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N 1897 Ehrlich! coined the term “horror autotoxi-
cus” to describe his view that the body seemed
“unwilling” to mount an immune assault on its own
tissues. In the early part of this century, with the hy-
pothesis that the hyperplastic thymus gland might, in
some obscure way, cause Graves’ disease,? the field of
thyroid autoimmunity was opened, and in the past two
decades it has received particular impetus. The study
of autoimmune thyroid disorders has provided valu-
able insights into the pathogenesis not only of specific
thyroid disorders but also of autoimmune diseases in
general.

THE B LYMPHOCYTE IN AUTOIMMUNE
TuyroID DiSEASE

Many humoral and cellular mechanisms in auto-
immune thyroid disease have been discovered in the
past 25 years. In general, studies of the immune system
have focused on humoral rather than cellular mecha-
nisms because of the early recognition of the role of
antibodies in immunity, the ease with which anti-
bodies can be measured, and the special characteris-
tics of some of these antibodies. The year 1956 was
particularly important in the study of autoimmune
thyroid disease. In that year Roitt et al.3 detected high
titers of antibodies to thyroglobulin in patients with
Hashimoto’s thyroiditis, Rose and Witebsky* first in-
duced thyroiditis in rabbits immunized with thyroid-
gland homogenate, and Adams and Purves® detected a
substance in the serum of some patients with Graves’
disease that caused prolonged stimulation of the thy-
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roid gland. The substance was later called long-acting
thyroid stimulator (LATS) and was found to be an
antibody.? Since the term LATS is now usually ap-
plied to a particular mouse bioassay,® the term thy-
roid-stimulating antibody (TSADb) is considered more
appropriate.

TSAD has received considerable attention because
of its unique action and ultimate clinical expression as
hyperthyroidism. An IgG,”® it mimics the action of
thyroid-stimulating hormone (TSH) by stimulatin%
cyclic AMP production,® radioactive iodine uptake,’
and colloid droplet formation.!' Hence, the effects of
TSAb and TSH on the intracellular metabolism of
thyroid follicles are essentially the same.!2

There is much evidence that the TSH receptor is the
antigen to which TSAb is the antibody, but this point
remains unproved. Fenzi et al.'® have removed TSH
receptors by affinity chromatography and found
TSAb, but not TSH, still bound to thyroid mem-
branes; these results suggest that the TSH receptor is
not the binding site for TSAb. In addition, Solomon
and Chopra,'* using the LATS protector assay, have
found that TSH does not prevent adsorption of LATS
onto thyroid membranes.

In an attempt to resolve this point, TSH and TSAb
were incubated together with solubilized thyroid
membranes. TSH-receptor and TSAb-receptor com-
plexes were found, but not TSH-TSAb-receptor com-
plexes. These data suggest that TSH and TSAb com-
pete with each other for the same binding site on the
TSH-receptor molecule.'>'® Endo et al.!” have shown
that the IgG specific to Graves’ disease will bind to
TSH receptors in tissues other than the thyroid — for
example, fat cells. The observation that where there is
TSH binding there is also TSAb binding further sup-
ports the notion that TSAb is an antibody to the TSH
receptor. Finally, Wenzel et al.'® discovered that the
peripheral blood of patients with Graves’ disease con-
tained an increased number of the B lymphocytes that
bind partially purified TSH-receptor protein.

Originally, TSAb was measured by an assay that
determined the amount of radioactive iodine released
from primed thyroid glands of guinea pigs after injec-
tion of serum from patients with Graves’ disease; the
assay was subsequently modified for mice.® Since its
introduction, many other assays for the IgG specific to
Graves’ disease have been described. Some measure
the inhibition of TSH binding to receptor sites,'°
whereas others measure the stimulation of cyclic AMP
or thyroid-hormone production in human thyroid
slices or thyroid cells in culture.'!20:2!

A plethora of terms have been used to denote this
IgG; the particular one chosen depends on the activi-
ties measured and the laboratory where the experi-
ment is performed. The term “thyrotropin-receptor
antibody” is probably the most general, since most of
the evidence cited above suggests that the TSH recep-
tor is the related antigen. The term “TSAb” should be
employed to refer to the antibodies that cause stimula-
tion in a functional assay, but this term is inappropri-
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ate for some forms of IgG that inhibit TSH binding
because they do not stimulate the thyroid.???* Certain
antibodies may even contribute to hypothyroidism by
binding to the thyrotropin receptor and blocking the
action of TSH.**

