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Infiltration of the tissues by T-lymphocytes is a prominent feature of
many human diseases including infections, autoimmune disorders, various
poorly understood chronic inflammatory conditions, T-cell lymphomas and
leukaemias and tumours of other tissues. Very little is known about the
infiltrating T-cell clones in these conditions, apart from the T-cell
lymphomas and leukaemias most of which are monoclonal, derived from a
single transformed cell.

The object of this thesis was to devise a sensitive method for the
detection of T-cell clones in small tissue samples and to use the method in
pilot studies on examples of human diseases whose lesions are infiltrated
with T-cells.

T-cell clones are distinguished from one another by their antigen
receptors. Each clone arises in the thymus from a founder cell in which
germline genes coding for antigen receptor molecules are altered
(rearranged) in a particular way to give that cell an antigen-receptor of
unique specificity, much clonal diversity being generated by the variety of
possible rearrangements of the germline genes and deletions and random
insertions of uncoded nucleotides at hypervariable (N) regions within these
rearrangements.

The polymerase chain reaction (PCR) has been adapted to amplify
rearrangements of the human T-cell receptor gamma (TCRy) genes and
high resolution polyacrylamide gel electrophoresis has been used to
analyse the molecular size of the amplified products which include the
hypervariable N regions. Since the N region in different clones varies in
size by 40 or so nucleotides, in theory 1280 subsets of rearranged genes
(clonotypes) can be distinguished by this method, if a total of 32 PCRs are
performed to amplify most of the possible rearrangements.



The method has been developed and validated with model systems
employing DNA from cultured T-cell lines whose y gene rearrangements
were already known from the literature. With appropriate primer
combinations, PCR with as little as 1 nanogram of DNA from monoclonal
T-cell lines gave a positive reaction, a dense dominant electrophoretic
band of the expected molecular size and the dominant band could be
demonstrated in the presence of 20-100 parts of polyclonal DNA from
reactive (hyperplastic) lymph nodes. By itself polyclonal DNA produced
electrophoretic smears (sometimes with some minor bands) which reflect
the presence of multiple clones with a range of N region sizes.

A battery of 8 PCRs for the most common TCRy gene
rearrangements successfully demonstrated dominant clonal
rearrangements in 24 of 36 (67%) cases of malignant T-cell lymphoma in
contrast to 1 of 12 cases of reactive lymph node hyperplasia, and none of
12 skin samples from 5 normal controls. Evidence was obtained suggesting
that the dominant clonotype detected in plaques of cutaneous T-cell
lymphoma is also present in smaller amounts in clinically unaffected skin
but not in blood from the same patient. The latter finding and observations
on blood and skin from normal subjects are consistent with the existence of
a subset of T-cell clones which selectively home to the skin.

The rest of the study investigated a recent modification of Burnet's
hypothesis that forbidden clones of autonomously functioning neoplastic T-
cells at the benign end of spectrum are the underlying cause of vitiligo,
psoriasis and rheumatoid arthritis - poorly understood immunopathological
disorders whose lesions are infiltrated by T-cells.

A dominant clonal band was demonstrated in only 1 of 28 vitiligo
lesions from 10 patients and in none of 29 psoriatic lesions from 13
patients. Possible examples of minor TCRy gene rearrangements
restricted to the lesions of vitiligo or psoriasis were found respectively in 1
and 3 of 4 patients with both diseases. Dominant bands possibly reflecting
the presence of latent low grade T-cell neoplasia were detected in DNA
from peripheral blood in 3 of 8 patients with vitiligo and 2 of 12 patients
with psoriasis. It is unlikely that these are of pathogenic importance since



similar dominant bands were also found in the blood in 2 of 5 normal
control subjects.

In rheumatoid arthritis dominant bands were detected in diseased
joints in 4 of 20 cases. Direct evidence was obtained that in vitro culture
in Interleukin-2 (IL-2) has significant effects on the relative abundance of T-
cell clones in samples of synovial fluid and that investigations based on
analysis of cultured synovial lymphocytes are likely to give misleading
results.

The finding of dominant rearrangements in the lesions of only a
minority of cases of vitiligo, psoriasis and rheumatoid arthritis does not
support the hypothesis that T-cell neoplasia at the benign end of the
spectrum is the underlying cause of any of these diseasesbut the possibility
of involvement of small (non-dominant) benign neoplastic T-cell clones
which selectively localise to the lesions in these conditions cannot be
excluded.
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CHAPTER 1

Introduction

Immunological disorders such as rheumatoid arthritis, the organ-
specific autoimmune diseases and psoriasis affect 5-10 percent of people
by the time they reach old age and are the cause of much suffering and
disability. ~T-lymphocytes infiltrate the lesions and are thought to be
important in the pathogenesis of these conditions but little is known about
the T-cell clones which are specifically involved. In this thesis an attempt is
made to study this question using T-cell receptor gamma gene
rearrangements which have been amplified by the polymerase chain
reaction as clonal markers.

