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Differences Between Thyrotropin Receptor Antibody
Bioactivity and Inhibition of 12°|-Bovine Thyrotropin Binding

Henri Wallaschofski,! Marina Kaczmarek,! Konstanze Miehle,! Betina Hentschel,?2 and Ralf Paschke’

Thyrotropin (TSHR) receptor antibodies that bind to the TSHR without stimulating the TSHR have been iden-
tified with a direct binding assay. Moreover, TSHR antibodies that exhibit thyroid epithelial cell stimulation
without inhibition of '*I-bovine thyrotropin (bTSH) binding and vice versa have been described. These data
suggest that stimulation or blocking of the TSHR by stimulating (TSAB) or blocking (TSBAB) TSHR antibod-
ies could be possible without detectable bTSH-displacement activity. However, to date, possible differences be-
tween TSAB or TSBAB activity and inhibition of '?°[-bTSH binding have not been systematically investigated.
Therefore we compared inhibition of 1*I-bTSH binding and TSAB or TSBAB activity of sera from 113 patients
with Graves’ disease treated with antithyroid drugs. To exclude the different assay conditions of previous in-
vestigations as possible confounding factors, we determined TSAB or TSBAB and inhibition of '?[-bTSH bind-
ing (TBIIW) with the same Chinese hamster ovary (CHO) cells expressing the human TSHR. Furthermore in-
hibition of !ZI-bTSH binding was also determined as thyrotropin-binding inhibitory immunoglobulin (TBII)
with solubilized porcine thyroid membranes (TRAK, Brahms, Berlin Germany) and the highly sensitive re-
combinant human TSH receptor assay (hnTRAK, Brahms, Berlin Germany). Only 78% (54/69) of TSAB-positive
and 78% (21/27) of TSBAB-positive sera detected with JP26 cells exhibit inhibition of 2°[-bTSH binding mea-
sured as TBII or TBIIW. Furthermore, 59% (10/17) of sera without TSAB and TSBAB activity revealed inhibi-
tion of !®I-bTSH binding measured as TBII or TBIIW. We found significant differences between TSHR bioac-
tivities (TSAB or TSBAB) and inhibition of 12[-bTSH binding. Moreover, there was no agreement between the
detectable TSHR bioactivities (TSAB or TSBAB) and their detectable inhibition of '#[-bTSH binding. Therefore,
it is very likely that TSH displacement by TSHR antibodies and stimulation or blocking of the TSHR by TSHR
antibodies are different functions that do not need to occur together.

Introduction Graves’ disease showed direct binding or positive TBII val-
ues without TSAB activity (2). Previously, we found 12°I-
bovine thyrotropin (bTSH) displacement in the porcine TBII
assay for only 69 of 111 (62%) TSAB-positive and for only 18
of 34 (53%) TSBAB-positive sera of patients with Graves’ dis-

IT HAS BEEN SPECULATED for many years that thyrotropin re-
ceptor (TSHR) antibodies may exist that bind to the TSHR
without stimulating (TSAB) or blocking (TSBAB) the TSHR.

Recently antibodies which bind without stimulating the
TSHR were detected in 1 of 38 sera of treated Graves’ dis-
ease patients and 3 of 13 Hashimoto’s patients using a direct
binding assay respectively (1). Whereas, in another investi-
gation of 50 Graves’ disease sera it was demonstrated that
TSAB activity is correlated with a direct binding assay for
TSHR antibodies (r = 0.58, p <0.001) and a thyrotropin
binding inhibitory immunoglobulin (TBII) assay (r = 0.76,
p < 0.001). Only 1 of these 50 sera that scored negative in the
direct binding assay and was borderline positive in TBII as-
say showed TSAB activity and 5 of these 50 patients with

ease treated with antithyroid drugs (3). Apart from demon-
strating a higher sensitivity of TSAB (4) or TSAB and TSBAB
assays (3), as opposed to TBII assays, for the detection of
TSHR antibodies, these data could suggest the existence of
TSAB or TSBAB that are not detectable by their inhibition of
151-bTSH binding in a TBII assay or in a highly sensitive di-
rect binding assay. This would imply that stimulation or
blocking of the TSHR by TSAB or TSBAB would be possible
without *5I-bTSH displacement, thus possibly opening new
perspectives for the understanding of TSHR antibody or
TSHR action. Different mechanisms of stimulation and *I-
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bTSH displacement by TSHR antibodies are also suggested
by the description of TSHR antibodies that exhibit thyroid
epithelial cell stimulation without bTSH displacement and
vice versa (5).

Inconsistent results for TSHR antibody determinations
with TSAB and TBII assays have repeatedly been noted
(3-17). 1t is therefore very likely that these different assays
measure overlapping but not identical antibody activities
(18). These discrepancies between TBII and TSAB assays
have previously been explained that by the lack of compa-
rability of assay conditions due to different TSHR numbers
and the low levels of TSHR antibodies (19,20) or different
TSHR species in TBII and TSAB bioassays (4,21) or a possi-
ble loss of TSH binding sites of solubilized porcine TSHR in
the TBII assay (8,22). Therefore, it was suggested that the dif-
ferences between TBII and TSAB or TSBAB could be related
to the sensitivity of the assays. Possible differences between
TSAB or TSBAB activity and inhibition of '*I-bTSH binding
have to date not been systematically investigated.

