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e ABSTRACT e

Antibody comblnlng sltes represenb mrrror 1mages ol' their antlgon epltopes

Anti-idiotypic antlbodles speclfic l‘or the combining site for the l‘lrst antlbody
could exhibit similar tndlmentlonal ‘structure to that of the ongmal epltope Wlth

N T numerous groles of mvestlgators in several brologrcal systems.

" were w1thout any speclfrc brologrcal activity but otlfers such_as ' anti-insulin, antj-

acetylchohne and anti-beta adrenergic receptor agonists have been_found to have

i agonrstnc a.ctmty a.t the level of thelr speclfic receptors

- . f N -

L3

Graves Dlsease js. an_autoimmune disorder involving the thyrold gland lts

ego]oglcal agent is thought to be an -antibody w1th agomstrc propertres at the

* that the thyrord stlmulatmg antibody of Gra.ves} Dlsease could at least in some~.. -

- . . ..

_ cases; be an antl-TSH antl-ldlotyplc antlbody R A’ . . .
Tl s "-‘ : : T . .:\‘..'

Thls work was desrgned to mvestrgate the pOSSlblllty of producrng antl-TSH

a.ntr-ldlotyplc antibodies and to test__ their- blologlcal activities. Antr-TSH

“this background rnternal image antl-ldlotyplc antibodies have been tested . by

Some of these ‘

level of the- thyrord stlmulatmg hormone (TSH) receptor The receptor itsell has '
l;een~thought to” be the antigen responsrble for the' productlon ol' th:s antlbody.; ..

W However, consxdermg the ‘abole mentloned premlses, it ls possxble to speculate‘:\

. ——

'{"" " R antlbof es were ralsed by lnjectrng rats with highly purrl'led. aTSH Tlns first
; L : : antlbody was later purlfled and used in the productlon of antl-ldl,otyplc antlbodles
e ;thlS tlme in ‘rabbits. The actmty of the ‘anti- TSH antl-ldlotyplc antibodies was
) tested in expenments in vitro. It was demonstrated that the antibodies- produced
were. true agomsts at the TSH receptor level. They were capaBle of mterferlng

with the: bmdrng of TSH to its receptor, activating adenylatc qclase, promotmg
e adenylate cyclase medlated cellular processes and recogmzlng the TSH feceptor.

R /" ' protem in thyrord plasma membrane proteln blots.

v ' . -
. . A

A second g;roup of - expenments explored the activity of antl-ldlotyplc antlbodles
dlrected to the 1nd1v1dual subunlts of the TSH molecule. The {mformatlon
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© were, mdmdually capable of blndmg to thyrond plasma membranes. On the

S contrary, there was absolute tequirement dor the participation of both’ antl.bodxes .

receptor synthesm and turnover. TSH accelerates ‘the synthesrs aud proloi‘t .«thi’{ “9"3\3““

- half hfe of 1ts own receptor B S R

:antl—ldlotyplc antnbodles. ‘The antlbodles produced had: agomstlc effects at the'

.

" for the actwatlon of adenyla.te cyclase. ) - | ‘l; ' :d"oﬁu?%:z“»% ‘ :
P . : : " S a\w*“f R ¢_§
The third part of thls work explores the mﬂuence that TSH may have*oo fﬁ:g\» ;fs’:n

synthesxs and. turncver of its receptor. These experiments were. possrble th;ﬂ% s ”"tczx\ A \\\ : \I:w
G0, NZa
# detectlon syst’em that benefits.from the capacity of antr-TSH ant idrptyp’gcl\ : :{'
antlbodles to recogmze the TSH- receptor on \thyrmd p]asma membraﬂ?uprote:gn ﬂ\p) R ‘{\i
gy O vy .

’blots, .The results suggested definite partlclpatmn -of TSH in the regdlatxon‘%%t ;L, W “:»,"

ARG T

- R , £ §ep.
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In summary this’ work has demonstrated that it is possrble to raise anti-TSH ,

level of the TSH receptor. It was also shown that these antlbodles can be useful o

f

tools in he detectron of receptor protems and in ths mvestlgatlon ol' the hormone— ‘

.receptor interaction. . R E . Lo L
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LIST OF ABBREVIATIONS

" o-anti-id...... Anti-idiotypic antibody raised against monoclonal

antibodies specific for the alpha subunit of TSH

Y\ I Adenosin tri phosphate '

AC ..o, Adenylate ¢yclase’
g-anti-id ....... Anti-idiotypic antibody raised against monoclonal antibodies
specific for the beta subunit of TSH

~

BB.......ccoet Binding buffer . ; . o . - N
BSA............ Bovine serum albumin :
bTSH ........... Bovine thyroid stimulating hormone ~ o
cAMP........... Cyclic adenosine monophasphate o N
CFA.......... Complete Freund's adjuvant _ . S
CG...... weenre. Chorionic gonadotrophin . ' - \ ‘
¢GMP.......... Cyclic guanosine monophosphate
(] 111 SR ?... Counts per minute
Da...ccierenee Daltons
FSH.............. Follicle stimulating hormone
GC73......ce.ee Monoclonal antibody specific for the beta subunit of 'I‘Sll
Gpp[NHJp ... . Guanosine-5'-{#'y-imido} tnp‘hosphate
GTP........... Guanosine triphosphate - -
HBSS............ Hanks balanced salt solution '
HT ....... abeesas Hashlmotos thyroiditis - B
hTSH ........... Human thypld stimulating hormone _ -
. Id-IgG .......... Idiotypic immunoglobulin _ * .
D - SO .. Immunoglobulin - % _ '
Igs ....corveroner.. IMmunoglobulins, -
IgG ..o .... Immunoglobulin of the G class
IgM et : Immungglobulin of the M class
Ir genes......... Immune response genes
LATS........... Long acting thyroid stimulator
LH......ccccee. Lutheinizing hormone . - -
MEM............ Minimal essential medium - ! . , .
MEM/FCS.... Mirimal essential medium with fetal calf serum o b
‘MHC ............ ‘Major histocompatibility complex '
MIF .............. Migration inhibition' factor
N-rat-lIg........ Normal rat immunoglobulin
NR-Ig.....c..... Normal rapbit immunoglobulin
PAS.............. Periodic acid Schiff - ) .
PBS............;. Phosphate bul’fered saline
_RER............Rough endoplasmic r?tlculum — -
RNA............. Ribonucleic acid s e ,
SD.......xon... Stahdard deviation = - -
SDS.....cooeeee Sodium dodecy] sulphate ~ .

SDS-PAGE : Sodium dodecyl sulphate polyaerylnmlde\elcctrophorcsls gel
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STEM.......... Bufl'er contammg sucrose, tris HCl, MgCl, and EGTA _
TBS.............. Buffer containing tris HC] and NaCl . ol
e - TCA............. Tqﬁhloro acetic acid = | _ ‘ '
) TEM............ Buffer containing tris HCl, MgCl, and EGTA -~ "<"-

TSAb........... Thyroid stimulating antibody ' ’ .
TSH ............. Thyroid stimulating hormone.(thyrotropin) '
TSH-anti-id.. Anti-idiotypic antibody raised against anti-TSH
- - - TS28 ............ A monoclonal antibody specific for the alpha subunit of TSH
' TSH-R.......... Thyrond stimulating hormOne receptor
W/¥.....coce..... Weight/volume .
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~ Chapter 1
INTRODUCTION -
. '
_ 1.1. ANATOMY AND PHYSIOLOGY OF THE THYROID S
’ GLAND, - o o

' 1.1.1. Gross Anatomy N .

The . thyroid gland in man ‘and many . other ' mammals (Halmi 1978;

Ekholm,1979; Ing’bar and Woeber,1981) consists of two pyramld,al shaped Jlobes |

L connected by a narrow isthmus. It is ]ocahzed in the anterlor and lateral aspects \ o
PR l ‘

™~ of the trachea extendmg from the middle of the thyroxd cartllageato the fifth and‘

Pl

S o Slxth cartllage nngs In t.he normal human it welghs on a.verage t@'enty grams. B ) :_'.":,:

"The thyroid is. a well vascularized organ: Its blood supply derivés l‘rom'.the

T

v . . superior and inferior thyroid arterles, which enter.the respective poles, branch~ :
profusely and form a comphcated capillary network. The lymphatic dramage is
also rich. The t}xyrmd is supplied by nerves of both the sympathetlo and
parasympathetic sjrstemé. . The thyroid gh_md is surroun&ed by two capsules ‘of
connective tfésue the outer and inner capsules. The outer capsule g encloses the
gland and i is contlnuous w1th the pretracheal fascia. The inner capsule covers the
gland ‘and emits' prolongations within the tissue. The space ‘between these two

"gapsules contalns the vessels, the recurrent laryngeal nerves and the paratbyrond '

, o
Ll

‘ glands v




D o .1.2. nght Mlcroscopy T . - \

. e Under. light mlcroscopy (Halml 1978; Ekholm,1979 Tongbar and Woeber,1881) it
f{, " o 1s posstble to .see that the thyrord gldnd is. divided into lobules surrounded by . ]
o e flbrous septa derived from the inner capsule. The lobules are composed of a -
‘ variable' number of. fol_lxcles. The'folhcles are circular, sphericle masses in which a :
aingle layer of epithelial cells'enclose™a viscous proteinaceous material called the-
- colloid. The average diameter of the folliclea is 200 pm, but'there are considerable g
vanatlons. Each folllcle is'surrounded by a basement membrane, a rich caprllary |

__— network and sympathetic and parasympathetlc nerve flbers ) ' .

*
L)

Two. typea of epithelia] cells ar:e found in the thyroid gland of maminals' the ,

folllcular and the parafolllcular cells, The ‘parafollicular cells are involved i m the - SR

i L o . productlon of the horrmone calcitonin \Ehe follicular cells are the most abundant . )
boo N and are mvolved in thyrord ‘hormone productron. The thyrord follidular cells very
S in helght dependlng on the animal specles and the degree of thyrotropm (TSH)

stlmulatlon I man- they generally val')' from low cubordal to tall columnar. In the . . \

: o L absence of TSH stimulation the cells become. low cuboidal and the collord content -

mcreases. Under marked “TSH strmulatron folllcular cells hypertrophy and collord -

-

volume decreases.

"The nucleus ]ocated in the basal part-of the lollrcular cell is large spherorda] in

shape, contams one Qr more nucleoh and has a low chromatln content.  *

- / ;o . , : R

i . [}
- - -

= \The cytoplasm of the thyrord folliculer cell is basoplnllc “contains num,eroirs )

B “ingested' luminal collord droplets, which stain -positively with the penodnc-acld | _:_:}f
Schiff’ (PAS) reagent "The collord is also PAS posrtlve due to the hlgh glycoprotem o

content of its inain component, thyroglobuhn. o . B A

r
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1.1.8. llltrastructure . - S ‘ L ::‘f'.:f:

Electron mrcroscopncal studies in conjunction with several other techniques such

as 1mmuno—stam1ng and autoradiography, have made it possible not only to
N . describe static structures present in the thyroid cell but also to establlsh the
- structural-functional relationship of the different cell components (Fawcett, Long
| ' and Jones,1969). ) :

. . The thyroid cell has well defined apical and basal aspects, this fact has been
termed ®polarization"” and has important functional implications. Numerops
microvilli extend from the apical aspect of the cell into the colloid. The n.plc.al
plasma membra.ne is very dynamlc. Under TSH stlmulatron it becomes expanded

':. S by fusion with the materral surroundmg the newly synthesrzed thyroglobulm1 and
| . later forms pseudopodra that are mvolved in the endocytosrs of collord which is
) \ ' -

the fnrst. step m the process of hormone reIease S ' A .'

IS . N,
vy . . . I

X R . . . . . .

,' ’ Mlcrotubules are numerous in the aprcal ‘part of the, cell but are elso l‘ound : .

7 elsewhere, and run in all dlrectrons takmg stra.lght or slrghtly curved courses.'l‘heyﬁ :
" - have dlameters of about” 250 -Angstroms and are thought to be. mvolved in

} ’ endocytosxs (Ga.brlon, 1981) Collmd droplets are spherordal structures formed .. .
through endocytosrs. They vary in size, are limited by a membrane similar to the' “ -
apical plasma membrane snd  contain collold These droplets travel from’ the - . -:_J
~ _ ’ apical cell region- to the mlddle of the cell and occasronally are been around the '
- ' basal aspect. Lysosomes are drtfusely drstnbuted throughout the eplthehal cell

and often are closely associated with colloid droplets. These two structures have .

been observed to fuse. F)mon allows for the peptldases contain d in the lysosomes
P ~  to degra.de thyroglobuhn and achleve the release of free, . ie. on-peptide linked,'.
hormones like- tetralodothyronme and trr-rodothyromne and gther products suoh

. - a
P . .

I asduodotyrosme and monorodotyrosme. W e

N




involved, mlcrotubules and mlcroﬁlaments are thought to contribute to tlus- LS

process (Wolfl and Wllhams, 1973). Recent experimental data has shown that the s - ::
| basal cell membrane probably contains the sodlum/potassmm dependent ATPase -
\ system l(nown' as the iodide pump and the TSH receptor-adenylate cyclase system

(Chambard, Verrier, Gabrion and—Mauchamp,1983). . o -

,

' . In the active follicular cell the most promine[t cytoplasmic structure is the
frough- endoplasmic reticulum (RERY); its distribution is preferentially basal and .
- " perinuclear; The cisternae of the RER are w1de and contain a rnoderately dense
materlal most llkely thyroglobuhn components The thyroglobulin peptide chams
produced in the rlbosomes are transferred into the cisternae of the RER where the .
| signal peptrde is cleaved The almost fully processed thyroglobulm is tranferred to -
. the Golgl apparatus by A process of fusron The Golgl complexes are found
' aplcally to the nucleus, they contain'a varled numiber of Golgi saccules and small
- 'veswles. Most of the thyroglobulln carbohydrate sl& chams seem to be added -
wrthln the Golgi apparatus. Thyroglobulln when l'ully processed is transported to ' -

\ ' -: ‘ ‘~the aplcal aspect of the cell m vestcles These exocytotrc vesrcles fuse wrth the
| o 'aplcal membrane as prevrously descrlbed and empty. their content into the lumen
rwhere it is stored Mltochondna, the other 1mportant cellular organelles, -are e
scattered throughout the - cytoplasm The nucleus of the thyreld cell, under - |

electron mleroscopy, does not exhxblt any unusual characterxstlcs
l,. .4. Thyrold Gland Physlology -

~ l

LProductlon of thyro;d hormones 1s the main t‘unctron of the thyrold epxthehal"
1l (Taurog,1978'a, Taurog, 1978b lngbar and Woeber,1981) Their synthesrs T

" - can be summarlzed as follows: the trapplng of lodrde, the synthesrs and jodination

~N

of thyroglobuhn and lastly the secretxon of thyroxd hormones . o . . nY
The thyroxd gland is very elﬁclent in the “use of lodlde, ﬁslcally due to its - ";;f;?
hmrted avallablhty .n the natural envxronment partrcularly in areas located away = '

l‘rom the sea. ‘The concentratlon ol' .ochde by the thyrold gfand mvolves an actwe .



transport miechanism. The exact biochemical events mvolved -are not yet fully”
understood but there seems to be a participation of the sodium-potassium-
e dependant ATPase .pum'p. Sodium, with the involvemerjt of ‘some Ynetnbrane
phospholipid ecarriers, is able to merease the mﬂux and decrease the efflux of .
jodide. Concentratlon of iodide requires cellular integrity, oxlda.twe metabohsm,
phosphorylatxons and occurs against both concentration and electrical gradients.
- Transport is mhrblted by certain jons such as pgrchlorate; pertechnetate and
- —thiocyanate. It is also influenced by an internal autoregulatory system based on
_the availability of jodide. TSH and cychc 3'5' adenosine monophophate (cAMP)

also play an-important role;_ these aspects w1ll be dnscussed later

L T . .

1 Iodxde (I enters the thyrond gle.nd and -is converted to an oxrdlsed form by a
product The process of iodination seems to take place at t.he cell-colloxd mterface
R vefry close to the apical membrane (Teurog, 1974 Ui, 1974) The lodmatlon of
— thyroglobuhn is inhibited acutely and, transiently by large ‘amounts of 1od1de. A

) .number of mechamsms have been proposed These mclude mhxbltlon of thyrond
o I‘perOXIdase cata]ysed 1odmatxon or alteratnons in ‘the petoxxdase g'eneratron

_,_ . systems. Iodotyrosme coupling mechamsms are dependent on the mtemtx of the

_x b b 3
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Y thyrord peroxndase Tyrosmes in fully mature thyroglohulln are lodmated .by this -

' ’./__.». L R N

il

native structure of the thyroglobulm, efficient iodination, and the couplmg

catalytic effect of thyrmd peroxidase. Two mechamsms for. coupling have been

seem possible; in vwo, intramolecular couplmg seems to be favored (Teurog,
1978b), - _. . . S L .

-

"The main products secreted by the thyrond gland are tetraiodothyromne (T4),

proposed: mtrainolecular ~coupling and intermolecular coupling.” In yitro,. hptlu.

Hormone Ielease is mmated by endocytosxs of lodmated thyroglobulln from the '
follicular jumen.- Endocytotlc veslcles mlgrate from the aplcal tewards the basa} '

. aspects of the eell Numerous lysosomes migrate towards these vesncles and the’

fusion of these structures ‘permits the aecess of proteolytic enzymes to the

- thyroglobulm. Subsequent dxgestron of thyroglobulin leads to hormone releeae. R

&



' T3) lodotyrosmes, such as nono and dr—rodotyrosme, haVe also been détectéd in

*  serum but they -are mamly retamed msrde the thyroid follrcular cell where’ they

are dexodmated Thyroglobulrn is mannly intrathyroidal but it| has been detected
extrathyrondally in. the lymphatrc dramage, and in small amounts in the serum, -

i
. |
‘ v .
"’. _~ M ~ - 1. . . ’ ¥ .. V\‘

TSH is mvolved in the 'ccmtrol of thyrord hormone secretion; it stlmulates —

even in normal individuals.

end&cytosrs, thyroglobuhn digestion, and hormone release. «5,

-
. . - . .
” . -, Vg . r \

Sympathetlc stlmu]atlon and sympathomlmetlc amines are capé.ble of i mcreasmg

hormone secretlon under certam expenmenta.l clrcumstances ( aldsteln, 1966; .