1.1 Historical Background
lonal Selection Th f Acquired Immunity (Burnet 1959)

In 1958 Burnet postulated that different lymphocytes have different
antigen receptors because of random somatic changes which occur in the
receptor genes during development of the immune system, and that
exposure to antigen later in life induces specific immunity by causing
selective proliferation of lymphocytes with receptors which happen to bind
that antigen. Each resulting clone consists of a family of cells all with the
same antigen receptor as the lymphoid cell from which the clone was
originally descended. Since the changes in the receptor genes in the
developing immune system are random some lymphocytes have receptors
for self antigens, but clones arising from self reactive cells are eliminated
or suppressed so that there is normally a state of ‘“immunological
tolerance" towards potential autoantigens.

Burnet also suggested that lymphatic leukaemia and malignant
lymphomas are abnormal clonal proliferations "freed by somatic mutation
from some of the normal growth controls" and that clones derived from
neoplastic lymphocytes "approaching or reaching malignancy" are a likely
cause of immunopathological disorders. Forbidden (autoreactive) clones
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of neoplastic lymphocytes which have escaped from the control of self
tolerance may, for example, be the cause of autoimmune tissue damage
such as the autoimmune haemolytic anaemia which sometimes
accompanies lymphatic leukaemia and malignant lymphoma.

Many of Burnet's ideas have been confirmed. The clonal selection
theory is now generally accepted (Roitt 1988, Alberts et al. 1983).
The evidence is summarised in Section 1.2 below. Tolerance to self
antigens has been shown to be due to deletion or anergy of potentially
autoreactive clones (Section 1.3). It is also well established that most
lymphoid neoplasms are monoclonal and likely that they are derived from
cells with acquired (somatic) changes in growth-controlling genes (Section
1.4).

Burnet's suggestion that autoimmunity is commonly due to
unregulated growth and function of forbidden clones of neoplastic
autoreactive lymphocytes has received little support. Lymphoid neoplasms
are found in only a minority of patients with autoimmune disorders (Holme,
Blomgren & Léwhagen 1985, Kinlen 1992) and monoclonal autoantibodies
(which would be expected in B-cell neoplasia) are frequently present in
only two, chronic cold haemagglutinin disease (Worlledge, Hughes & Bain
1982) and mixed essential cryoglobulinaemia (Gorevic et al. 1980) both of
which are uncommon. A number of genes and immune mechanisms have
been implicated in the breakdown of self tolerance in man and
experimental animals (Section 1.5) but in spite of much research the
initiation of the naturally occurring autoimmune diseases and their
persistence over long periods of time are still poorly understood. T-
lymphocytes are thought to be implicated because of their presence in
lesions and their importance as helper/inducer cells in immune responses
(Kumar et al. 1989).

Benign T-cell Neoplasia Hypothesis

In 1989 Goudie and Lee revived Burnet's hypothesis of inappropriate
functional activity of neoplastic clones in the pathogenesis of autoimmune
and other obscure immunopathological disorders. They postulated the
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existence of benign T-cell neoplasms which have gone unrecognised in the
past because they are morphologically indistinguishable from reactive T-
cell hyperplasias, but which might be provisionally identified by their
monoclonality (Section 1.6).

The aim of the work presented in this thesis was to develop a large
set of sensitive and discriminating clonal markers based on the
amplification of T-cell receptor gamma (TCRy) gene rearrangements
(Section 1.7) by the polymerase chain reaction (PCR) (Section 1.8) and to
use these markers to study the clonal origin of T-cells in the lesions of
three immunopathological skin disorders, cutaneous T-cell lymphoma
(Paterson & Edelson 1987), psoriasis (Baker & Fry 1992) and the organ-
specific autoimmune disease, vitiligo (Al Badri et al. 1993) and in the
affected joints of the non-organ-specific autoimmune disease rheumatoid
arthritis (Roitt 1988).

1.2 Clonal Selection and A ired Immuni

B-lymphocytes provide the best evidence of clonal selection. The
nature of the B-cell receptor is reviewed in detail by Warner (1974).
Surface immunoglobulin (Slg) can be found in large amounts on most B-
lymphocytes. Specific antigens such as flagellin bind to the surface of a
small proportion of (polyclonal) B-lymphocytes of non-immune individuals.
Antigen binding is blocked by treatment of the lymphocytes with anti-
immunoglobulin antibody suggesting that Sig is the B-cell antigen receptor
(Ada 1970).

Immunisation with a particular antigen leads to a great increase in
the number of lymphocytes binding that antigen and in the number of cells
producing the corresponding antibody (Ada 1970, Jerne et al. 1974).
Immunisation with two different antigens leads to increase in two distinct
populations of antigen-binding cells (Nossal & Lederberg 1958). Absence
of cells which combine with both antigens favours clonal proliferation and is
against the other possibility, non-specific binding of circulating antibody by
Fc receptors on the B-cell surface. Passive transfer of affinity-purified
lymphocytes from an immune donor restores the ability of irradiated
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animals to produce large amounts of the appropriate specific antibody and
confirms the involvement of specific antigen-binding B-cells in B-cell
immunity (Ada 1970). Single affinity-purified lymphocytes which bind to a
particular antigen can be shown to undergo clonal proliferation when
cultured in vitro in the presence of that antigen (Vaux, Pike & Nossal 1981).
(For thymus-dependent antigens helper T-cells must also be present in the
culture). In vitro antigen binding leads to clustering of all the Slg molecules
at one pole of the cell ("capping"), further evidence that Slg is the antigen
receptor and that the Slg molecules on a given cell have identical antigen-
binding sites (Raff, Feldman & de Petris 1973). Crosslinking of Sig by anti-
immunoglobulin antibody (but not by monovalent antibody fragments) also
leads to capping (de Petris & Raff 1973) and a proliferative response by B-
cells associated with tyrosine-kinase activation (Reth 1992).

