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pancreatic acinar cells in diabetes,
human trophoblast cells, hair folli-
cles and colonic epithelium may
express HLA class II antigens” In ad-
dition, certain tumors derived from
cells that do not usually express HLA
class II antigens have been reported
to express class II, including
melanomas, breast carcinoma and
lung carcinoma. Even fibroblasts and
vascular endothelial cells exhibit
class Il antigen under appropriate
conditions.®

Class II Antigen Expression
in the Thyroid

Immunohistochemical examina-
tion of the thyroid gland removed
from patients with autoimmune thy-
roid disease indicates widespread
HLA-DR, DQ, and sometimes DP
antigen expression by the thyroid
epithelial cells, particularly in areas
where lymphocytic infiltration is pro-
nounced (Figure 4).” Such antigen
expression is not observed in normal
adult or fetal human thyroid. What
role, if any, does the observed ex-
pression of class II antigen have in
the immunopathology of autoim-
mune thyroid disease? Increasingly,
the evidence indicates that thyroid
cell class II antigens functionin a
similar way to their role on more tra-
ditional antigen-presenting cells, as
discussed in detail earlier (Table 2).
Furthermore, similar evidence has
been accumulated for other non-
immune cells such as colonic epi-
thelial cells and even fibroblasts,
after HLA-D antigen has been
induced. Let us look in a logical
sequence at some of the evidence
for the importance of class I
antigens on the thyroid cell.

Table 3: Candidates for Positive
Regulation of Thyroid Cell Class II
Antigen Expression™

Primary | Constitutive
Viral induced

Secondery|Lymphokines—eg, gamma interferon (IF)
Antibodies-eg, TSH receptor antibodies
Hormones—eg, TSH

Growth factors—eg, EGF

*At present, there is experimental evidence to support only
the secondary factors listed.
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Figure 3. The influence of monocyte/macrophages (0), after feeding with hTg, on the secretion of thyroglobulin
(hTg) antibody secretion as measured by plaque forming cells (as PFC per 10° peripheral mononuclear cells).

(Data adapted from Reference 5.)

Is the presence of HLA-D
antigens on thyroid cells a
primary or secondary
phenomenon?

As noted above, normal thyroid
tissue and isolated normal human
thyroid cells have no class [l antigens
that can be detected by immuno-
histochemistry at the light and elec-
tron microscopic level. Graves’ and
Hashimoto’s thyroid tissue have thy-
roid epithelial cells with easily de-
tectabie HLA-D antigens (Figure 4)
that disappear after transfer of the
thyroid tissue to nude mice.’ Fresh
preparations of Graves’ thyroid cells
similarly exhibit class II antigen ex-
pression that is lost during in vitro
culture. Hence, such expression
appears to be secondary to some
external event.

Within the immune system there
are a number of known regulators
of HLA class II antigen expression.
These regulators, called lympho-
kines, are small molecules usually
secreted by T cells or APCs. The
most investigated lyraphokines have
been the interferons (IF), and gamma
interferon, a T cell lymphokine, is a

potent inducer of class II antigen
expression. When thyroid cells are
exposed to gamma IF, class II anti-
gen is induced; after withdrawal of
gamma IF, there is a gradual loss of
detectable class II antigen (Figure 5).
These data add support to the con-
cept that expression of HLA class II
antigens on thyroid ceils is not spon-
taneous (ie, constitutive) but second-
ary to an external stimulus. However,
our studies using human thyroid
cell monolayer cultures have also
revealed the existence of a transcrip-
tionally active HLA-DR alpha-chain
gene in normal human thyrocytes."
The levels of DR alpha-chain mRNA
increase when thyroid cells are
exposed to gamma IF and are com-
pletely abrogated in the presence of
antibody to gamma IF. Further con-
firmation of low levels of basal tran-
scription in normal thyroid has also
come from a new technique that
allows the measurement of HLA-DR
alpha-chain mRNA in histologic sec-
tions of thyroid tissue, a procedure
called in-situ hybridization.” Hence,
it appears that mRNA is being pro-
duced, but the level of protein that
is translated from the mRNA is too
small to be detected by our present
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Figure 4. Histologic localization of HLA-DR antigen expression in Graves’ thyroid tissue using the immuno-

s

peroxidase technique (X 300). The arrows highlight the intense DR antigen expression in thyroid follicles
adjacent to lymphocytic infiltration. In contrast, little DR antigen expression is noted farther away from the

infiltration. (From Reference 7.)

