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ABSTRACT | , _

The human thyroid thyrotropin\receptor (TSH-R) has been partially
'-purified and its 1nteraction with immunoglobulins from patients with

‘:a Graves disease (Graves' IgG) has been investigated .

f, TSH affinity chromatography of the solubilized thyroid membrane
proteins yielded a TSH-R preparation purifie by approximately 140

' tontaminants such as thyroglobulin were stil?\;:;§ent in concentra-

tions 3000 times lower than in the original solubilized membrane )

‘?Epreparation. Characterization of the TSH-R revealed a sedimentation

coeffieientibetween 4 2 and 4.9 S, The TSHR - 1?5 1-TSH complex had a

mob{11ty similar to ‘aldolase in iﬁth sucrose gradients and/T"poly-'i -

"acrylamide gel electrophoresis. Further purification of the TSH-R. by'
Graves 196 immunoabsorbents was attempted without improvement of the
*iresults obtained by TSH affinity chromatography above. Monoclonal
‘*fantibodies raised against solubilized thyroid membrane‘proteins. did ‘
—-not allow further purification of the TSH-R. o _ s o -
Initial studies demonStrated that the thyrotropin binding inhi- |
l;bition effect (TBI) of a given Graves' IgG varied depending on the
’ fTSH-R preparation procedure. That is, correlation ‘was found between
B the TBI values in crude and. purified TSH-R preparations made from the

)
S ame gland _

g-: The binding of 125I-TSH to human thyroid TSH-R preparations was |
, enhanced by the presence of n-acetyl-neuraminic acid (NANA) but not by':Q
v'other carbohydrates tested., TBI effect of Graves and normal 166° was_ff\

k ~¥more marked in the presence of NANA but the increment was parallel

: _and not significantly different between the two groups. ;
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- Spme Gravesl IgGs at very lov;concentrations can produce'an
increase in 1251 TSH blndlng to TSH-R. This effect was found to be
species speclfic sincet it was observed on TSH-R preparatloms from
.human thyroid and was less marked 1n bovine.thyroid. However, this |
effect was absent in. gulnea pig fat cell membranes or porclne thyrold
prepa;ations . L \

Cholera toxin (CT) Graves' 1q6 and TSH can stlmulate the pro- |
ductlon of cyclic AMP (cAMP) 1in thyrold cells. Labelled &ecifl-

] cally binds to particulate and solublllzed thyrold and guinea pig fat

cell membrane proteins, but the blndlng is not influenced by the _
presence of TSH. Conversely,\unlabelled CT d1d~not signlflcantly

<

125
affect I-TSH blnding to the membranes. >

Rat thyroid cells in culture (FRTL cells) were used for 1dent1f1-
cation of the 146G b1nd1ng sites. Membrané proteins were phosphory—
lated ( P) 1n the'presence'or absence of TSH, solubilized and precl-

pitated with Graves o normal IgG E)ectrophoretlc analysis of the

‘ preclpltates showed that two proteln bands with molecular weights of

144 000 and- 132 000 were preclpitable by Graves' 1gG and ito a much
/

N lesser degree wlth normal 14G. Membrane protelns phosphoryl;;lon was

- 1ndependent of the presence of TSH.

Identlflcation of human thyrold TSH-R among electrophoretically

‘ separated_membrane proteins trans:erred to nitrocellulose (NC) paper

| ~was done by‘bindlnjsof lzsl—TSH‘ “Labelledilsﬁ spec1flcally,bound to

two proteins wlth molecular welghts of 128 000 and 80 000 . Binding .

z was not 1nh1b1ted by excess LH HCG prolactin CT or Graves IgG.

Blndlng sites for Graves IgG in the Same system were detected by

labelling with 125 -goat antlhuman IgG Multlple,blndlng sltes,were

. ~ B . - N N i Al
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observed, none of them having ihe §ame molecular weight as the.lzsle,

."TSH bindiﬁg profejﬁs. ! _ .'
‘In éoinusion, partial purification of TSH-R was échieved\by“TSH

affinity cﬁromatography and the TSH-R . appearedyto be compriséd of two

molecules with holecular weights of 128,000 and 80, 000 Cho]era toxin -

stimulates the thyroid cel1 ;hrough a different rgceptor than fSH and:

'Graves IgG does not seem to bind to the same binding site as JSH.

e bt et et g e o S e .
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4 - ITACA

Cuando comiences el viaje a Itaca,
ruega para que el camino sea largo,
! Ilenotfe aventuras y descubrimientos.

Ruega que el camino sea largo,
que haya muchas madrugadas,
que entres en puertos que tus ojos ignoraban,
que vayas a ciudades a aprender de los que saben.

Guarda siempre en tu corazon 1a idea de Itaca.

Tienes que Ilegar.: Es tu destino,
pero no fuerzes la travesia,
es preferible que tardes Ywuchos anos,
- que seas viejo cuando fondees la isla,
rico de todo 1o que habras ganado haciendo el camino,
sin esperar que te de mas riquezas,

Itaca te ha ‘dado el bello viaje,
sin ella no habrias salido.

Y si la,encuentras pobre, no es que Itaca o
te haya enganado. Sabio como te has hecho
sabras lo que quieren decir los Itacas . .

Kavafis

. | When you start the way to Itaca
wish it to be a very long way -
full of adventures and discoveries.

v : Wish to way to be very long,
that there be many sunrises and
-when you will go into harbors that your eyes had previously ignored
' that you will be in towns 1earn1ng from those who know.

Keep a]ways within you, the idea of Itaca
you must get there, it' s, your destiny
' : But do not hurry a Fate :
- rather take'many years on 1t

50 you will be old when arriving %t the end
rid of everything you have won by taking the way,
| not expecting more treasures from 1t., ,

Itaca gave you the beautifUI tr1p
~ you would not have started without it ' :
and if you find. it poor, it is not that Itaca has lied to you -
~ Wise as you became you will know what the Itaca means.

XX



CHAPTER I

GENERAL INTRODUCTION

’Graves" disease is characterizéd by hyperfunction of the thyroid
gTand under the autonomous stimulation of circulating immunoglobulins.
Physiologically, thyroid function is principally controlled by the
action of thyrotropin (TSH), which is secreted by the anterior pitui:
© tary under the regulation of thyrotropin releasing factor (TRH) and
.the active thyro1d hormones, cetraiodothyronine‘(T4) and tri{&dothyro-
nine (Ty). TSH stimulates the thyroid cell by bindingﬂto its specific -
receptor (TSH-R), thus activating the cell membrane:enzymes (mainly
adenylate-cyclase) responsib1e for the production of second messen-
gers, which stimulate the intracellular mechanisms responsible for the
ultimate production and secretion of T3 anle4. “

Until 1956 it was believed that the. thyroid hyperfunction of
Graves' disease was due to increased amounts or attdvicy of the sti-
mulating hormone TSH. It was while investigating a bioassay for TSH
that Adams and Purves (1956) discovered that the sdrg of patients with
;;this disease produced a somewhat different st1mu1ation of thq guinea
- fpig thyroid than did the sera from normal subjects. The difference

was a prolonged action, which reached a peak later than exptcted The
discovery provided evidence for the: existence 1n thes; patients of a
substance different from TSH, which was designated the long acting
, thyroid stimulator (LATS) (Adams 1961 and Adams et al. 1961) ‘ The new

131

bioassay, consisting of the measurement of } uptake by che thyroid

gland, was modified by McKenzie (1958) to be used in mice, thus allow-



ing the testing of multiple samples, ‘and is currently known as the
McKenzie bioassay.
¢ In further studies of the LATS substance, it was found that its
prolonged and stronger activity with respect to TSH, was due to the
longer half' 1ife of the former (McKenzie 1961, Adams 1960}, thus re-
" inforcing the already strong suSpicion that the two substances were
different compounds. |

- The origin of the LATS wasvthe main focus‘ot research during the
subsequent years, resulting in its identification as an immunoglobulint
. G by Meek et al. (1964) and Kriss et al. 11264l. Graves' disease was
thus recognized as an autoimmune disorder. - Although derangement of
self- tolerance had been previously observed in thyroid pathology
(Doniach et al. 1957 witebsky et al. 1957), the identification of
LATS“constituted the first description of an’ antibody as a stimulator
of an endocrine cell function.‘ j'ﬁg ’

However, since it was observed that a large proportion of pa-

tients with severe Graves disease did not present with detectable
LATS activity, the possibility of an observing factor in the sera of
LATS;negativevpatients was investigated by Adams et al. They were
able to find a. serum componént that prevented the LATS activity, which
could be neutralized by thyroid tissue [a finding previously described
by Kriss et al. (1964)], among the LATS negative sera (Adams et al
_1967l " This substance was designated LATS-Protector (LATS-P) and was
also found to be an immunoglobulin which did not ‘react with the mouse
'thyr01d (Adams et al? 1971), but stimulated’the thyroid of normal

human volunteers (Adams et al. 1974)
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An effort was made to devise an assay for the detection and
measurement of Graves' immunoglobulins devoid of the comp]icationsoof
the described bio-assays, and that would be sensitive enough to detect
the thyroid stimulating immunog1obu1in (TSI) in the:majority, if not
all patjents with Graves' diseaset Several authors described differ-
ent assaus based on the various functio%s seen in the thyroid cell
when stdmulated with TSH (Yamashita et al. 1972, Onaya et al 1973,

, McKenzie et al. i976 Kendall-Taylor et al. 1980). Among, these;vtne
) cyclic AMP stimu]ation assay of McKenzie et al. (1976) and its yaria:
| tions are currently being used in many laboratories

Of the possible thyroid cell binding sites for the immunoglobu-
lins from Graves’ disease patients (Graves' 1g6) the TSHR was a prime
candidate, since the IgGs appeared to exert the same end effect as
TSH, though uith the previously discussed ditferences. Mehdi et al. !
(1973) and Smith et al. (1974) were the First to obtain a nore direct
indication that the Graves‘ IgG were antibodies to the TSH-R, and
developed an assay for the detectfon of-such antibodies by measuring
their TSH .binding 1nh1bition activity (TB1 assay). - |

’.Earlier.studies by Edmonds et al. (}970) showed that 1ympnocytes"
from Graves' patients appeared.to cause'atslight stimulatfon of thy-
rOid cell 125; yptake due to the presence of surface IgG _Knox et al.
1976a and 1976b, demonstrated that cultured periphera1 1ymphocytes of
patients with Graves disease could be. stimulated by norma] human
o thyroid tissue homogenates or by phytohemaglutinin (PHA) alone The -
: cultured Iymphocytes p:oduced antibodies that were ‘able to st1mu1ate
CAMP production in human thyroid s11ces. It was apparent from these

1

h studies that no antigenic site alterat1on'was necessary for the induc-
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tion of thyroid stimulating antibody (TSAD) production since it was
only the 1ymphpcytes from Graves' patients, and not normaT controls
that were stimu1ated_by normal thyroid tissue; suggesting-that“the
ptriggering factor in the development of GraVes' disease was a fad]ure
of the immunological sUrvei11ehce.and'not an alteration of the TSH-R
that would render tt immunpgehic. However, studies by von giestarp et
al. (1977) demonstrated that Graves' tissue was immuhbgenica11y dif-
ferent in that an antibody raised against one of its fractions that
_contained the TSH-R did not react with‘thyroid prepararions from,
non-toxic goiter oh Hashimoto's thyroiditis, but cpmpeted with both
"~ LATS positive sera and TSH for the TSH-R of Grave§f disease thyrdid
t1ssue | ' |
To the present time, autoant1bod1es to ce11 membrane receptors.

have been descr;ped in five human diseases, namely Graves' d1sease,
myasthenia gravis (Almond et al. 1974 ‘Drachman 1978 and Albuquerque
”et al. 1975), acanthosis nigricans with 1nsu11n resistahce, type B
(Kahnfet aT;'1976 and Flier et al. 1975), ataxia telangiectasia (Bah
et al. 1978, Harrison et'al.:1979-and Muggeo et al. 1979) and in some.
”tases of aiiefgic rhinitis'and asthma (Venter et at. 1980) Althopgh h
under some experimental conditions autoantibodies to the insulin

receptors can mimic 1nsu1in action in vitro (Kasuga et 7h 1978) and

in some Grave;' IqG exerts an unique action of 1n v1vo étimulat1on of -
the target cell. "J , o | |
| The preé@hce of autoant1bod1es in the circu]ation is the result -
~‘of a1terations of the self to1erance mechanisms of the 1mmunolog1ca1
”system (Ta1a1»et a] 1980) It was once be]ieved th’t toTerance was va‘

due to deletion of lmmunocompetent cells either due to disappearance |



‘of these cells or to-inreversible inhibition of their cell surface -
receptor for antigen. The theory, developed by Burnet (1959);/ex- '

-

plained the existence of autoimmunity as a result of somatic mutation
of 1ymphocytes, Ccross- react1v1ty of antibodies to- externa1 ant1gens
with self-antigens, exposure of antigens previously hidden, changes in
the nature of autoantigen and/or intense stimulation of 1ymphocyte_

proliferation. The theory, presently known as the “clonal abortion"

L theory is mostly concerned with B lymphocytes and is supported by some

studies‘of B cell differentiation. The‘regugafion of B cells however,
isvnothon1y,dependent on the antiﬁen presentation,'but on both T and B

cel]s'sensiti;ation. A disparity among the T lymphocyte subpopul a-

tions may trigger the differentiation of a speeific B cell clone to an-

auto antibody produc1ng p1asma ce11 thus startfng an ‘autotmmune

process The disequ111br1um of T cells m1ght fheoret1ca11y, be due

to an excess activity of helper T lymphocytes or to 1nh1b1t1on of sup-

pressor T ce]]s.

~ Studies 'of suppressor- T cell number and act1v1ty in Graves' and
,Hash1moto 3 diseases have y1e1ded conf11ct1ng‘?%su1ts. Normal .number
of suppressor T cells (Canon1ca et al. 1981) as wel]uasvdecreased
~ total SUPPressor ce11s (Sridama et aT‘ 1982) and function-(okita et
~al. 1981a) have been reoorfed However these stud1es 1ack ant1gen1c
specwficity resu1t1ng in the measurement of non- spec1f1c cel]s

e

Ev1dence for a ce11-med1ated 1mmun1ty in the pathogenesis of .

‘Graves' d1sease«has been shown by'Okita et a1 (1980 and 1981b) who .
were able to demonstrate T 1ymphocyte sens1tlzatlon 1n Graves and ;,-

- Hashimoto s diseases by measuring the pat1ents 1ymphocytes m1grat1on v

A
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inhibition and of lymphocytes of normal controls incubated in the
presence of lymphocytes of Graves' patients.

 Although it has been suggested that Graves' IgG stimulate the
thyroid céH] through binding to the TSH-R and that they appear in
circulation as a result of alterations of the immunological surveil-
Tance mechanisms, th{s hypothesis has not been proven yet. To demon-
strate 1gG binding to TSH-R and any associated abnorma]itiés in the
immune system, purification of the TSH-R }s necessary. The isolation
and chqracteriiation of the TSH-R would allow comparative analytical
studies between the TSH-R from normal human thyroid glands and from
thyroids from patients with Graves' disease. Moreover, purified TSH-R
preparafions could beﬁused for further studies of the Graves' IgG
interaction with the‘thyrg{d cell, as well as for specific antigenic
stimulation in the immunoiogipa1 ;tudfes.

Howe&er, up to the present,time, a pure preparation of the TSH-R
has not been obtainzﬁ since antigenié;contaminants such as thyroglo-
bulin are still present in the purified preparations. This prompted
further investigation into the role of the TSH-R in Graves' disease by
studying the interaction of the TSH-R prepgrations from different
sources with Graves' IgG and other boss!ggﬁﬁihyroid stimulators.

Finally, the identification of the TSH-R by localization of the mole-

‘cule in electrophoretically separated prdteins was studied, and the

»

Graves' IgG effect on the TSH binding to the isolated receptor was

compared with theAresults observed in the above systems.



CHAPTER II

METHODS

1.  TISSUE PREPARATION

a) Thyroid Membrane Preparation

 Normal human thyroid tissue was obtained at autopsy and occasionally
surgically removed thyroid tissue*was used. Thyroids from patients

with Graves' disease were always obtained at surgery. The tissue was

kept frozen'at‘—ZO or -700C until used.

Two types of thyroid membrane preparations were made, referred to
as crude membrane (CM) and purified membrane (PM) and made by modifi-
cations of the methods of Smith et al. (1974) and Medhi et al. (1975)
respectively.. Frozen_tissue was cut, with a surgical blade in- thin
s1icesAand then chopped with'j[gultiblade slicer. For CM preparation,
the tissue was suspended in 073 M glucose pH 7.4 or 20 mM Tris HC1 pH
7.4 and Polytron (PT-10 Brfnkman) homogenized for a total of 30 to 60
sec at intervals of 5-10 sec with the Polytron set at speed 7-9. The
suspension wasrfi1tered through 4 and 8 fayers of surgical gauze and
diluted to double volume with 25 mM Tris HC1 pH 7.4 and centrifuged at
QPO x g for 20 nﬁn in a Sorvaavcentrifuge at 4°C. After removing the
top fat layer, the supernatants wé}e collected, mixed, diluted 2:1 in

the above buffer, and centrifuged at 10,000 x g 'for 20 min. The final

pellet was suspended in the Tris solution and kept frozen qnti] used

P
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unless it was immediately solubilized. The procedure w&s carried out
Cat 40C kéeping the material on ice.

The purified membranes wére prepared by suspending the homogen-
ized tissue in 0:01 M sodium phosphate buffer containing 0.01 M MgCl2
ﬁnd 0.25 M sucrose at pH 7.4 (buffer #1) and centrifuged at 800 x g
for 20 min. Supernatants were pooled and centrifuged at 10,000 x g
for 10 min, the pellets were suspended in.the same buffer, homogenized
with a Dounce glass homogenizer using 5 to 7 hand strokes and centri-
fuged under the same conditions. The procedure was repeated once more
and all supern?tants‘were pooled and re-centrifuged at tfie same speed
to remove any remaining debris. The final supernatant was layered
aver a sucrose gradient of 2:3 M sucrose with the membranes in the
phoéphate - MgClé buffer, and centrifuged at 69,000 x g for 4 h in a
Beckman SW 25 rotor. The interphase was harvested and then diluted in
buffer #1 and centrifuged a; the same speed for 1 h. The pellets were
washed twice in 100 mM Tris HC1, 50 mM MgC12, pH 7.2 and fina11y

')resuspended in the same Solution.
Bovine and porcine thyroid membranes (2 months and 2 years old

pig) were prepared as the CM of human thyroid.

b) Solubilization of Membrane Proteins

Thyroid membrane proteins, including the TSH receptor were solu-
bilized by a previously described method (Cuatrecasas 1972) with
Triton X-100, Triton N-101 or sodium deoxyclolate (SDOC) detergents.
The procedure was the same regardless of the detergent used. Membrane

suspensions (CM) were mixed with detergent (1% final concentration)



0 . .
and gently stirred for 1 h at 4 C, followed by centrifugation at

0
200,000 x g for 2 h at 4 C. Supernatants were col]ect%d, aliquoted
and kept frozen at -20° or -70°C until used, unless the excess deter-
gent was removed immediately.

c) Guinea Pig Fat Cell Membrane Preparation

Guinea pigs were sacrificed by ether inhalation and fat tissue

from the peritoneal cavity and inguinal areas was removed. Membranes

were prepared by the same method used for thyroid membrane and solubi-

lized in Triton N-101.

- .

d) Detergent Removal

Excess detergenf'was removed by Bio-beads resin (Bio-Rad) col- |
umns. Tritbn X-100 was removed by the method of Holloway (1973) using
5 ml bed volume Bio-beads SM-2 columns (Bio-Rad). Three mls of solu-
bilized material were placed on top of the colymn and eluted at a
éonstant rate of 3.5 m1/h, giving a final.Triton X-100 concentration
in the final sample of 0.03 to 0.06%. Standardization of the proce-
dure was done usinghBH Triton X-100. Following the removal of the
Triton X-100, the columns were washed with 25 mM Tris HC1, pH 7.4 and

then could be re-used at least 3 times obtaining the samf results.

7
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The procedure was done at room temperature:
Triton N-101 was removed by Amberlite XAD-2 resin (Cheetam 1979).

Samples were run at variable speeds depending on the column and sample

volumes. In a typical experimefit, 10-12 ml of solubilized material



were run through a 30 m] bed volume column in a total time of 35 to 45

min. The procedure was done at a°c.

Sboc wés removed by dialysis at 4°C for 24 h against 100 volumes
of 25 mM Tris, 0.05% SDOC, pH 7.2, with at least 2 buffer changes
(Furth, 1980).

After the excess detergent was removed, samples were aliquoted

and frozen at -20°C or -70°C.

e) Protein Determination -

‘Protein concentrations were determined by the Bradford method
(1976) using a Bio-Rad commercial kit and BSA as the protein fbr the
" standard curve, diluted inryhe same solution as the samples. One
'_hund d microliters qf diluted standard protein 6r sample Qere ali-
quoted in dup]icafe, followed by 5 ml of a 1:5 dilution of stock o
Biq-Rad-dye previously filtered through a Whatman #1 filter paper.
Samples were incubated for 5 to 15 min at room temperature and their

absorbance read at 595 nm wave length. In some experiments 0.1 ml of

1 N NaOH was added to each tube and samples were heated in a 80 C
water bath for 30 min prior to the addition of 3 ml of the diluted

Bradford dye (Bio-Rad).

Whett the sampies were so]ubi]izgd, detergent concenfrations were
determined before the protein concentration determination and the same
detergént concentration was kept constant fof the standard curve and

the samples. In those instances, the 1 N NaOH was not added.

