Clinical & Experimental Inmunology

The Journal of Translational Inmunology

Clinical and Experimental Immunology EROIRICIL\VNS.VaNI@R

doi:10.1111/cei.12129

A novel bioassay for anti-thyrotrophin receptor autoantibodies
detects both thyroid-blocking and stimulating activity

Y. Li," J. Kim," T. Diana,* R. Klasen,’
P. D. Olivo’ and G. J. Kahaly*
*Molecular Thyroid Research Laboratory,
Department of Medicine I, Gutenberg University
Medical Center, Mainz, Germany, and
"Diagnostic Hybrids Inc., Athens, Ohio, USA

Accepted for publication 30 April 2013
Correspondence: Professor G. J. Kahaly,
Department of Medicine I, Gutenberg
University Medical Center, Langenbeckstreet 1,
Mainz 55101, Germany.

E-mail: Kahaly@ukmainz.de

Introduction

Summary

Autoantibodies to the thyrotrophin (TSH) receptor (anti-TSHR) are unique,
in that they are involved directly in the pathophysiology of certain autoim-
mune thyroid diseases (AITD). Thyroid-stimulating antibodies (TSAb) act as
agonists that activate the thyroid gland and cause Graves’ disease. Other
anti-TSHR antibodies block TSH and can cause hypothyroidism. Thyroid-
blocking antibodies (TBAb) have not been studied as extensively as TSAbD.
We developed a TBAD bioassay based on a cell line that expresses a chimeric
TSHR. The 50% inhibitory concentration of the chimeric Chinese hamster
ovary (CHO)-Luc cells was more than five-fold lower compared with the
wild-type CHO-Luc cells. We tested the performance of this bioassay using a
thyroid-blocking monoclonal antibody K1-70, established an assay cut-off
and detected TBAD in 15 of 50 (30%) patients with AITD. Interestingly, the
assay detects both TSAb and TBAb and measures the net activity of a
mixture of both types of antibodies. There was a high correlation (R* 0-9,
P < 0-0001) between the results of the TSAb assay and the negative percent-
age inhibition of the TBAb assay. The TBAb bioassay was approximately
20-fold more sensitive than a commercially available TSHR binding assay
(TRAD). In contrast to TRADb, sera with high levels of TBAb activity were able
to be diluted several hundred-fold and still exhibit blocking activity above
the cut-off level. Thus, this TBAb bioassay provides a useful tool for measur-
ing the activity of anti-TSHR antibodies and may help clinicians to charac-
terize the diverse clinical presentations of patients with AITD.

Keywords: autoimmune thyroid disease, bioassay, thyroid-blocking antibody,
thyrotrophin receptor autoantibody

ies (TSAb), also called thyroid-stimulating immunoglobu-
lins (TSI), are the causative agent of autoimmune

Autoimmune thyroid disease (AITD) is associated with the
presence of autoantibodies to a number of thyroid antigens,
such as thyroid peroxidase (TPO), thyroglobulin (TG) and
thyrotrophin or thyroid-stimulating hormone (TSH) recep-
tor (TSHR). Anti-TPO and anti-TG antibodies, although
detected frequently in patients with AITD, are not thought
to be involved directly in any specific pathology or disease
entity. Autoantibodies to the TSHR are, however, unique in
that they are involved directly in the pathophysiology of
certain types of AITD. Some anti-TSHR autoantibodies act
as agonists which mimic the action of TSH and stimulate
thyroid growth and thyroid hormone production, albeit in
an unregulated manner. These thyroid-stimulating antibod-

hyperthyroidism, known as Graves’ disease (GD) [1].
Recently, the detection of TSAb with a Food and Drug
Administration (FDA)-cleared bioassay has been shown to
have clinical utility for the diagnosis of GD and assessment
of the severity of extrathyroidal manifestations of GD
[2-7]. Other types of anti-TSHR can antagonize or block
the action of TSH, and in so doing can cause hypothy-
roidism in certain patients with autoimmune thyroiditis
such as Hashimoto’s thyroiditis (HT) [8-10].
Thyroid-blocking antibodies (TBAD), also referred to as
thyroid-blocking immunoglobulins (TBI), have been less
well studied compared to TSAb. While a number of reports
have established the importance of these autoantibodies in
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the pathophysiology of hypothyroidism, the methods used
to detect TBAb have been highly variable [11-13]. In order
to harmonize the methodology for measuring TBAD, and to
enable more effective comparisons among investigations,
we developed a sensitive TBAb bioassay that complements
our recently developed bioassay for TSADb. The availability
of both bioassays will allow routine testing for both stimu-
latory and blocking antibodies in patients with AITD. In
this study we report on the salient features of this TBAb
bioassay and present some preliminary data on its perform-
ance using patient sera.