. Melander 1970 Ganong, 1974) Their role under physlologlcal condltlons 1s . . ;'.,":-

uncertam and still remalns ‘'under 1nvest:gatlon (Wllhams, Lefko ltz, Watauabe, 4 "
_Hatbaway =tp,nd Besch 1977 Blleznklen and Loeb, 1983) S o e

’ . - e £

1. 1.5. Control of Thyroid Gland Activity

]
.,-——-—‘r"_"'
.-
[]
-

L
Several factors are mvolved in the control of th ord glandr actmty (Durnont
__a.nd ﬂVassart 1978;- Ingbar and ‘Woeber,1981). Anfo ese are|TSH thyrord

-

hormones iodide supply, chohnergrc agents and catecholammes

-

B} !ar the most 1mportant of these regulators lsvthe glycoprotem hormone TSH,

' secreted by the plturtary gland TSH (Plerce and Parsons 1981) 1s composed ol . |
two different lycopeptlde subunits desrgnated as o and 8. T—hesd suhumts are - f'
held togeth ‘strong non—cova]ent forces Within the same ammal specres, the -~ .
armno acrd quence of the @ "subunit, of TSH is almost rdentlcal to 1that of the a’
subumts of . other gl]fcoprotem hormones [lutelmzmg'hormone (LH), folllcle- |
stlmulntmg hormone (FSH) and choriomc gonadotropm (CG)] though with minor. - /
differences in their ohgcsacchande componen.ts; The composmon of.the 8 subumts Lo

oT these hormones alsq show certam homology, hut the dll‘l‘erences observed are

more evndent than those descrlbed for the a subunlts

10 SN
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‘well as of different species are active. The biological activity ‘of the recombinant is
& dictated by the paﬁtﬂ&r p subunit present, suggesting that this - subunit

plasma rhernhrane' of thyroid «ells. This binding ~appears to produce

.envrronment perm_rttmg interaction of the- horm_one-receptor. complex with the . l'::""_‘.??

The dissociatéd TSH subunits are inactive. Hormonal activity is expressed only~ L :

after re-assocratrfrn between the a and 8 subumts It is of mterest to mentron that

recombinant hormones produced using « and ﬁ chains of different hormones, as -. 2

determines thg’ hormone specificity . As to how thrs specifjcity is mediated no

clear explanation has been presented

- .
-

Thyrotropin's actions on thyroid follicular cells can be dirided into rapid: and
slow effects. ,}{épid effﬁ?’&re related to the activation. of secretion of gﬁ‘roid .
hormones with acceleratron of "exocytosis, - pseudopod formation and’ endocytosrs., -
There is dlso mcreased bmdmg o[ organw 1odrde, rncreased 1odothyromne
formatron and actrvatron of cellular metabolrc processes such as the pentose L
phosphat97 shunt and mitochondrial resprratron Slow TSH effects are related to . 2
increased’ rrbonucfelc acid (RNA) accumulation due to activation of transcrrptlon, C

-

mcreased protern "synthesis and cell dmsron. SPEE . SNCY

he -

TSH,-"I both exogenous and endoggnous, is known_ to increase the ratio of—
intrathyroidal/serum ‘iodid'e, derponstr-ating increased thyroidal’ intraceilular
iodide aecumulation. This increase was observed, however, to be preceded by a i
distinct drop of the intrsth}roidal/serum iodide ratio suggesting thet~the‘ TSH
effei:ts on iodide uptake are biphe.sic’ (Halmi .et al "1986) Later strrdies csrried out
m vitro usmg cultured- bovrne thyrord cells also showed increased mtracellular .
rodrde accumulatrqn after TSH stimulation (Knopp, Stolc and Tong, 1970). These -

authors suggested that these actions were mediated through ¢AMP and probably o . G

required the partlcrpatlon of some enzymatic products capable of enhancing the

'aetrvrty of certain membrane bound jodide carriers.- : : L S ‘

. . . o

.‘TSH.actions are. initiated by its binding to = specific receptor localized in the
conformatronal changes within the receptor and thersurroundmg membrane lipid | AR

a




regulatory prote:n wrth subsequent activation of membiane-bound adenylate

cyclase This activation requires the presence of divalent cations, mamly calc:um,
and. guanine nucleotldes such as guanosme trl-phosphate (GTP) to activate the
regulatory prot (Saltlel Powell-Jones, Thomas and Nayfeh,1981). Adenylate
cyclase acts o its substrate adlmosme tn-phosphate (ATP) to produce cAMP, the
' second messenger for manerSH actrgs_; Cyclic AMP activates cAMP-dependent
proteln klnases which phosphorylate rsﬁ;es of other .enzymes or proteins wlnch
are, thus either activated or mactlva.ted cAMP's actlon is terminated as a result of

) -
ot —

-ats \degradatlon by ‘intracellular phosph.odlesterase . ' <

Even though ¢cAMP is B0 important mediator of thyrotropin’s ac'tions,-- it is
. »unlikely that all hormonal eflects depend on its generation. So far, the stimulation -
of phosphatzdyl mosltol turnover and glucose oxidation have been found to be
cAMP mdependent processes. The 1mportance of cAMP in. growth promotmg
actlons under physrologrcal condltlons 1s still unclear. ‘Some studies in v1tro have '
"shown that cAMP is capable of promotmg lu'creased transcnptlon and protein o
'synthesxs (Wllson, Raghupathiv, Tonove ‘and Tong, 1068; Adiga, Murthy and Me '
! Kenzxe,lQ?l) Other recent studies usmg cultured thyroxd cells suggest that the
'I‘SH effect on cell growth is mdependent of the activation of adenylate cyclase -
(Valente, Vitti, Kohn, Brandi, Rotella, Toccafondi, Tramontano, AlOJ and
. Ambes1—lmplombato 1983). , - ) . -
. <

- . -

i.l.t}. Charncterlsl s of thyroid cells in culture . C —_—

L N . . I
o B RS

Cultured thyroxd ep:thehal cells are useful ‘tools in thestudy of the. structure and
[ﬂle physxology of the- thyrond gland Isolated cells -in monolayer cultures retain
he dllferentlated thyr01d '
cell within the mtact organ. Addition of TSHtto primary conlly

many functional and morpholognca] charactenstxcs of
t cultures”-leads e
" ta- the l‘ormatxon ol‘ folllcle-hke structures These follicles concentra. e 1od1de and .

synthesxze thyroglobulln and thyrord hormones. As in normal folhcles the a.p:cal
: pole of the ‘cells fase the folhcular cavity _in whlch thyroglobuhn accumulates

.(Kerkof Long and Ohlakoll‘ 1964; Fayet Pacheco and Tixier, 1970; Kondo’,.
‘:V-Hormchl and, lnoue,1980) — ST Yoo A
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When cultured in ‘the absence of TSH, cells organize into a uniform monelayer SR
and appear to lose their capacity to concentrate iodide and to produce thyroid
hormones Thyrog]obulm synthesis continues but at a very low level. TSH
responsweness is greatly depressed but the capacity to groduce TSH-responswe
adenylate cyclase is maintained. In these cells the basal aspect faces the culture
plate and the apical aspect faces the culture medium. This ~inrerted orientation
riain physi_ologic_al responsiveness to -
¢ TSH (Mauchamp,-Margotat, Chqmbard, Char(ﬁer Remy and Michel-Bechet 1970; \-I,':
T “  Chambard, Gabrion and Mauchnmp,1981 fChambard et al, 1983),

o Ultrastructurally,  isolated thyroid cells mamtam the general charactenstlcs :

may at least pantially'exl)/lhin the loss of ce

>

p-revmusly descnbed for the thyroid gland. 4 ' ' -

-~

1.2. THE THYROTROPIN RECEPTOR _ ' ' .

L 1.2.1, Characteristjcs of hormone receptors in general ' oo ' . \\\
B b Receptorsvare specia’liz’ed eellu]'arfr;olech-lee capable of recognizing specific
ligands and binding-them with high affinity and specificity (Bexter and
Funder,1979; Lefkowitz and Michel,1983). After binding, horrhone—specific signals’
. are transmitted to trigggr the appropriate physiological responses. According to ; L 4
" their cellular localiz‘ation, receptors can be: cytosolic receptors which following h
-_their bmdmg to specific hormones migrate to the nucleus to ‘interact with
- /’ ' chromatin, nuclear receptors which are present in chromatin ev_e_&_ in the absence ;

o

« of specific hormone and plasma membrane-bound receplors. - ) ' A "

i Activated hbrr;lone-recegpor complexes interacting with chromatin regulate the
" levels of specifi'c_messenger )l%\: As a consequence they' change’ the rate ‘q_f\;
_synthesis of proteins coded for by these hormone-regulsted messengers.
- Membrane—bound receptors bmd hormone and the hormone-receptor complexes
transmit sngnals through changes in membrane moblllty ‘to .activate "second
Kmessengers' cAMP 1s the best studied second messenger, othérs llke cyclic. . |

gua.nosme monophgsphate (cGMP) and calcium' have been mvoked but their

. L _ ) . . Y. . . N
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mvolvement has been less extensrvely studied. Second messenge‘rs' prrncrp'crlly

‘cAMP ar€ known to activate protein kinases that initiate protem and enzyme

phosphorylatrons, acthtrng or inactivating them, to elicit further plrysrologrcal

. responses. : ) E -

- -~

Many menlhrane ‘bound hormone-receptor complexés have been observed o
internalize as endosomes after aggreéation. The rgle of internalization is still pot

clear. It is thought to be associated in some instances, with hormone degradit/ion,

receptor de‘gradat‘i'on,' may be followed by receptor recycling, or may be necessary
for the actiiration of gertain biolo_gical responses (Hopkins, 1983).

e

Receptors are contmuously being. synthesrzed ahd degraded Synthesrs of cell .

surface receptors as well as other receptors, is thought to resemble the process

lnvolved in the synthesrs of 'exported' protelns. It starts 1n rlbosomes associated

. wrth ‘the RER, processmg contmues ;8 the crsternee of the RER and, later in the

‘Golgl complexes. Assocratron of receptor subunits and assoc _Jatron of the receptor

wrtll the membrane protems are still being investigated.

Iy

Y

_ Radiolabeled hormones or drugs have co_ntribut'ed greatly to ‘the studj' of

receptor-ligand interaction. .Data obtained from these studies have tradition'a,lly
been analyzed with® the u e of Scatchnrd plots (Scatchard 1949) Better

interprétation of data is now})

non-lmear lea.st square curve’ fi trng Programs’ that apply-the law of mass action iff

- n more direct and accurate fashion’ (Munson and Rodbard, 1980) brgand—brndmg :
stud;es ha}e Yielded information- related to receptor number and affinity under_

eing obtarned with lnnovatrve computer-assisted -

varied crrcumstances. Through thrs rnformatroxyt is now known that the number"

\
of receptors f%und in a celhs not constant the -numbers are dynamrcally regu]ated

through hgand brndlng lt 1s also known that these varrntrons in: numbers can :
; drctate the se‘grtrvrty ol‘ the cell to strmulatlon. Changes rn affinity can a.lso

cooperativrty' is an example ot‘ such changds. _"‘ S .

- occur, even though they are. ~Iess frequent the phenomenon of 'negatrve .




" receptors a.re'wow ‘known.

. the lnterpretatlon ol’ several physrologrcal events

The ne)}t step in the stndy of receptors is the determination of thelr molecular'

and strudturad chgractenstlcs In several systems this has been achieved “by

pnnﬁcatlon or by their identification with. 1rreversrbly-bonnd llgands. .Through

expenmental proeedures llke affrmty chromatography (Lowe, 1979; Drummond, )

‘McQuade, Grunwald, Thomas and Nayfeh 1982), photo-affinity labehng (Hazum,

~ 1083), and antl-receptbr antlbody-ieceptor interagtions (Van Obberghen Kasuga,

Le Camn, Hedo, \Itm and Hamson 1981), the structural charaeterrstlcs ol' several
Thls knowledge has lead to the constructlon of

hypotlﬁtlcal models of these receptors. These models have proven very useful in
-

L]

+.2. 2, Strui:ture of. the Thzrotropln Receptor -

o~

Thyr/ tlépln bmdmg activity is almoshexclusrvely localized to thyrord follicular

eprthelral cells, but extratliyrond’al binding s:tes ‘have also—been descnbed in testes

(Davxes, Rees—Smlth and Hall, 1978); adipose tlssue (Teng, Rees-Smlth Anderson :

and Hal] 1975) “and lymphocytes (Pekonen and Weintraub, 1978). Blndm‘g at non-
th-yroula.l sites seems fo exhibit dlfferent charactenstlcs from thyroidal blndmg

accordmg to.the authors quoted above Recently certam structural slmrlarltles as

“well as dxffereﬂces between the adjpose and thyrordal receptors have been'

described (Qgckland and Rees . Smrth 1984). The physrologlcal role of these

* fextrathyroidal.sites is still unknown, -

-5
. ~. -

Radio—iodinated ligend binding studies *have helped i;i? the identification of TSH

’ ‘bihding 'éitee in. the eurfate -of intact thyrocytes in culture lLissitzky,_ Fayet,

Yernier, Hennen and ._Jaqnet,1973), in thyroid cell membrané preparations' (Mehdi

and Nussey,1975)'fa5,nd in dqtergent;eolubilized cell membranes (Manley, Bourke

and Hawker,1974) Scatchard"anal'ysis of TSH binding at near physiological ‘pH

", and salt concentratlons was found to gwe a curvxllnedr plot suggestlng two classes

- of bmdmg sites, hlgh a.ﬂ‘.xmty sites and low affinity srtes (Tate, Holmes, Kohn and

Winard, 1975; Peterson, Dawes, Rees Smrth -and Hall, 1977, lida, Konishi, Kasagll

. Ikekubo, Kuina and Torizuka, 1}}81); The physilogial involvement .of each of

..gr..‘
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these sites is dlflu?ult to assess but 1t seems_that the lugh al'flmty ‘site represents

the biologically relevant TSH receptor and the low affinity site is related to the

‘high affinity site erther 8s a precursor or by aggregation {McQuade, Thomas and

Nayfeh, 1983; Islam’ and Fand 1985) Occupancy of the receptor by-ligand |

appears to be involved in .the regulatlon of receptor numbers Studies of thytoid

’ ‘ " eell responsrveness to repeated TSH stlmulatlon in vitro have demonstrated that
this response is biphasic, at low doses there appears to be a comstant stimulation T
whereas at hrgh concentrations there seems to be a desensitization with a lesser
-number of receptors available for. binding (Takasu, Charrier, Méuehamp and
Liseitzlc’y, 1978; Davies and (?att, l978_; Witte and Me Kenzie, 1981). The different
degrees of. cell ;eeponsireness to TSH stimulation are reflected in changes*in J

cAMP generation. :

,' It has been maintained that.-"I‘SH-:eceptor interaction was trans_ient and readily
. . reversible' ‘ Stuclies | witb ' thyrold plasma membrane preparations have - . .
=L .demonstrated that this is not so; the mteractrf_n__ol TSH with its receptor. becomes. N J/ | : -
8 e ‘more stable with time (Brennan, Peterson, ‘Petérson, Rees Smxth and- Hall 1980)
, , ' Thesefmdlngs suggest 8 more permanent assoclatxon between the hormone and a. oL
: . '_sub-populatlon of the specrl'ic bmdlng sites. . - _‘ S S L

. - i . - L
.- . . o T !

Studtes mvolvmg cytological technlques with rhodamine comugated TSH have .
- demonstrated that TSH receptors ate’ dlffusely dlstnbuted in the surface of
thyrord cells Binding of.-hormone to its receptor is followed by aggregation and ¢ °
" endocytosis in ‘s manper typlcal of many other peptide hormone receptnrs (Avivi,
_ Tramontano, "Ainb‘eei-lmpiombato and Schlessinger, 1982). The, role of
' mternahzatron igstill to be fully' mvestrgated althongh it has been suggested thét-
it Js sssociated wrth the- termmatron of the AC activation (Goldfme, Jones, R
o T \Hradek Wong and Mooney, 1978) . L - ;
Several attempts by dlfl'erent groups of lnvestxgators o estabhsh the blocﬁemlcal ST o

. strueture of the TSH receptor have yielded a number of conflicting results, none7v

“of which has grven unequrvocal data a8 to 1ts molecular mass’ or lts orgamzatlon
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" The molecular size has been reporied to be [rorn 15,600 Daltons (Da) to 500.600
Da (Manley et al., 1974; Tate ét al.; 1075; Dawes, Peterson, Rees Smith and Hall,.
197"8{ Czarnocka, Nauman, Adler nnd Kietczynski, 1979; lida et al, 1081;
Koizumi, Zakarija and Mc Kenzie, 1982; Iida, Kc;nishi, Kasagi, Endo, Misaki,
Kuma and Torizuka, 198.';. Buckland and Rees Smith, 1984; Pekonen and
.Weint.r;mb, 1979).

