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Thyrotropin receptor antibodies measured by second-generation
assay are highly specific for Graves disease and correlate with
serum thyrotropin levels in patients with Graves disease in
remission and during maintenance therapy
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Abstract

We compared conventional first-generation thyrotropin receptor antibodies (F-TRAb)
and second-generation TRAb (S-TRAb, DYNOtest) in sera. Subjects were 167 cases of
Graves’ disease, 5 cases of painless thyroiditis, 8 cases of subacute thyroiditis, 37 cases of
chronic thyroiditis, 19 cases of miscellaneous thyroid diseases, 36 cases of Type 1 diabetes
mellitus, and 12 cases of other diseases. The latter 3 groups were all negative for thyroid
autoantibodies. S-TRAb was completely negative in diseases other than Graves' disease
except in 3 cases (8%) of chronic thyroiditis. In patients with Graves’ disease overall,
S-TRAb was positive in 102 cases (61%) and F-TRAb was positive in 72 cases (43%); a
positive correlation between S-TRAb and F-TRAb levels was noted. Fourteen cases of un-
treated Graves' disease were positive with both methods of measurement in all cases. In
52 cases of Graves' disease in remission and during maintenance therapy, F-TRAb was pos-
itive in only 1 case (2%); S-TRADb was positive in 12 cases (23% ). Comparison with these
52 cases - 12 cases that were S-TRAD positive and 40 that were negative - indicated that in
positive cases serum thyrotropin levels were significantly lower and serum free thyroxine
significantly higher. In these 52 cases, a negative correlation between serum thyrotropin
and S-TRAD levels was noted in addition to a negative correlation between serum thyrotro-
pin and free thyroxine levels. In conclusion, S-TRAb is highly specific for Graves’ disease
except a few cases of chronic thyroiditis. In patients with Graves’ disease in remission and
during maintenance therapy, S-TRAb-positive cases are often noted in F-TRAb-negative
cases. Since these S-TRAb-positive cases displayed a lower thyrotropin level and a higher
free thyroxine level and there was a negative correlation between serum thyrotropin and
S-TRAD levels, S-TRAD positivity may reflect minimal disease activity. Further analysis is
necessary to examine a relationship between S-TRAb positivity and recurrence of Graves’
disease after discontinuation of an antithyroid drug.
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thyroxine)

I. Introduction

Thyrotropin receptor antibodies (TRAb) are considered to be a principal cause of Graves’ disease .
Measurement of TRAD is widely used in diagnosis of Graves’ disease and follow-up with antithyroid drug
therapy. A radioreceptor assay, which measures binding inhibition of bovine iodo-thyrotropin (TSH)
and solubilized porcine TSH receptors, is widely used in current measurement of TRAb?’. This method
involves problems such as false negatives for Graves’ disease, false positives for diseases other than
Graves' disease, and uncertain significance at low concentrations*°’. Recently, a method of measurement
using solid-phase human recombinant TSH receptors has been developed as a second-generation method
of high-sensitivity TRAb measurement®’. The present study was therefore undertaken to test the speci-
ficity of this high-sensitivity TRAb measurement for Graves’ disease and its significance in patients with
Graves’ disease in remission and during maintenance therapy, particularly focusing on its relationship to
disease activity.

II. Materials and Methods

A. Subjects

Subjects were a total of 284 cases (Table 1) including 167 cases of Graves’ disease, 5 cases of pain-
less thyroiditis, 8 cases of subacute thyroiditis, 37 cases of chronic thyroiditis, 19 cases of miscellaneous
thyroid diseases (15 cases of adenomatous goiter, 2 cases of a thyroid cyst, and 2 cases of cretinism), 36
cases of Type 1 diabetes mellitus, and 12 cases of other diseases (7 cases of Type 2 diabetes mellitus, 2
cases of hyperlipidemia, 2 cases of an eating disorder, and 1 case of simple obesity). Subjects in the lat-
ter 3 groups were all negative for anti-thyroglobulin antibody (TgAb) and anti-thyroperoxidase antibody
(TPOAb). Informed consent was obtained for the use of sera to measure thyroid-associated antibodies as
described below.

Graves' disease was, in addition to hyperthyroidism and the presence of a goiter, diagnosed by posi-

Tablel Overall characteristics of the subjects

number age  ageatonset S-TRAb* F-TRAb**
(male:female) (years)  (years)  positive(%) positive/number (%)
Graves' disease 167 (40:127) 48+15 43+15 102 (61%) 72/167 (43%)
Painless thyroiditis 5 (1:4) 31+11 0 (0%) 04 (0%)
Subacute thyroiditis 8 (0:8) 50+ 10 0 (0%) 0/8 (0%)
Chronic thyroiditis 37 (3:34) 49+16 3 (8%) 112 (8%)
Miscellaneous thyroid diseases*** 19 (4 ;15)  43*13 0 (0%) 0/11 (0%)
Type 1 diabetes mellitus*** 36 (18 :18) 43*16  30*15 0 (0%) not measured
Others™*** 12 (6:6) 46+18 0 (0%) 01 (0%)

Mean = SD are shown.