Materials and methods

The local Ethical Committee approval was received for the
studies and the informed consent of all participating sub-
jects was obtained.

Human TSHR and luciferase reporter gene constructs

The construction of a neomycin-selectable plasmid that
contains the chimeric TSHR gene under control of the
SV40 early promoter and a firefly luciferase gene under
control of the glycoprotein hormone promoter has been
described previously [5,14]. To construct the equivalent
plasmid expressing a wild-type TSHR gene a synthetic DNA
fragment from the wild-type gene and spanning the chi-
meric insertion was used to repair the mutation by inser-
tion with convenient restriction enzymes. The nucleotide
sequences of both the chimeric and wild-type TSHR genes
were determined (Davis Sequencing Inc., Davis, CA, USA)
and compared with the NCBI database.

Reporter cell lines

Chinese hamster ovary (CHO)-K1 cells (American Type
Culture Collection number: CCL-61; Manassas, VA, USA)
were transfected with linearized pchTSHR-GPH/Luc or
pwtTSHR-GPH-Luc plasmid using HyFect (Denville Scien-
tific, Metuchen, NJ, USA), according to the manufacturer’s
instructions. Twenty-four hours after transfection the cells
were placed under antibiotic selection with 1-0 mg/ml
geneticin (Sigma, St Louis, MO, USA). Clones were
screened for luciferase activity in cell lysates 3 h following
stimulation with either control serum or serum from GD
patients known to contain TSAb. Following two rounds of
cloning by limiting dilution, clones were re-isolated and
tested further for their stability upon successive passages
and freeze—thaw cycles. Single clones of chimeric CHO-Luc
or wild-type CHO-Luc cells that had the highest average
signal-to-background ratio were chosen for the develop-
ment of the bioassay. All subsequent experimental values
were obtained with the final selected clone.

Novel TSHR blocking antibody bioassay

Thyroid-blocking antibody bioassay

Chimeric CHO-Luc or wild-type CHO-Luc cells were
induced with bovine TSH (bTSH) (Sigma Aldrich) mixed
with blocking monoclonal antibody (mAb) K1-70, stimu-
lating mAb, M22 (RSR, Cardiff, UK) or human sera. The
cells were plated in the inner 48 wells of a 96-well plate with
black-wall, clear-bottomed wells. Twelve serum samples and
four controls, consisting of reference standard bTSH,
normal serum, positive TBAb control and cells alone, were
tested in triplicate. Before planting the cells, the wells were
treated with cell attachment solution (CAS; Diagnostic
Hybrids Inc., Athens, OH, USA). The frozen cells were
thawed and seeded immediately at 6-7 x 10* cells/well and
then incubated in growth medium (GM; Diagnostic
Hybrids Inc.) at 37°C with 5% CO, for 18 h before addition
of the samples. After 3 h, the luciferase expression levels of
cell lysates were measured directly in the wells following the
addition of substrate and lysis reagent (Promega, Madison,
WI, USA) using a multi-well plate luminometer (Veritas
Microplate Luminometer; Turner BioSystems, Sunnyvale,
CA, USA or Tecan Infinite M200; Tecan GmbH, Crailsheim,
Germany). Blocking activity was defined as percentage inhi-
bition of luciferase expression relative to induction with
bTSH alone.

TSAb bioassay

The TSAD bioassay (Thyretain®; Diagnostic Hybrids Inc.)
was performed according to the manufacturer’s recommen-
dations. Results are expressed as specimen-to-reference
ratio as percentage (SRR%).

TSH receptor binding assays (TRAb)

TRAD kits were purchased from Kronus (Star, Idaho, USA)
or Roche Diagnostics (Mannheim, Germany) and all TRAb
assays were performed according to the manufacturer’s
instructions.

