 
membrane molecules have been observed in ”cocapping” experiments or 
after specific ligand binding to a given molecule, in the absence of 
redistribution (Dickler et al. 1974; Forni et al. 1975, 1978; Sitia et al. 1981; Forni 1984). 

Such interactions result in positive or negative changes in the availability 
of other molecules. It could be argued that I-A/E antigens interact with the 
putative LPS-receptor, and that anti-la antibody-binding results in down- 
regulation of the LPS-receptor and thus, non-responsiveness of the B cells.

Our own results in the context of the above mentioned studies led us 
to postulate the existence of a membrane receptor complex that regulates 
induction of B cells (Forsgren et al. 1984a). In T cells, several membrane 
molecules have been shown to associate into a functional receptor complex 
mediating signal transduction, and recently, results in support of our 
postulate, i.e. a similar membrane receptor complex on B cells, have been 
postulated (Hermanson et al. 1988; Sakaguchi et al. 1988; Hombach et al. 1990; Parkhouse 

1990). Membrane bound Ig have been shown to be associated with an a/ß 
heterodimer and the binding of this heterodimer to its corresponding Ig 
molecules is a prerequisite for surface expression of the antigen receptor. 
These two transmembrane proteins show striking similarities to antigens 
in the CD3 complex expressed on T cells, and it has been speculated that 
the antigen receptor complex has a signalling function in B cells.
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IDIOTYPIC MIMICRY OF MHC ANTIGENS

The finding of increased susceptibility to Th cell-dependent stimulation 
after binding to Ig (paper I) demonstrates a plausible function for the highly 
connected natural antibodies which we have shown constitute the basis of 
a formal idiotypic network in normal, unmanipulated 6 day old BALB/c 
mice (Holmberg et al. 1984). Due to the functional relationships between the 
MHC and Ig genes (Berman et al. 1980; Babu et al. 1981; Uno et al. 1981; Holmberg 

et al. 1983) it has been suggested that the connections between natural 
antibodies are constituted by MHC/anti-MHC complementarities and are 
part of the mechanism involved in the establishment of a functional 
network (Coutìnho et al. 1983). This possibility was tested by screening of 
natural IgM molecules from newborn mice for reactivity with anti-MHC 
antibodies (paper IV). A fairly large number were found to react with one or 
more anti-MHC antibodies. One of these, BA.N 4:4.57, was chosen for 
further studies. The demonstrated V-region related, specific binding to 
anti-Ia.7 antibodies by 4:4.57 suggested that 4:4.57 expresses an Ia.7-like 
idiotype (paper IV, Fig. l, 3). Thus, a natural antibody expresses an idiotype 
mimicking a self-la determinant. This idiotypic reactivity is naturally 
expressed also in adult BALB/c (paper iv, Fig. 5) and constitutes a "major" 
idiotype in the TNP response in BALB/c, but not in an Ia.7-negative 
mOUSe Strain, C57BL/6 (Forsgren et al. 1984b).

The existence of MHC-like idiotypes expressed at a relatively high 
frequency on neonatal, natural antibodies (Holmberg 1987) may suggest that 
such specificities play an important role in the developing immune 
system. As suspected by Jerne already in 1971 (Jerne I97ib), these antibodies 
would be germline encoded and, in fact, 4:4.57 shows a strictly germline 
origin (Carlsson et al. 1991). In Jemes postulate, selection was driven by 
antibodies specific for MHC. Thus, our finding of MHC-like idiotypes is 
not directly compatible. However, if the idiotypic network is germline 
encoded and embodies MHC-like idiotypes, complementary germline 
anti-MHC antibodies must exist. This idea was supported recently by 
Pena Rossi et al. (1989) who showed a high frequency of both anti-MHC and 
anti-anti-MHC antibodies in the naurally activated B cell compartment 
of BALB/c mice.
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According to the model proposed by Coutinho et al. (1983) functionally 
relevant network interactions must involve molecules that control B cell 
responses. From the demonstrated role of la antigens in B cell activation, 
it is tempting to speculate in that both anti-MHC and ”MHC-like” 
antibodies could exert a regulatory function, not least in the context of T 
cell dependent B cell selection. Moreover, since idiotypic network selection 
seems to determine what clones are to be recruited in an immune response, 
recurrent idiotypes could be suspected to display MHC-relatedness. In 
support of this is the demonstration of an Ia.7-like, ”major” idiotype in the 
TNP-response of BALB/c (Forsgren et al. 1984b). The finding by Coutinho et 
al. (1 9 8 0 ) that several conventional anti-idiotypic antibodies directed 
against recurrent idiotypes can induce early B cells to proliferate, together 
with the observation by Kearney et al. (1989) that some perinatal IgM 
antibodies are mitogenic for other B cells, could suggest that selection of 
the early B cell repertoire is based on MHC-anti-MHC complementarities 
resulting in mitogenic signals. In fact, the demonstration of A.5 and Vpfeg, 
binding to and allowing surface expression of H-chains prior to L-chain 
synthesis (Sakaguchi et at. 1986; Kudo et at. 1987; Tsubata et al. 1990), shows that 
idiotypic selection could be possible as early as at the pre-B cell level.