techniques. When, however, the thy-
roid cell is stimulated appropriately,
the transcription of mRNA coding for
HLA-DR alpha chains is so great that
a larger amount of protein is trans-
lated and surface class II antigen can
be detected by immunofluorescence.
Furthermore, the low level of basal
HLA class Il gene transcription in
normal human thyroid epithelium
may be under continuous induction
by gamma IF in the normal situation,
and this phenomenon is greatly
exaggerated in autoimmune thyroid
disease.

What is the stimulus to
thyroid cell class Il
antigen expression?

A principal aim in present research
is to try to understand the initiating
and modulating influences on HLA-D
antigen expression in autoimmune
thyroid glands. As discussed earlier,
it is well known that lymphokines
such as gamma IF are able to initiate
lymphoid cell HLA class II antigen
expression. Furthermore, the com-
monly used lymphocyte mitogens—
plant lectins such as phytohemag-
glutinin (PHA)-are themselves able

to induce secretion of gamma IF
from T ceils. Many laboratories have
now observed the expression of
HLA-DR antigen in human thyroid
cells after co-incubation with a vari-
ety of lectins, including PHA and its
derivatives.”" Similarly, the recent
availability of recombinant gamma
IF has allowed us, and others, to
demonstrate that gamma IF is a
potent inducer of class II antigen in
human and rat thyroid cells (Figure
5). Using flow cytometry, we have
also shown that normal human thy-
roid monolayers contain 1% to 2%

T cells, and even greater concentra-
tions (up to 15%) are found in Graves’
thyroid cell cultures. These T cells
may serve as the source of lympho-
kine secretion, explaining why the in-
fluence of lectin on HLA-DR antigen
expression is abrogated by both
cyclosporine A and antibody to
gamma IF.

It is still unclear whether gamma
IF' is the most important reguiator of
thyroid cell HLA class II expression
in vivo. A variety of other lympho-
kines may also be involved (Table 3).
Recent data also suggest that TSH
and TSH receptor antibodies of
Graves’ disease patients are able to
mediate the action of gamma IF on

class II antigen expression. Our own
studies with cell derivatives of the
Fisher rat thyroid cell line, FRT-L5,
which are TSH dependent for growth
and proliferation, have indicated that
TSH appears to be particularly im-
portant in enhancing class I antigen
expression in proliferating thyroid
cells (Figure b, right panel). Such
results would suggest a similar role
in stimulated or regenerating human
cells. Thyroid cells are under intense
stimulation in both Graves’ disease
(by TSH receptor antibodies) and
Hashimoto’s disease (by TSH), and
this may be an important factor in
HLA class II antigen expression. The
consequences of such an action
require further investigation.

Class II antigen induction by viral
infection has recently been reported
in neuronal cells. In addition, an
avian-virus-induced thyroiditis
model has been described.” How-
ever, a viral etiology for thyroid cell
class [l antigen expression has not
yet been demonstrated. Finally, pa-
pillary thyroid carcinomas have
been reported to exhibit spon-
taneous (ie, constitutive) class 11
antigen expression, and the role of
lymphocytic infiltration in such situa-
tions has not been clarified

Are thyroid cell HLA-D
antigens the same as those
found on lymphocytes?