A}
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In some cases, protein concentrations were determined by the
Lowry et. a] method (1951) and by tne Duliey et al. (1975) modifica-
tion of: the same method for the solubilized samples. h

Calculations of the samples protein concentration were oone
fot]dwing linear regression analysis of the data from the standard
curvet

]

f) Detergent Concentration Determination

The procedure used is a modification of the method described by

Garewal (1973).

One hundred mioroliter'aliquots of solubilized samples in Triton

X~ 100 or Triton N- 101, were mixed with 0.2 ml of 70% ethanol and 0 4

s,

ml of ammonium cobaltothiocyanate reagent (2.3 M ammonium thiocyanate

and 96 mM cobalt nitrate hexahydrate) and incubated for 5 min at room

temperature. A 1.5 ml volume of ethylene dichloride was added to each

~tube and vortexed vigorously for at least 30 sec before the tubes were

- centrifuged at 1,500 xg for 20 min at 4°C. The blue upper phase was

discarded and the absorbance of the 1ower phase read at 622 and 687
nm. Sample absorbance was calculated by subtracting the reading
obtained at 687 nm from the va1ue at 622 nm. '

Standard curve values were obtained simuitaneously using a con-
‘stant BSA concentration in different known concentrations of deter-
gent. A linear regression analysis was‘used-to calculate the deter-

gent concentration.
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2. AFFINITY CHR OMATOGRAPHY PURRIFICATION OF THE TSH RECEPTOR

Ay

- The solubilized TSH receptor was purified by TSH affinity chroma-

tography on Affi-gel 10 (Bio-Rad) agarose linked to commercially

available b-TSH (ThytrOpar) by the method described by Cuatrecases'et

(1971)

a) Preparation of the bTSH - Afflnlty Chromatography Columns

Bovine TSH (bTSH) was covalently coupled to the Affi- -gel 10
agarose {(a N- -hydroxysuccinamide ester) following the manufacturer's

(Blo-Rad) instructions. Usually, 12.5 ml of wet gel (equivalent to

0.5¢ of dry materlal) were coupled to 10 m1 of bTSH. (25 mg/ml). The :

b-TSH was dissolved in 0. 1 M sodium bicarbonate buffer pH 8 and dia-
lyzed for 16 h against the same buffer at 4°C. As a tracer I - TSH
(50,000 cpm, S.A. 50-80 uCi/ug) was added to the non- labelled bTSH to
calculate the coupling efficiency. |

The gel was washed under gentle suction in a slntered glass
funnel, at 4 c with 50 ml of. dlstilled water followed by two bed
volumes of the above buffer, The gel slurry was transferred to a
weighing boat weighed: and mixed with the approprlate amount of llgand
.wlthln 10 min The gel was not allowed to stand at ‘room ‘temperature
for longer than 5 min prior to the coupllng reaction The minlmal

. amount of llgand mixed with the ‘gel .was 0.7 ml/g of molst gel. fThe

'-‘coupllng reaction proceeded for 16 h at 4 C under continuous gentle

shakfng To block the unoccup1ed b1nd1ng sites, 0.1 ml ethanolamine/g

-~
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of gel was added and the reaction continued for 1 h at room tempera-

ture.

Columns were prepared with the coupled gel and extensively washed
with 25 mM Tris, O. 05% detergent (Triton X-100 or SDOC), pH 7 2,
followed by at least 3 bed vo1umes of 3 M NaCl in 25 mM Tr1s HCY and
equi1ibration with the Tris-detergent solution.

The washeg,were collected and radioactivity measured in order to
calculate the coupling efficiency.
| Because the amount of radioactivity found in the washes was very
Yow (close to backgroupd),-one experimept was done in which a large .
amount of 125I-TSH was included with the 1igand solution.

¥

b) Purification of the TSH-receptor

\
Solubilized receptor saﬁple (in 25 mM Tris, Triton X-100 or SDOC)
was applied to the top of the affinity gel. The first gel bed volume
' was discarded, but subsequent eluates were,cdl1ected and re-run

through.the‘gel at least 6 times. For'each bed volume, the column

flow was stoppedrso\as to a]lqw the sample to be 1n contact with the
gel for at 15233“30 min. Thus the tota1 time of sample in contact

v

with the gel was 8 to 12 h at 4°C. |
‘Non#bound material was eluted with 25 mM Tris, 0. 05% detergent
-~ until no_prOt could be detected. Absorbed material was eluted with

" 3 M NaCl in the above‘éolution If SDOC was the detergent used then .

« this was avoided as 3 M NaC1 created a precipitate Columns were

t -washed w1th’Tris-detergent so1ut10n,and keptnat 4,C unt11 further use.

Al eTuates‘Were_co11ected. .The'first peak of protein was concen-
IR - \ K} . . N .

\
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trated jn Minicon concentrators, whereas the second peak, g]uted with
3 M NaCl was dialyzed agéinst 25 mM Tris 0.05%, detergent (1:100) for
24 h, with 2 or 3 changes of .buffer, followed by sample concentration,
under vacuum, to the desired volume.

. 2N

0 ‘
A1l procedures were done at 4 C and samples were immediately

frozen and stored at -200 or —70°C until used.

c) Electrophoresis

Electrophoretic analysis of different TSH receptor preparations
was pérformed in 7.5% polyacrylamide disc gels (Biophore, Bio-Rad) and
in 10% SDS polyacrylamide slab gels, in a Bio-Rad electrophoresis |
unit. | ' B

Gels were run, prévious to the sample application, for 30 min in
basic buffer containing glycine and Tris base with or without SDS, pH
8.3. \For the declge1s, samples were electrophoresed at 140 V for 6h,
stained with Cooﬁassie blue and de-stained with standard methanol-
acetic acid solution. Some gels were cut into 2 mm fractions for

125

radioactivity determination. Solubilized TSH receptor-"""I-TSH com-

- plex was analyzed in these gels. | _
Discontinuous slab gel electrophoresis was done by the L aemmli
(1970) method. Lower gels were made with’3.75 mlldf Jower stock gelt
(1.5 M Tris base, 0.4% SDS pH 8.8), 5 ml of acryl-bis solution (108
acryiamide,‘o.S% bis-acrylamide), 6.25 ml of d-d H,0, 100 ul of 10%
ammonium persulphate and 5 ul1 of TEMED.  After poTymerfzétion was

achieved the upper gel solution was poured. ,The upper géls were made

14

“of 1ml upper gel stock solution (0.5 M Tris base, 0.4% SDS, pH 6.8),



0.6 ml of acryl bis so]ution; 2.4 ml of d-d HZO’ 50 ul of 10% ammonium
persulphate and 4 ul of TEMED;

Samples ware dissolved in sample buffer, containing 10% glycerol,
5% mercaptoethanol (2-ME), 2% SDS, 62.5 mM Tris, and bromophenol blue,
pH 6.8, and boiled for 2 min. The 0.75 mm thick slab gels were run in
basic buffer, usua11; at 200V, 20 mA per gel for 3-4 h, followed by
staining with Coomassie blue or a Silver stain (Silver-stain, Bio-Rad)
as described by the ﬁanufacturers with few modifications involving
mainly additional washes with d-d H,0 after the incubation with the
oxidizer (0.0034'M potassium dichromate, 0.0032 N nitric acid) to
reduce the backgraund staining (Merril et al. 1979).

Slab gels were heat dried under vacuum for up to~2 h. (BioARad,
slab gel drier). Some gels were then used for autoradiographic analy-

sis.

d) Continuous Sucrose Gradients

~ Continuous Sucrose gradfents.(B}ZS% w/v) were made in the pre-

Sence or absence of 0.03% of the detergent in which the sample to be
evaluated was.so1ubi1ized. The gradients were equ{11bratad for 6h at
4°C and then the samples were carefully applied to the top of the
gradients and centrifuged for 14 h at 130,000 x g in a SW60 Ti swing-
ing thpket rotor. Gradients were in a 4'#1 voTume‘and‘samples did'not
exceed 125 ul in volume. Standard proteins were always run in para-
11e1‘gradientst Gradients were fractionated at a constant speed uS1ng

a multichannel pump. Frdctions were tested‘for binding capacity to

15
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125I-TSH, or for determination’of radioactivity in the samples when

1ZSI—TSH was included.

e) Thyroglobulin Assay

Meaéﬁrements of thyroglobulin (Tg) concentration were determined

| by a modification of the method of Van Herle et a.1 (1973). Tg anti-
serum was raised in New Zealand white rabbits using normal post-mortem
human éﬁyroid tissue as an antigen (final aséay antiserum titre was 1:
90,000).

Tg was iodinated by the lactoperoxidase method in enzymo-beads as-
described by Karonen et al. (1975) to a specific activity of 0.56-2.25
uCi /ug. |

- The procedure is a regularly -used research assay and was kindly
performed by the staff of the Endocrine Division's research labqratoryv
for the purpose of this study. |

\

f) Immunoabsorbent Columns

i. Column Preparation
Human 1gG or monoc10na1'antibod1es obtained in the mbuSe - mouse
fusiong were‘bound_tb cyanogen bromide-acfivated'Sepharose‘48
agérose (CnBr Sepharose 4B gel) from Pharmacia, as deséribed by
Eveleigh et al. (1977) and Secher et al. (1980). The agarose was
swollen in 1 mM HC1 and washed:at room temperature for 20 min
with HC1 followed by 0.1 M Na bicarbonate, 1 M NaCl, pH 8.3 -

(buffer B). IgG solutions were dialysed against buffer B prior.



to the coupling reaction. The coupling reaction buffers were:
0.1 M acetate, 1 M NaCl,. pH 4.0 (buffer A), 0.1 M borate, 1 M
NaCl, pH 8.3 (buffer B) and .0.1 M Tris HC1, 0.1 M NaCl, pH 7.5
(solution C). Alternately, and for some of the monoclonal anti-
bodies coupling react1ons 0.2 M b1carbonate buffer containing
0.5 M NaCl, pH 8.5 was used instead of buffer 8~~ _
Washed agarose was alaowed to couple with IqG (usual]y 10 mg of
purified 1g6 per g of agarose) at 4°C, under continuous rotation
for 16 h, followed by the addition of 1 M ethanolamine pH 8:0 at
éZOC for 2 h to block the unoccupied binding sites of the agar-
- ose. The gel was washed at least 5 times with the coupling
reaction buffés, a1ternating buffers A and B. Finally it was

washed with solution C and sma11 (1-2 ml) chromatography columns

Mlaciked. The gels were equilibrated with 20 wM Tris, 0.05%

I-100 or Triton N-101 pH 7.4 and then solubilized human
;ﬂ'TSH receptor preparation was run thfough-tﬁé ge]s‘at 4°C.
}fSess the coupling efficiency, the first cycle wash from the
’-iing reaction was refained,‘and absorbance ‘at 280 nm read.

b coupling efficiency was of the order of 99%.

E ;;iubi1ized thyfoid'membrane preparations were allowed to intér-
;;Zt wlth the different immunoabsorbent columns for at least 1 h
3 4 C ~Usually the sample volume was half of th# gel bed vo]ume
and was passed through the coldmn two or more times. Non-
absofbed material was.e]utéd wfth 20 mM Tris-0.05% Triton until
no protein elu't‘ionywa‘s detected, followed by ZOnM:Tr;is- -ZM-Naﬁ -
’AO;Qsszriton to detach the specificaI]y'ihmobi1ized materjal.
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The procedure used was identica]vto that used in the TSH affinity
chromatography methéd.

Aftgr extensive dialysis td remove the NaCl and concentrated
under negative pressure, the protéinland detergent concentrations
were measured qu all samples frozen at'-709C until used for the

binding assays and electrophoretic analysis.

3. JODINATION OF BOVINE TSH (b-TSH)

Purified bovine TSH (a gift from Dr. Pierce) was iodinated with
\1251 by the lactoperoxidase methbd as described b} Marchalonis (1969).
A 0.5 mCi quantity of Na 125I was incubated with 2.5 ug of b-TSH, 5 ug
of 1actoperox1dase and 30% Hzoz, in 0.05 M NaPO4 buffer, pH 7.2, in a
total volume of 52 ul, for 5 min at 22°C. The reaction was stopped by
the addition of 500 u1 of 10 mM Tris, 50 mM NaCl, pH 7.4

containing 1% BSA. The sample wa;vapblied to a 10 ml bed volume of
Sephadex G-50 gel and eluted with the above solution. The organic
'peak fractions were pooled and purified on human particulate thyroﬂd
m;mbrane preparation as described by 0'Donnell et al. '(1978); Previ-

ous]y prepared (as descr1bed above) thyro1d ‘membranes, 10 12 g/Eq,

12
were 1ncubated for 30 min wwth the 5 -TSU -at room temperature and :

centrifuged at 12 000 x g for 10 min at 1° C. The pel]et obta1ned was
‘washed tw1ce with 20 mM Tr1s 50 mM NaCl 1% BSA, pH 7.4. The last

pellet was resuspended in 3 ml of 25 mM Tris, 3 M NaC1 1ncubated for.

30 min at 4°C and centrlfuged at 100,000 x g for 1 h at 4°c The

purified 125I-TSH_obtained in the supernatant was then applied to a

18
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Sepharose CL 6B -column (60-70 ml bed vq]ume)~previous1y equilibrated
with 25 mM Tris, 50 mM NaCl, 0.1% BSA, pH 7.4. Aliquots of 0.5 ml

were collected and counted. individua] 125I—TSH peak fractions were

kept at -20 C for their use in the binding assay. Usually only one

fraction of the peak corresponding to the highest activity was USed.
In some experiments a slight variation of the procedure was

used. A 1.5 EEi quanﬁity of Na 1251 wes incubated with 5 ug of b-TSH,

30 mg of H202 and 10 ug of lactoperoxidase for 10 miu, at room temper-

‘ature. The reaction was stopped by the addition of 500 ug of 0.1 M

PO4 buffer, pH 7.4 and the reaction mixture applied to a Sephadex»G-ZS

column. After bovine thyroid membrane purjfication of the'iabe11ed
TSH, the sample was further purified'in‘a 70 m1 bed uoTume Sephadex
6-100, eluted with 20 mt Tris solution, pH 7.4 containing 0.5% BSA.
Peak/fractidus were pooled and aliquoted prior_to freezing and qurage

3

at -7Q°C;

a) Calculations to Determihe the Specific Activity of ;ZSI-TSH

. : - , . .

The fadioactivity added in the reaction mixture waé counted~in a
“dqse calibrator“ for 1251. Fractions of the organic and.the inorgan-
ic peake' from the Seuhadex 5-50 co1uhn’weke counted as were'fesf;

/

dua]s (washed pipette used to ‘transfer react1on m1xture to the gel

column and the empty reaction tube) and a11quots of the Sephadex G-50

»

gel.

Calculations were done as Follows: 3

ﬂ

% of Transfer = Organic Peak + Inorgan1c Peak + gel Counts X 100

Total Ac11vfty - Res1dua1s N



20

uCi TSH = Organic Peak x mCi Added
Total Activity - Residuals -

of Transfer x ug of TSH in Reaction

R

ug TSH =

H
=
o
—
-y
)
X

Specific Activity

b) Cholera Toxin lodination

Purified cholera toxin was jodinated by the chloramine-T method
as described by Cuatrecases (1973a). Fifty micrograms of cholera
toxin in 10 ul of saline solution were mixed with 125 vl of 0.25 M
sodium phosphate buffer, pH 7.4, 20 ul of chloramine-T (2.5nmg/m1) and
10 u1 of Na 1251 (1.5 mCi). After 30 sec at room temperature, 20 wl

of sodium metabisulfite, (5 mg/ml) were added and incubated for 10

sec. The reaction was stopped by the addition of 200~u1 of 0.1 M

[

sodium phosphate buffer contéining 0.1% of BSA, ph 7.4@

“The sample was applied to a Sephadex G-50 column (15 ml bed vol-
ume) previously edui}ibratéd with 0.1 M sodium pﬁbsphate buffer con-
taining 0.1% BSA, pH 7.4. The radioactivity in the void volume was

- pooled, aliquoted and then frozen at ~70°C.
An aliquot of the iodinated materfa] was: precipitated with 10%

trichloroacetic acid (TCA) to determine ‘the percent of protein jodin-

ated prior to the application of the sample to the !Ebhadex column,
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125
c) . I-bTSH Binding to Particulate Membrane Preparations

Two different binding assays were used:
Particul ate thyro;z\membrane preparations (MP) were tested for

their capacity to bind 1251 - TSH by the assay described by

0'Donnell et al. (1978) and Garcia et al. (1982). In microfuge

tubes, aliquots of MP usually éontaining 100 to 250 ug protein in

25mM Tris with 1% BSA, pH 7.2 were incubated with 5,000-20,000

cpm of 125I—TSH in a total volume of 200-300 w1 for 30 min at

room temperqture. Ndn-specific binding was determined by the
addition of excess (105 fold) non-labelled TSH (Thytropar). The
assay tubes.were counted to determine the total counts added.

The reaction was stopped by the addition of 0.75 ml of cold 25 mM
Tris buffer gontaining 2.5% BSA. The tubes were centrifuged in a
microfuge at 15,000 rpm for 10 min and the pellets counted.

The second type of binding assay for particulate membrane prepar-
ations was descggbéa by Sato et ;1. (1977). In this assay, ali-

quots of MP (protein concentrations 20-50 ug/100 ul) in 20 mM

125
Tris, 0.5% BSA, pH 7.4 were incubated with 50 u1 of 1-TSH

containing 10,000 cpm in the presence or absence of excess non-
labelled TSH, for 1 h at 37°C in a shaking bath. The tubes were
then placed on'fbe and the reaction stopped by adding } ml of
cold 20 mM Tris, 50 mM NaCl, 0.1% BSA, pH 7.4. The bound label

125I-TSH by centrifugation at 15,000 rpm

was separated from free
for 20 min and the pellets counted.
This assay was used for experiments where Scatchard analysis of

the data was desired and these samples were incubated with 10,000
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cpm of I-TSH in the presence of increasing concentrations of

cold TSH (0.015-10 mU) in 50 w1 of 20 mM Tris, 0.5% BSA. The
. \
non-specific binding was determined in the samples containing 100

mU/tube of cold TSH.

In both assays duplicate or triplicate samples were tested.

-

S

125 '
d) [-bTSH Binding Assays to Solubilized Membrane Proteins

125
Binding of [-TSH to solubilized membrane proteins was measured

by two different assays as described by Tate et al. (1975) and by

Koizumi et al. (1982), respeétive]y.

i.

In the first assay, 50-150 ug of solubilized material were incu-
bated with 25 mM Tris, 2.5% BSA, pH 7.2 with or without unlabel-
led TSH for 15 min at 22°C prior to the addition of 20,000 to'
30,000 cpm of 125I;TSH, in a final volume of 0.2 ml. The mixture
then was {;cubated for 45 min at ZZOC during which time, tubes
were.counted to determine the total radioactivity per tube.
Normal human I1gG (250 ug/tube in 20 ul1) was then added followed
by a 30% polyethyleneglycof 4000 (PEG) solution to give a final

PEG concentration of 15%. Bound and free 1abe11ed_hprmone were

separated by membrane filtration. The filters were previously

soaked in a Tris solution containing 2.5% BSA for at least 3 h

before their use. The filters were placed on a Millipore filter
vacuum manifold and kept moist with the 2.5% BSA soaking solu-

tion, until used. The reaction mixture from each tube was trans-

ferred with pasteur pipetes to individual filters. Each tube was

washed three times with a 4% PEG 4000 solution and the washes

22



were also added to the filters. The filters were then placed

into clean tubes and counted. The transfer pipette tips were

. broken and placed in the appropriate reaction tube. The radio-

activity found in these tubes was called the residual count in
the calculations. The amount of bound radioactivity was calcu-

lated by the following formula:

% Binding = Filter Counts

Total Counts - Residual Counts - Filter Counts X 100

Several variations were done in this assay in order to decrease

the non-specific binding and reduce the interassay variability. This

-

will be discussed in the results.

if.

For the second assay, 20 to 50 ug of membrane protein were incu-

125

bated with 10,000 cpm of I-TSH with or without ynlabelled TSH

(20-30 mU/tube) for 15 min in a shaking bath at 37°C.  The total
reaction volume was 20 ul and the reagents were in 20 mM Tris
containing 0.1 to 0.5% BSA and 0.02-0.03% of Triton N-101, pt
7.4, After this incubation, the tubes were placed on ice and 1
mg of normal IgG in 0.5 ml of 20 mM Tris, 50 mM NaCl, pH 7.4 was
added, followed by 0.7 ml of a 30% solution of PEG-4000 in 1 M
NaC1,“20 ™ Tris, pH 7.4. The tubes :vere centrifuged at 3,500

rpm for 20 min at 4°C. The supernatants were aspirated and the

pellets counted.

-lZSI,TSH was done by the

For Scatchard analysis, displacement of

addition of 0.01 muU-10 mU of cold TSH to the incubation mixture.
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e) Thyrotropin Binding Inhibition Assay (TBI)

This assay measures the capacity of certain IgGs to inhibit the

binding of 125I-TSH to its receptor in different preparations; and is

based on the assays described by Mehdi et al. (1973) and by Smith et .
al. (1974). Assays were performed as for the regulaf”binding assay,
but with the addi;ioﬁ of different concentrations of IgG féom patients
with Graves' disease or from a normal population. In assay i for |
particulate ahd solubilized membrane preparatioﬁs, IgG was added
before the 125I-TSH and incubated with the TSH receptor preparation
for 15 min at 22°C, whereas in assay ii, the IgG was added'at the same
time as‘lZSL—TSH. |

The binding inhibition was calculated as follows:

$TBI = 1 - (Specific binding of 125I-TSH in presence of IgG) x 100

125

(Specific binding of I-TSH in absence of IgG)

125
f) I-Cholera Toxin Binding Assays

- 125
Binding of  I-CT to TSH-R particulate preparations was done as
described for 125I-'TSH in binding ii with the only variation being

1ﬁcubation time which was reduced to 5 minutes.

