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Antibodies are a central part of the immune defense system, and a large variability in
their specificity is needed in order to be able to react against all possible foreign
substances we may encounter during our lives. In this thesis, results are presented from
investigations into how an egg-laying mammal, the Australian duck-billed platypus
(Ornithorhynchus anatinus) creates antibody variability. Our results show that despite
the lack of many V gene families the antibody repertoire in the platypus seems to be well
developed. A long and highly variable complementarity-determining region (CDR) 3
compensates for the limited germline diversity. Interestingly, the presence of additional
cysteine residues in the CDRs may form stabilizing disulfide bridges in the antigen
binding loops and thereby increasing the affinity of the antibody-antigen interaction.
Although the immune system is necessary for survival, it must be strictly controlled
since it may otherwise over-react and cause more harm than benefits. Allergies and
autoimmune diseases are examples of such over-reactions by the immune system.
Allergies are increasing in the western world and have become one of the main medical
issues of the 21st century. IgE is the central mediator in atopic allergies such as hay
fever, eczema and asthma; it is therefore a prime target in the development of allergen-
independent preventative treatments. Here we present results from several studies of a
novel vaccine strategy aimed at reducing the levels of IgE antibodies. The vaccine
results in the induction of anti-IgE antibodies, and the skin reactivity upon allergen
challenge was significantly reduced in vaccinated animals. Our results suggest that
active immunization against IgE has the potential to become a therapeutic method for
humans. In addition, an evaluation of possible adjuvants that could be used as immune
stimulators and thus help break self-tolerance at the time of vaccination is presented.
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�So long as the human spirit
thrives on this planet,
music in some living form
will accompany and sustain it
and give it expressive meaning.�

Aaron Copland
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ABBREVIATIONS

aa amino acid(s)
APC antigen-presenting cell
B B cell
BCG Bacillus Calmette-Guerin
BCR B cell receptor
bp base pair(s)
BSA bovine serum albumin
C constant
cDNA complementary DNA
CDR complementarity-determining region
CNS central nervous system
Cys cysteine
D diversity
DC dendritic cell
DNA deoxyribonucleic acid
ELISA enzyme-linked immunosorbent assay
FCA Freund’s complete adjuvant
FcR Fc receptor
FIA Freund’s incomplete adjuvant
FM formylmethionine
FR framework region
GM-CSF granulocyte/macrophage colony stimulating factor
GST glutathione-S-transferase
H heavy
Ig immunoglobulin
IgL immunoglobulin light chain
IL interleukin
INF-γ interferon gamma
ITAM immunoglobulin tyrosine-based activation motifs
J joining
kDa kilodalton
L light, except in Figure 2 where it denotes leader sequence
LTB4/C4/D4 leukotriene B4/C4/D4

mAb monoclonal antibody
MC mast cell
MDP muramyldipeptide
MHCII major histocompatibility complex class II molecules
MLP monophosphoryl lipid A
mRNA messenger ribonucleic acid
NK natural killer
NO nitric oxide
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NTA nitrilotriacetic acid
OMO OpossumCH2-MouseCH3-OpossumCH4
OOO OpossumCH2-OpossumCH3-OpossumCH4
ORO OpossumCH2-RatCH3-OpossumCH4
OROO OpossumCH2-Rat/OpossumCH3-OpossumCH4
ORORO OpossumCH2-RatCH3-OpossumCH2-RatCH3-OpossumCH4
OVA ovalbumin
PAF platelet-activating factor
PBS phosphate buffered saline
PCR polymerase chain reaction
PGD2 prostaglandin D2

PPP PlatypusCH2-PlatypusCH3-PlatypusCH4
RAG recombination-activating gene
RNA ribonucleic acid
RSS recombination signal sequence
SDS-PAGE sodium dodecyl sylphate-polyacrylamide gel electrophoresis
TCR T cell receptor
TdT terminal deoxcynucleotide transferase
TH cell T helper cell
TNF tumor necrosis factor
V variable
6xHis tag tag composed of six histidine residues

GLOSSARY

Adaptive immunity the form of immunity that is mediated by lymphocytes and is
stimulated by exposure to infectious agents. In contrast to
innate immunity, adaptive immunity is characterized by
exquisite specificity for distinct macromolecules and
�memory�, which is the ability to respond more vigorously
to repeated exposure to the same antigen.

Adjuvant a substance that non-specifically enhances the immune
response to an antigen by promoting the accumulation and
activation of other leukocytes, called accessory cells, at a site
of antigen exposure.

Allergen allergens are antigens e.g. proteins or chemicals bound to
proteins that elicit an immediate hypersensitivity reaction and
induce IgE antibody responses in atopic individuals.
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Allergy a hypersensitivity reaction that can involve various
deleterious effects such as hay fever, asthma or contact
dermatitis

Antibody a type of glycoprotein molecule, also called Ig, produced by
B lymphocytes that binds antigens, often with a high degree
of specificity and affinity.

Antigen a substance that is capable of giving rise to antibody
production. It is a molecule that binds to an antibody or a
TCR. Antigens include all classes of macromolecules.

Antigen-presenting cell a cell that displays peptide fragments of protein antigens, on
its surface and activates antigen-specific T cells. B cells, DCs
and macrophages are dedicated APCs, although other cells
can do it as well can function as such.

Atopic the propensity of an individual to produce IgE antibodies in
response to various environmental antigens and to develop
strong immediate hypersensitivity (allergic) responses. People
who have allergies to environmental antigens, such as pollen
or house dust, are atopic.

Benthic animals and plants that inhabit the bottom of a sea or lake

Complement a system of serum and cell surface proteins that interact with
one another and with other molecules of the immune system
to generate important effectors of innate and adaptive
immune responses. The ultimate result is the targeted lysis of
cells.

Complementarity-determining region short segments of Ig and TCR proteins that
contain most of the sequence variability and that make
contact with antigen. Three CDRs are present in the V
domain of each antigen receptor polypeptide. Heavy and light
for Igs and α/β or γ/δ for TCR which equals six CDRs in an
intact Ig or TCR molecule. These �hypervariable� segments
assume loop structures that together form a surface that is
complementary to the three-dimensional structure of the
bound antigen.

Constant region the part of the Ig or TCR polypeptide chains that do not vary
in sequence among different clones and which are not
involved in antigen binding, but determine the effector
function of the protein
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Cytokine any of several proteins produced by many different cell types
that mediate inflammatory and immune reactions. Cytokines
are the principal mediators of communication between cells
of the immune system.

Immunoglobulin superfamily a group of proteins that contain Ig-fold domains or
structurally related domains, including Igs, TCRs, MHC
molecules and numerous other membrane-bound molecules.

Innate immunity non-specific host defenses that exist prior to exposure to an
antigen and that are capable of a rapid response to antigens.
They react in essentially the same way to repeat infections.
This can involve anatomic, physiologic, endocytic and
phagocytic and inflammatory mechanisms.

Oviparous the production of eggs that hatch outside the body of the
mother.
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INTRODUCTION

The complexity of the immune system of all multicellular organisms, including
vertebrates, is an essential factor in protecting the host from infections by various
pathogenic bacteria and viruses. The immune system is not one single entity, but rather a
congregation of many different cell types and molecules. Although the immune system
is necessary for survival, it must be strictly controlled since it may otherwise over-react
and cause more harm than benefits. Allergies and autoimmune diseases are examples of
such over-reactions by the immune system.

In this thesis two central questions concerning the immunity of mammals are addressed.
The first concerns the evolution of a complex system for recognition of specific
structures on the surfaces of infectious organisms, while the second part deals with a
new strategy to treat atopic allergies.

The mammalian immune system can be divided into two parts, innate and adaptive
immunity. The innate defense mechanisms are many and quite diverse in function. In
addition to a number of soluble molecules e.g. defensins, lysozyme and the complement
system, different physical barriers like skin and mucosal membranes, phagocytic cells
(neutrophils and macrophages), eosinophils and natural killer (NK) cells are important
components of the innate defense mechanisms. These components are all pre-made and
are used as a first line of defense. The advantage of pre-made components is that the
immune response will have an immediate onset when the host comes into contact with
potentially invasive agents.
What then, causes the innate immune system to react? Structures on different groups of
microbes that stimulate the innate immune system are recognized by so called pattern
recognition receptors. However, unlike the adaptive immune response, the innate
response comprises neither fine-tuning nor memory meaning that the same response is
initiated every time the innate immune system comes into contact with a particular
antigen.
Adaptive immunity, which can be further divided into two parts, namely cell-mediated
and humoral immunity, both of which possess memory. Memory enables the adaptive
immune system to respond more vigorously to repeated exposures of the same antigen.
The constituents of adaptive immunity are two types of lymphocytes and their products.
Cell-mediated immunity is mediated through cells called T lymphocytes, so called due to
the physiological site of their maturation, the thymus. Molecules produced by B
lymphocytes (cells derived from bone marrow) are the mediators of humoral immunity.
These molecules are called antibodies (Abs) or immunoglobulins (Igs). Antibodies have
several functions, exerted by different classes of Igs: they can specifically recognize
antigens (foreign substances, often microbial in nature that induce adaptive immune
responses or are the targets of such responses), they can neutralize the infectivity of
microbes and they can target microbes for elimination. Humoral immunity is of great
importance in the defense of the host against extracellular microbes and their toxins.
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Antibodies and their genes

B cells produce antibodies that recognize and eliminate foreign antigens from our
bodies. Generally, one B cell produces one specific type of immunoglobulin or antibody
with only one specificity.