1.2.3. Structure of the porcine thyroidal TSH receptor
4 .

been involved in the study of the structure of the porcine thyroidal TSH*receptor
(Islam and Farid, 1985). Some experimental procedures are described in a detailed
- fashion in thxs subsection ‘because of the close relationship between these results

and the work tq be described in thxs thesrs

The puriﬁcation procedixre, briefly described, is as follows: porcine .thyroid

. ' plasma membrane. preparations were solubrhzed with hthmm duodosahcylate,
applled to a DEAE-sephacel column and eluted with 1 M NaCl After desnltmg
the eluate was nexte applied- to a second DEAE—sephacel column and further eluted’

- "with 20.0- 1.0 M Na.Cl gradrent Several protein peaks were obtamed Peak VIII,
which eluated bet\veen 0.35 and 0. 56 M NaCl contarned the 1%I-b'I‘SH blndmg

. actxvrty. Peak VII was further purlfred by applymg to a TSH-AI[_lgel ecolumn and

eluating with 3 M’ NaCl. After desalting the product was made isotonic in 2 M '

sucrose. The preparatioi was resolved by 7.5-15 % linear gradient sodiui ‘dodecyl

\ : . _ sulfate polyacrylamrde gel electrophoresrs in the absence of reductant and stained -

with silver nitrate. The predominant product obtained .was an Mr~ 197,000

polypeptide whlch corresponds to the. holoreceptor ‘The recovery of .thit

. polypeptide was greatly dependent on the buffer osmolahty Several other mlnor
bands.were also observed at Mr~ 130, 000 16'5 0@0 70,000 and 66,000; these were

. found to correspond to dxfferent receptor breakdown produets [Figure L.l:a). The
- subunit composmdn of the receptor was studxed by resolving the eluted product
by e]ectrophoresrs in & 109% sodium dodecyl’sulphate polyacrylamlde gel in: the

£ A Ptog fp = A30% g s yry Mhparn e P . .
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presence and in the absence of s-mercaptoethano). Under non-reducing coriditions -
the Mr~ 70,0_00'and the Mr~ 66,000 were identified. These peptides maintained

a 1:2 stoichiometry. Under redicing conditions the Mr~ 66,000 persisted, while |

the Mr~ 70,000 dlsappeared and a new band at the level of Mr~ 35 000 was
observed.
S ‘ * ARG
It was therefore concluded that the holoreceptor is a glycoprotein
heterotetradimer with a Mr~ 200,000. It is composed of two different

glycoproteln subunits, the first with a.Mr~ 86,000 and the second with a Mr~

~35,000., Two 35,000 subunits are linked by ofe or more disulfide bonds to givea

70,000 form. The 66,000- and 70,000 subunits are held together bfv strong non-
covalent forces The mtegr:ty of the drsulphrde bond was found to be essentlal for
the integrity of the holoreceptor and for hormone binding conflrmlng pre\nous
studies which demonstrated that 125, bTSH binding is dlmlmshed in the presence
of S-S "bond reducing agents (Ozawa, Chopra, - Solomon and Smith,. 1979

Gmsberg, Rees Smith and Hall 1982) Moreover the, occupancy of the receptor by |

. 'TSH protects it agamst the disruptlve effect of the reducing agents (Davies and
: Platzer, 1981) B - ) ' '

~
°

Using all.the available information-acquired and considering the stoichiometric

ratios deduced from the relative degree of radiostaining of the two receptor
components, a model for the receptor was proposed (Figure 1.1:b). Surface

- labeling of viable«thyrocytee with radio-iodine showed that both reegptor chains

are exposed on the surface ‘of. the thyroid follicular cells (Islam, Briones-Urb,ign‘,-

Bako and Farid, 1983 a). ° : o N . }
P P ”~

“Severa] lines of evndence have supported the conclusndn' that the TSH

, holoreceptor is a glycoprotern with s Mr~ 200,000, Native and radlolabeled TSH

bmd specxl’rcally to the Mr~200 000 polypeptide on mtrocellulose paper thyroid

plﬁsma membrane proteln blots (Islam and Farid, 1985). When' this polypeptide -

was cross-lmked covalently with’ radio-iodinated TSH, : the mteractnon was -

' :inhibited quentitatively by nn_twe TSH but not by other hormones (Bako, Islam
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o ' and Farid, 1985). In a solid- phase -radiometric -assay, the purified receptor

e ‘ . .. R 0 e " ’ T . .. : - - .

o '~ preparation exhibits only one high affinity binding site with a Ky = 1.2 x 10 12 - o
o N (Islam and Farid, 1985). o - .
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1.3. AUTOIMMUNE THYROID mscTrnErrs
1.3.1. Autoimmunity and disease . '

.The primary role of the immune.system is to recognize “non-self* within the
oontext of "self®. Under certain circumstances the immune system becomés
"auto-aggressive® attacking self determinants, a.process that'has been called

autoi'mmunity.

One important question that has to be addressed is whether autoimmunity itself
is necessarily an abnormal or pathological process. It has been, suggested that the
capability of reacting against self is part of the normal immune response.

Acx:ordmg to this hypothesrs, it is suggested that recognizing non-self is closely

related tothe. capacrty of recognrzlng self. The productlon of low titres of auto-"'

" antibodies can’ be viewed as a norma] physiological process. Exaggerated

responses, often assocrated with trssue injury, result in auto:mmune disorders.

The normal rmmune response is mamtamed by a delrcate balance of immuno- -
regulatory mechamsms - This prmcrple has been supported by the demonstratron

that the potential for autormmumty is present in. all normal rndmduals Many :

healthy subjects_haye antibodies to seyeral normal body components (DNA and
thyroglobulin among othe‘rs) but that pathology will only develop, in a limited

number of cases where an alteration of the normal balance occurs (Talal, 1977).

Immune—responsrveness is determlned among other factors, by 1mmune response ,

genes and efficient 1mmune regulatory rr{echamsms, The rmmunocompetent cells

involved in the immune response include antlgen presenting cells (macrophages,

. Langerhans ¢ uld endothelml cells), T-cells (thymus dependent lymphocytes) and B- o
cells (bursa derwed h'mphocytes in birds and bone marrow derived in mammals),.
Subsets of _T-cells erther helper or suppressor are capable of- regulatmg B-cell -

functron (Jukius; 1982) Helper T-cells trlgger the dlfferentlatron of B-cells into
antlbody producrng cell (Saxon, Stevens and Ashman, 1977). Suppressor T-cells on

the other hand 'down-regulate' an ongomg 1mmune response or ensure that such. E .

l
[} T .

-
%




C TR e LA ks dnR et Ty o
o R A ATE RALIN SRT e L ", a;: +,(‘|\, !;_r Tl

.- ) '.\',

: | ' responsé does ot oceur at' all (Goluh 1981). Ex'cessiwe help. or deficient

| suppressron leid to the expressnon of abnormal antlbody and cell-mediated
g TN " immunity. ldlotyprc- a.tftr-rdloty ic networks have been demonstrated to be very o
u’nportant in immuno-regulatefy mechanisms. Their charactenstlcs and

partlclpatlon will be descnbed in a later sectlon of th1s introduction.

Immune responsweness depends greatly on the expressron of the products of two

' clusters of genes: the Major  Histocompatibility Complex (MHC) and the

LN immunoglobuhn (Ig) system (Blanden, 1980). Genes of the MHC encode for

molecules-that control lnteraetions between‘macrophages and T-cells and between -. o

Coo helper and suppressor T-célls and B-cells, This commumcatlon r_edulres that the .

: lnteractmg cells have identical MHC structures. The MHC-coded gene products SR

o * are hrghly.polymorphlc. tran{smemhrane glycoprotelns _whlch are idenfical in the
_same individual, although‘ 'distincti\.re‘ detern'rinente ‘may be eg.(press‘ed not only by

_difl‘erent T-cell subsets but elso in dij'ferent tissises. - | | s ::

» : N ' - -

Molecules encoded by Ig genes control speclflc 1nternctlons between the drﬁerent
clonés of lymphocytes. Apparently several 1mmune response (Ir) genes map close o
- to Ig.heavy. cham gene clusters and at least in the mouse, one or more of these Ir ' "_,, .
genes determrne the 1drotyp1c repertoire of the antibody response (Bach, Greene,

-Benacerralf, end Nisonoff, 1979; Hirai, and Nisonoff; 1980).

&
]

Theories explaining the origin .of' autoimmunity afe multiple and their- concepts
“have changed throughout the years (Ta.la‘l 1980; Fauci;'1981' Rose, 198'1) These ™
mclude the 'forbldde.n clone® theory and the “"clonal abortion® theory (Burnet, ' 5

- 1069); cross-rea.ctwe antrgens due to trssue damage caused by bacterial or vrral :

infections and/or toxins (Allls_} 1977) and dlsordered 1mmune regulatron (Talal - .
mso) o . . ‘ o A | /

i f . . . . ¢ o
. . . N <

T v ‘ )

Development ol' autolmmumty requires .the mﬂuence of sgveral factors, both -

host ‘related . and envrronmental The familial aggregatlon found in’ certam

T autoxmmune drsorders has suggesteo a. genetnc predrsposiilon for these dnseases.

o



. : The inheritance of these disorders does not comply with Mendehan patterns,

rel’lectrng their polygenic nature. Certainly, i m sutoimmune thyroid disease there
® -is evidence for.an interactive predisposition linked to MHGC alleles and IgG heavy
. ! chain markers Decreased or mcreased efficiency in foreign antlgen recogmtlon in
- association with some MHC alleles is probably the basis of the variations in
- immune responsiveness that ean potentially predlspose to pathological

L autoimmiunity. S . :
. Failure of immuie regulation cab occur after functional.alteration of any of the
f‘t‘hree groups of cell populations involved in th'ie response. Most of ‘the attentien-
has been concentrated on theerole of the T-cell as.potential- cause of the |
regulatory -derangement. Expereirentally, suppressor T-cell . dehcrency has been
documented in some autormmune dlsorders. It is still ‘argued whether in severa.l
‘ ) human dlseases and their anlmal model counterparts this defectis secondary to
s _the auto-immune. responsior its. causatwe-a.wt Because B-cell response o sell

. ant ger{s is hlghly dependent. on T-cell regulatlokrmmuno-regulatory T-celll

dy function may lead to alteraed control of B-cell function wrth increased antlbody )
-+~ prdduction. Addrtronal defects - the abrhty of B-cells to respond to suppressor

srgnals hafe also been postulateq
F

:s" . - ) \.'

The fact that some organs Qte more prone than others to the attack by.auto-
antibodies has lead to the belief that there are some specral charactenstrcs that
make these tissues more susceptlble to this type of destructron Lrttle information
is available to explain this auto—antlbody specrncrty for certain organs. Recently
an aberrant expression of HI,.A-DR antrgens on’ the surface of thyrpid cells of
patients with Graves'. Dlsease was found (Hanafusa, Pujol- BOrrell Chlovato,
Russell, Donrach and Bottazzo, 1983). This fmdrng suggested a ne‘ potentnl
-explanatron as to how. certam organs trigger the productxon of autoantlbodles by

presentrng their own antigens W1th1n ‘the. context of these aberrantly expressed. -
MHC antlgens ‘These- auto-a.ntlgens can mﬂuence the 1mmune-response by
3 enhancmg 1mmuno-regulatory cell commumcatrons through specrﬁc products llke

K



"documented. {Allison, 1977) Expenmentally, polyendocrme disease  with e

.pancreatlc anti-islet Acell, ant:—antenor pxtuxtary, antx-thymus and antkgastnc

- origin of multlple organ autonmmumty, monoclonal antxbodles were raised. using .
apleen cells ol’ mlce wlth multxple endocl:me autmmmuxre~ dlsorders. ‘These -

'antlbodles cross-reacted with antlgens in multlple endocnne ttssues Further

', with’ polyendocnne dlseases, were also l'ound to react with’ multlp]e normal-

in the ﬂevelopment of multiple organ autoimmunity, several questlons remain

. unanswered "One ol‘ them relates to. the dlscordance in the tlme of onset of the
'_‘have commented on~ the lmportanCE‘ that host-related and genetlcally 1nl'luenced

L generatmg clonw of cells They suggest that these clones are llkely to have ansen

inter_leukins.' 'Non-s_p‘eci‘fic lyfnphoc’yte factors, such as interferon, may.facilitate

aberrant expressions of DR antigens (Bottazzo, Pujol-Borrell and Hanafusa, 1983).

- .
- . pm

It is ppsslble,however, that the induction of DR antigen expression is secondary |
to the organ lesm}du?’;t‘o the autorglmune process. It is important to mention . s
that ,es&en/ﬂl/ ugh it is generally thought that autoantibodies react only agamst
specmc target - txssues patlents sul’fermg from certain organ-specific autmmmune
diseases frequently have a.utoantlbodles directed against organs other than those

primarily affected Naturally oc::urnng ‘multipleé organ: autoimmunity. is well

mucosa antlbodles has been produced in reovxrus infected mice (Onodera, Toniolo,

Ray, Jensen Knazec and Notkms .1981). In. the search for an explanatxon for the

studles, usmg monoclonal antnbodnes prepared lrom lymphocytes l'rom patients

endocrine and non-endocrlne human txssues. It is concewable then, that molecules~ '
specific to one orgau can share common antlgemc determlnants with molecules
speclﬁc to other organs. The antlbodles raised against the first organ can cross-
react w1th all other snmllar molecules. ‘These l‘xndlngskan, at least partlally,
explam the appearence of multlple organ autormmumty (Hasrpel Onodera,
Prabhakar, Mc Clmtok Essani, Ray, Yaglhashl and Notklns, 1083). Despite the

evidence descnbed above suggestlng that cross-reactmty is one of the major issues '

dlfferent autmmmune dlsorders in the same mdmdual .nght and nght (1084)

somatic . mutatlons may ‘have - in. producmg an array \c{ different antxbody

.\‘. ) .. : .

L
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by separate somatic mutetions from either a common or a 'separate i)recursor or. K
precursors. -Their antibody products could, then, share - some ‘idiotypic S
% . . . . Ty ' :
determinants that are directed to closely related antigens. This theory could at N
least explain the time lapse in betwéen the appearance of the autoimmune

problems affecting different organs and also the cross-reactivity observed dur‘ing- ‘

experimental worllf.

- . - -

The development of autoimmunity also requires the presence of environmental
triggering factors. The role of bacterial and viral infections, as well as some other
environmental elements. may prove of great importance in many disorders. Some
other host related, factors deeei-Ve mention. Under experimental conditions, it has
been found that sex hormones mﬂuence the immune response and antlbody.

productxon in certain strains of mice susceptxble to autom\mumty This mﬂuence SRR

* of sex hormones has been related. more to the’ absence of testosteréne than to the .~ &

: presence of estrogen (Theofllopoulus and Dixon, 1981; Stemberg, Huston, Taurog, - -~ ~.°.~ .

Cowdery and Raveche, 1981; Roublnlan, Talal, reenspan Goodman and -Siiter, 3
1078). The higher susceptlblhty to’ autmmmune isease present in femles as o
compared to males, seems to agree with these findings.’ Agnng, with its associated ‘ e
decrement in feedback regulatfon of immune responses, may Play an important B

role in the development of autonmmumty

~N

- . . . ) -

In conclusion, autoimmune responses alone do not neceéssarily .lead to

autoimmune disease. Pathologlcal changes occur-only when a variety of- factors *
- . ‘ -~ .
coincide in the same individual. C g -

1.3.2. Hashimoto's Thyroiditis Aj . | . - L

Hashimoto’s,\ ,br)chronic' lympho'c&tic thyroiditis, is one of the most common
endocnne organ—speclfic autoimmune disorders (Volpe, 1978 Werner, 1978; Kidd,
Okita, Row and Volpe, 1980 Kahn ‘and Flier, 1080; Ingbar and Woeber, 1981) ;
Ohmcal]y it most commonly presents with goxter. About 70% of patlents are. - ~ &

“\ of chmcal’. .

o
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dmgnosns There is familial aggregatlon of cases. No clear assocxat:on w1th HLA-A

or B locus has been dacrlbed However, a sngmfncant association of HLA-DR5
with' goitrous thyroiditis (Farid, Sampson, Moens-and Barnard, 1981} and HLA-B8
and. DR3 with atrophic thyrmdms (Moens, Barnard, Bear and Farid, 1979) was

found in studies performed in Caucasmn mhabltants of Newfoundland.

Histologically the affec;;ed :glands demonstrate the p‘resenee of small follicles
depleted of thyroglobulin, The thyroid epithelial cells are abnormal in size and
shape. Normal tissue is extensive!}; replaced by infiltrating' lymphocytes and
fibrous tigsue. = T ‘ : . B

-— - . ~
~

Clrculatlng antlbodles to dlfferent components of the thyroid tissue have been .
: found in these cases Approxxmately 90% of patlents with Hashlmoto s thyrdxdntns
~are posmve for antn—thyroglobulln antlbodles when exammed by the taw red _
cell agglutination test (Hall 1962). Antl-mlcrosomal antlbchdles have been o

detected by a variety of tests mcludxng complement flxatxon, ammunofluorescence )

:mmunoperoxldase and hemagglutmatxon When tested by the latter method up to

90% of patlents were  found to! beq:osmve for these antibodies (Irvine,

) 1975) Ant:lbodles to the second colloxd antigen (Irvine, 1075) and to nuclear
components (Hall, 1962) have also been described. Positive titers are variable, but — -

‘in the adult. populatlon, titers higher that 1100 a(e of ‘diagnosji ic significance. .

Antibodies to thyroxd cell surface antigens have ‘also been_detedted in the sera of
_ patients with Hashlmoio's thyrmdltls using unmunoﬂf%’ cent techmques and.
human thyroxd cells in culture (Fatraeus and Jonsson, 1970 Khoury, Hammond
Bottazzo and Donlach 1981) Usmg an assay “based on the ablhty of -

1mmunoglobuhns of certam patients to compete with ra.dxo-uﬁmated TSH for

blndlng to its receptor or to humsan thyroid plasma membranes, it was. found that
up to 10% of patlents with Hashlmotos thyrmdltls have antibodies capable of
mhxbmnggl‘s

a.ntnbodles preaent m pauents wnth Hashnmoto's thyrmdltw are dnrected agamst
theTSHreceptor. s P L ‘ .

H binding (Endo, ngl, Konis ekobuk, Okuno, Tokeda Mori ‘™
. a.nd Tornsuka, 1978) These findxngs suggested the possnblhty that. some of the




" The mechanisms by which antibodies to different thyroid cell components

develop is still unknown. Theories that suggested that thyroid. antigens normally
have no access to immunocompetent cells have been invalidated -by the
demonstration of circulating thyroglobulin in the serum of normal sulbjects.
Alterations in thyroid components due to viral- infection have been proposed as
etiological factors in Hashimoto’s thyr_oiditis: since under electron microscopy
particles that resemble viruses have been observed (Kahn and Dale, 1973). On
the other hand, certain disorders known to be caused by infective organisms, like
subacute thyroiditis, do not prectispose to autoirrxmuhe thyrojditis. However, the
additional participation of certain types of viruses'in a predispo’sed host cannot be
excluded as, being’ reSp?nsa.ble- for changes leadmg to chronic lymphocytxc

b

thyroiditis.

