





affect function of the receptor/G pro-
tein complex remains unresolved.
The magnitude and course of the
immune response to TSH is also high-
ly variable. Some patients demon-
strate very high levels of TSAb while
others demonstrate only low levels
or even negative results, and these
levels do not correlate well with
disease activity as manifested by the
degree of hyperthyroidism, thyroid
hormone levels, or avidity of radio-
iodine uptake by the gland. Reasons
for the lack of correlation include
variable degrees of lymphocytic in-
filtration and cytotoxicity within the
thyroid, and the finding that some
patients with Graves’ disease possess
both stimulatory and inhibitory
classes of TRAD. Following therapy,
the course of TRAD levels is also quite
variable. Many patients treated with
antithyroid drugs demonstrate a
decline in TRAD levels, which corre-
lates with clinical remission (see
section following). After radioiodine
administration, TRAD results fre-
quently rise transiently above pre-
treatment levels, then fall gradually
to low levels or become negative over
a period of several months. However,
many patients continue to harbor high
titers for months or years there-
after.”* The clinical importance of
this course will be discussed later.

Assay Methodologies

Current clinical assays for TRAb exist
in one of two forms: (1) radioreceptor
assays (RRAs) in which inhibition of
radiolabeled TSH binding to TSH re-
ceptors is examined, or (2) bicassays
examining a biclogical endpoint of
TSH receptor stimulation or blockade
such as cAMP generation or iodine
uptake.

Radioreceptor assays. The principle
of RRAs for TRAD is that the auto-

Principles of TSH receptor assays. A Radioreceptor assay in which inhibition of binding of radio-
labeled TSH occurs in the presence of the TRAb. B Bioassay examining stimulation of cAMP
production in cells harboring TSH receptors by IgG extracts of patients serum. A.C.=adenylate
cyclase. See Glossary for abbreviations and assay list.

antibodies bind to TSHr at or near
the hormone combining site in such
a way that they displace binding of
TSH to the receptor (Figure 2). The
most commonly available form of this
assay utilizes solubilized porcine
thyroid membrane as the receptor
source. More recently, recombinant
human TSHr (expressed in Chinese
hamster ovary [CHO] cell mem-
branes) has become available as a
receptor source, and assays utilizing
this reagent should scon become
more widely available. Because of
the poor binding characteristics of
human TSH, bovine TSH is used as
the labeled ligand in all these radio-
receptor assays.

Radioreceptor assays demon-
strate high sensitivity (ranging from
70% to 95% of untreated Graves’
disease patients) and specificity.
Although the porcine thyroid mem-
brane assay is more common, evidence
suggests that utilizing recombinant
human receptor expressed in CHO

cells may enhance sensitivity* and
reduce the potential for confusing
results due to interspecies variations.
However, it remains to be demon-
strated that these differences are
clinically important.

The major advantages of radio-
recepter assays over bioassays is
that they are available as kits, are
relatively easy and inexpensive to
complete, and can be performed on
the bench top without the need for
cell culture facilities and techniques.
Because radioreceptor assays measure
only binding activity, they do not
differentiate between TRAD that
have stimulatory versus inhibitory
bioactivity. However, it appears that
these assays may be more sensitive
at detecting stimulatory-type anti-
bodies than the inhibitory type.”

Bioassays. Bicassays for TRAb

measure a biologic endpoint, most
often in a cultured cell line, after
exposure of whole serum or an IgG
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containing extract of a patient’s
serum. Several endpoints have been
utilized in these assays, including
thyroid hormone release, iodine
uptake, and colioid droplet forma-
tion; however, the most common
endpoint employed in clinically
available assays is cAMP generation.

B FRTL-5 cell assay. The FRTL-5
cell line was derived from thyroid
cells of the Fisher rat. Although in
continuous culture for approximately
20 years, it maintains several char-
acteristics of differentiated thyroid
follicular cells, such as iodine trapping,
a cAMP response to TSH, and absolute
dependence upon TSH for growth
maintenance.” The assay for TSAb
utilizing these cells is currently the
most widely available of the bioassays.
The technique depends upon growing
the cells to confluence in culture
dishes, then depriving them of TSH
for 5 to 7 days, which increases their
sensitivity to both the hormone and
TSAb. The prepared cells are then
exposed to IgG extracts of a patient’s
serum in the presence of a phospho-
diesterase inhibitor, and cAMP
release into the media is quantified
by immunoassay. Patient responses
are compared to basal cAMP gener-
ation, and an “index” is calculated.
IgG from normal individuals results
in no more than a 20% to 30%
increase above basal, while most
samples from patients with
untreated Graves’ disease causes
rises of 100% to 1000% or more.*#

2 Human TSHr bioassay. More
recently, assays utilizing recombinant
human TSH receptors permanently
expressed in CHO cells have been
reported.®* Although not as widely
available, these assays have several
advantages not shared by the FRTL-5
cell-based assay. First, the cells do not
require TSH exposure for growth and
therefore do not require an additional
week of TSH deprivation after growing

to confluency before assay. Second,
CHO cells are generally faster grow-
ing, less expensive, and easier to
maintain than FRTL-5 cells, princi-
pally because they do not require
TSH in the growth medium. Third,
because a human receptor is utilized,
concerns about interspecies variability
are reduced. Finally, assays utilizing
human TSHr may be more sensitive
than those using FRTL-5 cells,
aithough this difference is quite
small and has not been consistently
observed in all compariscns.