* S-TRAD denotes second-generation thyrotropin receptor antibody. S-TRAb was measured in all cases.
** F-TRAD denotes first-generation thyrotropin receptor antibody. F-TRAb was not measured in all cases.
*** Thyroid autoantibodies (TgAb and TPOAb) were negative.
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tivity of conventional first generation TRAb (TRAb [Cosmic] III, Cosmic Corporation, Tokyo) and/or
increased uptake of " I into the thyroid gland determined by a '** I thyroid scintigram at the time of
initial presentation. Patients with Graves' disease were divided into three groups of 14 untreated cases;
52 cases in remission (n=9, no medication for the past half year or longer) and during maintenance
therapy (administered less than 50 mg/day propylthiouracil or 5 mg/day methimazole with serum TSH
level remaining in normal ranges for the past half year or longer); and 101 other cases principally treated
with dosages above the maintenance dose. Patients in remission and during maintenance therapy did not
include individuals with a history of isotope therapy and individuals receiving combined therapy with an-
tithyroid drugs and levothyroxine.

Painless thyroiditis was, in addition to transient thyrotoxicosis, diagnosed by the presence of TgAb
and/or TPOAD and decreased uptake of ' I into the thyroid determined by a ** I thyroid scintigram. Sub-
acute thyroiditis was, in addition to transient thyrotoxicosis, diagnosed by the presence of a painful goiter,
inflammatory response in sera (C-reactive protein-positive), and typical clinical course. Chronic thyroid-
itis was diagnosed by the presence of a diffuse goiter and positive TgAb and/or TPOADb.

B. Measurement

Levels of serum TSH, free triiodothyroine (free T3), and free thyroxine (free T4) were measured by
ELISA kits (Tosoh Corporation, Tokyo, Japan). TgAb and TPOAD concentrations were measured by RIA
kits (DYNOtest anti TG and DYNOtest anti TPO, Brahms Diagnostica, Berlin, Germany). DYNOtest
TRAb Human “Yamasa® (Yamasa, Tokyo, Japan) was employed for second-generation measurement of
TRAD (S-TRAD). The criterion for positivity was set to >1.5 IU/L, based on the recommendation (values
exceeding reference values for a healthy individual) of Brahms Diagnostica, the kits’ manufacturer®’.
This criterion is also widely used in other previous studies involving Japanese population” ?. In patients
with Graves' disease, TRAD was also measured with a conventional first-generation method (TRAb [Cos-
mic] III Kit, Cosmic Corporation, Tokyo) (F-TRAD) at the SRL laboratory (Tokyo, Japan). The criterion
for positivity was set to the SRL’s criterion (>15%). Thyroid hormones, TgAb, TPOAb, S-TRAb, and
F-TRADb were measured using serum taken at the same time. F-TRAb was also determined in 36 (31%)
out of the 117 cases without Graves’ disease,

With regard to 2 cases of chronic thyroiditis patients in whom S-TRAb was strongly positive, thyroid-
stimulating antibody (TSAb) and blocking-type TSH receptor antibody (TSBAb) were also measured"”
using the same serum.

C. Statistical Analysis

Results are expressed as mean £ SD. Simple correlation was used to examine correlation. The Mann-
Whitney U test or Fisher s exact probability were used to compare the two groups. These analyses were
performed using the statistical package StatView 4.5 for Macintosh (Abacus Concepts, Berkeley, CA). A
P value of less than 0.05 was considered significant.

III. Results

A. S-TRAD levels for various diseases

Diseases other than Graves’ disease were all negative for S-TRAb except for 3 cases (8%) of chronic
thyroiditis (Table 1). Among the 3 cases of chronic thyroiditis that were positive for S-TRAD, a single pa-
tient displayed a weakly positive concentration of S-TRAb (1.7 IU/L). The clinical characteristics of the
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Table2 Clinical characteristics of 2 female patients with chronic thyroiditis and high levels of S-TRAb*

age TPOAb TgAb S-TRAb* F-TRAb** TSAb TSBAb TSH  free T4
(years) (Uml) (Uml) (10N (%) (%) (%) (uwml) (ng/dl)
40 52.5 1.7 17.6 not measured 995 48 1.97 1.13
66 11.8 1.9 15.0 53.4 132 65 0.02%**  2.06%**
Normalrange =0.3 =0.3 <15 =15.0 <180 <45  0.5-3.3 0.8-14

