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Abstract

This paper addresses the question: in Graves' disease is there a
thyroid-growth stimulating IgG (TGI) separate from thyroid-
stimulating antibody (TSAb)? Using the functioning rat thy-
roid line (FRTL5) cells for TGI (incorporation of 13H1-
thymidine into DNA) and TSAb (increase in cAMPconcen-
tration) assays, we tested IgG from 30 Graves' patients.
Positive TGI assay occurred only if cAMPincreased in the
cells and responses correlated, i.e., r = 0.95, P < 0.001. With
one very potent TSAb-IgG we showed that Fab was active as
TGI and TSAb, IgG with pI of 8.5-9.0 was the most potent
fraction in both systems and an inhibitory IgG prevented the
action of both TSAb-IgG and TSH in both the TSAb and TGI
assays. In the last example, the action was on the cell mem-
brane and not on the TSH or IgG. These data are entirely
compatible with the view that in Graves' disease, at least as
tested in FRTL5 cells, the same IgG is active in stimulating
both growth and adenylate cyclase.

Introduction

In recent years the possibility has been raised that there may be
a specific thyroid growth-stimulating IgG (TGI),1 distinct from
the thyroid-stimulating antibody (TSAb) of Graves' disease,
circulating in patients with simple goiter (1-4) or Graves' dis-
ease (3, 5). In addition, it was suggested that stimulation of
thyroid growth may not be mediated by cAMP(1, 3, 6) unlike
much of the rest of thyroid function (7), and despite the fact
that such mediation was well documented for growth effects of
TSH in canine thyroid cells (8-1 1). Recently, we addressed the
question of whether TSH-stimulated growth (of the nontrans-
formed functioning rat thyroid line, FRTL5 cells) was me-
diated by cAMP, and obtained data (12), as have others (13,
14), in support of that concept. Wenow describe experience
with another aspect of the topic, viz., is it necessary to hypoth-
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1. Abbreviations used in this paper: TGI, thyroid growth-promoting
immunoglobulin G; TSAb, thyroid-stimulating antibody.

esize that in Graves' disease TSAb and TGI coexist as different
molecules, or might the activities reflect the properties of a
single IgG?

To this end we used three assay systems: increase in cAMP
in human thyroid cells (15) and in FRTL5 cells (12) and in-
crease in the incorporation of [3H]thymidine ([3H]Tdr) into
DNAin FRTL5 cells (12). Westudied IgG from 30 patients
with Graves' disease, including 16 previously reported ( 16), 12
listed in Table I, one whose data are given in Fig. 2 and one
whose IgG acts as our laboratory standard TSAb, the assay
characteristics of which have been described (12, 15).

Methods

Patients. The 30 patients studied all had a diagnosis of Graves' disease
established by conventional clinical and laboratory criteria ( 17). Data
from 16 of these patients were reported in brief previously (16). The
additional 14 IgG were chosen for the studies described here because of
the wide ranges of responses obtained with them in the human thyroid
cell assay (see Fig. 1 for results with 12 IgG). At the time blood was
taken for the current investigation, the patients' clinical states varied
from being hyperthyroid and freshly diagnosed to being hypothyroid
but on thyroxine-replacement therapy after ablative treatment of hy-
perthyroidism (Table I); specific clinical features, such as goiter re-
growth after subtotal thyroidectomy, are noted in the text.

IgG was purified from serum and concentrated as previously de-
scribed (18); solutions were dialyzed against the buffer appropriate for
the subsequent procedures and stored at -20C until required. For
more detailed studies, TSAb-IgG [our laboratory standard (12, 15)]2
was subjected to fractionation and fragmentation as follows: prepara-
tive isoelectric focusing was used (19) to obtain, from 90 mg IgG,
fractions with pI 5-6.5, -7.5, -8.0, -8.5, -9.0, -9.5, and -10.0. These
solutions were dialyzed for 4 h against distilled water, for 24 h against
0.9% NaCl and then concentrated by vacuum filtration followed by
further dialysis versus two changes of 0.9% NaCl over 48 h. To ensure
total removal of ampholyte, the first three fractions [known to retain
residual ampholyte (18)] were passed over a 5-ml column of Sephadex
G-50 equilibrated with 20 mMTris HCO, 50 mMNaCl, pH 7.5. The
final solutions were dialyzed against the buffer appropriate for the
assay to be undertaken. The Fab fragment of TSAb-IgG was prepared
as described previously (15). It was pure as tested with rabbit anti-
human IgG/Fc (Behringwerke AG, Marburg, FRG) by the Ouchter-
lony technique (15).