At the molecular level study of immunoglobulin from different B-cell
clones has shown that the amino acid sequences of the N terminal regions
of the heavy and light chains are highly variable and that these regions are
involved in antigen recognition and binding (Capra & Kehoe 1975). The
genetic mechanisms responsible for immunoglobulin diversity have been
demonstrated by recombinant DNA technology (Tonegawa 1983). In the
germline and cells which do not produce immunoglobulin, genetic
information for an immunoglobulin chain is encoded by multiple gene
segments scattered along a chromosome. These include clusters of
different V (variable), J (joining) and in the case of heavy chains, D
(diversity) segments coding for the variable N-terminal region of the
polypeptide chain. In the developing B-cell a complete functional gene is
formed by somatic recombination with joining of one V, (one D) and one J
segment. Receptor diversity is determined by the selection of V, (D) and J
segments from the germline repertoire (combinatorial diversity), variation in
recombination breakpoints (junctional site diversity) and insertion of
uncoded nucleotides (junctional insertion diversity). A high rate of somatic
mutation of individual bases adds to the diversity. These processes are
antigen-independent and lead to the generation of a large number (>106) of
different B-cells each with one functional heavy and one functional light
chain gene and a unique Slg receptor which determines if the cell will be
selected for clonal proliferation following exposure to a particular antigen.
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Evidence for clonal selection of T-cells is similar to that of B-cells but
less complete. Four genes (o, B, v and §) code for T-cell antigen receptors.
They are homologous to the immunoglobulin genes with V,J and in some
cases D gene segments which recombine during thymic development with
marked combinatorial and junctional diversity (Moss, Rosenberg & Bell
1992). (Details of the TCRy genes and their rearrangements are given in
Section 1.7). T-cell receptors are transmembrane polypeptide
heterodimers composed either of off or y§ chains with highly variable N
terminal regions which project outwards from the cell surface (Fig 1.1) and
are responsible for antigen binding (Moss, Rosenberg & Bell 1992). In
vitro T-cell clones have been isolated which show a proliferative response
to antigen stimulation, provided that macrophages or other suitable antigen
presenting cells are present in the culture (Fathman & Frelinger 1983).
Unless antigen is presented in the context of appropriate major
histocompatibility (MHC) molecules it combines very weakly with the T-cell
receptor (Fathman & Frelinger 1983). The binding of labelled antigen by
individual T-cells cannot therefore be studied as it can with B-cells. Another
difficulty is that in T-cells there is no equivalent of antibody secretion which
has been very helpful in the study of B-cell clones.

nclusion

The above findings confirm Burnet's prediction that "the development
of specific antibody producing capacity is something characteristic not so
much of a cell as of a clone of cells" and shows that the same principle
applies in T-cell mediated immunity. They also justify the use of the
variable regions of antigen receptors (and the receptor gene
rearrangements which code for them) as B and T-cell clonal markers.

1.3 Self-tolerance

Because of difficulty in detecting and following the fate of individual
cells or clones of cells with high affinity receptors for self antigens among
the great diversity of lymphocytes in the normal immune system there has
until recently been no direct evidence how the normal condition of absent
or diminished immunological reactivity to self antigens comes about
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Figure 1.1 (a) Schematic representation of a T-cell receptor heterodimer
composed of an o and a 3 polypeptide chain. Each chain has
a constant (C) portion, extending from the inside of the cell
through the membrane, to the outside. The outermost part is

the variable (V) region.
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Figure 1.1 (b) Schematic representaion of a T-cell receptor heterodimer
composed of a y and a § polypeptide chain. Each chain has a
constant (C) portion, extending from the inside of the cell
through the membrane, to the outside. The outermost part is
the variable (V) region. (Adapted from Lefranc & Rabbitts

1989).
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(Goodnow 1992). Direct evidence of intrathymic deletion of self reactive
cells has now been obtained in normal mice (Kappler et al. 1987, Kappler
et al. 1988) and in transgenic animals in which a large proportion of T- or
B-cells have productively rearranged genes coding for a high affinity
antiself receptor which can be detected with monoclonal antibody
(KisieLow et al. 1988, Von Boehmer 1990).

Miller and Morahan (1992) have recently reviewed tolerance to
antigens which are not present within the thymus. Most of the studies have
been done in transgenic mice which express “foreign” antigens at specific
anatomical sites outside the thymus under the control of tissue-specific
promoters. In some experiments post thymic tolerance was due to clonal
anergy and in others it seemed that extrathymic antigens went
unrecognised by potentially autoreactive T-cells.