To exclude these possible confounding factors and to com-
pare displacement and stimulating or TSH stimulation block-
ing activity of sera from patients with Graves’ disease di-
rectly, we therefore determined inhibition of 25-bTSH
binding of TSAB or TSBAB positive and TSAB and TSBAB
negative sera of Graves’ disease patients treated with an-
tithyroid drugs with the same JP26 Chinese hamster ovary
(CHO) cells expressing the hTSHR and with the same opti-
mal (3,4) serum/buffer dilution. By determining the inhibi-
tion of TSH binding with the JP26 CHO cells expressing the
human TSHR, we maintained the same assay conditions for
the determination of stimulation, blocking, and displacement
by TSHR antibodies. Ligand displacement studies with G-
protein—coupled receptors expressed in cell lines are widely
used for the characterisation of TSHR (23,28), luteinizing hor-
mone (LH) receptor (29), follicle-stimulating hormone (FSH)
receptor (30) and several other G-protein—coupled receptors
(31). Because CHO cell lines expressing high numbers of
TSHR have a lower sensitivity for the detection of TBII and
TSBAB than those expressing low receptor numbers
(3.20,21), we used the JP 26 CHO cell line (2,000 receptors
per cell, equivalent to thyroid epithelial cells) for the detec-
tion of inhibition of TSH binding. The inhibition of 125I-bTSH
binding on the JP 26 CHO cells expressing the human TSHR
was termed TBIIW to distinguish it from the inhibition of
TSH binding determined with the TBII assay using solubi-
lized porcine thyroid membranes (TRAK Brahms, Berlin,
Germany). Using the recombinant immobilized human TSH
receptor in a new TBII assay technique (hTRAK, Brahms) it
was possible to improve the sensitivity and specificity for
the detection of TSHR antibodies in Graves’ disease patients
to 98.8% or 99.6% respectively (32). Therefore, we also de-
termined TBII with this hTRAK assay.

Subjects and Methods

Control group

Sera from 100 healthy individuals with no history of au-
toimmune thyroid disease and normal values for TSH, free
triiodothyronine (FT3), free thyroxine (FTy), TBII (hTRAK
and TRAK assay), and thyroid peroxidase (TPO) antibodies
(Brahms) were used as control sera for TSAB and TSBAB de-
terminations. Heat decomplementation of sera was per-
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formed at 56°C for 20 minutes. Sera were pooled, aliquoted
and stored at —20°C.

Patients

Sera from 113 patients with Graves’ disease were
aliquoted and stored at —20°C after heat decomplementa-
tion. The diagnosis was based on clinical and laboratory cri-
teria, including TSH, FT3, FT,, TBII (TRAK assay) and TPO-
antibodies (Brahms), scintiscan, and ultrasound. In a
previous study it has been demonstrated that changes in the
TSHR antibodies occur more rapidly in the last 6 months of
antithyroid drug treatment (ATDT) (13). Furthermore, dif-
ferences between changes of TBII and TSAB were predomi-
nantly identified after ATDT (33). We therefore hypothesized
that possible differences between binding and stimulating or
blocking activity can be most successfully detected after sev-
eral months of ATDT or after stopping ATDT. Furthermore,
it has been demonstrated that some patients who do not re-
lapse are positive for TSAB at the end of ATDT, while other
patients relapse despite nondetectable TSAB (10,16). There-
fore, only sera from patients with Graves’ disease receiving
ATDT longer than 6 months were selected. After determi-
nation of TSAB and TSBAB, the 113 sera of patients with
Graves’ disease were divided in to TSAB positive sera (n =
69), TSBAB positive sera (n = 27) and TSAB- and TSBAB-
negative sera (17).

Cell culture

CHO cell line JP26 stably transfected with the recombi-
nant hTSHR or with the vector pSVL-neo alone (clone JP02)
to control for unspecific stimulation or displacement were
used in this study (8,11,12,34). Cells were cultured in Petri
dishes with Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco, Eggenstein, Germany) supplemented with 10% fetal
calf serum, 100,000 TU/L penicillin, 100 mg/L streptomycin
(Gibco) and 400 mg/L Genetecin (Sigma, Deisenhofen, Ger-
many) at 37°C and 5% CO. Cells were harvested using a 1%
trypsin  ethylenediaminetetraacetic acid (EDTA) mixture
(Gibco). Forty thousand cells per well were seeded in 96-well
plates (Greiner, Solingen Germany). They were grown to
confluence and used for the assay 24 hours after seeding.

TSAB and TSBAB bioassays

Serum samples were diluted in hypotonic Krebs Ringer
Buffer containing 0.5 mmol/L isobutylmethylxanthine
(Sigma). For the TSBAB assay, 10 mU/mL bovine TSH
(Sigma) were added. After washing the cells twice with phos-
phate-buffered saline (PBS), the assays were performed with
200 pL of serum /Krebs Ringer Buffer mixtures. After 2 hours
of incubation at 37°C, 5% CO,, the supernatant was collected
and stored at —20°C. Detection of the extracellular cyclic
adenosine monophosphate (cAMP) in the supernatant was
performed with a commercial cAMP radioimmunoassay
(RIA) (Amersham, Braunschweig, Germany) according to
the manufacturer’s instructions. All assays were performed
in duplicate in at least two separate experiments. The mean
of the four separate values of each serum sample were cal-
culated. The interassay and intra-assay variance of pooled
sera and patients wera was 15% or less.

TSAB and TSBAB indices were calculated as follows. Stim-
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ulation index: TSAB (%) = 100 X JP26 (cAMP patient/cAMP
control) /TP02 (cAMP patient/cAMP control). Inhibition
index: TSBAB (%) = 100 X {1 — JP26 (cAMP patient + TSH/
cAMP control + TSH)/JP02 (cAMP patient + TSH/cAMP
control + TSH)}.

The pooled 100 normal sera with and without 10 mU/mL
bTSH were used as an internal standard in every assay.

Inhibition of '251-bTSH binding on intact
CHO cells (TBIIW)

Assay conditions for the investigation of inthibition of 1251-
bTSH binding by serum samples were equivalent to those
previously used for the characterization of ligand displace-
ment on the TSHR (23,24,28), the LH receptor (29), the FSH
receptor (30), and several other G-protein—coupled receptors
expressed in COS-7 or CHO cell lines (31). After seeding
1,000,000 cells per well of a 12-well plate, CHO cells were
grown to confluence for 24 hours.

