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Abstract
TSH receptor [TSHR] autoantibodies [TRAbs] are a hallmark of Graves’ disease (GD). 
TRAbs are heterogeneous; some bind and activate [thyroid stimulating antibodies 
(TSAb)] and others bind and block TSHR [thyroid blocking antibodies (TBAb)]. TSAbs 
are detected by their ability to stimulate (TSAb) cAMP in an in vitro cell bioassay.
Both TSAb and TBAb are capable of inhibiting TSH binding to solubilized TSHR [TBI] 
and are detected by radio receptor assay [RRA]. We evaluated a new TSAb assay that 
utilizes CHO cells co-transfected with a humanTSHR/LHR chimera [replacing the TSHR 
C- terminal region, known as the primary site for the binding of TBAb with LHR] and a 
firefly luciferase reporter gene under the control of cAMP response element [Thyretain™ 
from Diagnostic Hybrids Inc.] and compared it with TBI radio receptor assay [RRA].

The TSAb assay was performed following the manufacturer’s protocol. Briefly, the cells 
were seeded in micro-titer plates and incubated overnight in a humidified incubator.
Next day, appropriately diluted controls and patient samples were added to the wells
and incubated for 3 hrs at 37°C. Cells were then lysed and luciferase activity was 
measured in a luminometer and % increase over reference control was calculated.
The inter-assay coefficient of variation (%CV) was 5.1 [N=8]. A total of 117 patient 
samples (52 GD and 65 other thyroid diseases) were analyzed for TSAb and TBI.

All 65 subjects without GD had levels of <140 % [manufacturer defined cut off] for 
TSAb [Mean±SD, 32.7±11.3 %] and <1.0 U/L for RRA [specificity for both 100%]. 
Among 52 patients with GD; 35 had active [untreated] disease and 28 of these were 
positive for TSAb (Sensitivity=80%). The positive predictive value was 100% and the 
negative predictive value was 90.3%. Only 22 of these were positive for TBI 
[Sensitivity=63%]. Combined sensitivity for TSAb and/or TBI was 91.4%. Seventeen 
patients were on antithyroid drugs at the time of testing and among these, 8 were 
euthyroid [1 TSAb, 2 TBI positive] and 9 were considered hyperthyroid with TSH<0.1 
mU/L [7 TSAb and 9 TBI positive].  

The new TSAb cell bioassay is a simple and reproducible and has a better diagnostic 
sensitivity than the RRA for the detection of active Graves’ disease.

Introduction
• TSH receptor antibodies [TRAbs] are heterogeneous; some bind and activate TSHR 
   [thyroid stimulating antibodies (TSAb)] causing hyperthyroidism and others bind and 
   block TSHR [thyroid blocking antibodies (TBAb)], thus capable of causing 
   hypothyroidism.

• TSAbs are detected in in vitro bioassays by their ability to stimulate cAMP production 
   in cells transfected with wild Type TSHR. Both TSAb and TBAb are capable of 
   inhibiting TSH binding to immobilized TSHR [TBI] and are detected by a radio 
   receptor assay [RRA].

• The primary TBAb binding epitope resides in the C-Terminal region and TSAb primary 
   binding site is in the N-terminal region of TSHR. The use of a human TSHR/LHR 
   chimeric receptor [replacing the TSHR C-Terminal region with LHR] transfected CHO 
   cell line may provide a more sensitive detection of stimulating activity.

• We evaluated a new TSAb assay [Thyretain™ from Diagnostic Hybrids Inc.] that 
  utilizes CHO cells co-transfected with TSHR/LHR chimera [DHI Mc4 cells] and a firefly 
  luciferase reporter gene under the control of a cAMP response element and compared it 
  with a TBI radio receptor assay [RRA].

Summary
• Thyretain avoids maintenance of a cell line; as provided in “ready to plate” frozen 
   format, the TSAb cell bioassay can be performed in labs that are lacking cell culture 
   manufacturing capabilities, and does not require the use of radioactivity.

• The assay is relatively simple and reproducible with an inter-assay precision for a 
   positive control of 5.4% [N=8].

• At a cut-off >140% (as defined by the manufacturer), the test has a diagnostic 
   sensitivity of 80% [TBI 63%] for the detection of active Graves’ disease and shows 
   positive correlation with TBI [R=0.43]; when the test cut-off was lowered to 68%,
   the sensitivity of Thyretain increases to 85.7%.

