














THYROID Today

B Figure4

Virat
infection

vtrus-spec:iﬂc\>Y N _J

T eelis

Class Il @

expression

Autoimmune
thyroiditis

Thyroid-specitic -IFN
T cells stimulated \\b :{elease
by professional

antigen-presenting
celis

Class i
expression

) ® "~~~ Expansion of

siderable therapeutic
possibilities—
elimination of such T
cells may be achieved
(eg, using monoclonal
antibodies)—without
greatly affecting the
overall repertoire.
Such specific immuno-
suppression is the
Holy Grail of immuno-
logically directed
treatment.

Initial studies in
Graves’ disease and
Hashimoto’s thyroiditis
showed considerable
restriction of Vo- but
not VB- gene usage by
intrathyroidal T
cells.®041 Unfortunate-
ly these results have
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Figure 4, Alternative possible outcomes of MHC class II expression
by thyroid follicular cells unable to provide a costimulatory signal.
In the upper half, potentially autoreactive T cells are made toler-
ant, as they become anergic without costimulation. In the lower
half, autoreactive T cells that have already received a costimula-
tory signal (as part of an ongoing thyroid autoimmune response)
are stimulated by MHC class II — expressing thyroid cells.
Reprinted from Weetman AP38 with permission.

an o and a B chain; a minor popula-
tion have a 10 TCR. The o and B chains
are similar in structure to immuno-
globulin chains, with a transmem-
brane constant (C) region common to
all o and B chains and a distal variable
(V) region. Around 200 different Vo
and Vf segments are encoded in the
human genome grouped into approx-
imately 40 families. Antigenic peptide
plus MHC molecule interact with the
V regions, and it is the combination
of different Voo and V[ regions that
generates part of the diversity re-
quired to recognize different antigens.
This diversity is further increased
by variability at the junction between
V and C regions, thus creating a vir-
tually unlimited set of TCRs to
recognize different antigens.

In animal models of autoimmune
neurologic disease, striking restric-
tion of V gene usage by T cells recog-
nizing autoantigen indicated an oli-
goclonal basis for pathogenesis.??
Furthermore, if a particular Vo or
VP segment is necessary for auto-
antigen recognition, there are con-

not been reproduced. 243
Even when intrathy-
roidal T cells bearing
IL-2 receptors were
selected, no Vo restric-
tion was found, despite
these comprising the
activated subpopulation of T cells
and hence the most likely to be
involved in the autoimmune process.*3

The differences between these
studies could be methodological, or
they may be related to heterogeneity
between patients in their stage of
disease. However, we know that an
immune response by T cells, directed
initially against a single epitope
within an antigen, quickly “spreads”
to involve other epitopes within the
antigen, and, with more T cells
arriving in the vicinity as the result
of cytekine release, the response even
may spread to involve other antigens.
Given the chronicity of thyroid auto-
immune diseases before they cause
symptoms, it is not surprising that
TCR V gene usage is heterogeneous
at diagnosis, although intuitively a
restricted oligoclonal or monoclonal
response is likely to have initiated the
process. Unless there can be recog-
nition of an early, preclinical phase
of autoimmune thyroid disease, TCR-
directed immunoctherapy will not
succeed.

How Many Epitopes?

The three main thyroid autoantigens
are thyroglobulin (TG), thyroid per-
oxidase (TPO), and the TSH receptor
(TSH-R).%% Additional thyroid auto-
antigens are being identified, the
latest being the Nat/I” cotransport-
er.4* Therefore, the autoimmune
response mounted by T cells is also
diverse in terms of the number of
autoantigens recognized, but it has
been unclear until recently whether
or not these autoantigens contained
only one “dominant” (ie, critical,
disease-inducing) T-cell epitope. Dom-
inant epitopes have been identified
in animal models of autoimmune
disease, and modulation of the
response to these (eg, by synthesis
of mimic epitopes that can block
stimulation) ameliorates disease.*?

Experiments with synthetic TPO
and TSH-R peptides, and with recom-
binant peptide fragments, have shown
conclusively that no single dominant
epitope exists within either anti-
gen.46-50 Instead, T cells in most
patients recognize several epitopes
(due to spreading), and the epitopes
differ between patients. As with TCR
usage, a single epitope on a single
autoantigen intuitively seems the
most likely starting point for the auto-
immune response, but this event is
obscured by the time the disease is
clinically ebvious.

Pathogenic Mechanisms

The proximal cause of Graves’
disease is the production of TSH-R
stimulating antibodies. B-cell epitopes
on this autoantigen are probably con-
formational, depending on tertiary
structure, and there has been progress
in understanding which sites of the
TSH-R are involved in antibody bind-
ing.5152 The binding sites for TSH-R
stimulating and blocking antibodies
differ,5% but the relative importance
of the latter in producing hypothy-
roidism (compared to other mechan-
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Immunoelogically Important Effects of Cytokines
on Thyroid Follicular Cells (TFC)
Molecules Cytokines Potential
Expressed Increasing Immunological
by TEC Role Expression
MHC class I vIFN, TNF Increased cytotoxicity by CD8* T cells
MHC class 1T vIEN, TNF Peripheral tolerance of naive CD47 cells;