Before displacement studies, the CHO cells were rinsed
three times with 1 mL binding buffer (modified sodium-free
Hank’s buffer, supplemented with 278 mmol/L sucrose,
25% powdered milk, and 0.1% bovine serum albumin
[BSA]). Afterwards, 85,000 counts per minute of 25[-bTSH
(Brahms) and serum diluted in 1 mL binding buffer were
added to the CHO cells at the same time and were incubated
at room temperature for 4 hours. After two washes with 1
mL of binding buffer, the cells were subsequently solubilized
with 1 mL of 1IN NaOH. TSH displacement was measured
as bound radioactivity in counts per minute, determined in
a y-counter. The nonspecific '*I-bTSH binding to the CHO
cells was subtracted from the total counts bound. The non-
specific binding was determined using JP02 cells or by
adding an excess (10~100 mU/mL) of unlabeled bTSH
(Sigma) to JP26 cells. The specific inhibition of 25I-bTSH
binding (displacement of %I-bTSH) was determined as: to-
tal binding of '*I-bTSH with JP26 cells (counts per minute
[cpm]) — 2NSB (cpm). Inhibition of binding was calculated
as: TBIIW index (%) =1 — (cpm in the presence of test
serum/cpm of normal pool sera) X 100. All assays were per-
formed in duplicate in at least two separate experiments. The
mean of the four separate values of each serum sample were
calculated. The interassay and intra-assay variance of pooled
sera and patients sera was 10% or less.

Inhibition of '251-bTSH binding on solubilized porcine
thyroid membranes (TRAK) and recombinant human TSH
receptor (hTRAK)

All samples were analyzed in the TRAK assay and the
hTRAK assay (Brahms Diagnostica) performed according to
the manufactor’s instructions.

Detection of anti-bTSH antibodies in sera with
TSBAB activity

To exclude anti-bTSH antibodies in TSBAB sera,

10,000-15,000 cpm of '*I-bTSH in 0.9 mL of 0.1 M phosphate
buffer (pH 7.4) were incubated with 0.1 mL of test serum or
pooled control sera for 1 hour at 37°C, as previously reported
(3536). Subsequently 1 mL of 25% polyethylene glycol
(Merck, Darmstadt, Germany) was added. After mixing well,
the tubes were centrifuged at 3,000 r.p.m. for 30 minutes and
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counted after decantation of the supernatant. The mean bind-
ing of control sera was 13% = 4% of total counts (X + 2 SD
of total binding). Precipitated radioactivity higher than 17%
was considered as specific binding of *[-bTSH. All assays
were performed in duplicate in at least two separate exper-
iments. The mean of the four separate values of each serum
sample were calculated.

Statistical analysis

For the evaluation of possible differences between the
TSAB or the TSBAB assay and the TRAK, the hTRAK, and
the TBIIW assay for detecting TSHR antibodies, McNemar’s
test was computed (37,38). Moreover, to quantify the agree-
ment between the different assays for the detection of TSHR
antibodies the « coefficient was calculated. The x coefficient
has a maximum of 1, if the agreement is perfect, a value of
zero indicates no agreement (39,40). The Pearson correlation
coefficient was determined to assess the correlation between
the values obtained in different assays. p Values of less than
0.05 were considered as statistically significant. Data were
analyzed with SPSS for Windows (realized 8.0.0).

Results

Determination of the normal range for TSAB and
TSBAB assays

One hundred sera from a control group of healthy indi-
viduals were investigated for cAMP production of 40,000 [P
26 cells per well of a 96-well plate with or without bTSH as
previously described (3). The mean value for cAMP pro-
duction stimulated by these normal sera was 74 + 51 fmol
per well (x * 3 SD). Serum samples inducing a cAMP stim-
ulation 35D above the mean value of the 100 control sera
(125 fmol per well) were considered positive for TSAB.

The mean value for cAMP production induced by 100
serum samples from the control group incubated together
with 10 mU/mL bTSH was 1350 = 525 fmol per well (X * 3
SD). Serum samples blocking bTSH stimulated cAMP pro-
duction 3 SD below the mean value of the 100 control sera
(850 fmol per well) were considered positive for TSBAB. For
further assays, the 100 sera of the control group were pooled
and used as control sample. The cAMP production of the 100
pooled sera of the control group was in the range of 3 SD of
the separate determined cAMP values of the control group.
The interassay and intra-assay variance for TSAB and TS-
BAB determinations was 15% or less.

Determination of the normal range for inhibition of
1291-bTSH-binding on CHO cells expressing the human
TSH receptor (TBIIW)

In previous studies, total binding was measured using a
pool of normal sera (8,11,12,20) or one negative reference
serum (21). In our TSAB or TSBAB assay we investigated the
TSAB or TSBAB activity of the 100 control sera separately,
and performed all further investigations with a pool of these
100 sera as control. To define the unspecific 2’I-bTSH bind-
ing of the pooled sera, we determined the binding of 30 con-
trol sera separately. The total binding of the pool of the 100
control sera and of the 30 individual control sera did not dif-
fer significantly in the JP26 assay (3.6 + 0.1% vs. 3.8% =
0.08% of total cpm, data not shown). Therefore, the pooled
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100 control sera were used as the control in the inhibition of
125]-bTSH binding assays.