• Use of both tests in combination enhances the diagnostic sensitivity to 91%.

• The test may also have a value in assessing the remission status in patients who are 
   treated with anti thyroid drugs; when a cut-off of 68% is used, Thyretain appears to
   be a more sensitive predictor of proof of cure.

Conclusions
The new TSAb cell bioassay (Thyretain™) is a simple and reproducible assay for the 
diagnosis of Graves’ disease. Further studies are required to assess whether a cut-off 
value lower than 140% could be used with reliability, and to assess its potential value
in monitoring patients on anti-thyroid medications.

Methods
TSAb Assay (Thyretain™):

• A 96 well plate is treated with cell attachment solution [100 uL/well] for about 30 
   seconds at Room Temperature. 

• Frozen (-80C) DHI Mc4 cells are thawed at 37°C, seeded in micro wells [~75,000 
   cells /well] and placed in a humidified incubator at 37°C with 5% CO2 for 15-18 
   hours.

• Cells are checked for confluence, decanted and washed, then 100ul of diluted serum 
   [1:11] and controls are added and plates are replaced in the incubator for 3 hours.

• Plates are then decanted and 75uL of luciferase substrate added and allowed to react 
   for 10 minutes before reading in a luminometer (Turner).

TBI [coated tube] Assay:
• 50 µL of buffer and 100 µl of test sera from patients, both positive and negative 
   controls and standards are added to plastic tubes coated with TSH Receptor protein. 

• Tubes are incubated on a rotator for 2 hours at room temperature. One mL of buffer is 
   added to each tube, followed by aspiration/decanting.

• !00 µL of 125I labeled TSH is then added to each tube followed by a 60 minute 
   incubation at room temperature. Tubes are decanted and counted in a gamma counter.

Patients
Graves’ disease:      52
 Active untreated Patients  35
 On anti thyroid drugs   17

Other Thyroid Disease     65
 Normal TSH      54     
 Suppressed TSH     11  

Positive Control Negative Control 

Table 1: TSAb Assay: Inter Assay Precision

N=8
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TSAb in Graves' disease and in other thyroid disease

Other Thyroid Disease 

Graves' Disease

N = 65; M+/-SD 32.7+/-11.3 N=35; M+/-SD 172+/-73

 68% [M+3SD] cut-off level 

140% cut-off level

Table 2.
Diagnostic performance of TSAb assay to detect Active [untreated]
Graves’ disease using Manufacturer defined cut-off of >140%
[Using optimum cutoff of 68 based on non Graves’ patients]

* based on TSH levels <0.1 mU/L

Results

DHI TSAbActive Grave Disease

No. Patients

Yes (35)

No (65)

Positive

28 [30]

0 [0]

Negative

DHI TSAb [TBI] 

negative

postive

Yes

7 [6]

1 [2]

No

2 [0]

TBI

Positive

                    TSAb                 TBIRRA

Cut off level       140%         68%              1.0 U/L

Diagnostic Sensitivity =       [28/35]   80%     [30/35] 86%   [22/35]  63% 

Diagnostic Specificity =       [65/65]   100%  [65/65] 100%  [65/65]  100%

Positive Predictive Value =  [65/65]  100%  [65/65] 100%  [65/65]  100%

Negative Predictive Value = [65/72]  90%  [65/78] 93%   [65/65]  83%

Table 3: Diagnostic performance of TSAb and TBI 

Table 4: Diagnostic performance of TSAb assay in predicting remission
                in Treated Graves’ disease

           TSAb         TBI RRA 

Diagnostic Sensitivity =   [7/8]   88%       [6/8]   75%  

Diagnostic Specificity =   [7/9]   78%       [9/9]     100%

Positive predictive Value =  [7/9]   78%       [6/6]   100%  

Negative Predictive Value = [7/8]   88%       [9/11]   82%
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TSAb [M+/-SD] in Graves' Disease [GD] and in
Other Thyroid Disease [OTD]

TSAb 32.7 172.6 151
TBI 0.5 7.5 5.8Mean
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TSAb and TBI in Graves' disease

R=0.43

Graves’ Disease in Remission

65 [65] 65 

Negative

137 [5] 22
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