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Abstract

The concept of using thyroid-stimulating hormone (TSH) re-
ceptor antagonists in the management of Graves' disease is
intriguing. Therefore, we investigated a TSHreceptor antago-
nist derived from human chorionic gonadotropin (hCG) with
respect to TSH receptor binding, adenylate cyclase activity,
thyroid hormone release, and HLAclass II antigen expression
in vitro and in an in vivo model.

A variant of hCG, asialoagalacto-hCG, like asialo-hCG and
unlike hCGitself, inhibited both '25I-bTSH binding and cAMP
response to bTSH in human thyroid membranes. However, like
intact or deglycosylated hCGand unlike asialo-hCG, asialoa-
galacto-hCG displayed a limited affinity for hepatic asialogly-
coprotein receptors, a likely marker for its in vivo turnover rate.
It proved capable of inhibiting bTSH-stimulated thyroid hor-
mone release in human thyroid slices as well as in the nude
mouse bearing human thyroid transplants. It also prevented
bTSH induced hypertrophy of transplanted thyrocytes. Fur-
ther, HLA-DR expression induced by bTSH in the presence of
y-interferon on human thyrocytes was inhibited.

In conclusion, we present evidence that asialoagalacto-hCG
antagonizes bTSH actions on thyroid function and HLA-DR
expression in human thyroid in vitro and, more importantly, in
an in vivo model. Hence, the hCG variant described here or
similar agents should warrant further exploration in the study
and treatment of Graves' disease. (J. Clin. Invest. 1991.
88:1947-1954.) Key words: hCGvariant * TSH receptor - T3
release * DRantigen * nude mouse

Introduction

Binding of thyroid-stimulating hormone (TSH)' to its receptor
in the thyroid gland initiates a series of events that finally result
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1. Abbreviations used in this paper: bTSH, bovine thyroid-stimulating
hormone; hCG, human chorionic gonadotropin; HF, hydrogenfluo-
ride; T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating
hormone.

in an enhancement of the synthesis and secretion of thyroid
hormones. Basically, the same mechanisms are operative also
under pathological conditions in patients with Graves' disease,
because thyroid-stimulating immunoglobulins bind to the
TSHreceptor, mimic the actions of TSHand induce an uncon-
trolled hyperstimulation of the thyroid gland (1). In addition to
their role in maintaining thyroid hyperfunction, Graves' immu-
noglobulins are also believed to propagate the underlying im-
munological disorder by enhancing thyroid antigen presenta-
tion, particularly aberrant expression of HLA class II antigens
on the surface of thyrocytes (2). In this respect, TSH is also
capable of increasing y-interferon induced HLA-DR expres-
sion by thyrocytes suggesting that this effect may be mediated
via TSH receptor (3). Hence, TSH receptor antagonists would
theoretically offer an ideal approach to treating Graves' dis-
ease. In fact, over the past decades several compounds have
been described that are capable of inhibiting the binding of
labeled TSH to its receptor and of blocking TSH-stimulated
adenylate cyclase activity, among them mainly deglycosylated
forms of TSH, synthetic peptides representing parts of the al-
pha- or beta-subunit of TSH, and variants of human chorionic
gonadotropin (hCG) (4-9). For some of these agents an efficacy
of blocking the response to Graves' immunoglobulins has been
investigated, too (10, 1 1).

However, in this respect an in vivo bioactivity of these
agents has never been shown and is unlikely to exist consider-
ing their limited persistence in the circulation. In the present
studies, we have therefore attempted to obtain by chemical
modification of the hCGmolecule a TSHreceptor antagonist
that would combine the properties of a strong thyroid inhibi-
tory activity and a sufficient plasma survival rate to retain some
bioactivity in vivo. For this purpose, we investigated the effects
of carbohydrate modified hCGvariants on human thyroid in
vitro with respect to TSH receptor binding, formation of the
second messenger cAMP, and hormonal endpoint response,
i.e., T3 release. In addition, we studied their ability to inhibit
the binding of '25I-asialo-hCG to liver membranes, a likely
marker for their in vivo turnover rate. By these means we suc-
ceeded in identifying variant forms of hCG, asialoagalacto-
hCG, and deglycosylated hCG, that seemed to offer some po-
tential to block thyroid stimulation in vivo. Asialoagalacto-
hCGwas then tested in the nude mouse model to determine its
biological activity under in vivo conditions. Thereby, we as-
sessed its capability to inhibit both stimulation of thyroid hor-
mone production by bTSH and expression of HLA-DR anti-
gen on human thyrocytes induced by bTSH and -y-interferon.