An IgG that is a potent inhibitor of both TSAb and TSH (desig-
nated MIgG in reference 15) was used as indicated to test effects in
TSAband TGI assays, by itself and as an inhibitor of TSHand TSAb in

2. This IgG was prepared from the serum of a patient who, after giving
birth to a hyperthyroid neonate, was treated with '"'I and subsequently
maintained on T4. As this is the most potent TSAb in our experience
and without a biphasic effect in cAMPassays, we have been using it as
our laboratory standard (reference 12, TSAb; reference 15, DeL IgG).
There has been no change in potency in this patient's IgG over 4 yr.
IgG from 9/82 and 8/86 were tested simultaneously at 10 gg/ml
(human thyroid cells); results were 570 and 571% increase in cAMP.
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Table I. Thyroid Gland Size, Therapy, and Assay Data
for 12 Patients with Graves' Disease

Assay data (FRTL5 cells)
Patient

No. Thyroid Therapy* IgG cAMP [3H]Tdr

g mg/ml % %

1 45* Nil 0.2-4 105-75 103-70
2 145* Nil 0.2-4 98-85 66-88
3 120* PTU 0.2-4 96-96 100-72
4 50§ PTU 0.2-4 96-95 95-100
5 60§ PTU 0.2-4 106-125 105-92
6 185* T4 0.2-4 846-1203 870-820
7 60§ PTU 0.2-4 863-1208 872-870
8 80§ PTU 1.0-4 282-1402 510-969
9 180§ Nil 1.0-4 930-3788 985-936

10 160§ Nil 1.0-4 451-1732 704-960
11 80§ PTU 0.2-1 697-2850 963-962
12 0§ T4 0.2-1 1100-3462 970-951

* At time blood was obtained; PTU, propylthiouracil; T4, thyroxine,
prescribed for hypothyroidism that developed 5 wk after subtotal
thyroidectomy (patient 6) or 3 doses of 13 I (patient 12). Blood for
TGI and TSAb assays was obtained shortly before (patients 1-3) or
after (patient 6) subtotal thyroidectomy. Where it was from patients
under therapy with PTUall had suppressed TSH so that the thyroid
weight was presumably not influenced by therapy in all except pa-
tient 12. Thyroid weight: $confirmed at operation; 1clinical esti-
mate. Assay data are the means of triplicate observations obtained
with the two concentrations of IgG listed; in most instances interme-
diate concentration of IgG was also tested. cAMP-%and [3H]Tdr
refer to values expressed as percentage of control (12); in both sys-
tems IgG 1-5 were not stimulatory. In the TSAb assay the maximum
response to TSH (5 mU/ml) was 6596% and in TGI assay (200
MU/ml) 973%. As discussed in the text, the TGI assay response is
maximal at lower concentrations of TSHand IgG than occurs in the
TSAb system.

both systems. To exclude the possibility that the inhibitor interacted
directly with TSH and TSAb-IgG, some assays were carried out by
preincubating cells with the inhibiting IgG, then washing them with
buffer before incubation with test materials. In this report the labora-
tory standard TSAb-IgG is referred to as TSAb or TSAb-IgG and the
inhibiting IgG as IgG-i. TSH used was NIH-TSH-B-10, a gift from
National Institute of Diabetes, Digestive and Kidney Diseases, NIH.

TSAb assay with human thyroid and FRTL5 cells in culture.
FRTL5 cells were generously provided by Dr. L. D. Kohn and Dr.
W. A. Valente of NIH and were used as described (12). The procedure
for human thyroid cells, in hypotonic medium, was also reported pre-
viously (15). In both instances cAMPwas measured by radioimmuno-
assay kit (Immuno Nuclear Corporation, Stillwater, MN); with the
FRTL5 cells an ethanol extract of cells was processed (12) and with
human cells aliquots of medium were used directly after dilution and
acetylation (15). The incubation time with IgG or TSHwas 2 h with
FRTL5 cells and 4 h with human cells.