Results

Graves’ disease. As stated previously,
the great majority of patients with
hyperthyroid Graves’ disease demon-
strate positive results in current
assays for TRAb. Radioreceptor assays
are positive in 70% to 90% of untreated
hyperthyroid patients and bioassays
are positive in 80% to 100%. Although
the correlation between RRA and
bioassay results is poor, patients
with negative RRA results generally
have lower stimulating activity in
bioassays than do patients with
positive RRA results.

Patients with Graves’ ophthalmo-
pathy without hyperthyroidism (so-
called euthyroid Graves’ disease) also
frequently have positive TRAD results.
In our own FRTL-5 cell-based assay,
approximately 60% of such patients
demonstrate positive results, a value
similar to others reported in the liter-
ature.” Thus, because of the high
level of specificity of the assay, posi-
tive results can be quite helpful in
making this diagnosis. On the other
hand, because as many as 40% to 50%
of such patients will not be positive,
negative results are not generally

useful.

Hashimoto’s thyroiditis (HT).
Patients with autoimmune thyroiditis

may demonstrate TBAb with variable
frequency. The frequency of their
presence is greater in overt thyroid
failure than in subclinical hypothy-
roidism or euthyroid HT. Chiovato
et al. found that 36% of patients with
goitrous HT who were overtly hypo-
thyroid possessed such antibodies as
detected by an FRTL-5 cell based bio-
assay, while patients with subclinical
hypothyroidism and euthyroid HT
demonstrated TBAD antibodies in 9%
and 3%, respectively.® The highest
frequency of blocking-type antibodies
(46%) was found in overtly hypothy-
roid patients who were agoitrous
(atrophic thyroiditis).

Other thyroid diseases. The spec-
ificity of TRAD assays for autoimmune
thyroid diseases is quite high with
positive results in uni- or multinodu-
lar disease <10% in most series
(Figure 3). Further, when positive in
nonimmune conditions of the thyroid,
the results are generally minimally
above the cutoff range. Similar results
are obtained in individuals with
normal thyroid function. Because of
this high specificity, strongly positive
results in TRAD assays carry very
high positive predictive ability.?*
There is one situation in which
misleading positive results can be
seen, although it is not particularly
common. Patients with very high
circulating concentrations of hCG—
such as those present in choriocarcin-
oma or hydatiform mole and occasion-
ally during normal pregnancy
(although most normal pregnancy
sera are negative)—may have positive
TSAb assay results. This occurs
because of the interaction of hCG
with the TSH receptor at very high
concentrations, and because the ini-
tial extraction step for IgG during
the assay may not sufficiently exclude
the hormone. If false-positive results
due to hCG are suspected, the TSADb
assay can be repeated with a more
specific extraction process (such as
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protein A or protein G affinity puri-
fication) and the stimulatory activity
will disappear.

Clinical Uses

The utility of TRAD assays lies in the
differential diagnosis of hyperthyroid-
ism, the prediction of fetal and neo-
natal thyroid dysfunction, and the
prediction of the course of Graves’
disease treated with antithyroid drugs.
Each will be discussed.

Differential diagnosis of hyper-
thyroidism. In the majority of cases
of hyperthyroidism, the diagnosis can
be made accurately by physical exam-
ination, thyroid hormone and TSH
measurements, and assessment of
radiciodine uptake by the thyroid
gland. In the absence of complicating
factors, the expense of measuring
TRAD is not warranted. However,
situations occasionally arise that

make the differential diagnosis
more difficult, such as that of the
patient who has had recent iodine
exposure or who is currently preg-
nant or breast-feeding. In these
circumstances, measurement of
radioiodine uptake is not possible so
that this diagnostic information is
unavailable to the clinician. Strongly
positive resuits of a TRAb assay in
these patients suggest Graves’
disease as opposed to subacute or
postpartum thyroiditis, factitious
thyrotoxicosis, or toxic multinodular
goiter. Such information is valuable
in predicting the course of hyperthy-
roidism and in making decisions
regarding initial therapy.