Our demonstration of the existence of MHC-like antibody idiotopes 
suggests a structural basis for the functional relationships between the 
MHC and Ig genes. This might contribute to a unifying concept in which 
B and T cell repertoires are evolutionarily and functionally related on the 
basis of MHC complementarity.
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LYMPHOCYTE SELECTION IN AUTOIMMUNE
PATHOLOGY

In view of the novel concepts on physiological autoreactivity discussed 
above, it appeared to us that it would be interesting to apply the increasing 
knowledge of physiological behaviour of the immune system to pathology, 
i.e. autoimmunity. In order to do so, we searched for an auto-immune 
animal model with the following criteria: A mouse model, as all our 
previous studies were carried out in mice. A relative organ-specific 
model and a model o f spontaneous disease, as similar as possible to the 
human counterpart.

AN AUTOIMMUNE MODEL: THE NON-OBESE DIABETIC 
MOUSE

The non-obese diabetic (NOD) mouse fulfils all these criteria. The 
ancestors of this mouse strain were discovered by chance when severe 
glycosuria with weight loss was observed in some individuals of the non
inbred ICR strain. As these traits are connected to diabetes, the animals 
were further inbred and established as a model of human type I, insulin 
dependent diabetes mellitus (IDDM) in 1980 (Makino et al.). IDDM is also 
called juvenile diabetes due to its early onset in humans; the peak age is
11-12 years. It affects 0.2-0.5 % of the Caucasian population (Rossini et al. 1985) 

and is characterized by impaired glucose metabolism and hyperglycaemia 
that increases serum osmolarity and leads to great thirst and a marked 
increase in urine production. The underlying cause is a destruction of the 
insulin producing ß cells of the islets of Langerhans in the pancreas.

The mouse model is in both symptoms and signs very similar to the 
human form. However, in contrast to humans where both sexes are equally 
affected (Cahill et al. 1981), the disease in NOD mice shows a marked 
preponderance in females. At the age of 3 5 weeks, 60% of the females (paper 

VI, Fig. 4), but only 10% of the males, in our colony have developed diabetes. 
Sex hormones seem to be responsible for this difference; castration of males 
results in increased incidence of disease while oophorectomy plus
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testosterone treatment of females lowers the disease incidence (Makino«/*/. 

1981).

Overt diabetes is preceded by insulitis, i.e. infiltration of mononuclear 
cells into the islets of Langerhans (Fujita et al. 1982). This can be detected as 
early as at 5 weeks of age. In contrast to overt diabetes, insulitis affects both 
sexes with the same frequency and is observed in 100% of the mice at the 
age of 15 weeks (paper vi, Fig. 2). The infiltrating cells consist initially of 
macrophages and T cells, both CD4+ and CD8+. Few B cells can be 
observed, but their number tend to increase with duration of disease 
(Miyazaki et al. 1985).

The finding of a large number of T lymphocytes in the infiltrates 
suggests that these cells are responsible for the destruction of the insulin- 
producing ß cells and, consequently, that this is a T cell-mediated 
autoimmune process. In support of this is the demonstration that a 
combination of CD4+ and CD8+ T cells from diabetic donors can transfer 
the disease to healthy animals (Bendelac et al. 1987; Miller et al. 1988), that NOD 
nu/nu mice do not develop diabetes (Ikehara et al. 1985), that neonatal 
thymectomy (Ogawa et al. 1985), as well as treatment with anti-CD4 
monoclonal antibodies (Koike«/a/. i987;Shizuru«/*/. 1988)prevents disease, and 
that cyclophosphamide treatment increases incidence of disease (Harada et al. i984).