In previous investigations, the nonspecific binding (NSB)
was determined either in the presence of unlabelled bovine
TSH or with untransfected CHO cells (8,11,12,20). To exclude
changes of N5B due to different methods that might have
influenced our displacement data, we therefore determined
NSB in both ways. The NSB was determined by adding an
excess (10, 20, 20, 30, 50, and 100 mU/mL) of unlabeled bTSH
(Sigma). The mean value of the NSB was 0.5% = 0.02% of to-
tal cpm of '%5I-bTSH (X = 3 SD) for the JP26 assay. The mean
value for the NSB of the CHO cell line JP02 transfected with
pSVL-neo alone was 0.5% *+ 0.01% of the total cpm of %I-
bTSH (X * 3 SD). Because no significant differences between
the different determinations were observed, the pooled nor-
mal sera with and without 10 mU/mL of bTSH were used
as the control sample in further assays. The inter and intra
assay variance was 15% or less.

There were no differences for inhibition of ?’I-bTSH bind-
ing on CHO cells by adding sera before '°I-bTSH and vice
versa or both at the same time in the TBIIW assay (data not
shown). Therefore we started sera/'*I-bTSH incubation in
TBIIW assay together for all further experiments.

Determination of the normal range for the hTRAK assay

It is recommended by the manufacturers that each labo-
ratory establishes its own reference ranges for normal con-
trol sera. Therefore, 100 sera from a control group of healthy
individuals with normal values in the TRAK assay (<9 U/L)
were analyzed for TSHR antibodies with the hTRAK assay.
The new hTRAK assay was calibrated with TSAB World
Health Organization (WHO) standard 90/672, therefore, 1
IU in the hTRAK is equivalent to 1 IU of TSAB standard
WHO 90/672. The assays were performed according to the
manufacturer’s instructions. The mean value of these normal
sera was 0.6 = 0.9 IU/L (x =3 5D). Serum samples with
hTRAK values 1.6 IU/L or less were considered as negative,
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values greater than 1.6 IU/L as positive for TSHR antibod-
ies.

TBIIW and TBIl activity of 69 TSAB-positive sera from
113 patients with Graves’ disease

Sixty-nine of 113 sera from patients with Graves’ disease
treated with antithyroid drugs in which only TSAB could be
detected (Fig. 1a) with the JP26 assay (TSAB activity range:
283%-1400%) were investigated for TBIIW and TBII (hTRAK
and TRAK). Only 54 of the 69 (78%) TSAB-positive sera de-
tected with JP26 cells exhibit inhibition of '*[-bTSH binding
measured as TBII or TBIOW (Fig. 1 and Fig. 2). In 35 of the
69 (50%), TSAB-positive sera TBIW were detectable,
whereas 45 of the 69 (65%) revealed positive TBII values,
Forty-two (93%) of these 45 TBII-positive sera were positive
in the hTRAK whereas 24 (53%) were positive in the TRAK
assay respectively (Tables 1A and 1B, Fig. 1). 21 of the 45
(47%) TBII-positive sera were overlapping positive in the
hTRAK as well as in the TRAK assay (Fig. 1).

Nine of the 69 TSAB positive sera were only TBII positive
(displacement activity range: 19%—26%) shown in Figure 2,
whereas 26 of the 69 (38%) TSAB-positive sera showed
TBIIW as well as TBII activity (17/24 [70%] TRAK-positive
and 26/42 [62%]) hTRAK-positive sera (Fig. 1). Furthermore,
19 of the 69 (27%) TSAB-positive sera were positive for TBII
only (Fig. 2); 12 of these 19 TBII-positive sera showed inhi-
bition of 12°[-bTSH binding in the hTRAK assay only (Fig.
1), whereas 4 were positive in the TRAK and the hTRAK and
3 in the TRAK assay only (Fig. 1).

There was no significant correlation between TSAB and
TRAK (r = 0.0659; r = 0.59) or hTRAK (r = 0.21; p = 0.0833)
values, whereas TSAB and TBIIW values showed a moder-
ate correlation (r = 0.38; p < 0.001). Moreover, the compari-
son of the 113 sera of treated patients with Graves’ disease
using the McNemar's test revealed statistical differences be-
tween the determination of TSHR antibodies by detecting
TSAB activity in the JP26 assay and inhibition of '*I-bTSH

[113 patients with Graves ' disease |
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different combinations of binding assay resuits l

hTRAK / TRAK / TBIW TSAB positive n = 69
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FIG. 1. Binding assay results (hnTRAK/TRAK/TBIIW) for thyrotropin receptor stimulating antibody (TSAB)- or blocking
(TSBAB)-positive and TSAB- and TSBAB-negative sera of 113 patients with Graves’ disease treated with antithyroid drugs.
Sera of 113 patients with Graves’ disease receiving antithyroid drug treatment longer than 6 months were selected and di-
vided into TSAB-positive (n = 69), TSBAB-positive (1 = 27), and TSAB- and TSBAB-negative sera (n = 17). Thyrotropin-
binding inhibitory immunoglobulin (TBII) (hrTRAK and TRAK) and TBIIW activity were detected as described in materials
and methods. The different combination of hTRAK/TRAK/TBIIW assay results are shown.
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FIG.2. Prevalence of thyrotropin-binding inhibitory immunoglobulin (TBII) (NTRAK and TRAK) and TBIIW in thyrotropin
receptor stimulating antibody (TSAB)- or thyrotropin receptor blocking antibody (TSBAB)-positive and TSAB- and TSBAB-
negative sera of 113 patients with Graves’ disease treated with antithyroid drugs. TSAB (243%-1400% stimulation of pooled
normal sera) or TSAB (38%-86% blocking of maximal bovine thyrotropin [bTSH] stimulation) activity and TBIIW were de-
termined using the Chinese hamster ovary (CHO) cell line JP26 with 2,000 hTSH receptors per cell as described in Materi-
als and Methods. TBIIW index was calculated as described in materials and methods, TBII (TRAK and hTRAK) were de-
tected with the TRAK and hTRAK assay (Brahms, Berlin, Germany).