Immunoglobulins are proteins, almost all of which are composed of four polypeptide
chains, two heavy and two light chains. The four protein chains are held together by
disulfide bridges. However, a few examples of heavy-chain antibodies, i.e. antibodies
with only heavy chains, have been observed in shark (1) and in camels and related
species (2). Immunoglobulins are members of the immunoglobulin superfamily, a family
that includes a number of diverse molecules containing Ig-like domains. These
molecules show little homology in amino acid (aa) sequence but share a three-
dimensional structure, the �immunoglobulin fold� (3). The immunoglobulin fold is a
structure consisting of a domain of 100-110 amino acids folded into two β-pleated
sheats, each containing three or four antiparallel β-strands that are stabilized by an intra-
chain disulfide bond.
Both heavy and light chains are comprised of two functionally distinct parts, the variable
region and the constant region (Figure 1). The variable regions always consist of only
one Ig domain. The constant region of light chains also has only one domain, while
heavy chains can have between two as in IgX/R in ray (Raja erinacea) and IgY in duck
(Anas platyrhynchos) and eight as in IgD in catfish (Ictalurus punctatus) (reviewed in
(4)) and Atlantic cod (Gadus morhua) (5). In Atlantic salmon (Salmo salar) a genomic
clone coding for IgD with eleven constant domains has been found, although it is not yet
certain if it is expressed as a functional immunoglobulin (6). In mammals there are two
types of light chains, kappa (κ) and lambda (λ). Antigen specificity is determined by the
variable regions of both heavy and light chains, while the constant region on the heavy
chain determines the Ig class and its effector function. Effector functions of antibodies
include interactions with isotype- or class-specific receptor, activation of complement
and passage across epithelial layers or the placenta. In humans, there are nine
immunoglobulin isotypes, IgM, IgD, IgG1, IgG2, IgG3, IgG4, IgA1, IgA2 and IgE, each
with their own specific characteristics.

The variable region on the heavy chain is assembled from three independent gene
segments, one variable (V), one diversity (D) and one joining (J) segment. In the light
chain the variable region is assembled from one V and one J segment. No D gene
segments are found in the light chain loci. Three sections in the variable region, in both
heavy and light chain, have an even higher degree of variability and these sections are
called hypervariable regions or complementarity-determining regions (CDR). The six
CDRs are the regions of the V region that contribute most to the antigen-binding site of
the antibody. It is in this region that the specificity of the antibody is determined.
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Figure 1. Schematic drawing of an immunoglobulin. VL and VH denote the variable regions on the
light and heavy chains, respectively. CL stands for the constant region on the light chains and CH1-
4 are the constant regions on the heavy chains. S-S is a disulfide bridge and the star is a conserved
glycosylation site. N and C are amino- and carboxy-termini.

Although it is now known how an immunoglobulin is built, another question arises. How
is it possible to make antibodies that will recognize all possible foreign pathogens that
we may encounter during a lifetime? Based on the information from the sequence of
almost the entire human genome, there are approximately 30000 genes (7). Estimates of
the total number of Igs with different specificities indicate that 30000 genes would not
even be sufficient to encode the heavy chain repertoire alone. It is therefore obvious that
each immunoglobulin cannot be encoded by discrete genes, so variability must arise by
other means. Combinatorial diversity is one of the most important mechanisms in which
variability is created by the random assembly of gene segments in a process called
somatic or V(D)J recombination, which takes place at the DNA level. V(D)J
recombination occurs only in B cells for immunoglobulins and in T cells for T cell
receptors (TCRs).

The repertoire is determined by the number of individual gene segments. In the human
genome approximately 126 VH gene segments have been identified of which 38-46 are
functional. There are 23 functional and four non-functional DH gene segments and six
functional and three non-functional JH gene segments (Figure 2 and reviewed in (8)). An
estimate of the number of different combinations is therefore 42 V x 23 D x 6 J gene
segments giving a total 5796 theoretically possible combinations. There are
approximately 69 Vλ gene segments, about 30 of which are functional while six out of
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ten J gene segments are functional in the lambda light chain (Figure 2 and reviewed in
(9)). There are 76 V gene segments in the kappa locus and 34 of these are functional.
The kappa locus has five functional J gene segments (Figure 2 and reviewed in (10)).
When the heavy chains combine with light chains more than two million different
variants can theoretically be obtained by the process of V(D)J recombination alone.

Figure 2. The human immunoglobulin loci. L is leader sequence, V, D, J and C are variable,
diversity, joining and constant gene segments respectively.

During V(D)J recombination a V, D and J gene segment (or just a V and J gene segment
in light chains) join to form a functional V region. To ensure that just one of each gene
segment becomes a part of the final V region, every gene segment is flanked by a
recombination signal sequence (RSS) (11). The RSS consists of conserved palindromic
heptamer (7 base pair (bp)) and A/T rich nonamer (9 bp) motifs separated by non-
conserved spacer regions of either 12 or 23 bp (12).
A complete RSS starts with a heptamer just 3’ each VH and DH segment and 5’ to each
DH and JH gene segment, respectively. The spacer region, the region in between the
heptamer and nonamer regions, is then usually 23 bp for VH and JH RSSs and 12 bp for
the two DH RSSs (Figure 3). The organization of the light chains follows a similar
principle, although light chains contain no D gene segments. For the κ light chain, each
Vκ is followed by a heptamer, a 12 bp spacer and a nonamer while each Jκ gene segment
are preceded by a heptamer, a 23 bp spacer and a nonamer (Figure 3). For the λ light
chain, the orientation of the motifs are the opposite, i.e. the 23 bp spacer is found 3' to
the V gene segments and the 12 bp spacer is found 5’ to the J segment (Figure 3 and
reviewed in (13)). Functionality requires recombination between two gene segments, in
which one has a 12-bp spacer and the other a 23-bp spacer. This is known as the one
turn-two turn rule, since 12 bp and 23 bp correspond to one and two turns in the DNA
helix, respectively (11).
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The recombination process is initiated with the recognition of RSS by recombination
activating genes (RAG)-1 and RAG2. A double-strand break is then introduced in the
DNA between the gene segments that are to be joined and the RSS by the two RAG
proteins in a two-step process. The heptamer fuse and the coding ends form an
intermediate structure in the generation of a hairpin loop (14) that is then digested by an
exonuclease. The enzyme, terminal deoxynucleotide transferase (TdT) can then add
nucleotides to the resulting staggered 3’ ends. The signal ends of the gene segments are
in a ready-to-join-form when they are created but the coding ends need to be edited
before joining (15). During the editing process, two types of nucleotide sequence
insertions can take place; N nucleotide sequences, (non-germline elements) and P
(palindromic) nucleotide sequences. N regions arise from TdT activity and do not
usually result in the addition of more than 15 bp. P regions are the result of a joining
event without any truncation and are very short inverted repeats (15). A DNA
polymerase fills the 5’ ends and the recombination event is completed with the religation
of the two coding ends.

Figure 3. The organization of the immunoglobulin recombination signal sequences. The dotted
triangles denote hepamers and the striped nonamers.

V(D)J recombination is not random but rather, occurs in a very precise order. In those
species investigated, recombination always starts at the heavy chain locus, followed by
the κ locus. The λ locus will recombine only if the κ locus fails to generate a functional
recombination. The heavy chain recombination is initiated when one DH one JH segment
are joined, and then the VH is joined to the DHJH to form a complete VH region gene
(VHDHJH). The V and C regions are later joined at the post-transcriptional level by
mRNA splicing. The splicing event is critical in the synthesis of functional Ig chains, but
is beyond the scope of this thesis.
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Evolution of immunoglobulins

Immunoglobulins have been found in a variety of different vertebrates, from
elasmobranchii (sharks and rays) through teleosteii (bony fish), amphibia, reptilia and
aves to mammals (reviewed in (16)). The antibodies of all vertebrates above the
phylogenetic level of jawless vertebrates can activate complement (17). Despite
extensive efforts to identify the corresponding genes in more primitive, jawless
vertebrates, for example lampreys and hagfish, none have been found. Today it is
generally accepted that starfish and sea urchins (18) and other invertebrates such as
insects, crustaceans or flat worms, lack the definitive elements of the combinatorial
immune system (19-21).
The most distantly related order to mammals in which Igs have been found is the
elasmobranchii, a group that probably took a separate evolutionary pathway from
mammals approximately 450 million years ago. It is reasonable, therefore, to assume
that there was an element in the common ancestral genome that became the primordial
Ig. What that primordial gene looked like is not known, but it has been suggested that the
ancestral gene coded for a polypeptide chain of about 110 aa. This gene then went
through a duplication that gave rise to one V and one C gene. These genes then formed
separate genetic compartments that continued to duplicate (reviewed in (16)). Different
V region subgroups had already emerged by the time elasmobranchii appeared (22). The
formation and duplication of C region classes probably occurred later with the
appearance of lungfish (23) and amphibians (24).
In 1970, Burnet suggested that the ancestral gene resembled a V region gene, a
contention based on the assumption that two of the primordial V gene products
assembled and served as some kind of antigen receptor on �protolymphoid� cells
(reviewed in (16)).

The combinatorial immune system that developed has probably evolved in two major
steps. The first step was the appearance of the RAG system and the second was the
evolution of some characteristics unique for mammals, i.e. formation of defined
germinal centers in lymph nodes, the appearance of IgG and the affinity maturation
process (reviewed in (25)). The sudden appearance of the RAG gene system
approximately 450 million years ago in the jawed vertebrates (jawed vertebrates include
species from cartilaginous fish to mammals) may have been due to a lateral transfer of
viral or fungal genes (26). The date of the appearance of the RAG gene system is based
on findings of RAG genes, Ig light and heavy chains, TCRs and MHC genes in a wide
variety of extant cartilaginous fish, which are the most primitive surviving, jawed
vertebrates.
The second major step in the development of the combinatorial immune system came
with the emergence of mammals, in which the formation of defined germinal centers
within the lymph nodes, the appearance of IgG, and the process of affinity maturation all
made their first appearance (reviewed in (25)). Affinity maturation, the process during
which antibodies acquire a higher affinity for specific antigens, is a process that requires
the presence of RAG in the germinal centers (27).
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Evolution of the VH and VL repertoire

A relatively large number of VH and VL genes, sometimes more than one hundred, have
been found in the germline of many species. Not all of these have retained functionality
but have instead become pseudogenes. In some species these pseudogenes still
contribute to variability by the mechanism of gene conversion. VH and VL genes,
depending upon sequence similarities, can be divided into different families. Humans
have seven VH gene families (28). Mammalian VH gene families are further categorized
into clans, numbered I-III. According to sequence analysis, the clans separated before
the divergence of mammals and amphibians and they have then co-evolved as separate
clans for more than 400 million years (29). Among the mammalian clans, clan III is
considered the most ancient although this assumption has recently been questioned.
Recent studies have shown that cattle (Bos taurus) and sheep (Ovis aries) have only one
VH gene family belonging to clan II (30-32).
It has been suggested that the VH genes evolved by a process called �birth-and-death�.
By this process, new genes are created by duplications but the number of functional
genes remains nearly constant because old ones become non-functional due to mutations
at the same rate that new genes appear (29).