Results

Dose-response of TSH stimulation of
luciferase activity

The determination of TBAD is based on their ability to
block TSH-stimulation of the thyroid. For these studies we
used bTSH. In order to determine the optimal dose of
bTSH, we stimulated chimeric CHO-Luc and wild-type
CHO-Luc cells with up to 800 mIU/1 of bTSH. The bTSH
was mixed with normal sera and added to the cells in reac-
tion buffer (RB). After 3 h incubation at 37°C the cells were
lysed and luciferase was measured in relative light units
(RLU). Figure 1 shows signal-to-background versus concen-
tration of bTSH for both cell lines. The wild-type CHO-Luc
cells were much more sensitive to lower concentrations of
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Fig. 1. Dose—response of bovine thyrotrophin
(bTSH). (a) The signal-to-background (S/B)
ratio of luciferase activity of bTSH-treated
chimeric Chinese hamster ovary (CHO)-Luc
(circles) versus wild-type CHO-Luc cells
(squares) is plotted versus bTSH concentration

o N A O 0 O

in milli-international units per litre (mIU/1).

Signal/background (S/B) ratio

(b,c) The regions of the graph in (a) that are
within the linear range are plotted for the
chimeric CHO-Luc cells (b) and wild-type
CHO-Luc cells (c).

bTSH, but they displayed a much narrower linear range.
Similar results were obtained with recombinant human
TSH (data not shown). We used these results to guide our
choice of the optimal concentration of bTSH to use in the
TBAD bioassay and used concentrations that were at the
high end of the linear range.

Thyroid-blocking bioassay using chimeric CHO-Luc
and wild-type CHO-Luc cells

We tested the thyroid-blocking activity of K1-70, a human
mAb with known thyroid-blocking ability [15]. Figure 2
shows a dose—response of K1-70 using both cell lines. The
cells were stimulated with 100 mIU/l bTSH and 25 mIU/1

120
100 F
5 8of
2 60t @ Mc4 bTSH (100 mIU/)
Eo ICs0 = 2-24 ng/ml
* 40  WITSHR bTSH (25 miU/l)
20k ICs0 = 17-12 ng/ml
0 ! | - ! ! J
-2 -1 0 1 2 3

[K1-70] ng/ml (log)

Fig. 2. Blocking activity of K1-70 using chimeric Chinese hamster
ovary (CHO)-Luc and wild-type CHO-Luc cells. A dose-response
assay of the thyroid-blocking monoclonal antibody (mAb) K1-70 was
performed in the thyroid-blocking antibody (TBAb) bioassay using
chimeric CHO-Luc cells or wild-type CHO-Luc cells. The percentage
(%) inhibition is plotted against the concentration of K1-70 in
nanograms per millilitre (ng/ml). Each point represents the mean

of six replicates * standard deviation. The amount of bovine
thyrotrophin (bTSH) used for each cell line was determined based on
the linear range of the response to bTSH shown in Fig. 1b and c.
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for the chimeric and wild-type CHO-Luc cells, respectively.
The chimeric CHO-Luc cells were much more sensitive at
detecting blocking activity of the K1-70, in that the 50%
inhibitory concentration (ICs)) was more than five-fold
lower compared with the wild-type CHO-Luc cells. Similar
results were obtained with concentrations of bTSH, ranging
from 20-120 mIU/l for the chimeric CHO-Luc cells to
10-25 mIU/1 for the wild-type CHO-Luc cells (data not
shown). Based on these results, the chimeric CHO-Luc cells
were chosen for further developmental studies on the TBAb
bioassay.

Detection of thyroid-blocking activity after stimulation
with a stimulating mAb

We next compared the blocking activity of K1-70 following
stimulation with a stimulating mAb, M22 [15]. The concen-
tration of M22 used (0-20 ng/ml) was based on a previously
run dose-response curve that defined the linear range of
induction by M22 (data not shown). When the cells were
stimulated with M22, the ICs, of K1-70 was within two-fold
of the ICs, with bTSH-stimulated cells (data not shown).
This result shows that the TBAD bioassay is not specific for
bTSH.

Comparison of the binding-inhibitory activity and the
blocking activity of K1-70

We compared the blocking activity of K1-70 in our bioassay
with its ability to inhibit binding of M22 to the TSHR in a
TRAb immunoassay (Kronus). In this TRAb assay K1-70
was unable to achieve 100% inhibition at concentrations up
to 100 ng/ml, so an accurate ICs, was not obtainable.
However, it was estimated that the TBADb bioassay was
approximately 20-fold more sensitive than this TRAb assay
(Fig. 3).
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Fig. 3. Comparison of the thyroid-blocking antibody (TBAb) bioassay
and the TRAD assay using K1-70. Increasing concentrations of K1-70
were utilized in the TBAb bioassay (circles) and the TRAD assay
(triangles). Results are plotted as percentage inhibition for both assays
against the concentration of K1-70 in nanograms per millilitre
(ng/ml). The 50% inhibitory concentration (IC)s of the TBAb assay
with Mc4 cells was 1-34 ng/ml, which was 22 times lower than the ICs,
obtained with the TRAD assay.