Methods

Hormones. Crude hCG(- 2,500 IU/mg) was obtained from Ayerst
Laboratories (Rouses Point, NY), hCGCR 123 (12,800 IU/mg), and
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its purified ,3-subunit from the Center of Population Research, Na-
tional Institute of Child Health and HumanDevelopment. Highly puri-
fied bTSH for radioiodination (- 30 IU/mg) was a generous gift of Dr.
J. G. Pierce, University of California (Los Angeles, CA), unlabeled
bTSH (Thytropar, - 10 IU/mg) for in vitro studies was purchased
from Armour Pharmaceutical Co. (Chicago, IL) and T3 for RIA stan-
dard from Henning (Berlin, Germany). For in vivo studies bTSH
(Thyreostimulin, - 0.5 IU/mg) from Organon (Oberschleissheim,
Germany) was used.

Enzymes and reagents. Immobilized neuraminidase from Clostrid-
ium perfringens, type VI-A, fl-galactosidase from Aspergillus niger,
grade V, and orosomucoid were obtained from Sigma Chemical Co.
(Deisenhofen, Germany), human recombinant 'y-interferon (2 x I07
IU/mg) from Boehringer Mannheim GmbH(Mannheim, Germany).
Polyclonal sheep anti-T3-antibody was a generous gift of Henning (Ber-
lin, Germany), polyclonal goat anti-T4-antibody was purchased from
Bio-Yeda, Kiryat Weizmann (Rehovot, Israel), monoclonal antibody
HLA-DR-IOT 2a from Dianova-Immunotech (Marseilles, France)
rabbit anti-goat IgG from Renner (Dannstadt, Germany) and rabbit-
anti-mouse IgG, IgA, IgM alkaline phosphatase coupled F(ab') frag-
ment from Zymed (San Diego, CA). Ultrafiltration membranes were
obtained from Diaflo Amicon Corp. (Danvers, Ireland). 125Iodide,
'3'iodide, and the cAMPRIA kits were purchased from Amersham-
Buchler (Braunschweig, Germany).

Preparation of hCGand its variant forms. Purified hCG(hCG) was
isolated from crude hCGby sequential chromatography on columns of
DEAE-52 and Sephadex G-100 and was indistinguishable from hCG
CR 123 (NIH) in its immunological and biological properties, as has
been described in detail previously (9). To obtain asialo-hCG, hCGwas
desialylated according to the method of van Hall et al. (12) following a
protocol we had previously employed (9, 13): 10 mg of hCG were
incubated in 0.1 MNa-acetate buffer, pH 5.6, at 37°C for 30 min,
together with 0.2 IU of immobilized neuraminidase from Clostridium
perfringens. The sialic acid content was determined before and after
neuraminidase digestion by the colorimetric method of Warren after
acid hydrolysis (0.1 NH2SO4, 80°C, 1 h) (14). The removal of > 80%of
the original sialic acid was documented.

Asialoagalacto-hCG was then prepared by further enzymatic diges-
tion of asialo-hCG with ,B-galactosidase from Aspergillus niger. Ini-
tially, asialo-hCG (5 mg) was treated with the enzyme (1 IU/ml, pre-
washed with incubation buffer) in 0.05 MNa-acetate buffer, pH 4.6, at
37°C for 1-48 h, following the method of Bahl (15) (procedure 1).
Later, this procedure was modified to digestion at room temperature
(procedure 2). The reaction was stopped by removing the enzyme with
the use of an ultrafiltration chamber (Amicon Corp., Danvers, MA)
(membrane YM100, cut-off 100,000 mol wt). The material was then
concentrated by ultrafiltration with a PM10 membrane (cut-off 10,000
mol wt) and Iyophilized. Galactose concentrations released during /3-
galactosidase digestion were measured by the copper reduction method
of Somogyi and Nelson (15, 16). During an incubation of 24 h - 80%
of the original galactose residues were removed. For all biological stud-
ies material that has been digested at 20°C for 24 h was used. Deglyco-
sylated hCGwas prepared according to the hydrogen fluoride-method
of Keutmann and co-workers (17), as described in detail in a recent
paper of ours (18). This method removes - 60-80% of total carbohy-
drate with substantial amounts of N-acetylglucosamin and N-acetylga-
lactosamine still remaining attached.

Isoelectricfocusing (IEF) and immunoblotting. IEF was performed
on polyacrylamide gels as described in detail elsewhere (19) (T: 7.7%,
C: 3%, pH 3-10, 15 W, 10°C, 90 min). After electrofocusing, proteins
were transferred to nitrocellulose sheets according to the method of
Kyhse-Anderson (20) using a semidry graphite blotter. Immunoblot-
ting of hCGactivity was performed by incubation with a specific mono-
clonal antibody (3/6) against hCG-,B. Bands were visualized by an alka-
line phosphatase coupled antibody (rabbit-anti mouse IgG, IgA, IgM
F(ab') fragment) and 5-bromo-4-chloro-3-indolyl phosphate/nitroblue
tetrazolium staining.