¢

Cell-mediated immunity has alse been implicated in the pathogenesis of
- Hashimoto's thyroiditis, Enhanced mltogemc responses of c:rculatmg lymphocytes
to thyroid antigens and/or thyroglobulm have been observed (Ehrenfield, Kleid

and Benezrs, 1971] as well as increased numhers of circulating lymphocytes.

capable of bmdmg thyroglobulin and thyrond microsomes (Allison, 1976). The
total number of T and B cells in the peripheral blood of these patients was not
found to be different from ﬁormal"liy some authors (Kidd, et al. 1080}, while

others found a decreased number of T-cells (Fournier, Chen, Rger and Charriere,

'1983) Direct cytotoxic effects of T-cells have also been experimentally observed

. (Calder, Mc Leman ‘and Irvine, 1973). T-cells of patients with Hashimoto's

' autormmune thyroid dlsease\

~<

thyroiditis have been found capable of producing migration inhibition factor

(MIF) in the presence of crude and detergent solubilized thyrord antigens (Oki

- Kidd, Row and Volpe, 1980), suggestmg antlgen speclﬁc T-cell sensrtlzatlon in

.Evidence for the involvemerit of 'both ‘cell-mediated and humoral immunity' in

the destructlon of the thyrond gland in chronic lymphocytrc thyroiditis has been

presented An antrbody-dependent—cell mednated cytotoxicity: may , however,,

(SRR R
PRI



‘triggered suppressor T-cell function to.be gormal in ﬁtlents with Hashimoto's

etudymg antrgen-speclflc .T-cell - function rnhlbrtlon of mrgratro’ﬂ o&T—cells in e

. Haslnmoto‘s thyrordntrs. The fibrous vanant of Hashnmo 's thyrordltrs can bnly
be dlfferentlated from the lymphoeytlc varlant through b

prove to be the most rmportant mechamsm for tissue injury in this autormmune
thyroid disorde¥y (Dessh.mt and Wemeau, 1982). In this system killer cells, Bearlng
the Fe receptor, will bind the Fe portron of the unmunoglobulln molecule forming

part of an’ antrgen -antibody complex locahzed on the surface of thyroid cells:and

¢

will promote the lysis of the latter. : .

- 3
4

Since demonstrable abnormalities in both cell-mediated and humoral immunity
are observed in Hashimoto's ‘thyroiditis and- because humoral immunity is highly <
deperident on T-cell function, possible.alterations in immuno-regulatory T-cell ‘
subsets in .these patients were i‘nvestigated. Seversl euthore found mitogen-

thyrordrtrs (Aoki, Pinnamaneni and De Groot,el 79 Besll and Kruger, 1979; Mc
Lachlan, Wee, ‘Mc Gregor, Rees Smith - and Hall 1980) On the contrary, when

response to crude thyrord antlgens was descnbed (Okrta, Row. and Yolpe, 1981)

Determinat_ions of T-cell nurnb.ers in Hashimoto's thyroiditis have also yielded
conflicting results,. When detected by subset-specific rnonoclonel antibodies, ‘a
decreased‘ ratio. of circulating suppressor to -helper T-cells was found by ’me ' [/.
authors (Thielemans, Vanhaelst, De Waele, Jonckheer and Van Camp, 1981; ' '
Sridama, Pacini and De Groot 1982) but pot by oth.e< (Jansson, Totterman,
Sallstrom and Dahlberg, 1982] T-cells beanng Ig receptomwere enumerated and

found normal in autormmune ‘thyrordrtls (Canonica, Bagnasco Moretta, _Cocco
Ferrini and Grordano, 1981) As observed the results reported in the literature
regardrng T-cell functlon and number are quite confl«:tmg Defxmtwe answers to e
these questions requrre further mvestrgatlon o . o
Several other varra.nts of thyrordltrs deserve mentlon. Prrmary hypothyrondrsm RN
agsociated with an. atrophrc thyrord is the most common Desplte the absence of | K

gorter, the hlstologrcal and " unmunologlcal characterlstlcs are very sxmrlar to:

opsy and’ beca.use.rt is .




AT Py e af o, wtara 3 Ao, 0 b
ST R . N !
- . e ERA dm RIS
) LA Lot e e ) 1‘ T %

. . . ] . . . ' . | . R A 25 M . t. 4

more . frequent in the older age group. " Transient postpartum hypothyrordlsm P
occurs three to five months postpartum in women who had prevrous]y noted' to Lo
.' have a ‘goiter. This syndrome often.follows 8 trqnsrent hyperthiyroid phase. related
.to-the release of stored thyroglobulin. The reasons for the transient nature of this "
_ . disorder and the temporal relationship to pregnanc); are still intriguing questions.
1 s ' o ) .
1.3.3. Graves' Disease

[ t
) N

da Graves drsease (Werner, 1978b Kldd et. al. 1980 Kahn and Flier, 1980; Ingbar
- s | andQNoeber 1981 Fand 1981; Strakosch, Wenzel, Row and Volpe, 1982 Farid,
w : <\ ‘Briones-Urbina .and Bear 1983} is an autoimmune, multrsystemrc disorder with" a
‘ prevalence of. approxrmate]y 1% of the genera.I populatlon“ It has.three main ‘
' o . componentg; - hyperthyrordlsm, mflltratlve ophthalmopathy and infiltrative
. dermopathy. These components canfcoexrst or may- appear mdmdually _ -
: L N os B
s ’Ifhe hyperthyrordlsm of Graves' disease is assocrated wrth diffuse enlargement of

the thyrord gland. - The chmcal symptoms and signs include heat mtolerance

.'*' t., '
AV

,mcreased Bervousness, werght loss despite mcreased food intake, polyuria, ,( -
polydypsia, mcreased heart rate snd brisk reflexes. These symptoms are thought .
to be dlrectly dependent on incréased levels- of the thyrord hormones, thyroxine |
" and tri-iodothyronine. It has also been suggested ‘that some of these symptoms - =
.may be'‘due to the amplification of tissue responses to' the actions of '
catechola,mrnes but no direct proof is readily available (Landsberg, 1077;
Melander Westgren Ericson and Sundler, 1977). The major ‘manifestations of
. Graves .ophthalmopathy are proptosls, perrorbrtal edema and chemosis. Wt
) Opthalmopathy can ‘occur with or. wrthout hyperthyroidism. The dgrmopathy,
,,“ ) ; 1 with pretrb 1 myxedema occurs in 3to 5% of patrents with Graves' disease. . '

Almost all these patlents have concomltant opthalmopath¥ ' S

A fhmily history otf Graves' disease is fairly edr’hmon among these patients.

Despite this femilial_associetion and studies that have included*larg‘e numbers of-

patients, no clear inheritance patterns for the disease have been found. The risk of R

L]

' . . . sy
- .. - f - st a¥
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the snblmgs and parents of propositus patlents for developing Graves’ dlsease has
been reported to be of about 2-8 % (Friedman and Fialkow, 1978) However,

: studles carried out at The Memorla.l University of Newfoundland have analyzed

the incidence of the disease among first-degree relatives of 624 patients w1th .

. Graves' disease and héve found that the occurence of. this disorder is not: higher

T ~ disease. An even closer relationship has been found between this disease and the .
presence of HLADR3 (F‘and Stone, Johnson, 1980; Fand 1981). In’ other. ethnic'

n

T

* ‘cause release of mdxoachve iodine from 1311 prelabeled guinea pig thyxond glands :

4

thyrmd gland b

than 3% (Farid, N.R., personal communication). Twin studies have demonstrated

that about 50% of monozygotic. pairs are concordant for hyperthyroidism, as

. compared to less than 5% of -dizygotic pairs. These, results demonstrate the

importance of the genetic involvement but. also imply the participation of non-

genetic elernents in the development of the disease-{Farig, 1981).

The ‘association of Graves' disedse with. HLA antigens has been extensively

studied (Farid,_,lgél; .Fa;id and Bear, 1981). Several groups ‘of investigators have

found increased frequency of HLA-B8 in caucasian individuals with Gra.;res’

groups, however, Graves' dlsease has been fo;ind to be associtted with other HLA
antlgens (Farid and Bear, 1081; Stenszky, ‘Balasz, Kozma Leovey and Farid,
1981) T _ | -

The hyperthyr idism, of Graves disease is caused by ‘the overstimulation ol‘ the
j a c!rculatmg nmmunoglobulm'thrected against the TSH receptor
(TS Ab) (McKenzae and Za.karua, 1978. Kidd, et al., 1980) The first evidence of a

clrculatmg thyroid stlmulator was estabhshed by Adsms and Purves in 1956 -

(Adams and Purves, 1056). _The assay depends on the ability of patlent s sera to

_in vivo, A s:mllar assay, was Iater developed using mice (McK'enzle, 1958) Since

'TSH caused a peak response at 2 hours and Gravw dxsease serum at 9—12 hours'_ v
m the [mouse the actmty was called long-acting thyroid stlmulator [LATS)

LATS was. later charaetenzed as ‘an 1mmunoglobulm of the G class (KI'ISS,“‘ _
Plashokov and Chien, 1984, Meek, Jones, Lewis and Vanderlaan, 1964). Because® .

L N
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o . up to Sf)% of patients with active Graves' disease had a negative respoﬁse in th'o\
McKenzje assay, the importance of this immunoglobulin as the etiological ageixt of
" the disease was in doubt for some time. ‘The i immune basis of the disease was
again favored when IQG from up to 90% of. patients with Graves discase ‘was
found to "protect® a LATS-positive serum from being absorbed by human thyroid
extracts. It was concluded that these sera contained immunoglobulins which, even
thozlgh unable to bind or stimulate mouse thyroid, could bind to human thyroid
and competmvely “inhibit the binding of other thyroid stimulating

immunoglobulins (Adams and Kennedy, 1971).

An assay based on the ability of serum or immunoglobu!ins of patients with
Graves'disease to compete with !2°1-bTSH for binding sites on the receptor of
ITt—l;nan thyroid membranes was developed. _ Sixty to one “hupdred percent of .
. Graves' ‘disease patieﬁts sera‘showed' evidence of anti-TSH receptor- antibodies 88
| . . manifested by inhibition of TSH binding (Rees Smith and Hall, 1074; Endo et al,, N
1978) Some normal sera, however, showed a major inhibitory effect on the'TSH-" - N
receptor interaction (Sato, Zakarija and McKenzle, 1977), Noo-specific bmdln_g' : |
was suggested, but it is also po’ssible that some normal individuale have low levels -
of antl-TSer'ecepior antibodies but exhibit no pathology Some actions of the
thyroid stlmu]atmg antlbodnes have been measured in different systems, It was -
found that Qhey are eapable of stimulating ¢cAMP production (Onaya, Kotam,
Yamada and Ochi, 1973), radioactive iodine uptake (Endo-'et al,, .1978) and colloid -
_droplet formation (Onaya et al,, 1973),. all known effects of TSH. Persisténtlx
- ‘pre‘sent TSADb after treatment has been said to be "t'xsefu'l in predicting relapse of
the d\lsease (Zakanja, ‘McKenzie and Banovac, 1980; Karlson and Dahlberg, 1981)
-, . R /
. Desplt t,be initial l‘mdmgs that demonstrated normel Bedll proportnons* in
A bdou and Utlgg,B;O’Is Calder, lrvme,

erman, Granberg and Blomgren, 1976),

Grgwee disease (Mulaisho,
Davidson and\Wu, 1976; Lﬁndell Wa

several investigators have recently de?cnbed increased numbers of B-cells when P g

G detected by elther EAE-rosette formatlon or specnﬁc monoclonal antlbodles (Mori s

¥
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Amino, lwatani, Kabutoiori, Asari, Motoi, Miyai and Kumahara, 1980; Fournier,

Fal., 1983). | :

Apart from the humoral abnormalities described above, the involvement of cell-
mediated immunity has slso been suggested for the hyperthyroidism of Graves'

disease, T-cell production of lymphokines in response to crude thyroid antigens

(Lamki, Row and Volpe, 1973) and the mitogenic effect of -thyroid- membrane

preparations on lymphocytes from patients with Graves' Disease support this
belief (Makinen, Wagar, Apter, von- Willebrand and Pekonen, 1978). As in
Hashin‘roto‘sh thyroiditis, alterations in the'be‘lange between suppressor and helper
T-lymphocytes has been proposed as responsible for autoantibody prodlrctiorr in

Graves' disease. Agam, results have been confhctmg Severa.l reports point to

defects in suppressor T—]ymphocyte function in Graves disease. Mrtogen—tnggered_

'>suppressor 'I‘-ce]l function was found to be rmparred in these pq&rents (Aoki, et al.,,

1079; Ba]azs, Leovey and Bordan, 1979). A good correlation between the clinical
stage of the_, disease and the degree of T-ce]l dys[unctron was described.

Furthermore the defects were normalized after. adequate treatment with. anti-

thyroid drugs Inhibition of migration of T-cells from patrents with Graves’

drsease in response to thyroid antigens also suggest a.ntlgen-specmc defects in
suppressor T- ce]l functron (Okrt.a, et al., 1981)

b

Regarding suppressor T-cell. numbers-, some'authors have reported a decreased

probortion of circ};lating suppressor T-cells relative to helper T-cells when tested

wrth subset—speclhc monoclonal antrbodles (Thielmans, et al. 1081; Sridama, et

al 1082). Contrary to these findings some authors have found suppressor T-cells’
fo be normal both i in number. and functron (MacLean, Miller, Brown and Rerchhn,\

1981). So far, however, most of the evidence accumulated supports the exnstence:
o suppressor T—cell dysfunotron in Graves' disease, Thrs dygfunction seems to be
Anntlgen-specrfic o the extent that lymphocytes from patrents with autoimmune
: dlsorders other- than thyrordrtrs have been able to correct the T-cell defects’

('I‘ophss, How, Strakosch Lewxs, Row and Volpe, 1982) Recently, subpopulatrons

——
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of lymphocytes derived from patients with Graves’ disease were enumerated using

specific monoclonal antibodies. The authors found’ that a subset- of induéer T-cells
is diminished in these patients. Based on tlns, they hypothesized thet the mlssmg
cells might be part of a syhpopulation necessary in the actlvatlon of suppressor
cells (Fournier, et al. 1983 urther studies wnll be necessary to conﬁrm or refite
this hy pothesis. Defects in Tecell function and ratio in Graves' disease appear\t;o_
be genetically linked, and posmbly related to organic and emotional stress

(Monjan and Collector, 1977).

-~

Ophthalmopathy and dermopathy associated with hyperturmdlsm appear to be

closely related bat ;ndependent immunological disorders. These 2 probleyns have .

_cellular

A, . .
and humoral immunity have been suggested (Jacobson and"Gorman, 1984))

also been considered to be autoimmune in origin and involvement of bot

. . - . l‘ .
It is very important td address tl?cldse relationships existing -among t

different autoimmune thyroid disordery/ ‘In all of them; alterations at the level.of

both humoral and cellular/immunity have been demonstrated. Howéver, a-major -
problem that remams to be solved'is the origin of the anti‘génicity of affected -

tissues. New findmgs seem t+ bring some light with réga:ds to this problem.

Reéeptly, thyroid follicular epiﬁhelial cells from patients with autoimmune thyroid

disorders were found to‘ berr#ntly express HLA-DR antigens (Hanafusa, et al.,
1983). According to this y'ppfi,hesis, increased DR antigen expression in. thyroid
epithelial cells will facilifate t:he presentation of local autoantigens to " T-cells;

certain T-cell subsets prliferate and regqlaie B-cell maturstion into antibody-

prédqcing cells. These fipdings, however, have. not excluded the possibility that

the induction of “aberrant/ DR a'ntigen expression is secondary to the appearance of
T (Y

the autqimin@ > R . -
. ., ! h ’ . v - ’ . F

» Tl



IR
& Yo

e et AR T Y I e

AN $r e T p e L f
PR S v 0 N
- )

) _ _homology wlth the hght cham ol' the'lmmunoglobulm molecule over the entnre

IMMUNE-REGULATION VIA - : . ..
IDIOTYPIC-ANTI—IDIOTYPIC INTERACTIONS i

Communication among the dlfferent components ol the immune system is very . - -
. . . ’ ‘ . ° \ ’
important for the maintenance of an adequate bilance among immunoregulatory-

pathways. This 'cro.';g-talk' is achieved through complex interactions that involve

' immuno-regulatory T-cells, their soluble mediators,effector T-cells, B-cells as well”

as immunoglobulin molecules produced by plasma cells (terminally differentiated
‘B-cells)-(Rowley, 1980; Miller and Schwartz, 1982).

'4

T-cell/B-cell interaction and antigen recognition are dependent on specifio cell
rnembrane surface receptors J\und in these two types of cells.  Both types ol‘ cells
recogmze the same antlgens however, the antxgen domains that are 1dent1l‘1ed"

appezr to be dll'ferent (Cone, 1981) o o ' L - R

Most T-cells stmultaneously recogmﬂntngen and a sell molecule coded for by
genes ol' the Major Hlstocompatlblhty Complex MH restncted T—cell receptors A

ha.ve been recently sdentified with the help of lnghly speclflc antnbodles (Haskms, . A
Kappler, Marrack, 1984; Samuelson and Schwartz 1083; Kaye, Porcelli, Tite, o “

~ Jones and Janeway, 1983). Cellulsr products preclpltated by these antibodies were
"analyzed. Disulfide linked proteins with molecular weights between -80,000 and
90,000 Da were identified and thought to constitute.the re,céptor for antigen on |
MHC-restricted T-cells. Peptide mapping of these proteins has shown that this
receptor consists of both constant and variable peptide regions (Acuto, Meuer‘
Hodgon, Scblossman and Reinherz, 1083). - ' ‘ ‘

The molecular genetlcs ol’ the T—cell receptor for antlgen has been approached~ S
by using substractwe or dlllerentml hybndlzatlon techmques In 1984 Awo -

indepeng ant groups of mvestngators published the- nrst results descnbmg T-cell’

spec:ﬁc ¢cDNA clones that encode for proteins that have an extensxve sequence | s

legth ol‘ the vam.ble, jommg and constant reglons (Yanagl, Yoshlkm, Leggett

~




© answer. as to how this recept.oi- recognizes a foreign antigen in- assocratlon with a

Clark, Aleksander and Mak, 1984; Hedrick, Cohen, Nielsen snd Davis, 1984),

* Since that time a number of research groups have pubhshed data concermng the -

T-cell receptor. Most of these results hate been recently reviewed by Kronknberg,
Siu, Hood and Shastn (1986). In summary, the genes encoding for the a and 5 _
chains of. the T-cell-receptor and the v gene have been cloned, their structure, . S
organization as well as their patterns of rearrangement and diversification ” afe -

now understood. Many similarities ‘have been found between the o and 4 |
heterodimeric T-cell receptor and the imxnu.noglobulin molecule, however, marked _
differences regarding the mechanisms of activation nnd antigen recoguition are g
known to be present (Kronenberg, et al, }986)’. The recently acquired knowledge
of the structure of the T-cell receptor for antigen has still not provided with the o

> ‘ .