Most information regarding V genes has been gathered from investigations of different
species of fish and placental mammals. However, very little information regarding the
other two extant mammalian lineages, marsupials and monotremes, is available.
Recently, genetic information from studies of the immunogloublin V region repertoire in
several species of marsupials (33-37) has accumulated. This has increased our
knowledge of immunoglobulin V gene evolution.

Only the monotremes remain to be investigated. How do these animals create
immunoglobulin variability and what information can they yield about of the emergence
of the V-gene repertoire in mammals? These questions are addressed in this thesis.

Evolution of the heavy chain repertoire

The first immunoglobulins that arose probably resembled human IgM, because
homologues to human IgM have been found in primitive elasmobranches (reviewed in
(4)). However, the genes in these primitive fish are not organized as a translocon, i.e. Vn-
Dn-Jn-C as they are in mammals. Instead they are organized in multiple clusters of (V-D-
J-C)n (38, 39). Litman et al propose that the joined germline configuration might
represent a regression from the system of segmental rearrangement and that it might
impart a survival advantage in species where antigen-driven cell selection and/or
proliferation are less efficient or that differ in some other way from the system used in
higher vertebrates (40).
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IgD may also be a very ancient isotype since it is found in both bony fishes and some
mammalian species. The next immunoglobulin isotype to appear during evolution was
IgY. IgY is found in amphibians, reptiles and birds and possibly also in lungfish
(reviewed in (41)). This immunoglobulin is versatile, functioning both as the major
defense against infections and the mediator of anaphylactic reactions. In mammals these
functions are exerted by two distinct Igs, namely IgG and IgE. Warr et al (41) proposed
that these two isotypes have their evolutionary origin in IgY. By evolutionary standards,
therefore, IgE is young and found only in mammals. It is thought that it arose as an anti-
parasitic defense but is now, in addition, implicated in immediate hypersensitivity
reactions. Mammals, birds and probably reptiles have an additional Ig class, IgA, an
isotype of major importance in mucosal and neonatal passive immunity.

Recent investigations of the immunoglobulin heavy chain repertoire in marsupials (34,
42-46) and monotremes ((47-49) and Vernersson et al. (personal communication)) have
shown that all the major Ig classes, with the possible exception of IgD, are found in these
mammalian lineages. This indicates that the full Ig heavy chain repertoire appeared by
duplication of IgY, leading to the appearance of IgG and IgE at least 170-180 million
years ago (48, 50), and possibly even as long as 310 million years ago (49).

One of these newly appearing isotypes, IgE is today mostly known for its negative
effects through its involvement in atopic allergies. Common types of atopic allergies are
hay fever, fur allergies, dust mite and insect sting allergies, asthma and many types of
food allergies. Since the prevalence of allergies is increasing, the question arises if it is
possible to eliminate or neutralize this immunoglobulin isotype at the protein level
without any severe side effects. This possibility has been addressed in this thesis by
evaluating a novel strategy to vaccinate against IgE.

Monotremes and the duck-billed platypus (Ornithorhynchus
anatinus)

One of the issues addressed in this thesis concerns the VH and VL repertoire in the duck-
billed platypus (Ornithorhynchus anatinus). This species belongs to the phylogenetic
order of Monotremata. Monotremes, marsupials and placental animals are the three
extant mammalian lineages. One major point of differentiation between these lineages is
that monotremes are egg-laying mammals. Today there are only three species of
montreme; the duck-billed platypus, the short beaked (Tachyglossus aculeatus) and the
long beaked echidna (Zaglossus bruijnii).

In 1798, Captain John Hunter, the governor at the penal colony at Port Jackson, New
South Wales, sent a skin and a drawing of a platypus to the Literary and Philosophical
Society of Newcastle-upon-Tyne, Britain. Why he only sent the skin was explained in
the covering letter: �The Weather having been exceedingly Warm when this Animal
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was killed, it could not be kept until we could have had an opportunity of preserving it in
Spirits, I have therefore sent its skin� (51).
When the first specimen of the platypus came to Britain and Europe it sparked two
controversies. The first concerned the authenticy of the skin preparations and the second
concerned the mode of reproduction of this mammal-like species. The first concern was
solved rather quickly after thorough skin examinations by Shaw in 1799 (cited in (52))
and later by Home in 1802 (53), who performed the first whole specimen examination of
a platypus. The second issue was harder to settle and there were opposing views between
an English anatomist, Sir Richard Owen, and a French biologist M. Etienne Geoffroy.
But in 1884 a young Scotsman, William Caldwell, finally closed the matter in a telegram
to the Montreal Meeting of the British Association that confirmed oviparity in
monotremes ((54) and reviewed in (55)).

The platypus is a streamlined animal, with a snout that looks like a duck’s bill and the
tail of a beaver. Despite the resemblance between the platypus muzzle and the bill of a
duck, they have nothing other than the appearance in common (56), except laying eggs
and swimming a lot.
The platypus is shy, mainly nocturnally active, semi-aquatic, diving and fossorial, i.e.
adapted for digging. They dig burrows in riverbanks with their forelimbs; there are two
types of burrows, a short resting burrow and a longer and more complex breeding
burrow.
Platypuses are found in streams and rivers on the eastern and southern coasts of
Australia and on Tasmania. They can be found in a wide variety of climates, from
tropical to cool temperate, including mountain areas where it can be cold in winter. The
animal is homeothermic, i.e. it can maintain a body temperature of 32°C even if it
spends several hours searching for food when the water temperature is below 5°C. The
temperature is regulated by several mechanisms such as good insulation by tissues and
fur. In addition, they can increase their metabolic activity, and they have a vascular
counter-current heat exchange system at the base of the tail and hind legs. Not only was
the fur good insulator for the platypus itself, it was also prized by hunters, who made
them into hats, slippers and rugs (for one rug it took 40-60 pelts). Platypus hunting was
not forbidden until 1912 when they were finally given sanctuary (55).

The platypus mostly searches for its food at night, and the principal nutrition source is
benthic invertebrates. Since the stomach is very small, they cannot eat fish or other lager
prey but instead eat insect larvae, shrimps, crayfish, beetles, water bugs and tadpoles.
They also eat fish eggs. The food is stored in cheek pouches beside horny grinding pads
found in adult platypuses. Before ingestion, the food is masticated and finely ground
(55).

The lymphoid system in the platypus is well developed and comparable at the histologic
level with that in therian, marsupial and placental, mammals. The spleen is bi-lobed and
the germinal centers consist of large lymphoid cells and macrophages that are
surrounded by small lymphocytes. The thymus is thin and lobed and lymphoid nodules
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are found scattered within the loose connective tissue. In summary, the lymphoid tissues
in platypus contain all the essential cell types (T and B cells, and plasma cells) for the
animal to mount an effective defense against foreign antigens (57).

Figure 4. A swimming duck-billed platypus (Ornithorhynchus anatinus) drawn by Linda Jonsson.

Immunoglobulin E, IgE

The most well known effect of IgE is its central roll in type I hypersensitivity reactions.
In the 1920s Prausnitz and Küstner demonstrated that there was a factor in blood from
allergic persons that could induce sensitivity in non-allergic persons (58). While
Johansson and Bennich later characterized and located the molecule in a myeloma (59).
Ishizaka et al found independetly that there existed a unique immunoglobulin of hitherto
unknown function that transferred reaginic activity (60). The Ishizaka group named it γE
after the erythema that the allergens provoke in sensitive skin. The molecule was later
named IgE (58).

IgE is a monomer of about 190 kDa and is the least abundant antibody in serum found
under normal, non-allergic conditions at a concentration of about 50 ng/ml, compared to
9 mg/ml for the most abundant one, IgG1 (61). In the human genome there are three
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epsilon (ε) genes, but only one is functional while the other two are pseudogenes. The
constant region of the IgE heavy chain polypeptide consists of four constant domains,
Cε1-Cε4.

Cells that secret IgE are frequently found in the lungs, skin and gut. These are the main
sites of entry for parasites and IgE has shown to be a part of the anti-parasitic defense.
The cellular responses that are triggered by IgE result, when successful, in the exclusion
of parasites from the body by physiological and anatomical changes (62). To exert its
function, IgE binds to one of its receptors, FcεRI or FcεRII on a variety of cell types.
Through limited proteolysis of IgE, a fragment containing Cε2-Cε4 has been shown to
bind to the receptors although Cε2 or Cε4 are unable to bind as separate domains. Now it
is clear that the first twelve aa of Cε3 are necessary for binding to FcεRI (62). The
binding site for FcεRII is also located in Cε3, but is distinct from that by which IgE
interacts with FcεRI.

