










site is involved in TSHlTSAb bind­
ing.6,7,13,52 In general, investigators
working with peptides stress the
limitations of mutagenesis studies
since one cannot be certain whether
changes in the binding properties of
the mutant receptors are the direct
consequence of the amino acid substi­
tutions or whether they are the in­
direct result of the conformational
changes induced by the mutation.
On the other hand, investigators
using mutagenesis claim that peptides
are unlikely to provide definitive infor­
mation on the high affinity autoanti­
body binding characteristics of auto­
immune thyroid disease because B­
cell epitopes (the antibody-binding
sites) are largely nonlinear and con­
formationally intact.

We can draw three tentative
inferences from the information
accumulated to date. However, for
each point, there are conflicting data
that require resolution.

1) The binding sites for TSH and
autoantlbodies are probablyconforma­
tional as originally anticipated.53,54

Supporting: The extracellular
domain ofthe receptor expressed in
bacteria and the polypeptides gener­
ated in the TSHR cDNA fragment
libraries do not show any significant
binding for TSH and autoantibodies.6,55

Source of uncertainty: Studies of
linear synthetic peptides that have
suggested many potential TSH and
autoantibody binding sites (as cited
in references 6 and 7).

2) The extracellular domain of the
receptor is probably sufficient for
high affinity binding for TSH and
presumably also for autoantibodies.

Supporting: The receptor extracel­
lular domain connected to the short
hydrophobic peptide or the transmem­
brane regions ofthe LHlCGR retains
the ability to bind TSH with high af­
finity56,57 and respond to TSHlTSAb.57
In the extracellular domain ofthe
receptor, the midregion (amino acids
171-260, particularly amino acids
201-211 and 222-230) is very likely
to be a major binding site for TSH.58,59

Source of uncertainty: The extra­
cellular domain of the receptor
expressed in eukaryotic cells and
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missing all the transmembrane
regions is unable to constitute a
high affinity binding site for TSH.60
One ofthe possible reasons for the
discrepancy is that the extracellular
domain of the receptor by itself may
not be able to fold correctly.

3) The TSH binding site is not iden­
tical to those for autoantibodies.

Supporting: This inference is
based on the finding that a chimeric
receptor, in which the approximately
160 amino acids from the N-terminal
end of the extracellular domain is
replaced with the corresponding
region ofthe LHlCGR, retains high
affinity binding for TSH but loses
the ability to respond to TSAb.54,61
Further, evidence that autoantibodies
are heterogenous is emerging.62-64
Thus, TSAb can be separated into
two groups by the chimeric receptor
in which amino acids 25-30 are re­
placed with the corresponding region
ofthe LHlCGR,62 TSAb activity can
also be detected in some hypothyroid
patients with positive thyroid stim­
ulation blocking antibodies (TSBAb)
by using mutant TSHRs.63

Source ofuncertainty: Localization
ofindividual amino acids responsible
for TSH or autoantibody binding sites
remains difficult. Kosugi et al. 14,16,65
identified some amino acids as TSH­
and/or autoantibody binding sites on
the basis of the effect of substitu­
tions and deletions of such amino
acids on high affinity TSH binding,
cAMP response to TSH stimulation
or TSAb activity. However, once
again, homologous and non-homolo­
gous substitutions in similar regions
performed by Rapoport's and Kohn's
groups do not always lead to similar
results.63,66

Two groups67,68 have analyzed T­
cell epitopes with synthetic peptides
using peripheral or intrathyroidal
lymphocytes from patients with auto­
immune thyroid disease. Because
the cells from each patient responded
to distinctive sets of peptides, there
appears to be multiple T-cell epitopes,
probably determined in part by the
MHC subtype. However, without the
use ofT-cell clones or cell lines, the
possibility of nonspecific reactions

cannot be excluded.
The mechanism by which the

immune system elicits anti-TSHR
autoantibodies remains unclear. A
report of cross-reactivity of TSHR
and a retroviral antigen (HN-1 nef)
and an amino acid homology between
the two molecules is intriguing but
unconfirmed.69 A report of a point
mutation in the TSHR in a patient
with Graves' disease70 also raises
potential insights into the pathogen­
esis of this disorder. Again, similar
observations in other patients will
be important. Investigators have sug­
gested that aberrant expression of
the TSHR in retroorbital tissues and
pretibial skin playa role in autoimmune
reactions responsible for the ophthal­
mopathy and pretibial myxedema
associated with Graves' disease. 32

Assays for Anti·TSHR
Autoantibodies With

the Recombinant TSHR

Shortly after the TSHR cDNA had
been cloned, Ludgate et al.71 showed
that IgG from patients with Graves'
disease could stimulate the recombi­
nant receptor expressed on the mem­
branes ofnon-thyroid cells to increase
intracellular cAMP contents. This
observation confirmed the significant
role of stimulatory IgG in Graves'
hyperthyroidism. The intact recom­
binant human TSHR expressing on
the eukaryotic cells or solubilized
TSHR from these cells are being
used now in assays for TSAb and/or
TBIAb. 72-75 The sensitivity ofthese
assays in the recent studies seems
to be similar or even better than the
conventional methods (TBIAb assay
with the solubilized porcine TSHR
and TSAb assay with FRTL5/porcine/
human thyroid cells). Surprisingly,
with TSAb assays some Graves' IgGs
are positive with the recombinant
human TSHR, but negative with
FRTL5 or porcine thyroid cells and
vice versa,74,75 implying heterogeneity
with species-specificity in Graves' IgG.
The clinical significance of Graves'
IgG that reacts with only nonhuman
TSHR is unclear. Mutant TSHRs



that interact with only particular
types of autoantibodies mentioned
previously62,63 should be valuable in
dissecting the immune response to
the TSHR.64