Immunoradiometric assays for hCGand its free beta-subunit. The
immunological activities of hCG preparations were assessed by im-

munoradiometric assays (IRMAs), specific for holo-hCG and free beta-
subunit of hCG, respectively. Monoclonal antibodies employed, i.e.,
11/6 (against holo-hCG and LH), 3/6 (hCG and /3-subunit), 12/17
(hCG and /-subunit), and 2/6 (specific for the /3-subunit of hCG), were

raised and purified by Dr. K. Siddle, University of Cambridge, UK, as

reported previously (21). Assay procedures and assay characteristics
have been described in detail in previous reports from our laboratory
(22, 23). The assay, which employs the monoclonal antibodies, 3/6 as

solid phase antibody and 11/6 as tracer, measures holo-hCG with negli-
gible cross-reactivity with free beta-subunit of hCG (< 0.01%). The
second assay, using 2/6 as solid phase antibody and 12/17 as tracer, is
specific for the free beta-subunit of hCGits cross-reactivity with holo-
hCGbeing only 0.4% (23).

Radioiodination of hormones and antibodies. A stoichiometric
chloramine-T technique was used for '25I-labeling of highly purified
bTSH, hCG, mAb 12/17 and mAb11/6 (24). '251-asialo-hCG was ob-
tained by neuraminidase treatment of '25I-hCG, similar to the proce-
dure for preparing the unlabeled hormone described above. The sub-
stances had specific activities in the range of 30 to 50 MCi/Mg and re-

tained their biological activities, as described previously.
Binding studies to human testis membranes. A 10,000 g particulate

fraction was prepared from surrounding normal human testicular tis-
sue collected at surgery from patients with testicular cancer. Binding of
'251-hCG (3 x 10-11 M) to testis membranes (30 ug protein/0.3 ml
reaction mixture) was studied in the presence and absence of various
inhibitors in 20 mMTris-C1 buffer, pH 7.45, containing 0.1% BSA for
18 h at room temperature. Nonspecific binding was determined by
adding 600 mU/ml crude hCG(9).

Binding studies to human thyroid membranes. Humanthyroid tis-
sue obtained at surgery from patients with endemic goiter was pro-
cessed to a 10,000 g particulate fraction, as described in detail previ-
ously (9, 13). Binding of '25I-bTSH (3 X 10-" M) to the thyroid mem-

brane fraction (30-50 Mg protein per 0.3 ml) was studied in 50 mM
Tris-acetate-0.1% BSA buffer, pH 7.45, for 18 h at 22°C, conditions
which have been reported to expose the high affinity sites of the TSH
receptor (9, 25). Nonspecific binding was measured in the presence of
excess unlabeled bTSH (1.66 IU/ml).

Binding studies to rat liver membranes. To study the influence of
various inhibitors on the binding of '25I-asialo-hCG (3 X 101 M) a

membrane fraction was prepared from rat liver, as described in detail
previously (13). Incubation was carried out in 20 mMTris-CI-0.1%
BSA buffer, pH 7.45, containing 0.4 mMCaC12, for 1 h at 37°C with
30-50 ,ug protein per 0.3 ml reaction mixture. Nonspecific binding was

determined in the presence of excess unlabeled asialo-orosomucoid
(500 ,g/ml, obtained by desialylation of orosomucoid).

Adenylate cyclase activity in human thyroid membranes. Following
a procedure of Orgiazzi et al. (26), human thyroid tissue was immedi-
ately processed to a particulate fraction, as described previously (9).
30-40 Mg of membrane protein was incubated at 37°C for 30 min,
together with various substances, in 250 ,l of reaction mixture (20 mM
Tris-Cl, 3 mMTris-ATP, 0.05 mMinosine triphosphate, 6mMMgCl2,
0.1 mMisobuthylmethylxanthine, 10 mMphosphocreatine, 0.3 mg/
ml rabbit creatine kinase, 0.1% BSA, pH 7.7). cAMPconcentrations
were measured in the supernatant with the use of a commercial
RIA-kit.

Studies of T3 release from human thyroid slices. T3 release from
human thyroid slices was studied using a bioassay modified according
to Atkinson and Kendall-Taylor (27), as described in detail previously
(19). Thyroid slices (1 X 1 x 0.5 mm)were incubated with the various
inhibitors in a two chamber dialysis system in modified Earles' buffer
containing in addition 2 g/liter gelatine, 2 g/liter glucose, 100 IU/liter
insulin and antibiotics (penicilline and streptomycine) under 95%OJ
5% CO2 atmosphere, for 5 h at 370C. Quadruplicate determinations
were performed for each point. T3 released into the medium was mea-

sured by a sensitive RIA after equilibrium dialysis for free hormones.
In vivo studies ofthyroid hormone production and HLA-DR expres-

