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Summary

A simplified assay for the detection of Thyroid-binding Inhibiting Immunoglobulin (TBII) using
unextracted serum was set up. A total of 176 patients with Graves disease were tested for the
presence of THI in their serum. Using the +3SD limit for normal controls asthe cut off vaue for
a positive result, 124 patients (70.5%) were positive for TBII. A further 18 patients(10.2%) who
had TBII values between +2SD and +3SD limits were considered borderline positives. The intra-
and inter-assay variability, determined by replicate analysis of samples from patientswith Graves
disease were both good a 5.8% and 5.6% respectively. Assay results obtained were comparable
to that of standard procedure using extracted gamma-globulinsas samples. Performance charac-

teristics of the assay were acceptable.
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The thyroid stimulator present in the serum
of patients with Graves disease was first
described in 1956 by Adam and Purves.! This
abnorma stimulator differed from thyroid
stimulating hormone (TSH) in its prolonged
duration of action, hence the designation long-
acting thyroid stimulator (LATS). Initial assays
for this were based on its biological activity.?
This was then superseded by radioreceptor
assays which depended on the ability of the
thyroid stimulator to bind to thyroid
extracts, thereby inhibiting the binding of
125 |abelled thyroid stimulating hormone
(TSH).®> ~* Immunoprecipitation assays using
solubilised TSH-receptors have more recently
been

Current assaysfor the detection of abnormal
thyroid stimulators in patients with Graves
disease are based on the TSH receptor assay.
Among the problems associated with this
assay is the interference, by norma serum
proteins, of binding of the *?%I-labelled
TSH®™!'! As a result, most assays use
extracted gammaglobulins instead of serum
samples. However, it has been demonstrated
that gammaglobulins in themselves cause
appreciable suppression of binding a a
concentration of 5g/l, and it was suggested
that the observed interference by serum proteins
is artefactual.!? If this isthe case, the problem
can be minimised by optimization of assay
conditions. The objectives of the present

study were (i) to develop a simplified in-house
assay for the detection of thyroid-binding
inhibiting activity in patients with Graves
disease based on an optimised TSH-rsceptor
assay'® and (i) to determine whether
unextracted serum is suitable as the sample
for analysis.

MATERIALSAND METHODS
Specimens

Serum specimens were collected from
unselected patients with clinica features of
Graves disease and biochemica evidence of
hyperthyroidism including newly diagnosed
patients, known cases with relapse and patients
on treatment. Samples were stored in suitable
aliquotsat —70°C until analysis.

Serum specimenswere collected from normal
blood donors for use as negative controls. A
pooled normal serum was prepared from these
specimens for use as a control in each assay.

Reagents

Thyroid membranes. Fresh thyroid speci-
mens were obtained at thyroidectomies from
patients with Graves disease and non-toxic
goitres. Crude thyroid membraneswere prepared
by homogenization and differential centrifuga
tion. Thyroid membranes were stored in
suitable aliquots at -70°C until use. Membranes
were tested for tracer binding capacity using a
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bovine TSH (bTSH) receptor assay to allow for
selection of membrane preparations with
adequate binding for the TBII assay.

125 | .bovine TSH was prepared by labelling
highly-purified bTSH (a gift from Dr.
Pierce, University College of Los Angeles
School of Medicine, California), using the
Bolton-Hunter conjugation method (Specific
Activity : 1-2 Bq/pg.). The labelled bTSH
was initially purified by chromatography
through two sephadex columns and then
receptor-purified prior to use in the TBII
assay. The receptor-purified label was kept in
low ionic buffer (10 mM NaCl, 10 mM Tris/HCI,
1g/l BSA, pH 7.5) and stored frozen at —70°C.

Procedure

The procedure was based on an optimised
TSH receptor assay described by J.C.
Kermode.® Briefly, it involved duplicate
incubation of 100 ul of neat, unextracted
serum samples with about 40 pg of receptor-
purified '2°1 BTSH and S mg -equivalent
of thyroid membrane (i.e. that amount of
thyroid membrane obtained from 5 mg of
thyroid tissue). Each of the two latter reagents
were contained in low ionic strength buffer
(10 mM NaCl, 10 mM Tris/HCl, 1 ¢/l BSA,
pH 7.5) to correct for the high salt concentra-
tion of the serum samples. Previous studies have
demonstrated that the optimal ionic strength
for the present assay procedure was between
40-60 mM  (unpublished  observations).
Simultaneously, control tests were set up using

(i) a pooled normal serum, (ii) a TBII positive.

sample, (iii) human TSH standards at 0.5
mu/ml and at 100 mu/ml (the latter to
determine non-specific binding) and (iv) normal
saline. A series of serum samples from normal
blood donors were aso tested to assess the
variation of binding of !'2%I-bTSH in the
presence of different normal sera.