binding in the TBITW (p < 0.0001), the TRAK (p < 0.0001), or  TSAB activity in the JP26 assay and the inhibition of 125-
the NTRAK assay (p = 0.008) respectively (Table 1). To qual- bTSH binding in the TRAK (x = 0.059; p = 0.375) or the
ify the agreement between the different assays, the « coeffi- hTRAK assay («x = 0.015; p = 0.877), whereas the JP26 assay
cient was calculated. There was no agreement between the ~and the TBIW assay results showed a low agreement (k =

TaBLE 1a. DirrereNCEs BETweeN TSHR BioacTiviTy (TSAB or TSBAB) AND INHIBITION OF 125[-bTSH BINDING (hTRAK,
TRAK anp TBIIW) mv 113 Sera OF PATIENTS WITH GRAVES” DISEASE TREATED WITH ANTITHYROID Drucs

hTRAK-positive TRAK-positive TBIIW-positive
113 patients with Graves' disease n P n p n P
69 TSAB-positive 42 0.008 24 <0.0001 35 <0.0001
27 TSAB-positive 20 0.629 13 0.031 15 0.035

TabLE 1B. Lack OF AGREEMENT OF THE TSAB or TSBAB Assay AND INHIBITION OF '25I-bTSH BINDING (hTRAK,
TRAK anD TBIIW) N 113 SerA OF PATIENTS WITH GRAVES’ DISEASE TREATED WITH ANTITHYROID DRUGS

hTRAK-positive TRAK-positive TBIIW-positive
113 patients with Graves’ disease n K P n K P n K p
69 TSAB-positive 42 0.0155 0.877 24 0.059 0.375 35 0.19 0.014
27 TSAB-positive 20 0.0158 0.029 13 0.222 0.102 15 0.345 0.013

Comparison of 113 sera of treated patients with Graves’ disease revealed differences between the determination of thyrotropin receptor
(TSH) antibodies by detecting thyrotropin-stimulating antibody (TSAB) or thyrotropin-blocking antibody (TSBAB) activify in the JP26 assay
and '®I-bovine thyrotropin (bTSH) displacement determined as TBITW, TRAK, and hTRAK respectively. Analysis of possible differences be-
tween TSAB or TSBAB activity and 2[-bTSH displacement for detecting TSHR antibodies was computed using McNemar’s test (Table 1A).
To quantify the agreement between the different assays the kappa coefficient was calculated (Table 1B). p values of less than 0.05 were con-
sidered as statistically significant. Data were analyzed with SPSS for Windows. TSAB and TSBAB values were detected with standard in vitro
assay conditions (40,000 cells per well of a 96-well plate, serum buffer dilution 1/10) as described in Materials and Methods, To obtain com-
parable assay conditions, TBIIW were also detected with P26 cells at serum /buffer dilution 1/10 as described in Materials and Methods.
Thyrotropin-binding inhibitory immunoglobulin (TBII) were detected with the TRAK or hTRAK assay, respectively (Brahms, Berlin,
Germany).
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0.196; p = 0.014) only (Table 1B). However, inhibition of 12I-
bTSH binding detected with the hTRAK assay was signifi-
cantly correlated with the TBIIW values (r = 0.66; p < 0.0001)
or TRAK assay (r = 0.78; p < 0.0001).

TBIIW and TBIl activity of 27 TSBAB-positive sera from
113 patients with Graves’ disease

Twenty-seven of 113 sera from patients with Graves’ dis-
ease treated with antithyroid drugs in which only TSBAB
could be detected (Fig. 1) with the JP26 assay (range:
38%—86% blocking of maximal bTSH stimulation) were in-
vestigated for TBIIW and TBII (hnTRAK and TRAK). Only 21
of the 27 (78%) TSBAB-positive sera detected with JP26 cells
exhibit inhibition of 12°I-bTSH binding measured as TBII or
TBIIW (Figs. 1 and 2). Fifteen of the 27 (55%) TSBAB-posi-
tive sera showed TBIIW, whereas 20 of these 27 (65%) sera
were TBII positive. All 20 TBII positive sera were positive in
the hTRAK assay and 13 were positive in the TRAK assay
respectively (Tables 1A and 1B, Fig. 1). Thirteen of the 20
(65%) TBII positive sera were overlapping positive in the
hTRAK as well in the TRAK assay (Fig. 1).

Ome of the 27 (3%) of the TSBAB-positive sera showed
TBIIW only (Fig. 2), whereas 14 of the 27 (52%) TSBAB-pos-
itive sera showed TBIIW as well as TBII activity (Fig. 2). All
of these 14 TBII positive-sera were positive in the hTRAK
and 13 were positive in the TRAK assay, respectively (Fig.
1). Furthermore, 6 of the 27 (23%) of the TSBAB positive sera
were positive for TBII only (Fig. 2). These 6 sera showed
inhibition of »[-bTSH binding in the hTRAK assay only
(Fig. 1).

There was no significant correlation between TSBAB and
TRAK (r = 0.1193; p = 0.5616) or hTRAK (r = 0.3243; p =
0.1061) values, whereas TSAB and TBIIW values showed a
moderate correlation (r = 0.4928; p = 0.009). Moreover, the
comparison of the 113 sera of treated patients with Graves’
disease using the McNemar's test revealed statistical differ-
ences between the TSBAB activity in the JP26 assay and the
inhibition of '?I-bTSH binding in the TBIOW (p = 0.035) or
the TRAK assay (p = 0.031), whereas the difference of the
TSBAB assay and the hTRAK assay were not statistically sig-
nificant (p = 0.629) (Table 1A). Furthermore, there was no
significant agreement between the TSBAB activity in the JP26
assay and '°I-bTSH displacement in the TRAK (x = 0.222;
p = 0.102) or hTRAK assay (k = 0.158; p = 0.29). However,
TSBAB activity and TBIIW values showed a moderate agree-
ment (x = 0.345; p = 0.013) (Table 1B). Moreover, inhibition
of »I-bTSH binding detected with the hTRAK assay was
significantly correlated with the TRAK assay (r = 0.55; p <
0.0035), whereas no correlation between hTRAK and TBIIW
values were detectable (r = 0.11; p < 0.58).