Experiments on immunoglobulin transgenic mice have shown that
self tolerance in B-cells as in T-cells may be due to clonal deletion or
anergy (Goodnow 1992). It is of interest that large amounts of low affinity
autoantibodies to a wide variety of autoantigens can be demonstrated in
the blood of all normal individuals and present no threat to health (Casali &
Notkins 1989). Many studies have been done on acquired tolerance to
foreign antigens (Nossal 1983, Nossal 1989). As in self tolerance,
tolerance to foreign antigens is sometimes due to clonal deletion and
sometimes to clonal anergy. There are also many reports of the
involvement of suppressor or anti-idiotypic T-cells which prevent activation
of otherwise competent B and T-cells (Dorf & Benacerraf 1984, Moller
1988). Tolerance to foreign antigens is more easily induced in young
animals and in immature lymphoid cells and is related to antigen dosage.
Two signals, cross linking of receptors by antigen plus help from activated
T-cells or antigen-presenting cells, are usually required for the induction of
immunity while crosslinking of antigen receptors without the help of a
second signal seems to favour the development of tolerance.
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~ Conclusion

The generation of receptor diversity in the developing immune
system produces potentially autoreactive lymphocytes which are either
eliminated or rendered anergic or do not encounter the corresponding

| autoantigens in an immunogenic form. Breakdown of any of these

mechanisms of self tolerance in cells with high affinity receptors for self
© antigens are possible causes of harmful autoimmune responses.

|14 T-cell Neoplasms are Monoclonal

| By definition all the cells of a particular lymphoid clone are the
~ descendants of a single precursor cell and share the same antigen receptor
~ and receptor gene rearrangements which in effect distinguish that clone
from all other clones. Monoclonal lymphoid cells therefore have
' homogeneous antigen receptors and receptor gene rearrangements
. whereas polyclonal lymphoid cell populations are heterogeneous.
Antibody responses even to simple antigens such as dinitrophenyl are
| usually heterogeneous (Pink & Askonas 1974).

Monoclonality was first suspected in B-cell neoplasia when it was
recognised that the sharp peak found on electrophoresis of serum from

' patients with multiple myeloma might be due to a high concentration of

unusually homogeneous immunoglobulin molecules secreted by the
malignant plasma cells (Putnam 1957). This has been confirmed by the

~ successful sequencing of the amino acids of the variable regions of

| individual myeloma proteins (Capra & Kehoe 1975) which is technically
possible only if they are homogeneous. Serological analysis with anti-light
chain antibodies shows that individual myeloma proteins are either type
kappa or type lambda unlike normal serum immunoglobulin which is
polyclonal and a mixture of kappa and lambda molecules (Mannik & Kunkel
1963). Immunocytochemical staining with anti-light chain antibodies
provides direct evidence for the monotypia and monoclonality of the
neoplastic cells in multiple myeloma (Hitzman, Li & Kyle 1981), B-cell

| lymphoma (Picker et al. 1987) and B-cell leukaemia (Levy et al. 1977).

" This can also be shown by in situ hybridisation of light chain mRNA with
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kappa or lambda-specific oligonucleotide probes (Akhtar et al. 1989).
Analysis of immunoglobulin heavy or light chain gene rearrangements by
Southemn blotting (Griesser et al. 1986, Foroni et al. 1984) or the
polymerase chain reaction (McCarthy et al. 1990) produces
disproportionately large bands consistent with the presence of a single
dominant neoplastic clone.

The presence of large homogeneous monoclonal T-cell populations
can be detected immunocytochemically with antibodies specific for the
products of particular V gene families. The method has been used
successfully to demonstrate the monoclonality of T-cell leukaemias and
lymphomas when antibodies of appropriate specificity are available (Clark
et al. 1986, Gledhill et al. 1990). Diagnostic tests for T-cell neoplasia based
on the detection of monoclonality by Southem blot or PCR analysis of T-
cell receptor gene rearrangements usually give positive results (Table 1.1).
Negative findings are presumably due to technical factors, loss of
rearranged chromosomes by malignant cells or errors in diagnosis of T-cell
malignancy.

Further evidence of monoclonality of lymphoid neoplasms comes
from the presence of identical chromosomal abnormalities in all of the
malignant B or T-cells but not in the non-neoplastic cells from the same
individual. It is likely that many of these chromosomal abnormalities
contribute directly to the neoplastic transformation (Rabbitts & Boehm
1991). In nearly all cases of Burkitt's lymphoma there is translocation
between one of the immunoglobulin heavy or light chain genes (on
chromosomes 14, 2 and 22) and chromosome band 8q 24, the location of
the proto-oncogene c-myc (Boehm & Rabbitts 1989). Following
translocation the proto-oncogene is thought to be activated inappropriately
by the immunoglobulin promoters and enhancers which are active in B-
cells. Somatic mutations are also often present in addition in the first exon
of the translocated c-myc gene (Morse et al. 1989). Another well known
example is the (14:18) translocation in cases of follicular B-cell lymphoma.
This translocation involves the immunoglobulin heavy chain and bcl-2
genes (Tsujimoto et al. 1985) and is thought to immortalise the cell by
making it resistant to death by apoptosis (Hockenberry et al. 1990).
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Comparable chromosomal abnormalities occur in T-cell neoplasia.
A T-cell equivalent of the Burkitt's lymphoma translocation has been
described between c-myc and the TCRo. locus (Bernard et al. 1988). In a
quarter of cases of acute T-cell leukaemia there is a 90Kb deletion in the
chromosomal region 1p32, the site of the gene tal/SCL/TCL5 which codes
for a regulatory DNA binding protein (Brown et al. 1990). This gene is
sometimes translocated with TCRo/8 in  acute T-cell leukaemia (Chen et
al. 1990).