Reproducibility

For the TBAb assay, reproducibility data were generated
from 10 clinical sera with high (three sera with a mean of
96% inhibition), medium (four sera with a mean of 63%
inhibition) and low (three sera with a mean of 46% inhibi-
tion) levels of blocking antibodies. These sera were tested
multiple times within and between two lots and showed
average coefficients of variation (CV) of 4-2% (range 4-1—
4:5%), 9-2% (range 6:0-13-0%) and 25-4% (range 21-9—
30-2%), respectively. The overall mean CV was 10-3%. The
analytical performance of the TBADb assay was demon-
strated by the low CV at high levels of serum TBAD.

Determination of dilution titres of thyroid-blocking
activity in human sera

We performed serial two-fold dilutions of sera with high
levels of thyroid-blocking activity.

Several serum samples with thyroid-blocking antibody
were tested after two-fold serial dilution. We focused on
diluting sera with 100% inhibitory activity in order to dis-
criminate the activity for these sera, as 100% is the assay
ceiling. Data from two diluted sera are shown in Fig. 4. As
can be seen, the inhibition was below the cut-off of 40% at
between 352- and 704-fold. These data show proof-of-
principle that this type of analysis would allow a serum
TBAD titre to be determined to differentiate the TBAb
activity of sera with very high blocking activity (100%
inhibition).

Novel TSHR blocking antibody bioassay

Measurement of thyroid-blocking activity in
human sera

We measured the thyroid-blocking activity of sera from
euthyroid controls (n=301). We used these data to estab-
lish a cut-off for the assay of 40% based on the mean per-
centage inhibition of these controls (—4%) plus 2 standard
deviations (s.d.) (21%) from this mean. We next performed
a small study in which we tested sera from 50 well-
characterized, healthy euthyroid controls and 50 patients
with either GD or HT. The diagnoses were based on a com-
bination of clinical criteria (typical symptoms and signs of
either hypo- or hyperthyroidism), imaging studies (typical
ultrasound echo pattern with markedly enhanced vasculari-
zation of the thyroid gland) and the presence of anti-TPO
and/or anti-TSHR autoantibodies. Figure5 shows the
results of this study. The control sera ranged from —16% to
+37% with a mean of 6% = 11%. Sera from patients with
AITD had results that ranged from —157% to +108%. Seven
sera that were positive in the TSAb bioassay had negative
percentage inhibition of —43% to —157% in the TBAb bio-
assay. Fifteen of 50 (30%) patients (seven hypothyroid, two
with serum baseline TSH above 100 mU/l, 13 with HT and
two with GD) had positive inhibition > 40%, 10 of whom
were > 80%. Of these 15 TBAb-positive patients, 10 were
positive for TRAb (Elecsys anti-TSHR, ECLIA, Cobas E411;
Roche Diagnostics).

Detection of stimulatory activity in the TBAb bioassay

Sera from GD patients exhibited negative inhibition (i.e.
luciferase levels above the bTSH stimulation) in the TBAb
bioassay (Fig. 5). Based on the mean minus 2 s.d. the cut-off
for this stimulatory activity in this assay would be negative
(46%). Five sera had exhibited values of negative (46% or
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Fig. 4. Dilution analysis of two sera with high levels of
thyroid-blocking antibody (TBAb) activity. Sera were serially diluted
two-fold into normal human sera. Each dilution was tested in the
TBAD assay as described in the Methods section. The final dilutions
shown ranged from 1:22 to 1:45 056. The dashed line indicates the
preliminary cut-off of the TBAD assay (see text).
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Fig. 5. Thyroid-blocking activity of sera from normal controls

and patients with AITD. Scatterplot of 50 control sera from
well-characterized, healthy euthyroid individuals with neither thyroid
nor autoimmune disease (circles) and 50 patients with autoimmune
thyroid disease (AITD, squares) were tested in the thyroid-blocking
antibody (TBAb) bioassay.

greater) and all these sera were TSAb-positive in the TSAb
bioassay (data not shown). To assess this phenomenon
further we performed a dose-response assay of the thyroid-
stimulating mAb M22 on the TSAb and the TBAb bioassays.
M22 had equivalent 50% effective concentration (ECs)
results in each assay (data not shown). We next compared
the stimulatory activity in 171 sera from patients with GD

600

400
Fig. 6. Correlation of the activity of
thyroid-stimulating antibody (TSAb)-positive
sera measured in the TSAD bioassay and the
TBADb bioassay. One-hundred and seventy-one

TSAb (SRR%)

sera from Graves’ disease patients were tested in 200
the thyroid-stimulating (TSAb) bioassay and

in the thyroid-blocking (TBAb) bioassay.