Thyrotropin-receptor antibody is detectable in
some but not all patients who have been diagnosed as
having Graves’ hyperthyroidism. One problem is that
the disease is difficult to diagnose. European studies
have shown that Graves’ disease is not the only cause
of hyperthyroidism associated with diffuse uptake on
scintiscan. Studer et al.?> and Schleusener et al.?® have
described a diffuse micronodular goiter (a variant of
Plummer’s disease) that is not associated with oph-
thalmopathy or other immune disturbances and is as-
sociated with HLA genotypes that are different from
those in Graves’ disease. Besides the difficulty in diag-
nosis, there may be technical problems with the as-
says, or an assay may not be sensitive enough to detect
the antibody. One extremely sensitive but difficult
cytochemical assay permitted detection of a stimulat-
ing factor in the serum of all patients with Graves’
disease who were studied.?’” The results, however,
were inconclusive, since the factor was also detected in
most patients with toxic multinodular goiter and even
euthyroid goiter.

Although measurement of thyrotropin-receptor
antibody is important for an understanding of the
cause of Graves’ disease, it has been of little assistance
to the clinician in diagnosis and management, and the
assays are time-consuming, technically difficult, and
expensive. Some investigators?®-3° claim that the per-
sistence of thyrotropin-receptor antibody after a
course of treatment can be used to predict a relapse,
but others disagree.3!%2

Recently, Drexhage et al.® described another fam-
ily of antibodies that may be directed against the TSH
receptor. Like TSH, these antibodies appear to induce
goiter, but unlike TSH, they do not induce the release
of hormones. Patients with goitrous Graves’ disease
or goitrous Hashimoto’s thyroiditis appear to have
antibodies that promote thyroid growth, whereas pa-
tients with atrophic thyroiditis have antibodies that
inhibit thyroid growth. It is unclear how these anti-
bodies block the growth-promoting effect of TSH but
remain undetected in assays that measure inhibition of
TSH binding to the TSH receptor.

Itis also unclear why, within the family of glycopro-
tein hormones, receptors for TSH are commonly a
target for autoimmune attack, but receptors for lutein-
izing hormone, follicle-stimulating hormone, and
human chorionic gonadotropin apparently are not.
Other receptors to which autoantibodies have been
found include the insulin receptors in certain patients
with insulin resistance, the acetylcholine receptor in
patients with myasthenia gravis,>* and probably the
beta-adrenergic rece;z)tor in some patients with allergic
rhinitis and asthma.?

Thyrotropin-receptor antibody is not the only thy-
roid antibody present in autoimmune thyroid dis-
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orders. The most common antibodies that are also
important clinically are thyroglobulin and thyroid mi-
crosomal antibodies. A high titer of thyroglobulin anti-
body, a non-complement-fixing antibody, is found in
about 55 per cent of patients with Hashimoto’s thy-
roiditis and 25 per cent of patients with Graves’ dis-
ease. [t occurs less often in patients with thyroid can-
cer and other autoimmune disorders, such as systemic
lupus erythematosus and rheumatoid arthritis, and a
low titer is found in about 10 to 20 per cent of normal
subjects (particularly elderly women).** Thyroglob-
ulin antibody also appears transiently in some patients
with subacute thyroiditis. The usual method of meas-
urement is by the hemagglutination technique. Re-
cently, a new radioassay with greater sensitivity has
been developed. As compared with the hemagglutina-
tion technique, it detects a higher prevalence of thyro-
globulin antibody in patients with Graves’ or Hashi-
moto’s disease, but tests of more normal subjects are
also positive. In addition, this radioassay gives falsely
high titers in the presence of high concentrations of
plasma thyroglobulin.3®

Thyroid microsomal antibody is a complement-
fixing antibody that is detected, usually by the hemag-
glutination technique, in 95 per cent of patients
with Hashimoto’s thyroiditis, 90 per cent of patients
with idiopathic myxedema, and 80 per cent of pa-
tients with Graves’ disease.3* It appears to correlate
better with histopathologic lesions in Hashimoto’s
thyroiditis than does thyroglobulin antibody, and it is
detected less often in normal subjects. The antigen to
this antibody has a cell surface and an intracellular
component, but its exact nature is unknown.

Antinuclear antibodies are also found in auto-
immune thyroid disease, as are antibodies to cell mem-
branes, to a colloid component other than thyroglobu-
lin, and to the thyroid hormores themselves.?*

Figure 1 summarizes the immune effector mecha-
nisms that may operate in Graves’ disease and Hashi-
moto’s thyroiditis.