“Many of the chromosomal abnormalities in lymphoid neoplasia
involve receptor genes and are due to error by the recombinase enzyme
system in catalysing receptor gene rearrangements in developing B and T-
cells (Croce 1987).

Conclusion

Monoclonality and acquired chromosomal abnormalities are features
which distinguish  lymphoid neoplasia from normal or hyperplastic
lymphoid tissue.

Pat is of i ni

Little is known about the mechanisms responsible for the breakdown
of self tolerance in the naturally occurring autoimmune diseases.
Concordance rates for clinical autoimmunity in monozygotic twins (Barnett
et al. 1981, Silman et al. 1993) suggest that heredity and environment are
both involved. The following is a brief review of factors known or thought to
be implicated in the initiation of autoimmunity in man and animals.

jor Hi ibili lex (MH

Compared with the general population the frequency of certain
alleles of the MHC is abnormal in patients with various autoimmune
diseases (linkage disequilibrium). Examples are shown in Table 1.2.
Disease associations are stronger with MHC class Il (HLA-D) antigen than
with class | (HLA-A, -B, -C) (Weetman 1992, Nepom & Erlich 1991). MHC
identical siblings of children with the organ-specific autoimmune disease



TJABLE 1.2 Some significant HLA associations with immunopathological
disorders in caucasians (data from Tiwari & Terasaki 1985)

Frequency Frequency

No. of in patients  in controls  Average
Disease studies (%) (%) relative risk
Rheumatoid arthritis .
DR4 17 68 25 3.8
Ankylosing spondylitis 40 89 9 69.1
AT '
Juvenile diabetes mellitus
DR3 13 46 22 33
DR4 12 51 25 3.6
Graves' disease
DR3 4 56 25 8.7
Psoriasis vulgaris
Cwe 7 56 15 7.5

DR7 5 48 23 3.2

29
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Type | diabetes mellitus develop the disease more often than MHC non-
identical siblings (Gorsuch et al. 1982). The presence of the amino acid
asparagine at position 57 of the HLA DQB chain protects against the
development of Type 1 diabetes (Todd, Bell & McDevitt 1987). MHC is
also linked to susceptibility to the autoimmune diabetes which develops
spontaneously in BB rats (Colle, Guttmann & Seemayer 1981) and NOD
mice (Hattori et al. 1986) and in the induction of experimental allergic
encephalomyelitis and thyroiditis by injection of autoantigen (Fritz et al.
1985, Weetman 1991). The association of MHC with a wide range of
autoimmune diseases suggests that T-cells have an important role in the
development of autoimmunity. Antigen can only be recognised by CD4
(helper/inducer) T-cells in the context of self MHC class Il molecules on
the surface of an antigen presenting cell and by CD8 (cytotoxic) T-cells in
the context of self MHC class | molecules (Schwartz 1985). The MHC
alleles which an individual inherits influence the T-cell receptor repertoire
and the efficiency with which different antigens are presented to T-cells
(Kumar et al. 1989).

Other Hereditary Factors

Breeding experiments show that in addition to MHC three other
unlinked loci contribute to the susceptibility of NOD mice to diabetes
mellitus (Todd et al. 1991). The function of none of these genes is known.
Severe T-cell lymphopenia, inherited as an autosomal recessive, correlates

closely but not completely with the development of diabetes in BB rats
(Jackson et al. 1984).

lpr and gld are two single gene mouse models of a non-organ-
specific autoimmune disease resembling systemic lupus erythematosus
(Cohen & Eisenberg 1991). It is accompanied by lymph node enlargement
due to the presence of large numbers of phenotypically abnormal T-
lymphocytes which are polyclonal.

Autoimmunity can be induced in experimental animals by injection of
normal tissue components such as myelin basic protein (Zamvil &
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Steinman 1990) or thyroglobulin (Weetman 1991). The autoimmune
response and the development of autoimmune tissue damage are greatly
increased if the antigen is injected with dead tubercle bacilli and mineral oil
(Freund's adjuvant) which appears non-specifically to enhance immune
responsiveness and activate autoreactive lymphocytes. The autoimmune
thyroiditis produced in this way is often transient (Jones & Roitt 1961, Flax
1963).

Molecular mimicry of self antigens by foreign antigens associated
with bacteria (Shoenfeld & Isenberg 1988), viruses (Oldstone 1987) and
diet (Karjalainen et al. 1992) are thought to have a role in the development
of autoimmunity. Helper T-cells activated by the foreign components of
these antigens may induce an autoimmune response in lymphocytes with
receptors for the epitopes which mimic self.