TBIW and TBIl activity of 17 TSAB- and TSBAB-negative
sera from 113 patients with Graves’ disease

In 17 of the 113 sera from patients with Graves’ disease
treated with antithyroid drugs, neither TSAB nor TSBAB
could be detected (Tables 1A and 1B, Figs. 1 and 2) with the
JP26 assay. These 17 sera were investigated for TBIIW and
TBII (hTRAK and TRAK). Ten of these 17 (58%) sera with-
out TSAB and TSBAB activity revealed inhibition of %I
bTSH binding measured as TBII or TBIIW (Fig. 1). Three of
these 17 (18%) sera showed TBIIW activity, whereas 10 of
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these 17 (58%) sera were TBII positive. All 10 TBII positive
sera were positive in the hTRAK assay and 4 were positive
in the TRAK assay respectively (Tables 1A and 1B, Fig. 1).
Four of the 10 (40%) TBII-positive sera were overlapping pos-
itive in the hTRAK as well in the TRAK assay (Fig. 1).
Three of the 17 (18%) TSAB- and TSBAB-negative sera
showed positive values in the TBIW and the hTRAK assay
(Figs. 1 and 2), whereas 7 of these 17 (41%) sera were only
TBII positive. Six of these 10 TBII-positive sera were positive
in the hTRAK assay and scored negative in the TRAK assay

(Fig. 1).

Determination of TSAB, TSBAB, and TBIIW with different
serum dilutions

To investigate further the previously identified differences
between the inconstant TSAB or TSBAB with lower block-
ing activity (<60% of maximal bTSH stimulation) and the
constantly high TSBAB activity (>60% of maximal bTSH
stimulation) over a wide range of serum dilutions for its pos-
sible differences in >[-bTSH displacement, we determined
TSBAB and TBIIW activities with JP26 cells at serum /buffer
dilutions 1/10, 1/50, and 1/100. Previously investigated sera
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FIG. 3. A and B: Thyrotropin receptor blockin§ antibody
(TSBAB)-positive sera with constant inhibition of **I-bovine
thyrotropin (bTSH) binding (TBIW) and constant blocking
activity. TSBAB and TBIIW values of 6 of 17 TSBAB-positive
sera with constant blocking activity (>50% blocking of max-
imal bTSH stimulation) assayed at different serum/buffer
dilutions and with standard conditions (TBOIW: 1,000,000
JP26 cells per well of a 12-well plate; TSBAB: 40,000 JP26 cells
per well of a 96-well plate) as described in Materials and
Methods. The interassay and intra-assay variance was =15%.



AR

TSH RECEPTOR ANTIBODY, GRAVES’ DISEASE

revealed the highest differences for TSAB and TSBAB activ-
ity at serum dilutions 1/10 to 1/100 (3).

For all 12 sera with TSBAB activity less than 60% of max-
imal bTSH stimulation, blocking activity was only detectable
at a serum buffer dilution of 1/10. Only for 1 of these 12 sera
TBIIW activity was detectable at a serum buffer dilution of
1/10 to 1/100. None of these 12 sera showed TSBAB activ-
ity at serum/buffer dilutions 1/50 or 1/100 (data not shown).
In 13 of 15 sera with high TSBAB activity (60%—86% block-
ing of maximal TSH stimulation) at a serum/buffer dilution
of 1/10, constant TSBAB activity was detectable at the dilu-
tions 1/10,1/50, and 1/100 (data not shown). Only 6 of these
13 sera with constant TSBAB activity showed constant TBIIW
activity at serum dilutions of 1/50 and 1/100 (Figs. 3a and
3b), whereas the other 7 sera with constant TSBAB activity
revealed inconstant TBIIW activity (data not shown). In con-
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FIG.4. Aand B: Thyrotropin receptor stimulating antibody
(TSBAB)-positive sera with constant inhibition (T SAB)-pos-
itive sera with constant inhibition of 1?°I-bovine thyrotropin
(bTSH) binding (TBIIW) and variable TSAB activity. TSAB
activity of the only six serum samples * SEM with constant
TBIOW activity determined with different serum/buffer di-
lutions and standard conditions (TBITW: 1,000,000 JP26 cells
per well of a 12-well plate; TSBAB: 40,000 JP26 cells per well
of a 96-well plate). TSAB activity was determined using the
Chinese hamster ovary (CHO) cell line JP26 with 2,000 hTSH
receptors per cell as described in Materials and Methods.
Serum samples inducing a cyclic adenosine monophosphate
(cAMP) stimulation 3 SD above the mean value of 100 con-
trol sera (125 fmol per well) were considered positive for
TSAB. The TBIIW index was calculated as described in ma-
terials and methods. The interassay and intra-assay variance
was =15%.
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trast, only 6 of the 69 TSAB-positive sera showed constant
TBIIW activity for dilutions 1/10, 1/50 and 1/100 (data not
shown). However, none of these 6 sera had constant TSAB
activity when diluted 1/50 or 1/100 (Figs. 4a and 4b).

Detection of anti-bTSH antibodies in sera with
TSBAB activity

None of the 27 TSBAB-positive sera detected with the
CHO cell line JP 26 showed positive binding to '2*I-bTSH in-
dicating the absence of anti-bTSH-antibodies (data not
shown).