THE T LYMPHOCYTE IN AUTOIMMUNE
THYROID DISEASE

B lymphocytes, which are precursors of the plasma
cells that produce the antibodies, are controlled by
subsets of the T-lymphocyte population. Helper T
lymphocytes cause B lymphocytes to differentiate into -
plasma cells, and suppressor T lymphocytes limit the
immune reaction to “nonself” and probably suppress
immunity to “self.” Suppressor T cells act through
helper T cells to suppress the B-cell response — that
is, specific suppressor cells normally suppress specific
helper cells. Effector T cells, which are responsible for
direct cytotoxicity, are also controlled by suppressor T
lymphocytes. )

Although it is more difficult to measure T-lympho-
cyte response (cell-mediated immunity) than B-lym-
phocyte response (humoral immunity), techniques
have been developed to study abnormalities of cell-
mediated immunity .in autoimmune thyroid disease.
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Figure 1. Composite Diagram of the Possible Immune Effector
Mechanisms in Graves’ Disease and Hashimoto’s Thyroiditis.

Cytotoxic mechanisms include direct cytotoxicity by sensitized
effector (Te) cells, antibody-dependent cytotoxicity by killer (K)
cells armed with antithyroid antibody, and cell lysis by comple-
ment-fixing thyroid antibody. The various types of thyrotropin-
receptor antibody (TRAb) have different mechanisms of action.
One type binds to the thyrotropin (TSH) receptor and blocks TSH
from binding to the receptor. Another type — classic thyroid-stim-
ulating antibody (TSAb) — binds to and stimulates the TSH re-
ceptor, which resulits in production of thyroid hormone by thyroid
follicular cells. Thyroid growth antibody, which may be a type of
TRAD, binds to the TSH receptor and causes growth of thyroid
follicular cells but not production of thyroid hormone. A variant of
this antibody binds and blocks growth.

Antigens stimulate sensitized T lymphocytes to pro-
duce a family of small proteins known as lymphokines,
which have potent effects on other lymphocytes. One
lymphokine causes nonspecific inhibition of lympho-
cyte migration and is known as migration-inhibition
factor. Measurement of migration-inhibition factor in
response to specific antigens is the least difficult meth-
od for determining T-cell sensitization.

One index of cell-mediated immunity in patients
with Graves’ or Hashimoto’s disease is the production
of migration-inhibition factor by lymphocytes after
exposure to thyroid antigen in vitro.” However, early
studies, which used macrophages, mononuclear cells,
and whole leukocyte preparations as the migrating
cells, were criticized because elements other than T
lymphocytes were involved in the procedure. A further
problem was the inability to detect migration-inhibi-
tion factor in the cultured supernatants of antigen-
stimulated lymphocytes from patients with Graves’ or
Hashimoto’s disease, when normal lymphocytes were
used as the indicator cells.

A modified test for migration-inhibition factor,
based on the method of Kowalczyk and Zembala,*®
has now been developed; it uses a purified preparation
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of T lymphocytes as the migrating cells. Because this
test uses a largely homogeneous population of T lym-
phocytes both as the cells that produce the migration-
inhibition factor and as the cells that indicate the pres-
cnce of migration-inhibition factor, it is more specific
and less variable than previous tests. Using this meth-
od, Okita et al.3* found migration-inhibition factor
and, by implication, T-lymphocyte scnsitization in the
majority of patients with Graves’ discase or Hashimo-
to’s thyroiditis who were studied. Moreover, addition
of cultured supernatants of mononuclear cells from
patients with these discases to preparations of normal
T lymphocytes inhibited migration of the normal lym-
phocytes; this result confirmed the presence of migra-
tion-inhibition factor.*’

The thyroid antigen to which the T-cell response is
directed has been more difficult to define. Makinen et
al.*! found that TSH blocked the proliferation of lym-
phocytes that ordinarily occurs after administration of
thyroid-membrane preparations, suggesting that the
TSH receptor is the target in cell-mediated immunity
as well as in humoral immunity. The investigators
hypothesized that TSH masked the TSH receptor and
prevented antigenic recognition. However, this hy-
pothesis could not be confirmed by Wall et al.*? and
has been disputed by other investigators,** who found
that high concentrations of TSH had a nonspecific
immunosuppressive action.

Since there are demonstrable abnormalities in both
the cell-mediated and humoral mechanisms in the im-
mune system of patients with Graves’ diseasc or
Hashimoto’s thyroiditis and since both are controlled
by subsets of T lymphocytes, it is logical to suspect that
a defect in T-lymphocyte control is the cause of the
disorders.

Animal models have been particularly helpful in
determining how self-tolerance is maintained or lost.
(Volpé®* and Rose et al.** have provided detailed re-
views of this subject.) Three theories attempt to ex-
plain self-tolerance. The first is clonal deletion, which
was first described by Burnet.*® It states that autorcac-
tive T lymphocytes are either eliminated or perma-
nently blocked during fetal life. An autoreactive clone
develops by mutation.