sion in the nude mouse. Normal human thyroid tissue obtained at

surgery (neck dissection) from patients with head and neck cancer was

transplanted to athymic nude mice (strain NMRI, age 5-6 wk, weight
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28-30 g), with each animal receiving two transplants of a size of - 4
x 3 x 2 mm. 8 wk after transplantation, mice were injected intrave-
nously on two consecutive days with saline (0.1 ml), bTSH (0.1 mIU/
animal) or various doses of asialoagalacto-hCG (0.25, 0.5, 1 mg/ani-
mal) alone or followed by 0.1 mIU of bTSH 5 min later. In another
series of animals, bTSH dose was increased to 100 mIU per animal to
find out if a higher TSHdose may overcome the thyroid blockade by
asialoagalacto-hCG indicating a competitive mode of action of the in-
hibitor. On the second day of the experiment, 5 MCi of '3'iodide were
given i.v. to label thyroid hormones that were newly synthesized. Thy-
roxine production was then estimated by measuring "3'I-thyroxine in
the serum of the animals 24 h after '3'I administration with the use of a
double antibody technique (goat anti-T4-antibody and rabbit anti-goat
IgG). Results were related to 1311 content in the serum sample and
expressed as a percentage of '311-thyroxine to total radioactivity. At the
end of the experiment, thyroid transplants were removed, stored frozen
(-70'C), and used for histological and histomorphological examina-
tions. Particularly, nuclear volume of thyrocytes was assessed, because
this is known to be a sensitive marker of functional stimulation of
endocrine glands. This experimental nude mouse model briefly de-
scribed above has been well standardized and widely employed by our
group for studies related to a variety of aspects of the physiology of
human thyroid under in vivo conditions, including stimulation of cel-
lular hypertrophy and hormone production by bTSH and other thy-
roid stimulators (28, 29).

To study HLA-DR expression by normal human thyroid trans-
plants we followed a recently employed protocol (30). Briefly, y-inter-
feron (200 IU/day) was continuously administered via an i.p. mini-
pump (Alzet model 2002, Alzet, London, UK) for 3 d and bTSH in-
jected in single doses of 0.1 mIU/animal on each day. To assess its
influence on bTSH/'y-interferon induced DR expression, asialoaga-
lacto-hCG was tested in doses of 0.25, 0.5, and 1 mgper animal, ad-
ministered i.v. 5 min before bTSH. Control experiments included sa-
line, bTSH alone, asialoagalacto-hCG alone, y-interferon alone, and a
combination of y-interferon and asialoagalacto-hCG. DRexpression
was visualized by staining of frozen thyroid transplant sections with
MAb. Percentage of DR-positive cells was determined by examination
of five sections (magnification, 10 x 16) from different areas of each
transplant comprising at least 100 follicular cells each.

In addition, in some experiments we have measured concentrations
of holo-hCG immunoreactivity present in the serum of the mice 20
min after injecting asialoagalacto-hCG. The protocol of the present
studies was approved by the local ethic committee and performed in
compliance with the guidelines for animal research contained in the
declaration of Helsinki.

Measurement of protein concentrations. Protein concentrations of
membrane preparations were estimated by the method of Bradford
(31), with BSA as a standard.

Statistical methods. For statistical analysis of data Wilcoxon's test
for unpaired observations was used.

Results

Evaluation of optimum conditionsforpreparation ofasialoaga-
lacto-hCG and characterization of hCGvariants. Whenasialo-
hCGwas treated with ,B-galactosidase according to procedure
1, the majority of the material dissociated into its free subunits
as evidenced by a reduced immunological activity in the holo-
hCGspecific IRMA (data not shown) and a corresponding in-
creased reactivity in the IRMA specific for the free beta-
subunit of hCG(Fig. 1 A). In contrast, galactose digestion at
room temperature (procedure 2) over the same period of time
released only a proportion of < 4%of free beta subunit (Fig. 1
B). Therefore, asialoagalacto-hCG obtained by 24 h digestion
at 20°C was used for further studies.

hCG, asialo-hCG, asialoagalacto-hCG, and deglycosylated
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Figure 1. Release of free hCG-,8 subunit during incubation of asialo-
hCGwith jl-galactosidase from Aspergillus niger at 20'C and 37'C.
Free beta-subunit was determined by a specific IRMA with negligible
cross-reactivity with intact hCGand was expressed as percentage of
weight of the material.

hCGshowed comparable immunoreactivities and parallel dose
response curves in specific holo-hCG IRMA (data not shown).
In the hCG radioreceptor assay using human testis mem-
branes, when compared on a weight basis with the standard
hCG at half-maximum inhibitory concentrations, deglycosy-
lated hCGwas the most active substance showing 300% of the
hCGactivity. Asialo- and asialoagalacto-hCG were next in po-
tency (- 200% of the hCGactivity, data not shown). When
subjected to isoelectric focusing and immunoblotting, hCG
showed several bands in a pI range of 4-6.8. In contrast, the
modified hCG forms asialo-hCG, asialoagalacto-hCG, and
deglycosylated hCGfocused close to the cathode (Fig. 2).