125

In the solubilized preparations, I-CT binding was performed

: 125
under the same incubation conditions as in binding assay ii of I-
TSH to solubilized material. Bound ligand was precipitated with equal
assay volume of 15% PEG-4000 in presence of 0.5 M NaCl and 500 ul of

saline solution (instead of human IgG) at 3,500 x rpm for 20 min.



In all binding assays; the non-specific binding was determined by

addition of excess cold CT to contro] tubes.

4. PURIFICATION OF IMMUNOGLOBULINS (IgG)

- 146 from human sera or mice éscites fluid were purified by affi-
nity chromatqgraphy using Protein A - Sepharose CL-4B and by chromato-
graphy on DEAE.ce11ulose, by the methods of Goding (1976) and James et
al. (1964). -

Protein A -~ Sepharose CL-4B, purchased ffom Pharmacia‘was used to
prepare 5 ml bed volume columns in 0.01 M Na phosphate buffer, pH 7.2
{buffer A). Serum samples were heat inactivated in a water bath at
58°¢ far 30 min. Purificaiion of 1gG was done at room témperature.
Aliquots of serum (5 ml or less) were applied to the top of the column
?nd eluted with 150 ml of buffer A or until the eluate gave an absor-
bance of < 0.02 at 280 nm. Once all the ndn-bound material was re-
moVéd, immobi1ized igG was eluted with 5 0.58% acetic acid solution
(so1utfon B) containing-NaCl, pH 3. Approximately 90% of the IgG was
eluted within the first 10-15 m1. The column was- washed with solution

B until no absorbance was measured in the eluate prior to re-equili-

'bration of the column with buffer A. ,

The pH of the eluted 1gG was adjusted to 7.2 with 2 M Tris solu-

tion, prior to concentrating the sample under negative pressure in

Minicon concentrators. ‘Samp1es?€:re dialyzed for 24 h at 4% agaihst

25 mM Tris, pH 7.2. Protein concentration was estimated at 280 nm and

samples were kept at -20°C until used.

<3 2
&
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Protein determination was calculated By the following formula:
@

Protein (mg/ml) = Absorbance read1ng 280 nm x 41
1731

considerjné 1.41 the absorbance at 280 nm of 1 mg/ml of IgG protein.

a) DEAE Cellulose

I§G purified by.this'method was usually previously partially
purified by 40% ammonium suﬁphate precipitation (1.64 M) as described
by Kendall (1937). Serum or mouse ascites containing monoclonal
antibodies were incubated with (NH,),S0, for 20 min at 22°C followed
by centrifugation at 2,000 x g. The pellet was dissolved in distilled
deionized water and dialyzed for 1 h against*d-d HZO and for 24 h
against 20 mM Tris or saline solution. The sample volume was kept as
1/2 of the original serum sample volume.

Partially purified IgG samples were then app]iéd‘to a DEAE column
previously equiiibrated with 50 mM Tris, pH 8.0 (10 m1 sample/30 ml
bed volume DEAE). Igﬁiﬁlutes in the first protein peak after the-void
volume. DEAE cellulose was then washed with 0.5 N NaOH and 0.5 N HCI

to remove other plasma proteins immobilized on it (Sobar, 1956).

b)’Fractionation of’IgG

Fab fragments were dissociated from Fc by papain hydrolys1s as

described by Porter (1959)



DEAE purified IgG was incubated with 1 mg papain/100 mg IgG in
0.4 M phosphate bqffer containing 40 mM cysteine and 8 mM EDTA, pH 7
for 12-18 h at 37°C. The sample was then dialyzed against 10 mM
phosphate buffer,\pH”7.6 for 24 h and fractionated on a carboxymethyl
(CM) ceT\ﬁloSe column eluted with 10 mM phosphate buffer,.pH 7.6 (Fc
fragment) and then with 10 mM phosphate, 0.4 M NaCl, pH 7.6 to obtain
the Fab peak.l

Both peaks were concentrated;and dialyzed against 0.1 M phosphate
buffer, pH 7.0 apd applied to Sepharose Protein A columns. Purified
Fc fragment was eluted from the Protein A gel with 0.1 M glycine, pH
2.8 whereas the Fab fragment was eluted with phesphate buffer. Alter-
naté]y, peaks obtained from the CM cellulose column wefe also further
purified on a DEAé column. | : .

| F(ab')2 fragments were obtainéd by pepsin digestion of the IgG

preparation as described by Stanworth (1978). IgG was dialyzed
against Walpole's acetéfe‘buffer (O.I‘M Na acetate, pH 4.1 with gla-
“cial acetic acid). Pepsin was dissoléed in the same buffer and incu-
bated (1 mg/10Q mg IgG) witﬁ Ig6 at 37°% for 24 h. The incubation was
stopped by the addition of solid Tris until the sample pH was 8.0.

The neutralized sample was applied to a Sephadex G-150 column equili-

brated with 100 mM Tris, 200 mM NaCl, 2 mM Na EDTA, pH 7.6. F(ab')2
fragments were collected in the mid part of the first protein peak and
were further sebarated'from intact IqG by fractionation on a Sephadex

G-100 column.
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5. MOUSE IMMUNIZATION

Balb C mice 12 weeks or older, were immunized with b-TSH affinity
chromatography purified TSH receptor preparation, solubilized (SDOC)
thyroid membrane proteins, particulate purified human thyroid mem-
branes or guinea pig fat cell membranes. vInjectfons were given at
weekly or fonger intervals, intraperitoneally or in the foot pads.
Protein concentrations of the samples injected were variable, but were
kept‘constant for a given type of immunization. The first injection
was givgn in compiete Freund's adjuvant yhereas the subsequent injec-
tions used incomplete Freund's adjuvant.

Each animal received at least 3 injections‘prior to sacrifice for
- the fusion, and all were tested for antibody response to the given
antigen prior to the last injection. Fusions were done 3 to 4 days
after the last boosterrinjection.A.To test the ﬁbuse antibody produc-
tion blood was obtained by making a small cut in the tail. Immunized
mice sera were tested in parallel with non-immunized mice sera of the

same strain and age, in the screening-asgay.
o ‘ )

/

a) Fusions and Production of Monoc1ona1 Antibodies

Spleens from immunized animals were fused with mouse myeloma ‘
cells following the technique of Kohler and,M11stein (1975). Myeloma
ce11§ used in the fusions were the MOPC'315;43411ne, which contains
both a resistant and a sensitive [hypoxanthine phosphoribosy1trans—}

ferase (HPRT), ouabain] marker as described by Mosmann et al. (1979).
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The mice were sagrificed'and the spleen aseptically excised and
the capsule removed. épleen cells were kept in RPMI 1640 medium
containing 50 WM 2-mercaptoethanol (2ME), 5% foetal calf serum (FCS)
and 20 Yg/ml, lipopolysaccharide (LPS}, af 37°C in 7.5% CO2 incubator
until a fusion was set up usually within 24 h. When a fusion was
carried out immediately following splenic removal, LPS was not added
to‘the medium.

Spleen cells and myeloma cells were washed and miied in a ratio
5:1. After centrifugation at 900 x g for 10 min the pelleted cells
were fused by the addition of 2 ml of PEG 1540 (40% w/v), fol]Lwed by
the addition of medium containing 10% FCS to partially resuspend the
pé&]et. Celi clumps were incubated for 1-3 h at 37°C and finally
resuspended in medidm containiﬁb the following: 7% FCS, 107 mouse red
blood cells/mi, 50 uM 2ME, 100 uM hypoxanthine, 30 uM thymidine, 0.5
uM methotrexate, 1 mM ouabain, and 50 ug/ml gentamycin. The suspen-
sion was aliquoted into 96-well Linbro trays and allowed tb'grow at
37°C in 7.5% 0, until clones could be visualized, usually within
10-14 days (modification of the method of Galfre et al. 1977).

The cé]]s'wére tested for the presence of antibodies in the media

as described in "screening assays for monoclonal antibodies".

b) Screening Assays for Monoclonal Antibodies

o

)

‘Hybrid cells were tested for the production of antibodies against

human thyrdid and guinea pig fat cell membrane antigens. Media from
growing clones were generally first tested for presence of IgG before

the antigen specific test was done.



The deteétion of 1gG was assessed by a modification of the method
of Slaughter et al. (1980). Diluted (1:1000) rabbit antimouse IgG
from Coggel company was aliquoted in flexible polyviny1ch1bride micro-
titre plates (PVC plates) and incubated for 1 h at 37°C or for 4 h at
22°C or overnight at a°%. Wells were emptied of remaining fluid and
washed "three times with PBS.containing 1% BSA, 0.1% gelat{n and 0.02%
NaN3.. To'reduce the background, binding wells were filled with the
same buffer and incubated for 1 h at 22°C, after which they were
emptied and 50 u1 of diluted mediaﬁil:lo with t?e above buffer) was
added and incubated for 1 h at 22°C; After washing the plate, 50,000-
100,000 cpm of 1251 sheep antimouse IgG were added and incubated for
45 min at 22°C. Wells were washed again with the abovehbuffgr,’dried,
cut and cougéfd after placing each well in a test tube.

Contro]s}were made for each éssay.by substituting the clones'
media by media in wells that had no C{ones growing on microscopic
examination. Background counts were obtained from the average counts
detected in contfollwe1ls multiplied by 1.5. ‘Any media giving higher
counts than background was tested for the presence of antigen-specific

"~ antibodies.

c) Antigen Speg&§1€~$creéning Assays

Assay i: So!ubiljzed membrane proteins as antigen. In this assay the

PYVC wells were coated with 10 ug of solubilized thyroid
membrane proteins in 40 ul of 20 mM Tris 0.05% Triton N-101

and 0.5% BSA, pH 7.4 and incubated uncovered for 6 h at 37°%

30



31

i drying oven. When the solubilized fat cell membrane

3iiwere used as an antigen, the protein concentrafion
:} in the same volume solution. Wells had to appear
géfe the addition of the testimedia or.mouse serum.
,:fiést material (25 u1) was incubated for 1 h at 37°C in a
:fmidified incubator. Plates were then washed with 20 mM
‘g}is, 50 mM NaCl, 0.1% BSA, pH 7.4 prior to incubation with.
jﬁlzslfsheep antimouse IgG for 45'min at 22°C. When possible,
i samples were testgd in duplicate or triplicate. Cbntrols
E;containing media‘from‘negative wells were included. wﬁén

Emouse serum was tested, a non-immunized mouse serum was used

™as a control.

Assay iil' 7§jcu1ate guinea pig fat ce11‘mEmbrane. This assay mea-

i ‘é&vthe thyrotropin binding inhibition capacity (TBI) of
‘the tested medium. Maximum binding was obtained by the
addition of control medium and 125 TSH. Non-specific
binding was included in every‘éssay by adding 50 mU of cold
TSH/weli. In this assay, non-solubilized material was incu-
bated for 5 h at 37°C in PVC plates (20 ug/25 ul in 20 -

Tris, 0.5% BSA, pH 7.4), followed by aliquots of mouse sera

. | 125 .-
or clones' media previously mixed with 10,000 cpm of I-

TSH (specific activity 80-100 -uCi/ug). .The incubation was
at 37°C. for 1 h. Wells were then washed 3 times with 20 MM
. Tris, 50 mM NaCl, 0.1% BSA, pH 7. | .

&
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Other assays for the detection of IgG that could inhibit the

125 ) :
binding of [-TSH to receptor preparat1ons were also tested. Among
them, po]y-L 1ys1ne coated PVC m1crot1ter plates and direct binding of °

IgG to the pTates were exhaustively tested. These assays will be

- discussed in the results. : : ' //////’”"\\\

d) Expansion of Positive Clones and Production of Lérge Amounts .

of Monoclonal Antibodies

Once a positivg clone was detected, cells were subjected to
1imitfng*d11ution so/a§ to 1so1ate avsingle cell. Occasionally when
“only one clone per well was observed Timiting dilutions Were not
performed. Sub- -cloning of the pos1t1ve ‘clones was tested again and
positive cells were allowed to g;;w for several days until reaching a
few million cells. IgG was obtained from the clones' medium or by
ascites production in irradiated and 2, 6,:10; 14-tetramethy1pentade—_

b
cane (Pristane) primed mice.

&

) Mouse Production of Monoclonal 1gG in Ascites

“

-Balb C/Cr mice were primed with 0.5 ml of Prigtane, given suScu—
taneously 4-14 days prior to irradiation with 500 rads. One to six
million hybrid cells were 1nJected 1ntraper1tonea11y per mouse. Cells

(?" !

were suspended in PBS or medfa. Usually ascites could be co11ected 5
] .

to 7 days post injection.
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The ascitic IgG was partially purified by 1.64 M ammonium sul-

phate precipitation as described in "Purification of Immunog]obnlin
o -

G".

6. ASSAYS TO DETERMINE THE PRODUCTION OF CYCLIC ADENOSINE

MONOPHOSPHATE

/ .
Cyclic adenosine monophosphate (c-AMP) production in thyroid

slices was determined by the method of Zakarija et al. (1980c).
Human thyroid tissue.was obtained at surgery, cut in 1 to 2 mm
thick slices weighing between 4 and 15 m§, with a Stadie-Riggs micro-

- tome and kept ice cold in a Krébs-Ringer-bicarbonate—glucose albumin’

buffer. r,/ﬁ::b
_ The'IgGs' to be tested were (NH4)ZSO4 (1.64 M) and/ or DEAE pur1-

fied in a 0.9% NaCl so]ut1on, and 300 ul of each were placed into

small capped glass vials. Krebs-Ringer-bicarbonate buffer (300.u1),
. , [ ) N . . & .

pH 7.4 containing 0.2% g]dtose; 0.2% human serum albumin and 20 mM

theophylline were added per vial. Samples nere'tested.in triplicate

or quadruplicate. The assay's concentration of IgG was 1.5 fold that

of 'ch.e'ori\ginal serum cobncentration. S @ o o

A : \o Lo
Vials containing IgG or TSH control were placed“in a 37 C water
- bath. under cont1nuous shak1ng. Each v1a1 was gassed w1t5af5% 0 5
CO2 for 30 sec, during which- t1me a sl1ce of thyro1d tissue was we1gh-

i -

ed and then\placed~4n the 1nd1v1dua1 vial. The incubation was carr1ed
out for Z(h at 37 C after which, tissue from each v1a1 was removed and
1mmed1ate1y homogen1zed.1n 1nd1v1dua1 glass homogen1zers, one every 30

sec. , Homogenization was done in 0.5 ml of. cold 6% trichloroacetic

2

"
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. 0
acid. Homogenizers were centrifuged at 3,500 rpm for 20 min at 4 C.

Supernatents were transferred to glass tubes and washed three times
v &

with 5 ml volume of water saturated ether and evaporated to dryness.

For cAMP determinations a Schwartz-Mann RIA kit was used. The

samples were. dissolved in 0.05 M sodium acetate buffer pH 6.2.

7. THYROTROPIN RECEPTOR IDENTIFICATION

a) "Western Blots" of Thyroid Membrane Proteins

-Blotting of solubilized thyroid membrane proteins and detection

with antiserum and 125I—Protein A or 125I—sheep anti-mouse IgG (1251

SAM) was done by the method of Renart et al. (1979) and Towbin et al.
(1979).

Proteins were separated by polyacrylamide slab gel electrophor-
esis (under digsociating or non-dissociating conditions) and trans-

ferred to nitrocellulose paper (NC paper) in a blotting chamber (Bio-

Rad) at 250 mAmp for 5 hours. G,

[
s

Gels were divided in two portionS}%% which one was stained with
Coomassie blue for control of protein mébi]ity. The gel to be trans-
, ferred was placed in contact with wet NC paper and regular fi]tér
paper on the.other surface, and the sandwich placed between two sheets
of scotch bright soaked in blotting buffer (25 mM Tris, 192 mM gly-
cine, 20% v/v methanol, pH 8.3) and a plastic perforatéd sheet to hold
the sandwich and maintain the NC paper in tight contact with the gel.

After the transfer was finished, gels were stained with silver-

stain. NC paper was incubated with the antibody to be tested (human
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19G or monoclonal antibodies) diluted in buffer 1 [150 mM NaCl, 50 mM
Fris, 5 mM EDTA, 0.25% gelatin (w/v) and 0.05% Nonidet P.40, pH 7.4]
for 5-12 h at 37OC, under gentle rocking. The NC paper was then
washed twice with the same buffer without IgG for 2 h at 370C and
1.2-1.5 uCi of 125I-Sheep anti-mouse (125145AM) or 125I—Protein A in
buffer 1 were incubated with the paper for 2-3 h under the same condi-
tions. |

To detach the non-specifically bound labelled material, the paper
was washed with buffer 2 [1 MwNaC1, 50 mM Tris, 5 mM EDTA, 0.25%

gelatin (w/v) and 0.4% Sarkosyl (w/v) pH 7.4] for 2 to 12 h also at

37%.

NC paper was dried at room temperature prior to autoradiography

with X-Omat Kodak film.

b) Autoradiography

Dried slab gels or blotted nitrocellulose paper were placed in
contact with X-Omat film (Kodak) an& DuPont Cronex Lightning Plus XL
intensifying screen for 24 h ta 7 days in a Kodak autoradiography
holder tightly covered with aluminum foil. Exposure was at -70% or
at room temperature followed by film developing with D-19 Kodak devel-

oper for 8 min and fixation (Kodak rapid-fix) for 4 min in the dark.

(Laskey 1977).



c) Rat Thyroid Epithelial Cell Culture

Y

A rat thyroid cell line culture (FRTL) (Ambesi-Impionbato, 1980)
was used to study the TSH-receptor by both binding and stimulating
activity of TSH and I1gG (cAMP production and 125I—TSH inhibition of
binding).

The FRTL cell line was found to secrete bhysio1ogica1 amounts of
thyroglobulin into the culture medium and té»concentrate iodine 100-
fold. The culture medium is a modification of the F-12 medium, con-
taining insulin, TSH, transferrin, hydrocortisone, somatostatin and
glycyT-L-histidyl-L-lysine acetate, (F-12 + 6H).

The cells grow in clumps which remain attached to the culture
dish. When the required cell density was achieved, culture media was
changed to F-lé + 5H (as- above culture media without the TSH) and 3 to-

7 days later the experiments were performed.

i. 1g6 Activity

IgG from patients with Graves' disease and monoclonal antibodies

raised against human thyroid membrane preparations were tested in
the FRTL cell line to assess stimulation of cAMP production and
to measure -inhibition of binding of 125I-TSH to these cells in

culture. -

ii. CcAMP Production

FRTL cells were allowed to grow in 24 well Linbro plates. When
the cell density was approximately 75% confluent the F-12 + 6H
medium was changed to medium F-12 + 5H. The cells were exten-

sively washed wi'th PBS or Hanks solutions, and incubated for 2 h

o .
at 37 C in 5% COZ’ 95% 02 with different dilutions of the IgGs



tested. Stimulation of cAMP by TSH (10 mU/ml) was always in-

 hasd

cluded as a control in every Linbro plate.

After aspiration of the medium, 0.3 ml of cold ethanol was added

"to each well and the plates were left at —20°C for 16 h wrapped

-

in Saran wrap. The ethanol was then transferred to glass tubes

and dried under N2 for 20 minutes. The tubes were kept in a

desiccator until the measurement of cAMP content by RIA was done.

125 N
[-TSH Binding Inhibition

FRTL cells in F-12 + 5H were incubated with different concentra-
tions of human IgG or cholera toxin or dilutions of monoclonal
antibodies in ascites fluid or culture medium. Ercept for the
monoclonal antibodies, the IgGs and cholera toxin were in saline
solution containing 0.1% BSA. The test samples (125 ul) were
mixed with -~ 1-TSH in 20 mM Tris, 0.5% BSA (25,000 cpm in 375
ul), pH 7.4 prior to incubation with the FRTL cells.

Cells were washed with the same solution (Tris-BSA) and 200 ul of
the above mixture was added per well. The incubation period was
at 37°C in 95% or 5% COzlfor 1 h. After 2 washes with the above
solution containing 50 mﬁ‘ﬁaCI, the cell membrane proteins were
solubilized with 300 u1 of 1% Nonidet P.40. Thesolubilization
was carried out under the same conditions for 2 h and the test
sample was then transferred to test tubes and radioactivity
counted.

Every experiment (each plate) included a maximum binding (no I1gG
added) and a nonspecific binding (50 mU TSH/well). A1l samples

were tested in duplicate.

37
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d) TSH-Receptor Studies in FRTL Cells

FRTL cells in F-12 + Sh were labelled with 32P and then, the

membrane proteins were solubilized, precipitated with normal or

Graves' 1gG, and analyzed by electrophoresis and autoradiography.

i.

ii.

Phosphorylation Procedure

Cell phosphorylation was done by the method of Kasuga et al.
(1982) with some modifications. %
FRTL cells were washed extensively with phosphate-free medium

(P04-free MEM medium) and incufated with the same medium for 30

min before starting the experiments. The 32? was diluted in the

above medium and gassed to achieve an approximate pH of 7.4. One
to two million cells were incubated with 100-200 uCi of 2P for

1 h at 37°C in 5% CO, in presence or absence of TSH (50-500

2
mU/well). In some experiments TSH was added to the incubation
mixture 1 h after 32P, and further incubated for 5-15 min.

The pho§phory1ation reaction was stopped by, dilution and 3 washes \
with F-12 media cdntaihing 50 mM Na pyrophosphate, 10 mM Naf and \
1§%nw EDTA. Immediately after, cells were lysed with a solution

of 20 mM Tris, 1% Triton N.101 and 2 mM PMSF. Solubilization was
carried out at 24°C for 1 h. The well fluid was collected and
centrifuged at 100,000 x g for 1 h to brecipitate any non-solu-

bilized material.

Thyroid Membrane Protein Precipitation

2 : ,
P-labelled solubilized material was precipitated with normal or

Graves' IgG by the methods described by Kessler (1975) and
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Kozlovskis et al. (1982). Alternatively, in some experiments

goat antihuman IgG was used instead of Protein A.