The second theory is based on dynamic control.
Suppressor T lymphocytes regulate the immune re-
sponse and thus prevent each nonself challenge from
resulting in a lymphoproliferative disorder; in addi-
tion, these cells suppress the response to self. This
theory requires a “clonal balance”** between helper
and suppressor T lymphocytes. Suppressor T lympho-
cytes also control effector T lymphocytes. The fact
that immunization induces an antibody response to
thyroglobulin in normal mice suggests that the clonal
balance is being manipulated. Preliminary observa-
tions of the induction of thyroglobulin antibody in
normal lymphocytes in vitro also favor the second
theory.*s Hence, it is likely that the development
of an immune response to self is due to a deficien-
cy in specific suppressor T lymphocytes, with the
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suppressor T lymphocytes in both
Graves’ disease and Hashimoto’s
thyroiditis. When normal T lym-
phocytes are added to T lympho-
cytes from patients with either
disorder and the combination is
exposed to thyroid antigen, no mi-
gration-inhibition factor is pro-
duced.*” The normal suppressor T
lymphocytes appear to compensate
for the postulated deficiency in the
patient’s suppressor lymphocytes.
This effect is not due to dilution,
since the suppressor effect is lost if
the normal lymphocytes are first ir-
radiated or treated with mitomycin
C.*7*8 Both treatments preferen-
tially inhibit suppressor cells, pre-
sumably interfering with the func-
tion of normal suppressor T cells
and preventing compensation for
the deficient lymphocytes.

There is further evidence that the
suppressor effect is at least organ-
specific, if not antigen- 9peciﬁc Ina
study by Topliss et al. 9T lympho-
cytes from patients with insulin-re-
quiring diabetes mellitus of recent
onset produced migration-inhibi-
tion factor when incubated with

Macrophage

oy

Figure 2. Postulated Mechanisms Whereby Control of the Inmune Response Is Main-
tained or Lost.

Macrophages present thyroid antigen to precursor T lymphocytes, which differentiate
into antigen-specific suppressor T lymphocytes (Ts) and helper T lymphocytes (Th). In
Graves' disease and Hashimoto’s thyroiditis, a genetically determined, antigen-specif-
ic deficiency may tip the balance between suppressor and heiper T cells in favor of
helper T cells. An alternative theory, which more easily explains the random appear-
ance of the disease in a genetically predisposed population, proposes that helper T
cells arise by random mutation. Other influences — for example, stress or abnormal
thyroid-hormone levels — may depress suppressor-cell function and thereby alter the
balance. The result is that the antigen-specific helper T clone expands and interacts
with B cells, which also expand and differentiate into plasma celis, which in turn
produce antibodies. The effector T clone (Te) may also expand and assault thyroid

beta-cell antigen from the pancreat-
ic islets of a patient with insulin-
oma. Presumably, these diabetic
patients also had a suppressor-cell
defect, although in this instance the
defect involved the beta-cell anti-
gen. However, when T lymphocytes
from diabetic patients were added
to T lymphocytes from patients
with Graves’ or Hashimoto’s dis-
ease, in most instances the former

follicular cells, especially in Hashimoto's thyroiditis.

consequent imbalance in the ratios of helper to sup-
pressor lymphocytes and suppressor to effector lym-
phocytes.**

A third theory incorporates the other two.** Thus,
the random appearance of autoimmune thyroid dis-
orders in genetically predisposed persons (who pre-
sumably have a defect in immune control) may be due
to the random appearance (by normal random muta-
tion) of the appropriate clone of autoreactive helper
T lymphocytes for which immune control is inade-
quate — again because of a defect in antigen-specific
suppressor T lymphocytes. Figure 2 shows the postu-
lated mechanisms whereby control of the immune re-
sponse is maintained or lost.

Considerable research has been devoted to deter-
mining the status of suppressor T lymphocytes in pa-
tients with autoimmune thyroid disorders. Evidence
indicates that there is an organ-specific defect in

abolished the ability of the latter to

produce migration-inhibition factor
in response to thyroid antigen. In these circumstances
the T lymphocytes from the diabetic patients acted like
normal T lymphocytes. The converse was also true:
lymphocytes from patients with Graves’ or Hashimo-
to’s disease acted like normal T lymphocytes by abol-
ishing the ability of T lymphocytes from patients with
insulin-requiring diabetes mellitus to produce migra-
tion-inhibition factor in response to islet-cell antigen.
These results indicate that the defect in suppressor
cells is organ-specific rather than general.