Binding of hCGforms to thyroid and liver membranes. The
affinities of hCGforms for thyroid TSH-receptors and for he-
patic asialoglycoprotein receptors were estimated by their abili-
ties to inhibit the binding of '25I-bTSH to human thyroid mem-
branes and that of 125I-asialo-hCG to rat liver membranes, re-
spectively. hCGshowed very little affinity for both thyroid and
hepatic receptors and removal of sialic acid (asialo-hCG) re-
sulted in a sharp enhancement of the binding to both receptor
types.

When further carbohydrates, particularly terminal galac-
tose residues, were removed, opposite effects on the interaction

.:..

:.:sa;
- .. . Figure 2. Isoelectric focusing of

hCGand its variants. After
IEF, hCG immunoreactivity
was visualized by immuno-
blotting with a MAbagainst
the ,8-subunit of hCG. hCG is
shown in lane 1, asialo-hCG
in lane 2, asialoagalacto-hCG
in lane 3, and deglycosylated
hCGin lane 4.
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BSA, pH 7.45, at 220C for 18 h. Results were expressed as a percent-
age of specific binding compared to the control value obtained in the
absence of inhibitor. Each point represents the mean of closely con-
curing duplicate determinations. Specific binding of 125I-bTSH was
11% in this experiment.

with the two receptors were observed. At the thyroid receptor,
the activity of asialoagalacto-hCG to inhibit the binding of 1251.
bTSHwas slightly increased compared to asialo-hCG, whereas
the affinity of the substance for the hepatic asialoglycoprotein
receptors was greatly diminished. Removal of most of the re-
maining carbohydrate moieties of hCG (deglycosylation) was
then associated with a slight increase in TSHbinding inhibiting
activity, but did not significantly affect binding to liver mem-
branes (Figs. 3, 4). To determine specificity of the interaction of
desialylated hCG variants with TSH receptor, another glyco-
protein, orosomucoid, was desialylated and tested together
with the various forms of hCG. Asialo-orosomucoid, as ex-
pected, was a potent inhibitor of '25I-asialo-hCG binding to
liver membranes, but did not significantly affect 125I-bTSH
binding to thyroid membranes (data not shown).

Inhibition of bTSH-stimulated adenylate cyclase activity
and T3 release by hCG variants in human thyroid in vitro.
Whereas hCGitself failed to inhibit bTSH stimulation of ade-
nylate cyclase activity in human thyroid membranes, asialo-
hCG, asialoagalacto-hCG, and deglycosylated hCGrevealed a
concentration-dependent inhibitory effect in this respect.
Compared on a weight basis, deglycosylated hCGwas the most
potent inhibitor of bTSH action, closely followed by asialoaga-
lacto-hCG, and asialo-hCG was the least potent of these inhibi-
tors (Fig. 5). All substances were unable to stimulate adenylate
cyclase activity when tested by themselves in the absence of
bTSH (data not shown).
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t 20- Am LEO cosylated hCG(i). Du-
plicate determinations
were made for each
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in 20 mMTris-HCl-0.4
mMCaCl2-0. 1% BSA, pH 7.45 at 370C for 1 h. Results shown are
the mean of duplicate determinations in a single assay. Specific bind-
ing of 125I-asialo-hCG was 15%.
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Figure 5. Inhibition of
adenylate cyclase re-
sponse to bTSH (0.2
mIU/ml) in human thy-
roid membranes by
various forms of hCG:
hCG(o), asialo-hCG
(a), asialoagalacto-hCG
(o), deglycosylated hCG
(a). Results shown are
the means of triplicate
determinations (x±SD).

Two of the inhibitors, asialo-hCG and asialoagalacto-hCG,
were also tested for their influence on hormone response to
bTSH. They showed a dose-dependent inhibition of bTSH
stimulated T3 release in human thyroid slices, as depicted in
Fig. 6.

In vivo studies of thyroid hormone production in the nude
mouse. In the nude mouse, bTSH induced a dose-dependent
stimulation of thyroxine production as measured by an in-
crease in '311-thyroxine in the serum 24 h after administration
of radioactive iodide. This was true for animals with and with-
out human thyroid transplants. However, the magnitude of
stimulation was considerably higher in animals bearing trans-
plants. In the absence of transplants basal production of 13'i-
thyroxine was 10.9±2.4% (mean±SD, n = 3), and stimulation
by 0.1 mIU bTSHon two consecutive days, as described under
Methods, resulted in an increase to 25±5% (n = 3, P < 0.01).
After injections of 0.1 mIU/animal bTSH to animals bearing
human thyroid transplants 13'1-thyroxine amounted to
33.3±2.2% (n = 6) of total radioactivity in the serum sample,
compared to 13.6±0.96% in the absence of the hormone (n
= 3, P < 0.01). Asialoagalacto-hCG when given intravenously
before bTSH injections to nude mice bearing transplants was
able to reduce the bTSH related rise in serum concentrations of
'311-thyroxine in a dose dependent manner, as is shown in Fig.
7. At the highest dose of asialoagalacto-hCG tested (1 mg/ani-
mal) bTSH response was nearly completely abolished (Fig. 7).
In contrast, basal production of '3'I-thyroxine was not signifi-
cantly affected by comparable doses of asialoagalacto-hCG

