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1. Introduction

Thyroid-stimulating hormone (TSH) and the
thyraoid-stimulating immunoglobulin described as
long acting thyroid-stimulator (LATS) have heen
shown to bind to receptors in the thyroid [1-6].
However, reports on the interaction of immunoglo-
bulins with LATS activity on the binding of labelled
TSH to its receptor appear to be conflicting. Fayet
et al. [5] have reported that LATS serum incom-
pletely inhibited the binding of labelled TSH to
intact thyroid cells whereas Amir et al. [6] were
unable to demonstrate any action of LATS on TSH
binding to isolated thyroid membranes.

This paper describes the effects of immunoglo-
bulins from several LATS sera on the binding of
labelled TSH to thyroid membranes.

2. Methods and results

Highly purified bovine TSH (30 U/mg; a gencrous
gift from Dr. I.G.Pierce), was labelled [7] with'*°L
to a specific activity of 100 uCi/ug. Bovine serum
albumin (10 mg) was added as carrier protein and
the mixture chromatographed on a column of
Sephadex G-100 in 50 mM NaCl; 10 mM Tris pH
7.5 (Tris—NaCl) to remove small amounts of aggre-
gate and free iodide. The purified label was then
stored at —30°C.

Crude guinea pig thyroid membranes were pre-
pared from tissue slices. The slices were homogenised
in a glass homogeniser with cold 10 mM Tris pH 7.5
and the homogenate centrifuged at 500 g for 5 min.
The supernatant was centrifuged further at 10 000 g
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for 15 min and the sedimented membrane fraction
resuspended in Tris—NaCl containing 1 mg/ml of
bovine serum albitmin (Tris—NaCl -BSA) and
stored at 0°C for up to 12 hr. The membranes
obtained from 1 mg of tissue were defined as 1 mg
equivalent.

Immunoglobulins were precipitated from serum
by addition of 3.75 M ammonium sulphate to a
final concentration of 1.6 M. The precipitate was
washed twice with 1.6 M ammonium sulphate and
dissolved in distilled water (about 50% of the
original serum volume). After dialysis against Tris—
NaC1, the protein solution was centrifuged at
100 000 g for 15 min and stored at 4°C for up to
two months. Preparations Ba, Ro, Co, Wi, Wr, Mi
and Ay were from patients with Graves’ disease.

A pool of serum from 10 healthy donors was used
to prepare normal immunoglobulins. Thyroid
stimulating activity was determined by the McKenzie
method [8] (table 1).

Table 1
McKenzie assay responses to immunoglobulin preparations

Patient IgG dose (mg./mouse) Assay response
(% with SEM.)

Ba 0,25 815 = 90

Ro 0.25 995 £+ 100

Co 1 1166 = 130

Wi 12 1053 £ 270

Wr 12 358 + 60

Mi 12 93 +6

Ay 12 859

Normal 12 64 12
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Membranes (20 ul of 200 my equivalent/ml)
were incubated for 5 min at 37°C with 200 ul of
Tris—NaC1 —BSA containing cold bovine TSH
(1 U/mg, kindly supplied by Armour Pharmaceuti-
cals) or immunoglobulins. Labelled TSH (about 30
pg in 100 ul of Tris—NuCl—BSA) was then added
and the incubation continued for 1—2 hr. The mix-
tures were then cooled to 0°C and, after addition of
I ml of Tris—NuaCl-BSA, centrifuged at 15 000 g for
15 min. All determinations were made in triplicate.
Under these conditions, about 7% of the labelled
TSH was bound to membranes in the absence of any
cold TSH (fig. 1). Seventy five per cent of the bound
TSH could be cluted by treatment with 2 M NaSCN
[3] and after removal of the NaSCN by dialysis or
gel filteration about 30% of the eluted material was
bound to thyroid membranes on reincubation
(fig. 1).

This receptor purified material was used in all
subsequent experiments. [t was stored at —30°C and
used within 3 days of preparation.
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Fig. 1. Binding of '2%Habelled TSH to thyroid membranes.
(a 4) Label used before receptor purification. (o [s)]
Receptor purified label.
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Fig, 2. Binding of 125 14abelled TSH to thyroid membrancs
shown as a Scatchard Plot. The negative slope gives the asso-
ciation constant (2.6 X 1079 molar ! ) and the amount
bound at bound/frce = 0 gives the binding capacity of the
membranes (1.2 uU equivatents/mg equivalent).