Prediction of fetal and neonatal
thyroid dysfunction. High circulat-
ing levels of TRAD in the mother
during the third trimester of preg-
nancy indicate a substantial rigk of
fetal and/or neonatal thyroid dys-
function.® Although thyrotoxicosis is
the most frequently recognized form

of this passive disease, transient
hypothyroidism due to TBAb may
also occur. Further, the phenotypic
expression of thyroid dysfunction
may be opposite that of the mother,
as when a woman with longstanding
hypothyroidism delivers an infant
who has neonatal Graves’ disease. In
general, the higher the titer of TRAb
found in the mother, the greater the
risk of thyroid dysfunction in the
child, such that third trimester
maternal levels >500% above normal
indicate substantial risk.®

It is important to keep several
concepts in mind. First, only high
titers of the antibodies during the
third trimester correlate well with the
appearance of disease in the infant,
This is true because high titers found
during earlier phases may fall as the
pregnancy progresses and because
during the later stages of pregnancy
appreciable quantities of IgG may
more readily cross the placenta from
maternal to fetal circulation. Second,
women previously treated for Graves’
disease with ablative surgery or radio-
iodine therapy (and who are cur-
rently euthyroid while receiving
thyroxine replacement) may con-
tinue to harbor high titers of TRAD
during subsequent pregnancies.
Their infants are therefore at risk
of developing thyroid dysfunction.
Third, the fetuses of these women
should be monitored carefully for
evidence of thyrotoxicosis, which
fetal tachycardia may indicate.
In situations where fetal thyroid
status is unclear and there is
evidence of thyroid disease in a
developing infant (such as a fetal
goiter), fetal blood sampling by cordo-
centesis is indicated.®

Predicting the course of Graves’
disease. Patients with Graves’ disease
who are treated with antithyroid drugs
(ATDs) frequently have a fall in TRAb
titers during the course of therapy.
This fall may be accompanied by




clinical remission of the disease. Re-
currence of hyperthyroidism after
discontinuing the drug is less likely
to occur when TRAD results are neg-
ative than when the antibodies are
present at high titer. Elevated TRADb
levels correlate strongly with prompt
relapse of hyperthyroidism after ATD
therapy. But significant numbers of
patients with negative results after
the ATD course will either relapse or
develop recurrence.®* Thus, negative
results are less predictive than are
positive ones. In a meta-analysis of
the published series examining rates
of relapse and remission following
antithyroid drug therapy,” the
authors concluded that absent TRAb
was significantly predictive against
relapse (65% reduced risk) compared
to patients with positive results. How-
ever, 25% of patients are “misclassi-
fied” by TRAD assays after ATD, so
that the clinical utility of the result
is limited in an individual. Further,
patients with very high titers at the
onset of therapy are more likely to
maintain high titers throughout the
course of antithyroid therapy and
relapse soon after withdrawal.®® Thus,
positive results of TRADb after anti-
thyroid drug therapy for Graves’
disease warrant close follow-up of the
patient, but negative results also
require follow-up.

Euthyroid Graves’ disease.
Patients with Graves’ ophthalmopathy
who have normal thyroid function at
the time the eye disease is diagnosed
frequently harbor TRAD that can be
detected by clinically available assays.
As stated above, 50% to 60% of such
patients will have positive results.
The diagnosis of the etiology of eye
signs or symptoms in such patients
can be difficult at times, especially if
those signs and symptoms are highly
asymmetric or unilateral. It is these
situations where positive results of
TRAD assays are most helpful in the
differential diagnosis. However,

Glossary
ATD Antithyroid drug
ATP Adenosine triphosphate
cAMP Cyclic adenosine monephosphate
hCG Human chorionic gonadetropin (choriotropin)
HT Hashimoto’s thyroiditis
RRA Radio-recentor (binding) assay
TBII Thyrotropin binding inhibiting immunogiobulin
TBADb Thyroid (or thyrotropin receptor) blocking antibody
TRADb Thyrotropin receptor antibody (assay)
TSADb Thyroid (or thyrotropin receptor) stimulating antibody
TSH Thyrotropin (thyroid stimulating hormone)
TSHr Thyrotropin (TSH) receptor

because of the limited sensitivity in
this setting—with up to 50% of
affected patients manifesting neg-
ative results—a negative TRAD result
in such a patient is not helpful. Thus,
orbital imaging by computed tomo-
graphy or magnetic resonance may
yield more diagnostic information
than TRAD assays.

Sun

In most situations of known or sus-
pected thyroid dysfunction, a firm
diagnosis can be made by history,
physical examination, and measure-
ment of thyroid hormones, TSH con-
centration, and radio-icdine uptake
by the thyroid giand. In settings
where these resuits are available and
diagnostic, measurement of TRAD is
superfluous and adds little to man-
agement. However, advances in
methodology have provided assays
for TRAD that are highly sensitive
and specific. In unusual clinical scen-
arios, these assays—properly per-
formed and interpreted—can enhance
the diagnostic approach to the patient
with suspected autoimmune thyroid
disease.

Clinical Assays
Radioreceptor assays Bioassays
TRAD TSAb
TBI TSI

TSBAb
TBAb

TRAb=generic term noting all
classes of thyrotropin receptor
antibodies; TBII=TRAb measured
in a radioreceptor assay;
TSAb=stimulatory TRAb
measured in a bicassay;
TBAb=blocking antibodies
measured in a bicassay
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