Regulation of IgE synthesis

The induction of isotype switching from IgM to IgE and thereby the synthesis of IgE
requires the cytokines interleukin 4 (IL-4) or IL-13 produced by CD4+ TH cells, mast
cells, basophils and possibly eosinophils. CD4+ TH cells are probably the main IL-4
producers during an established immune response, and probably produce IL-4 for more
extended periods than the other cell types. CD4+ TH cells can be divided into TH1 or TH2
cells depending on what cytokines they produce and what kind of functions they exert.
TH1 cells are major producers of IL-2; they also produce interferon-γ (IFN-γ). These
cytokines are important in the development of a cell-mediated immune response. TH2
cells, on the other hand, produce IL-4, IL-5, IL-6, IL-9, IL-10 and IL-13, and these
cytokines are important in the development of humoral immune responses, including
IgE-mediated allergic responses (63, 64). The initial allergen-induced differentiation of
naïve TH cells to TH2 cells appears to require IL-4. Where this �early-IL-4� comes
from is not known, however mast cells and basophils are prime candidates (63). Besides
IL-4, the binding of allergen to allergen-specific B cells via their membrane-bound
immunoglobulin receptors (BCR) is required. When allergen has bound, the B cell
internalizes it and processes it. The resulting peptides are then presented to TH2 cells in
association with MHCII. The peptide-MHCII complex is subsequently recognized by the
TCR on TH2 cells. Once the TH2 cells are activated, they provide the B cells with two
signals that are crucial for IgE synthesis. Firstly, the activated TH2 cells start secreting
the IgE-switching cytokines IL-4 and/or IL-13. The second signal is cell-to-cell contact
between the B and T cells via the binding of CD40 ligand (CD40L) found on TH2 cells
and CD40 on B cells. Additional fine positive and negative regulation is needed and
provided by additional soluble and cell membrane-associated molecules (reviewed in
(65)). The produced IgE antibodies that are produced can then migrate to the tissues
where they bind to FcεRI and FcεRII receptors on mast cells and basophils.
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FcεRI: the high-affinity receptor for IgE

In 1970, Ishiaka and colleagues (66) observed that IgE bound to basophilic leukocytes.
The high-affinity receptor for IgE, FcεRI, which was responsible for this interaction was
later identified and characterized. Besides the basophils in blood, FcεRI is found on mast
cells in the tissues. This receptor has recently also been detected on Langerhan’s cells,
peripheral blood dendritic cells, and possibly also at low density on platelets and
activated monocytes (67-71). It is uncertain whether or not FcεRI is present on
eosinophils. Gounni et al found that 13-73% of purified eosinophils from
hypereosinophilic patients expressed FcεRI (72) while Sihra et al found that the
expression of FcεRI on eosinophils is barely detectable, although this increased on
eosinophils from atopic persons compared to healthy subjects (73).

The high-affinity receptor is a transmembrane protein consisting of four polypeptide
chains, one α-, one β- and two γ-chains, but which in humans can also be expressed as a
trimer (αγ2) (74). The trimeric form of FcεRI is variably expressed on antigen-presenting
cells (APCs). The αβγ2 complex contains seven transmembrane regions (75). It is the α-
chain that binds to IgE (reviewed in (74)) and FcεRI has an affinity, KA, of
approximately 1010 M-1 for monomeric IgE (76). The other polypeptides are needed for
anchoring the α-chain in the membrane and for signal transduction (reviewed in (74)).
The β-chain confers increased stability and signaling capacity and the γ-chain has two
immunoreceptor tyrosine-based activation motifs (ITAM) for downstream signal
propagation (reviewed in (74)). The α-chain resembles several other Fc receptors (FcR)
since the extracellular domain contains two domains that belong to the immunoglobulin
superfamily (62).
The FcεRIα is heavily N-glycosylated but the carbohydrates are not necessary for IgE to
bind to the receptor via its second extracellar domain (75).

FcεRII (CD23): the low-affinity receptor for IgE

The low-affinity receptor for IgE, FcεRII, also known as CD23, is the only FcR that is
not a member of the immunoglobulin superfamily, but instead belongs to the C-type
(calcium-dependent) lectin family. CD23 is found on a variety of hematopoietic cell
types; including B cells, T cells, Langerhans cells, follicular dendritic cells, eosinophils,
NK cells, monocytes and platelets (77, 78).

The regions, which are implicated in IgE binding lie close to the Ca2+-binding site found
in the �head�-like region in the C-terminal region. Binding does not involve
carbohydrate (79) and the affinity for monomeric IgE is about 1000 times lower than for
FcεRI (76).
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Depending on the cell type on which the low-affinity receptor is expressed, it appears to
have different functions e.g. on B cells it regulates antigen presentation to T cells and it
promotes more B cells to differentiate into IgE-producing cells. This leads to increased
IgE levels but if IgE-immune complexes crosslink FcεRII on B cells exposed to IL-4,
then the cells will not become activated or differentiate into plasma cells (reviewed in
(80)). On other cell types, such as macrophages, eosinophils and platelets, CD23
mediates IgE-dependent cytotoxicity and, in addition, enhances phagocytosis of particles
that are coated with IgE. FcεRII is also implicated in stimulation of production of an
assortment of inflammatory molecules like TNF and lipid metabolites and activation of
the NO pathway in eosinophils, monocytes and keratinocytes (reviewed in (80)).

Hypersensitivity reactions, a brief description

A successful immune response directed against a pathogen results in clearance of the
organism and resolution of any inflammatory process. Under some circumstances,
however, resolution does not occur and an exaggerated or persistent immune response
results in tissue damage. In other cases, the inciting stimulus is a harmless molecule,
ignored by the immune system of the majority but, in some, initiating an immune
response that leads to tissue damage and even death of the host. These exaggerated and
inappropriate reactions are collectively called hypersensitivity reactions. The
hypersensitivity reactions were categorized into four types, I-IV, by Gell and Coombs in
the early 1960s (81). The four reactions differ in the antibodies and cell types involved.
Other differences are point of onset of the reaction and the duration time. This thesis will
focus on type I hypersensitivity reactions.

Type I hypersensitivity

Type I hypersensitivity reactions are also known as IgE-mediated allergies or atopic
diseases. These reactions are associated with the production of specific IgE against
normally innocuous substances or antigens/allergens in the environment (65, 82). These
disorders are prevalent and in 1995 about three out of nine million Swedes were
affected. In some school classes about 40% of the pupils had or have had some form of
allergy or other hypersensitivity. The allergy frequency has doubled each decade since
the 1970s. Although asthma mortality has decreased, the allergy causes much discomfort
and is costly to those afflicted. Another large cost for society is for the burden of medical
care, sick leave and early retirement. In 1994 these costs were nearly six billion Swedish
kronor and this figure is increasing at the same rate as the frequency of the allergies (83).
The incidence of allergic diseases is increasing throughout the western world and today
20-30% of the population is affected in some way. There is probably no single
responsible factor but rather a combination of several factors e.g. genetic, environmental
changes, change of life style etc.
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The precise gene, or rather genes, implicated in atopy have not yet been pin-pointed but
there are several candidates that code for proteins whose functions are quite diverse.
They include the MHC class II genes, FcεRI-β, TCR-α locus, RANTES, IL-4 receptor α-
chain, mast cell chymase, TAP1 and β-adrenergic receptor (reviewed in (82)).

The type I hypersensitivity reaction can be divided into sensitization and effector phases
(Figures 5 and 6). Provocation by the allergen inducing an effector phase need not
follow sensitization immediately but can occur even several years later.

Sensitization phase

When an antigen or allergen is entering the body it is taken up by phagocytic cells and
degraded into peptides that are presented on the surface of APCs in association with an
MHCII molecule. The MHCII and peptide complexes will be recognized by TH cells that
will then differentiate into either TH1 or TH2 cells depending on the prevailing cytokine
environment. This is the sequence of events during a normal encounter with any foreign
antigen, but in the case of sensitization it is primarily IgE that will be produced. This IgE
will either bind directly to mast cells in the tissues or enter the circulation and then bind
to FcεRI on basophils in the blood (Figure 5).

Effector phase

The effector phase is initiated at a subsequent encounter with the antigen against which
the individual was sensitized. Several years can pass between sensitization and effector
phase. The reaction is initiated when antigens bind to the IgE bound to FcεRI on cells,
cross-linking the receptors with bound IgE. A mast cell can have between 105 and 106

receptors and it is sufficient to crosslink only 100 receptors to activate the mast cell (84).
This event triggers signal cascades into the cells that activate them and cause them to
release their preformed mediators and to initiate de novo synthesis of other mediators.
This release of mediators results in the various manifestations associated with allergic
disease, like itching, runny nose, edema, bronchoconstriction and mucus production
(Figure 6).
The effector phase of IgE-mediated immune reactions has been classified into three sub-
phases: 1) acute reactions, which develop within seconds or minutes of allergen
exposure; 2) late-phase reactions, which develop within hours, often after at least some
of the acute phase effects have decreased; and 3) chronic allergic inflammation, which
can persist for days to years (65).
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Allergens

Antigens that can bring forth specific IgE responses to otherwise harmless substances are
known as allergens. The complexity and diversity of allergens can vary substantially
between different sources. Although most allergens are small glycoproteins, substances
with low molecular weight like antibiotics and perfumes can also behave as allergens
(82) but usually they have to be combined with proteins first.
Individuals are genetically predisposed to develop specific IgE responses to certain
distinct antigens. The intensity of the IgE responses also has a genetic foundation.
Consequently, that which is allergenic in one individual may not affect another (65).
Physicochemical properties that may influence the transition of an antigen into an
allergen include; a) ability to become airborne, b) concentration, c) size and d) solubility
and stability in body fluids (85).
Food allergens are usually glycoproteins of between 10- and 60 kDa, which are
relatively resistant to denaturation by heat, acid hydrolysis, proteolysis and digestion
(reviewed in (86)).
The major allergens in insect venoms are enzymes and the venoms contain substances
that promote their adsorption into host tissues (87).