Signal Transduction
by the TSHR

The TSHR stimulates both cAMP
and inositol phosphate pathways in
response to agonist stimulation.76
However, higher concentrations of
agonists are required for stimulation
of inositol phosphate pathway than
for the cAMP pathway. Because al­
most all TSH action can be explained
by the cAMP pathway, further studies
are needed to evaluate the physio­
logic significance of the dual signaling
systems. Of special interest is the
question of how the glycoprotein hor­
mone receptors transduce a signal
from the receptor extracellular
domain to the cytoplasmic region
following the binding of the hormone
to the receptor. Unlike other G pro­
tein-coupled receptors in which the
small ligands bind to a "pocket" formed
by seven transmembrane segments,
the large agonists like glycoprotein
hormones cannot directly interact
with this "pocket." Mutagenesis
experiments identified regions in
the extracellular domain ofthe TSHR
important for signal transduction in
terms of cAMP production. Thus,
the C-terminal region ofthe receptor
extracellular domain (amino acids
261-418; particularly amino acids
270-287 and 287-297) has been impli­
cated in signal transduction. Replac­
ing these sequences with the corres­
ponding regions ofthe LH/CGR com­
pletely abolished cAMP response to
agonist stimulation without affecting
high affinity TSH binding.66

The question of how the TSHR
interacts with G protein is also of
interest. Like other G protein­
coupled receptors, the first and C­
terminal parts of the second and third
'ntracellular loops in the TSHR have
oeen implicated in the stimulation of
cAMP production.77 In the third intra-

cellular loop, individual amino acid
substitutions, however, did not affect
signal transduction, thus indicating
that multiple amino acids may func­
tion as a unit.78 Kosugi et al.79 reported
that the alanine at 623 (near the C­
terminus of the third transmembrane
segment) is critical for cAMP, but not
the inositol phosphate cascade in
response to TSH and TSAb stimula­
tion. Interestingly, the same mutation
in the adrenergic receptor results in
a constitutively activated PIP2 signal.

Carcinogenesis in the
TSHR

One can speculate that mutations
in the TSHR that constitutively acti­
vate either cAMP or PIP2 cascades
may cause thyroid cell transformation.
However, Matsuo et apo have exam­
ined, by single-strand conformation
polymorphism analysis and sequenc­
ing, the amino acid structure of the
cytoplasmic regions of the TSHR in
benign and malignant thyroid tumors
without finding any mutation. In con­
trast, Monden et aP7 using Southern
blot analysis, found polymorphisms
for the TSHR gene in thyroid adeno­
mas. Their results indicated large
deletions or insertions in the TSHR
gene. Further studies will be required
to define the precise nature and sig­
nificance of these abnormalities.

Two groups have transfected
human thyroid carcinoma cell lines
lacking endogenous TSHRs with
human TSHR eDNA expression plas­
mids.81,82 Namba et al.81 transfected
recombinant TSHR into a human
thyroid follicular carcinoma cell line
(WRO). These cells failed to produce
cAMP in response to TSH stimulation,
a finding that suggested a TSHR-G
protein coupling defect. In contrast,
transfection of the TSHR into human
thyroid follicular cell line (HTC) re­
stored cAMP response to TSH stimu­
lation.82 In both cases, interestingly,
cAMP inhibited cell proliferation. The
implication of these findings for the
pathophysiology of human thyroid
neoplasia remains to be elucidated.

Conclusions

The availability ofthe techniques
of molecular and cell biology in con­
junction with the successful cloning
of the TSHR eDNA have provided
investigators with new tools with
which to define the mechanisms of
TSH action and the pathophysiologic
processes responsible for autoimmune
thyroid disease. The authors antici­
pate that how TSH interacts with its
receptor will be precisely defined in
the near future. From a clinical per­
spective, identifications ofB- and T­
cell epitopes will lead ultimately to
development of an immunological
approach to the treatment and preven­
tion of autoimmune thyroid disease.
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Erratum: Please note an error in the
July/August/September 1991 issue of
THYROID TODAY, Vol XIV No 3 entitled
"TSH and other glycoprotein-producing
pituitary adenomas: alpha subunits as a
tumor marker" by Daniel S. Oppenheim.
The specific activity of TSH was
incorrectly given as 0.2 !lV/ng. 0.2 is the
inverse of specific activity and the correct
units should be ng/!lU. (The specific
activity ofTSH is 5 !lV/ng.) This does not
affect the calculation of the conversion
factor for the molar ratio of a-subunit to
TSH, which is correct as written.
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