The 32P labelled solubilized material (1.5 m1) was incubated with

50 ,1 of a 10% suspension of Protein A at 24°C for 30 min, fol-

lowed by centrifugation at 5000 x g for 10 min. Aliquots of the .
supernatant were incubated with normal or Graves' IgG for 1 h at
4%C with frequent mixing. Protein A was added to achieve a finaj
concentration of 1% and the mixture was incubated for 30 min at
24°C, centrifuged at 5000 x g for 10 min and the pellets washed
twice with 150 mM NaCl, 5SmM EDTA, 50 qM Tris, 0.02% NaN3 and
0.05% Triton N-101, pH 7.4. ©

The final pellet was resuspended in 100 w1 of 1% SDS, 4.5 M Urea
and 10% 2ME, boiled for 2 min and centrifuged again at 5000 x g
for 10 min. The resulting supernatants were centrifuged one last
time in an aerofuge at 90,000 x g for 10 min prior to the preci-
pitate being subjected to electrophoresis. The precip{iated
proteins were analyzed in SDS-PAGE as described above and fhe
dried gels autoradiographed. Autoradiograms were scanned in a

~ gel scanner.

In one experiment, precipitated proteins were submitted to two
dimensional gel electrophoresis (isoelectricfocusing followed by
SDS electrophoresis) as described by Kozlovskis et al. (1982);

_ for this assay, samples were solubilized in the above described
solution and mixed with 35 ul of a solution containing 4 ml of -
10% Nonidet P.40 (NP.40), 80 ul of 3/10 ampholines, 160u1 of 5/7
ampholines, followed by the addition of 140 ul of 9.5 M Urea
containing 2% NP-40, 5% 2ME, 0.4% 3/10 ampholines, 0.8% 4/10'$
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ampholines and 0.8% 5/7 ampholipes. Samples of 150 to 200 ul
were loaded directly onto cylindrical gels of 3% polycrylamide
containing 6% ampholines. The second dimension was on 10% SDS-

PAGE as described above. Gels were stained with silverstain and

autoradiographed.



CHAPTER 111

PURIFICATION DF THE THYROTROPIN RECEPTOR (TSH-R)

1. INTRODUCTION ' .

The IgG responsible for the abnormal stimu1a£ion,of the thyroid
gland in patients with Graves: disease is supposed to bind to the cell
membranes through the TSH-R. This hypothesis is mainly based on the
‘ fact that binding of 125I«-TSH to solubilized thyroid membrane protein

preparation is inhibited in the presence of IgG from these patients

(Petersen et al. 1977, Dawes et al. 1978, Rees Smith et al. 1980,
Rickards et al. 1981, Kotulla et al. 1981). However, no other proof
exists at present to confirm this hypothesis for which the isolation
of TSH-R would be necessary.

Although the thyroid §timu1ating antibody (TSAb) has not been
¢completely purified, studies have indfcated that it also binds to

other subcellular fractions of the thyroid homogenates (Dawes et al.
125 '

1978) to which no I-TSH binding can be detected. Fenzi et al.
(1979b) also found thét,IgG from patients with Graves' and Hashimoto's
diseases could bind to €hyroid membrahe preparation; devoid of TSH-R.
Howgver, since patients with Graves' disease have abnormal amount$ df
thyroglobulin and microsomal aﬁtibodies (Mori et al. 1971) and since

the TSAb are not pure, contamination of the IgG preparations cog}d

account for the results observed.

41
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: b
The presence of the specific antigens for Tg and microsomal

aftibodies in cell-mediated immunity studies will mask the results,
since not only the effécts 6§used by the specific antigen of TSAb

. would be produced, but also the interaction of the other antigens and
peripheral lymphocytes could be observed. In view of the possibi1ity'
of an immunologic derangemenf in these patients {Volpe 1978), such

w
studies are of major interest to further elucidate the pathogenesis of

Graves' disease.

Finally, even if the TSH-R is, indeed, the trye antigenic site
for Graves' IgG, studies would have to be conducted to investigate the
possibility of minimal TSH-R alterations in Graves' disease that could
trigger the innmn31ogical response observed in such patients.

These findings and prospects reinforce the need to obtain a pure
preparation of TSH-R with which to investigate the possible antigenic
role in the etiology of Graves' disease. ~
‘To this end, TSH-R preparations were made from human thyroid

~

tissue and solubilized as described in the methods. Every preparation

was standardized'for its 125I-TSH binding capacity. Affinity chroma-
tography described by Cuatrecasas et al. (1971) has been successfully
used in the purification of/proteins aﬁd receptors. Specific 1igand§,;
such as,stéfoid or polypeptfde honmpnes covalently bound to agarose |
beds have provided stab]e gels witﬁ which different receptors have

been greatly purified (Grandics et al. 1981, Karlin et al. 1976, Dufau
et al. 1975, Shorr et al. 1981). Less specific affinity chromotogra-
bhy ligands, such as lectins (Nexo et al. 1979, Roche et al. 1975) or
polyclonal antibodies {Kessler 1976, Harrison et al. 1980) ﬁave re-

sulted in variable degrees of glycoprotein purification dependent on
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| »
the samples' initial purity. Since the starting thyroid material was

a crude membrane preparation, TSH was used as a 1i9and.

Earlier attempts to purify the TSH-R from human and other animal
sources (bovine and porcine) have given variable results. The authors
used TSH as a ligand (Tate et al. 1975, Dawes et al. 1978, Fenzi et &0
al. 1978, Koizumi et al. 1982), or immobilized lectins (Kuzuya et ;i.
1980). Various detergents were used to solubilize the thyroid mem-
brane proteins which, due to their different contaminants (Chang et
al. 1980 and Ozawa et al. 1979a) and critical miceller concentration
(Furth 1980), could have contributed to the variations reported with
regards to the TSH-R characterization. In most reports however, there
is no mention of the contaminants present in the purified TSHR pre-
parations and degree of purification is only indicated by 125I-TSH
binding measurements. * |

Because of the above mentioned reasons and the impossibility at
the.present state»bf‘know1edge to identify the TSH-R, studies were
conducted to detect the presence of other fhyroid protéin molecules in
the partially purified preparations and to partially ;haracterize the
TSH-R.

Although,significant purification of the TSH-R was obtained with
the TSH-affinity chromatography, contaminants such as thyroglobulin,
were still hresent. In an attempt to separate this 1ar§e antigenic
molecule from the TSH-R, immunoabsorbent gels were made with DEAE-
purified IgG from patients with Hashimoto's thyroiditis and Graves'
disease. Solubilized thyroid membrane preparations were applied to
the firét column (the patient had a very high thyrog]obu1in<anfibody

titre) and eluate adsorbed by the second immunoabsorbent. With




this approach, not only thyroglobulin adsorption was attempted, put

also this allowed one to determine whether the TSH-R was specifically

absorbed by the Graves' 1gG.

2. RESULTS
’

a) TSH-R Preparations, TSH lodination and Binding Assays

¢
£ r

i) Human Thyroid Membrane Preparations

Particulate TSH-R preparations obtained as described from post-
-mortem or surgicé] human thyroid tissues’were studied by electron
microscopy. The pu}ified membrane preparation (obtained by sucrose
gradient sedimentation) showed predominance of cell membrahe struc-
tures whereas the crude membrane preparation contained more intra-
cellular organelles (not shown).

Compariéon of the two particulate preparations (Garcia et al.
1982) demonstrated that, when both were made from the same tissue so
as to obtain the same 125I-TSH specific Binding, the protein camcen-
tration of the crude ﬁembrane preparation had to be 3 times higher |
than theﬂprdtein concentration in the purified ﬁreparation. However,
recovery of total protein was 10 time§ less in the pﬁrified prepara-
tion than in the crude, implying a considerable loss of TSH-R during
the membrane purification. This receptor was recovered inrthe pellet
of the first sucrose gradient centrifugation, which was discarded in ;

the usual procedure. Since the purified membrane preparation did not

improve the results obtained with the crude membrane preparation and



the procedure was 3 times longer, only the former was used for the

 TSH-R purification, isolation and for most of the binding assays to

‘'study the interactions of TSH-R with TSH and IgG.

Protein concent;ations (Bradford method) of the crude particulate
thyroid preparations were variable (250-2000 ug/100 w1) giving a total
protein recovery between 2-5 mg per gram of thyroid tissue. Eitima-
tion of protein concentration was done by linear regression obtained
from the standard curve using bovine-serum albumin (BSA) as ?tandard

280 0.7 = 1 mg/ml). The correlation coefficient for

protein (BSA E
co _
the standard curves was 0.980-0.999. )

~ The presence of TSH-R in the particulate preparations was assess-

125/ 1 1SH. Bovine TSH was iodinated to a

ed by binding to purified
specific ‘activity between 50-90 uCi/ug.” Sepharose CL 6B chromatograp-
hic profile (Fig. 1) and Sephadex G-100 p;ofile were identical.

Because differences in specific binding to the TSH-R preparations
were observed with the various fractions obtained in the major radio-
active peak, only a few of them were used in the binding studies.. The
first fractions of the.peak gave higher non-specific binding (bggdfﬁg |
non-displaceable with excess cold bTSH), whereas fractions containing
the maximal ra?jga?tivity and those en the deséending part of the
curve gyve Idwer total binding, but higher specific binding to TSH-R
preparations. |

Using the described binding assays, the TSH-R preparations had

saturable binding activity spécific for 1ZSI-TSH (Fig. 2 & 3). Other

ide hormones such as prolactin, LH, FSH and insulin, also

I by the same method, did not show any specific
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binding to the same membrane preparation (Fig. 4); nor did thyroglobu-

lin, T or T_. .
4 3 a ’

Scatchard analysis of the crude thyroid membrane preparation
“\\

(Fig. 5) showed the presence of a high affinity binding site with a Ka

1

of 1.18 x lO9 M™" and a binding capacity of 102 pg bTSH per microgram‘

of protein. A low affinity binding site was also present.
o
Although a comparative study of the two bindiw assays for crude
membrane preparations was not done, it was observed that binding at
24OC for 30 minutes.required higher (2-5 times) concentrations of
thyroid membrane protein than binding at 37°C Q%f l1h to achieve simi-

lar specific binding. Since less 125I—TSH was required for the lat-

ter, this assay was subsequently used.'

ii) TSHR Solubilization

As mentioned previously, 3 detergents were employed for solubili-
zation of the TSH-R. Sodium-deoxy-cholate (SDOC) was utilized ﬁri-
marily to solubilize those preparations used in immunization proce-
dures to produce monoclonal antibodies. Several problems were en-
countered with this détergent, the most important béing a considerable

loss of 1251-TSH binding to such preparations and the formation of a
precipitate in the presence of high concentration of NaCl (3 M) needed
for the elution of the TSH-R from the TSH affinity chromatography
columns. However, since specific binding was still found with the
affinity chromatography pu;ified material, this procedure was used and

a few mice were immunized with these preparations.
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0. P
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using increasing amounts of non-labelled TSH (0.007-50 mU/100 1) and

constant 12°1-TSH (10,000 cpm = 4 x 10711

of 200 yu1.
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For the binding studies and purification of the TSH-R, Triton
X-100 or Triton N-101 was used to solubilize the TSH-R from human
thyroid and guinea pig fat cell membrane preparations. Results were
very similar, if not identjca], between the two detergents and the use

of either one depended on their availability. The yields obtained per

mg of protein varied between 40 and 60%, depending on the starting

. membrane preparagjoh used. Detergent concentrations were measured

prior to determining the protein content of a sample, since the pre-
sence of detergent interferred markedly with the protein estimations
(Fig. 6). The samples used for the standard curve of the protein
detérmination assay always contained the same,concgntratiOq of deter-
gent as the unknown with dilutions being made with the same detergent
concentration. Since high detergent concentrations interfere with

5
both the binding of 12 [-TSH to the TSH-R preparations, and its char-

_acterization, Bio-beads SM-12 (Bio-Rad) or Amberlite XAD-2 resin

columns were used to remove the excess détergent. To monitor the
amount of detergent removed by the resins, 3H-Triton X-100 was used in
the ini?ia] studies. It was necessary for a sample of 3 ml in 1%
Triton X-100 to be in contact with the beads for a total of 1lh, in

order to extract 99.5% of the Triton X-100 in a 4 m1 Bio-bead SM-12

' , . . 0 .
column. The procedure using this resin was done at 24 C. The remain-

ing.concentration of detergent (0.05%) was found to be optimal for the
binding assay. With Amberlite XAD-2, iﬁ a 40 ml bed volume column,
90-95% of the detergent could be removed from a 12-15 ml sample cont-
aining 1% Triton N-101 in 45 min at 4°C. |

. 125 '
Binding of [-TSH to the solubilized TSH-R preparations using

the membrane filtration*system for separation of free and bound hor-
- .
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mone, gave very variable results apparently due to the membrane fil-

; 25
ters. In some circumstances, up to 25% of the 1 I-TSH would bind to

the filters in the absence of receptor and could not be detached by

repeated washes.

Some variations of the procedure were investigﬁted in an attempt
" to improve the reproducibility of the asssay and'to.reduce the non-
specific binding. Initially, variable concentrations of human IgG
were tried without success to co-precipitate the TSH-R-TSH complex.
Different concentrations of PEG in the presence or absence of 0.2 - 1

M NaCl also failed to improve the results. All these studies were

done at 24°C with incubations of 45 min,.
The solubilized membrane binding assay of Koizumi et al. (1982)

using 303 PEG 4000 precipitation of TSH-R-12°1-TSH complex, gave lower

non-specific binding (5-10%), good reproducibility and an intra-assay

variation of 4.0%.

The binding of 125I-TSH to solubilized TSH-R preparations was
specific and saturable. As can be observed in Fig. 7, solubilized
Graves' tﬁyroid preparation had tﬁe highest capacity for specific
binding compared to preparations from normal human thyroid and guinea
. pig fat cell TSH-R. Scatchard analysis of the binding data (Fig. 8
and 9) verified, as in the particulate preparations, the presence of~2
binding sites with diffefing affinities. The high affinity binding
' 9 -1

site in the thyroid TSH-R preparation had a Ka of 3.07 x 10 with

a capacity of 9.33 «x 10'9 mbles/mg protein. In the solubilized guinea

2

pig fat TSH-R the Ka was found to be 9.3 x 10% ML and the capacity

11

4.26 x 10"~ moles/mg protein.
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parison of I-TSH specific binding to increasing protein concen-

trations of TSH-R preparations made from human thyroid (Graves' or
. C

normal) and quinea pig fat cell membranes. Identical binding condi-
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tions were used for the three preparations. Non-specific binding,
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ki -

.5 A
TSH (10 fold) was subtracted from the maximum, binding.
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b) TSH-R Purification

(/ i) TSH-Affinity Chromatography Columns

The coupling efficiency of commercial bTSH (Thytfopar or Harris)
to Affi-gel 10 was calculated in 12 experiments using 50,000 cpm of
purified 125I—bTSH as a marker and in 1 experiment using ltarge amounts
(1.2 x 109 cpm) of the same material. In the former, 85 to 99% of the
radioactivity was found to covalently bind to the agarose gel. In the
1a§t experiment, 0;014% of the radioactivity could be recovered in the
eluate. |

To evaluate detachmeﬁt of the ligand TSH from the agarose bed
during thé TSH-R purification procedure, determination of non-labelled
TSH concentration in the eluate was done by RIA (Table 1). TSH could
not be detected in the first eluate. In the second eluate (3 M NaCl
in 25 mM Tris) the concentration was 2.2 uyU/ml. For every column
preparation 100 U of b-TSH was used and the final volume of the con-

% .

centrated eluate was 2 ml giving a detachment of bTSH of 4.4 x410_6U
in the eluate. ‘

When the coupled.gel was allowed to dry even minimally, over 25%
of the radioactivity could be recovered in the e]uate.‘

Golumns were stored in-25 m Tris at 4°C in presence of 0.02% of
sodfum~azide and‘could be used for pyrification of the TSH-R up to 12

times over periods of at least 3 months.
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Table 1

'
Characteristics of Partially Purified TSH-R Preparation

‘ 125 - *
Thyroglobulin TSH I-TSH Binding
(ng/m1) (uU/m1) (dpm/ug protein)
Crude membrane
preparation 189 x 104 - . 140
Sotubilized
TSH-R - - ) 117
Eluate none
buffer A 297 x 103 detected 48 ‘
Eluate .
M NaCl 584 2.2 3140
* Ai’ﬂw Q’..
Results obtained with 1 ug of protein in the assays. Specific bind-
125

ing of [-TSH to 0.02 ug of partiajly purified TSH-R preparation was
400 dpm. Thus, when the binding assays were performed using total

b : 125 o
prote¥r content on the range that binding of -1-TSH had not reached
saturation (for either TSH-R preparation), the calculated degree of o
TSHR purification was approximately 143 fold, as compared to the

binding using particulate membrane preparation.



i1)% Affinity Chromatography Purification of the TSH-R

Solubilized TSH-R preparations obtained from normal or Graves'
thyroid tissue were applied to TSH affinity chromatogfaphy columns for
purification of the TSHR. After 12-16 hours of incubétion at 40C
elution and extensive washihg of the non-absorbed material, the bound
portion was eluted with 3 M NaCl buffer as seen in Figure 10,

The 3 M NaCl eluate had to be dialyzed and concentrated prior to
its usd in the binding assays. In the first experiments samples were
concentrated in Minicon concentrators, bﬁt.as a portion of the protein
was lost on the membrane filter and the plastic container, samples
were later concentrated dndef vacuum at 4°C during dialysis.

| Protein content of the purifiéd TSH-R preparation was usually
from 2 to 10 ugvof protein/100 1. Since these values are in the
lower range of sensitivity of the Bio-Rad protein detefmination (mi-
éromethod) they are probably not accurate and the real concentration
was even ]ower than Qhat was read. Also, it was later observed that
the initial concentration of detergent present in the 3 M NaCl eluate
(0.05%) fncreased w;th the sample concentrating procedqre to at least
twice the original value and since the protein concentrations in the

samples were extremely low, the contribution of the detergent to the

apsorbance reading of the protein was probab1y higher than expected.

However, sinée'it was not possible to re—estimafe the protein concen-

trations of saﬁp]es prepared and used before; no correction of the

va]ues‘waé made. | | | m
125I—TSH-binding to the purified TSH-R preparation was measured

and compared to other preparations to establish the degree of purifi-
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Fiqure 10, E]uates_From'TSH~affinjty chromatography column were

monitored by spectrobhotometric absorption. Elution 6( bbund TSH-R
was done with 25 mM Tris so]ution.pH,7.4 containing 0.05% Triton and 3
M NaCl. Fractions were pooled, dialyzed aﬁd concentrated prior-to
storage. TSH-R purification procedure by‘this method reéhired a

minimum of 32 h.
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cation. Thyroglobulin and TSH content were medured in the different
samples (Tab]e 1). For the above mentioned problems with determina-
tion of the protein concentrations, the degree of burification in
terms 6f 125I—TSH binding is higher than what the Table 1 results
show. Although the concentration of Tg was reduced by more than 3,000
times it was still present fﬁ the purified TSH-R preparation. A]éo,
the presence of TSH in this preparation might have interfered with the
binding of 125I—TSH giving a low estimate of thé degree of purifica-
tion.

Scatchard analysis of the binding data (Fig. 11) revealed the
presence of 2 binding sites, of high and tow affinity, as in the solu-

2

bilized non-purified preparations of the TSH-R. The Ka for the high

9 -1
‘affinity binding sites was 4.3 x 100 M .

¢) Characterization of the Purified TSH-R
rot

i) Electrophoretic Analysis

Disc gelrelectrophoregis'in 7.5% polyacrylamide and éoomassie
blue staining revea1ed the presence of 2 protein bands. When affinjty
chromatography-purified TSH—R was analyzed in 10% s]as gel electro-
| phoresis Qnﬁer dissociating conditions (SDS-PAGE) and gels stained
with silverstain, At 1eést 8 bands were distinguighed. One band with
ﬁb]ecu]ar weight of 88,500 was enhanced with respect to the solubi-
1ized non-purified electrophoretic profile. .

125

The TSH-R-'“°1-TSH complex analyzed in disc gel electrophoresis

(under non-dissociating condipions) revealed the presence of a radio-
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Figure 11. Scatchard plot of specific I-TSH binding to affinity

chromatography purified TSH-R. Assay conditions were the same as used

for solubilized non-purified TSH-R preparations.
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activity peak at the same localization as standgrd protein aldolase,

: 5 .
which was not present when 12 [-TSH was electrophoresed alone (Fig.

12).

ii) Continuous Sucrose Gradient Sedimentation

Analysis of purified TSH-R preparation by sucrose gradients
showed that the maximum specific binding capacity was localized be-
tween 4.15 and 4.9 S as seen in Fig. 13.

The TSH-R—IZSI—TSH complex had the samé;sedimentation coefficient
as aldolase, suggesting a comple* molecular weight of 150,000 (Fig.