The effector cells and mediators of IgE-associated immune
responses

Mast cells, basophils and eosinophils are regarded as the most important effector cells in
both IgE-mediated allergic disorders, and IgE-mediated protective host responses to
parasites. The content of cytoplasmic granules and lipid mediators of mast cells are the
primary cause of the signs and symptoms that characterize the acute phase of IgE-
mediated allergic reactions. Basophils are considered to contribute to the systemic
reactions. In addition, mast cells, basophils and eosinophils probably contribute to the
late-phase reactions as well, but by this stage they are �supported� by T cells,
monocytes, macrophages and neutrophils since these cell types are also found in
inflammatory cell infiltrates.

Mast cells and basophils are distinct cell types but they share several features.
Similarities include; a) prominent cytoplasmic granules with preformed, potent,
biologically active mediators; b) both are derived from hematopoietic stem cells in the
bone marrow, c) they are major sources of histamine and other chemical mediators of
inflammation and d) in all mammalian species studied so far, both mast cells and
basophils constitutively express FcεRI (reviewed in (88)).
Mast cells are e.g. found in the normal connective tissues, and at sites where they are
exposed to the external environment such as adjacent to blood and lymphatic vessels,
near or within nerves, beneath epithelial surfaces such as those of the respiratory and
gastrointestinal systems and the skin (88).
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Figure 5. The sensitization phase of IgE-mediated immune responses.
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Figure 6. The effector phase of an IgE-mediated immune response.
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Basophils constitute 1% or less of the peripheral blood leukocyte population and is
therefore the least commonly found granulocyte. This cell type is primarily found in
peripheral blood from where, upon activation, they can migrate into the tissues (65).

Preformed mediators

Preformed mediators in mast cells include e.g. histamine, proteoglycans (heparine and
chondroitin sulfate), serine proteases, carboxypeptidase A (89). Histamine is one of the
major mediators that are released from mast cells when they are activated. Histamine
exerts effects on a variety of different cells by the interaction with H1-, H2- or H3-
receptors. The effects caused by histamine include bronchoconstriction, vasodilation and
increased permeability of blood vessels and bronchial epithelium, edema, secretion of
mucus, runny nose, stimulation of nerves and the central nervous system (CNS).
Leukocytes are affected and show increased proliferation, chemotaxis and activation
(85). The main source of histamine in normal human blood is produced by basophils.
The proteoglycans probably have several biological functions both within and outside
the cells. They bind histamine, neutral proteases, carboxypeptidases and they possibly
contribute to the packaging and storage of these molecules within the granules (89). The
most abundant protein molecules in the mast cell granules are neutral proteases and the
major stored enzyme by weight in human mast cells is tryptase (65).

Newly synthesized lipid mediators

Besides the release of the preformed mediators stored in granules, mast cells and
basophils can initiate the de novo synthesis of certain lipid-derived substances. The most
important are the cyclooxygenase and lipoxygenase metabolites of arachidonic acid, a
product from the degradation of phospholipids in cell membranes. These metabolites
have potent inflammatory activities and may also play a role in the modulation of the
release of preformed mediators. The major mast cell product of cyclooxygenase is
prostaglandin D2 (PGD2) (90) and the major products from mast cell and basophil
lipoxygenase are the sulfidopeptide leukotrienes (LTs) LTC4, LTD4 and LTE4. Human
mast cells can also produce LTB4 (90, 91). The effects of the leukotrienes and
prostaglandines produced by mast cells and basophils resemble those described for
histamine. In addition, most of the inflammatory cells release platelet-activating factor,
PAF, when they are stimulated. PAF is a biologically active lipid and causes
vasodilation and increased vascular permeability. It is also a chemotaxin for polymorphs
and monocytes and has an important role in the recruitment of eosinophils into the
bronchial mucosa in the late phase of asthma. It is indrectly involved in the production of
eicosanoids since it can stimulate the activation of phospholipase A2 that generates the
eicosanoids (92).
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Today’s treatment

Today treatment of allergy is mainly aimed at mitigating the symptoms caused by
released substances like histamine, PAF, eicosanoids and cytokines. This is done by the
use of anti-histamines, cromoglycates, corticosteroids or β2-agonists.

Symptom-relieving drugs

Substances like β-adrenoreceptor agonists that increase cAMP formation inhibit
histamine secretion. Other anti-histamine agents include antagonists to the receptors, H1

and H2. (92).
The older anti-histamine drugs had the disadavantage that they easily penetrated the
CNS where they caused sedation. Newer anti-histamines almost totally lack this feature
at recommended doses.

β-Agonists have potent relaxation effects on the smooth muscles of the bronchia and are
thus also called bronchodilators. They also prevent the secretion of mediators such as
histamine, tryptase and eicosanoids from mast cells although not from basophils (85,
92). Chemically modified adrenaline is a widely used β-receptor agonist and it has been
used for almost a decade as a treatment for asthma. Modified adrenaline is used to
minimize potential cardiac problems that may ensue, and to increase the active lifespan
of the drug, since there are enzymes that rapidly inactivate adrenaline (85).

Symptom-relieving and anti-inflammatory drugs

Sodium cromoglycate, which was discovered in the 1960s, prevents antigen-induced
brochospasm if it is inhaled before antigen challenge (93). Both sodium cromoglycate
and nedocromil sodium are non-steroidal anti-inflammatory agents. Sodium
chromoglycates and nedocromil are regarded as mast-cell stabilizers, which can prevent
the release of mediators from mast cells (93-95). These compounds inhibit histamine
release and both have been shown to have an inhibitory effect on IgE antibody
formation. Other functions include reduction of the number of eosinophils in lavage fluid
and inhibition of eicosanoid mediators both stored in granules and newly synthesized
(reviewed in (93)). These compounds are mostly used as treatment for asthma.

Anti-inflammatory drugs

Corticosteroids were introduced in 1950 as a drug to treat severe, chronic asthma. They
are naturally produced by the adrenal cortex in humans in the form of hydrocortisone.
When it is used to treat asthma it is a strong anti-inflammatory agent, but it has its
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drawbacks because it also affects glucose metabolism and the absorption of minerals by
the kidney. Chemical modifications have removed the mineral corticoid effects, but not
the glucocorticoid effects (85).
Glucocorticoids are not bronchodilators and do not have any effect in the treatment of
the immediate allergic response in asthma. They inhibit the production of LTB4 and PAF
that act as leukocyte chemotaxins thus reducing the recruitment and activation of
inflammatory cells, as well as the spasmogens LTC4 and LTD4, and the vasodilators
PGE2 and PGI2. Eosinophil influx into the lung is inhibited by glucocorticoids and the
eosinophil response to the cytokine GM-CSF (granulocyte/macrophage colony
stimulating factor) is reduced as is the formation of other cytokines (92).

Reduction or modification of exposure to allergens

The avoidance of allergens may help to reduce the early onset of allergies, but how
beneficial this strategy is over an extended period of time is not clear. But in patients
who have already developed an allergy, a reduction in the levels of key environment
allergens can improve their situation. If a patient expresses the symptoms of anaphylaxis,
i.e. an acute and systemic form of hypersensitivity reaction that may cause death in the
afflicted person, then allergen avoidance is an extremely important component of the
treatment (65).

Inhibition or modulation of the IgE-response itself

Immunotherapy as a means to desensitize patients has been in use for almost a century.
Two Londoners, Noon and Freeman, were the first to introduce it at the beginning of the
20th century (96, 97). In hypoimmunization therapy the allergen is administered
repeatedly over several years in progressively increasing doses. Specific allergen
immunotherapy has proven efficacious in hypersensitivity against venom, in seasonal
and perennial allergic rhinitis and in mild allergic asthma (reviewed in (98)). An
immunotherapy treatment usually last 3-5 years, it is maintained by some that one year
of treatment is enough. Another issue that needs to be established is how long the
beneficial effects last. According to some researchers, reactivity may start to return about
three years or less after treatment discontinuation (reviewed in (99)).

Future/new treatments

There are four objectives in the design of a new treatment; safety, convenience, cost
effectiveness and that it works. As the mechanisms of immunological and inflammatory
responses are becoming clearer, many new potential strategies that may prevent allergic
inflammation have emerged. These ideas have grown as new techniques have evolved
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e.g. recombinant DNA technology and monoclonal antibodies. The new strategies
involve prevention of T-cell activation, redressing the imbalance of TH cell populations
and thereby inhibition or prevention of TH2-derived cytokines, or inhibition or blockage
of the effects of these cytokines on IgE and eosinophils (100).
In this section a selection of potential therapeutics and interventions will be described.

Prevention of T-cell activation

Immunosuppressive drugs like Cyclosporin-A or FK506 inhibit T-cell growth and have
also been proven to have effects on other cell types, for example they markedly reduce
the histamine release from basophils. Other immunosuppressive drugs that could be of
interest in prevention of T-cell activation include Methotrexate and Azathioprine
(reviewed in (100)).
TH2 cells are a subset of CD4+ T-cells and through the depletion of this cell population
by the use of anti-CD4 mAbs it may be possible to improve allergic conditions.
However, there may be a risk in depleting a cell population in that the patient may
become immunosuppressed and at risk from an opportunistic infection (100).

Modulation of TH1/TH2 differentiation

To avoid a TH2 cytokine profile that promotes allergy, a rather direct way is to
administer cytokines that will result in activation of a TH1 profile, e.g. IFN-γ, IL-12 and
IL-18 or to add antibodies that block the effects of the TH2 cytokine i.e. anti-IL-4, anti-
IL-5, anti-IL-9 and anti-IL-13. A more indirect way to modulate the TH balance is to
improve innate immunity by vaccination and thereby redirect the TH2 response to a more
TH1-dominant response. In Japanese schoolchildren a correlation between vaccinations
with Bacillus Calmette-Guerin (BCG) and lowered incidence of atopy and allergic
disease has been seen. Experimental animal models further support this result where
non-pathogenic products from mycobacteria have been used (100).