MEIC antlgen. Reseach in this field contmues, for now, thls a.rea remains L

_"srtes (variable . reglonp of the heavy and hght chams) A.mmo acid sequences

. “each encoded by multlple genetic segments. The vanable domain/O the llghl S I

' chams is encoded by segments of two dxstmct genes the V and the J genes The

chains and two 1dent1cal heavy chains, held together by disulfide bridges. All .';-q

con trover51 al.

Y

B-cells ‘are $jimulated by the helper fubset of T-cells through the- mediation of o :
specific growth factors 'tov differentiate into plasma ecells or antibody producing
s 1) . - g . i -

cells. The basi‘s for antibody diversity, which involves three clusters of genes-fone

heavy cham and two light chain clusters) derives * from the re-arrangement of . h
selectable somatic elements into functional 1mmunoglobuhn ‘molecules of \a given

specificity (Leder, 1982). . ; . s

Immunoglobulins (Ig's) are Y shaped molecules formed by two identical light-

antibody molecules have ;eglons that exhibit a constant amino acid scquencc,'.

(constant - regxons ol‘ the. heavy and light chams) and others that have ,"

heterogeneous amino acid sequences that correspond to the antigen combmmg

formlng the constant regxons of the heavy and hght chains of the Ig molecu 94 U ,
*

: §
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of germline. genes, the V, D and- J genes. Thpse genes undergo multiple - fe-’

1 | ‘ arrangements resulting in the exprés'ion of the antibody'divereity required {dr
’ hlghly spe(:lfic antlgen recognition (Bmz, Wigzell and Bazin, 1976; Kraig,

Konenberg, Kapp, Plerce, Abruzzini, Sorensen, Samelson, Schwartz and Hood,

. 1083; Krhmmer and Elchma.nn, 1977) Vi and V| chains form the antigen

a , variable domains of the heavy chain are created by the colobina_.tlon of three types

binding portlon of the immunoglobulin molecules; as well as the receptors for

antigen on the surface of B lymphocytes.

A structures, ‘Prior to explammg this theory, it 1s lmport.ant to: del‘me certain terms

area of the antlgen-bmdmg site, of “the antlbody molecule. Idlotope (idiotypie

'determmant) is the ep:tope of an antlbody molecule. Idlotypes are complexes of

b _ldlotopes Most ldlotypes requlre 8 correct combination of heavy and hght chdins
for their expresslon Ariti-idiotypes are anu%dles raised agamst the 1d10t.ope of an
lmmunoglobu]m molecule and they can-be monoclonal or polyclonal in origin,
'(Green TFlood m}d Gershon, 1983 Ra.jewsky and Takemon, 1983)

A
A}

Accordlng to Jerne's’. theory, when a lorexgn antlgen enters the orgamsm it is

.- ) idlotopes (Ab3) Some Aba moleculw are capable of interactmg with the epitope

To ekplain the mechanisms through which the different EToups of il'nmuoo--

A - Theory'(.lerne, 1974). He' suggested (&et specific immunoregulation is controlled'

}5}' o whlch were mtroduced by  Jerne, Epltope was descrlbed as the antlgemc‘

'determmant or haptemc site. on an antlgen molecule Paratope is the 'contact"

‘neccessarlly stop there, 1dlotopes of Ab tngger the productlon of anh-antn-’

* competent cells and  their products interact, Jerne proposed the 'Network/«’ '

" " by a network of ldlotypes and. anti-idiotypes that exhibit complementary V-region )

recogmzed by anttbody molecu]es (Abl) nd the clones ol’ B-cells carrying the -
receptor for - this antlbody ‘are expanded The . varlable regiom-‘of Abl presents L
_ ‘certain 1dlotypes that are also recognlzed as antlgenlc -and gre .capable of .

. trlgge‘nng the productlon of antl-nc'hotypes (Ab2).  This - reaétion does not

'that orlglnated the first response (Flgure L 2) The ultlmate role ol such 1d10typic o



R - Figure 1-2 Schematl'b representatmn of the interaction of the : SN
f'j‘ . o Anugen/ldxotyplc/Antl-ldiotyplc Networks, * ' ' |
. ‘ (Jeme, 1974) ' S '
O : . ' -
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modulation is to *down-re te' the 1nrtral antibody  response ‘and establish a -

“ B - new %steady state®. In this way antrbodres and B-cells on whose surface tl(ese
sntibodies are expressed are subject to continual suppressive effects by

complementary antibodies.

. Antigen/idiotype and idiotype/anti-idiotype interactionsisre dependent on the -
tridimensional structures of their combining sites. If the tridimensional structure

o of the combining site of the id‘iotype *fits* the epitope as well as the anti-idiotype /\

(Abé), the anti’-idiotype should inhil;it the binding of the antigenic epitope to the

I¥H

otype. Such- "anti-idiotypes™ carry an internal image of the antlgen They are '

’refore called 'mternal 1mage" antn-rdlotypes o : . —
: . . ' oL
T-cell membrane surface receptors allow these cell‘s to recogmze and respond to
vantlgen stlmulatlon. Several reports have shown that many of the known
, \funcnona] types of. T-cells have rdlotype-hke structures on their receptors, and

\that' these can trlgger antr-rdrotyprc antibody responses (Janéway, Sakato and

Ersen, 1975 Bmz ‘and Wrgzell 1977; l?ajewsky and Erchman, 1977) These
4 findings. mcorporate the whole T-cell system into the network regula.txon concept.
I'arotyprc determlnants ‘have been identified in both helper and certain classes of
suppressor T-cells. Suppressor T-cells with antr-rdlotyprc determinants have now '
also been de_scrrbeldr

| | .

B-cells seem to’ respond to antrgen wnth two clusters of receptors, one that
'recognrzes eprtopes and the second active in mrtogen recognxtron and i in T-cell
communlcatron. These reeeptors carry rdlotyprc determrnants and have also been'

identified as capable of tnggermg antr—rdlotyprc resctions (Bona, Perms, 1984) o

P

Many studres hsve clearly demonstrated “the - operatlon of 1mmunolog1cal
networks ‘under - experrmenta.l cond)trons. Fewer - studres, however, . have

E documented theu 1mportance m t.he normal regulatlon of the:i rrnruuue response R L
‘ . . : 9 ‘ ot
. In the ‘last few_;:ears, ‘evidence snpportﬁng-regulation‘ bnsed on structural = = —
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characteristics within the immune system has become over,whelmiﬁk (Rodkey,

1980). The ‘experimental basis for the idiotypic network is well established.

Support' has further increased with the identification of 'netprally occurring

network mediated tegulation jn several systems. It was first demonstrated that'

- normal outbred animals have both th€ genetic and the blosynthetlc capacity to

and. human lacto[errm. Auto antx-ldxotyplc antxbody producmg cells weré detected °

mount auto-anticidiotypic antibody responses specmc l‘or the ind. vnduals own
previously synthesized antibody products (Rodkey, 1976). To avoxc! changes in
antigenicity due to manipulation,’ a different approach was tested. 'fhis time the
carbohjdrate antigens of Micrococcus lysodeikticus were injected into rabbits. In
a first round anti- Mlysoa'elktleus antibodies (idiotypes) were detected Several
weeks later a second type of antibodies were defected, this time they "were specific

auto antl-ldlotyplc antibodies as determined by affinity chromatography (Brown,

and Rodkey, 1079). Other authors immunized rabbits with humen serum albumin

w1th both monovaleht and bivalent speclfncal]y purnﬁed and ﬂuorochrome labeled
1d10types The’ number “of antl-ldlotyplc posntlve cells ranged from 0.7-44% in
different animals (Jackson and Mestecky, 1979) Furthermore, after immunizition
with fetanus toxoid antigens, anti-idiotypic antibodies were detected in humans
(Gehe, 1982). It has also been shown that auto-entiyidiot};pic‘ antibodies and
idiotype specific suppr.essor T cells can eﬁmi*vely_\éuppreséi either idiotype
synthesis by B-cells.or even effector T cell functions iRodkey,,lQQO). |

- . . i

-

A new and potentially useful experimental application for the principles of thé -

. "network theory® was developed by Sege and Peterson (1078), Antibodies raised

" in rats against msuhn were affmlty purll'ted and injected into tabbits to raise antl- |
- insulin antl-ldlotyplc antlbodxes The expectations that these antl-ldnotypic
antlbodles would bé capabIe ol‘ recogmzmg :the hormone receptor with a, certaln .

degree oi' speclficlty were tested The antl—ldlotypes were found to inhibit the ~

“bindiiiglof - 12"’l insulin- to lts receptor, and to mnmi! msuhn acuons in medlatlng,

a-a.mmoxsobutyrlc acid uptake by thymocytes. Thls was the first stud propose‘

that antl-xdlotyplc antlbodles could recogmze a hormone receptor Tlns ploneermg'




" membrane components close toit.’
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\bork demonstrated the ‘potential use of antrhormone anti-idiotypic antrbodres as
anti-receptor specrﬁc antibodies. Thls initial lead, however, was not 1mmedra.tely
followed because of the low bnoactht}r of the antx-rdlotypes raised, end also
‘because it ‘was observed that normal’ lmmunoglobulm type G (IgG) was able to‘

produce some of the insulin effects exammed

'Furthe: studies on dther systems, g-adrenergic receptors (Schreiber, Couraud,
Andre, Vray and Strosberg, 1980; Homcy, Rockson and Haber, 1982) apd

-acetylcholine receptor's (Wassermann, Penn, Freimuth, Treptow, Wentzel,

Cleveland -and Erlanger, 1982; Dwyer, Bradley, Kendrlck Urquhart and Kearney,

"198&) have confrrmed this ongmal concept Applymg the 'network theory’s*

—prmclples, k) new « experlmental approach to ‘the study of hgand-receptor

rnteractlons has been achieved. B , : i

-

1.5. onJEcTIV"Es'-" T

The prmcrp]es mtroduced by the 'network theory of the.immune system

"(Jerne, 1974) and the data accumulated demonstrating the potential use of. anti-

idiotypic antrbodles as probes to study hormone-receptor interaction (Sege and

. Peterson, 1978; Schreiber, et al 1980; Homcy, et. al,~, 1982' Wasserman, et al, B
-1982 Dwyer et al 1083), opened new and’ mterestrng perspectwes for & better

understnndmg of some anti-receptor antrbody mediated drseases

Graves drseehe represents a umque system, mam]y because its etrologrcal agent,

‘the thyrord strmulatlng antibody (TSAb) is thought to be an antl-TSH receptor
.antnbody (McKenzre and Zakerua, 1978, Kldd et al., 1980) Despite the fact that
"TSAD has been found to produce brologlcal responses similar-to those of TSH, at -

the time that this study we.s rnltlated there was, strll no agreement as to whether_’
Graves drsease antrbody is" s true antr-receptor antrbody or' is related to

P

-~ , .9

A o, D . . .

It‘ was challengmg to apply the basre concepts of the network theory and

"'_'-'ff.\\ i'r& ANAT LY
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attempf.‘to raise anti-TSH anti-idiotypic antibodies, one dn&s of which might be

‘internal image® anti-idiotypic antibodies, representing *artifically raised" anti-
o TSH receptor antibodies. These antibodies could then, have the same propertles

as the naturally occuring antibodies found in Graves' disease.

This challenge was taken up by members of the Thyroid Research Laboratory at
Memorial University of Newfoundiand who began this study by raising‘suitab]e -
antibodies around December of 1979 (Isiam, Pepper, Briones-Urbing and Farid,

1083). 1 became partxcular]y interested in this field of research and started testing

the bioactivity of the available anti-TSH antx-xdxotyplc -antibodies, . In sta.rting this

work it was difficult to foresee if such antibodies would recognize . the TSH-
receptor and, if they did so, to predlct what type of eﬂ'ect would they have at this .
. , level, stlmulatory or mhnbxtory ‘The l‘lrst objectlve of thls study, then, was to K :
£ L -1nvestlgate if these antibodies could recognizesthe TSH rece’tor I this testlng o

was successful the next objective was to charactgnz,e the type of interaction that
occurred and its con_sequénces. ] ' S
- o [ ﬁt
I, after careful study, it was concluded that anti-TSH anti-idiotypic antibodies v )
were indeed capable of)‘ecogmzmg the receptor and also of a.ctlvatmg receptor .
mediated blologlcal responses, it would be_ considered appropriste to use this

approach in mvestlgatmg different characteristics of the hormone-receptor:

interaotion: ‘ ,J '

) " .

, ) TSH subunits are blologlcally inactive when dissociated (Pxerce and Parsons,

)

K . 1981) Jhus_it has been difficult to study their role in receptor recogmtlon and
" cell activation.™A novel expernmentgl. approach was considered theoretically
~ possible to circumvent this problem. Internal image anti-idiotypic antibodies
raised against antibodies specific for - the « and 5 subunits of TSH should be
capable of rocognizing the TSH receptor eithef alone or in combination. The

obJectnve of this set of experiments was to obtain new information s to the rote of

each of |the mdmdual TSH subunits in mteractnon with their receptor
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‘some of_the factors involved in the contmd{f the bioéyntli,'esis and turnover of the
TSH /receptl(:r. ' | S

w '_ —_— P

The aims of this study can, then, be summarized as follows:

- ‘ I i
1- To investigate if anti-TSH anti-idioty pic antibodies a.rf, capable of interacting
with the TSH receptor. - \

a ', : !
. i -
\ [ ]

2'-Jf~th‘is interaction occunf| to study its nature, i.e. inhibit\ory or stimulatory.

‘t
- A

3- If possible, to com'pare th{igl?ﬁiplogical responses produced by anti-TSH anti-
L \ i

idiotypic antibodies with those produced by T'SH and  the naturally occurring

TSAb of Graves’ disease.

4 To inVesti‘g'ate the possibility of raising anti-TSH subunit specific anti-
4

idiotypic antibodies capable of recognizing' the TSH receptor.
5- To explore the possibility of using this antibody model in studying the

participation of the subunits of TSH in the hormone-receptor intéraction.

6- And finally, if these antibodies are. demonstrated to be spéqific for the TSH
receptor, “to benefit from this-characteristic to design a model khat permits the -
~ study'of the influence of TSH on the synthesis and turnover of it4 own receptor.

B

i[, —
| |

|
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Cha.pter 2
MATERIALS AND METHODS

A}

©%.1. PREPARATION OF ANTI-‘TSH ANTLIDIOTYPIC

ANTIBODIES
e .

Anti-PSH ,anti-idicftypic Al_)s_'Were prepared as described by Islam, Pepper,

-Briones-Ulfbina and Farid (1983 b). "Briefly, three 8 week old male Sprdgue—

Dawley rats were immunized w_ith 50 micrograms (ug) of purified hTSH(Union

.Chimique“ Belgxque, Brussels, Belgium) in complete Freund's adjuyant °

(CFA)(Grand Island /Biological Co., Grand Island, N. Y) The animals recelved a

booster mjectlon, 3 weeks later, of 20 pg of hTSH i in complete Freund's adjuvant

" (Gibeo, Grand Island, N.Y.). Bleeding was carried out three weeks after the

second injection. Immunoglbbulins were isolated from serym and tested for their

capacity to prempltate radiolabeled bTSH.. Anti-TSH antibodies were punﬁedﬁx .
-'a TSH affinity column (TSH-Affi-gel 10)(B10-Rad Richmond, Cahforma)

A Three New Zealand white male rabblts were 1mmun1zed with 50 ug of the IgG

eluted from the TSH affinity column in CFA. The anlmals were boosted with 30
vg of IgG affer 3 weeks and bled 2 weeks after the second injection. IgG was

~ prepared from these sera and- extensive]y. absorbed with glutaraldehyde-

immobilized pooled Sprague—Dawley rat IgG (Fuchs and Sela, 1073) to-remove
isotypic and allotypic specific antlbodles

‘"
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2.2, PREPARATION OF ANTI-TSH SUBUNIT—SPECIFIC
ANTI-IDIOTYPIC ANTIBODIES

1

Morioclonal antibodies TS28, an IgM specific for the hTSH « subunit and GC73
an IgG specific for" the hTSﬁ A subunit were kindly provided by Dr. Jurag Ivanyi
(Wellcome Research Laboratories, Beckenham, Kent, En&land). Briefly, these two
inonoclonal antibodies were prepared as described by Galfre, Milstein and Wright
(1979) and Ivanyi and Davis (i980) by fusing spleen cells from Lou species rats
immunized with hTSH with the Y3.Ag1.2.3. rat myeloma cell line.

In the present study four New Zealand White male. rabblts were immunized with
those antlbodles Two recenved 100 pg of IgM (T528) and the other two 100 ug of

— - 1gG (GC73) in CFA (Gibco), injected in multiple subcutaneous sites. After one

- month, the rabbits were boosted every second week for 10. weeks with- 50
' micrograms of the. specific monoclonal antxbody in incomplete Freunds ad;uvant
_ (Gibeo), ‘Two weeks after the-last injection the animals were exsangumated It is
stressed that the dlfference in the 1mmun1zatlon schedules in producing. ‘anti-TSH
‘ antl-xdmtypxc antibodies and in preparing autl-TbH subunit specific antl-ldxotypxc
' antlbodles is due to the fact that the screenmg test that was bemg utlhzed“ for
detectmg the posslble presence of antl-ldlotyplc antibodies (2. 12) was negatwe
when performed every two weeks. With every negatwe result a new booster
injection was gwen. At the end of the' gfgh,boosit, depite the fact that our
screening test'was still negative, ‘the animals were sacrificed and their serum
_ processed for further. testmg Immuinoglobulins from preimmune serum as well as
from xmmunxzed ‘and control animals were obtaxned by preclpuatlon at-0°C wnth |
half saturated ammonmm sulphate (Heide and Schwick, 1933). The product was
extenswely dlalysed agamst a buffer containing 200 mM TRIS HC; 95 mM NaCl,.
pH 7.4; and passed through a- rat xmmunoglobulm affinity column (Rat-Ig/Reacti- o
gel)(BloRia Laboratones, Montreal, Canada) fo remove allotyplc and motyp)c

LY

o speclﬁc antibodies.
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2.3. SELECTION OF SUBJECTS

Ten patients with- Graves' disease; seven patients with Hashimoto's thyroiditis’
and ten healthy controls'were chosen to study the interaction of thelr lgs with

thyrond plasma membrane protein blots.

