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It is ironic that the most prevalent and most complicated form of

thyroid disease bears the name of “simple goiter.” The synonyms

and variants include euthyroid, nontoxic, diffuse, or multinodular

goiters and toxic nodular goiters. Most of these goiters are

endemic and mainly due to iodine deficiency or goitrogens in the

diet or water supply. However, even in areas where none of

these environmental influences apply, the prevalence of euthy-
roid goiter stili ranges from 1% to 5%.

Studer! has given the following definition of simple goiter: “Simple
goiter is a slowly developing diffuse or nodular enlargement of the
thyroid gland resulting from excessive replication of epithelial cells
with subsequent generation of new follicles of widely differing
structure and function.” Whereas in Graves' disease the individ-
ual activities of thyroid acini are tightly coordinated with each other,
such coordination does not exist in simple goiters. As a conse-
guence there are wide differences in function between one folli-
cle and the next, and differences in their sizes, thyroglobulin
content, and other biochemical parameters.

Although thyroid autoimmunity has been studied intensively
since 19586, the possibility that simple goiters may also arise from
this process was raised only in the past ten years.?® The conven-
tionally recognized triad of primary autoimmune thyroid diseases
(Graves’ disease, Hashimoto's disease, and primary myx-
edema) characteristically exhibit increased values of thyro-
globulin or thyroid microsomal antibodies in patients’ sera.
Patients with sporadic simple goiter do not show such distinc-
tive increases, though trace levels are found with the sensitive
hemagglutination tests in approximately 30% to 40% of such pa-
tients, or about twice the expected frequency of normal female
controls. Moreover, using an ultrasensitive assay for immuno-
globulins competing with thyroid-stimulating hormone (TSH) for
its receptor (TBI!, thyrotropin-binding inhibiting immunoglobulin),
Brown et al® were able to demonstrate that a large proportion of

simple goiters gave weak positive responses. Further, histologi-
cally, simple goiters occasionally show small areas of lympho-
cytic infiltrations. Although these observations were suggestive,
it was not untit 1980 that the existence of immunoglobulins
that stimulate thyroid growth (TGis, thyroid-growth-stimulating
immunogiobulins) was evident in patients with simple goiters.*

Cytochemical Bioassays for TGl

Bitensky et al® developed the initial cytochemical bicassay for
thyroid-stimulating immunoglobulins (TSls) and this test probably
still remains the most sensitive method available. It is based on
the labilization of thyroid lysosomes by TSH or by TSI. Thisis one
of the rapid effects of TSH and one that is related to hormone bio-
synthesis and secretion. To assay the effects of various agents
on cell growth, which involves the slower actions of TSH, we
focused on a different cellular event: the synthesis of DNA.*
Segments of guinea pig thyroid glands were maintained for five
hours in the presence of immunoglobulins obtained from patients’
sera. DNA synthesis was assessed by measuring the increase in
DNA per nucleus in sections from the thyroid segments as stained
by the Feulgen reaction. TSH standards were included as a pos-
itive control, whereas negative controls consisted of immuno-
globulins from normal subjects. Resuits of growth are expressed
as the percentage of cells in the S-phase, that phase of the cell
cycle characterized by active DNA synthesis (Fig 1a).

The optimal concentration of immunoglobulin for the Feulgen
cytochemical bioassay (CBA) was defined by dose-response
curves, using immunoglobulins obtained from patients with sim-
ple goiters and untreated thyrotoxic Graves’ disease patients with
large goiters. The dose response data of these immunoglobulins
were compared with those of the human TSH standard. In all
instances bell-shaped curves were observed (Fig 1), compara-
bie to those obtained in the cytochemical bioassay for TSI based
on lysosomal labilization. The optimal amount for the TSH stan-
dard ranged from 0.01 to 1.0 pU/ml culture fluid. For immuno-
globulins from patients with untreated goitrous Graves’ disease,
the optimal doses ranged from 15 pg to 125 pg, but in simple
goiter a higher concentration of immunoglobulin was needed
to reach the top of the bell-shaped curve, ie, 125 to 500 ng
immunoglobulin/ml culture medium (Fig 1b). This shows that
TGl from Graves’ disease is approximately tenfold more potent
in inducing growth in the guinea pig thyroid as compared to that
obtained from simple goiter.
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Fig 1. Dose-response curves for thyroid growth obtained in Feulgen CBA

with: (a) human TSH (Medical Research Council-A standard nr 63-14),

showing mean values (n=15) and (b) immunoglobulin preparations from

patients with sporadic goiter (broken lines) and cases of goitrous Graves’

disease (solid lines).