' 125
14). A major peak was found at the same localization as I-TSH

alone. The presence of this major peak suggests that most of the

125
bound I-TSH becomes free during the procedure, which takes more

than 16h.

d) Human IgG Immunoabsorbent Columns \

Since by TSH affinity-chromatography it was not possible to

obtain a pure preparation®of TSH-R, and knowing that IgG's from pa-

125 .
tiFnts with Graves' disease inhibit the binding of I-TSH to the

receptor, presumably by binding to the receptor itself, immunoabsor-
bent columns were prepared using DEAE-purified IQG'from a patient with
Hashimoto's thyroiditis (column 1) and with IgG from a patzent‘with
Graves' disease (column 2) as described in the Methods section.
Coupling éfficiency of IgG to the CnBr Sepharose 4B gel was 95 to

99%.  Triton N-101 solubilized human TSH-R preparation was applied to
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Figure 12. Radioactivity profile of 7.5% polyacrylamide disc gel

125I-TSH complex. Preparations of

125

-electrophoresis of the TSH-R -

: 0 .
purified TSH-R were incubated with I-TSH for 1 h at 24°C prior to
application to the disc gels. Gels were sliced into 2 mm fractions

and radioactivity determined. . ’ , d
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’ Figlre 13. Sucrose gradient analysis of purified TSH-R. Receptor
samples (100 u1) in 25 mM Tris, 0.05% Triton X-100 were applied to 4
ml sucrose gradients (8-25% w/v). Sucrose gradients were centrifuged

0 -
for 14h at 4 C at 230,000 x g. Fractions were tested for their
capacity to specifically bind 1291-TsH, E '
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both coldmns, and eluates (Tris/Triton -_e]uate 1 and Tris/Triton/
NaCl - eluate 2) from each were applied to the other column, as seen
in Table 2. Protein concentrations obéained in the different samplef®
were comparable, or else were matched by dilution before the binding

., assay was done. Binding assay results are summari}ed in Table 3.
Eluate 2 from column.l and eluates 1 and 2 from column 2 {(both in
phase«1) were studied by electrophoresis (10% SDS-PAGE) and‘étained
with silver. In Fig. 15, clear enhancement of several bands can be
séen. Eluate 2 from co}umn 1 shows the same pattern as the control
sample. Eluate 1 from column 2 has several low molecular weight bands
'enhanced with respect to control, and eluate 2 from the same shows a
clear enhancement of 2 baqu at approxiﬁéte]y m.w. of 50,000 and
45,000. Higher moleculag%%éight‘proteins, although possibly present,

could not be detected. ) .

.

Thyroglobulin determinations demonstrated that eluates with 3M
NaCl (2nd eluate) from both columps had high degrees of Tg impﬁrity
{1090 ng/ml and 780 ng/ml, 1mmunoabsbrbénts 1 and 2 respectively).

Thyroglobulin was also detectap]é in the eluate 1 from c61umn 2;
with a c§ncentrétion of 590 ng/ml. However when columns. were washed
with glycine solution, pH 2.8 after e]uaté‘z the thyroglobulin concen-

tration in the former was negligible.
3. DISCUSSION
.0f the several reported methods to obtain partiéu1ape TSH-R

preparations (Wolff et al. 1971, Smith et al. 1974, Mehdi et al.

1975), membranes purified in sucrose gradients and crude membfanes
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Table 2: TSH-R Purification by human IgG immunoabsorbents.

Solubilized TSH-R

/\

Column | o Column Il
PHASE | Elua{e I Eluate | Eluate | Eluate I
DlalySIS _Dlalysns
PHASE Il Eluate II Eluate | Eluate I Eluate |l

PHASE Il . Eluate I Eluate!  Eluate | Eluate I



Table 3

12
5I-TSH Specific Binding (%) to Immunoabsorbent Columns’ Eluates

I 4

COLUMN 1 COLUMN 2

ELUATE I ELUATE 11 ELUATE I  ELUATE II

Phase I 16.1 3.3 7.2 2.4
Phase 11 .7 1.5 0 .9
Phase 111 7 2.6 1.7 2.1

Results are expressed as percentage of specific binding. Binding
of control sample (solubilized, not applied to any colum%i was 51.2%.
Thi§ sample had a protein concentration 10 times higher than the con-

centrations obtained in eluate I from either column.

L}
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Figure 15. Electrophoretic.rofiTa of eluate from human -1g6
[ 1‘% N L, e

.

immunoabsorbent columns. * .

Line 1: Control sample - N

¢

Line 2f3.E1uate 2 from>immunoabsorbent co}umn@l‘
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-Line 4-5 Eluate 1 from‘immunoabsofbent coﬁumn,ZJ

Line 6-7 Eluate 2 from immunoabsorbeht co]umn 2
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were studied. The easiness of preparing the latter, as well as the
yield of TSH-R obtained made it more suitable for large scale TSH-R

purification. It is also important to note that no specific bindjng

125
of I-TSH to intracellular organelles has been reported which fa-

vours the use of crude particulate membrane preparations (Mehdi et al.
1977).

Beall et al. (1979) reported that iodination of TSH could inter-
fere with binding of the 1a§e11ed hormone to the TSH-R. They found
that, by :the Bolton-Hunter (1973) acylation method, binding was pre-

vented whereas iodination by the chloramine-T method (Greenwood et al.

/1963) resulted in good binding .activity. Lactoperoxidase has been

found to give good iodination of different protein molecules and is

presently used” in many laboratories for the 1abe11ing of purified

b-TSH (Silverberg et al. 1978, Pekonen et al. 1980, Ozawa et al.

1979a, Koizumi et al. 1982).

Although some authors have found that the best maximum binding of .

’

25I-TSH to TSH preparations was found at low pH (5.5} (Tate ét al.
1975), it was preferred to maintain a more physiological pH in the
binding assay with which good reproduc1b1e binding was found at Tow
protein concentrations (20-50 ug/100 ul). Preparations“were sfandard—
ized for their capaciiyito bind 125I—TSH in the absence of salt media
and in the presence of 5Q mM NaC1l (for their utilization in the TBI

assay) since different sa]t concentrations vary the degree of binding
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values found by others (Pekonen et al. 1979, Koizumi et al. 1982).
However, other authors have found only one high affinity binding site

(de Bruin et al. 1982a) on Scatchard analysis of the data obtained

from bindings performed at ZSOC, and a curvilinear Scatchard plot with

similar affinity constant when the binding assays were performed at
37°C (de Bruin et aj.’1982b) or at 0°C for 18-24 h (Petersen et al.
1977) or at 37°C for 10 min or 2 h (Rees Smith et al. 1977).

Althaugh no proteinase inhibitor was included in the buffers,
samples were stable with respect to 1251-T§ﬁ binding even for months,
'provided that they were quickly frozen at 77896 and used only once

(not re-frozen). This was particularly important for the particulate
B ‘ 4

L . . ks > 0 .. .
membrane preparations, otherwise, within 6-8 h at 24°C maximum speci-.,

fic binding could decline by 25—30%; ¢

The affinity chromatography method described brovided a purifi- .

cat1on of the solubilized TSH-R by a factor of 140 as judged by the

125
binding to I—TSH. The Aff1 gel 10 agarose (an N- hydroxysucc1n1m1de

ester) proved to be feas1b1e for the coupling of cold hormone as seen
by the coupling efficiency calculations and measurement of TSH by-RIA
in the e]ﬁateé. The tolumns were stable at 4°C and could be used
several timés, allowing the purification of'TSH-R.frohvlarge sémp]es.
Thus, enough purified r;ceptor to be used in further studies, such as
. characterization and production of monqc]onai antibodies, could be
obth{nedl :Recepfors fréﬁ more than 500 g tissue equivalent were
pur1f1ed by this method. |

Pur1f1ed TSH-R also gave a curvilinear Scatchard plot as has

»

' been found hy others (Ko1zum1 et al. 1982). The finding of a curvi-

linear Scatchard p1ot on b1nd1ng of 1abe11ed hormones ‘to receptor has

v

o
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previously been described fqr several polypeptide hormone refeptors,
but no clear exp]aﬁation.for it has been found. ‘De_Meyts et ;1.

(1976) proposed that the curvilinear Scatchard plots found on the
bﬁnding oﬁ.1251-1n5u11n to its receptor resuited from a negative
cooperétivity site-site 1nter?ction among one homogeneous class ot
receptors. The negative cooperativityfis supposed to be th,cense—
quence of ligand-induced interaction of receptors or receptor sub-
units, by which a decreése affinity of the receptor for the 1igandvap~
pears as increasing-numbef of receptors are occupied. However, ae
indicated by Powell-Jones et al. (1979, 1980) -this exp]anation is nbt"
valid f&r the TSH reteptors, since the rate of dissociation of Wigand
from TSH-R {s fndependent of the binding site occupancy~§ver a 40 fold:

range, corresponding to a 100 fold range of free TSH conceﬁtrat1on and

only the high affinity binding sites are destroyed by heating the

* -

membranes at 50 Q,fbr 20 min prior to the b1nd1ngzassay They . con-
: “Yf'

125
cluded that I TSH binds to ‘heterogeneous b1nd1rg sites of wh1ch
probably only the h1gh aff1n1ty class are TSH-R, [The same authors

(Rickards et a] 1981) found only one h1gh aff1n1ty b1nd1ng sité in-
“purified and crude solubilized TSH-R preparations containifg 1 qr‘IS%'
detergent (Ldbno]) in bindings carﬁied out at 37°C fo 1 h. The dif-

ferences 1n detergent concentrat1ons as we]] as_the length of/ incu-

bation (1 hvs. 15 m1n) mlght exp1a1n the dn ; ant Fesultyg since’ 1t

was previously observed that the presence of h1gh detergent concentraA‘

tlons part1a11y 1nh1b1ted~ 25I TSH binding." S1m11ar1y, {t was prev1-

ous]y observed (unpub11shed data) that with so]ub111zed TSH—R prepara-

- tions, binding of\leI—TSH is maximum at 15 min (at 37‘C) and it

S , ) ,
decreases thereafter, increasing the non-specific binding.
. f - M

I

N
"

—_

A

-
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From the studies of meaéuremeﬁts of Tg and TSH it can be con-
cluded that, although a certain degree of purification was achieved,
the TSH-R preparations were not pure. “An indication of that was the
finding of several electrophoretic bands detected by silverstain also
implying that, by ghose methods it was notgposs1ble to identify the
TSH-R. Again, the very property of the receptor (to specifically b1nd
TSH) was used in an attempt to localize the studied molecule.s Frac-
tionation in sucrose gradients showed specific binding to fractions
between 4.2 and 4.9 S. Interestingly this sedimentétion coefficient
is very close to the one found to absgrb TSAb activity from GraVes'
IgG. Tate et al. (1975) had found; Sy similar methods, that 125I-TSH
could bind to 4 differ;ﬁt fractions of the sugroée gradiehts. ince
their preparation had 5 to 50 times higher detergept concentration,
which 1sAknown to form micelles, the peaks found ét 280,000‘and
160,000 M.W. could well be the result of the detergent concentration
in the samp}es studiéd. Similarly, Dawes et al.‘(1978), reported a
high molecular weight component (300,000 of the TSH receptor,.separ;
ated by Sepharose chromatoéraphy. However, théy also found the same
M.W. for the complex 125I-TSH-TSH-R eluted fn 0.5% detergent andAthis
was also the locatization found for the same concentration of deter-
gentheldted alone in absence of receptof preparation and or labelled
TSH. These results would suggest that the molecular weights fohpd-fgr
the receptor are éhe result of the micelles formed‘by the deterﬁént“
present in the so1ubilized preparations. '

When the complex 125I-TSH-TSH-R was analyzed by sucrose gradient

sedimentatidn,and electrophoresis under non-dissociating conditions it

was localized at the same position as aldoiase, used as standard

o
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protein, indicating a complex M.W. of 150,000. On the electrophoretic
profile of TSH-R under dissociating conditions and.detected by silver-
stain, only the band of 88,500 M.W. was anhanced with respect to the
solubi]ized_preparationt;éThis band, aiso found in the‘purified mater-
ial of Koizumi et a1.~(198§§@could be'the TSH—; or a fragment of it.
In the former case, the Z5I.TSH-TSH-R complex M.W. of 150,000 could
indicate that the TSH-R would bind 2 molecules of TSH simultaneously.
Since the purpose of the purification procedure was mainly to

achieve a iSH-R preparation devoid of other antigenically important
thyroid molecules, Tg determinations were necessary. Although a
3000-fold 'decrease in Tg was obtained, Tg was still present in consi-
oerabie concentrations in the purified TSH-R preparation. Although
'the large M.W. of Tg could facilitate its separation from the TSH-R by
_standard chromatography, this approach was not e]ected for several
reasons. First, the TSH-R M.W. was not known with certainty and cou]d
(because of aggragates or detergent micelle formation) elute close to
. Tg and, secondIy, because fragments of Tg cou;d also migrate with the
TSH-R the assumption could not be made that it would be possible to
differentiate both molecules on the basis of M.W. alone. Since IgG
from patients with Hashimoto's thyroiditis containing Tg Ab devoid of
151 activity_were available, as”wé]l as,purified‘IgG from Graves'
L patients, the immunoabsorbent chromatography procedure was preferred‘

: : - . : o _

A]though preliminary studies showed that the eluate of non-

2 and undertaken. - : .

_‘absorbed materia};from column l,vabsorbed in column 2 and eluted with

h&gh salt concentrations was enriched on 125I-TSH binding activity,

when the studies were'repeatéd and eluates from both calumns cross-

}
\

|



absorbed no difference 1in bfnding'capacity was found between the_high
salt e]uate from both co1umns. Tﬁus' the approach did not prove to'be
useful for the TSH-R purificatioﬁ Moreover. Tg concentrat1ons 1n the
different eluates were even higheq than those obtoiped by affinity

chromatography. with TSH.

The finding thatvit‘was,1mpossibTe‘to.oafifiy‘the TSH-R by using
Graves' IgG (prevjousiylsho:;vto‘1nhibit IZSI-TSﬂ binding to particu-
late end solubilized TSH-R oreparations and etimuTate CAMP produétion«
1n human thyroid slices and rat therfd cells) 1hddcated that eithef"
the 196G binding site is not exact]y the same as the TSH-R or that
dissociation rapidly takes place under the mild conditions used (20 uN

Tris, 0.05% Triton N- 101)
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CHAPTER 1V

.
N

MONOCLONAL ANTIBODIES

1. INTRODUCTION

Since Kohier and MiTstefn (1975) first describeo tneLprodU¢t10n

©

of monoclonal antibodies (MA) such ontibodies have been useo\for.a - PR

wfoe_varfety of app1icationsiof-wn1bn the 1dent1f1cotion of dntfgens"
,hasvbeen one of the'ﬂnst fmoortent. Since the antigenic site of - the ,
Graves' IgG is thought to be- the thyroid TSH-R 1t was of mich 1nter-
est to develop MA against the TSH-R The purpose of that project. wasl \
twofold. With, the ava11ab11ity>of MA it would be possib\e to purify

the antigen by means of 1mmunoabsorbance as described by Secher and

Burke 11980" in their. successful purification of. human 1nterferon.,j;ﬁﬂ7;g‘.f

With ‘a pure antigen it would be possib\e to study the cellpmediated
immune response of pat1ents with Groves disease. Also, by producingv ;
‘ different MAs of known antigenic specifity, the response of Graves
;IgG and 1ts site of 1nteract1on with the thyroid ce11 cou]d be ex- "7
vplored as we11 as their mechanism of action and IgG nroduction by
‘ patients with this disease. 1 e’ ' _ ‘ ﬂﬁs‘~l‘ ' .
The: selection of those clones producing a desired Specific anti-:;f{

‘body is one of the main problems encountered when the 1mmuniztng

"a"“ge" fs not pure. Our prepar&tion of paruany purified TSHR' by

. affinity chromatogrophy, a1thougn 140 tfmes more pure tnan the so1u- jf{?ff Q'Vﬂri;
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biii ;ze'd‘ non-purified p'reparation sti 1 co‘ntained severay other moie-' i
f’cules apparently unrelated to the TSH-R. Thus it was necessary to |
: deveiop a screening assay that could differentiate the TSHR from .

" other potentiai antigens in’ the preparation. The oniy known’ functibn rl
of the TSH-R that could be used in these assays was the binding of . the

125 _ S
receptor to - I-TSH- since it is fast and allows the testing of . ~gs‘*;‘n W

many samples in a short time.‘ » : _
High affinity TSH-R have aiso been foundsin guinea pig fat ceii

o g
P ik e
"“'ﬁ'{‘

membranes (FCM) (Teng et ai 1975 and Kishihara, et ai 1979) which
‘have been used for purification of Graves' 16 (Endo et ai. \981) t’““‘“
They offer the advantage of not reacting with either thxrog]obulin or:

microsomal antibodies. o _
o For the above reasons, MA ‘against normal and: Graves human thy:n ,‘;‘J
\ d;vr°1d as. weii as against guinea pig fat cell membranes were produced o

and the antigenic specificity of severa1 antibodies was studied
2. RESWTS
The n’du’s‘e'in’mization'procédi‘ire-?-na's been previously described in

A

- 'the Methods section., At least 3 injections were given to every animal g |

'jifﬁifprior to testing for their immunologicai response in terms of lgG

"5;{_production to the antigen inJected.. Animais that responded positive1y67;_fiv

75'{[[to the 1251 sheep anti-mouse IgG (SAH) or to the TBI assays using FCM"Z,Y* L

"i-igaﬂ e;.-x-TSH were used for the fusions foiiowing a fourth boost 3 daysftil f_\f?~fv

”*rf,;fprior to being sacrificed.. A totai of 11 fusions were. done. ) mice

' "”-!:were imnunized with antigens Prepared from Graves /thyf°1d 6 were "ﬂi




| normal thyroid antigens and 1 used an antigen prepared from guinea pig

| fat cell membranes. Of these, on1y 4 fﬂsions resﬂ1ted 1n c1ear posi-f= m-"’r““‘z

: t1ve c]ones (3 arose from normaT human thyroid TSH-R preparaﬂions and

o from fCM) From the remaining fusions, some clones either did ot y"f”"

¥

';' 'survive or became contaminatgd wh11e, from other hea\thy c1ones. no

? positive antibodies could be detected by fﬁe\ssreening assays used.

W

a) Positive Fusions

1. Fusion #1

(from norma] thyroid TSH-R preparation) ‘Fused -

o eems werll g1stributed 1n 32 p1 stesof 96 wells.

- each. vTen days after the fusion clones were
‘?"macro or m1croscop1ca11y visible in most of the
fwe\ls (approx. 801 of them) The first screening:"

| ;Jassay was done by pooling media from 4 consecu-' f :

'f':tive wells 1nto 1 testihg we11 which had been

) P"eﬂously coated with s u1 of 50 ug/m’t ngrmal
.-';-,"thyroid TSH-R pur'lfied by afﬂn'lty cm.ty

"u;removed.

of the 2 015 weHs screened m the Hrst test

*vg,:las were tested 1nd1v1dually and 43 were found t°?pil.elj::}5

-'ff*f“°'° clones secreting IQG against the partia]\y

| fipurified TSH-R preparation.. Since most of tne

~«i'efue11s contained more than one—c1one, 1im1t1ng

| aP"YlarNj'”.
| '}and from uhich the excess detergent had been _'

H'U”'f,fd11ut1ons were carried out to obtain single LjQifffi*':



an additiona1 two or three times, finaliy ob- |

%
2

| The screening assays {

.;’.82;- !

- y -
positive monoclones. The original clones and the

‘neS'grown after limiting dilutions were tested

taining 21 monoclones,

125 SAM) used in this fu-

_sion detected antibodies against all the antigens

in the testing preparation not only against the
TSHR. . 'u‘ | ‘:,» L '
In a previous fusion the possibiiw using the

TBI assay in test tubes for screening of the

medium had been inVestigatedb but medium aione, .

‘ without any antibodies, inhibited ‘the binding of .

: 125

"1-TSH to the human thyroid TSH-R preparations.

‘Thus it was necessary to produce 1arge amounts of

N MA in order to extract then from the medium.

0

Unfortunateiy, of the 21 monociones seiected 17
became contaninated shortiy before a sufficient

number of cells could be harvested for injectigni

into irradiated nice for ascites production. |

The other 4 clones were used in part for ascites,
production while the remainder were keJ‘ frozen

for iater use. IgG from ascites f]uid was puri-».t-f"'
fied by aﬁnonium suiphate precipitation and o
tested in the reguiar TBI assay.s Aithough they

| were positive against the whole antigen, none of'ff

g

- the 4 were able to inhibit the binding of

1251_ =
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ii. Fusion #2

iftrated over 10 times no MA 91V1"9 2 positive TBIV-v

_ The medium was. concentfated‘under vacuUm and

[ACS

_TSH to so1ub1112ed human thyroid TSH-R prepara-

tions.' | S
These MA however. were tested for their abi11ty

to stimulate the production of cAMP in human -

B thyroid s11ces #hd only one, at high concentra-

tion (2. 5 mg/m1) ‘was minimally posit1ve (150%

over oontro1) and when tested for a second time,

~was negative. -

(FCM 1mmunized mice) To_avoid unnecessary use of

- antigen preparation, cTones~were first selected

for the presenee‘okagG»in the media. Of the 74
clomes: that pnodoéed 196, 25 produced antihbdjes
\agafnst'the antigens 1nJected These~clones were
then tested in the TBI assay using particulate ,ﬁ
“ FCM in polyvinylch1or1de plates (PVC plates), but
‘,none were found to s19n1f1cant1y 1nh1b1t the ;
*binding of 1251 -TSH to the membrane preparation.

| However, anong the 25. positive clones for 196
against FCM 7 strong positives were selected and

~ grown in culture._,

= trated solution of MA, which was then retested 1n
.-_the TBI assay Although samp]es were concen- '

: were found.

‘ ) ’= . ‘ N

e

. dialyzed against sa11ne to achieve a more concen-’v
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Fusion #3

-~ 84

(from mice 1mmunizéﬁpu1th_norma1¥ﬁuq‘h thyroid.)

34 clones were found to produce I1gG against the
v . {

antigen used‘to 1mmun12gjthe mice, of which 3'
were also positive for FCMantigens. 'However,
after testing several times, 18 clones were
finally selected, the others having become ne-';

gative. Of these 18 clones, 7 prggéfjd a signi-
125

ficant ~“ 1-TSH binding fnhibition when tested in

the FON-TEL assay. in PYC wells. Although the
assay reproduc1b111ty ‘wWas very good when purified
1gGs were used, 1n presence of cell medium it was

variab1e. Hence 'dt was repeated severa1 times

“and onl,y 2 were found to inhibit the binding of
125

‘ I-TSH consistently.. Someuof the positive IgGQ
1n~the previous assays not only>d1d not’inhihjtw:
125, B

' f.binding of, I-TSH in stbsequent osseys, put

- resul ted 1n an 1ncrease of up to- 120%.,.
.
" These clones however, were kept and the harvested
cells were ‘fnjected into wice. “The 1g6 purified o -

‘frou the resu1t1ng ascites f1u1d was retested and

- found to be negative 1n the regu]ar TBI ‘assay .