Anti-IgE antibody

A humanized mAb directed against the FcεRI binding region of IgE has been made
(rhuMab-E25, also known as Xolair or Omalizumab) (101). As the binding site of the
mAb is the same as the binding site for FcεRI, the mAb will only bind to free, circulating
IgE and not to mast cell- or basophil-bound IgE, meaning that the receptors cannot
cross-link and activate mediator release. At the time of writing, clinical trials with this
mAb are in phase IV and results suggest that the treatment potentiates the efficacy of
corticosteroids both in moderate to severe asthma (102) and in allergic rhinitis (103).
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Although some of these future treatments may be more of a theoretical interest, it shows
that there is no lack of ideas on how to treat IgE-mediated allergies. We are working
from an idea based on a strategy similar to the anti-IgE treatment described above.
However, our strategy is not, as the one described above, based on passive immunization
by injection of purified mAbs but rather on active immunization against IgE.
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PRESENT INVESTIGATIONS

Aims of the investigations

This thesis covers two main areas; (i) to chart the evolution of the VH and VL repertoire
in mammals, with particular emphasis on the Australian duck-billed platypus
(Ornithorhynchus anatinus) and (ii) a novel method to treat type I hypersensitivity
through the vaccination against IgE is evaluated.

Antibody diversity in a monotreme (Paper I and Paper II)

We have investigated how antibody diversity is created in the Australian duck-billed
platypus, (Ornithorhynchus anatinus) (Paper I and Paper II). The platypus serves as a
representative for the monotremes, which is one of the three extant mammalian lineages.
There are two theories concerning the precise evolutionary relationship between these
three lineages. One is the marsupionta theory, which indicates that monotremes and
marsupials are sister lineages. This theory is mainly based on data from mitochondria
(104-106). The alternative, theria theory, is based on sequences from nuclear genes and
it states that monotremes diverged from the other mammalian lineages much earlier in
evolution (48, 107-109). Nuclear genes probably evolved more slowly than
mitochondrial DNA since there is a lower mutational rate. The high mutational rate in
mitochondrial DNA makes estimations of the divergence time less accurate in analyses
of how sequences relate to each other over larger evolutionary distances. It has been
recently estimated that monotremes diverged from the common ancestor of present-day
marsupials and placental mammals approximately 170 million years ago. This value is
based on sequences from the protamine (50) and echidna IgM genes (48).

The tissues needed for the studies of the immunoglobulin repertoire came from a free-
living Tasmanian platypus that was partially splenectomized and restored into its natural
habitat. Later, the platypus was recaptured in a healthy state. From the spleen, total RNA
was purified (110) and cDNA was synthesized. The cDNA was used to construct a
spleen cDNA library that was screened with constant region probes for platypus IgG1,
which had been isolated by PCR (49). Clones exceeding 1000 bp in size were selected
for analysis of the VH gene repertoire (Paper I). Sanger’s dideoxy chain-termination
procedure was used for nucleotide sequence determination (111). In the experiments
described in Paper II, the library was screened with two PstI fragments from a full-
length mouse λ chain cDNA clone (PλII). Positive clones were picked for sequence
analysis.

The results presented in Paper I show that the platypus probably has several closely
related VH gene families. This is based on the fact that some of the clones share only
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65% sequence similarity (Paper I). 75%-80% sequence identity is generally used as a
criterion for a V gene family. Having one, or only a few very closely related families of
V genes is not unique to the platypus but is a trait that is also found in other species e.g.
cattle (Bos taurus) (30-32), sheep (Ovis aries) (112), chicken (Gallus gallus) (113, 114),
rabbit (Oryctolagus cuniculus) (115) and pig (Sus scrofa) (116). The V genes found to
date have been grouped into three �clans�, termed clans I-III, and the platypus V gene
family group together with members from clan III. However, despite the lack of many V
gene families, we do not think that the platypus has an impaired antibody repertoire. This
conclusion is based on a comparison of the overall variability in platypus, cow, human
(seven families) and mouse VH genes by Shannon entropy measurements. The platypus
sequences were more diverse than those from just one human VH family and almost as
variable as the overall variability in all human VH families. The difference between
human and platypus seems to be primarily in the framework regions (FR), while the
variability over the CDRs is nearly the same. Compared to the cow, the platypus has
shorter CDR3s, but has more variability over the FRs, especially over FR3. How then is
the platypus creating this variability? To compensate for its low number of VH gene
segments, the platypus seems to use a very large number of D gene segments, and at
least five different JH gene segments are actively used in recombination. The conclusion
that many D gene segments are used, was based on a pairwise comparison of the 33
sequenced D gene segments. This analysis showed that only a few D gene segments
were used more than once in this dataset. Another intriguing finding was that during the
recombination process, possibly two D gene segments are present in one V region,
which would result in a VHDHDHJH configuration. This is usually only found in TCR β-
and δ-chains and has, in addition, been found in little skate (Raja erinacea) (117). We
base this premise on the finding that two clones share homology regions with two other,
non-homologous clones. The TdT activity and thereby the length of the N regions may
be of major importance for the generation of variability. In this case we believe that the
TdT has a rather high activity since the CDR3s are rather long, from 25-58 bp in length.
Immunoglobulin heavy and light chains are held together by disulfide bridges, and in
addition, there are internal disulfide bridges that keep the domains in the correct
configuration. The cysteine (Cys) residues that form these bridges are well conserved
among different species and are usually found in FR1 and FR3 (118). In eleven of the
platypus heavy chain CDR2 and CDR3 clones we found additional Cys residues. In two
clones there was an unpaired Cys in CDR3, possibly a non-functional byproduct of the
recombination process since unpaired Cys residues are often reactive and cause
unwanted complex formation (119). Six of our clones had two additional Cys residues in
the CDR3 region, while three had one in CDR2 and one in CDR3. These paired Cys
residues might result in an additional disulphide bridge in any or all of these nine clones.
The function of these bridges could be to stabilize the long CDR3s. Additional disulfide
bridges, similar to those observed in the platypus have also been found in cattle (30),
shark (1) and in members of Camelidae (120-122).

In the second paper, the V gene repertoire and the organization of the locus for the
dominating light chain isotype in the platypus, the lambda light chain, is addressed. In
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mammals, two light chains, κ and λ have been identified. The relative contribution to the
repertoire by κ and λ varies from species to species. In rodents (mouse and rat), the κ-
chain is used in about 95% of the circulating antibodies (123). In humans the κ and λ
usage is approximately 60% and 40% respectively (123). In other species, like horse,
sheep and cattle the λ light chain is the dominating light chain isotype (123-126).
Although the study presented in Paper II is primarily based on platypus sequences, some
Vλ sequences from one of the other two species of monotremes, the short beaked echidna
(Tachyglossus aculeatus) are included. These echidna and a few of the platypus
sequences were isolated from spleen cDNA libraries using degenerate PCR primers. The
majority, however, were isolated by screening the library with a conventional probe.
In order to estimate the degree of variability of the λ chain V region, an alignment was
performed. The alignment showed that all three CDRs varied in length, three aa in CDR1
and CDR2, and up to eight aa between the shortest and longest sequence in CDR3 (Paper
II). In the heavy chain V region we could see large variation even over the more
conserved FRs (Paper I), but this was not the case for the Vλ region where only limited
variation was detected in the FRs (Paper II). In a comparative analysis of the FRs, the
monotreme sequences were found sequestered on a separate branch in the resulting
bootstrap tree. In addition, the V gene sequences were found to form two groups,
indicating the presence of two V gene families in the platypus lambda light chain locus.
We based inclusion in the V gene family on the criterion that there was at least 80%
sequence identity with existing and most distantly related members of the family. The
five sequences from echidna cluster together with the platypus sequences, and echidna
sequences are represented in both V gene families.

The C regions were subjected to similar comparative analyses. Upon alignment, two
major and two minor groups appeared. The four groups probably represent four different
C genes (CλI-CλIV). The minor differences we found in the sequences are possibly due
to allelic variants or sequence errors that were introduced during the cDNA synthesis.
Based on the number of individual clones, CλI appeared to account for more than 60% of
the transcripts in the spleen, CλII for approximately 32%, while CλIII and CλIV were
represented by single clones and thereby a relatively low expression level. J gene
segments were aligned in order to learn about the organization of the platypus lambda
light chain locus and also, to see if specific C region genes preferentially use certain J
gene segments. We found that specific C region genes preferentially use certain J gene
segments. This suggests how the lambda locus is organized, since it indicates that three
or possibly even four J gene segments are located upstream of the CλI gene while
probably one J gene segment lies upstream of CλII. There is still little information about
the organization of CλIII and CλIV, since only one clone of each has so far been isolated.
We suggest that CλI is the most ancestral Cλ gene in the platypus lambda locus and that
this gene has been duplicated during evolution giving rise to CλII, which has then
duplicated into CλIII and at an even later stage, duplicated and given rise to CλIV.
The presence of several Cλ genes may be an advantage since it could be a means to
rescue as many immunoglobulins as possible through receptor editing. If the
recombination events for both of the κ alleles have been non-productive, then only the
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two λ alleles remain in order to produce a functional immunoglobulin. With several C
genes, the B cell therefore has more than two chances to generate a functional light chain
and thereby a functional immunoglobulin.