TGl can also be assayed in the organ culture system with
another quantitative cytochemical method that measures activity
of glucose-6-phosphate dehydrogenase (G6PD).* With this
method McMullan and Smyth’ recently found TGl to be present
in all 17 goitrous Graves’ disease patients tested, and also in
some 70% of patients with simple goiter. Four out of eight with
toxic nodular goiters were positive for TGl as well. Recently we
obtained similar data in toxic nodular goiter, showing 7 of 9 patients
TGlI-positive in the Feulgen densitometric assay (Wiener and
van der Gaag, in preparation).

Efforts have also been directed at developing other methods
for measuring TGl levels. Chiovato et al® have tested the effect of
immunoglobulins on rat thyroid follicles separated by coliage-
nase treatment and subsequently cultured. Fifteen of 22 prep-
arations obtained from patients with goitrous Graves’ disease
(68%) showed an increase in 3H-thymidine incorporation in the
DNA of thyroid cells, an indication of a growth-promoting effect.
However, the immunoglobulins from 15 thyrotoxic patients with-
out apparent glandular enlargement did not differ from normal
immunoglobulin. Among the preparations that yielded a response,
there appeared to be a correlation between the activity of the
immunoglobulin and the size of the gland, but not with the level
of circulating triiodothyronine (T3). Among patients with simple
goiters, three of nine patients with recurrences after thyroidec-
tomy and one patient with familial nodular goiter yielded positive
resuits. The strongest TGl response from a recurrent nontoxic
goiter patient was 40 times less potent than that from a patient
with Graves’ disease. Although in principle these results are sim-
ifar to those obtained with the cytochemical bioassay procedure,

and although the thymidine incorporation method is technically
simpler, its lesser sensitivity limits general application. These
considerations appear also to apply to efforts to study thymidine
incorporation into the nuclei of cells of a continuously replicating
rat thyroid cell line code-named FRTL-5. Valente et al° showed
that 17 of 20 patients with active Graves’ disease and two of five
patients with Hashimoto's goiter yielded immunoglobulin prep-
arations that augmented cell growth in this system. These
investigators, however, could not detect any growth-promoting
antibodies in simple goiter occurring in the New England area,
nor did they find any correlation between goiter size and in vitro
TGl activity.

TGl and the Thyrotoxicosis of Graves’ Disease

Most patients with Graves’ disease have some enlargement of
their thyroid gland, but the size of the goiter bears little relation-
ship to the amount of T3 or thyroxine (T4) generated. Moreover,
about 2% to 10% of thyrotoxic patients have no goiter. In our ini-
tial studies, we established a general relationship between the size
of the thyrotoxic goiter as estimated by palpation or thyroidec-
tomy and the intensity of the growth-promoting stimulus elicited
by the immunoglobulin preparation. In patients with thyroid glands
that were either not palpable or barely palpable but with signifi-
cant increases of circulating hormones, the effects of immuno-
globulins were indistinguishable from those of immunoglobulins
obtained from normal subjects. There were no correfations
between the pretreatment T3 level and the immunoglobulin
response. These data have now been confirmed by several
groups789

it is thus clear that several distinctive classes of immunoglob-
ulins participate in the pathogenesis of Graves' disease. TSI
stimulates thyroid follicle cells to produce excessive amounts of
T3 and T4, whereas TGl stimulates foliicle cells to grow, indepen
dent of the action of TSI.