Inappropriate Expression of MHC class Il Antigens

The observation that MHC class || molecules are inappropriately
expressed by thyrocytes in autoimmune thyroid disease and pancreatic
beta cells in autoimmune (Type |) diabetes (Bottazzo, Pujol-Borrell &
Hanafusa 1983, Foulis & Farquharson 1986) has led to the hypothesis that
these cells may function as antigen presenting cells capable of stimulating
autoreactive T-cells by presentation of endogenous autoantigens.
Inappropriate MHC class |l expression may have a role in perpetuating
autoimmune disease but it seems unlikely to be the initiating event since it
may be dependent on the local presence of activated T-cells producing
gamma interferon (Weetman 1992).

Non-antigenic Lymphoid Stimulation

Polyclonal activation by substances such as bacterial
lipopolysaccharide (Fournié, Lambert & Miescher 1974) or viruses such as
E.B virus (Fong et al. 1981) may stimulate anergic potentially autoreactive
lymphocytes and lead to autoimmunity independently of antigenic
stimulation. Neoplastic lymphoid cells may also proliferate independently of
antigenic stimulation. This may explain the presence of autoantibodies
which bind antigen most strongly far below normal body temperature in the
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two autoimmune diseases frequently associated with B-cell neoplasia,
chronic cold haemagglutinin disease and mixed essential
cryoglobulinaemia (Goudie & Lee 1989). The possible relationship between
lymphoid neoplasia and autoimmunity is considered further in Section 1.6.

Fallorscot Nonvial | -

There are many reports of helper (CD4) suppressor (CD8) T-cell
imbalance in the blood and lesions of patients with autoimmune diseases
but the abnormalities may be the result rather than the cause of the disease
(Bach & Bach 1981, Weetman 1991). It is now thought that suppressor
functions are not restricted to a particular T-cell subset (Moller 1988).
Networks of anti-idiotypic antibodies and T-cells are believed to regulate
immune responses to foreign antigens and may also regulate responses to
autoantigens (Rossi, Deitrich & Kazatchkine 1989, Roitt & Cooke 1986).
Depletion of regulatory T-cells may account for the accelerated
development of several spontaneously occurring autoimmune diseases in
neonatally thymectomised animals such as NZB/NZW mice (lupus
nephritis) (Helyer & Howie 1963) and obese strain chickens (autoimmune
thyroiditis) (Wick, Kite & Witebsky 1970). In others such as BB rats
occurrence of disease (autoimmune diabetes mellitus) is reduced by
neonatal thymectomy (Like et al. 1982).

Conclusion

It is clear that autoimmune diseases in man and animals are
heterogeneous and multifactorial. Genetic predisposition is important and
several immunological mechanisms may be involved. It is still unknown
what actually initiates the proliferation of autoreactive clones in the
naturally occurring autoimmune diseases. Why, for example, does
childhood autoimmune (Type |) diabetes mellitus frequently affect only one
of a pair of monozygotic twins who inherit the same genes and share a
similar environment ?
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The benign T-cell neoplasia hypothesis (Goudie & Lee 1989) is a
recent modification of Burnet's original idea that uncontrolled functional
activity of clones of neoplastic lymphocytes "approaching or reaching
malignancy" are a likely cause of autoimmune and other obscure
immunopathological disorders.

Benign neoplasms are recognised in most tissues of the body
(MacSween & Whaley 1992). They are characterised by excessive and
apparently "purposeless” growth of well differentiated cells which resemble
those of the tissue of origin on microscopic examination and form sharply
circumscribed tumour masses which do not invade the surrounding tissues
or metastasise to distant sites. Clinically they usually present as swellings
and may cause mechanical problems but in the case of endocrine
neoplasia they may present with the effects of inappropriate hormone
production such as the bone lesions of hyperparathyroidism before the
tumour mass is clinically apparent. In some tissues, colonic mucosa for
example, benign tumours have a significant tendency to progress to
malignancy but in others like parathyroid or myometrium this hardly ever
happens. Benign tumours are sometimes multiple and may be familial.
Like most neoplasms they are usually monoclonal (Fialkow 1976) and
some have acquired chromosomal abnormalities (Mitelman, Kaneko &
Trent 1991).

Benign lymphoid neoplasia is not included in standard tumour
classifications and is scarcely mentioned in the scientific literature. Goudie
and Lee suspect that it may be quite common but that it is either
overlooked or misdiagnosed as reactive lymphoid hyperplasia because the
neoplastic cells are morphologically indistinguishable from normal
lymphocytes and do not form sharply circumscribed tumour masses
because of their tendency to migrate and mingle with other cells such as
normal lymphocytes.