The mixtures were incubated at 37°C for
2 hours, after which the reaction was stopped
by addition of 1.0 ml of icecold buffer (40
mM NaCl, 10 mM Tris/HC1, 1 g/l BSA, pH
7.5) and centrifugation a 25000G for 15

minutes a 4°C. The pellets were counted for
125
1

RESULTS

Results were expressed as the Thyroid-
binding Inhibiting Immunoglobulin (TBII)
Index, which is a measure of the percentage
suppression of the specific binding of '*%1
bTSH:'4:15
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TBII Index = 100 (B — Bg) /By

B, = specific binding for '] bTSH in the
presence of normal serum.

B, = specific binding for '251 bTSH in the
presence of test sample.

The average binding of !'2%] bTSH in the
presence of isotonic saline was about 20%,
while that in the presence of normal serum
was 12.5%. The percent reduction of binding
in the presence of pooled serum was 36.6
*+ 7.8%. Non-specific binding (NSB) generally
varied between 1% to 2%.

A total of 105 normal sera were tested.
The coefficient of variation (CV) of binding of
these specimens in different assays varied
between 4.0% and 10.5%. The combined
estimate (weighted root-mean square value)
of the CV was 6.6%. The intraassay and inter-
assay variability were determined by replicate
analysis of samples from patients with Graves
disease. The within-assay variability was 5.8%
(mean TBII = 52.5%, SD = 3.2%).

Unextracted serum obtained from 176
patients with Graves disease were tested for
the presence of TBIIl. The TBII index of these
patients ranged from —3% to 92%. The +3SD
limit for normal controls was taken as the
cut-off value for a postive result. Values
faling between +2SD and +3SD limits were
considered borderline positive results. Based
on these limits, 124 patients (70.5%) were
positive for TBII, 18 patients (10.2%) were
borderline positive and the remaining 34
cases (19.3%) were negative (Fig. 1).
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FIG. 1. TBIH resuits of patients with Graves
disease compared with normal subjects.
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A smilar assay using polyethyleneglycol
(PEG) extracted immunoglobulins “instead of
neat serum samples was performed to eheck
the present assay procedure. Results obtained
were comparable to those using serum samples
assayed in paralel. The average decrease in
binding in the presence of norma immuno-
globulin (lg) extract was 39%, dightly higher
than that obtained with normal serum (36%).
The pooled normal Ig specimen gave similar
suppression of 38%. The mean TBII index
of the normal Ig specimens was 0.3% and the
SD was 6.36% while that of the normal sera
were 0.2% and 4.04% respectively. Results of
19 specimens assayed in paralel using Ig
extracts and neat serum are shown in Fig. 2.

DISCUSSION

Using an optimised bTSH receptor assay, a
simplified in-house assay for the detection of
thyrotropin-binding inhibitory activity in serum
was developed. Theassay procedureisessentially
similar to most assays described in theliterature.
However, we have modified the assay to alow
for the use of unextracted serum samples
instead of extracted gamma globulins. All
membrane preparations used were checked for
quality with regard to TSH-binding activity
prior to use. Five mg equivalent of thyroid
membranes were used instead of the usua
15-20 mg equivalent to increase sensitivity.
Bovine TSH tracer was iodinated to a low

FIG. 22 Serum TBII results compared with Ig
TBI results (y = 0.78 X —0.76, r = 0.93)
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specific activity of between 1-2 Bq/pg to give
approximately one atom of iodide per molecule
of hormone. The tracer was first purified by
chromatography and then repurified by binding
to and subseguent elution from human thyroid
membranes. Receptor-purified tracer was used
within one week of preparation. The assay
procedure involved simultaneous incubation
of test or control serum with tracer and thyroid
membrane, the latter two components being
in low ionic strength buffer to correct fcr the
high sodium concentration in serum. A pooled
normal serum, a human TSH standard and a
known TBII positive sample were included in
each assay to check for comparability between
assay’s.