Other studies of the number and function of
suppressor T cells in autoimmune thyroiditis have pro-
duced conflicting findings, probably because specific
antigens or tests of antigen-specific clones of suppres-
sor T lymphocytes were not employed. Using mono-
clonal antibodies that select partlcular subpopulations
of T lymphocytes, Thielemans et al.>* and Sridama et
al.®! found a decrease in the total number of suppres-
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sor T lymphocytes in Graves’ disease and Hashimoto’s
thyroiditis. Canonica et al.,>? on the other hand, found
the total number of suppressor cells to be normal.

In contrast to antigens, which act as specific stimu-
lators, mitogens (plant-derived agents) act as nonspe-
cific stimulators of certain subpopulations of lympho-
cytes. Studies of the effects of mitogens have also
provided conflicting results. MacLean et al.>® found
that concanavalin A (which stimulates suppressor T
cells) suppressed immunoglobulin synthesis by lym-
phocytes that were stimulated by pokeweed mitogen
(which stimulates both T and B lymphocytes). Con-
canavalin A had no differential effect on lymphocytes
from normal subjects or from patients with autoim-
mune thyroiditis. Aoki et al.,>® on the other hand,
found that concanavalin-A induced suppressor activ-
ity was reduced in patients with active Graves’ disease
but not in patients with Hashimoto’s thyroiditis.
Moreover, in patients with Graves’ disease defec-
tive suppressor activity tended to return to normal
after treatment. Similar results were obtained by
Balazs et al.”®

Beall®® found that B lymphocytes from patients with
autoimmune thyroiditis produced thyroglobulin anti-
body when stimulated with suboptimal amounts of
pokeweed mitogen that had been combined with spe-
cific thyroglobulin antigen. Production continued even
when the treated lymphocytes were cultured with nor-
mal T cells (which should have contained a subset
of suppressor cells specific to thyroglobulin antigen).
However, since even a suboptimal amount of poke-
weed mitogen provides a substantial nonspecific
stimulus, this response cannot be equated with a re-
sponse to specific antigen alone. The conflict in the
data from these studies probably reflects the difficulty
of interpreting findings that are based on nonspecific
stimulation with mitogens.

McLachlan et al.’” also found that when B lympho-
cytes from patients with autoimmune thyroiditis were
cultured with normal T cells in the absence of mitogen
or antigen, thyroglobulin antibody continued to be
produced. They concluded that activation of suppres-
sor T lymphocytes may require stimulation by a spe-
cific antigen.

Together, these studies suggest that the general
suppressor function in patients with autoimmune thy-
roid disease is normal. There is no cvidence of general-
ized hypersensitivity,® and the number of suppressor
T lymphocytes that are specifically responsible for
suppressing the helper T lymphocytes specific for
thyroid antigen probably represents only a small
percentage of the total T-lymphocyte population. If
so, one would not expect any reduction in the total
number of suppressor T lymphocytes in the circu-
lation.

In the studies of migration-inhibition factor and
antibody production described above normal thyroid
antigen was used as the specific stimulator. B and T
lymphocytes in autoimmune thyroid disease are there-
fore sensitized to normal thyroid antigen. The evi-
dence does not indicate that the antigen has been al-
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tered — for example, by viral infection. (One recent
study suggested that autoimmune insulin-requiring
diabetes mellitus is initiated by a virally induced le-
sion.>®) When a viral infection does cause release of
antigen, as in subacute thyroiditis, the suppressor-cell
system appears to be overwhelmed, thyroid antibodies
and thyrotropin-receptor antibody are temporarily
produced,59-62 and cell-mediated immunity to normal
antigen occurs.%%> When the patient recovers from
the infection, these abnormalities disappear; auto-
immune disease develops only if there is a defect in
immune surveillance.

GENETIC CONTROL OF THE IMMUNE RESPONSE

It is interesting to attempt to understand why some
people and not others have this apparent defect in the
response of suppressor T cells to thyroid antigen,
which renders them susceptible to autoimmune thy-
roid disease.