I)

* bTSH
+ asialo-hCG

2 bTSH
+ asialoagalacto-hCG

500

400

3001

basal bTSH 33 160 330
Concenrtion of hCG-Variants (Lg/m1)

Figure 6. Effect of asialo-hCG and asialoagalacto-hCG on T3 release
in human thyroid slices. Each value represents the mean of quadru-
plicate determinations (x±SD). The data show a dose related inhibi-
tion of T3 release induced by 10 mIU/ml bTSHby both hCGvariants.
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40 Figure 7. Inhibition of
'31I-thyroxine production

bTSH in response to bTSH by
~30- ' \ asialoagalacto-hCG in the.0 \ nude mouse. In these ex-

periments, nude mice bear-
ing human thyroid trans-
plants were injected intra-
venously on two

Convols Y consecutive days with dif-
10 .. . . ferent doses of asialoaga-

0 0.2 0.4 0.6 0.8 1.0 lacto-hCG followed by 0.1
Asialoagalacto-hCG (mg) mIU/animal bTSH, bTSH

alone or saline (controls).
Thyroxine released into the serum was radioactively labeled, and ex-
pressed as percentage of '3'1-thyroxine to total radioactivity in the
serum sample, as described under Methods. Results in the bTSHand
bTSHplus 1 mgasialoagalacto-hCG group were obtained in six ani-
mals (mean±SD), respectively. Values in the other groups represent
triplicates.

(0.25 mg, 11.1±2.4%; 0.5 mg, 13.7+0.8%; 1 mg, 13.9±1.0%;
basal, 12.9±2.6%; n = 3, P = NS). The hCGblock on 131I-thy-
roxine production was apparently overcome by increasing
bTSH dose, and only a minor inhibiting effect of 700 Ag asi-
aloagalacto-hCG was seen in animals treated with 100 mIU
bTSH each (bTSH alone, 31.6±1.84%, n = 4, vs. bTSH plus
asialoagalacto-hCG, 27.1+2. 1%, n = 4, P= NS).

In addition, a marked increase in nuclear volumes of thy-
roid follicular cells was seen in transplants of animals receiving
bTSH (0.1 mIU), but not in animals that had received com-
bined treatment with asialoagalacto-hCG and bTSH. The data
are shown in Table I.

In these experiments, concentrations ofholo-hCG immuno-
reactivity present in the serum of the mice 20 min after asialoa-
galacto-hCG injections were as follows: 4.6±2.9 ,g/ml (x±SD,
n = 3) in animals injected with 0.25 mg, 11.0±4.9 ,g/ml in
animals injected with 0.5 mg (n = 3) and 25.5±11.6 jig/ml in
animals injected with 1 mg asialoagalacto-hCG (n = 6). As
expected, in the groups of animals treated with saline and
bTSH alone no hCG-immunoreactivity was found.

Studies ofHLA-DR expression in the nude mouse. To study
the effects of asialoagalacto-hCG on HLA-DR expression in
human thyroid transplants single injections of bTSH and/or
asialoagalacto-hCG were administered, in the absence and pres-
ence of y-interferon which was continuously infused, for 3 d.
Table II summarizes the results of these experiments. The data
show a dose-related inhibition by asialoagalacto-hCG of the
bTSHeffect on DRexpression by thyrocytes in the presence of
y-interferon (- 75% DR-positive cells). The y-interferon ef-
fect alone (- 45%), however, was not significantly affected by
the hCGvariant. Asialoagalacto-hCG alone resulted in a per-
centage of < 3%DR-positive thyrocytes in the transplants, and
so did bTSH alone and saline.

Discussion

In the present studies we describe and characterize a TSH re-
ceptor antagonist that was obtained by chemically modifying
the hCG molecule and inhibits various responses of human
thyroid to bTSH in vitro as well as in a nude mouse model
under in vivo conditions. This particular variant of hCG, asia-

Table L Inhibition of bTSHEffect on Hypertrophy of Follicular
Cells in Human Thyroid Transplants by Asialoagalacto-hCG
in the Nude Mouse

Substances Nuclear volume

pm3

bTSH (0.1 mIU/animal) 145±5.0$
bTSH (0.1 mIU/animal) + asialoagalacto-hCG

0.25 mg/animal 130±7.8**
0.5 mg/animal 110±6.1*
1 mg/animal 95±5.8*

Asialoagalacto-hCG
0.25 mg/animal 93+4.9*
0.5 mg/animal 92±6.5*
1 mg/animal 90±4.5*

Saline 92±6.3*

x±SD, n = 3.
* P < 0.01 compared to bTSH.
tP < 0.01 compared to saline.

loagalacto-hCG, favorably combines the properties of a high
affinity for human TSH receptor and a limited affinity for he-
patic receptors that are responsible for the extremely rapid
plasma clearance of asialo-hCG (32, 33).