The monoclonal antibodies used
to detect thyroid cell HLA-D antigen
expression in the immunchisto-
chemical and immunofluorescence
experiments described above are di-
rected against nonpolymorphic sites
on both alpha and beta chains of the
HLA-D molecules. They therefore fail
to recognize the polymorphic deter-
minants that make each of us differ-
ent in terms of HLA antigens. For this
reason, we subjected gamama IF
treated human thyroid cells to HLA-
DR antigen typing using over 55
polyclonal antisera of known DR spe-
cificity, as utilized in routine tissue
typing procedures.” These studies
showed that in four of five cultures
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Figure 5. Influence of recombinant gamma interferon on human (left panel) and rat (FRTL-5) thyroid cells
(right panel). Gamma IF was added to cells for 5 days and then removed, and class II antigen measured 9 days
later. Note: FRTL-5 cells only express class II antigen in the presence of bTSH, which was included in the
culture medium. Data expressed as % cells class II positive by fluorescence microscopy.

there was complete agreement be-
tween B cell and thyroid cell HLA-DR
designations. In addition, a mono-
clonal anti-DR3 was able to lyse
HLA-DR-positive thyroid cells from
an HLA-DR3 individual. Hence, all
the evidence to date indicates that
HLA-DR molecules expressed on
thyroid cells are the same as those
expressed on B cells.

Are the HLA-D molecules
physiologically functional?

As discussed earlier, within the im-
mune system the presence of HLA-
DR antigen on the surface of a cell
implies the ability to present antigen
to antigen-specific helper T cells.
Elegant studies have demonstrated
that human thyroid cells can present
already processed viral antigen to
responsive T cells but are not able
to initiate any viral processing®
Thyroid cell preparations are,
however, heterogeneous and may
contain APCs such as dendritic celis.
Hence, without cloned thyroid cells
such experiments must remain as
only indirect evidence for direct pre-
sentation of antigen by thyroid cells.
More convincing data have come
from the derivation of thyroid-spe-

cific T celi clones that proliferate
only in the presence of autologous
thyroid cells and not in the presence
of peripheral mononuclear cells!**
Such thyroid-specific activation of T
cells again implies direct presenta-
tion of thyroid antigen to the appro-
priate helper T cell.

Recently, we have isolated a
unique human T cell clone that is
specifically cytotoxic for autologous
thyroid cellis® This clone was de-
rived from the intrathyroidal T cells
of a patient with Hashimoto'’s dis-
ease. Such cytotoxic clones act in
unison with HLA class I antigens
rather than with class II antigens,
and some evidence implies that anti-
gen in association with class I mole-
cules may be required for recognition
by cytotoxic T cells—analogous to
the requirement for recognition of
antigen-class II complexes by helper
T cells, as discussed in detail earlier
(Figure 2). Hence, there is accumu-
lating data demonstrating that the
human thyroid cell can present both
thyroid and nonthyroid antigen in the
context of class [ and class II anti-
gens to appropriate T cells.

In addition to the concept of spe-
cific antigen presentation, we have
advanced the hypothesis that class [T

antigen expression on the human
thyroid cell has a nonspecific action.
We have provided evidence for an

in vivo mixed lymphocyte reaction
(MLR) secondary to the presence of
HLA-DR-positive thyroid cells®* Such
a T cell amplification system invoiv-
ing intrathyroidal lymphocytic infil-
tration would also induce further
release of gamma IF (a known con-
sequence of MLRs) and exacerbate
thyroid cell HLA-D antigen expres-
sion (Figure 6). This MLR-initiated
immune amplification would be non-
specific with respect to the thyroid
since normal thyroid cells, induced
to express HLA-DR, cause T cell
proliferation when co-cultured with
autologous (ie, from the same indi-
vidual) T cells.* Additional support
for the “nonspecific” hypothesis

has come from intrathyroidal T cell
lines and cloning studies that have
revealed the high prevalence

of autoreactive helper T cells and
nonthyroid-specific cytotoxic T cells
within thyroid glands of patients
with autoimmune thyroid disease**

So what is the role of B and
T cell abnormalities in
autoimmune thyroid disease?

It has been known since 1956 that
thyroid autoantibodies are important
in the pathophysiology of autoim-
mune thyroid disease. That year,
Adams and Purves discovered the
first TSH receptor antibody of Graves’
disease, and Roitt and his colleagues
isolated human thyroglobulin autoan-
tibodies (for review see reference 23).