In mice, genes that map in the region that corre-
sponds to the HLA-D locus in human beings are re-
sponsible for controlling the response of helper or
suppressor T lymphocytes to a given antigen.%* In
white people Graves’ hyperthyroidism is associated
with HLA-DR3,%® goitrous Hashimoto’s thyroiditis
with HLA-DRS5, and atrophic thyroiditis apparently
with HLA-DR3. Previous findings that linked Graves’
disease with HLA-B8 probably reflected a linkage dis-
equilibrium between HLA-DR3 and B8. These associ-
ations are not absolute; many patients with Graves’
disease do not have the HLA-DR3 genotype, and most
people with HLA-DR3 (20 per cent of the Canadian
population) do not have Graves’ disease. Thus, it ap-
pears that the gene associated with susceptibility to
Graves’ disease is not HLA-DR3 but may be very near
it, also in linkage disequilibrium. It seems likely that
patients with certain genotypes are predisposed to
have a defect in the response of suppressor T cells to
thyroid antigen. How this genotype causes an abnor-
mality in a specific clone of suppressor T lymphocytes
i1s unknown, as is the molecular nature of the abnor-
mality.

PRECIPITATION OF THE DISEASE

Given that there is a genetically determined defect
in suppressor T lymphocytes in autoimmune thyroid
disease, the next problem is understanding what fac-
tors result in initiation of the disorder. Most studies of
this problem have investigated Graves’ disease, be-
cause its symptoms are more dramatic than those of
other autoimmune thyroid disorders and both remis-
sions and relapses are common. It has been demon-
strated that Graves’ disease appears at random in the
genetically predisposed population.®® More than one
mechanism may initiate the disorder. One such
mechanism could be the random appearance of the
appropriate autoreactive helper T lymphocyte for
which control is inadequate. This event would be suffi-
cient to initiate the disease. In other instances suppres-
sor-cell function may be only partially defective. An
age-related decline in the function of suppressor T cells
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in a person who already has an abnormality in a clone
of suppressor cells may also be sufficient.

The first report of Graves’ disease, in the 19th cen-
tury, pointed out an association between onset of the
disorder and stress.>* Although early reports were
anecdotal, substantial indirect evidence now links
stress and the onset of autoimmune disease. Berecave-
ment depresses the lymphocyte response to mitogens
in human beings,%” and stress diminishes the lympho-
cyte response in animals.%® The diminution in re-
sponse may be due to steroid elevation during stress,
but the work on this possibility is inconclusive.®
Moreover, the large differences among species in lym-
phocyte sensitivity to steroids make extrapolation from
animals to human beings difficult. Whatever the initi-
ating mechanisms are, stress may cause decompensa-
tion of a genetically compromised population of
suppressor T lymphocytes, thus allowing production
of antibodies and cytotoxic effects by lymphocytes.3*
In this context stress could be emotional or biologic
(for example, a viral infection).

In Graves’ disease thyrotropin-receptor antibody
induces elevated levels of thyroid hormone. Prelimi-
nary experiments in animals suggest that thyrotoxico-
sis also depresses the function of suppressor T lympho-
cytes.”” The tendency in Graves’ disease for ab-
normal suppressor function to become normal after
treatment’”’! indicates that the hyperthyroid state
itself affects the immune system. This effect, although
not related to the pathogenesis of the disease, may
be important in the self-perpetuation of hyperthy-
roidism.

Administration of antithyroid agents, such as pro-
pylthiouracil, lowers thyroid-hormone levels and thus
could lead to recovery of suppressor-cell function. Pro-
pylthiouracil and methimazole may also act as mild
antimetabolites. Propylthiouracil has been shown to
decrease both the uptake of tritiated thymidine by nor-
mal lymphocytes stimulated by mitogen’? and the se-
cretion of immunoglobulin by normal mononuclear
cells stimulated by pokeweed mitogen (as measured by
the plaque-forming assay).”> Methimazole also de-
creases the amount of thyroglobulin antibody pro-
duced in culture by lymphocytes from patients with
Hashimoto’s disease.”* On the other hand, Wenzel et
al.’”® have shown that in Graves’ disease the level of
thyrotropin-receptor antibody falls at the same rate
whether patients are treated with propylthiouracil or
perchlorate. This finding suggests that the decline in
thyroid-hormone levels, rather than any immuno-
suppressive effect of the thionamides, is responsible for
normalizing immune control and stopping production
of thyrotropin-receptor antibody.

In any event, remissions are probably possible only
when the defect in suppressor T lymphocytes is not
severe. The severity of this defect may be genetically
related; patients with HLA-DRS3 are unlikely to have a
remission, whereas those without it are more likely to
have a remission.”®
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SUMMARY

The basic underlying defect in autoimmune thyroid
disease appears to be a deficiency in antigen-specific
suppressor T lymphocytes. This specific deficiency al-
lows effector T lymphocytes to attack the thyroid cells
and allows helper T lymphocytes (which may have
arisen by spontaneous mutation) to induce plasma
cells derived from expanded B-lymphocyte clones to
produce antibodies. The defect in suppressor T lym-
phocytes seems to be genetically linked, since auto-
immune thyroid disease is more common in patients
with certain HLA types. By extrapolation from animal
studies, it appears that genes in the HLA-D locus
control the immune response.