The aspects of the physiology of asialoagalacto-hCG related
to its interaction with the thyroid TSH receptor have appar-
ently not been examined previously, except for some prelimi-
nary results published by our group (34). Only, some data on
the interaction of this hCGvariant with the ovarian and testis
hCGreceptor, mainly of rat origin, are available (35-38). From

Table II. Inhibition of bTSHEffect on -y-Interferon-induced
HLA-DR Expression in Human Thyroid Transplants
by Asialoagalacto-hCG in the Nude Mouse

Percentage of HLA-DR
positive thyroid

Substances follicular cells

y-Interferon + bTSH 75±3.0*
y-Interferon + bTSH + asialoagalacto-hCG

0.25 mg/animal 71±4.5*
0.5 mg/animal 60±3.5*4
1 mg/animal 46±2.5*

7y-Interferon 45±4.0*
7-Interferon + asialoagalacto-hCG

0.25 mg/animal 44±6.0*
0.5 mg/animal 46±3.5*
1 mg/animal 50±5.5*

Asialoagalacto-hCG (0.25, 0.5, 1 mg) <3*t
bTSH <34
Saline <3**

7-Interferon (200 IU/d) was continuously supplied by infusion for 3
d, bTSH (0.1 mIU/animal) and asialoagalacto-hCG were injected as
single doses on 3 d (see text and Methods). Results represent the
means±SD obtained in five animals per group.
* P < 0.01 compared to 7-interferon + bTSH.
* P < 0.01 compared to 7-interferon.
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a methodological point of view it is important to note that
previously published procedures for preparing asialoagalacto-
hCGby treating asialo-hCG with f3-galactosidase from Asper-
gillus niger (15) were somewhat unsatisfactorily employed in
our hands as their use resulted in considerable release of free
d-subunit which is biologically inactive. This problem, how-
ever, could be overcome by introducing a slight modification
of the protocol performing enzymatic digestion at 220C instead
of 370C.

As expected from previously published data (9, 13, 39, 40),
removal of sialic acid from hCGresulted in a sharp enhance-
ment of its affinity for TSH receptor in human thyroid mem-
branes. Removal of terminal galactose in addition to sialic acid
brought only little further increase in affinity for TSHreceptor,
and so did nearly complete removal of carbohydrate by the HF
method. With respect to its TSH antagonism, asialoagalacto-
hCGproved at least as potent as asialo-hCG and slightly less
potent than deglycosylated hCGas judged by the abilities of the
substances to inhibit the stimulation of adenylate cyclase activ-
ity by bTSH in human thyroid membranes. In that respect,
asialoagalacto-hCG exhibited a much higher potency than
other relatively long-lived TSHreceptor antagonists (alpha-BF,
asialo-alpha-BF) we had described in a previous report (13).
Another aim of the present study was to document an inhibi-
tory effect of TSH receptor antagonists on bTSH-stimulated
hormonal endpoint response, because this was apparently not
included in previous studies. Indeed, we could show a dose
dependent inhibition of bTSH stimulation of T3 release in
human thyroid slices by both asialo-hCG and asialoaga-
lacto-hCG.

Binding studies to rat liver membranes were performed
next because a close relation between plasma half lives of hCG
forms and their affinities for hepatic receptors for asialoglyco-
proteins had been well established in a number of previous
studies including our own work (13, 32, 33). Thus, the desialy-
lated form of hCG, asialo-hCG, binds with high affinity to, and
is rapidly cleared by these receptors and as a result has a half-
life in the range of minutes only, whereas hCGitself has little
affinity for hepatic receptors and survives in the circulation for
several hours (41, 42). As a consequence, asialo-hCG does not
retain its in vitro gonadotropic activity in vivo (32, 37, 43). For
asialoagalacto-hCG, however, we found a 300-fold lower affin-
ity for asialo-hCG receptor in rat liver membranes when di-
rectly compared with asialo-hCG in the same assay. In that
respect, deglycosylation did not lead to any further diminution
of hepatic binding. These data underline the essential role of
terminal galactose in the interaction of asialoglycoproteins
with liver receptors that has previously been described by Ash-
well and others (44).

By taking advantage of differences in carbohydrate require-
ments for interaction with thyroid TSH receptor and hepatic
asialoglycoprotein receptors we succeeded in obtaining two
variants of hCG, asialoagalacto-hCG, and deglycosylated hCG,
that exhibited a limited affinity for liver receptors and at the
same time retained a strong thyroid inhibitory potency. Experi-
ments that would permit an exact analysis of their elimination
kinetics or calculation of their plasma half-lives were not per-
formed in the present studies. However, we did measure holo-
hCG immunoreactivities present in the serum of the mice 20
min after injecting asialoagalacto-hCG. As expected, serum
concentrations of holo-hCG immunoreactivity were related to
the dose of asialoagalacto-hCG administered being at this time

- 25 gg/ml per mgof substance injected. This is in accord with
earlier reports showing significantly prolonged plasma half-
lives of asialoagalacto-hCG and galactose oxidized hCGvari-
ants compared to asialo-hCG (36, 37).