TGI assay. FRTL5 cells were used as described earlier (12) with
increase in DNAand in the incorporation of [3H]Tdr into DNAas
indices of growth. The incubation time with IgG or TSHwas 72 h.

Statistical methods. Analysis of variance was used to establish the
statistical significance of assay data. Correlation coefficient was calcu-
lated by linear regression analysis.

Results

Assays in human thyroid cells. These were carried out at two or
three concentrations of IgG, typically 0.05, 0.5, and 1.5 mg/ml

hypotonic medium, as previously described (15, 20). All 30
samples were positive at one or more concentrations. Illustra-
tive data with IgG from 12 patients are given in Fig. 1. As we
have emphasized in an earlier publication (20), the response to
the three doses of IgG tested may vary from straight-line posi-
tive slope (e.g., IgG 8), through biphasic (e.g., IgG 3), to a
straight-line negative slope (e.g., patient 6). Also shown in the
figure is the fact that the least potent IgG (1-5) were negative
in the FRTL5-cAMP assay and all others were positive. This
aspect of the study is enlarged below.

Assays with FRTL5 cells. Of the 30 IgG, 17 were positive
in terms of both cAMP production and [3H]Tdr incorpora-
tion; 4 were low positive (< 180%) as TSAb but negative in the
TGI assay; 8 were negative in both procedures; data for the 12
most recently studied IgG are in Table I. Wehad the opportu-
nity to obtain repeatedly IgG from 1 patient and her data are
detailed below.

There was no correlation of the data from any of the three
assay systems, specifically the TGI procedure, with estimated
goiter size (Table I). On the other hand, as indicated in Table I,
TGI negative IgG were also negative in the FRTL5-cAMP
assay and were the least potent in the human thyroid cell assay.
A correlation coefficient of 0.95, P < 0.001, resulted when the
values obtained with the lowest IgG concentrations in the 12
duplicate sets of data were used to compare results of TSAb
versus TGI assays. The values with the highest IgG concentra-
tions were not as satisfactory for analysis since some repre-
sented data after the maximum responsiveness of the TGI
assay was reached.

Studies with individual IgG. Fig. 2 provides data with IgG
collected over time from a patient initially treated with propyl-
thiouracil (from 3/84) and then subjected twice to subtotal
thyroidectomy (in June 1985 and June 1986 after relapse of
hypothyroidism with goiter regrowth), before requiring thy-
roxine therapy for hypothyroidism. The patterns of assay re-
sponse (human thyroid cells) illustrate a change from negative
to positive slopes over the concentrations tested. The figure
also depicts assay results using FRTL5 cells. No IgG was avail-
able from the blood of 3/84 but the four other IgG were as-
sayed for effects on both cAMP concentration and [3H]Tdr
incorporation. Only samples from 1/85 and 7/85 enhanced
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Figure 1. TSAb assay with human thyroid cells. Numbers 1-12 refer
to IgG purified from sera of patients in Table I. Values shown were
derived from 3 separate assays in which responses to 1 mUTSH/ml
were 1,105-1,204%. Each point represents the mean of closely agree-
ing triplicate determination. A Samples negative in TSAb and TGI
assays with FRTL5 cells; * all positive in FRTL5 systems.
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cAMP concentration, as shown; IgG from 8/86 and 12/86
were negative as tested at a maximum of 4 mg/ml. In the TGI
assay (data not shown) all IgG were negative except that of
1/85, which at 4 mg/ml gave a response of 463%.

Assay offractions obtained by isoelectric focusing. Fig. 3
offers a comparison of increasing concentrations of the IgG
fractions, obtained by isoelectric focusing, that were tested in
the TSAb and TGI assays with FRTL5 cells. The following
features merit emphasis. In the TSAb assay there is a progres-
sive increment of response to 10-200 MUTSH/ml; none of the
IgG fractions stimulated the system to the degree obtained
with 200 ,U TSH/ml. For each concentration of IgG the great-
est effect was obtained with fraction 5, i.e., with pI of 8.5-9.0.
With the TGI assay, as judged by the response to TSH, a
maximal response of - 650-700% was achieved with fractions
4-6 at 50 ,ug/ml and fractions 3-7 at 200 ,g/ml. However, with
10 ug/ml the greatest response was clearly obtained with frac-
tion 5 (pI 8.5-9.0). As reported previously (12), it is character-
istic of these assays that the maximum effect is readily reached
with lower quantities of either IgG or TSH in the TGI system
than in the TSAb assay. A similar pattern of response relative
to the pI of the fractions was obtained in the TSAb assay with
human thyroid cells except that there was greater sensitivity in
that system; when IgG was tested at 1, 5, and 50 Ag/ml, a
maximum effect was observed with 5 Ag of fraction 5 (data not
shown).