(1.6. no binding inhibition or enhancement

“‘\.fOUHd) In the cAMP production assay 3 MA were

" found to 1ncrease the cAMP production of FRTL __.fb",<

' :ce11$.
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| Yoo .
/‘iv; Fusion #4 ~ (from mice immunized with normai}human-thyroid.)
0f 15 clones that'were selected and tested for
their TBI %ctivity in an identicai procedure as: -

éfor fusion #3, 3 clones were found to be

positive. Upon purification and retesting of the

MA in the TBI assay, the results were negative

b} Screening Assays ' : i€9
| 3»

Since the sample preparations used to immunize the mice contain

ed, in addition to the TSHR, many other antigenic components whiéh

gave rise to a w{de variety of nonoclona] antibodies, attempts were
made to 3%veiop a sensitive and specific screening assay., ,

Yavin et al. (1981) were able to devei p MA against the bovine
TSHR. Their screening assay invoived the use of poiy—Léiysine to

~ bind the TSH-R preparations to the PVC he1is. However, since I was'

‘ unabie to obtain binding of l‘ZSI-TSH to the. receptor preparations by

",foiiowing their assay as described different conditions were studied
2}

(variable protein concentrations a 1igand different incubation

conditions in terms of time and tenperature and different buffers at

) variabie pH), but without success. Binding of labeiied TSH was not

higher than 2-3% of the total added and these vaiues did not aliow one

efo differentiate specific inhibition of binding by IgG due to the "

large variabiiity of intra-assay results..“,j : fi,~\\> ‘

' Microsomal and thyroglobuiin antibodies do)not bind to Fcé even o

though TSH and Graves IgG bind specificaiiy (Endo et al 1981) On

Shie haads tha I'.'PII_TRY areay 1n DUM un'|1e Aaualnnad hu n.. - 1,b;n~lin :

k]

&
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' was:used to select the clones-producing IgG against the TﬁH-R (Methods K .'

&',

Assay II in monoclonal antibodies screening assay)

Ca

c) Monoclonal Antibod195*Studies ’ ’
I | LRy s < SRR

-

o ' ’ ’ Lo

. None of the MA obtained were positive when tested aga1nst thyro~

fglobulln\or thyraid micros\hes L A | E i e
| The 4>MA obtalned from the first fusion were studied for their |
‘capaclty to bind to the TSH-R at’ sites other than the ;ZSI;TSH b1nd1ng

' slte by 1mmdnoabsorbance' the eluates being evaluated by their capaci-

y ty to b1nd 125I-TSH on SDS- PAGE and for thyroglobulln concentration._

_ | Ig6 coupllng efficlency, calculated by the E of the eluate,_ea

’lranged frou 79% to 93%. . . . S f ?" | e

| 1ther 2 M NaCl nor’ the acid eluates of the observed materia) ‘ |

exhibited speC1f1c blnding to. 125 ~TSH, and the binding actlvity-could R

/

" be recovered in the first eluate wlth Tris-Triton.

/>” From electrophoretic analysis of the dlfferent eluates no pro-
teins could be detected by Coonassie blue stalning. Hith silverstaln,
several falnt bands uere seen An the acid eluates of every 1mmunoab- |
sorbent. None of the baﬁds appeared to be e hanced with respect to
the control samples, although the pattern was not 1dent1cal in every

acid eluate sample d : d,' R .f"i - /, .

Thyroglobulin measured | ’s found 1n a l eluates, Tg .

1'7'f:£content of the 2 M NaCl eluates rahged from 3 to 20% of the Tg content'_° !

vof the control sample vhereas 1n the acid eluate 1t was only 0 6% of :,“1'-

":v,the control.



3. DISCUSSION - L

Although most of the fusions\were successful.in terms of the
number and survival of clones, none could be selected for production |
of MA against the TSH-R by the ?ssays tésted. |
) "~ Since all mice were p051t1ve with respect to the antigen and the

- IgGs prodhced by tﬁs clones of the last 3 were also p051tive 1nvthe
- TBI assay, ‘the difficulty in obtaining MA against the TSH-R vas _::
‘probably due to the fusion.and the methods of selecting the clones.

oSpecial effort was made to develop a TBI assay that would be able to

' '.Ascreen many samples in a. short period of time, but as seen from the

results, not. even the FCM-TBI say was consistent. The fact that
Vpositive clones could become negative over a few days (sometimes the
i{\terval betveen screening assays was only 4-5 days) poin::d to the
‘possibility that some components of the medium interfgred with the
:binding of 125I-TSH to the receptor. Controls consisting of medium |
g algpe vere always included but this did. not exclude the possibility/

of changes in the concentration of some medium components when cells

'

 were present.« Alternatively,‘the inconsistency of results could have

“ 1 been due to variations in the/other components of the assay, although

T this is unlikely since maximum binding and non—specific binding of

| 1251 TSH were very consistent from assay to assay Moreover, a known/”

'_ positive purified Graves IgG was always included as-a control anq

*

'.f'fresults were. similar in all assays. }:”“’“

-:- The only‘remaining possi;ility was to purify the IgG from every

positive clone, and although it is a very time consuming procedure ['.55'

this;vas;done ’";5°me,¢§59§'- It vas of interest however, to study the

o - ' .
- =% . »



| . poss1b111ty of hav1ng MA against thyrog]obulin or thyro1d m1crosomes,
since patnents with Graves' disease usual]y have c1rcu1at1ng ant1- :

‘ bod1es to these ant1gens A1though«the Z M NaCl e]uateSufrom the MA -

Y

1mmunoabsorbahts conta1ned large amounts of therglobu11n it was pro- - %‘
bab]y the resuTt of non-specif1c b1nd1ng.of~th1s large mo]eculevto'the B
'ge1 matrix as 1t was also found. (a]though in 1esser*amounts) in the
“TSH aff1n1ty.chromatography pur1f1cat1on of the TSH-R To assess}this
poss1b111ty, the MA were tested 1n the tanned red ce11 agglut1nat1on
techn1que wh1ch conf1rmed the above coﬁcius1on o t'» . |
| In the e1ectr0phoret1c stud1es of ;-the 1mmunoabsorbants e]uate no

| spec1f1c prote1n enr1chment could be detected. The prote1n content of
‘the samples was 1ower than 1 ug/100u1 in most of‘the cases whith B o ;
makes ‘them d1fficu1t to detect even by s11verstarn. On the other N | R
hand the prote1ns of the thyroid membrane have not yet been

. ident1ﬁied hence, observ1ng enhancement of even one prote1n band 4h

any of the eluates wou]d not have provxded more 1nformat1on

IS s

S1nce the TSH-R 1s a h1gh mo1ecu1ar we1ght 1ntr1nsic prote1n 1t f
- might containaant1gen1c s1tes different from the TSH binding s1te. PR ‘f%f*hf’t

The possib111ty of having deve]oped MA that cou]d not be detected by ,

any TBL assay. (against sites of the TSH-R) was aISo studied by the
1mmunoabsorbants., Unfortnnate1y, no spec1fic 125 ~TSH binding was

found in either the 2 M NaC] or the ac1d e1uates .

, Even though some of the MA st1mu1ated cAMP product1on 1n the FRTL
‘cell mode1 1t can not be conc]uded that they are specific for the B {».u
»ut ; TSH-R as Kohn et a]. (1983) have assumed.‘ Other molecules such as e

r - PO

prostag]andins and cho]era toxin are also ab]e to-st1mu1ate the pro- .

e duction of cAMP by binding to sites other ‘than at the TSH-R (see
oo

' chapter VI)
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* GRAVES' IgG - THYROTROPIN BINDING INHIBITION EFFECT

CHAPTER V

|
N,

.

1.  INTRODUCTION

-~

In 1956, Adams and-Purvé@s desc(ibed the presence of an abnormaﬁ
thyroid stimulator in the serum‘of patients with Graves' disease. The
substance was identified as an immungg]obu]in G (IgG) by Purves and
Adams (1961) Kriss et al. (1964) and Meek et al. (1964). The methods
for the detection of Graves' IgG in patients with this disease hgve

been the focus of attention by many investigators. Among them, the

~contributions of McKenzie (1960 and 1976), Adams et al. (1967),

Yamashita et al. (1972), Onaya et al. (1973) and Kendall-Taylor et al.
(1980) deserve special attentiow. However, no single assay was de-

veloped that was positive in 100% of patients with Graves' disease.

Since Mehdi et al. (1973) described the in vitro inhibition of

§erotr9p1n0binding (TBI) to its thyroid receptor by Tgﬁ from patients
with Graves' disease, the asséy'has been popu1ar1;ed by Smith et al.
(1974). and attempts were ma&e'to %dgntify the antigenic specificity of
Graves' IgG, as ;;ﬁ} as to correlate the binding inhibition activity

of the IgGs with the outcome @F the disease (Mukhtar et al. 1975,
0'Donnell et al. 1978, Fenz1)et al. 197§a, Ozawa et_ai. 1979, Teng et =

al. 1980, Davies et al. 1980, McGregor et al. 1980). However, large

’
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discrepancies were found and Gossage et al. (1981) even showed a
variable capacity of inhibition.of TSH binding to the patients' own
and to other th&roid tissues. Attempts to correlate biological ‘
activity (cAMP production) and the TBI capacity of Graves' IgG, have
also given discrepant results (McKenzie et al. 1978, Endo et al. 1978,
Sugenoya et al. 1979, Ozawa et al. 1979, Arikawa et al. 1980). The
differences could have been partly explained by the different sources
of thyroid tissue (human, bovine, etc) and by the vafious methods used ~
to prepare the TSH-R (Zakarija et al. 1978a and 1978b). For this
reason, it(was of interest to compare thg TBI activity of Graves' and
normal IgG in different receptor preparations made from the same |
thyroid tissue, as we1i as the effects of these IgGs n the TSH-R of
cells of various animal species. ' %

The TSHR is comprised of a glycoprotein and a gang]iosfde
(Me1dolsi et al. 1977). Because of their hydrophilic properties, the
carbohydrate moities should be located on the external surface of thé |
cell membrane.

Carbohydrates have been implicated in receptor binding and with
insulin action (Cuatreéasas et al;‘1973c) as well as in the antigenic
sites in the immune system (Smith et al. 1980). In patients with
Graves' disease, antibodies against;§ialo GM1 ganglioside ﬁave been
detected (Sawada et al. 1980), however their relationship with the IgG
responsible for the hyperfunction of the _thyroid is unknown.

Stud}ing the effects of monosaccharides on the TSH-R, Moore et

.a1. (1976) observed that N-acetyl-neuraminic acid (NANA) increased the

125 .
binding of I-TSH to the receptor andfsubsequent %reatment of thy-

roid cell membranes with neuraminidase resulted in the loss of hormone



binding. However, Amir et al. (1973) and Trokoudes et al. (1981) were
not able to discern any specific effects of carbohydréfes on TSH
binding. ’“

Although the TBI activity of Gréves' 146G haskbeenAfound in solu-
bilized TSH4§ preparations (Petersen et al. 1977, Richards et al.
1981, Kotuila et al. 1981, Koizumi et al. 1982) the specific binding
site for Graves' IgG has not yet been evaluated and it remains \
-controversial if the binding is to the same TSH-R. In‘order to
further study any relationship between TSH and IgGs for receptor

binding properties, the modulating effects of NANA were analyzed.

2. RESULTS

a) ‘Comparison of Graves' IgG TBI in Crude and Purified Human Thyroid

-Membrane Preparations

The thyrotropin binding inhibition activity of 36 IgGs from
patients with Graves; disease and 10 normal controls weré studied
using crud?,gnd purified human thyroid membranes (TMP) that had been
prepared simu1tanéous1y from thé same gland tofavoid possible véria-
tions that may arise from different TSH-R SOufceﬁ. A1l assays were
done in parallel, testing the same IgGs in both membrane prepara-
tions. }IZSI-TSH and unlabelled TSH were from the same batch The
. IgGs used were previously purified 1n Protein-A Sepharose affinity

c¢olumns and protein concentrations adjusted to 12.5 mg/m1.: In the

binding assay, protein concentrations of'the purified and crude mem-

I
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" \ '
brane preparations were 62.5 and 22.5 ug/100 ¥1 respectively, in order

to obtain a maximum specific binding of 125I-TSH of approximately 20%
in both TMPs. ‘
TBI of normal IgGs in crude and purified preparations rgnged from

8 to 44% and from 0 to 46%, respectively. The IgGs were divided into
¢ two groups, I and II, for conveqience in the assays. Each group had 5
normal IgGé,to.determine the normal TBI value. A Graves' IgG was
considered positive when its TBI exceeded the 95% confidence limit of
the nofma} TBI for the same TSH-R preparation in each group
(Mendenhall et al. 1976).
Of all Graves' IgGs, 66.7% and 80.6% were positive in crude and
purified preparations respectively. When the patient's 1gG were
\ana1yzed according to their clinical status (euthyroid, hypothyroid
and hyperthyroid) and to the therapy received, the number of total
positive IgG's for each subgroup was very similar in both.TMP. These
data are summarized in Table 4. Although both TMP gave similar de-
grees of positives, when individual 1gG's were analyzed, wide differ-
ences were noted between the TBI values obtained in CM and PM and 47%
of the IQGs studied showed a positive TBI in one preparation, but were
negifTVe*fn the other. Only one IgG was nggat1ve in both TMP. No'
correlation was found between the TBI values obtained in both TMP for
each Graves' IgG (r=0.044) (Fig. 16). A consistent paftern-of T8I
valqes cduld not be found, i.e. no membrane preparation gave a érendg/h
of higher or Tower TBI. Some of the highest IgG's TBI in one TMP wefe
negative or‘only slightly positive in the other TMP. These differ-
ences were found among all subgroups of patients‘(according to the

treatment received). 'Ihdividual data are shown in ?19. 17.

e



Table 4

Percentage of positive TBI in
crude (CM) and purified (PM) pfeparatioh; N
o 0 /
Clinical |
‘Status Treatmeht
. " ‘ 131 * ®
Hyperthyroid - tuthyroid Hypothyroid None I PTU
CM 13.7 61.5 . - 50.0 73.3 75.0 50.0 -
PM 79.0 84.6 - 15.0 73.3 90.0 75.0 .
. (” ' \
wIgG samples from paptents treated with 131

I were obtaines§3 monthé
after therapy was giveq\\\ ' ‘ A oo

For the propyIthiourac11 (PTU) sub-group blood was dr&wn during |

treatment. Positive TBI were more freguent1 found in PM, mastly due
to positive TBI among treated euthyroid and Kypothyroidpatientsg
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b) Carbohydrate Modulation of TSH Binding and Graves' IgG TBI

~ The effects of giucose, fucpse gaiactose and N- acetyl- neuraminic

acid (NANA) on the binding of .25 -TSH and binding inhibition by

normai and Graves' 196G, were studied in particulate human crude thy-
. . \ . : . N
roid membrane preparations: |
The monosaccharides were dissolved in different Tris concentra-.

tions in arder to achieve a fihal solution pH of 7.4. Glucose; fucose

and galactose were dissoived‘in 25 mM Tris, pH 7.4 and N-acetyl-neura-

minic acid in '0.6 M Tris, pH 11. NANA dissolved in 25 mM Tris, pH '
7.4 gave a final solution pH of 3 For controi pnrposes the first 3
monosaccharides were also dissolved in 0 6 M Tris, pH 7.4 and the
neuraninic acid in 0.6 N NaOH. COntrois were inciuded in all binding
Aassays agﬁ-consisted of the appropriate buffer in the absence of the
nonosaccharide. - : }‘, o -
Neither glucose, fucpse nor ga]actose at concehitrations ranging

from 20 to 80 mH,produced -any significant effect on the binding of

125
“TI-TSH to its. receptor (Fig. 18). Using the - same carbohydrates at

the highest concentration dissoived in 0. 6 M Tris, PH 7.4 binding of
I-TSH varied between 80 to 912 of the maximun binding in the ab-

fsence of the test material

'.ﬁ1 N-acetyl-neuraminic acid produced a specific concentration depen- E

o _dent saturabie increase in binding of iabeiied hormone to the recep-

tor, which was maXimal at 40 mM NRNA (Fig 19) The effecﬁ was .

':paraiiel aithough less marked in soiubiiized thyroid TSH receptor ‘

' preparations Finai assay Tris &oncentrations of 0 05 to 0.125 M

.Qproduceg a decrease of the 12

- -TSH binding (Fig. 20) To study‘the R

96
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125 ¢

 0 -I-TSH b'lnding to-TSH-R (CM) Varying concentrations of g]ucose,,

fucose. or gaJactose produced no- sfgnificant changes in- speciﬁc A

':IZSI-TSH binding RN
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y
possibiiity that the changes observed.in the presence’ of NANA could be
attributed to a non-specific effect counteracting the Tris inhibition,
NANA uas dissolved in 0.6 N NaOH and tested in the particu1ate thyroid
preparation;_ The presence of NANA again produced an'increase in

specific binding of 125 I-JSH by 32% at 40 mM fina1 assay carbohydrate
concentration. As a controi citric acid was dissolved in the same ~

Tris solution to a final pH of 7.4 to test its effects on the. binding

assay. The presence of citric- acid did not produce the increment in
. \ [ ]
. binding Qbserved with NANA These results are summarized in TabTe 5.

Purified IgGs from 5 normai contro]s and 6 Graves' patients were

- 25
’ tested for their abiiity to inhibit ! I-TSH binding under standard

conditions, in the presence of a final assay Tris concentration of

0.075 M and 40 m NANA. Under standard conditions, Graves ‘196G had a
' TBI effect of 47 2 + 11.5, compared to normal 196 TBI of 24.2 + 6as.v

o In the presence of Tris alone, both groups of 1gGs had a more marked

'effect.on inhibiting the,IZSI-TSH.binding,,which~was further enhanced _

.. by the presence'of NANA (Fip.'éli' The moduiations producedtby the
'presence of the monosaccharide were paralie] in both the normal con-

-‘trols and in the Graves'. IgG group.

e

'c) Graves ng "TBI: in TSH Receptor Preparations fron Different Animal
. ecie o , : _

Zakarija had previously described 2 aiternate actions of IgG from

_on human thyroid TSH-R (Zakarija 1983) She conciuded that the re- |

"~ft,j.su1ts cou]d probabiy be attributed to the presence of 2 different

IR I

100

B fvarious patients wfth Graves disease. with respect to the TBI effect _1~'



Table 5
| L - , 125
Effects of Carbohydrate and citric acid on I-TSH binding
to particulaté human thyroid membrane preparations, .

‘ under;various conditions.

Percent 6f the Maximal Specific'

Binding of '2°

In 0.075M |
Tris '

1-TSH
In 0.025 M

7Cbncentrat10n:
(M)

X

Tris i~

Glucose 80 - 80 89
~ 20 o 85

Fucose 80 - . 1 86

B3 .

_Ga]dctosei - 80 A 93
! - 20 2 . 84
~ NANA. 40 183 145

Citric'Acid 80 .. 88

SRR e PR B
~~ in the presence of NaOH to give a final pH:of 7.4, /> B

101
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. b\/v ‘ 4~

1o Normal IgG n-5
N Graves' IgG n=6

% 40° .' ,»
0- — i

"Figure'zi."TBI effedfs‘df"normaT”ann Graves' 1gG. Ar umder standard
1 ebnditfnns; B: 1n the presence of 0 075 M Tris and C _in the ' | R
presence of 40 mM NANA in 0 075 M Tris Bars show mean % TBI and one ;' .

'?7.'

| .,standard deviation
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immunoglobu]in G's, of which one augmented 125I—TSH binding to the
human receptor, whereas the other inhfbited it. The effects were
observed at different I1gG concentrations; the first one demonstrated
an enha;cement of TSH b1nd1ng at concentrations from 10 - 100 ug/m]

whereas the TBI effect was not1ceab1e when the total IgG concentra-

tions were w1ph1n the 200-1000 ug/ml range. The first effect of
125 ) o
I-TSH binding enhancement could be seen only with particulate

preparations and was not detectable employing solubilized TSH-R.
A similar b1phas1c effect of Graves' IgG was earlier found by Edmonds

et al. (1970), although they found an increase in thyroid cell

stimulation at low IgG concentrations that was abolished at higher IgG

3

“concentrations in the medium.

L8 .
This bipolar actiop,of an IgG described by Zakarija was studied

further. The TBI and -enhancement activities were tested in TSH-R
particulate preparations of bovine, porcine (both two month and two

d/ N .
year old) thyroids and on guinea pig fat cell membranes since, as the

: 125
human fat cell membranes have been shown to specifically bind I-TSH

(Teng et al. 1975, Mullin et al. 1976b, Kishihara et al. 1979). These
have also been used for partial purifieation of Graves{ilﬁé (Endo et
al. 1981) and have been shown to sti"fzgé the mitogenic response of
Graves"lymphocytes specifically (Eguc;}.et al. 1983).~

Particulate TSH-R preparations were made from other animal sources

by the same method as used for human thyroidt Protein yields were

similar to those obtained for human thyroid and similar amounts of

protein were used in the binding studies. A1l preparations used

showed specific, saturable binding to 125I-TSH although the amount of

‘binding differed.
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In Fig. 22, the specific binding of 125I—TSH to different protein

concentrations of the above mentioned TSH-R preparations is compared.
Bovine thyroid membrane preparation gave the 1owést binding per ug of
protein, whereas the highest binding was found in young {two month
old) porcine thyroid. ,

An IgG from a patient with Graves' disease which did not have the
biphasic effect and IgG's pooled from normal human serum were also
tested as a control group. The effects of whole ng, Fab and F(abl)2
in equimolar concentrations wére studied in parallel. The results
obfained from human thyroid TSH-R particulate preparation can be seen
in Fig. 23. The biphasic effecgiwas observed in human and to a much
lesser extent.in bovine thyro{d (Fig. 24), but was not present in
-gquinea pig fat cell membranes (Fig. 25), although the TBI effect was
comparable to the TBI effect found with human tissue. In the ihyroid
6btained from the older pig (Fig. 26), a biphasic effect was apparent
although not significant, whereas it was completely absent in.the two
month old pig thyroid preparation (Fig. 27). The inhibitor effect was
observed in a1} tissues tested and the relative potencies of the
different IgG frggments were equimolar. The Graves' IgG tested in the
control group exhibited similar TBI effects iﬁ all tissues examined
(not shown).