Results are plotted as specimen-to-reference

ratio percentage (SRR%) for the TSAb bioassay

and percentage (%) inhibition for the TBAb

as measured in both assays. As shown in Fig. 6 there was a
high correlation between the results in these assays, with a
correlation coefficient of almost 0-9 between the SRR%
results of the TSAb assay and the negative percentage inhi-
bition of the TBAb assay. It is worth noting, however,
that low levels of TSAb were not detectable in the TBAb
bioassay.

Mixtures of TSAb and TBAb

There is strong evidence that the serum of certain patients
can contain both blocking and stimulating antibodies [15].
We simulated this scenario by mixing K1-70 and M22 mAbs
in different ratios. Thyroid-blocking mAb K1-70 (5 ng/ml)
and thyroid-stimulating mAb M22 (0-8 ng/ml) were mixed
in 10% increments from 0 to 100%. Each mixture was then
tested in the TSAb (Fig.7a) and the TBADb bioassays
(Fig. 7b). As shown in Fig. 7, unlike the TSAb assay, which
only detects stimulating activity, the TBAb bioassay can
detect both the blocking and stimulating activity of the
mixtures. In addition, neither blocking nor stimulating
activity was detectable at M22 : K1-70 ratios of between
40:60 and 60:40. This suggests that the net activity can be
negative when patients contain relatively equal activities of
both types of autoantibodies.

Discussion

In this report we describe the development of a new bio-
assay for measuring autoantibodies with thyroid-blocking
activity. We compared a cell line that expresses a wild-type
TSHR with a cell line that expresses a previously described
chimeric TSHR. We performed a dose-response assay of
bTSH in both cell lines and determined the linear range of
luciferase induction. We found that the chimeric CHO-Luc

R?=0-898
P < 0-0001

y = 146-8 + (—2-005) x

bioassay. The linear fit equation is 0
y= 1468 + (~2:005) x. The slope = —2-005. The —200
interception is = 146-8 (SRR%).

-150 -100 -50 0
TBAb (% Inhibition)

394 © 2013 British Society for Immunology, Clinical and Experimental Immunology, 173: 390-397



(a) TSAb assay
100 o4 0
. 120
_ &0 T =
2 60 o 40 7,
Al gl o
g 40 . 1o 60 g
20 . 80
L}
0 . . L 100
0 100 200 300 400
SRR %

Novel TSHR blocking antibody bioassay

(b) TBAb assay
100y 0
.
80 w 20
= - 2
& 60 e 40 1,
S - °
g 40 - . 60 g
20t . 80
L]
o+ L L L 100
-10 -50 0 50 100
% Inhibition

100% K1-70 = 5 ng/ml
100% M22 = 0-8 ng/ml

Fig. 7. Activity of mixtures of M22 and K1-70 in the TSAb and the TBAb bioassays. A concentration of K1-70 (5 ng/ml) shown previously to give
maximal blocking activity in the TBAD bioassay and a concentration of M22 (0-8 ng/ml) shown previously to give maximal stimulatory activity in

the TSAD bioassay were mixed in 10% incremental proportions from 100:0% to 0:100%. An aliquot of each of these 11 mixtures was then tested in

the TSAD bioassay (a) and the TBAb bioassay (b). Results are plotted as specimen-to-reference ratio percentage (SRR%) for the TSADb bioassay and

percentage (%) inhibition for the TBAD bioassay. Each point represents the mean of six replicates * standard deviation.

cells displayed two features that were advantageous for a
thyroid-blocking bioassay. First, the chimeric CHO-Luc
cells had a wide linear range, and secondly, they were less
responsive to bTSH than the wild-type TSHR-expressing
cells. This latter feature is important, because it can blunt
the effect of high TSH levels in the sera of hypothyroid
patients that might interfere with the assay.