The binding of receptor purified label to thyroid
membranes was significantly inhibited by less than
3 ulU of cold TSH (fig. 1). The Scatchard analysis
[9] shown in {ig. 2 indicated a single population of
binding sites with an association constant of 2.6 X
10" molar™ ! and showed that the crude membrane
fraction contained 1.2 ul equivalents of receptors
in each mg equivalent,

The effects of preincubating the thyroid mem-
branes with immunoglobulins from different sera
are shown in fig. 3. Normal immunoglobulins inhibi-
ted TSH binding to small extent and in a non dose
dependant manner. Immunoglobulin preparation
(Ba) with high LATS activity (table 1) completely
inhibited TSH binding whereas preparation (Ro)
with similar LATS activity to (Ba) was less effective
in the receptor assay.

Immunoglobulins (Wi) and (Wr) with far lower
LATS titres than (Ro) showed similar effects to
(Ro) in inhibiting TSH binding. With preparation
(Mi) (LATS negative} increasing the dose of immuno-
globuiin increased the amount of TSH bound to the
membranes and {Ro), (Wi) and (Wr) showed inhibi-
tion of TSH binding at low doses and potentiation at
high doses. Immunoglobulin (Ay) with no detectable
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Fig. 3. Effect of immunoglobulins from patients with Graves’
disease on the binding of '?5I-labelled TSH to thyroid
membranes. Two separate experiments are shown. Immuno-
globulins (Mi) and (Ba) wcre included in both studies.

LATS activity showed a small but significant
inhibition of binding.

3. Discussion

Immunoglobulins fTom patients with Graves’
disease inhibited TSH binding to thyroid membranes
but dose—response lines from different immunoglo-
bulins were non parallel and the ability of particular
preparations to inhibit TSH binding did not correlate
with their LATS activity as measured by McKenzie
bioassay (table 1).

This data suggested that the immunoglobulins
contained a population of antibodies directed towards
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thyroid cell surface sites related to the TSH receptor.
Diiferent scra probably contained different antibody
concentrations, affinitics and specificities and in this
context different immunoglobulin preparations might
have been expected to give different dose response
cffects in the TSH receptor assay. Similarly, lack

of correlation between the mouse bioassay and the
guinea pig receptor system probably reflected species
difference and artifacts of the indirect in vitro binding
situation,

The ahility of some immunoglobulins to enhance
TSH binding to thyroid membranes was apparently
similar to the reported potentiation of TSH binding
to retre-orbital tissue membranes by immunoglobulins
from patients with Graves” disease [10]. It was diffi-
cult to rationalise these observations but passibly an
antigen—antibody interaction close to the TSH receptor
induced changes in the membrane which altered
availability, specificity or affinity of the TSH recep-
tor sites. A combination of direct competition for the
TSH receptor with an indirect enhancing effect could
have been responsible for some immunoglobulins
showing inhibition of binding at low doses and
potentiation of binding at high doses.

Acknowledgements

This work was supported by grants frem the
North of England Cancer Research Campaign, the
Ernest and Minnie Dawsen Cancer Trust and the
Medical Research Council. We would like to thank
Professor A.L. Latner for his helpful advice and
Mrs. G. A. Pyle for excellent technical assistance.

References

[1] Pastan, L., Roth, J. and Macchia, V. (1966} Proc. Natl.
Acad. Sci. U.S. 56, 1802.

[2] Manley, S.W.,Bourke, J.R, and Hawker, R.W. (1972)
J. Endocr. 55, 555.

[3] Smith, B.R. (1971) Biochim. Biophys. Acta 229, 649.

[4] Lissitzky, 8., Fayet G., Verrier, B., Hennen, G. and
Jaguet, P. (1973) FEBS Letters 29,20.

{5] Fayet, G., Verrier, B., Giraud, A., Lissitzky, S., Pinchera,
A., Romaldini, J.H. and Fenzi, G. (1973) FEBS Letters
33, 294,

{6] Amir, S.M., Carraway, T.F., Kohn, L.D. and Winand,
R.J. (1973) 1. Biol. Chem. 248, 4092.

303



Volume 42, number 3 FEBS LETTERS June 1974

[7] Hunter, W.M. and Greenwood, F.C. (1962) Nature 194, [9] Scatchard, G. (1948) Ann. N.Y. Acad. Sci. 51, 660.
495, [10] Winand, R.J. and Kohn, L.D. (1972) Proc. Natl. Acad.
[8] McKenzie, J.M. (1958) Endocrinology 63, 372. Sci. U.S. 69,1711,

304