The criteria for the selection of Graves' disease patients included the presence of

'ﬂorid clinical features, a diffuse goiter,the absence of thyroid nodularity as

verified by rectilinear scanning after the administration of m;'Tc, high 24h
radioactive iodine uptake and elevated thyroid hormone levels .as determmed by

radioimmunoassay. TSAb levels were not determmed

In the case of Hashim;)to’s thyroiditis, five of the seven patients had goiters. All
of the seven patients also had high titérs of anti-microsomal antibodies (1:1600 or
highér) but were negﬁtive for anti-thyroglobulin antibodiés in the .standa.rd
haemagglutination test. All these patients were currently {ecqiving oral thyroxine

therapy and were euthyroid. - o o

PREPARATION OF THYROID PLASMA MEMBRANES

Porcine thyroxd tissue (approxxmately 40 g) obtamed from the local abattou' was

‘ \homogemzed in 10 volumes of a buffer containing 10 mM TRIS HCI, 250 mM
sucrose, 1 mM MgCl, and 1 mM EGTA, pH 7.4 (STEM) at 4°C with a Polytron

Tissue . Homogenelzer (Polytron Instruments Inc. ) for a period of 2 min to cause

" tissue dlsruptlon “The homogenate was centrifuged at 4500 x g at 4°C for 5 min

and the supernatant discarded.. The pellet was resuspended in STEM and

- homogenization repeated for a period of 1 min. The product was filtered through

‘a.nylon mesh.” The filtrate, mainly a single cell suspension on microscopic

exammatxon, was placed for 20° min' in a ditrogen cell disruption bomb. (Parr

. 'Instrument Co., Moline, Ill) under constant stx\rf.{ng and at a pressure of 900 psi.

At the end of the stabilization perlod rapid decofnpraslon resulted in cell ruptuh
wnth an n efficiency of 90-95%. The suspensxon was then successwe]y centnfuged at

1000°x ‘g and 4500 x g at 4°C for 10° minutes each time; the pellet was dmcarded " |
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in Both, cases. The membrane fraction was recovered by centfifugipg the .above
supernatant at 32000 x g for 30 minutes at 4°C.

_ Peliéts containilig the crude membrane fraction were resuspended in 21 ml of a

. . buffer contammg 55% sucrose in 10 mM Tris HC], 1 mM MgCl, and 1 mM

EGTA pH 7.4 (TEM) by gentle homogemzatlon with a glass, teflon pestle tissue

grmdcr The product was transferred in equal volumes into six 4 inch diameter,

cellulose nitrate tubes (Beckman, Palo Alt.o, California). Sucrose solutmns ‘of

. 45%, 40%, 35% and 3_0% in TEM (approximately § ml each) -were carefwy

layered on top of the membrane suspension. Centrifugation was carried out in a

Beckman SW27 swingiﬁg rotor at 113,000 x g for 90 minutes at 4°b. Membrane

bands at the interface between 30% and 35% and 35%-and 40% were collected

by aspiration with a P"as.tgu'r pipette and pooled.. The recovered. material was

2t diluted.wjth TEM to achieve a sucrose concentration of 250 mM and product was
" . : c;ntrjfuged at 113,000 x g for 30 minutes 9t'4°C. The final pellet containing the

determmed by the Fohn phenol method (Lowry et al 1951). Aliquots of 100 ol

with protem contents between 400-500 vg were stored in llqmd nitrogen. The

) plasma membrane preparations were- assayed for 5’nucleotidase and NADPH

‘ cjrtochrome C reductase and examined under electron mic‘roscop‘y to assess their
| degree of punty These procedures were kmdly perl‘ormed by Dr. N.M. Islam and
the Department of Electron Mlcroscopy, respectively, at the Health §ciences

Centre, MUN, Newfoundland. Where human thyroid, plasma membranes were

. utilized the preparation propedure was identical. Human thyroid tissue was
’ ;

obtained.at silrgery.

~

2.5. DETERWNATION OF ADENYLATE CYCLASE
< ACTIVITY . _ . : . o 3

ﬂ Aliquots equwalent to forty mlcrograms of sucrose gradlent punfled thyrmd

plasma rhembrane protem were pre-mcubated for ten minutes at 37°C with either
b-TSH (USV Labs, stsnssauga, Ontano) (100 to 250 mU/ml), antl-ld:otypxc~

purilied membranés was resuspended in STEM. = Protein . concentration was




antibodies (200 and 250 pg/ml3, monoclonal antibodies (250 sg/ml) or control .
immunoglobulins (200 and 250 pg/ml): A.C. was assayed in & final volume of 200 N 3
ul in 50 mM TRIS HCl pH 7.5 in the presence or absence of 10 uM

. guanosme-S’ -{f'~-imido} tnphosphate (Gpp(NH)p)(Sigma Chem. €o., St. Louls, ;
Mlssoun) The reactxon was mmated by adding to the prei cubated membrancs g o
equal volumes ot‘ an adenosine ti'lphosphate (ATP) regenerating system contammg -
4 mM MgClQ, 5 mM theophyllm, 4 mM ATP, 15 mM creatine phosphate (Sigma,
Chem. Co.) and 25 ug of rabbit muscle creatine phosphokinase (Sigma Chem.
Co.)(Zor, Kaneko, Lowe, Bloom and Field, 1969). Incubation was carried out for
30 minutes at 37°C. After the incubation period was over, assay tubes were
centrifuged at 32,000 x g for 15 minutes at 4°C. The supernatants were recovere
and kept at 4°C for immediate ¢AMP determinations. |

cAMP: yvas measured using a protein binding assay~(Gilman, 1970j .Briefly, 10
ul of the above supernatant containing unknown amounts of cAMP were placed in
12 x 75 mm plastic culture tubes (Falcon Plastlcs, Oxnard, Canada) w1th 45 pg of
equine muscle cAMP dependent protein 'kmase (Sigma Chemical Co.) and 10 pM
3H cAMP'(rw'iO 000 cpm)(New Englan'd Nuclear, NEN, Bosion,‘Ma.és) The final . =
assay volume of - 200 pl was achieved by addition of a 50 mM sodium acetate
buffer pH 4. 0. Incubation was carried out for 2 hours at 4° C. At the end of this
period 1 mi of 200 mM potassium phosphate pH 6.0 was added to each assay tube
t'o stop the reaction. Bound and free ‘cAMP were separated by collecting bound A

‘complexes on HATF 0.45 pm nitrocellulose- filters (Millipore', Bédford, l\rilass.).\\."—>
_Assay tubes and individual filter holders were washed three times with 10 ml each

of cold 20 mM potassmm phosphate pl-I 6.0 to remove unbound radloactmty
Filters were air dryed.at room temperature and placed in-scintillation vials with 1

“ml of scmtlllatlon grade 2—ethoxyethanol (J.T. Baker Chemieal Co., Phllllpsbmg,'-'
N.J.). After the filters. were ‘dissolved, 10 mls- of Scmtn-vgrse, a scmtlllathn
counting -cocktail, (BDH Chemicals Ltd., Toronto, Canadé) were added and the
radicactive content Ywas deteﬂhin_e:d‘in a Beckman LS-330 counter (Beckman .
Industries). Efficiency calcylated for *H was 84%. Counting errors between 1-5%. I

L
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\ cAMP values were obtam-ed by comparmg experunental data with a
.contempor standard curve prepared following similar methodology. A sample
of a typical standard curve is included in figure 2.1. Known concentrations of
¢cAMP (Sigma Chem. Co.) from 1 to 10 pM were included.. Linearity of the
standard plot was obtained within the ranges of 2 to 8 pM. It is important to

~

mention that when 10 vl of the supetnatant contained higher amounts of cAMP
than those appropriate to compare with the linear part ‘'of the standard curve the
sample was adequafely diluted to nchreve an adequate level and final value was

later calcﬁlated accordingly. ‘ ot N
When the - effect of TSH subnnit specifie monoclonal antibodies or

R ‘ immunoglobulins from patients with Hashimoto's thyroiditis on TSH-driven A.C.

was mvestrgated these antrboches (250 pg/ml) or normal rab or human
lmmunoglobuhns {250 ﬂE/mﬁ a§ controls were prelncubated for 10 minputes with .
thyrord membranes prior to the addrtron of TSH in one group of experiments. .In 'i'
"other experlments test - 1mmunoglobullns were added simultaneously with TSH. M\

The rest of the procedure contmued as descrrbéd above. S o

A *
[ N

2.6. P_l-‘tEPARATIb’N _o'F" DISPERSED THYROID CELLS

Poréine thyroid tissue {vas obtained from the locel abattoir and transported on )
. jce. Fat and frbrous material were carefully “removed, thyroid tissue was then
sliced with a scalpel into approxrmately 0.5 mm fragments and washed twrce in
7| solution (I-IBSS) (Flow Labs, McLean,’ Vlrglnra) Frve grams

ol tissue were transferred into a 125 ml capaclty siliconized Erlenmeyer Flask and
.incubated wrth 2835 U of c6llagenase (Worthmgton Dlagnostrc Systems Dublin,

Va) dissolved: in 10 mls of HBBS. lncubatron was carned out for 30 mmutes at; 8

Hanks balapced salt

7°C m a8 shakrng water bath at 120 strokes/mrn in an atmosphere of 95% 0,

and 5% CO All subsequent mcubatron steps were carrled out under srrmlar
- I~ \ f .
conditions, . ' o . L :
. 3 ~ . v { ~ . . Y

. . .. - . Le
. L

At the end of the first digestion step the supernatant was decanted and the
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Xcpm
0 12743
1 12433
2, - 11260
4 T 10127
6 )fﬁﬂkse4o
8 7612
10 | 6820

Sample of a typical cAMP standard curve.-
Xcpm: corrected for background
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tissuve. washed twicq'with' 50 ml HBSS. The paftjaily digested materiol was
- further trimmed of loose fibrous material and second digestion-step was 3tarted.
Tissue-was incubated for one hour wnth 3915 U of collagenase dissolved in 10 mls
of HBSS At the end of this perlod 10 mls of HBSS were added to terminate '
- ) - dlgestlon by dilution. The product was filtered through a nylon mesh and the
VA ) flltrate centnfuged at 200 x g for 10 minutes at room temperature. The cell pellet -
' / ’ was washed twice by resuspendirig.in 40 ml with HBSS and further centrifugation. -
| The cells were. resuspended with 40 ml HBSS containing . 0.00575 W/V
" deoxyfibonuclease (Slgma Chemical Co. )and left for 10 min-at room temperature.
Incubation was termlnated by centnfugatlon at 200 x g for 5 mlnutes . The cells
were then washed with 40 ml of HBSS and p%_ll;t resuspended in Eagles’ modified
Mlmmum Essential . Medium (MEM)(Fiow La'boratorles) contammg 02% Na
blcarbonate, 15% fetal calf’ serum (FIow Laboratories)- " and 1%
' ', . ant:bmtlc/antxmycotnc/kanamycln (anco) (MEM/FCS) Cell v1ab11ity was "
determlned at - this -stage w:th the trypan blue exclusmn test a.nd was
demonstrated to be greater than 90% Cell yleld was approxmately 2-4 x 107 cells

per gram of thyrold tissue used.
Sevor‘a])-experiments were ...cartied' out using a similar’ method but different

balanced sali solutions Krebs Ringer bicarbonate was used instead of HBSS but

. 7. . - asthe cell vnabnhty obtained ‘with the latter proved to be superlor, thls procedure

was adopted for further experlmentatlou

2.4 RADIO-IODINE UPTAKE BY DISPERSED THYROID
. CELLS o

»

: Radlo-lodme uptake by dlspersed thyrocytes ‘was carrxed out using tWo .
methodologles In. the experxments that tested tixe biological activity of the- TSH—

~ " antiid, 2.5 x 10°/ml cells' in a volume of 1 ml in Krebs Ringer Bicarbonate L
. solutiou were placed in’ 12 X 75 mm plastxc tubes (Fa]con Plastlcs, Oxpard, '

Cahl‘orma) ‘and incubated with BTSH (5, 10 and 50 mU/ml), TSH-antn-ld (126-250

yg/mll t/ar NR-lg (125-250 pg/ml) The mcubatlon was carried’ out for penods of
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10 minutes to 4 hours. At the end of those intervals 10° cpm of 1311 (NEN) w;re

“ added per tube in the ‘incubation carfied out for 10 more minutes at room
.temperature. The tubes were then centrifuged at 200 x g for 10 minutes, the

supernatant was removed and the cells were then washed twice with the Krebs,

Ringer Bicarbonate solution. The radioactive content of the pellet was then

u

determined.

On later éxperiments a different methodology was used. This choice was made
because it was observed that allowing thé cells to plate and recover from the
1solatlon procedures lmproved their vrablllty This method was used in testing the
o-anti-id and p-anti-id antibodies. Dlspersed thyrord cells, prepared ag previously
described, were allowed to plate at a concentratlon of 2x 06/ml in I:Eh‘/\l‘\cs in
6 well tnssue culture dishes (Costar," Cambndge, Mass) in a volume of 5 mls per
well. Culture was carried out at 37°C in a humidified atmosphere of 95% air and

5% CO After !a 24 hour recovery perlod plated cells Were mcubated for 4 hours

. - with either bovme TSH (100 or 200 mU/ml), antl-ldlotyplc antibodjes (250 or 500
‘pg/ml), NRIg (250 or 500 pg/ml) or control medium. At ‘the end of this”

incubation period cells were carefully harvested by scraping. with a rubber

. policeman. ‘Cell number was determined with the use of a haemocytometer and

the- concentratlon adjusted to 1 x lOd/ml in HBSS, all these were viable cells.

One ml of. ce]l suspensron was allowed to react for 30 minutes at 37°C with 1 x

. 10° cpm of ,1311 (NEN) in plastic 5 ml culture tubes (Fisher Scientific " Co.,
Pittsburg, PA). Cells were then chilled to 4°C and washed twice with one ml of
_ cold HBSS by centrifuging at 200 xg for 10 min and later resuspendmg by. gentle

agitation. The radioiodine content of the pellet was determmed and percent

" uptake calculated. ‘Counting errors were between 1-5% for the counts added and
the time counted. Typical uptake values were of the order of 5-6 % per pellet.

- Control values were considered those obtained when the cells were incubated in

=

control medium.
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2.8. FOLLICULAR ORGANIZATION OF CULTURED:
THYROID CELLS

~

Thyroid cells were prepared as prev‘lously described, and resuspended in
MEM/FCS at a concentration of I x 105/m.

Culture was gal'ried out for seven days in Lab-Tek 8 chamber tissue culture
glides (Lab-tek Division, Miles Lab., Naperville, Ill). A volume of 0.4 ml of: cell
suspension containing 4 x 10° cells was delivered per well. Different final ;
_ concentrations of either b-TSH (100 and 200 mU/ml), :anti-idiotyp;l‘fantibodies
(250 and 500 . g p;d.teins/xpl) or control immunogloblllin§ (250 and 500 g
protein/ml) “were ix'lcluded in 8 ‘wells edch b study the influence of these
substances upon orgamzatlon of the cultured cells. The‘ mddium was replaced |
once at day 4. At day 7 the Lab-Tek chamber cover and 1ts plastlc support base
were carefully removed to avoid dlsturbance of ‘the sllde content. Shdes were’
',carefully washed by gent]e lmmersmn in phoSphate buffered salme pH 7 2 and a

cover sllp was placed on top of plated cells; -

Cdlt\lres were examined updgr,d Zeiss Phdx_ni 1 light microscope. Pictures were-
taken using a phase dontrg’.st 50x lens with or without a green ‘filter and a 35 mm
MPS55 (Wild) camera attachment. '

" For PAS steined speciméns), cell mbnoléyers were rinsed as before‘and fixed for
18-20 h at 4°.C in glutardyaldehyde-plcrxc-acld-acetlc acid (GPA: 99% of a
. mixture of 1 _part’ 25% glutarydyaldehyde (Merck Laboratories, Darmstadt'
, '-Germany) and 3 parts saturated plcnc acid (BDH Chemicals. Ltd., Toronto, -

‘Canada) mixed w1th 1% of glaclal acld (Flsher Scientific Lumted Falr Lawn,

‘N 1) Cells were then washed successwely in 80%, 70% ethanol and dlshlled
water and subsequently stalned with 2 PAS stalmng klt (PAS; Harleco, EM
'Industnes, Inc., G_ﬁb,atown, N .Other’ samples were stained w1th both PAS

f a.nd haemalum to obtam a better vxsua.hzatlon of the nuclel :

- , ’ Y




N 2.9. RA\I)IO?I DII‘G}TION OF THYROTROPIN AND : S
T ' ANTIBODY PREPARATIONS | PR
| Ten mierograms of highly purified bovine thyrotropin (gift of Dr. John Pierce,

UCLA)(“.' 30 IU/mg}(Table 2.1) or 25 ug/protein of different- immunoglobulins
(Anti-idiotypic antibodies, TSH subuﬁit specific monoclonal antibodies la.nd control

rat or rabbit lmmunoglobuhns) \{rere radio-iodinated- with 12% using the
lactoperoxrdase method (Thorell andl Johansson. 1971). 'Labelled proteins were

separated from free lodme on Ultrogel AcA54 columns (Reactifs IBF, LKB Labs,

France) by eluting ‘with a buffer contarmng 20 mM Tris HCI, 25 mM NaCl and .

'0.1% bovine serum albumm\ (BSA), pH 7.4. 125 human TSH was purchased from
Nuclear Medical Laboratories (Irving, Texas), specific activity was 50 uCi/mg.