The defect in suppressor T lymphocytes may be
aggravated by stress, which may be either biologic (for
example, a viral infection) or emotional (for example,
bereavement). Stress may act through the relation be-
tween hormones and immunologic status — a relation
that is as yet ill defined.

Graves’ hyperthyroidism is unique in that the spe-
cific defect in suppressor T lymphocytes allows pro-
duction of an antibody to the thyrotropin receptor,
which consequently stimulates production of thyroid
hormone. Increasing levels of these hormones appear
to cause further decompensation of suppressor-cell
function. Conversely, trecatment of hyperthyroidism,
which decreases thyroid-hormone levels in patients
with Graves’ disecase, scems to improve the defect in
suppressor T cells and may hasten recovery.

. DiscussioN

Dr. SipnEv H. INgBAR: Would you elaborate on the
differences between chronic and silent thyroiditis?

Dr. VorrE: In silent thyroiditis the patient is
hyperthyroid but has an uptake of approximately 1 per
cent. Usually the gland is enlarged only slightly, if at
all, and is not tender. Circulating antibodies may or
may not be present. Patients go through phases similar
to those in subacute thyroiditis, with a transient hypo-
thyroid 7Ehase, and usually recover. Inada and his col-
leagues’’ have shown complete histologic resolution in
the majority of cases studied. The main difference be-
tween silent and de Quervain’s thyroiditis is that pa-
tients with the former have lymphocytic infiltration
within the thyroid, whereas patients with the latter
have so-called giant cells. Although some people con-
sider silent thyroiditis to be a form of chronic thyroidi-
tis, presumably because of the lymphocytic infiltra-
tion, I believe that in patients who have no circulating
antibodies and who recover completely within a year,
the disorder does not fit the current definition of chron-
ic thyroiditis.>*

There is another group of patients, however, who
are clinically and histologically indistinguishable from
patients with silent thyroiditis but who tend to have
slightly larger thyroid glands and thyroid antibodies
and usually do not fully recover. The syndrome is
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probably related to Hashimoto’s thyroiditis. Immuno-
logic control in these patients may be precarious, and
the disease may emerge under difficult circumstances.
Postpartum thyroiditis and postpartum Graves’ dis-
ease, which are not uncommon, are examples of this
disorder.”® It is unclear why immunologic disease
sometimes occurs after delivery. It appears that the
fetus supplies suppressor cells or some other suppres-
sor factor to the mother,”® which may ameliorate auto-
immune processes during the third trimester of preg-
nancy. A rebound then occurs two to six months after
delivery.

In summary, I think of silent thyroiditis as being
homogeneous clinically but heterogeneous etiologi-
cally.

Dr. SyEp M. Amir: It seems strange that certain
TSAbs can evoke cyclic AMP generation but fail
to show any activity in the radioligand assay
that measures inhibition of TSH binding to the re-
ceptors. Do you have an explanation for this dis-
crepancy?

Dr. VoLrE: Technical problems with the assays are
probably responsible. I am sure that the IgG has to
bind in order to stimulate generation of cyclic AMP,
and I think it binds to the TSH receptor. Until techni-
cal problems with the assays are resolved, it will be
difficult to answer that question.

Dr. JEFFrREY FLIER: I would like to respond to Dr.
Amir’s question about antibodies to the TSH receptor
that stimulate TSH-like action but do not inhibit TSH
binding. There are precedents for antireceptor anti-
bodies that are clearly directed against the receptor (as
shown by the fact that the antibodies interact with
purified solubilized receptors) but do not inhibit bind-
ing of the ligand — for example, antibodies to the ace-
tylcholine receptors in myasthenia gravis. If the recep-
tor molecule were sufficiently large and asymmetrical,
the ligand binding site would be a relatively small
portion of the receptor, and certain inhibitory or stim-
ulatory antireceptor antibodies might not interfere
with the binding site.

Dr. MarcoT SEGALL-BLANK: Have techniques that
employ fluorescent monoclonal antibodies been used
to study the association between Graves’ or Hashimo-
to’s disease and particular T-cell populations?

Dr. VoLpE: Simple enumeration by means of mono-
clonal antibodies has been used, but the results have
varied. Studies have shown a small but significant
reduction in the number of OKTS8-positive cells
(P<0.01, by the Mann—Whitney U test) — that is,
cells that are believed to be suppressor cells.”’ These
results are more applicable to patients with active,
untreated Graves’ disease than to patients who have
been treated for some time or who have Hashimoto’s
disease. Although it is unclear how to interpret these
findings, they may represent the effects of the hyper-
thyroidism itself on suppressor T cells. Other studies
do not corroborate these findings.>? It seems to me that
the responsible cell is a single, isolated clone of
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suppressor T cells that is defective in quality if not in
number.