Role of thymic selection
As the effector cells in NOD mice are T cells, selected and activated on the 
basis of MHC antigens, the role of these antigens in disease development 
has inspired large interest. It has been shown that development of diabetes 
in NOD mice is determined by at least three recessive genes (or gene 
clusters) (Prochazka et al. i987)and, as in many other autoimmune diseases, one 
of the genes shows linkage to MHC class II (Haccori et al. 1986; Wicker et al. 1987). 
This is also found in humans where 95% of Caucasians with IDDM have 
DR3, DR4 or both haplotypes, compared to 40% of the general population 
(Rotter et al. 1983). MHC class II molecules are unique in NOD, with serine 
instead of aspartic acid in position 57 of the I-A ß-chain (Acha-Orbea et al. 1987).
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In the human homologue, the DQß chain, aspartic acid in position 57 has 
been shown to protect against type 1 diabetes (Todd««»/. 1987; Morel««»/. 1988; 

Todd «. a l 1988). NOD mice do not express I-E due to a deletion in the 
promoter region ofthe a  chain (Hattori « al. 1986). Recently, a number of 
transgenic studies have been performed demonstrating the protective 
effect of I-E as well as non-NOD I-A expression (Nishimoto««»/. i987;L und «  

al. 1990; Miyazaki et al. 1990; Slattery et al. 1990). This has been suggested to be due 
to introduction of MHC antigens capable of inducing thymic clonal 
deletion of autoreactive T cells (Reich « al. 1989). However, in studies by 
Böhme et al. (1990) using wild type and promoter mutated Ea^ transgenes, 
only the wildtype bestowed protection from insulitis, although the same 
amount of clonal deletion was induced by all transgenes. This argues 
against any (I-E-mediated) clonal deletion event of importance in protection 
from diabetes.

In paper V, the role of thymic selection and MHC expression in the 
disease process in NOD was further investigated. Allophenic chimeras 
between NOD and C57BL/6 (B6) mice were constructed and analysed. 
Due to the fact that embryonic cells were mixed already at the 8 cell stage, 
all organs potentially develope chimerism (Mincz 1965,1974; Matsunaga 1984). 

This provided a possibility to study the role of NOD and B6 MHC 
antigens that, in contrast to those in transgenic mice, were physiologically 
expressed.

When class I and class II expression in different lymphoid organs were 
analysed a positive, although not complete, correlation between cells of 
NOD-type and insulitis was found in the peripheral lymphocyte repertoire, 
as well as in thymic medulla. In light of the classical view of T cell 
selection, where positive selection takes place in the thymic cortex (Fink «  

al. 1978;zinkernagel««»/. 1978) followed by negative selection through clonal 
deletion (Kappler « al. 1987,1988) in the medulla by bone-marrow-derived 
cells (MacDonald et al. 1988; Matzinger««»/. 1989), these results could support the 
interpretation from the transgenic studies mentioned above, favouring the 
lack of thymic clonal deletion as the mechanism behind development of 
autoreactive T cells in NOD mice. Thus, in the chimeras with a high 
percentage of B6 cells, sufficient amount of MHC*5 antigens were provided
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to mediate clonal deletion. On the other hand, as the degree of chimerism 
in the periphery and thymic medulla was the same, the medullary 
correlation to insulitis could be a mere reflection of the degree of 
chimerism in bone-marrow-derived lymphocytes, and a contribution of 
non-thymic, peripheral T cell selection should as well be considered.

In the thymic cortex, however, a striking difference to the thymic 
medulla(and the periphery) was observed, most likely due to that different 
types of class II expressing cells were found in the medulla (bone-marrow 
derived cells) and in the cortex (thymic epithelial cells) with different 
origin and different mobility. Thus, while the medulla showed a mixed 
population of cells, the thymic cortex consisted of homogenous areas of 
cells expressing either NOD or B6 class II antigens. Interestingly, an 
absolute correlation between thymic cortical region of NOD type and 
occurence of insulitis was observed, suggesting that positive selection of 
T cells is crucial for development of insulitis in NOD mice.

In conclusion, although a contribution of thymic negative selection 
could not be outruled, our data support a decisive role of positive selection 
in the development of autoimmune diabetes in NOD mice.

B cell / Ig influence on T  cell mediated autoimmunity 
The results, presented in paper V, as well as studies by Böhme et al. (1990) 
could suggest that non-thymic selective mechanisms are important for the 
development of autoreactive T cells in NOD mice. We therefore searched 
for a system in which peripheral influence on the disease in NOD mice 
could be demonstrated.

B cells have been shown not to be required in the effector phase of the 
disease in NOD mice (Bendelac et al. 1988). However, the early, perinatal, non- 
immune B cell repertoire has been shown to have unique properties. Early 
B cell-specificities include a high degree of auto-reactivity to both Ig 
(Holmberg et al. 1984; Kearney et al. 1986a) and Other Self antigens/receptors 
(Dighiero et al. 1985). Such connectivity between B cells and presumably also
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between B cells and other cells of the immune system has been suggested 
to constitute the basis for the establishment of a normal immune system 
(Coutinho 1989; Holmberg et al. 1989). In light of the proposed regulatory effects 
of natural antibodies (paper IV) and recent reports on B cell influence on the 
establishment ofT  cell repertoires in normal mice (Sy et al. 1984; Martinez-A. 

et al. 1985), we therefore found it conceivable that B cells may take part in 
earlier stages of the disease process in NOD mice, prior to the effector 
phase.