expansion of preactivated CD4% T cells

T-cell binding and increased cytotoxicity

Increased thyroidal T- and B-cell

ltration
t cell damage

Protection from cell damage by complement

Tissue damage

isms detailed below) is unclear.
Attention also has been focused on
the intracellular signaling pathways
in Graves’ disease, with the descrip-
tion of a subgroup of patients whose
sera contain antibodies that activate
phospholipase Ay rather than aden-
ylate cyclase.5* Whether this activity
is mediated through the TSH-R is
unclear, but such antibodies seem
particularly important in thyroid cell
growth and hence in goiter formation.
The pathogenesis of autoimmune
hypothyroidism is less clear; but many
of the proposed mechanisms also
occur in Graves’ disease, presumably
accounting for the late emergence of
hypothyroidism in 15% to 20% of
patients successfully treated with
antithyroid drugs. It is very likely
that the separate pathogenic mechan-
isms operate together or sequentially
to produce the final clinical picture.
The preponderance of T cells in the
intrathyroidal infiltrate suggests a
major role in pathogenesis, particu-
larly via CD8% T-cell mediated cyto-
toxicity. Good evidence for this exists
in EAT: T-cell lines, and clones have
been established capable of specific
killing of thyroid cells in a MHC-class
I restricted fashion.5® The demon-
stration of perforin-expressing T cells
in diseased thyroids is indirect evi-
dence of cytotoxicity because perforin
is responsible for cytotoxicity, forming

pores in the membranes of target
cells.56 Interestingly, the cells ex-
pressing perforin in Graves’ thyroid
tissue are a minor population of so-
called double-negative (CD4-, CD8")
T cells, whereas in Hashimoto’s thy-
roiditis the more typical CD8 cyto-
toxic population expresses perforin.

T cells also cause tissue injury
by release of cytokines. Thereis a
highly variable pattern of cytokine
expression by thyroidal lymphocytes,
partly related to disease stage and
treatment.?”58 Both Ty 1 and T2
patterns of cytokine production
(Figure 1) are apparent, and many
cells do not fit into any one distine-
tive profile. Many studies have exam-
ined the effects of cytokines on thy-
roid cells in vitro, and it seems
likely that IL-1, IL-6, TNF, and +IFN
all impair thyroid cell function and
contribute to hypothyroidism.5%-61 T-
cell derived cytokines also induce or
enhance expression of a number of
immunologically active molecules by
thyroid cells, and these may either
exacerbate the autoimmune process
or protect the thyroid cell from fur-
ther attack (Table 2).

Unlike TG antibodies, those
against TPO are capable of comple-
ment fixation but are probably a
secondary destructive mechanism,
requiring a primary disruptive event
(eg, mediated by T cells) to allow

antibody access to the intrafollicular
site of TPO expression.’2 Other anti-
bodies, against novel, unidentified
autoantigens, seem likely to parti-
cipate in complement activation.
However, since tissue injury itself
causes complement activation through
the alternative pathway, complement
may be involved in autoimmune
thyroid disease even in the absence
of antibodies. This accounts for the
widespread appearance of membrane
attack complexes (MAC) of comple-
ment, capable of forming holes in
cell membranes, within the thyroids
of patients with Graves’ disease and
Hashimoto’s thyroiditis.®3

Thyroid cells, like other nucle-
ated cells, are able to avoid the worst
ravages of complement attack, at
least temporarily, by expressing
regulatory proteins, such as CD59,
which prevent the insertion of MAC
into the cell surface membrane
(Table 2).%4 Even a sublethal comple-
ment attack may contribute to hypo-
thyroidism, however, impairing the
thyroid cell’s response to TSH% and
leading to release of a number of pro-
inflammatory molecules (reactive
oxygen metabolites, prostaglandin
E,, I1-1, and 11.-6).56

Antibody-dependent cell-mediated
cytotoxicity (ADCC) is an additional
mechanism by which autoantibodies
against TPO (and other poorly char-
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acterized autoantigens) could cause
hypothyroidism. Recently, it was
suggested that patients with atrophic
thyroiditis (primary myxedema) have
a higher frequency of ADCC anti-
bodies than those with Hashimoto’s
thyroiditis,5” but we have been un-
able to confirm this, finding such
antibodies equally in both types of
autoimmune hypothyroidism and in
Graves’ disease (Metcalfe et al, sub-
mitted for publication).

Summary and Future
Direction

Pieces of this complex puzzle are
falling into place. We are now aware
of the complex interaction between
genes, environment, and endogenous
factors in determining susceptibility,
and genomewide searching will prob-
ably identify the genetic component
within the next few years. Exploita-
tion of this knowledge will be useful
therapeutically (most likely in Graves’
disease) in the future. We have seen
that at the time of diagnosis the auto-
immune response is heterogeneous;
and initial hopes of deleting auto-
reactive T cells via TCR-directed
therapy, or of blocking presentation
with altered, critical T-cell epitopes,
seem unlikely to come to fruition un-
less we can identify very early events
in pathogenesis. Other approaches
are more likely to be helpful, includ-
ing downregulation of cytokines®®
and oral tolerance.’9 These two
approaches rely on the fact that one
of the primary mechanisms for active
suppression of cell-mediated immune
responses is via the secretion of sup-
pressive cytokines (eg, IL-4, IL-10,
and transforming growth factor-b).
Recent work in EAT shows that oral
administration of TG prevents disease
induction.”® Despite the obvious com-
plexity of the mechanisms involved
in the induction and perpetuation of
autoimmune thyroid disease, there
seem to be excellent prospects for
novel forms of immunotherapy for
these disorders, based on a refined
understanding of the sequential

development of autoreactivity, which
will permit appropriate targeting of
treatment to critical stages of this
process.
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