Table II provides data from the same experiment but with
the growth effect shown as micrograms of DNA/well; there
was confirmation of a true growth effect with 50 and 200 yg
IgG/ml. Using the lower concentration, the greatest increase in
DNAwas obtained with fraction 5 but with 200 Mg/ml all
responses, except for that of fraction 2, were to the apparent
maximum of the system, as was the case with the [3H]Tdr
incorporation.

TSAb and TGI assays of Fab fragment of TSAb-IgG. As
shown in Fig. 4 in the TSAb assay the Fab fragment of the
standard TSAb-IgG was, by weight, more potent than the par-
ent IgG; we have previously documented that on a molar basis
the Fab component is approximately equipotent to the parent
IgG (15). Wehave no explanation why, in this instance, the
Fab fragment was apparently of significantly greater molar
potency than the parent IgG. In the TGI assay the maximal

450 f Mean! SD n= 3 HTC. FRTL5*
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lgG mg/ml 0.1 0.5 1.5 4

Figure 2. TSAb assay with human thyroid (HTC-) and FRTL5 cells
(*). IgG was obtained from serum of a single patient (clinical course
described in the text) on the dates indicated. Samples 3/84 to 8/86
(HTC) were tested in a single assay and that of 12/86 subsequently;
response to 1 mUTSH/ml in those assays was 1,174 and 1,271%.
Samples 1/85 to 12/86, as described in the text, were tested in a sin-
gle FRTL5 assay. (Modified from Fig. 3, reference 30 by inclusion of
data with FRTL5 cells.)
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Figure 3. Effect of IEF fractions of TSAb-IgG in TSAb and TGI
assays with FRTL5 cells. In the two systems, all samples were tested
in single assay runs. The statistical significance of responses to 10 ,g
or ,u is indicated; all responses to 50 or 200 ,g or MUwere signifi-
cantly different from the control (P < 0.001).

effect (as judged by the response to 200 MUTSH/ml, not
shown) was achieved by 10-50 MgFab/ml but only by 50-200
Mg IgG. A similar pattern (not shown) was obtained when an
increase in DNA/well was used as the index of response. Thus
in stimulation both of cAMPaccumulation and growth the
Fab fragment of the parent IgG had full potency.

Inhibition of TSAb, TGI, and TSH. IgG-i was previously
shown to be a potent inhibitor, in the TSAb assay, of both TSH
and TSAb-IgG (15). It was therefore of interest to test it in the
TGI assay and the data are given in Fig. 5. IgG-i had a slight
negative effect by itself, and TSAb and TSHwere stimulatory
at 20 ug and 20 MUper ml; these effects of TSAb and TSH
were completely inhibited by addition of IgG-i to the system.

The mechanism of inhibition of TSAb-IgG and TSH by
IgG-i in the TSAb assay was explored as shown in Fig. 6. In
this experiment cells were pre-incubated with 1 mg IgG-i or
normal IgG per ml buffer for 1 h before they were washed and
used for the TSAb assay. The effect of only preincubation with
IgG-i was to inhibit both stimulators by > 90%; there was
complete inhibition when TSH and TSAb were assayed with
IgG-i included in the second incubation. Similar results were
obtained when another inhibitory IgG was tested in like fash-
ion (data not shown).

Discussion

These experiments were aimed at testing the hypothesis that
there may be different IgG molecules in Graves' disease that
are active in TSAb and TGI assays. Our findings are compati-
ble with the view that the same IgG is active in both systems.