There is also evidence that TS| and TGl react with different
domains of the TSH receptor. Valente et al® generated human
monoclonal antibodies from heterohybridomas obtained by fus-
ing mouse myeloma cells with peripheral lymphocytes from
patients with active Graves’ disease. Four antibodies were char-
acterized as presumptive thyrotropin receptor antibodies, since
they specifically inhibited thyrotropin binding. Two of these anti-
bodies were representative of autoimmune stimulators in Graves’
disease, since they could stimulate thyroid function in several
assays, including the mouse bioassay. These stimulating anti-
bodies interacted strongly with human thyroid ganglioside prep-
arations, but were poor inhibitors of '?|-thyrotropin binding. One
of the monoclonal antibodies stimulated thymidine incorporation
in the FRTL-5 cell line and also showed positive results in the
Feulgen cytochemical bioassay. This monoclonal TGl had no
intrinsic stimulatory action in assays of thyroid function but rather
inhibited thyrotropin activity in the assays. Although this anti-
body did not react with human thyroid gangliosides it inhibited
the binding of TSH to its receptor. This indicates that TGI may
interact with groupings on the TSH receptor differently from those
reacting with TSI

These data emphasize the multiplicity of antigenic sites with
which the immunoglobulins of Graves’ disease react. The
autoimmune B-cell response in Graves’ disease can be consid-
ered as polyclonal, involving the production of several TSls and
TGls, TSH receptor-blocking antibodies, as well as variabl.
amounts of antimicrosomal and antithyroglobulin antibodies. The
diversity of biologically active antibodies may well account for the
variation in clinical manifestations.
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TGl in Simple Goiter

Recently we studied 62 consecutive cases of sporadic simple
euthyroid goiter (57 females, five males, living in London or
Amsterdam, both non-iodine-deficient areas). Of these, 15 were
classified as diffuse, 39 as multinodular, and eight as single nod-
ules. Sera from these patients were tested for the presence of TGi
by the Feulgen cytochemical bioassay. Forty-three (67%) were
positive. Titers of TGl tended to be high in diffuse goiter, nodular
goiters that recurred after partial thyroidectomy, and those with
recent growth (Fig 2). Thirty-seven preparations of immunoglob-
ulins were obtained from 20 normal subjects, 13 patients with
atrophic thyroiditis, and four patients with goiters showing dimin-
ished thyroid function. Only three preparations yielded positive
growth assays. These results suggest that a large proportion of
sporadic simple goiters are due to an autoimmune process. Fur-
ther evidence supporting this concept is our recent finding of
defects in T-suppressor cell function in such patients, which may
underlie the exaggerated response gf TGl-specific autoimmune
B-cell clones.”

Fig 2. TGl in individual sporadic goiter cases. The Feulgen CBA was done
with a fixed concentration of 125 pg lg preparation/ml culture fluid. The
criterion for growth is a value of more than 5% of cells in the S-phase.
Open circles = cases with recent goiter growth. Dyshormonal goiter =
goiter associated with hypothyroidism.

We also tested some of our patients’ sera in two assay sys-
tems thought to reflect activities of antibodies to the TSH receptor
and induce thyroid hormone synthesis. None of the 20 serum
samples studied showed cAMP stimulation. Some were weakly
positive when tested with the ultrasensitive TBll assay of Brown
et al,® but these responses failed to correlate with the presence
of TGl The lack of correlation of TGl and TBII strongly suggests
that the TGls in non-endemic goiter are either not TSH receptor
antibodies or if they are, recognize antigenic determinants on the
receptor differently from the TSH-binding site.

The finding of low titers of antithyroglobulin and antimicroso-
mal antibodies in 30% of our 62 patients with simple goiter reflects
the twofold increase in incidence in comparison to normal indi-
viduais of comparable age (see earlier). It parallels the lower
prevalence of focal thyroiditis in such goiters as compared with
Graves' disease, in which sera from 50% to 70% of patients are
positive for such antibodies.

The prevalence of thyroid disorders in first degree relatives was
35 of 50 patients supplying reliable histories. Twenty relatives had
simple goiter, eight thyrotoxicosis, two Hashimoto’s thyroiditis, two
thyroid carcinoma, and three unidentified thyroid disease. Sup-
porting the possibility of genetic transmission was the finding that

among patients with diffuse simple goiters there was a signifi-
cantly greater frequency of certain genetically determined mark-
ers on the heavy chain of immunoglobulin G, coded G1 (z, a, x)
and G3 (g). This was not the case in patients with simple multi-
nodular goiter, who showed a greater frequency of another
immunoglobulin marker, namely Km (1). No associations with
particular HLA-DR* haplotypes were found in patients with either
diffuse or multinodular goiter. These data suggest that diffuse and
muitinodular simple goiter occur in different genetic populations
and probably represent separate entities.