Several possible examples of immunological abnormalities due to
benign lymphoid neoplasia have been suggested. Roitt suspects that the
symptomless monoclonal gammopathies which affect. about 3 percent of
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elderly subjects are due to otherwise inapparent "benign tumours of the
lymphocyte - plasma cell series". If the monoclonal immunoglobulin
happens to be autoantibody it may lead to autoimmune tissue damage as
in the autoimmune haemolytic anaemia of chronic cold haemagglutinin
disease or the glomerulonephritis and arteritis which results from immune
complexes formed by the monoclonal anti-immunoglobulin autoantibody in
mixed cryoglobulinaemia. Approximately 20 percent of patients with these
conditions are associated with frank B-cell malignancy. The remainder are
presumably examples of benign B-cell neoplasia. Examples of clinically
inapparent benign T-cell neoplasia are found in ataxia telangiectasia, an
autosomal recessive disorder characterised by neurological and vascular
abnormalities and a probable DNA repair defect leading to a high incidence
of T-cell leukaemia and lymphoma. Some patients with this condition have
a large clone of mature but cytogenetically abnormal T-cells which form as
much as half of the peripheral blood lymphocytes. Some of these are
preleukaemic but others never progress to frank malignancy (Rabbitts &
Boehm 1991).

Benign neoplasms of CD8 T cells with receptors for self antigens
may produce cytotoxic effects (Fig 1.2). Pityriasis lichenoides et varioli
formis acuta (PLEVA) which was previously thoughtby some authorities to
be an inflammatory disorder may be an example. The condition is
characterised by recurrent crops of necrotic skin lesions which are
infiltrated by mature T-cells with homogeneous T-cell receptor gene
rearrangements (Weiss et al 1987). Some cases progress to cutaneous T-
cell lymphoma (Black 1982). The pathogensis of the epidermal necrosis is
not known.

Another possible example is chronic T-cell lymphocytosis with
neutropenia. In this condition the blood contains large numbers of mature
large granular CD8+ lymphocytes which in many cases are monoclonal
(Loughran et al 1988). Associated conditions include neutropenia which is
often associated with antileukocyte autoantibodies and seropositive
rheumatoid arthritis (30 percent of cases) (Newland et al 1984).
Chromosomal abnormalities have been detected in the T-cells in some
cases (Brito-Babapulle et al. 1986).
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Benign neoplasia of CD4 T-cells may directly cause tissue damage
and induce an inflammatory reaction by inappropriate production of
cytokines such as lymphotoxin or gamma interferon. Alternatively, or in
addition, they may induce a polyclonal autoimmune response by activating
non-neoplastic B and T-cells which are potentially autoreactive but anergic
(Fig 1.2). Antigenic stimulation may or may not contribute to the
proliferation of the neoplastic clone. Angioimmunoblastic lymphadenopathy
is a possible example. In this condition polyclonal gammopathy, drug
hypersensitivity reactions and autoimmune haemolytic anaemia are
associated with monoclonal proliferation of non-malignant T-lymphocytes
(Suchi, Lennert & Tu 1987). The relationship between the monoclonal T-
cells and the immunological abnormalities is unknown. Malignant
lymphoma is a common terminal event.

In order to account for the curious patchy and symmetrical
involvement of the skin in the organ-specific autoimmune disease vitiligo
and the poorly understood chronic inflammatory disorder psoriasis, Goudie
et al. (1990) have postulated that these conditions are benign variants of
symmetrical cutaneous T-cell lymphoma which similarly affects
corresponding anatomical sites on the two sides of the body (Fig 1.3).

Conclusion

Benign T-cell neoplasia almost certainly occurs but cannot be
diagnosed without the help of clonal markers. It may contribute to the
development and persistence of autoimmune and other immunopatho-
logical disorders in association with other factors such as those discussed
in Section 1.5. The benign T-cell neoplasia hypothesis has several other
attractive features.

(1)  Itfills an important gap in the systematic classification of

neoplastic diseases.

(2) Failure to recognise its existence may account for past difficulty in
finding the immediate cause of "spontaneously “occurring
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Figure 1.3 Facial lesions in symmetrical cutaneous T-cell lymphoma
(left) and depigmentation in vitiligo (right), showing similar
patchy anatomical distribution (Goudie et al. 1990).
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autoimmune and other poorly understood immunopathological
disorders.

(3) Random neoplastic transformation of potentially pathogenic T-cells
may explain the occurrence of monozygotic twins who share the
same environment but are discordant for autoimmune disease.

(4) The patchy and symmetrical anatomical distribution of the lesions of
vitiligo, psoriasis and other poorly understood T-cell associated skin
diseases may be an expression of inappropriately functioning
symmetrical cutaneous T-cell lymphomas at the benign end of the
spectrum.

(5)  The hypothesis predicts the presence of a dominant (putatively
neoplastic) T-cell clone associated with lesions of the relevant
diseases. This prediction can be tested given suitable clonal
markers.

When the present project started immunocytochemistry and
Southern blot analysis had been used successfully to demonstrate the
monoclonality of malignant lymphomas and leukaemias of T-cell origin
(Section 1.4). Neither method seemed suitable for the study of benign
neoplastic T-cell clones forming only a minority of the cells present in the
small samples of diseased tissue likely to be available for examination.
For Southem blot analysis a relatively large amount of high molecular
weight DNA (10ug) is required to demonstrate a clonal T-cell receptor gene
rearrangement constituting 1-5% of the DNA in the specimen (Arnold et al.
1983, Greaves et al. 1986). Immunocytochemistry could detect the
products of only a minority of V gene families because of the limited range
of available antibodies (Moss, Rosenberg & Bell 1992). It was therefore
decided to develop a new method based on the amplification of T-cell
receptor gene rearrangements by the PCR. The TCRy gene locus was
selected on the advice of Dr. T.H. Rabbitts, of the MRC Molecular Biology
Laboratory, Cambridge.