Dr. DaNieL EiNHORN: As one test of your hypoth-
esis, have you been able to demonstrate any changes in
the activity or number of suppressor T cells in patients
during remission, as compared with the active disease
state?

Dr. VoLrE: We have found a change in function. Of
19 patients who had stopped taking propylthiouracil
two years before, almost half were still sensitized to
thyroid antigen and still had a suppressor-cell abnor-
mality.%® The only clinical difference was that patients
who were still sensitized had larger and firmer goiters
and higher titers of conventional thyroid antibodies
than did patients who were normal. The sensitized
patients probably had ongoing thyroiditis. Wood and
Ingbar®! showed that several years after patients had
stopped taking propylthiouracil, a substantial propor-
tion still had evidence of autoimmune thyroid disease,
even though they were not hyperthyroid.
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CASE 49-1982
PRESENTATION OF CASE

First admission. A 62-year-old man was admitted to
the hospital because of a question of subarachnoid
hemorrhage.

He was in excellent health until the evening of ad-
mission, when he experienced the sudden onset of a
frontal headache that radiated to the nuchal area and
was accompanied by vomiting. He was taken to an-
other hospital, where he was observed to be somnolent
but periodically agitated. The blood pressure was 170/
100 mm Hg. The neck was supple. The optic fundi
appeared normal. He moved the left extremities less
well than the right, and there was a questionable right
Babinski sign. The urine was normal. The hematocrit
was 38 per cent, and the white-cell count 13,700. The
urea nitrogen was 15 mg per 100 ml (5.4 mmol per
liter), the glucose 173 mg per 100 ml (9.60 mmol per
liter), the cholesterol 203 mg per 100 ml (5.25 mmol
per liter), and the protein 7.2 g (the albumin 4.4 g and
the globulin 2.8 g) per 100 ml. Mannitol, furosemide,
trimethobenzamide hydrochloride, and hydroxyzine
pamoate were given, and reserpine was administered
intramuscularly. The blood pressure fell to 130/90 mm
Hg. Nuchal rigidity developed, and the patient was
transferred to this hospital.

The patient was known to have kidney stones. He
smoked one package of cigarettes daily and drank alco-
hol occasionally. There was no history of hyperten-
sion, diabetes mellitus, hemorrhagic diathesis, or
stroke.

The temperature was 37.2°C, the pulse 50, and
the respirations 16. The blood pressure was 160/60
mm Hg.

On examination the patient was somnolent but
arousable. The neck was stiff. The carotid pulses were
normal, and no bruit was heard. The lungs were clear,
and the heart, abdomen, and extremities were normal.
Neurologic examination disclosed that the patient
knew his name but was 32 months in error on the date.
He counted forward to 10 and backward only from 20
to 10. Coordination and gait were not tested. The pu-
pils were 4 mm, equal, and reactive, and no gaze pref-
erence was noted. Simultaneous visual stimulation
was ignored on the left side. The optic fundi were
poorly seen; the disks appeared flat, and no subhyaloid
hemorrhages were observed; extraocular movements
were full, and corneal reflexes were intact. There
was a mild left central facial weakness. Pinprick sen-
sation was intact on the right side but not clearly so
on the left. He moved all the extremities; there was
drift of the extended left arm. The deep tendon reflexes
were ++ and equal, and bilateral Babinski signs were
present.

The urine was normal. The hematocrit was 36 per
cent; the white-cell count was 16,800, with 94 per cent
neutrophils. The platelet count was 300,000. The
prothrombin time and the partial thromboplastin time
were normal. An electrocardiogram demonstrated
sinus bradycardia at a rate of 57, with normal inter-
vals; there was evidence of probable old myocardial
infarction. X-ray films of the chest revealed a normal
appearance of the heart and lungs. A computed tomo-
graphic (CT) scan of the brain (Fig. 1), performed
without injection of contrast material, showed a large
mass with elevated absorptive values in the right tem-
poral lobe and a midline shift to the left; no evidence of
subarachnoid hemorrhage was observed. A bilateral
internal carotid angiographic examination (Fig. 2) dis-
closed a large, avascular right-temporal-lobe mass and
was otherwise negative.

Mannitol, phenytoin sodium, and methylpredniso-
lone sodium succinate were administered. On the sec-
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