2.10. 'SLbTSH BINDING TO DISPERSED TﬁYROCYTES VS

- Isolated thyrocytes “were cultured for 24 hours after preparatxon at a., ' /

concentration of 2 x 10%/ml in MEM/FSC After the recovery penod was over b

~ S : TSH (USV Lab)(100 mU/ml) was added to the culture medium of two dlfferent
- | groups of cells. Group 1 was incubated in the presence of TSH for a period of 3
hours and grqup 2 for ‘a period of 15 hours. A third group did not receive TSH

-

and was kept as control.

—_-— -

Ea

At the end of these incubations cells were gently collected with a rubber
_policeman and subsequently centrifuged at 200 x g for -5 minutés at room ° (:
‘temperature. Cell pell_eté were reSuspended in HBSS at a concentration of Ix 107 |
_ cells/ml. | ‘ '

Three hundred—ul of the above cell suspeﬁsion,(3 x 108 cells) were allowed to

S , react with ~ 100,600 cpm (~ 2.5 PM) of 125.bTSH in the a.béenc'e or in the
w o . . presence of 50 to 500 mU/ml of native bTSH (USV Labs) for 30 mlnutes at 37°C
- : m a total fnnal volume of 500 pl in HBSS in 1.5 ml polypropylene conical bottom
micro test tubes (Brmkmann Inatruments Inc., Westbury; NY..) At the end of 3




: . " Table 2-1: Equivalences of the different TSH p;'epa:at.ions used.

A}

i

Preparation | Source " mg Protein LUt

i

.

bTSH " | UCLA (Pierce) 7 )1 me o 30
bTSH - USV La s (Thytropar){- llmg, 1**

hTSH 'NIADDK  © 1
' P

mg - ' L 1.5

s . . . i

. . . . ..
L ' : ¢

Al

S . * lntemationa] Umt Activxty compared to the Inte tional Standard

___ e

- e Intematxonal Laboratory of '} Blologlca.l Standards, -
Holly Hill, London, England.
v Thyrotropm activity tested using the method of chick thyroxd iodme depletion assay
"~ of Piotrowsky, Steelman and Koch (1953) and compared to the international standard. -
* * * Biopotency compared to the World Health Organization human TSH standard 68/38
from the International Iaboratory of Bnologlcal Standards, Holly Hill, London,
7 England . o 2
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the incubation, samples were centrifuged for 1 minute in a Beckman Microfuge -
(Beckman Ihstruments) at room temperature the supernatant was aspirated, and
th \radioactive content of the pellet determined in a8 Beckman Gamma-300
coupt‘er..(Beckman Instruments). Calculated efficiency for the counter for 1251 was

74%. Counting errors were between 1-5% for the number of cpm's added and the

- ' time counted.

2.11. INTERACTION OF BLANTI-IDIOTYPIC ANTIBODIES
WITH THYROID PLASMA MEMBRANES
L - -

For the experiments testing TSH-anti-id one hundred gnicrograms of sucrose
gradient purified porcine thyroid plasma membrane in 50 l of 25'mM NaCl, 20
mM TRIS-HCl.pH 7.4: binding buffer ~(B§) were incub‘ated for 30 minutes at 37°C -

. with ~20,000 cpm (~5 ng/protein) of radiolabeled anti-idiotypic antibodies or
radiolabelled control. rabbit immupog}obﬁlfns in the absence or in the-presencé of -
either bTSH at f:oncentfatioga) of 40 to 200 mU/ml, native anti-idiotypic
antibodies (50-200 pg/ml) or control immunoglobu}ins (50-200 pg/ml).

. . For the experimen.ts testing—the--binding of radiolabeled o-anti-id and _---:;-

‘ .. radiolabeled g-antj-id to porcine thyroid plasma membrane' ~50,000 cpm (~10 '
| ng/bro’tein) of labeled antibodies were reacted with 100 pg of pur_iﬁed membrane,

- i in similar volume of Bi3 as above, in the absence or in the presence of 250, 500 or.

) 1000 mU/m] of unlabeled TSH or 500 or 1000 pug/ml of unlabeled e-antiid or

'ﬁﬂ-anti-id. The final assay -volume was 200 pl. " After incubgtioxi,,tubes were

centrifuged a..t 32,000 x g for 10 minutes at 4°C.  The 'supernatant was aspirated

and th'é ‘radio'active content of the pellet determined. Counting errors bét“;een \

1-5% for the number of counts present and the| time counted.
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2.12. EFFECT OF ANTI-IDIOTYPIC ANTIBODIES ON THE
| BINDING OF RADIOLABELED TSH TO THYROID
A ' PLASMA MEMBRANE

One hundred micrograms of purified porcine thyroid plasma membrane in 50 ul
« 8 of BB ’were incubated with ~0.5 pM of 125, TSH (~20,000 cpm) in the absence
or in the presence of different concentrations of either native bTSH (50-250 '
- mU/ml), anti-idiotypic antibodies (2 0 500 and 1000 pg/ml) of control -
. imminoglobulins (500, 1000 xg/ml) for ;’;0 mmutes at 37 °C. The assay was
: camed out in BB in a final volume of 200 ul. At the end of the incubation period
the samples were centnfuged at.32,000 x g for 10 mmutes at 4°C The supernatant -

' o 4vas asplrated and the radloactlve content of the pellet determlned Countmg

errors were between I-5%

2. 13. BINDING OF RADIOLABELED THYROTROPIN TO
,’DSH—SUBUNIT SPECIFIC MONOCLONAL ANTIBODIES

One hundred micrograms per mililiter, of each monoclonal antlbody (TS28 or

GC73) were preincubated for 14 hours‘ at'4 °C or 30 minutes at 37 °C.in the

.absence or in the presence of either 50-200 mU/ml of bTSH or 125, 250 or 500

ug/ml_ -of “the respmmlotypic ~ antibodies. " !*LTSH [bovine

- (bTSH)(~20 000 cpm,“~-0.5 pM per tube)(~100, 000 cpm/ml ~ 2.5 pM/ml)] or
" human (hTSH) (~20,000 cpm, ~ 0.48 pM per Jube)(~100,000 cpm/m! ~ 2.4
pM/ml) was added to samples and incubated at 37 °C for 30 minutes.  The final

assay ‘volume .was -200 pl.and the concentratlons expresged represent those,

obtained in the final volume. In another group of experiments identical quantities
of 'monoc‘lo'nal antibodies, were incubated for 30 minutes at 37 ®C with
.radlolg,beled hTSH in the presence ‘or absence- of. native human ‘TSH (1.5
IU/mg)(kmdly donated by - NIADDK, Baltamore Maryland) (Table 2.1) at
, concentratlons varying from 250 pU/ml to 25. mU/ml All assays were carned out

’m BB in.a l‘mal volume of 200 ul. At thé end of the incubation penods bound and R /
" free TSH were separated by addmg img of bovme gamma globul-m in. 50 .ul of 1 ’ el
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M NaCl and 250 ul of polyethylene glycol 6000 to obtain a final concentration of
12 9%, followed by centrifugation at 32000 X g for 10 minutes at 4°C. The
supernatant was aspirated and the radioactive content of the pellet determined.

Counting errors for these experiments were also between 1 to § %.

Titration 9xperiment§ were carried out to search for the ideal cc;ncentrations for
polyethylene glyc'ol to obtain an adequate precipitation of the TSH-antibody
complex vs. increasing the background counts. The concentration of 12% was
chosen after ;:areful comparison between these two pi;.rametel:s. At higher
concentrations no better precipitation was obtained but the background counts

were highly increased, hence the 12% concentration was used.

2.14. INTERACTION OF RADIOLABELED MONOCLONAL-
' ANTIBODIES WITH ANTI-IDIOTYPIC ANTIRODIES

Radlolabeled monoclonal antlbodles (~50, 000 cpm, ~I15 ng) in 100 pl\or
radiolabeled control rat immunoglobulins contamlng mostly IgG but also IgM (N
rat Ig)(~50,000 cpm, ~153g) in 100 4] were incubated in the presence of specific
anti-idiotypic antibodies (100-1000 pg/ml) in 100 ul or similar concentrations of
control rabbit immunoglobulins (NR Ig) also in a volumie of 100 ul for 60 minutes
at 37°C. The reactign was carried out in a total final volume of 200 pl. At the end
of . the mcubatxon pénod bound and free antxbodies were separated by adding 1
mg of bovme gamma globulin in 50 ul of 1 M NaCl and 250 ul of polyethylene
glyco,l 6000 to obtam a final concentration of 12 %. This was followed by
centr'ifugation'at ,::%2,00,6 x g for 10 minutes at 4°C. The supernatant, was then

aspiraled and.the radioactive content of the. pellet determined.
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2.15. PORCINE THYROID PLASMA MEMBRANE PROTEIN
FRACTIONATION BY SODIUM DODECYL SULFATE -
_*porLYABEPLAMIDE GEL ELECTROPHORESIS . =

(SDS-PAGE)

Polyacrylamlde gel electrophoresis was carried out using the dlscoxmnuos buffer
gystem described by Laemmli (1970). Briefly, stock solutions contalmng 30% w/v |
acrylamide (Bio-Rad Labs., Richmond, Califorpia) and 0.8% wfv N-Nibm-
methylene acrylamide (Bio-Rad Labs) in deionized water were prepared.
Acrylamide solutions at concentrations of 7.5% and 15% (used in experiments
described in 3.17, 3.2.1 and 3.2.2) or 5% and 15% (used in all experiments in
‘section 3.4). were made using the stock solution and a bulfer containing 0.375 M
' TrissHCl pH 838 with. 0.1% sodium dodecyl sulphate (SDS). To achieve
polymerization- 0.05% or 0.025% v/v respectively of tetramethylethylenediamine
(Eastman’ Kodak Co., Rochester, New York) and 025%"w/\'r of ammonium
persulfate (BDH Chemieals, Toronto, Canada) were added. 13 x14% 0.3 cm slab
linear gradient gels were prepared by using a gel gradlent mixer (Hoefer Scientific
Instruments , San Francisco, * Callforma) -The stacking gels 5% and 4%
respectively, contained 0,125 M Tris, HCI, pH 6.8 and;1% SDS. The electrode
bufl'er contalned 0. 025 M Tris base and 0.192 M glycme pH 8. 3 , ' with 0 1% SDS.

Protein samples 'containiﬁg 100 pgin 100 ul of sucrose gradient pilﬁfied thyroi&

asma. membranes in a. buffer with 0,0625 M Tns-HCl, pH 6.8, 3% SDS, 10%
glycerol in the presence or absence - of 5% ﬂ-mercaptoethanol were thoroughly
mixed ahd placed in boiling water for 5 minutes. After the’ samples had cooled off,
. 0.01% bromophenol blue was added as tracer dye The samples were placed in
mdmdual slots in the stackmg gel and electrophoresis carried out at 200 volts .
~until the tracer dye reached approxunately 0.5 cm from the bottom of the gel,
around 5 to 6 hours at 4°C. To deternune the molecular weight of the. rwolved
“ proteins’ the follong standa.rds viere' included: myosin (Mr=205, 000)(Sngma~'-"._"7'
Chem. Co)’ ferritin, monomer *(Mr=220,000), phosphorylase—B (Mr=84, 000),
bovine serum albumitt (Mr==67,000), carbonic - an‘hy,drase ,(Mr—BO,QOO(), soybeat - '
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Chemicals, Plscataway, New Jel/ey)

2.16. ELECTROPHORETIC TRANSFER OF PROTEINS
FROM SDS-PAGE ON TO NITRO(;}ELLULOSE PAPER
(PROTEIN BLOTS)

The- protein blotting procedure was slightly modified from that previhsly
descﬁbed (Towbin, Staehalin and Gordon, 1979; Burnette, 1981). A *samtwich®
was prepared using the following successive layers: the lower side of a transfer
plastic cassette (Hoefer Scientific), an electrotransfer porous polyethylene sheet, 3
mm thick (Hoefer Scientific), one sheet of l?lotting filter paper (BioRad Lab), a 13
X 14 cm sheet of BA-85 0.45 um nitrocellulose paper (Schleicher and Schuell,
Keene, New Hampshire). The SDS gel was carefully placed on top of the

nitrocellulose and another sheet of blotting paper was added, finally the .upper-

side of the transfer casette was- replaced and secured This, procedure was carried
out wrth the layers submerged in a buffer con‘tammg 20 mM Tris base, 150 mM
glycine and 20% \_r/ v methanol (transfer buffer) at room temperature.

The - ‘sandwrch' was then placed in the chamber of a TE 42 ‘Transfor

d),&}”‘ ‘r,f l zjgg

.r L‘
< ‘».-‘.
e

vy

; trypsin inhibitor (Mr= 20 000) and o lactalbumm (Mr=l4, 000) (Pharmacla Fine

.electrophoretlc unit- (Hoefer Sclentrfrc Instruments) prevrously filled wrth ‘transfer -

buffer, to’ run at 400 mA for a perrod of 14 hours at 4°C. Transfer of polypeptide

bands was more than 80% efflcrent as measured by companng the mtensnty of the
staining of the protern bands in the polyacrylamide gels prior to transfer and post

transfer with the use of a densrtometer.

-

2 17. INTERACTION OF TSH, HUMAN AND RABBIT
| IMMUNOGLOBULINS WITH THY'ROID PLASMA
MEMBRANE PROTEIN BLOTS

Ty

To test TSH bmdrng, thyrord pl&sma meémbrane protem blots were prepared ‘a8’
described previously (2.16), The paper was first, washed twice wrtb buffer

¢

' .contammg 20 mM tris HC] pH 7.4, at room temperature Blocklng of unreacted ‘
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sites was carried out with 3 %‘ bovine serum albumin (BSA) in 20 mM Tris HCJ,
pH 7.4 (BSA-blocking). Blocked papers were incubated with bTSH (USV-
laboratories). at a concentration of 1 U/ml diluted in BSA-blocking for 4 hours at
4°C in a total volume of 5 ml the end of this incunation, papers were briefly
washed and anti-hTSH antibo;;t‘(raised in rabbit)(Bio-RIA Laboratories} at a

dilution of 1:30,000 in a final volume of -5 ml was added and maintained for 14

hours at 4°C. Wnreacted antibody was then removed by washing with several
changes of 40mM Tris HCl, 200mM NaCl, pH 7.4 (TBS). A second blocking
proceddre was carried out using 10 % horse serum, 3 % BSA in 5 ml,of TBS
* (Blocking reagént). Peroxidase conjugated anti-rabbit IgG (Kirkegaard and Perry
Laboratories Inec., Gajthersburg, ryland) at a dilution of 1:500 in 5 ml of
blocking reagent was added and malntarned for 4 hours at room temperature.

After this perrod unbound peroxldase labeled antrbody was removed by repeatedly

R IR LA A FERRTAS S LA TR TRt I, L SENEE )
2N R S R A

B z‘-r n«s«’l’o"
’?

,-abx,
Gl

—Jwashmg—w‘th—’PBS—Developmene—was—carﬂed—out——wrth—&Bﬁr%—wfﬂ chitoro—1

o naphthol -(Aldrich Chemical Co., Milwaukee, Wis.) and 0.33% hydrogen peroxide
(BDH chemlcals) in5 ml of TBS. This solution was applied and mamtarned for 15

m'nutes at rbom terﬁperature : v \\ o : .

To test antrbody binding to protem bloti papers were brrefly washed thh TBS
Un eacted sites were blocked usmg bloc!clng reagent Test xmmunoglobuhns,

humen from patlents with Hashlmotos thyrordltrs or Graves' disease or

rabbi (antl-ldxotyprc antibodies), and control xmmlmoglobulms (norma,l human or -

rabbi}) were drluted to concentra\‘.lons of 1 aud 2 mg/ml in blockmg re:gent and

incufated wrth blotted nitrocellulose papers for 14 hours at 4°C in a total volume
| ofA ml.  Apart Irom the fact that peroxldase conjugated anti-immunoglobulins
‘sed were specles-specrhc, all further steps were as descrrbed ab()\rer

-

immunog]obuhns) were incubated for 14 hours. at 4°C prevxously deacrrbed All

a ot.her steps were 1dent1ca.l to those descrrbed above.