As emphasized previously we consider it important, when
using human thyroid cells, to assay samples for TSAb at sev-
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Table II. TGI Assay of Isoelectric Focusing Fractions of TSAb-IgG

jg DNA/well at IgG concentration

Group 10 Mg/ml 50 Mg/ml 200 Mg/ml

Control 4.29±0.17* 4.15±0.07 4.19±0.11
TSAb-IgG 4.28±0.19 5.86±0.19* 6.50±0.06*
Fr. 2 4.38±0.24 4.32±0.25 5.20±0.15*

3 4.12±0.17 5.22±0.15t 6.15±0.17*
4 4.39±0.08 5.72±0.23* 6.66±0.08*
5 4.52±0.18 6.43±0.17* 6.39±0.06*
6 4.46±0.15 5.50±0.30* 6.46±0.09t
7 4.40±0.02 5.10±0.11* 6.25±0.14*

The fraction (Fr.) number refers to those identified by pl in Fig. 3.
The DNAvalues in this table are those used to calculate the response
([3H]Tdr/yg DNA) in Fig. 3.
* Mean±SD, n = 3.
*
P vs. control: < 0.001.

eral concentrations of IgG in that, at a single concentration,
some will appear negative while actually positive at a higher or
lower level. This biphasic effect in the assay may reflect the
presence of an IgG with the property of inhibiting TSAb (15).
Assuming different potencies and/or affinities of a stimulator
and an inhibitor, the response in the TSAb assay will clearly
vary with the relative concentrations of the IgG concerned and
this, in turn, will inevitably differ from patient to patient.

Comparison of responses to IgG in the three assay systems
is fraught with difficulty. In general it is clear that, with FRTL5
cells, only if there is a positive TSAb effect of a certain magni-
tude, i.e., in our hands, an increase in cAMPaccumulation of
at least 180%, is there stimulation of [3H]Tdr incorporation.
Secondly, overall in the two TSAb assay systems, the response
of human thyroid cells is greater than that of FRTL5 cells,
although direct comparison is complicated by the biphasic re-
sponses (Fig. 1) that occur more frequently with the former. In
our experience, a response in the human system of at least
400% increase in cAMPwith one concentration of IgG was
obtained if that IgG was positive in the TGI system. Further-
more, as illustrated by the data in Fig. 2 and Table I, there was
no correlation between the clinical assessment of thyroid
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Figure 4. Effect of TSAb-IgG and its Fab fragment in TSAb and TGI
assay using FRTL5 cells. All values are the means of closely agreeing
triplicate observations and are statistically significantly greater than
control (P < 0.00 1).

700 x
-l

*600 ffi0.

500 3

(0

*400 0
z

300 *

200 0

c 500c
0

* 400

z 300

- 200
I-1

100oo
IgG-i TSAb TSH

n = 3

IgG-i 100 g

TSAb 20,ug
TSH 20 mUI

TSAb TSH
+ IgG-i

Figure 5. Inhibition by IgG-i
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licate observations.

growth (Fig. 2) or goiter size (Table I) and any of the assay

data. The degree to which an inhibitor of TSAb, referred to
above and characterized previously (15), enters into diver-
gence of TSAb assay data (human cells) and thyroid size is
unclear. On the other hand, overall our data indicate that an

IgG that is strongly positive in the human thyroid cell system
will be positive in both FRTL5 cell assays.

Turning to more detailed studies with a single IgG, we

aimed to compare several qualitative aspects of the IgG as

tested in the TSAb and TGI assays. Evidence was obtained
that the greatest stimulatory fraction of IgG, separated by iso-
electric focusing, was the same, at least within the analytical
limitations of the technique used, for both assays. As already
emphasized in the results section, the lower maximal respon-
siveness of the TGI procedure makes comparisons of this na-

ture less than straightforward; recognizing this difference in
the assays, and the inevitable cross-contamination of fractions
by large-scale preparative isoelectric focusing, the pI of the
most active IgG for stimulation of growth was 8.5 to 9.0, simi-
lar to that with TSAb [also reported with other TSAb assay

techniques (19)]. This implies, at a minimum, that the mem-
brane component to which IgG binds for the TGI effect has a

pI similar to that for the TSAb effect, viz., acidic and comple-
mentary to the alkaline pI of the IgG.