T

3. Discussion

[5)

\
A]though it is generally accepted that the 'cause of thyroid hyper-

function in patients with Graves' disease is the binding of an IgG to

the thyroid cell, many questions remain unanswered. The fact that the



Figure 22. Comparison of 125I-TSH specific binding to particulate
TSH-R prepérations made from thyroid tissue of different species and
from guinea pig fat cefl membranes. Assay conditions and labelled
ligand were identical in eéch case and the same as indicated

previously (see Methods).
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Figure 23. Effects of increasing concentrations of Graves' I1gG on

“human particulate thyroid membrane preparations. Whole IgG, Fab and

F(ab’)2 fragments from the same IgG were tested in equimoler

_ concentrations. -
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TbI effect of Graves' IgG is not universally found and that large
discrepgncies exist in the findings among authors, even wpen corre-
lated wiéh the cAMP production assay, suggests the possibiTity of a
broader scbpe for fhe interaction of Graves' I1gG on the thyroid cell
fhan at the TSH-R binding site for TSH alone.

The first sfudy, in which the TBI of Graves' IgG was tested in two
different membrane preparations made from the same human thyroid,
suggested that IgGs can bind to different sites, one of which might be
to the same TSH-R or to the same binding site as TSH. No advantaée in
terms of sensitivity was found as a conseqdence of utilizing different
membrane préparations. Since CM contains a higher concentration of
1ntr§celldlar organelles it could be éonceivab1e~th§t they-provide
non-physiological binding sites for TSH and Graves' 1gG. However, in
a detailed study by Mehdi et al. (1977) no binding of 125I-TSH was
found among the different intracellular fractions. The results could
not be explained dn the basis of differences among the reagents used,
since all assays wére done using ;he éame batches of reagents\énd in
paralie1, or on the»basis of intra and inter-assay variations (coef- .
ficient of variation were 6.9% and 9% fdr CM and PM respectively) and
there was a good correlation of TBI values for a given Ig8 obtained at'.

different times, (P<0.005). | o |
~ Although some autﬁors (Davies et 51. 1980, McGrégor;et al. 1980)
have found that the TBI activity of an Ig6 combined with the HLA type
of the patiént could accdfateiyvpfedict the outcome of the disease,
these resu1t§'wou}q not support such 6ptiﬁism’and would éaution‘
againét thg‘TBI assay as providingwa gpdd;ﬁndéx'for»the_c]iﬁicaI

fcourse of Gravgs' djsgasé. The.lack of éokrélation‘of'TBI vélues

-
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between the two TM was the same regardless of the subgroups of pa-
tients analyzed (depending on therapy received or their c1inida1
status). _

Gossage et al. (1981), from their study of the TBI effect of
Graves' IgG on the patients' own tissue, suggested that the TBI assay"
did not‘reliably reflect their patho]ogica] effect in vivo. Still,

the TBI assay could be useful in some experimental studies, hainly to -

" analyze the site and nature of the interaction between TSH and Graves'

IgG wi%h the TSH-R. On these grounds, the analysis of the effects of

different pure monosaccharides showed that, although the binding of -

125 , :
I-TSH to particulate and solubilized receptors was enhanced in the

presence of NANA; the TBI effect of Graves' IgG‘ﬁas not specifically

affected by this monosaccharide since the minimal enhancement observed

~ was also found among the normal IgGs. The results suggest that TSH

and Graves' IgG bind to different sites or that thevmechanism'qf
binding is different; ‘The exact mechanism by which' NANA produced the
enhancement of the ?ZsleTSH binding 1s°unknown; but as Moore et al.
(1976) found, it is possible that thé carbohydrate is incorporated
into the’glycqprotein or gaﬁgTioside molecules providing a stofchio-'*
metrical change of the TSH-R. The results obtained in this study,
with,respect‘to'the TSH binding mOdulation of NANA are in disagreement
with the studies of Amir et al. (1973) and Trokoudes et al. (1981).

Iﬁ their réports'however, there is no reference as to the buffers usedf

!

to dissolve the-cérbohydrates, nor to the final pH’of the‘sambles.. It

s important to, emphasize that if NANA is dissolved in 25 mM Tris, pH

7.4, the fina]prtqf the solution 15/3. In orderwtO'achieVeva final -

pH of 7.4 for the concentrations used, it was necessary to dissolve -
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tne NANA in 0.6 M Tris, pH 11 (final Tris assay concentration .075
mM). The different pH obtained could have varied the final assay pH
and hence could have affected the results. It is well known that a
variable maximal specific binding have/been found using buffers of
different pH (Moore et al. 1974, Pekonen et al. 1979, Beall et al.
1979). .

It would have been of interest to study the effects.of other
carbohydrateS'of‘the neuPaminic acid group, but it was not possible
due to the large quantities of Tris required to neutralize the mono-
saccharide pH-(N-glycolyl-neuraminic acid) that resulted in a total
maxfmum specific binding 1ower than 5%, which in view of the intra and
inter-assay variq{ion coefficient (6.9%) was unsuitable for such
studies. From. the studfés of the biphasic effect of Graves' IgG, 1t

Mcan b?nﬂftC1ud9d that some patients have‘more than one,cjrculetino -

5teracts with the tnfroidfcell.membrane. One 1gG would
5t251-TSH binding inhibition whereas the second Ig6 would
ife'binding. The end effect depends on the I§Gs' concentra-
;f*ne-binding sites for»both'igGs are'different the second\ |
;ng the whole thyroid ce11 membrane structure for its expression‘
; appears to be species specific whereas the first IgG does not
;species restriction and its effects are not dependent on the

{ ;enic site being bound to the whole membrane structure. Both

;;;s ggre found to be due to the Fab fragment of t e IgGs as it
hadrbeen previous]y found for the thyroid stimu]ating antibodies

: (TSAb) effect (Rees smith, 1976).




X | appropr1ate compet1t1ve binding stud1es and to study the b1nd1ng |

CHAPTER VI

CHOLERA TOXIN-MEMBRANE BINDING AND STIMULATING ACTIVITY

1.  INTRODUCTION

Cho1era'toxin (CT) has been proven to stimulate the cAMP produc-
tion in different tissues including the thyroid (Mullin et al. 1976a,
Zakarjja et al. 1980). The hypothesis has been raised that CT binds
to gang]iosides‘(GMl) of the cell membrane, which jn'the'thyrojq cells
would be part of the TSH-R (Kohn 1977). The theory was founded on the

- finding of TSH binding inhibition by CT in different systems and on
the binding of TSH to the two separate TSH-R components (Meldoesi et

al. 1977)..

Since Graves"IgG have also been implicated. as acting through the
same mechanism (by binding to the TSHR), the use of ana10§s such as
' CT‘for further elueidation of Graves' IgG action could be considered.
On the other hand 1f CT would indeed bind to the gangl1os1de compol
VInent of the TSH-R, it could be used for pur1f1cation or 1dent1f1cat1on
‘ of the whole receptor moTecu]e
The f1rst step was to ensure that the/b1nd1ng s1te of CT was the

TSH-R for which 1abe111ng of~CT was necessary in order~to perform the

'2_character1st1cs of the tox1n to the cell membranes

‘ Pur1f1ed CT was used for an b1nd1ng stud1es as well " as for the
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CAMP stimulation in thyroid cells.

2. RESULTS
)
Purified cholera toxin (CT) was initially iodinated by the lacto-

peroxidase metﬁod as in the TSH iodination. Separation of bound and

1251 demonstrated that less than 6% of the radioactivity was in

free
the organic peak . Furthermore, when the iodinated CT was tested in
the'binding.aséay to particulate thyroid membrane preparations,.speci-
fic binding was in the order of only 2-3%.

Following the method of Cuatrecases (1973a), CT’cou]dkbe jodi-
nated with chloramine T;(Fig. 28) without loss of its egpécity to bind
~to thyroid and fat memerane preparations. Precipitabie iodfnated |
material (TCA precipitation) conséituted 6-12% of the totat radioacti-
vity/ ;ZSI-éT was dissolved in 0.1 M Na phosphate buffer containing .

0.1% ESA, pH 7,4 and diluted in 20 md Tris for the b{nding assays.

a) Binding of 125I-CT to Thyroid and Fat Cell Membrane Pfeparations
125i-CT binding to particulate ee11 membrene prepa;ationsewas
maximai at 5 ﬁrin 1ncubat1‘6n at 37°%. | Bfndihg was saturable (Fig. .29
' 'and 30) and cou]d be 1nh1b1ted by excess non- 1abe11ed CT (1n 0.9%
. NaC1, 0.5% BSA) (Fig 1. ,{'

Simi]arly, ;ZSI-QT was found to bind‘to”s61ubfiized humaﬁ thyroid ]
and gu1nea-p1g fat cell membrane preparations 1n a concentrat1on .
. dependent manner (Fig 32 33, 34) that cou]d be 1nh1b1ted by co]d |

"‘11gand. Assayvcond1t1ons were different from- the;ones used;for bind-
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Figure 32, 125 o binding to solubilized human thyroid TSH-R.
Binding assays were carried out at 37°C for 15 min. Bound ligand was
‘preéipitated with 16% PEG 4000 in presence of 0.5 ﬁ NaCl without
carrier IgG. Under thése conditions éhe NSB was reduced under'ld% of
the totalsradioactivity. Addition of carrier IgG fo co«precipitate
the bouhd hormone fésulted fn a N§B higher than soi. NSB =
‘non-specific binding; Blk = Blank (binding in absence of TSH-R

preparation).
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| o : ' 125
ing of -TSH. Non-specific binding (NSB) of I-CT, using the

later conditions of precipitation, was as higﬁ as 50%. To reduce the

NSB, a number of exberiments were performed and it was found that
the'omission of normal human 1gG to precipitate the complex in the
presence of 15% PEG 4000 containing i M NaCl (finé] assay . .

concentrations 7.5% PEG 4000 - 0:5 M NaC1) gave the highest maximum
specific binding (MSB) for the Towest NSB. Incubations were carried
out at 37°C for 15 min as in the binding of 1251 1sh to the same
preparations. o

~ Scatchard plots of the‘binding data obtained for human thyrbid

so]ubiIizéd QObrane preparations showed the presence of only one

| | - 9o 1
. binding site with a Ka-of 5.26 x 10" M ~ (Fig. 35).

| 'b) Cholera Toxin Stimu]ation of c-AMP Produc;ionggx;Thyroid §e1ls
8{// | o |
| ince it has been shown that CT can stimulate the production of
CAMP in thyroid slices (Zakarija et al. 1980a), the CT preparations
| used in_the.binding'assay were testedvfor the éapacity to stimul ate
j,thyroid‘éells annéior in COmbinatiop’with TSH. FRTL cells in culture
were maximally stfﬁulatéd at 0.01_uM:concentfation of CT in the medium
producing»a72700%—1ncrease in cAMP‘proddctithWfth respect to the
| coﬁtrol. }TSH maximaf st1mu1ati§n was obtéined»with 10 mU giving a '
3150% increase;iﬁ cAMP:préduction. When tested together (0.01 uM CT +
50 U TSH)}no;additionai effect wés:observed. | ’ |

125

125 'I-ET Binding

I1-TSH and

c) _Influence-of Non-Labelled Ligands

!

D12k
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Figure 35.  Scatchard plot of<1 I-CT binding to particulate human

thyhﬂid membrane preparation .



Because of the above observations and previous publications

A 4

(Mullin et al. 1976a, Zakarija et al. 1980b) suggesting that CT binds
to the same TSH recebtor, a series of competitive binding assays were

done.

The presence of non-labelled TSH did not influence the binding of

125 .
I-CT to thyroid or fat particulate preparations (Fig. 36 and 37).

However, when cold CT was added the 125I—TSH binding tb\particuiate
thyroid nreparations increased to a maximum of 125% (SD +.21.1)
(p<0.004) with a concentration of CT of 10 uM. Since these results

were opposite to these found previously (Mullin et al 1976a),‘and the
CT used wes dia]yzed egainst saline, (CT comes from the menufacturers
in 0.05 M Tris, pH 7.4; 0.001M Na EDTA, 0.003 MNaN3 and 0.2 M NaC1)
the infiuence of the soiution in which cT comes was studied. Non-
dialyzed CT produced Oppositq{effects on the 1251 TSH binding to

' particuiate preparations inhibiting the- {inging to 60% of the maximum
specific binding in absence of cold CT. The above solution alone, in
the absence of non-]abeiied CT, produced the same effect (Fig. 38).

The results obtained with dialyzed CT were not dependent on the :

incubatien conditions of therbinding assay since the same results were

found at 37°% with incubations for 5, 15 end'60 min or at 4°C for 18
h. |

125 .
Binding of  I-TSH to soiubiiized thyroid TSH receptor prepara-

, tions decreased by 15% in the presence of non-labelled CT. (in saline).
The effect was not CT concentration dependent (data not shown). |

The effects of CT wene also studied in the-pnesence of a human

' 126 ’
IgG, whicb in low concentrations increases the binding of I-TSH to.

its receptor in the human tissue, whereas the effect is reversed at

>

126
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© Figure 36. Effects of non-labelled TSH or CT on
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particulate guinea pig fat cell membranes.



126+
Qﬂoo-
>
.% |
|
= 601
5 4
- o . , '
X 404 ---Normal Crude Thyroid Memb
—-='G.P. Fat Cell Membranes |
: P Graves Therld
2071 — Dpialyzed CT
| o TRIS-EDTA-NaN3-NaCl
solutlon alone — l
. 10‘-3 10'2 10'*«1” 1T 10
uM CT |
Y

AR
\
o

125"

Figure 38.s'Effects of noh-]abe11ed CT on I-TSH.bfnddng to'parti-}_

‘CUIate preparations of TSH-R. The inhibitory effect was due to the

buffer in thCh CT is stored (Tr1s-EDTH NaN3-NaC1) as demonstrated in

the b1nd1ng assay in absence of the toxin. Nhen CT-(non-1abe11ed) was.

R
~d1a1yzed against sa11ne so1ut1on ~binding of 1251 -TSH was s11ght1y

'1ncreased The 1ncrement was observed only at the hwghest cold CT

concentrat1ons (10u M)
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higher concentrations. In the former, CT at concentrations from 10
to 10 uM did not significantly modify .the effect of Ig6 (Fig. 39).

Since CT was able to stimulate cAMP production in the FRTL cells,

its effect on binding of 125I-TSH to the cells in culture was also

studied. The presence of non-labelled CT at\c0ncentrations from 1 to
10 uM did not produce any effect, whereas purified human IgG produced
a concentration dependent binding inhibition (Fig. 40)ﬂ~

} .

3. DISCUSSION | . 5

Lactoperoxidase iodination is considered a gentle method for
_protein labelling, mhereas chloramine T, usually provides higher
percentage of 1251 incorporation and hence specific activity at the_g
expense of protein 1nact1vat1on in some cases. h

Because of the re1at1ve 1nstab1T1ty of cho]era toxin subun1ts and
their suscept1b111ty to pH and fonic strength changes (Tomasi et al.

1978) 1actoperoxidase 1od1nat1on was attempted first fo]1OW1ng the

method currently used for TSH 1abe111ng Fa11ure to obtain good 1251

' 1ncorporat1on to CT and b1nd1ng of the 1abe11ed toxin to thyroid and
gu1nea pig cell membrane preparations prompted the use of the method

descr1bed by Cuatrecasas (1973a) for CT 1od1.at1on. The 11po1yt1c

195 .
act1v1ty Of I-CT had been found to be 1ndwst1u§u1shab1e frm\&?mi

nat1ve toxin in exper1ments performed by the same author. .

1251 CT was found to b1nd spec1f1ca11y to human gyrmd and

'gu1nea p1g fat Ee11 TSH-R preparat1ons in both the part1cd1ate and
~solubilized forms. The binding was comparab1e to what was prev1ous]y :
reported by Cuatrecasas (1973a) in rat fat ce11s and hepato;ytes 1n |

=3

3}

A
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Figure 39. Effects of combined Graves' IgG and CT on 125I-TSH binding

to human particulate thyreid membrane preparations. CT was dialyzed

c
‘ t

prior to its use in the binding assays.
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Culture and to intestinal microvillus membranes, by Walker et al.
(1974).

Although CT stimulated the production of cAMP in human th}roid
slices and FRTL cells as had been described by Mullin et al.( 1976)a,
Ross et al.(1979) and Zakarija et al.(1980a), presumably by binding to
membrane gangliosides, in particular GM (Cuatrecases 1973b, Mullin et
al. 1976, Magnani et al. 1980) no significant relationship with the

TSH-R was found when studied in the competitive binding assays of

125I-TSH and non-labelled CT.

These results are in. disagreement with studies previously pub-

lished (Mullin et al. 1976a and Zakarija et al. 1980b), in which CT

was found to inhibit the binding of 125I—TSH to it receptor, but agree

with Pekonen et al. (1980) conclusions that unlabelled CT did not

interact with the binding of 125I-TSH when binding assays were per-

formed at 37°C, pH 7.4.  Although in initial experiments a 40% bind-
ing inhibition was observed in presence of 10 uM CT the effect was due
to the buffer present in the CT preparation (50 mM Tris, 1 mM Na EDTA,
ImM NaN3 and 200 mM NaCl, pH 7.4) since dialyzed CT did not inhibit,

but slightly enhanced 1251 sy binding and the appropriate dilutions

125

of the above solution produced a 40% I-TSH binding- inhibition. 1In

the studies mehtioned above there was no reference to CT treatment

prior to its use in the binding assays, and since it was obtained from

the same commercial source, the effects observed were probably due to

»

the presence of the mentioned solution in the binding assays.

The slight increase of 125I—TSH binding to particulate TSH-R only

in the presence of high concentrations of CT (10 uM), indicates that

the effect is not due to direct interaction of the toxin with the

Ak
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receptor, since maximal cAMP stimulation was achieved at 1000 times
lower concentrations and 125I-CT binding was totally ihhibited with
0.06 uM non-labelled toxin. Also the appearance aof only one binding
site of high affinity for CT and two for TSH on the Scatchard analysis
of both binding data to the same TSH-R preparations, favors the
existence of different receptors for both ligands. As expected, no

interaction between Graves' IgG effect and CT was observed.

1
thyroid cell membranes (Mul]in et al. 1976a and Van Dessel et al.

~  Previous reports indicated that GM, ganglioside is present in the
1979) although other gangliosides were found in higher concentrations.
Van Dessel and associates in thejr analysis of gangliosides from
bovine thyroid cell membranes were unable tb find the most botent
ganglioside inh%bitor of TSH bindihg as describéd b) Mullin et al.
(1978). The GM, ganglioside is the specific receptor for CT
(Cuatrecasas et al. 1973b, Taylot et al. 1981) which has been used for
the toxin purification and is present in the thyroid cell membrgne.
Indeed the TSH-R might contain the a ganglioside of CT but this does

not fmply that TSH binds to the same GM,.



CHAPTER VII

INDENTIFICATION OF THE THYROTROPIN RECEPTOR AND ITS RELATIONSHIP WITH

GRAVES' IdG

/

1. INTRODUCTION

%

»
e )

The localization of specific.sptigens and their identification in
protein complex mixtures c6hstitu€es'one of the‘moSt important ap-
proaches to brotein isolation and purification. With the availability
of pure or purified antibodies, techniques such as Protein A antigen-
antibody complex precipitation and binding of antibodies tb electro-
phoretically separated proteins are widely used in different fields.
‘Since Graves' disease is characterized by the presence of one or more
abnormal IgG's, and evenvthough other antithyroid 1gGs are usually
present, the specific antigenic site/s for Graves' IgG could still be
identified by such techniques.

Harrison et al. (1979) were able to immunoprecipitate insulin
‘recéptors with réceptor antibodies from patients with séyere insblin
resistence. Using the same antibodies, Kasuga et al. (1982) studied
the effects of the interaction of insulin with the receptor in cell
cultures. Similar studies were done in a cell-free system by Haring et
al. (1982) and from these mode1§, they were able to cénc1ude fhat by
binding to the feceptor, insulin stimu1ated the phqsphoryTation of the

95,000 daltom subunit of its receptor. Protein phosphorylation con-
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stitutes the major mechanism by which intracellular events in mamma-
. Yian tissues are controlled by nervous and hormonal stimuli (Cohen

Q

1980). ¢ |

Earlier studies by Roques et al. (1975), Giraud et al. (1977) and
Field et al. (1977) have shown that thyroid cell membrane proteins can
be phosphorylated. There is no proof however, that the TSH-R is a
physidlogica] substrate for cAMP-dependent protein kinase which pre- .
sumab]} friggers the intracellular events subsequent to its stimula-
tion by TSH (Soderling et al. 1970 and Moore et al. 1974).