* S-TRADb denotes second-generation thyrotropin receptor antibody.
** F-TRAD denotes first-generation thyrotropin receptor antibody.
*** These values were obtained while the patient taking levothyroxine 100 ug/day.
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Fig.1 : Correlation between first-generation (F-TRAb) and second-generation (S-TRAb) TSH receptor
antibody levels in patients with Graves' disease (n=167).

remaining 2 cases with high concentrations of S-TRAb were shown in Table 2. The subjects were TSAb
or TSBAb-positive. In the TSB-Ab-positive patient who underwent F-TRAb measurement, F-TRAb was
also positive, and levothyroxine had been administered for the treatment of hypothyroidism. F-TRAb was
negative in all other cases with painless thyroiditis, subacute thyroiditis, miscellaneous thyroid diseases
and other diseases who underwent the measurement (Table 1).

B. Studies in Graves’ disease

There was a positive correlation between S-TRAb and F-TRAb in the 167 cases of Graves’ disease

(Fig. 1). In Graves' disease overall, S-TRAb was positive in 102 cases (61%) and F-TRAb was positive

in 72 cases (43%). As shown in Fig.1, most of the F-TRAb-positive cases were also positive for S-TRAb,
although a few exceptional cases were also found. About one third of the F-TRAb-negative cases were
positive for S-TRAD.
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Fig.2 : First-generation (F-TRAb) and second-generation (S-TRAb) TSH receptor antibody levels in
patients with Graves’ disease in remission and during maintenance therapy (n=52). With the
former, 1 case (2%) was positive; with the latter, 12 cases (23%) were positive. The dotted line
indicates the criterion for positivity. The box denotes 25~75 percentile of the levels (25p and
75p, respectively), and 90 percentile of the levels (90p) is also shown. Each circle denotes an
individual level exceeding 90 percentile of the levels.

In 14 cases of untreated Graves' disease, all cases were positive with both methods of measurement.
In 52 cases of Graves' disease in remission and during maintenance therapy, F-TRAb was positive in only
1 case (2%), whereas S-TRAb was positive in 12 cases (23%) (Fig. 2). In the remaining 101 cases prin-
cipally being treated with dosages above the maintenance dose, F-TRAb was positive in 57 cases (56%),
and S-TRAb was positive in 76 cases (75%).

With regard to the 52 cases of Graves’ disease in remission and during maintenance therapy, 12 cases
were S-TRAD positive and the remaining 40 were negative (Table 3). In both groups, there was no differ-
ence in sex, age, age at onset, duration of the disease, proportion of subjects in remission, and levels of
TPOADb, TgAb, and free T3. Among the subjects during maintenance therapy, there was no difference in
the frequency of methimazole or propylthiouracil use as well as in the dose of the drugs. In S-TRAb-posi-
tive cases, serum TSH levels were significantly lower and serum free T4 levels were significantly higher
as compared to the negative cases. F-TRAD levels were also higher in positive cases, although those were
almost within normal ranges (Fig. 2).

In these 52 cases, a negative correlation between serum TSH and free T4 levels was noted (Fig. 3);
in addition, a negative correlation between serum TSH and S-TRADb levels was also noted. There was no
correlation between serum TSH and F-TRAb levels. Both S-TRAb and F-TRAbD levels were not associ-
ated with serum free T4 levels (data not shown).
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Table3 Comparison of patients with Graves' disease in remission and during maintenance therapy
according to S-TRAb™ positivity

S-TRAb* positive S-TRAb* negative P value**

number (male ; female) 12 (4:8) 40 (6 :34) 0.213
age (years) 50 %20 50+ 15 0.811
age at onset (years) 42+16 42+15 0.862
duration (years) 8+7 9+6 0.556
in remmision (n) 2 7 0.660
maintenance therapy (n) 10 33

methimazole (n) (dose) 9 (4.7+0.8 mg/day) 23 (3.8=1.3 mg/day) 0.195

propylthiouracil (n) (dose) 1 (50 mg/day) 10 (45+17.5 mg/day)

TPOAb (U/ml) 68132 2544 0.409
TgAb (U/ml) 6.7+12.1 8.9+34.3 0.307
TSH ( £U/ml) 1.6=1.3 2717 0.035
free T3 (pg/ml) 2.3%0.2 2.2%0.3 0.561
free T4 (ng/dl) 1.1=0.1 1.0=0.2 0.044
F-TRAb*** (%) 6.5+5.9 1.6+25 0.001

Mean *+ SD. * S-TRAb denotes second-generation thyrotropin receptor antibody.
** P value is calculated by Mann-Whitney U test or Fisher's exact probability (category data).

* 3k 3k

F-TRAB denotes first-generation thyrotropin receptor antibody.