15 separate assays were performed using 3
different thyroid membrane- preparations. The
binding of 251 bTSH in the presence of pooled
normal sera averaged 12.5%, while that in the
presence of isotonic saline averaged 19.8%,
giving an average percentage reduction in tracer
binding of 36.6 + 7.8%. The coefficient of
variation of binding in the presence of 105
different- normal sera varied between 4.0%
to 10.5% in each of these assays with a
combined estimate of 6.6%. Taking this value as
representative of all assays, samples with a
TBII index more than 19.8% were regarded
as positive and those between 13.2% and
19.8% borderline.

The observed interference of binding of 1251
bTSH by normal serum was not greater than
that observed using PEG precipitated gamma-
globulins, which suggests that use of aglobulin
extract offers no advantage over the use of
neat serum. The degree of interference by
normal sera was lower than that reported with
other procedures.”>! 1'% Further, the spread
of tracer binding percentages in the presence
of the different normal sera (CV = 6.6%)
was narrower than that reported using globulin
extracts.' 617

Using this procedure, we tested serum
samples obtained from 176 unselected patients
who were diagnosed clinically and biochemically
as thyrotoxic. Overall, the TBII indices of these
subjects ranged from —3% to 92%, of whom
124 cases were considered positive and another
18 were borderline positive for TBII.

Usng the +3S8D limit as the cut-off, about
71% of the subjects were positive for TBII, a
level lower than that reported by some other
investigators.®**? This could be accounted
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for in part by the selection of cases for study.
If selection was limited only to new cases,
and did not include previously or currently
treated patients, the frequency of positive results
may be expected to be higher. Another possibi-
lity is inadequate sensitivity of the assay. It was
noted that the receptor-purified label kept
in low ionic strength buffer tended to deterio-
rate on storage, with decreasing percentage
binding and increasing non-specific binding.
In contrast, label stored in higher ionic strength
(40 mM NaCl, 10 mM Tris-HCI, 1 g/l BSA,
pH 7.5 buffer) was observed to exhibit better
binding using the same membrane preparations,
and was more stable on storage. Further, we
have experienced problems with the quality of
the Bolton-Hunter reagent received. This was
believed to be due to problems of transporta-
tion, often resulting in the reagent being
delayed, during which period it could
conceivably have been kept under conditions
that cause deterioration of this relatively
unstable reagent.

The coefficients of intra- and inter-assay
variation at 53% and 58% inhibition of labelled
TSH binding were acceptable, being 5.8% and
5.6% respectively. This may possibly be
improved further by the use of thyroid
membrane preparations obtained from a
single patient and a more stable '251 bTSH
preparation. The other receptor assay which
showed a relative lack of interference of binding
of labelled TSH by normal serum was that using
detergent solubilised receptors.® Even with
this procedure, the use 0f100 ul neat serum
from normal subjects produced inhibition of
binding of 10.7 £ 9.2% (mean £ SD inhibition
of TSH hinding). Although we experienced an
average inhibition of tracer binding of about
36% in the presence of 100 ul of normal sera
(compared with normal saling), this was not
appreciably greater than that found with the
use of extracted globulins. Further, the co-
efficient of variation for the binding of *2°|
b-TSH in the presence of different individual
normal sera was sufficiently low and comparable
to that reported using the solubilised membrane
assay. Nevertheless, further improvements to
the assay is necessary, in terms of better
standardization and improvement of assay sen-
sitivity. Use of a single membrane preparation
or membrane preparations with similar binding
characteristics and sensitivity to TBII might
overcome the variation in binding related to
different membrane preparations. Another
possibility is the use of pooled membrane
preparations. Improvement of the tracer can
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be achieved by storage in higher ionic strength
buffer, and rechromatographing into the
appropriate buffer just prior to use. To over-
come the problem of supply of the Bolton-
Hunter reagent, the use of alternative markers
including an enzyme label can be considered.

The present study*has demonstrated that it
is possible to measure serum TBII in patients
with Grave's disease using unextracted serum
specimens. Results obtained are comparable to
those using extracted gammaglobulins. The
performance characteristics of the assay are
acceptable. However, it appears that further
optimization can be achieved by improvement
of the quality of the tracer and by standardiza
tion of membrane preparations.
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