Differences in TGl Potency Between Graves’ Disease and
Simpie Goiter

It is curious why on the one hand there is an orderly coordinated
cell response in Graves' disease and why on the other there is
only a disorganized, unhinged metabolism by the component fol-
licles of simple goiter. The normal thyroid gland is composed of
follicular cells that differ in their ability to synthesize thyroid hor-
mones, to respond to TSH, and to replicate. Studer et al' (see also
Thyroid Today, Volume 7, Number 4, July/August 1984) have
suggested that if a potent goitrogen acts upon such a normal het-
erogeneous gland, a diffuse enlargement will result and show both
hypertrophy and hyperplasia in most acini. Conversely, multinod-
ular goiter would develop only when a mild goitrogenic stimulus
exerts its influence over a period of years.

As pointed out above, active thyrotoxicosis is associated with
the presence of TSI and TGl. When TGi is present it correlates
well with goiter size. in toxic patients without thyroid enlarge-
ment, no TGl is demonstrable. In the sera of patients with simple
goiters similar in size to those of thyrotoxic patients, TGl is pres-
ent but as pointed out above, has a potency approximately ten
times less than that of the TGl found in the sera of patients with
Graves' disease. Thus, our data showing relative high titers of TG/
activity in patients with goitrous Graves’ disease and low titers in
those with simple goiters support the view of Studer et al that one
of the major differences between diffuse and nodular is the inten-
sity of the goitrogenic stimulus.

Blocking Antibodies in Primary Myxedema and
Congenital Hypothyroidism

Autoantibodies capable of blocking the cAMP stimulation pro-
duced by TSH (TSI block) were described in sera from thyrotoxic
patients™ and later in patients with primary myxedema.’ %1%
Blocking antibodies for the growth pathway (TGl block) are also
present in the sera of patients with primary myxedema.'* When
immunoglobulins from certain patients are incubated together
with TSH standard, they depress the cell division stimulated by
TSH in the Feulgen cytochemical bioassay.

Unlike Hashimoto's disease, primary myxedema is not char-
acterized by goiter, but rather by progressive shrinking of the gland
with loss of epithelium. This occurs despite the efforts of the pitui-
tary to counteract this process with a substantial rise in the level
of circulating TSH. The principal destructive antibodies and celi-
mediated mechanisms appear to be similar in both disorders.
Microsomal and antithyroglobulin antibodies are present, and tests
for cell-mediated immunity are positive in virtually all Hashimoto
patients. Similarly, the vast majority of newly diagnosed primary
myxedema cases exhibit these antibodies, even though titers of
thyroid autoantibodies are in general fower than in Hashimoto's
disease and may be even totally absent in some cases of primary
thyroid atrophy.

The difference between goitrous (Hashimoto) and atrophic
*HLA-DR antigens are transplantation antigens playing a role in
cell-mediated immune reactions and coded by the major histo-
compatibility complex.
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lymphocytic thyroiditis (primary myxedema) may be due to the
ability of the follicular cells of Hashimoto’s goiters o regenerate
in response to increased pituitary TSH secretion. In primary
myxedema this repair mechanism may be blocked immunologi-
cally. Blocking antibodies have not been demonstrated in goi-
trous Hashimoto’s disease. On the contrary, TGls were detectable
in approximately half of the patients, mainly in those where the
goiter could not be reduced with T4 therapy or those showing a
postoperative recurrence. The TGl in these patients may aug-
ment the effect of TSH in the repair of follicle cells, thus contrib-
uting to the goiter formation'” (Fig 3). Genetic differences between
goitrous Hashimoto's disease and atrophic lymphocytic thyroidi-
tis have also been found: an increased prevalence of HLA-DR3
in primary myxedema patients, whereas goitrous Hashimoto’s
thyroiditis patients show a predominance of HLA-DRS.