IV. Discussion

TRAb measurement is widely used clinically in diagnosis and management of Graves' disease. There
are several problems with this method including false negatives for Graves' disease, false positives for
diseases other than Graves' disease, and recurrence of Graves’ disease after discontinuation of an anti-
thyroid drug in cases displaying negative TRAD levels during the course of therapy®® '*'”. The present
study examined some of these problems using a second-generation method of measurement using human
recombinant TSH receptors.

In the present study, diseases other than Graves' disease were all negative for S-TRADb except for 3
cases (8 %) that were clinically diagnosed as chronic thyroiditis. In patients with Type 1 diabetes mel-
litus, which is often accompanied with autoimmune thyroid disorders, as well as miscellaneous thyroid
diseases, S-TRAb was all negative. Measurement with S-TRAb was therefore highly specific for Graves’
disease, which coincides with past reports ®'*'*'”. When TSAb and TSBAb were examined with regard
to the 2 cases of chronic thyroiditis with high levels of S-TRAD, either was positive. One TSAb-positive
case had normal thyroid function at the current time, although this thyroid function may vary in the fu-
ture. One TSBAb-positive case was receiving thyroxine replacement due to hypothyroidism that may
be caused by TSBAb. This case was also positive for F-TRAb. Since S-TRAbD as well as F-TRAbD is deter-
mined by using principles of radioreceptor assay®’, the functional properties of TRADb cannot be clarified.
The results in positive cases must be interpreted in comparison to the clinical picture.

In all patients with untreated Graves' disease, TRAb was positive with both methods of measurement,
although in cases treated with dosages above the maintenance dose F-TRAb was positive in 56%, and
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Fig.3 : Correlation between serum free T4, second-generation (S-TRAb) and first-generation (F-TRAb)
TSH receptor antibody, and serum TSH levels in Graves’ disease patients in remission and
during maintenance therapy (n=52).

S-TRAD was positive in 75%; the positive rate with S-TRAb was higher. In patients with Graves’ disease
in remission and during maintenance therapy with low doses of antithyroid drug, F-TRAb was negative in
almost all cases, although S-TRAb was positive in 23%, and the largest difference in the positive rate was
noted in this subgroup.

To examine the implication of S-TRAb positivity for Graves’ disease in remission and during mainte-
nance therapy, 12 positive cases and 40 negative cases were compared. A difference in age, duration of
the disease, and levels of TgAb and TPOAb was not noted between the 2 groups, although in positive
cases serum TSH levels were significantly lower and serum free T4 levels were higher. Furthermore, a
negative correlation between serum TSH and S-TRADb levels was demonstrated, in addition to a negative
correlation between serum TSH and free T4 levels. S-TRAD positivity may therefore suggest greater
residual activity of Graves’ disease, even though the serum levels of TSH and free T4 were almost within
normal ranges. TRAD per se is also reported to suppress TSH secretion'®, and the present results are in
accordance with this observation. In contrast, a correlation between serum TSH and F-TRAb levels was
not noted. It seems likely that F-TRAb lacks enough quantitative sensitivity in this range of almost nor-
mal thyroid function.

In patients with Graves' disease during maintenance therapy with an antithyroid drug, F-TRAb negativ-
ity is considered to be a prerequisite for discontinuation of medication although it is not sufficient to guar-
antee successful discontinuation'* . In the present study, there were a number of S-TRAb-positive cases
even among such F-TRAb-negative patients, and in these cases the residual activity of Graves’ disease
might be greater as discussed above. Therefore, S-TRAb may provide more accurate information for the

19)
1.

necessity of continuing an antithyroid drug. With regard to this point, Maugendre et al. " reported that
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S-TRAD could serve as a predictor of relapse of Graves’ disease in a short period of time, although there
is also a contradictory report™ . Schott et al.””’ recently disclosed that relapse of Graves’ disease could be
better predicted by the combined measurement of S-TRAb and TPOAb. Further analysis is necessary to
examine a relationship between S-TRAb positivity and recurrence of Graves’ disease after discontinua-
tion of an antithyroid drug in Japanese patients with Graves’ disease.

In the present study, FF-TRAb measurement is based on the assay using porcine TSH receptors and
polyethylene glycol precipitation method?’, and S-TRAb is on the assay using human TSH receptors and
coated-tube method®’. The higher positive rate of S-TRAb in patients with Graves’ disease is likely due
to the coated-tube method rather than different TSH receptors used, because the same positive rate is
observed by the coated-tube measurement using human or porcine TSH receptors'® * =,

In conclusion, S-TRAD is highly specific for Graves’ disease, and positive cases are often noted in con-
ventional F-TRAb-negative cases of Graves’ disease in remission and during maintenance therapy. This
S-TRAD positivity may reflect minimal disease activity, since these cases displayed a lower TSH level and
a higher free T4 level, and there was a negative correlation between serum TSH and S-TRAbD levels.
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