Discussion

In clinical practice, TSHR antibodies are mostly deter-
mined as TBII by their ability to inhibit the binding of radi-
olabelled bTSH to its receptor in solubilized porcine thyroid
membrane preparations (18,41) or to the immobilized human
TSHR in a new assay technique. The latter showed superior
sensitivity and specificity for detecting TSHR antibodies in
untreated patients with Graves’ disease when compared to
the TRAK assay (32). Serum samples with detectable TSAB
but no TBII have been described for small numbers of sera
from patients with Graves’ disease treated with antithyroid
drugs (1,3,17). These unexpected findings were mainly ex-
plained by the lack of comparability of assay conditions and
by the different TSAB, TSBAB, or TBII assay sensitivities.
Therefore, we excluded these possible methodologic inter-
ferences in the comparison of different TSHR antibody ac-
tivities by parallel determinations of TSAB, TSBAB, and
TBIOW, using the same experimental conditions for the de-
termination of all TSHR antibody qualities.

Our results show that 96 of the 113 (85%) sera were posi-
tive for TSAB or TSBAB (Tables 1a and 1b and Fig. 1 and
Fig. 2). Anti-bTSH antibodies as a possible reason for block-
ing activity without inhibition of 12°I-bTSH binding were ex-
cluded in all 27 TSBAB-positive sera. Only 78% (54/69) of
the TSAB-positive and 78% (21/27) of the TSBAB-positive
sera of patients with Graves’ disease treated with antithy-
roid drugs exhibit TBII or TBIIW activity (Fig. 1 and Fig. 2).
To the best of our knowledge, our study is the first to com-
pare TSAB and TSBAB assays with.the results for inhibition
of 151-bTSH binding using the same experimental conditions
or the highly sensitive hTRAK assay.

In a recent study, only 1 of 50 investigated Graves’ dis-
ease sera with TSAB activity scored negative in a direct bind-
ing assay and only borderline positive in a TBII assay (2).
We detected inhibition of '>I-bTSH binding (hnTRAK, TRAK,
and TBIIW) in only 78% of TSAB (54/69) or TSBAB (21/27)
positive sera. Therefore our results suggest that TSH dis-
placement by TSHR antibodies and stimulation and block-
ing the TSHR are different functions, which do not always
need to occur together. Furthermore, our results imply that
the stimulating and blocking mechanisms of TSAB or TSBAB
are not always related to the bTSH-binding epitopes. This
interpretation is further supported by the computed differ-
ences between TSAB and the TBIIW activities (p < 0.001), the
TRAK (p < 0.0001) or the hTRAK values (p = 0.008) respec-
tively (Table 1a). The computed « coefficient for the sera that
score positive in the TSAB and the TBIW (x = 0.196; p =
0.014), the TRAK assay (x = 0.059; p = 0.375) and the hTRAK
assay (x = 0.015; p = 0.877) revealed no agreement between
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stimulation of the TSHR and inhibition of 2I-bTSH binding
(Table 1b). Furthermore, we detected differences between
TSBAB activity and the TRAK (p = 0.031) or the TBIW (p =
0.035) values (Table 1a). There was no significant difference
between TSBAB activity and the values of the hTRAK assay
(p = 0.629). Both assays showed no agreement (x = 0.0155;
p = 0.877) for the detection of TSHR antibodies. The low
agreement between the TSBAB assay and the TBOW assay
(k = 0.34; p = 0.013) was not supported by the computed dif-
ferences between the TSBAB and the TBIIW assay (p = 0.035)
in the McNemars’ test (Table 1A). The analyzed x coefficient
for the sera that score positive in the TSBAB and the TRAK
(k = 0.222; p = 0.102) or the h\TRAK (k = 0.158; p = 0.29) re-
vealed no agreement between TSBAB activity and ®I-bTSH
displacement (Table 1B).

These sera that are negative for inhibition of '*I-bTSH
binding, but TSAB- or TSBAB-positive could interact with
other non-bTSH-biding regions of the TSHR. It was previ-
ously suggested that high-affinity binding sites of TSH and
the binding sites of TSHR antibodies are not identical but
partly overlapping (18,43). In contrast to the hypotheses that
the stimulating and blocking mechanisms of TSAB or TSBAB
are not always related to the bTSH-binding epitopes, recently
published studies suggest that TSHR antibodies detectable
in these assays bind principally to the same region of the
TSH receptor as TSH itself. This seemed to be independent
of their TSAB or TSBAB activity (1,2,42). These studies
demonstrated close correlations for direct TSHR antibody
binding assays with TBII values in 38 (r = 0.881, p < 0.001),
63 (r = 0.92, p < 0.001) or 50 (r = 0.69, p < 0.001) Graves’ dis-
ease patients (1,2,42). However, the values of different direct
binding assays correlated less well with the detected TSAB
activity in 36 (r=0.582, p <0.001) or 50 patients with
Graves’ disease (r = 0.58, p < 0.001) respectively (1,2). Fur-
thermore, differences in the changes of TBII and TSAB val-
ues in 29 patients with Graves’ disease during a 12-month
course of ATDT imply that TSAB and TBII are not identical.
This could be a further explanation for the different assay
sensitivities in the previously reported as well as in our pre-
sent study (33). Moreover, these different changes of TBII
and TSAB values support our conclusion that TSH dis-
placement by TSHR antibodies and stimulation and block-
ing the TSHR are different functions, which do not always
need to occur together. B .