HASHIMOTO
GOITER

PRIMARY
MYXEDEMA

TSH4 TSH4
{TGI)
T4*
TGI block
TSI block

destruction by thyroid anti-
bodies and cell-mediated
mechanisms
Fig 3. Both Hashimoto goiter and primary myxedema are due to destructive
lymphoid invasion of the gland, counteracted by constant generation of new
acini under the influence of TSH (and some additional TGl) in Hashimoto

goiter. in primary myxedema, the repair mechanism is blocked by TGl block
and TSI block, which ultimately leads to atrophy of the gland.

Mothers with thyroid atrophy occasionally give birth to babies
with a familial form of congenital athyreotic cretinism. Goldsmith
et al" were the first to study such a family in detail. Thyroid
suppression was present in all six offspring of a myxedematous
mother showing positive thyroid microsomal antibodies. Two of
the siblings died in the neonatal period. Although hypothyroidism
was transient in two of the remaining offspring, all were mentally
and physically retarded at a later age, despite full T4 replacement
therapy. To account for the familial clustering of this form of cre-
tinism the authors postulated the transplacental passage of a
“thyrocytosuppressive” factor in addition to thyroid microsomal
antibodies.

More recently, Japanese investigators provided the evidence
for the transplacental passage of a TBlH capable of blocking TSH-
induced adenylate cyclase stimulation and interfering with thy-
roid hormone synthesis.”>'*The maternal antibody was present in
high titer in the siblings at 2 months of age. The ievels decreased
at 3 months and tests were negative at approximately 10 months
of age. These children had only miid transient forms of congenital
hypothyroidism. We have studied a Turkish family in which four
members (two sisters, an aunt, and an uncle) were affected by

more persistent forms of congenital hypothyroidism. in three, the
thyroid gland could not be seen by radioactive thyroid imaging.
The mother of the two sisters was clinically euthyroid throughout
the period of observation, but showed high levels of microsomal
antibodies in addition to immunoglobuiins that blocked the trophic

TGI-block 4+ TGI-block: neg TGI-block :neg
MCHA:1/1607  McHA:1/40! McHA neg McHA:1:20

SECOND CHILD j b ¥ i

TGI-block + TGI-block:+
McHA neg McHA:neg

¥ L

FIRST CHILD

TGI block 4+ TGi-block 44
McHA 171607 McHA 171607

HOTHER W_'_W%
V 3 22 ZZ %

PREGNANT PREGNANT

TCI-block e«
McHA:1/6401

MONTH vi it Vi X1 VI X1
YEAR 1978 1978 1979 1979 1980 1982

Fig 4. Thyroid microsomal antibodies {(McHA) and TGI block in a euthyroid
mother, who gave birth to two girls with a familial form of congenital
hypothyroidism. The first child produced the thyroid antibodies herself;
in the second child there is proof of the transplacental passage of such
antibodies.

action of TSH. The serum of the father was weakly positive for
microsomal antibodies. The maternal growth-blocking antibod-
ies underwent transplacental transfer in the younger child. The
older sibling, the aunt, and the uncle produced growth-blocking
antibodies themselves and may thus represent forms of thyroid
autoimmunity with a very early onset (Fig 4). These family stud-
ies indicate that familial forms of congenital hypothyroidism are
complex disorders and, at least in some cases, may be brought
about by transplacental passage of thyroid receptor antibodies,
whereas others may be associated with the inheritance of a trait
for thyroid autoimmunity.

Intriguing are recent data on TGI block in sporadic forms of
congenital hypothyroidism.> This disorder has a prevalence of
about 1 to 4,000 live births in iodine-replete areas (see Thyroid
Today, Volume 8, Number 1, Jan/Feb/March 1985). Most indus-
trialized countries now screen all newborns for the presence of
this disease in an attempt to eradicate the permanent neurolog-
ical sequelae of delayed T4 replacement therapy.?” The patho-
genesis of sporadic congenital hypothyroidism is largely unknown.