The second point is that growth-stimulation, like the TSAb
effect, does not require a divalent IgG molecule. Antibodies to
the insulin and acetylcholine receptors have been shown to act
only as whole IgG or F(ab')2 but not as Fab (21, 22). This is
unlike TSAb that is active as Fab (15). The implications of
both growth and cAMPincrease being positively affected by a

monovalent fragment suggest that cross-linking of the TSH
receptor is not necessary for either effect. However, for the
present purpose one may merely accept that the findings make
more likely the identity of TSAb and TGI in the patient's IgG.

The final point is that TSAb and TGI activities of both

1h 1hh
NIgG _- NIgG .TSH

IgG-i P.- NIgG +TSH

IgG-i 1G-1 +TSH

NIgG X-- NIgG +TSAb

19G-1a.-NIgG NTSAb 0

NIgG -TSAb f TSH

_ ~ ~ W. . ,

100 200 1000 3000
pmol cAMP/Mg DNA: % control

Figure 6. Inhibition by IgG-i of TSAb- and TSH- induced cAMPac-

cumulation in FRTL5 cells. Cells were preincubated for I h, then
thoroughly washed and incubated for an additional h with test mate-
rial as noted: N (normal) IgG 1 mg, TSAb- IgG 0.4 mg, IgG-i 1 mg,
TSH0.1 mU/ml.
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TSH and the patient's IgG were inhibited by the action of a
single IgG. Again, one interpretation of the data is that this
inhibition reflects an action on a common pathway, i.e., in-
volving adenylate cyclase. The mode of such inhibition is not
established but from the study depicted in Fig. 6 it seems clear
that the action is on the membrane, presumably on the TSH
receptor itself, and not on the stimulating molecules, i.e., TSH
or TSAb. An antibody to TSAb, i.e., an antiidiotype, was sug-
gested by others (23) who studied the same patient's IgG; our
data clearly refute this possibility. Since the TGI assay requires
at least 48 h (12), it is not possible similarly to test the mode of
inhibition in that procedure, but it may be reasonable to as-
sume that the same mechanism is involved. These inhibition
data do not, of themselves, speak for a single IgG acting as both
TSAb and TGI but are contrary to the view that not only are
these separable IgG, but that they act through distinct path-
ways (3).

To summarize, we have reported data from both a survey
of 30 patients' IgG tested in three assay systems, and detailed
studies of the characteristics of a potent TSAb-IgG that is ac-
tive in these TSAb and TGI assay procedures. Our interpreta-
tion is that in Graves' disease the IgG that stimulates adenylate
cyclase is the same as that which stimulates growth. These
conclusions are contrary to those reached by others who, using
FRTL5 cells, studied IgG from a series of patients and found
divergence in assay results, TSAb versus TGI (5). The latter
findings were in keeping with the results of other experiments
apparently showing that stimulation of growth and adenylate
cyclase in FRTL5 cells was due to separate bioeffects of TSH
(6). However, we and others (8-14) have reported that cAMP
is indeed a mediator of the growth-promoting action of TSH
and therefore probably also of TSAb.

Clearly our findings need have little bearing on claims that
there may be a specific "TGI" in other goitrous states ( 1-4) or
that there are growth pathways mediated by other than cAMP;
indeed data have accumulated (10, 11, 24-30) in accord with
the existence of a non-cAMP route for thyroid growth stimula-
tion. Consequently, we restrict interpretation of our current
observations to their being in keeping with the view that in
Graves' disease, TSAb action, through adenylate cyclase, is
sufficient to explain thyroid growth. A role in vivo for other
IgG or growth factors is possible. Regarding correlates of goiter
size with assay data, it is probable that more than a single
bioactive substance will influence thyroid growth in an indi-
vidual patient. Apart from the coexistence of TSAb and other
antibodies that affect the TSH receptor (reviewed in 31), it is
now recognized that y-interferon may reduce TSH-stimulated
thyroid cell metabolism (32) and growth (33) in vitro. It is thus
feasible that in vivo, particularly in thyroids with marked lym-
phocytic infiltration, such action of y-interferon might modu-
late the size of the goiter.

An important caveat is that in these studies we, and others,
speculate on the basis of data obtained with model systems,
e.g., FRTL5 cells; a significant achievement will be develop-
ment of a human thyroid cell line retaining all differentiated
functions, including responsiveness to growth stimuli.
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