In recent years, as we have come
to understand the physiologic role
of the HLA antigens, studies have
revealed the pivotal role of T celis
in the control of the autoimmune
response. The story of the HLA anti-
gens in autoimmune thyroid disease
would be incomplete without relat-
ing it to our present understanding of
T cell function. T cells may have a
common determinant (CD) on their
cell surface (their phenotype); this
has been named CD4 for helper
cells and CD8 for suppressor cells.




However, certain CD4 helper T cells
may help induce antibody secretion
while others help induce suppression
of the autoimmune response. This
has complicated many earlier inter-
pretations of helper/suppressor
ratios, and only very recently has it
been possible to identify these sub-
groups by new phenotypic markers.
Furthermore, the suppressor CD8
cells may not simply suppress anti-
body secretion but may also be
active cytotoxic (killer) cells.

The importance of T cell function
in the eticlogy of autoimmune thy-
roid disease was last reviewed in
Thyroid Today by Topliss and Volpé
in March 1982 (Volume V No. 2), and
many details remain unclear despite
rapid advances in our understanding
of the immune system. There is abun-
dant evidence for the control of thy-
roid autoantibody secretion by both
helper and suppressor T cells. Volpé
and other workers have emphasized
the possibility that lack of effective T
cell suppressor function is important
in thyroid autoimmune disease
etiology. There is much evidence to
support this claim. T cell suppressor
abnormalities have been shown in
both Graves’ disease and Hashimoto’s
disease. However, present evidence
indicates that the type of suppressor
T cell defect is principally of a non-
specific variety, involving a defect in
overall control by T cells of antibody
secretion, as observed in certain
HLA types in the normal population
(eg, HLA-DRS3 persons) and in pa-
tients with abnormal thyroid hor-
mone levels unrelated to the etiology
as well as in autoimmune thyroid pa-
tients.* The recognition of abnormal
function in autoantigen-specific sup-
pressor T cells has been difficult to
demonstrate conclusively and re-
mains controversial in many dis-
eases, including autoimmune thyroid
disease. While there is indirect evi-
dence to suggest that thyroid-specific
suppressor T cell defects may be
present, there is also evidence
against such a hypothesis, including
the failure to detect active antigen-
specific T cell receptors on CD8 sup-

A. » _ge Direct stimulus

\ O Indirect

Oy

DR expression
B. 4 leads to AMLR

<Yy OOO
OFe) 5
O

Expansion aided by nonspecific
suppressor T cell defect

Figure 6. Diagrammatic view of the “nonspecific”
hypothesis for intrathyroidal lymphocyte expansion
and the role of thyroid cell antigen presentation in
the etiology of autoimmune thyroid disease.

pressor cells.®* Recent studies on
isolated T cell clones from the thy-
roid of patients with autoimmune
thyroid disease, as discussed earlier,
have clearly demonstrated that thy-
roid-specific T cells do exist in such
patients.”* While it is relatively easy
to understand the role of cytolytic T
cells in established autoimmune thy-
roiditis, and of helper-inducer T cells
in easing the release of TSH receptor
antibodies in Graves’ disease, it is
unclear what role such cells play in
the initial immunopathology. Further
analysis of such intrathyroidal T cell
clones may provide clearer answers.

Conclusion

While the consequences of thyroid
cell MHC class II antigen expression
have become clearer, the initiating
insult that causes the normal human
thyroid cell to vigorously express
class II antigens remains unknown. [t
has been postulated that MHC class
II antigen expression in autoimmune
thyroid disease may be spontaneous,
but the weight of the data reviewed
here suggests that such expression is

usually secondary to lymphokine
secretion from the lymphocytic infil-
trate, perhaps modulated by TSH,
TSH receptor antibodies and a vari-
ety of cell growth factors.” It is also
likely that the expression of such
HLA-D antigen results in antigen pre-
sentation and further local immune
cell infiltration (perhaps by ampli-
fication via an in vivo MLR) and with
autoantibody secretion (Figure 6).
The fact that disease progresses in
the presence of HLA-D antigens sug-
gests that such progression may be
related to thyroid cell class II antigen
expression. What we now need is

to determine the initiai event in this
entire complex process. The primary
pathophysiology continues to mys-
tify as its complexity unfolds.
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