Of 34 mothers of infants detected in the Quebec screening pro-
gram (1979 to 1983), 15 serum samples were positive for TG block
when tested in the ultrasensitive Feulgen cytochemical bioassay.
At childbirth, ali mothers were clinically and biochemically euthy-
roid. in general, the blocking immunoglobulins were found in the
absence of thyroid microsomal antibodies. Two mothers, how-
ever, had significant titers of antimicrosomal antibodies and thus
had an autoantibody profile similar to that which characterizes adult
thyroid atrophy. They were the only two mothers who became
hypothyroid in a foliow-up of one to three years, and their infants
can be considered to be affected by familial congenital hypothy-
roidism. Sixteen postpartum infant blood samples from the Que-
bec program were also available for study; eight were positive for
immunoglobulins that blocked TSH-induced thyroid growth. There
was a generally good correlation in the positivity for these immu-
noglobulins between mothers and their own children.

Seven mothers with positive sera were tested up to three years
after childbirth, when the results for four of the seven were neg-
ative. This suggests that blocking immunoglobulins may disap-
pear from the maternal circulation in the course of time.

The data from the Quebec series raise the possibility that a
transplacental passage of maternal immunoglobulins influencing
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TSH-induced processes of thyroid growth may play a role in the
pathogenesis of a substantial proportion of cases of sporadic
congenital hypothyroidism. It is not clear, however, whether these
antibodies arise as a result of a true maternal thyroid autoim-
mune process or whether their formation is induced by some sort
of viral infection of the thyroid or by the fetal-placental unit. The
latter is conceivable in view of the fact that the placenta is a major
source of many polypeptide hormones, some of which have
thyrotrophic action, such as chorionic gonadotropin. Maternal
antibodies to such placental thyrotrophic hormones, to their
corresponding idiotypes, 2 or to placental receptors for such
hormones could crossreact with receptors present on fetal thy-
roid cells. These considerations are, however, highly speculative
and need further evaluation.

Future Developments

It is clear from the data summarized here that TGl and TGl block
play an important role in functional and morphological distur-
bances of the thyroid in a broad spectrum of thyroid disorders,
including primary myxedema, Graves’ disease, simple sporadic
goiter, Hashimoto’s disease, and congenital hypothyroidism. The
assay of immunogiobulins affecting the biological activity of
the thyroid gland will probably become increasingly important
in clinical practice. Development of simplified methods to avoid
the laborious techniques currently in use would clearly be
advantageous.

Recent reports have suggested that patients with endemic goi-
ters may also have growth-promoting antibodies; 50% to 60% of
nontoxic simple goiter cases from Tuscany and Brazil*?* showed
values positive for TGl in the FRTL-5 cell assay. lodized oil treat-
ment resulted in a disappearance of TGl from the circulation of
almost every patient initially positive. These findings highlight what
appears to be a potentially fascinating relationship between
intrathyroidal metabolism and the autoimmune response and point
to the need for further clarification.

Continuous glandular TSH stimulation in animals results first in
diffuse, but later in nodular, goiter development. In these nodular
goiters areas of malignancy may eventually occur.® These con-
siderations prompt a systematic study of TGl levels in patients with
thyroid carcinoma.

Another avenue of exploration is opened by the newer con-
cepts of the factors responsible for the growth of endocrine cells.
Diacylglycerol and inositolpolyphosphate have been proposed as
second messengers. Both play a role in the phosphatidyl-inositol
turnover pathway, which is important in cell proliferation.?# This
pathway can be triggered by stimulating the TSH receptor, and
also by stimulating other receptors such as those for epidermal
growth factor (EGF), adrenaline, and lectins. Thus, immunoglob-
ulins affecting thyroid growth may not necessarily be directed to
the TSH receptor. They may equally be specific for other known
and unknown receptors. If so, this would provide an explanation
for the lack of strong overlap between Graves' disease and sim-
ple goiter. Future research will unravel whether there are several
classes of TGl specific for different receptors instrumental in
guiding cell proliferation.
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Glossary of Abbreviations

cAMP—ocyclic adenosine monophosphate
CBA—cytochemical bioassay
DNA-—deoxyribonucieic acid

EGF—epidermal growth factor
FRTL-5—continuously replicating rat thyroid cell line
G6PD—qglucose-6-phosphate dehydrogenase
igG—immunoglobulin G

McHA—thyroid microsomal antibodies
TBil—thyrotropin-binding inhibiting immunoglobulin
TGi—thyroid-growth-stimulating immunoglobulin
TSH—thyroid-stimulating hormone
TSi—thyroid-stimulating immunoglobulin
T,—triiodothyronine

T,—thyroxine