A new strategy to treat IgE-mediated allergies (Paper III)

The incidence of allergic disorders is increasing in the western world. Together with
better management of many of the major infectious diseases, this situation has placed
IgE-mediated allergies among the major medical issues in industrialized countries. The
traditional treatment of allergies centers mainly on limitation of the effects of the
released substances from e.g. mast cells, or treatment by hyposensitization therapy.
However, the increased incidence and doubts about the efficacy of traditional
immunotherapy have boosted the development of several novel strategies for treatment
of atopic diseases. The strategy we now are testing is built on the assumption that a
reduced amount of IgE, both total and antigen-specific, will alleviate the problem. The
difference between the previously described method to reduce circulating IgE levels by
the injection of anti-IgE monoclonal antibodies and our method is the way in which IgE
is depleted. The older method relies on passive immunization, i.e. pre-made antibodies
that will bind to circulating IgE are injected and then cleared from the body, thus
reducing the amount of IgE bound to mast cells. Our treatment strategy is instead based
on active immunization against IgE (127-129). Active immunization means that the
immune system itself is induced to mount an antibody response against an injected
substance. This situation more likens a natural immune response. During an active
immunization, a polyclonal antibody response is induced and this will decrease the risk
of immune complex formation compared to a response induced by multiple injections of
monoclonal antibodies (mAb).
An attempt has been carried out before, with a fusion protein between two CH domains, 2
and 3 (CH2CH3), from rat IgE and glutathione-S-transferase (GST) from Schistosoma
japonicum as the active vaccine component (127). This vaccine component was
produced in bacteria and the protein precipitated in the cells. However, the precipitate
could be solubilized by harsh denaturing conditions, a process that might have
negatively effected some of the native epitopes. Despite the fact that the initial results
were promising, there were questions that needed to be addressed before progressing
into human clinical trials. The goals of our new study, therefore, were to obtain a soluble
protein and to study its effects in an experimental animal model (Paper III).

After repeated difficulties in obtaining soluble GST-C2C3 in different expression
systems we decided that a new construct was needed. At this time an evolutionary study
of marsupial and monotreme immunoglobulins was conducted in our laboratory, in
which IgE from the opossum (Monodelphis domestica) (43) and the platypus (49) were
cloned. This enabled us to put into practice an idea to produce a hybrid protein between
self and non-self IgE domains. A near native conformation could possibly be obtained if
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the target region (CH3) is flanked by parts of IgE from a distantly related species. We
therefore designed a construct with the self-IgE portion, rat CH3, flanked by the non-self
portions, opossum CH2 and CH4 (opossum C2-rat C3-opossum C4, ORO). The opossum
domains have dual functions, both as structural supports and as carrier proteins
supplying the T cell epitope needed for breaking T cell tolerance. The sequences of rat
and opossum IgE are approximately 43% identical, but despite the difference they are
presumed to have a similar structure. This fusion protein has another advantage over the
old construction with GST-C2C3 in that the self-component is smaller and confined to
the receptor-binding region of IgE. A smaller self-component should have a lesser
tendency to generate a cross-linking antibody response.

The rat vaccine component, ORO was assembled by PCR amplification from several
cDNA clones. This construct was ligated into an expression vector designed for protein
production in mammalian cells. Human embryonic kidney cells, 293-EBNA were then
transfected with the DNA constructs to obtain soluble protein. Recombinant protein was
subsequently purified on Ni-NTA agarose via a 6xHis tag that was added during the
cloning procedure. A sensitized animal model was established by weekly injections of
ovalbumin (OVA). Four different strains of rats, Brown Norway (BN), Louvain, Lewis
and Wistar were used. There are significant strain-dependent differences in normal
serum IgE levels in nonimmunized rats and they are classified as high, medium or low
IgE responders (130). Among the strains used in this study were members from all three
groups. The high-responders were BN and Louvain rats, the medium-responder was the
Wistar rat and low-responder was the Lewis rat.
The rats were vaccinated with one ORO (the vaccine antigen) or with BSA as a negative
control. Blood samples were collected from the tails before the onset of sensitization,
before vaccination and at several time points during the vaccination program. The
amounts of both anti-rat-IgE and total IgE were measured using ELISA. To test if IgE
remained bound to mast cells in the skin, an allergen-provoked skin reactivity assay was
conducted.

All ORO vaccinated animals produced anti-IgE antibodies. The highest titer was found
in the Lewis strain (the low-responder) and the lowest in the two high responder strains.
The total serum IgE concentrations were also affected. In both the Lewis and Wistar
strains there was a significant reduction of total serum IgE while there was no
statistically significant difference between the ORO-vaccinated and the BSA control
group for the Louvain rats. In the BN rats the ORO vaccine had no effect whatsoever on
the serum level of IgE.

The �positive� effect of IgE is its involvement in the clearance of parasites from the
body. However, in western societies today, there are almost no severe parasitic
infections and there is therefore little reason to believe that the deletion of IgE will be
accompanied by any negative side effects. There are, however, possibly other functions
for IgE that are unknown today and the environment may change in the future; it is
therefore important that IgE returns to normal after discontinuation of the vaccination.
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We investigated the reversibility of the vaccination. This was studied in Lewis rats
because this was the strain with the highest titer of anti-IgE antibodies, and also because
reversibility ought to be delayed in this strain compared to the others. After 45 weeks the
anti-IgE titers had decreased by 89-99% in all animals. This shows that the reduction of
IgE after vaccination with ORO is reversible over time.

To evaluate the effect of ORO vaccination on an allergen-induced skin reaction, Wistar
rats were assyed for skin reactivity one week after the third booster. If IgE is still bound
to the mast cells in the skin they should cross-link the FcεRI receptors on the surfaces of
these cells. Cross-linking causes degranulation and the release of mast cell mediators
like histamine, leading to increased vascular permeability and release of blood
components, including the Evans blue dye, into the local tissue. The size of the blue zone
that forms on the skin is therefore a measure on the severity of the skin reaction. When
we challenged the rats with OVA the blue zones were significantly smaller in the ORO-
vaccinated rats compared to those treated with BSA. ORO vaccination therefore resulted
in a significant, although incomplete inhibition of mast cell reactivity in the skin.

Using another skin reactivity assay, we evaluated the risk of generating a cross-linking
antibody response against the self-component and/or cross-reactive and cross-linking
responses against the carrier that might cause mast cell degranulation. When the animals
were challenged, no skin reactivity was detected for any of the sera from immunized rats
while extensive blue zone formation was seen when using a positive control antibody.

Evaluation of different adjuvants (Paper IV)

In order to improve the immunogenicity of our vaccine, it is most likely necessary to
administer it together with a stong immunopotentiator, an adjuvant. This study was
conducted to identify a suitable adjuvant for our vaccine. Today the only adjuvants that
are approved for the use in humans are aluminium based salts, commonly called alums
(131). However, aluminium hydroxide (Al(OH)3), is not a suitable adjuvant for all
applications since for most antigens Al(OH)3 is a rather weak adjuvant. In addition, these
compounds may themselves elicit IgE responses. We, in contrast, are trying to displace
the IgE response with an IgG anti-IgE reponse. Based on these facts, aluminium
compounds are not a very attractive option. The optimal adjuvant is one that is strong
and that can aid in the process of breaking the tolerance to self-proteins. The adjuvants
most frequently used in animal studies are Freund’s complete (FCA) and incomplete
(FIA) adjuvants. FCA is a water-in-mineral oil emulsion with the addition of heat-killed
Mycobacterium tuberculosis while FIA is composed of mineral oil only. FCA is,
however, considered too reactogenic for use in humans due to its tendency to induce
granulomas and inflammation, both acute and chronic. With new techniques to produce
recombinant proteins a new era for drug development has started, and in addition,
researchers are starting to vaccinate with naked DNA as well. For these purposes there
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will be a need for a good adjuvant that is approved for use in humans and new adjuvants
are under evaluation. Several companies are testing various combinations of emulsifiers
and well-defined mineral oils, while others are investigating combinations of mineral
and biodegradable oils, primarily squalene and plant oils. Yet another group of adjuvants
under active research is the ISCOMs, a mixture of saponins from the bark of a tropical
tree, Quillaja saponaria that forms small, well-defined particles. ISCOMs are approved
for use as an adjuvant in horses and are used in a commercial horse influenza virus
(132).

In order to find a suitable adjuvant for use in combination with our vaccine, two studies
were conducted in which different adjuvants were compared with Freund’s. In the first
study, Wistar rats were vaccinated with ORO combined with either Freund’s, Al(OH)3 or
Cu2+-conjugated ISCOM matrix. Two groups received ISCOMs, one received 100 µg
ORO (ISCOM100), and one received 25 µg (ISCOM25). Blood was collected prior to
vaccination and two weeks after the booster dose which was given three weeks after the
initial vaccination.
In the second study Wistar rats received ORO together with Freund’s, Montanide ISA 51
(MN51), or Montanide ISA 720 (MN720). To see if it is possible to dope the adjuvant
with different immunostimulatory substances from bacteria we added monophosphoryl
lipid A (MLP), muramyldipeptide (MDP) or formylmethionine (FM), or combinations of
these substances to the Montanides. Blood was collected before and five weeks after
initiation of vaccination.
The blood from both studies was then assayed by two different ELISAs, one for anti-rat-
IgE and one for anti-opossum-CH2-CH3-CH4.

The ELISA measurements were designed to address two issues. The first was to identify
the amount of antibody that was produced against the rat (target) component of ORO i.e.
a quantitative measurement of anti-self antibodies. The second was to quantify the level
of anti-opossum antibodies in the sera. In neither case were standards available, so a
relative scale was constructed in which the reading due to Freund’s adjuvants alone was
set to 100%. Al(OH)3 was found not to induce an anti-rat IgE response and only a weak
anti-opossum response. The ISCOM together with 100 µg ORO did not promote any
significant anti-rat response, while in one out of four animals ISCOM25 induced a
similar response to animals treated with Freund’s. The other three showed almost no
response. The anti-opossum values, on the other hand, were more promising with
ISCOM-25-treated rats generating 75% of the levels seen in animals treated with
Freund’s, while ISCOM100 generated 20% higher levels.

In study 2, MN51 induced an even better anti-rat response than Freund’s, while MN720
induced only about 15% of the Freund’s value. On the other hand, MN720 induced a
better anti-opossum response while MN51 was comparable with Freund’s. The different
additives that were added to the adjuvants did not enhance the response, but rather
induced the opposite.
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In conclusion, MN51 seems to be as potent as Freund’s in eliciting an anti-self antibody
response. However, addition of MDP, MPL and FM seems not to give any further
enhancement. Presently therefore, MN51 without further additives, is the best candidate
of those studied for forthcoming clinical trials.