1.7T- ngin mm n

T-cell receptors (TCR) are heterodimers consisting of o. and B ory
and § polypeptide chains (Fig 1.1). The carboxy-terminal portion of each
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chain is constant (the same in all cells in which it is expressed) and
extends from the inside of the cell, through the membrane where it is
complexed with CD3, to the outside of the cell. The outermost N-terminal
portion consists of a highly variable region which differs in different clones
and in conjunction with the variable region of the paired receptor
polypeptide forms the antigen binding site (Davis & Bjorkman 1988).
Approximately 95 percent of peripheral blood T-cells express off receptors
and 0.5-10 percent y5 (Raulet 1989) but TCRy gene rearrangements are
present in most T-cells (Lefranc 1986) and are therefore generally
applicable as T-cell clonal markers. TCRy genes are also frequently
rearranged in immature (Pre-B) cells of acute B-lymphoblastic leukaemia
but not in chronic lymphoid malignancies composed of mature B-cells
(Chen et al. 1987).

The human TCRy locus has been mapped to chromosome 7
(Rabbitts et al. 1985) at band 7p15 (Murre et al. 1985). It is well
characterised consisting of 14 V (variable), 5 J (joining) and two C
(constant) gene segments (Lefranc, Forster & Rabbitts 1986, Lefranc et al.
1986, Forster et al. 1987, Lefranc & Rabbitts 1985). Fig 1.4 is a schematic
representation of the locus.

The Vy Genes

The rearranging V segments are subdivided into four different
subgroups (Forster et al. 1987) whose numbering follows their order in the
genome. The subroup V4l consists of 9 genes five of which are functional
(V2, 3, 4, 5 and 8) whereas the others are non-functional pseudogenes (¥
V1, WV5, ¥V6 and ¥V7). The other three groups have one gene, W1ll,
(V9), Wylll, (V10) and VylV, (V11) (Lefranc, Forster & Rabbitts 1986,
Lefranc et al. 1986, Forster et al. 1987). VA and VB are two other
pseudogenes (Forster et al. 1987, Huck, Dariavach & Lefranc 1988). All
the V genes differ considerably from one another (Fig.1.5). The
pseudogenes seldom rearrange.
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The Jy Genes*

Five Jy segments have been described (Fig 1.4). J1 and J2
(Lefranc, Forster & Rabbitts 1986) were first identified 4Kb upstream of the
C1 and C2 genes as well as a third J segment JP upstream of J1 (Lefranc
et al. 1986). More recently two additional J gene segments JP1 and JP2
have been located upstream of J2 and JP (Huck & Lefranc 1987,
Quertermous et al. 1987). The sequences are all different except those of
J1 and J2 which are identical (Fig 1.6). All 5 J genes are potentially
functional (Huck, Dariavach & Lefranc 1988).

The Cy Genes

The two Cy genes (C1 and C2) are linked to each other and are
16Kb apart (Lefranc & Rabbitts 1985, Lefranc, Forster & Rabbitts 1986).
Overall their sequences are similar.

Size of the Human TCRy Locus

Eighty five Kb of DNA containing all the V genes have been cloned
and with the exception of the V9 and V10 genes most of the V genes have
been linked (Lefranc et al. 1986, Forster et al. 1987). The size of the entire
locus has been estimated at 160Kb with its 14V genes spanning 100Kb the
two C and five J segments covering less than 40Kb, 16Kb separating the
most 3' end TCRy V genes from the most 5' end TCR J segment (Lefranc &
Rabbitts 1989).

Rearr. n man TCR n

Rearrangement occurs early during thymic maturation to form a
potentially active gene (Tault et al. 1985). One of the V genes is rearranged
to join with a J segment, resulting in the deletion of the DNA sequence
between the V and J segments (Fig 1.7) most likely by a mechanism of
loop excision (Forster et al. 1987). Each of the J segments can
theoretically be rearranged randomly with any of the pool of TCRy V genes.
The junction of a V to the J2 segment involves the deletion of the
downstream V genes as well as that of the C1 and associated J segments
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Figure 1.7 Diagram illustrating example of TCRy gene rearrangement.
Top: germline configuration (functional genes unshaded,
pseudogenes shaded); middle: V8-J1 rearrangement;
bottom: deletion of germline segment between rearranged
V8 and J1 genes.
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(Murre et al. 1985, Lefranc & Rabbitts 1985). The rearrangements are
probably mediated by the conserved heptamer - nonamer sequences
located at the 3' end site of the V genes (Fig 1.5) and upstream of the J
segments (Fig 1.6). Recombination follows the 12/23 rule (Early et al.
1980) the recombinase j<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>