For in vivo testing as a thyroid blocker, we deliberately
selected asialoagalacto-hCG rather than deglycosylated hCG,
which appeared at least as good a candidate, mainly for reasons
that asialoagalacto-hCG obtained by enzymatic methods was a
better defined substance available in higher yield, higher pu-
rity, and higher homogeneity than deglycosylated hCG, which
had been prepared by a chemical method. The choice of a
suitable animal model appeared to be difficult, because a sub-
stantial species-related variation in thyroid response to hCGis
well known. Thus, intact hCG from pregnancy sources is a
stimulator of significant potency in the rodent thyroid in vitro
and in vivo (45-48), whereas in the human thyroid it was re-
ported to exhibit little, if any, thyrotropic activity (49-51).
Moreover, desialylation and deglycosylation of hCG increase
its agonistic activity measured by cAMPresponse in rat thyroid
cells (FRTL-5) rather than transforming it into a pure antago-
nist like in the human thyroid (18).

For those reasons, we were particularly interested to study
human thyroid and decided to use the nude mouse bearing
human thyroid transplants. In this model, the in vivo effects of
bTSH and other thyroid stimulators have been well character-
ized. Particularly, a functional activity and responsiveness of
the human thyroid transplants to bTSH stimulation has been
shown previously by histomorphological criteria, '3'iodine
scintigraphy and serum thyroid hormone measurements (28,
29, 52, 53). Thus, '3'iodide administered to the mice, in addi-
tion to its uptake by the mouse thyroid, is avidly taken up by
the transplants and incorporated into thyroid hormones that
are newly synthesized and released into the circulation (28, 53).
Reflecting transplant function, 131I-thyroxine accumulation
measured in the serum 24 h after injecting radioactively labeled
iodine was higher in animals bearing human thyroid trans-
plants as compared to mice without transplant, and this differ-
ence was even more pronounced upon stimulation by bTSH.
Treatment of transplant bearing animals with asialoagalacto-
hCGbefore bTSH stimulation resulted in a significant, dose-
related decrease of 13'I-thyroxine serum concentrations as
compared to those in the group of animals treated with bTSH
alone. The magnitude of inhibition indicated that both trans-
plant and mouse thyroid were affected. Thus, the TSHantago-
nistic activity of the hCGvariant apparently prevailed over its
weak mouse thyroid stimulatory potency under these condi-
tions. The mode of inhibition appeared to be competitive, as it
is in vitro (9), because the block of bTSHstimulation was abol-
ished by increasing bTSHdose. Because '311-thyroxine produc-
tion was dependent on both the human thyroid transplanted
and the mouse thyroid it was desirable to have in addition a
measure of the function of the human thyroid transplants
themselves. Therefore, we determined the nuclear volumes of
thyroid follicular cells in frozen transplant sections. In this re-
spect, bTSH induced cellular hypertrophy of human thyro-
cytes in the transplants could be prevented by treatment with
asialoagalacto-hCG. The data add strong evidence that asialoa-
galacto-hCG was indeed able to block human TSHreceptor in
the nude mouse bearing human thyroid transplants.

Finally, in view of the putative key role of HLA class II
antigen presentation on thyrocytes in propagating autoim-
mune thyroid disease (54-56), we were interested to find out if
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blockade of TSHreceptor by asialoagalacto-hCG may also pre-
vent TSH effect on y-interferon induced DRexpression on
human thyroid transplant cells in the nude mouse model in
vivo. Indeed, we could document a dose-dependent decline in
the percentage of HLA-DR positive thyrocytes in transplants
stimulated by bTSH and y-interferon by treating the animals
with asialoagalacto-hCG. As expected, there was no complete
inhibition of DR expression, because DR expression in re-
sponse to y-interferon alone was not affected by asialoagalacto-
hCG. This, however, would not necessarily preclude a theoreti-
cally possible use of TSH receptor antagonists to control anti-
gen expression in Graves' disease, because reduced antigen
expression should result in reduced numbers of T helper cells
being activated, and this, in turn, should reduce y-interferon
production as well as TSAb production initiating a beneficial
cycle which would then repeat itself.

In conclusion, in the present studies we describe the prepa-
ration and characterization of a variant of hCG, asialoagalacto-
hCG, that antagonizes various effects of bTSH in human thy-
roid in vitro, and, more importantly, in an in vivo model, the
nude mouse bearing human thyroid transplants. The data pro-
vide evidence that such a substance may successfully be used in
vitro as well as in vivo to block both thyroid hormone produc-
tion and HLA-DR expression brought about by TSH receptor
activation. Hence, the concept of antagonizing actions of thy-
roid stimulators at the receptor level maywarrant further explo-
ration for a possible use in the management of Graves' disease
and the present findings may help to eventually obtain a thy-
roid blocker for clinical application.
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