Stain detection.of electrophorectically separated proteins is
_poor even with silver stain (Eschgnbrpch et al. 1982) since silver-
stain can only detect 0.1 ng protein/5 mm slot. Because autoradio-
graphy of labelled protein is more sensitive when enhancemgﬁt screens |

are used, studies were conductéd to label rati%byroid cells in culture
(FRTL cells) with 32P, which were then subsequently solubilized with
Triton N-101 and precipitated with G;aves' or normal human P"d Protein
A (Kessler 1976). This technique gnables one to establish differences
between the antigens precipitated by the two IgGs once sepdkated in'
SDS-PAGE . |

The FRTL cells have previously been shown to be sensitive to TSH
stimulation with rgspect to cAMP'broduction, thyroglobulin formation
and 1odfne concentration (Ambesf-Impiombato 1980);

The finding of a thyroid membrane pfofein which would be specifi-
cally précjp{tated with Graves' 196 would not be proof that the

| molecule was_the TSHR. " It waé not possible however, to identify all %

proteins that were precipitated by the antibody with respect to their

possible relationship with the TSH-R. The only means available at the

R
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present time, to identify the TSHR fs by binding to the 1abelled
hormone. vRenart et al. (1979) and Towbin et al. (1979) first
described a method for transfer of electrophorética]]y separated
proteins onto different types of paper to render the proteihs jmmo-
bile. This technique had been previdusly used for DNA studies
(Southern 1975) providing an excellent tool for the analysis of c]oﬁed
DNA. | |

Once the proteiﬁé have been immobilized, they then canlbe identi-
fie& by binding to specific antibodies. The Gravés' IgGs available
are not pure enough to elucidate' conclusively the TSH-R localization.
In this context, binding of 125I-TSH to electrophoretically transfer-
red proteins was attempted. The tecﬁnique was developed and ﬁhe
results compared to the binding of Graves' kgG to the same protein map

and the proteins precipitated by the different IgGs,

2. Results

a) Phosphorylation of FRTL cells and human I1gG protein precipitation

FRTL cells were grown in F-12 modified medium-containing 6H for
3 to 7 days prior to conducting the assays, af which time tpe medium o
was changed to F-12'+'5H (no'TSH)'as degcribed 16 méthod;. Prior to
phosphory]ation, the'cuiture medium was repiaced by a Pod-free medium
and the cells washed‘for at least 30 min, followed by phosphorylation
wjth 32P in P04-freé medium. Cells were phosphorylgtgd with 3? with-
out variable amounts of TSH for 1 h at 37°%. After stopping the reac-

tion, the cell membranes were lysed with Triton ﬁ-lOl and the solubi-
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1ized proteins precipitated with Graves' or normal IgG as described in
methods.

SDS-PAGE electrophoretic analysis of the so]ﬁbi]ized proteins
before IgG precipita;ion revealed a constant pattern of phosphorylated
proteins. Iﬁfreasing concentrations of TSH did not produce ény phos -
phorylation increment of a specific protein band (Fig. 41) indicating
that the process provided incorporation of’32P into the protein mole-
cules was independent of a TSH activated protein kinase action.

When phosphorylated proteins (in the presence or absence of TSH)
were precipated with' normal hdﬁaﬁvlgﬁ a protein pattern was obtained
that differed in several bands from the pattern seen in so]ubi]ized
non-precipitated proteins (control). The Graves' 1gG precipitated the
same proteins as well as two additional proteins having molecular
weight of 144,000 and 132,000 respectively (Fig. 42). These.1ast two
bands were also found in the eiecfrOphofetic pattern of supernatants
from normal IgG precipitation that had been incubated with Graves' IgG
and subsequenfly precipitated with Protein A.

~ In some autoradiograms the two bands of 144,000'aﬁ& 132,000
daltohs were faintly discerned in the ndrma1 IgG precipitat{on pat-
tern. Scan den;itometry analysis (Fig. 43) revealed that these bands
could be significantly enhanced when the proteins had been precipi-
tated with Graves' Ig6. |
b) Western Blots: .Identification of TSH and .I1gG6 Binding Sites

Different sources of TSH-R were used to study the binding sites

for 1gG from patients with Graves' disease and for 125I.-TSH. ¥



Figure 41. Electrophoreiic profile of phosphorylated FRTL cell /\‘;
membrane proteins. Phosbhory]ation‘of FRTL cell membrane proteins was
not‘affected by the preseﬁce of increasing concentrations of b-TSH.

" From left to right, 0, 5, 50, 500 mU/ml of b-TSH in the
phosphorylation media. After phpsphorylation,-ce1ls were lysed with
Triton N-lngdnd the solubilized proteins were submitted to SDS

electrophoresis, then followed by autoradiography.
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Figure 42. Elegtrophoretic profiie of human 1gG - protein A
precipitates of phosphorylated FRTL cell membrane proteins. From left
to right: 1. - Control, no‘precjpit;ted prbteins, 2. - Normal IgG
precipitate, 3. - Graves' IgG precfpitate,-‘4. - Normal IgG

| supernatant, incubated with Graves' IgG and precipitated with Protein
A.

A1l samples afe solubilized proteins phosphorylated in presence of 500
mu/ml of b-TSH. | o

Two proteins of molecular weight 144,000'and 132,000 (arrows) were.

precipitated by Graves' IgG more markedly than by normal Ig6. -
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Figure 43. Scanning profi1e of electrophoreséd ﬁroteihs precipitated
by ﬁuﬁan 1¢6 and protein‘A.' 1. - Normal IgG,} 2% £’Graves' IgG,~ 3. -
Graves' IgG precipitate of normal IgG supernatant. ~Afrows indicaté
the 144,000 and 132,000 molecular weight profeiﬁs precipitaﬁed by

~Graves' IgG.

\
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Human thyroid iissue.(Triton N;lOl solubilized or particulate) |
was electrophoresed on 10% po1;acry1amide-SDS slab gels. Samp]es'were
diluted in sample buffer without 2ME. Part of the slab gel containing
the standard proteins was stained with either Coomassie Blue or silver
stain. The remainder of the gel was p]aced in the electroblotting
chamber immediately fo]1owing‘the completion of the electrophoresis
for protein fransfer onto nitrocellulose papef (NC-paper). Following
blotting, the NC paper was cut into strips and each one incubated with
different ligands. To avoid background radioactivity, IgGs were
di]ufed in a solution containing 0.25% gelatin and 0:05% Nonidet P40
(see Methods). Bound IgG was detected by adding ;Zsl—gbat—anti human
Iéﬁ and followed by autoradiqgraphy. Figure 44 show§ the différent
protein bands of human thyroid ti§suemthat bind Graves'_IgG.‘ Numerous
bands of different mobilities could bé. labelled by this method. Since’
Graves' IgG is not a purified preparation of the IQG (or IgGs)Arespon-
siblé for the disease, it can not be assumed that all proteins 1abé1-
Ted are binding sites for the specific Graves' IgG. | |

= To identify the TSHlR, the NC paper strips,were incubated.with

5f—TSH. No labelled protein bands were féund when.1a6e11ed hormone
was incubated under the same conditions and with the same so1utions‘
used for IgG binding. Variations of Fhe meéﬁod included incubation of
labelled TSH for iZ h at 4°C under coﬁstant.geﬁt]gﬂrotation'and 37°%
for 1-2 hours. It was fodnd thatincubation of ‘2°I-TSH in Tris - BSA
solution, pH 7.4 at 490 overnight yielded the host consistent results :
and few bands of rddioactivity could be deteéted by autoradiqgrapﬁy.‘
However, the labelled ligand disso]ved,in'ZO'mm Tris, 1% BSA bound k

exten;iVély‘to the NC paperhiise1f;vgiving a very dark background.

o



Figure 44. Graves' IgG binding to human thyroid membrane proteins
blotted to Nélpaper detected by 125L-GAH IgG. Solubilized human
thyroid membrane proteins were submitted to SDS-PAGE. E1ectrophd—
retically separated proteins were transferred and immobilized in NC
paper. Proteins were incubated with Graves' IgG and 125I-goat anti

human 1gG. Multiple IgG binding proteins could be detected, one of

them of 130,000 dalton molecular weight.
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The use of 0.05% detergent (Nonidet P40 or Triton N-101) almost com-

pletely inhibited the binding of 1251-T§H'1o the blotted proteins.

Several variations were tried and it was found that incubation of the
blotted NC paper with boiled non-labelled commercial TSH for 30
mbautes at 370C reduced the background substantially. After incuba-
tion with boiled cold hormone, stripsAof NC paper were cut and placed
in separate containers for incubations with 125I—TSH in the presence
or absence of cold ligands, IgG, cold LH, hCG, prolactin or cholera
toxin. |

125I—TSH repeatedly bound to two protein bands with molecular
weights of 128,000 and 80,000 (Fig. 45). These two bands were con-
sistently detected regardless of the source of human thyroid TSH
receptor preparation used (i.e. particulate or Triton N-101 solubi-
Tized). In a few experiments an additional band with molecular weight
of approximately 95,000 was detected, mainly when particulate thyroid
préparation was used as source of TSH-R. Binding of»1abelled TSH to
these protein bands was completely inhibited by the presence of cold
commercial bovine TSH (Thytropar) at concentrations of 0.5‘- 1 IU/ml,
but not by NIH TSH under the same conditions at lower éonéentrations.
Neither LH, hCG, prolactin, normal IgG, Graves' IgG or cholera toxin
were able to inhibit the binding of 125I-TSH to those protein bands
(Fig 45). In some experiments samples used in electrophoresis were
diluted in sample buffer containing 10% 2ME. When blotted Qroteins

125

were incubated with/ I-TSH, the same labelled bands were found'as in

the absence of 2ME #n the samples.

Since'Ericksonfet al. (1982) has suggested the possibility of
re-using the NC blotted proteins after washjng off the ligands, as the

4
/ \ y



Figure 45. 125I-TSH binding to human thyroid cell membrane proteins

blotted to NC paper. NC paper transferred proteins were incubated

with 125I-TSH in the presence of (from left to right): 1. - Alone, 2.

- Thytropar (b-TSH) 500-1000 mU/ml, 3. - NIH b-TSH 200 mU/mi., 4. -
LH., '

5. - HCG., 6. - Prolactin.

125I-TSH specifically bound to 2 protein bands of mol. weights 128,000

and 80,000.
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proteins remain stable, experiments were conducted in which the blot-
ted proteins were first exposed to 125I—TSH bindinéiﬂwashed after
autoradiograms were obtained, and then exposed to human IgG followed
by 125I-goat ahti-human IgG. Among the multiple bands Tabelled by
this method, not one corresponded to the bands labelled, by 125I—TSH

(128,000 and 80,000 daltons).
3. DISCUSSION

Precipitation of labelled proteins had proved to be a va]ugb]e
method for the identification and isolation of specific proteins
(Kozlovskis et al. 1982 and Kasuga et al. 1952). In our system, the
Protein-A precipitation of phOSphory1a§ed cell membrane proteins from
the FRTL cells, that had previously been studied for their capacity to
respond to fSH and Graves' 1gG, allowed the identification of two
different protein bands which bound to Graves' IgG, but not to normal’
Ig6G. ,

Phosphorylation was chosen because of its prominent role in céll

- A® .

functian, and more specifically, because other authors have found that
receptofs are actively phosphorylated as a consequence of their ;nter-'
action with their specific hormone (Gordon et al. 1977, Cohen et al.
‘1980, Kasuga et al. 1982). Moreover, a subunit of the fnsu11n recep-
tor has been recently identified as a protein kinase. Although pro-
tein kinase activity in thyroid slices is stimulated by TSH (Field et
al. 1975 and Giraud et al. 1977) and more directly by cAMP (Yamashita
et al. 1972), there.fs no proof‘that the TSH-R is phosphorylated as a

result of TSH binding. Using a wide range of TSH concentrations which
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were active in stimulating the production of cAMP in the same cells

(0-500 mu/m1), and which showed specific binding to the TSH-R when

125
[-TSH was used, no enhanced phosphorylation of any band was

observed.  Slight differences might have been found if a lower range
of TSH concentration, from 0.005 - 5 mU/ml, had been used since cAMP
production increases proportionally up to a certain concentration and
then reaches a plateau. As seen in Fig. 41 however, no distinction ;
was visible between the phosphorylated proteins in the presence (5 mU)
or in the absence of TSH even in 2 d1mensiona1 electrophoresis (data
not shown). The findings suggest that either TSH-R is not an endogen-
ous substrate for TSH activated protein kinase or that in order to
achieve such enzymatic phosphorylatibn, other incubation conditions
should be used. This is somewhat surprising in view of the fact that
some autﬁors (Kasuga et al. 1982) have reported insulin receptor phos-
phorylation under the same conditions. The results suggests that the
phosphorylation obtaingd is the consequence of passive incorporation
pf 32P into phosphate deprived membrane protein.

vIt is still possible that none of the proteins labelled corre-
spond to the TSH-R or its. fractions. This possibility remains open
until identification of the TSH-R can be achieved b} the other means.

Although we cannot assume that all membranme protein are phos-
phorylated and, moreover, visible on audioradiography after their
electrophofetic separation, the results obtaineq are interesting in
view of the differences found when Graves'IgG ;ere used to precipftgte
- the protein as opposed to normal IgG precipitation. Because of the -
11mitations'of'thg technique, the fesu1ts do not demonstrate that

these two protein bands, precipitated with Graves' IgG are the speci-

.
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fic binding site for 1gG, neithfr can it‘be assumed that they'are the
only Graves' IgG antigens.

. As demonstrated by binding of IgG to blotted proteins (Fig. 44),
there are numerous binding sites among the human thyroid solubilized
proteins. Again, this does not imply that all those proteins repre-
sent antigens specific for Graves' IgG, nor do they give any further
knowledge of the TSH-R and its possible interaction with Graves' IgG.
The numerous bands labelled by binding to human IgG and 125I-goat
anti-human IgG to blotted human thyroid membrane proteins indicaté
that precipitation of specific proteins by IgG - Protein A (as Jsed in
the FRTL phosphorylated cells study) is less sensitive than direct
1abelling of bldtted profeins.‘ The most important limitation of the
precipitation procedufe is the large amount of IgG necessary to obtain
good antigenic precipitation, which in turn interferes with mbbi]ity
of proteins on electrophoresis. '

It is of interest to compare the binding of Graves'AIgG to thy-
roid proteins by the two methods. In this regard, of the two phos-

125

protein was also labelled b I-goat antihuman 1gG bound to Graves'

phorylated proteins preéip%i::ed by Graves' IgG, the 132,000 dalton
IgG, even though the source of thyroid proteins ‘#-d‘was different in
the two techniques (FRTL cells in the first case and human thyroid
‘»so]ﬁbilized membrane proteins in the blotting technique).

125

Of importance is the use of I-TSH binding to blotted proteins

N ,
. .

to identify the TSH-R. As far as the author is aware, this approach

| has'never‘been used béfore,’a]though a similar technique was used by

Tawata et al. (1982) who were able to identify the calmodulin-binding

" protein of bovine thyroid plasma membrane by direct binding of Tabel=,
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led calmodulin to slab gel electrophoresed proteins. In the current
experiments two bands were found which specifically bound to labelled
hormone. Binding could not be displaced by other hormones such as
HCG, LG and prolactin, but was specifically inh%bited by the simultan-
eous incubation with cold commercial TSH. The failure of NIH b-TSH to
inhibit binding of Tabelled TSH could be attribuiga-to the lower
concentrations used, in contrast to the concentration of commercially
available TSH. Possibly larger concéntrations (which were not easily
available) would be necessary to obtain a similar degree of binding

125I—TSH was localized on the 128,000 and

inhiﬁgtion. The binding of
80,000 dalton proteins. Since large polypeptides and protein com-

plexes become dissociated during the electrophoretic procedure the two '

-

TSH-binding proteins‘cou1d be part of a TSH—R‘molecu1é. Other TSH-R
fractions might hé;e been dissoc%ated by th; procedure, and if they
are not direct binding sites for the hormone would have become
unidentifiablie by ihis technique. - }

In some experiments, the same strips of blotted protein to NC

paper were used for both 125I-TSH binding and IgG - antihuman IgG

binding. This eliminates the possible electrophoretic pattern differ-

ences observed from gel to gel and in protein blotting. In these

' cases,’the closest IgG bound proteins to the 125I-TSH bound proteins

_had molecular weights of 130,000 and 78,500 daltons respectively, thus
| indicating that the binding sites of }ZSI-TSH and Graves' IgG are
not identical. This conclusion is supported by the fact that incuba-

“tion of Graves' g6 did not inhibit the binding of 2’

I-TSH to bands
of 128,000 and 80,000 dalton. :

X - ' T 125
When other sources of thyroid membranes were used for the I-
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TSH binding to blotted proteins (FRTL cells not phosphorylated or
guinea pig fat cell membrane proteins) the hormone binding was loca-

lized at different m.w. proteins. It seémed that the binding of

125 ‘
I-TSH identified two different doublets of m.w. 118,000-108,000 and

77,000-70,000, besides the inconsistently found band of 39,000 dal-
tons. Small changes in the electrophoresis run and calculations of
molecular weights can account for the differences of the molecular
weights for TSH-R from those sources, but most probably, it suggests
that the TSH-R molecules of the FRTL and guinea pig fat cell are not

identical to the TSH-R of the human thyroid.



CONCLUSION

The initial aim of the project wés to obtain a pure preparation
(/ of TSHR, by biochemical techpiques and by faising monoclonal anti-
bodies to the receptor and using them for the final purification. - The
availability of such a preparation would not only have allowed the
analysis of the TSH-R interactions with Graves' I1gG, but also to
investigate ;he receptor's role in the etiology of Graves' disease.
Neither by TSH affinity chromatography or by Graves' IgG immuno-
aﬂsorbents, was it possible to obtain a pure preparation of TSH-R.
"The partiai]y purified receptor was found to have a sedimentation
| coefficient between 4.2S and 4.9S, but the complete identification and
éharactérization of the molecule was hampered by'the presence of
>thyroiq contaminants. Moreover, the degree of purification, as mea-

125

sured by binding to I-TSH, was only 140 times with respect to the

non-purified material.
fhe partially purified TSH-R preparation however, was suitable

for production‘bf gonoclonal antibodies, §ince large amounts of TSH-R
from solubilized hum;n thyroid membrane preparations could be purified
by this method. The main difficulty encountered was in the selection
of c]qhes. Several screening assays were used and among theﬁ, a
modified TBI assay which was specifi; for identification of IgGs

_ agéinstJTSH-R.. Unfortunately these assays had poor reproducibility.
When the monoéiona] antibodies wefé purified and tgéted; they did not

125I-TSH. Although soﬁe of the monoctonal anti- |

inhibit binding of
bodies stimulated the production of cAMP in thyroid cells, this did

not constitute a proof of the antigenic Specificity for the TSH-R.

155
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Since total purification of the TSH-R could not be achieved by
those mefhods, its identification among the thyroid contaminants was
attempted by electrophoretic separation of the differe;t molecules,
followed by binding of 125ﬂ-TSH. The transfer of separated proteins
to NC paper provided a stable substrate of immobilized proteins,
suitable for the binding.of labelled ligand. Two proteins of mole-
cular weights 128,000 and 80,000 daltons, specifically bound 125I-TSH.
The results indicate that either two different molecules of the human
thyroid membranes, are specific receptors for TSH, or that fhe.recep—
tor is only one molecule, with two binding sites fér the ligand, whigh
became separated during the e]ectrophoretii procedure, possibly due to
the ‘dissociation of receptor subunits.

Although a pure preparation of TSHR could not be obtained, its
interaction with Graves' IgG was investigatéd. In the first study,
1gGs gave different TBI values, depending on the TSH4i preparation
used. The fact that the only variable in the assay was fhe procédure
of mg?brane preparation, and that results did not cbrre1ate, suggested
that the method used to measure TBI was inf1:%§§eq§§y other factors

. ' ey ¢
than the actual TBI activity of Graves' IgQ."' |

Binding of 125I-TSH was specifically increased inlthe presence of
NANA. This finding allowed to further investigate the relationship of
TSH#% and Graves' IgG.” No sbecifjc effect for Graves' IgG was found-
in thé presence of the’ponosaccharide indicating that the‘binding
sites of Graves' IgG and TSH were not identical. >Sti11 unresolved was
the possibility that Graves' IQG would not bind directly to the TSH-R.

) Since some IgGs exert a biphasic effect due to the preseqfe;%f

more ‘than one thyroid membrane antibody, it was possible to prove that
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3}‘
these Graves' IgG can bind to the thyroid cell, through a membrane

component different than the TSH-R, This second membrane.component
was found to be specific for human thyroid tissue.

Further demonstration of a non-TSH-R membrane component, being
the binding site for thyroid cell stimulators, was provided by the
cholera toxin studies. They also indicated that the CT binding site
was not the same as the second Graves' IgG (thyrotropin_bindﬁngien—
hancer) binding site. |

[he use of antigen-antibody complexes precipitation technigues,
provided information on differences between normal énd Grave;' 146G
Antigenic specificity since two proteins of molecular weights 144,000
and 132,000 were precip{table by Graves' and only minimaily by normal
IgGs. | |

-The studies described allowed to conclude that the binding site |

of Graves' IgG is not exactly the same as the one for TSH, since: 1.

at least 20% of the patients' Ig6 tested in the TBI assay did not

inhibit thyrotropin binding to the TSH-R, 2. NANA specifically in-

1251 1sH to the TSH-R, but the modification

found in the TBI results of Gravé;' IgG, in presence of the carbohy-
drate were non-Specffic for Graves' IgG; 3. Binding of 125I-TSH to
human thyroid cell membrane TSH-R_blotted to NC was not inhibited by
tﬁe presence of Graves' IgG, 4. IgG from patients with Graves' disease
was found to bind the different proteins of the human thyroid‘ce1l.
preparations, pnte these were blotted to NC paper. Hoﬁever, it is |
stf]lvpossib1evthat the §WO TSH binding molecules (128;000 and 80,000
dalton) are combonenté of a recéﬁfor unit and that thefr separation

impedes Graves' IgG binding.
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