We used well-characterized mAbs to characterize the per-
formance of our assay. Such analytical studies are difficult
with poorly characterized polyclonal sera. Using a pure
blocking human mAb, K1-70, we showed that the chimeric
CHO-Luc cells performed better than wild-type cells as
assessed by the ICs, which was five-fold lower when meas-
ured with the chimeric CHO-Luc cells. This result was
somewhat unexpected, as previous work has suggested that
the chimeric TSHR was unresponsive to blocking antibody
[16]. Recent evidence, however, that blocking and stimulat-
ing mAb binds to very similar regions of the TSHR that are
intact in the chimeric receptor, are consistent with the find-
ings in this study [17]. We also tested our TBAb bioassay
using the chimeric CHO-Luc cells on healthy controls and a
small set of sera from patients with AITD. The detection of
blocking activity in 15 of 50 of these candidate AITD sera
demonstrated the potential clinical utility of the bioassay.
The large collective of more than 300 euthyroid controls
used to establish an assay cut-off was chosen randomly. In
the subsequent step, performing the comparative study
evaluating the TBAD assay in both 50 patients with autoim-
mune thyroid diseases and suspected serum TBAb as well as
in 50 well-characterized, euthyroid healthy individuals, the
latter were selected carefully according to a negative history
for autoimmune and/or chronic diseases in the family,
negative history of smoking or regular medication intake,
completely normal sera for thyroid-related hormones and
autoantibodies as well as a completely normal ultrasound
evaluation of the thyroid gland. This extremely carefully

© 2013 British Society for Immunology, Clinical and Experimental Immunology, 173: 390-397

performed selection of our healthy population might
explain the differences in blocking activity.

While the role of TSAD in the aetiology of autoimmune
hyperthyroidism (GD) is well established, the correlation
between TBAb and autoimmune hypothyroidism has not
been correlated as highly. Many reports have studied the
occurrence of TBAD in various autoimmune diseases associ-
ated with hypothyroidism such as Hashimoto’s, atrophic
thyroiditis, etc. [8,10,11,18-23]. Other investigations have
focused on the role of TBAb in congenital and neonatal
hypothyroidism associated with mothers with autoimmune
thyroid disease [19,24-32]. The importance of TBADb in
congenital hypothyroidism, however, has been questioned
[28]. Our goal was to develop a TBAb bioassay that would
be useful diagnostically, but would also provide investiga-
tors with a reliable, reproducible and accurate assay to help
answer important questions about the pathophysiology of
autoimmune hypothyroidism.

Ever since anti-TSHR antibodies have been known to
exhibit different functional activities it has been suspected
that certain patients might contain both TSAb and TBAb,
and that this might explain certain clinical presentations
[33,34]. Recent evidence has proved that a patient can have
both TSAb and TBAD by isolating monoclonal antibodies
with stimulatory and blocking activity from the lym-
phocytes of a single patient [15]. In addition, there has been
speculation that patients with GD may shift between stimu-
lating and blocking antibodies as they transition from
hyperthyroid to hypothyroid [35-37]. This is the basis for
our goal to develop bioassays that can measure both activi-
ties. Therefore, the purpose of these experiments was to
demonstrate that these assays detect net TSAb or TBAb
activity. The way in which we performed the mixing (using
different ratios of an ECi, of these monoclonal antibod-
ies) allowed us to demonstrate this phenomenon. These
results demonstrate clearly that sera may have both TSAb
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and TBAD, and that the results can appear as TSAb-positive,
TBAb-positive or even negative, depending on how much of
each antibody the sera contains.

Presumably, when patients have both stimulatory and
blocking antibodies, bioassays measure the net activity
present in the patient’s serum. Our previously described
TSAD assay detects only stimulatory activity and therefore,
in a patient with both activities, only net stimulatory activ-
ity will be detected. Our TBAbD assay can detect both activi-
ties, so either net stimulatory or net blocking activity can be
detected. However, the assay cannot distinguish between
pure stimulatory or pure blocking activity from mixed
activity with net stimulatory or net blocking activity,
respectively. In one report, mutant TSHR were used to
develop assays that measure only stimulatory or only block-
ing activity [38]. Whether this can be reproduced and used
routinely remains to be determined.

In summary, we have developed and characterized a reli-
able bioassay for autoantibodies that block thyroid activity.
The combination of our TSAb and TBAD bioassays should
provide excellent tools to assist clinicians in evaluating
patients with the wide spectrum of different presentations
of AITD.
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