In order to test the possibility that the early B cell repertoire of the 
NOD mouse contributed to the establishment of disease, B cell development 
was suppressed by repeated injections of rabbit anti-IgM (RalgM) 
antibodies, thus allowing studies on possible differences in the autoimmune 
T cell repertoire when developed in the presence or absence of potentially 
regulatory B cells. As a control, normal polyclonal rabbit Ig (NRIg) was 
used (paper VI).

Both types of treatments resulted in a marked reduction in incidence 
of both insulitis and overt diabetes. However, on insulitis RalgM showed 
a more pronounced and prolonged effect (paper VI, Fig. 3 ,4). Kinetic studies 
showed that maximal effect of NRIg was achieved already after a single 
injection at birth, while the effect of RalgM increased with duration of 
treatment up to four weeks of age. (paper vi, Fig. 5). The additional effect of 
RalgM compared to NRIg, suggested that a specific effect was mediated 
by the suppression of B cell development. The 4 week suppression needed 
for maximal effect of RalgM correlated to the period in which B cell 
influence on establishment of T cell repertoires in normal mice has been 
shown to take place (Martinez-A. et al. 1985) and suggested that such B cell 
influence is also important in T cell mediated autoimmunity.

The effect of NRIg was somewhat unexpected, but nevertheless 
interesting. Similar properties as those described for internally activated 
B cells in adults (Dighiero*/*/. 1983) have also been ascribed to CD5 + B cells, 
thought to produce most of the so-called natural antibodies found in the 
sera of non-immunized mice (Förster et al. 1987). The influence of the above 
mentioned B cells/antibodies on the B cell- (Vakil et al. 19 86; Lundkvist et al. 1989)
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and the T cell repertoire (Botcomly et al. I98O; Martinez-A. it al. 1985; Sy et al. 1984) 

suggests that they may have regulatory properties shaping the mature 
lymphocyte repertoire. Thus, it is perhaps not so surprising that introduction 
of natural antibodies, although of xenogeneic origin (NRIg), influences 
repertoire establishment, as does supression of their production.

These suggestions are further substantiated by the work presented in 
paper VII where the influence on the disease process in NOD mice by 
natural antibodies from mouse was studied. Both polyclonal, normal 
mouse Ig and a mixture of monoclonal natural antibodies derived from a 
fusion of spleen cells from non-immunized, 6 day old BALB/c mice 
(Holmberg et al. 1984) were shown to prevent development of disease if 
administered during the first four weeks of life (paper v i i ,  Fig. 1,2). Moreover, 
single injections at birth of some individual monoclonal antibodies could 
also prevent disease (paper v i i ,  Fig. 3). The great differences in effect observed 
between the monoclonal antibodies tested, although of the same iso- and 
allotype, suggested that the effect was related to V-region specificity. In 
support of the fundamental importance of high V-region connectivity in 
the developing immune system was the finding that the most efficient 
monoclonal antibodies used in these studies, capable of complete prevention 
of disease, all belonged to a category previously found to be highly 
idiotypically connected (Holmberg et al. 1984).

It should be noted that one of the natural antibodies used in this study, 
BA.N 4:4.57, has been shown to express an Ia.7-like idiotype (paper IV). In 
light of the fact that NOD mice do not express I-E antigens and can be 
protected from disease by the introduction of transgenic I-E molecules, 
our finding that the introduction of I-E-like molecules in the form of 
antibodies also protected from diabetes provides an interesting correlation.

The specific role of B cells in the process of developing autoimmune 
disease remains open. However, as B cells have been proven to be excellent 
antigen presenting cells for T cells (Chesnuc et al. 198I; Rock et al. 1984), B celi 
influence on peripheral T cell selection is plausible. Moreover, as T cells 
are selected on the basis of self antigens in the context of MHC, and B cells
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provide an enormous amount of self antigens (antibodies), part of them 
present in the thymus (Marcos et al. 1989), a direct influence by Ig/B cells on 
the thymic selection of T cells is also possible.

In summary, our results suggest that Ig/B cells influence the 
establishment of the autoreactive T cell repertoire in NOD mice. This was 
supported by the finding that suppression as well as administration of 
natural antibodies, in a period where B cell influence on the T cell 
repertoire takes place, altered the disease process in NOD mice.
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