TSH and TSHR antibody binding studies using either
TSH-LH-receptor chimeras (18,44) or synthetic peptides cor-
responding to regions of the extracellular domain (ECD)
(18,45) suggest that the amino terminal region of the ECD is
responsible for the TSAB binding, whereas epitopes of the
carboxyl region bind TSBAB. Whether the three extracellu-
lar loops of the transmembrane domain or interaction of
TSHR antibodies with the intracellular domain contribute to
stimulation or blocking activity of the TSHR without de-
tectable inhibition of Z°[-bTSH binding is unknown (2,18).
However, TSHR antibodies binding to these three loops
could lead to conformational changes of these regions re-
sulting in activation or inactivation of the receptor without
detectable TBII activity. TSBAB without inhibition of '*I-
bTSH binding has not previously been demonstrated. How-
ever, TSHR stimulation without binding and vice versa have
previously been reported (2,3,5,33). It has been speculated
for many years that antibodies may exist that bind to the
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TSHR but neither stimulate nor block the TSHR. Using a di-
rect binding assay for TSHR antibodies only 1 of 38 sera of
Graves’ disease patients treated with antithyroid drugs and
3 of 13 Hashimoto's patients and 5 of 50 Graves' disease pa-
Hents revealed TSHR binding and/or positive TBII values
without stimulation of the TSHR (2). We identified 10 serum
samples with 12[-bTSH displacement but no stimulating or
blocking activity (Tables 1A and 1B). Itis therefore likely that
TSH displacement by TSHR antibodies and stimulating or
blocking activity of TSHR antibodies are different functions
that do not always need to occur together. Other reasons for
these discrepancies like a mixture of TSAB and TSBAB (ex-
cluded in our study), limitations of the different assays and
isolated receptor binding or TSAB activities (5) have also
been suggested (2).

Studies of the constitutive activity of the wild-type TSHR
and of TSHR mutants suggest a model for TSHR activation
in which the binding of TSH to the receptor would activate
the receptor by stabilizing the active conformation of the re-
ceptor. Binding of TSAB or TSBAB would lead to stabiliza-
tion of the active or inactive conformation only with de-
tectable 125I-bTSH displacement. However, activation of the
receptor by partial proteolysis that could include conforma-
tional changes which activate the receptor is a further pos-
sibility (27,46). The activation of the TSHR by trypsin, which
removes epitopes of the extracellular domain, supports the
latter concept (27,47).

A very tight interaction of TSBAB with high blocking ac-
tivity (>60% of maximal bTSH stimulation) with the TSHR
has previously been demonstrated in three sera (3). This con-
cept is further supported by the finding that in 13 of 15 sera
with high TSBAB activity (60%—86% blocking of maximal
TSH stimulation) at a serum/buffer dilution of 1/10, con-
stant TSBAB activity was detectable at the dilutions of 1/10,
1/50, and 1/100 (data not shown). Furthermore, in all12 sera
with lower TSBAB activity (<60% of maximal bTSH stimu-
lation) blocking activity was only detectable at a serum
buffer dilution of 1/10. The most likely reason for these find-
ings might be a higher affinity of TSBAB with high blocking
activity than TSAB. Due to the high constitutive activity of
the TSHR it seems to be easier for TSHR antibodies without
high-affinity binding to activate the receptor than to inhibit
TSH stimulation. This could be consistent with the hypoth-
esis that TSAB without 'I-bTSH displacement could acti-
vate the TSHR by proteolysis (18,22,27,46,47) or interact with
the intracellular domain (2).

Moreover, only 6 of these sera with constant TSBAB ac-
tivity showed constant TBIOIW activity at serum dilutions of
1/50 and 1/100 (Figs. 3a and 3b), whereas the other 7 sera
with constant TSBAB activity revealed inconstant TBIW ac-
tivity (data not shown). In contrast, only 6 of the 69 TSAB
positive sera showed constant TBIW activity for dilutions
1/10, 1/50 and 1/100. However, none of these 6 sera had
constant TSAB activity at dilutions of 1/50 and 1/100 (Figs.
4a and 4b). These differences between TSAB or TSBAB ac-
tivities and TBIIW activity at different serum dilutions fur-
ther demonstrate that TSAB and most TSBAB activities are
not correlated with TBIIW or TBII (Tables 1A and 1B).

In the hTRAK assay 72 (63%) of all 113 sera of patients
with Graves’ disease were positive (Fig. 1 and Fig. 2). How-~
ever, only 41 (36%) or 53 (46%) of all 113 investigated sera
were detectable in the TRAK or the TBIIW assay, respectively
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(Fig. 1). Therefore, the hTRAK assay showed a higher sensi-
tivity than the TBIIW or the TRAK assay for detecting TSHR
antibodies in patients with Graves’ disease treated with an-
tithyroid drugs with or without TSAB or TSBAB activity
(Table 1A and 1B and Fig. 1). However, 96 of the 113 (85%)
sera were positive for TSAB or TSBAB (Tables 1a and 1b, Fig.
1 and Fig. 2). Therefore, our results could imply that the JP26
bioassay has an even higher sensitivity for the detection of
TSHR antibodies than the h\TRAK assay. However, it has also
been shown that the hTRAK assay (32) has a higher sensi-
tivity for detecting TSHR antibodies than the JP09 TSAB
bioassay (4) in sera of untreated Graves’ disease patients.
These diverse results can be best reconciled by the hypoth-
esis that TSH displacement by TSHR antibodies and stimu-
lation or blocking of the TSHR are different functions, which
do not always need to occur together. Consequently sensi-
tivities of binding assays and bioassays should not be com-
pared since these assays determine different qualities of
TSHR antibodies.

Sera from Graves’ disease patients treated with antithyroid
drugs with detectable TSAB or TSBAB activity without de-
tectable TBII and vice versa could also explain the low sensi-
tivity of TBII detection alone or in combination with TSAB
(10,13,16) as a prognostic marker for remission or relapse af-
ter 1 year of ATDT of Graves’ disease. Due to the reported
transitions from TSAB to TSBAB and vice versa (48,50) and
the different changes of TSAB and TBII in the course of ATDT
(33), most likely only a combined highly sensitive determina-
tion of TBII, TSAB, and TSBAB during the course of Graves’
disease can possibly predict the individual course of Graves’
disease. Further follow-up studies of Graves’ disease patients
with simultaneous TBII, TSAB, and TSBAB determinations
should evaluate the prognostic significance of changes in the
individual TSHR antibody profile in Graves’ disease.
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