Further attempts to increase the antigenicity of the vaccine
component (unpublished results)

Two signals are required to activate B cells (one through the BCR and one from T cells).
However, extensive crosslinking of the BCR may circumvent the T cell dependence and
cause the B cells to proliferate even without T cell help. To be able to crosslink the
BCRs, the antigen has to be arranged in a rigid, parachrystalline and two-dimensional
array. This is consistant with the theoretical mechanisms that comprise self and non-self
discrimination. There are few, if any self-antigens that are both repetitive and accessible
to B cells, whereas many viral capsids and bacterial surfaces do have epitopes which are
highly repetitive (reviewed in (133)).
To study the effect of repetitive epitopes on the induction of an autoimmune immune
response against IgE, we designed a dimeric form of our vaccine, termed ORORO. This
molecule has two CH3 domains from rat, two CH2 domains and one CH4 domain from
the opossum (Figure 7).

Figure 8. Schematic drawing of the monomeric and dimeric forms of the vaccine component.
Stripes denote CH2 domains, dots CH3 and stars CH4 domains.

We conducted three studies in which we compared the monomeric vaccine component
with the dimeric form. In the first study we compared the two components when injected
together with Freund’s adjuvants, and in two subsequent studies we used MN51 as
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adjuvant. An approximately 4,5 to 8-fold increase in the anti-IgE antibody titers was
seen (Figure 8).
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Figure 8. Anti-IgE responses in study I-III. Each dot represents an animal.

These results encouraged us to consider what would happen if the amount of repetitive
epitopes was further increased and at what point the plateau would be reached. To
address these questions, DNA constructs with three and four rat CH3 domains were
designed, and were termed ORRORO and ORRRORO, respectively. The constructs
were transfected into 293-EBNA cells, the cell type we had used to successfully produce
the other proteins, but due to difficulties in expressing trimeric and tetrameric proteins
we could not perform an animal study with these proteins. Instead, we turned to the
possibility of generating repetitive epitopes by coupling a large amount of monomeric
vaccine components to a carrier. There are results from similar studies in which TNF-α
has been coupled to papilloma virus capsid proteins (134), and these conjugates elicited
1000-fold higher titers of autoantibodies compared to monomeric antigens. In another
study, a part of CCR5, which is a mouse chemokine receptor, was conjugated to a part of
the L1 coat protein of the bovine papilloma virus (135). The portion into which the
mouse protein was included is an immunodominant site and the L1 coat proteins will
self-assemble into virus-like particles. Mice inoculated with the recombinant virus
particles had antibodies against the native CCR5. Fehr et al have shown that it is possible
to enhance induction of anti-antibodies if the antibodies are presented together with a
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highly ordered antigen instead of an irregularly ordered antigen, and that this effect is
evident after only one immunization even in the absence of adjuvant (136).

We chose to take advantage of the 6xHis tag, which is located in the N-terminal of the
protein. The primary function of the tag is to facilitate purification of the protein,
because the tag makes it possible to purify the protein on a chelating column. However,
in this case we wanted to use the tag to bind the monomeric protein molecules to a
carrier. ISCOMs loaded with Cu2+ was chosen as a carrier. The copper ion would make it
possible to couple our protein to the surface of the ISCOMs. Eight Wistar rats were
included in each group and the groups received either only PBS, ORO, ORORO, or
ORO coupled to ISCOM-matrix at two different loading densities. All antigens were
then mixed with MN51 and injected into the rats. It was expected that the amount of
anti-IgE antibodies would increase depending on the construction of the antigen, with no
anti-IgE antibodies in the control group (PBS). However, the anti-IgE titers were as high
in ORO as in ORORO vaccinated animals and a small increase could be detected with
the multimeric forms (Figure 9). The amount of anti-IgE, however, is considerably lower
in this study compared with previous studies. We do not know the reason for this. The
amount of protein is the same, and ORORO showed no alteration in molecular weight or
degradation according to SDS-PAGE gel analysis. The same strain, Wistar, was also
used in all four studies. Additional studies are planned to resolve these discrepancies.
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adjuvant. IDA refers to ISCOM-Matrix. Each dot represents an animal.

Concluding remarks

In this thesis we demonstrate that the duck-billed platypus, despite an apparent lack of
many V gene families in both the heavy and lambda light chain loci appears to have a
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large antibody repertoire. This is accomplished by high variability in the CDR3s, which
is accomplished in the heavy chain by utilization of many D gene segments and
numerous actively used JH gene segments. In addition, the TdT enzyme of the platypus
appears to be very active. We propose that internal cysteine bridges function to stabilize
long and highly diversified CDR3s in the heavy chain.

Our vaccine strategy against immediate hypersensitivity reactions were successful in
three out of four rat strains studied. This showed that it is possible to induce anti-self
antibodies in a sufficiently high titer to decrease the level of circulating IgE. Further
studies can now be designed to determine if the response is dose-dependent, optimal
dosage etc. Meanwhile, the search for a suitable adjuvant to use in future clinical trials is
a high priority. Although Montanide ISA 51 proved to be as efficient an adjuvant as
Freund’s, it needs to be evaluated further, perhaps in combination with multimeric forms
of the vaccine.

Future perspectives

To obtain the full picture of how many gene segments there are for the V, D and J
regions in the platypus immunoglobulin heavy chain gene locus, an analysis of the
genomic organization will have to be performed. This could also shed light over how the
constant regions are located, in what order they are organized and if possibly several D
segments are used simultaneously in the same immunoglobulin molecule. A similar
strategy will need to be followed to fully understand the structure and function of the
light chains.

To further validate that our vaccine strategy works and before it can go into clinical
trials, it will have to be tested in a species other than rat. More studies are also needed to
find the optimal dose needed to generate the coveted response and to find a suitable
adjuvant. After more investigation of the responses against the dimeric or multimeric
forms of the vaccine component it might be possible that they become the next
generation vaccine, ideally leading to multimeric vaccine components without the use of
adjuvant.
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SVENSK SAMMANFATTNING (SUMMARY IN
SWEDISH)

Det som gör att vi överlever och kan försvara oss mot infektioner av bakterier och virus
är immunförsvaret. Immunförsvaret är uppbyggt av två delar, det medfödda och det
adaptiva. Adaptiv innebär att immunsvaret kan anpassas efter vilken slags infektion som
skall bekämpas. Immunsystemet självt känner inte av någon gräns emellan de olika
delarna och i ett immunsvar är båda delarna inblandade. Det medfödda är det som
reagerar först och sedan kommer det adaptiva igång. Det adaptiva systemet bildar
antikroppar. Dessa är bra att ha för att rensa bort det främmande ämnet från kroppen.

Den här avhandlingen handlar om antikroppar på olika sätt och den beskriver två olika
studier. I den ena har vi tittat på det australiska näbbdjurets antikroppsrepertoar, och i
den andra har vi utvärderat en ny metod att behandla atopiska allergier.

Antikroppar är proteiner. Det finns flera olika typer av antikroppar i människan. De ser
olika ut och de har olika funktioner. En antikropp består, i de flesta fall, av två tunga och
två lätta proteinkedjor som sitter ihop med något som kallas cysteinbryggor.
Proteinkedjorna är i sin tur uppdelade i variabla och konstanta regioner. De variabla
delarna känner igen och binder till det främmande ämnet, och de konstanta delarna
bestämmer vilken funktion en antikropp får. Eftersom kroppen inte vet vilka främmande
ämnen som den kan komma att stöta på i livet måste vi kunna producera antikroppar mot
ett mycket brett register av ämnen.

Vi har studerat hur antikroppsvariabiliteten ser ut i det australiska näbbdjuret, en
avlägsen släkting till människor. Våra resultat tyder på att näbbdjuret inte har så många
olika gener att använda för att skapa variabilitet som vi människor. Trots detta verkar
variabiliteten vara stor. Det beror på att näbbdjuret använder andra mekanismer mer
effektivt för att skapa variabilitet. Våra studier tyder på att evolutionen har tagit olika
vägar för att uppnå hög variabilitet i de olika däggdjursgrupperna, och därmed för att få
ett väl fungerande immunsystem.

Antikroppar är alltså en väldigt viktig del i vårt försvar mot bakterier, virus och andra
sjukdomsalstrande organismer. Ibland går dock något snett och kroppen börjar producera
antikroppar av typ IgE mot annars harmlösa ämnen (allergen), typ pollen, pälsdjur och
mat. Dessa antikroppar, binder till vissa celltyper som kallas mastceller och basofiler.
Personen har blivit sensibiliserad. Vid förnyad kontakt med allergenet frisätter cellerna
histamin och andra aktiva ämnen som ger de typiska symtomen för en IgE-medierad
allergi. Symtomen kan vara rodnad, andningssvårigheter som i astma, eksem, m m.

Vi håller på att utveckla en ny metod att behandla dessa IgE-medierade allergier, ett
allergivaccin. Denna metod bygger på att kroppen ska rensa bort de allergiframkallande
IgE antikropparna och därmed vår känslighet för allergenet. Detta sker genom att
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vaccinera personen med ett protein som ser ut som en del av IgE-molekylen. Vi har satt
ihop vårt protein med delar från en IgE-molekyl från en avlägset besläktad art, nämligen
opossum ett amerikanskt pungdjur. Kroppen tror att opossumdelen är en infektiös
organism och ger sig på den, samtidigt bildas antikroppar mot vårt eget IgE.

Efter behandling med vaccinet sänks IgE-nivåerna i vår djurmodell och råttorna uppvisar
en minskad känslighet vid kontakt med allergenet. Vi arbetar nu med att producera det
humana vaccinet för att kunna påbörja studier i människa inom något år.
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