. . .
When dlsplacement of antibody bmdmg by. TSH was mvestrgated mtrocellulose .
paper. bands ‘were reacted in presence of. bTSH as entloned above a.nd " after

briefly washm(, test: unmunoglobulms (Hashimoto’s, Gravw or antr-rdnotyplc h
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<« , . 2.18 BIOSYNTHETIC LABELING OF DISPERSED
‘ . THYROCYTES . cl T
‘Thyrocytes, prepared as prevxouslyhdescnbed (2.8), were adJusted to a
concenttation of 2x10° /ml in MEM/FCS (all vi’able cells) and delivered into 6
well tissue culture dishes (Costar Laboratories) in a volume of 5 ml per well, and
cultured for 24 hours in a humidified atmosphere of 95 %5 air and 5 % CO at
37°C (conditions that ‘were maintained throughout) to allow recovery. from
dispersion procedures. “To study the rate of synthesns of the TSH receptor and the
influence of TSH ~upon it, b—TSH was added to the culture medium of *test® wells ‘
at different concentratlons (50-500 mU/ml) for 12 hours. Control wells received no
"TSH. To study the blosynthetlc labeling, culture medium was first removed from
stimulated and control cells avoiding disturbance of the cell monolayer. The
. monolayer was then. carefully washed with leucine- free medium (Flow y
~Laboratoriés'), contdhhing 5 % FCS, 0.2 % sodium bicarbonate and 1 %
. antibiotic/ antimycotic/ kanumycirl (Gibco) (labeling medium). Sul;sequently 40
| - uCi of SH leucine (NEN} in 2 mls of labeling medium were delivered per well und .
rhaintained for periods ranging from 15 minutés to S'héurs‘ After ‘Iabeling cells
were chilled at 4°C carefully scraped off with a rubber pohceman and washed :
w1th cold HBSS for three tlmes by resuspendlng and pelletmg Four samples of ' b
cells were analyzed for each penod of time and for each one of the different R
Sy conditions mvestlgated " The flna.l cell pellets were stored frozen at -70°C untll ‘ e

analyzed

To investigate the turnover rate of the -receptor, four groups,of- thyrocytes were
* cultured under similar condmons as those described above. Groups 1 and 2 -

received TSH enriched medium (100 mU/ml) for 12 hours prior to labeling, the-

* D

" other tv;o ‘were inculrated in control medium. Biosynthetic labeling was carried
out as before, with 40° uCi of SH. leucme in labehng medium for a penod of 3
hOurs, recogmzed from prevnous expenments to be the ‘optimal labeling tnme.‘

-‘Groups.2 u.nd 3 were lubeled in the presence of bTSH (100 mU/ml), while groupb
1 and 4 were lab‘eljd in the absence of TSI;I;.jfter 3 hours the radioactive medi'um

- . . . 3 : ’..
. . . -
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was removed The monolayers were carefu!ly washed wnth 5 mls of MEM/FCS at ' 2
! _ room temperature. Five ml -of leucine contammg MEM/FCS warmed at 37°C
~ were then dlspensed per well to start the cold .chase which ‘was continued for -
. different periéds of time (from 15 mirdutes to 96 hours). Group 4 received T'SH
" : (100 mU/ml) during the cold chasd while the other groups. were chased-in absence
of TSH. At the end of .the cold chase periods the cells were chilled to 4°C,
scraped, washed three times with chllled HBSS by resuspendmg and pelleting and

the fmal pellet was stored frozen at - 70 °C until analyzed
¥

2.19. IDENTIFICATION OF RADIOLABELED RECEPTQR
BANDS o

»

Pellets of previously blosynthetlcally [abeled. thyrocytes (2.18) were lysed with
100 xl of 1.5 % SDS in 62.5 ™M Tris HCl, pH 6.8 and 10 % glycerol Samples
\ were vigorously yvortexed and placed”in bpiling water for 5 minutes followed by '
c‘en.trifugatioa at 32,000 x g for 10 minutes at room temperature to remove 'any:
_ non-dissolved material-. Protein content w'a.s‘ determined ‘using a t;'ichloro acetic
acid (TCA).precipifation method, with which SDS if known not to interfere T
“(Schaffner and Weissmam1973). One hundred pl of the cell’ lysate, containing .
e approxiﬁ]ately 200 pug otein, were resolved on 5-15 % slab ]mear gradient gel, - .
‘using the discontinuous buffer gystem of Laemmli pre nously descnbed (2.15). } -
Proteins on SDS-PAGE were electrotransferred. onto mtrocellulose paper as "
descnbed above (2. 16) R

R | Using the enzyme—lmked 1mmuno—bmdmg assay descnbed before, protem blots
o were incubated with antn-xdlotyplc antnbod' 5 known to be capable of recognizing
B .. the TSH holoreceptor prote
Dh ‘polypeptide band®corres ndmg to .theg TSH holoreceptor and other unrelated

as wgll as several breakdown products. The

bands were carefully. cut! Nitrocellulo pieces were placed in- scmtllla.tlon vials

v
: and 1 mlof scmtnllatxon grade 2- ethoxyethanol (T. 1. Baker Chexmcal Co.) was

4
¥
-

} H N\ _a.dded. When .the -papers were dnsso)ved, 10 n;f; of - Sctherse universal - , o
' . scintillation cocktail’(Fisher Scientific Limited, Eair Lawn, N.J. ) were added and .

4

\ the radloachve bontent of the samples determlned
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2, 2o. DETERMINATION OF THE SH-LEUCINE POOL IN
BIOSYNTHETICALLY LABELED THYROCYTES

4

* Dispersed thyroid cells at a concentration of 2 x lQ° /ml were allowed to plate

in 8 well tissue culture dishes (Costar Labs.t for 24 hours in a volume of 5 mls/ |

well in MEM/FCS. Subsequently they were incubated for ]2 hours in either bTSH
(100 _mU/mll containing medium (grouo 1), or in control medium (groups 2 and
3).”At the end of this period medium was removed from all three groupe andthe
cell monolayers were carefully washed with labeling medium." Subsequently the

cells were incubated with 40 uCi of 3H leucine in 2 mils of labeling medium per

well for a period of 3. hours. Groups 1 and 2 were labeled in the presence of .bTSI-_i.

. (100 mU/ml). and groupl?l was labeled in control medium. Four replicates were

studied in each group. Py

When labelling was over, cell; were chilled at 4°C carefully scraped from tthe'
dishes and washed ‘with 5§ mls of chllled phosphate buffered salrne (PBS) (Gibco)-
three times by resUspendmg and pelletmg The final pellet was resuspended in 0.1 .

ml.of PBS and 04 ml of 1 N NaOH was added, the samples were rmxed by

vortexing and ‘then heated- at 56°C for. 10 minutes. Subsequently 0.1 ml of 8"

solution contarnmg 2.5 mg/ml of bovine serum albumin (BSA) in water and.2 mls .

of 10 % TCA were added to each sample, the solutions mixed by vortexmg and

. incubated for 15 minutes at 4°C. When incubation was over the samples were

centrifuged at 2000 x_g for 10 minutes at room temperature and the supernatants,
contamlng the free amino acids, saved. The pH of the supernatants was adjusted
to 2.2 usmg 3 N LrOH One ml of each of the samplw was dlspensed into a 5 ml

' plastlc culture. tube end 1 ml of lrthlug\ citrate buffer pH 2.2 was added to -

stabilize the pH. The leucine content was determined using & Beckman 121 Armno

" (2.5 ml fractions) and later counted to deterrmne the radloacthty of the leuclne

h“'(‘ f ‘/f"f‘ w‘?

acid analyzer (Beckman Co.).; The column eluate was collected every 2 minutes

peak The radioactive leucme contents of the 3 groups of cells investigated’ were

calculated and compared The analysrs was kindly performed by Mr. D. Hall of-

the onchemrstry Department at Memorral University of Newfoundland

“Tf«ﬁ
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.21. PREPARATION OF THYROGLOBULIN PROTEIN o \

BLOTS

- . }
rotein blots -were pi-epared by first resolving 15 g of commercially available

porcine thyrog'lobulm (Sigma. Chemical Co) by polyacrylamlde gel electrophoresis

under non-reduced conditions as previously described (2 15). The .protein bands

were later transferrgd on to nitrocellulosé paper under similar conditions as those .

used to prepare protein blots of thyroid plasma membranes (2.16).

L%

*

: Y T .
2.22. ANALYSIS OF THE DATA : » :

Where statistical comparlsons were made, the nonparametnc Mann-Whltney v .
test was applied (Siegel, 1656). The p value was consxdered sngmfncant at va.lues‘
equal to or less @han 0.05. Bmdmg affinities were detemined by Scatchard
analysis- (Scatcﬂard, 1949). . ;

~
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" 3.1.1. Displacement of binding of 1251_bTSH to thyroid plasma

'antrbodres may have with TSH at the TSH receptor level.

rncrease (Bako et al. personal commumcatron)

| Chapter 3
RESULTS AND DISCUSSION

3.1. ANTI-TSH ANTI-DIOTYPIC ANTIBODIES

M

membranes by antl-TSH antl-ldiotyp.ie antibodies -

Antl—TSH anti-ids raised as prevrous,ly descnbed (2. l) were tested for thelr
capacrty to inhibit, 125, b TSH from brndlng to thyroid plasma membranes. These

tests were used as an mltm] screen to detect any competltrve activity that -these

-

Prellmrnary experlments studled. the rnteractlon of drfferent <concentrations of
- the” porcrne thyroid plasma. membrane (50—1000 ug/ml) with mcreasmg\amounts _
radrolabeled TSH (50 000- 5'000,000 cpm/ml) At 500 pg/ml with _the addition of -
100, 000 cpm/ml approximately ll% of the radroactrvrty was bound.. ‘A dose

response increasing in the amount bobnd was Obtained up to 250. ,000 cpm with'a -

maximal brndmg of approxrmately 14%. Hrgher cpms- only increased the

background -counts. I-lrgher amounts of membrane produced a rélative increase in

the number‘ of ‘counts” bound but _the overall percentage of. brndlng did not

v C e

fasny

' Sera from 2 out of 3 rabbrts umnumzed wrth antr-TSH antrbodres (1d- lgG) were
. .found to be able to uihlbxt 125I bTSH from brndmg'fo both porcine and human
‘thyroid:plasma membranes under srmrlar expenmental condrtrons (2.12). Portine -
thyroid membrane bound 11% of the '’1-bTSH added, while buman membrane- -

-

o

-




. dlsplacement of the radxoac}we label bound to the porclne thyrord plasma ,_ S

' ﬂl he KD of the hlgh afflmty srte to w'lnch TSH—antHd binds was assrgned a: value
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: bound 24% of the 1'2 -bTSH added. TSH-anti-id caused a dose dependant -
mhxbltion of this binding. At 8 dose of 200 ug/ml, 38% of the radloactlvxty bound
to human thyroid plasma membrazies was dlsplaced 52% of the ra.droactlvrty
bound to porcine membranes was- dlsplaced NRIg at the same dose only dlsplaced
17% of the radxoactxvrty bound to porcine thyroid membranes. It was therefore
observed, that there was adequate dose dependent inhibition of: l""51 bTSH, bmdmg

" by. TSH-anti~id in both porcine and human thyroid plasma membranes. -Being as.
porcine'membraneelwere mote readily available this system was utilized for
further experiments. (Fig 3.1). ' '

* - ——

Scatchard analysis of these interactions ylelcm a curvrllnear plot (Islam et al.,
1983 b). This appears to suggest either that there is more. than one binding site
occupied by the *Internal’ Image‘ antxbodles or that there are antibodies th.aft‘/'\__/

. bind to tb receptor with dlfferent degrees of affinity. It is also important to point " ° -

out: thet the’ amount of antrbody preparatlon required to produce up to 52%.

membrane is rather large Thrs is most likely - mdlcatwe of the ‘small number of
molecules that truly represent ‘the 'Internal Image' type antibodies w1th the
capability of- bmdmg to ‘the receptor ‘and displacing its natural ‘ligand. As the

. Jantlbody preparatlonl were polyclonal in orlgm, it was expected that thére should .

. be antxbody molecules directed to other antlgemc epitopes on the TSH molecule

dlf(erent f_ro[? the blndmg site specmc for TSH. Other experimental’ studles using
, ahtiii'diotyp antibodies have also en®ountered that only a small percentage of ,-4.:
antrbody molecules in. the’ preparatzon were found to be 'mternal image® B

‘an 1bod1es (Strosberg, Couraud and Schrexber, '1981) - .

-

fl 7.0 X 10‘°M This .valde is. srmllar to that of 1. bTSH T3 x 10°M)
sugg&stmg tha.t the fraction of 1mmunoglobulm bound to the rnembrane is hkely ‘
attached to the TSH- : . b S o

.. : i

- . . - - -—
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The 2 \sera causing inhibition dr_ 125 TSH binding to thyroid plasma

" membrane} were pooled and used for further experiments.

3.1.2. Intel{actlonb between idiotyplc and antl-‘tdlot)"plc antibodles

Next, it wts imperative to establish the entigen specifieity of the competition
between the first antrbody an anti-TSH (Id-IgG) with the second antrbody an anti-
anti-TSH (TSH-anti-id). . )

The interaction of Id-IgG with radiolabeled TSH-anti-id was investigated.

Approxrmately 30-35 pg of Id-IgG were able to precrprtate more than 90% (Mean:

4%, SD 2.1) of the radiolabeled anti-id (20 000 CPM ~5 pg) Subsequently the
influence of TSH-anti-id on the interactjor of Id-IgG with TSH were tested. Id-

- IgG at a dos¢ of 30 g bound 50-65% of the l’*’51 bTSH (10,000 cpm) added to the

system It was rather surprrsmg ‘that’ up to 30 pg of Id-lgG were required to

B preclprtate approxrmately 50—65% of the 12lr’I-b""SI'f’ The prelrmlnar)r etperiments

had demonstrated that 5 ug preclprtated approxrmately 17%, 10 pg:23%, 20 g

-approxrmately 38% while 40 “g only preclpltated 71% of the fadiolabeled TSH
.(Islam, M.N,, personal commumc i Lmearrty in the dose response curve was
) observed up to 30 ug. Several ex natrons ¢can be thought ol‘ for requrrmg these

‘hlgh doses of antlbodres It could represent mcomplete preclpltation of antibody

complexes with the method used low affinity of the Id-IgG for TSH or low
numbers of actual antr-TSH molecules in the preparations used. As these.

experlments were more designed to observe the behavior of these different

'preparatrons in competrtwe protem bmdmg a.ssays that to estabhsh a mol to mol

1nteractron of the antibodies thrs matter was ‘not pursued further For- further-.

_ expéhments 30 ug of Id-IgG were used this amount precrprtated 50% of the
' radrolabeled matenal range that is acceptable to compare drsplacement curves in
, competrtrve protern brnding assays (Work and Work 1978) S '

- Varying &rr{ounts' of TSH a.nti'cid inhibited this binding‘ in » dose dependant’
o -'manner At 10 pg 23% (SD 1. 5) of the rddlolabeled TSH bound to Id-I was

A . . ! . " Ve . . ) . »
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~displaced. At a dose of 20 g 55% (SD 2.8), at 50 ug 76% (SD 3.5) and at 100 ug
'88% (SD 4.1) of the bound radiolabeled TSH had beep displaced by TSH-antid.

On the. cdntrary NR-Ig at similar doses -displaced a maximun of 10% of the .

radioactivit&y bound. |, - )

- . -
To exclude the possibility that some of the effects produced by TSH anti-id on .
the binding of’ 125I-bTSH to Id-IgG were due to its capacity to bind TSH (anti- +

TSH antibody instead of antl-ldlotyplc antibody), the binding of TSH-anti-id to
radiolabeled TSH was studied. TSH-anti-id was unable to bind 1%1.bTSH or
125L4TSH to any significant degree over a wnde. range of. concentrations. Up to
1000 pg/ml of TSH anti-id were tested. This concentration reoulted‘.in'the
" precipitatioh of only 11% (SD 3) of the 1251-bTSH (20,000 cng ~0.5 pM) added.

Blank tubes in which radiolabeled hormone and buffer alone wére added counted

8% (8D 4) of the radioactivity added, represeiting the background counts. NR-Ig"

prec1pltated similar percentage of counts as TSH-antl-ld

These experim_eoté demonstrate that TSH-_anti-i'd and Id-IgG- Rl_ﬁ to form
.complexes that are precipitated by PEG. TSH-anti-id is capable of inh Qifing the
_binding _of radiolabeled TSH to the ld-IgG But the binding of this antlbody\
radiolabeled TSH is mlmmal and not more significant than that obtamed with
NR-Ig or-sn,mple background counts. From these results one can conclude that the
effects of TSH-anti-id on the Bin'ding of radiolabeled TSI;I' to the Id- Ig'G' are most
likely due to the presence of anti-TSH aclivity but to the presence of true

*internal lmage" anti-idiotypic antibodies.

3.1.3. Binding d!‘ Tgfl-anti-id to thyrold plas'ma lixembranes

The direct bindipg of radlolabeled TSH-antl-ld (20 000 cpm ~5 ng) with 100 pg
. of crude thyroid plasma ‘membranes was stud:ed B8’ descnbed»above (2.11).

Prehmmary expenments tested the blndlng of i mcreasmg amounts of radiolabelled -
TSH-anti-id with 100 »g: of thyrond plasma. membrﬁ%, amounts of 39, 000 cpm or
lngher only mcreased the background counts wlule the percentage of ‘binding dld'




-

not incresse past 50% (Bako, G~.,{ personsl communication). An averdge of 4%
(SD 0.7)of the radioactive 128.TSH-anti-id added was found bound to the crude

thyroid mernbrane preparation. This low binding wa¥not surprising considering

that only a small percentage of the antibody preparation used likely -represented

“sinternal image” a\nii-idiotypic antibodies capable of recognizing the TSH

receptor in the memﬁ'raue preparation. Unlabeled bTSH in doses of 40-200 mU /ml
were added to th}s?ystem described aboye. The hormone caused a dose, depend ent

inhibition of this bmdmg At 160 mU/m! 649% (SD 5.3) of the radioactive TSH-

anti-id was chsplaced
"

¢
Unlabélled 'TSH anti-idin doses of 50-200 ng/ml and NR-Ig in similar doses were

used to investigate saturabthty of binding. Up to707 (Mean 65.8, SD 3.2) of the

125I—TSH-autx-ld bound to* thyroid pla.sma membranes wag displaced by unlabeled

.TSH- anti-id at a dose'ol' 200 uG/ml By contrast only 18% (SD 9).of. the counts

were- displaced when 200 ug/ml of unlabeled NR-Ig were added to"the system.

"The dlﬂ'erence between these two varues was statlstlcally sgémflcant. (p< 0. 05)_

These results suggest specﬂ'xclty and saturablhty of the bm)ng of TSH-anti-id to
thyroxd plasma memBranﬁ‘ .

»

3.1.4. Eﬂ‘ects of TSH anti-id on adenylate cyclase activation
' - t : .

The ﬁext gro'up. of experiments was desigueci to esta.bﬁsh the bioclogical effects of

"~ these %antibodies sfter their interaction with the TSH receptor (TSH-R). It is well

doturnented thnt TSH mediates many of its a.ctxons through the actxvatlon of AC

~ with the subsequent generatxon of cAMP from ATP ( Zor et al, 1069; Salhel et al,

i} P

1981)

L)

‘The effect of TSH-antiQid on AC aétivaii; was measured aud comp:ired'to that -
of TSH The Jlimited capaclty of bTSH tQ stunulate AC on the porcme thyroxd_
plasma membrane has been prevno{:sly dese (Verner, Planells and Lisstzky,
_‘ _ 1077) It was found however -that in the pre:bsofbof GTP or its non hydrolyza.ble
: analogue guanosine 5 (p-'rumdo) tmphosphate (Gpp[NH]p) the actwatlon of AC"
- was qmte sigmficant (Saltxel et al., 1981)

TN

DR s
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The activity of bTSH on the istimu]atiori of AC was, _me?sured in the presence of

GTP and Gpp{NH]p at 37°C The addition of 10 pM GTP or 10 yM Gpp|NH]p-to

the cAMP generation system (2.6) produced a 9% stimulstion from the basal

. actmty of the porcine thyroid plasma membrane bound AC, “The addition of 25
| ',“U/’}ll of bTSH'increased this-stimulation to 20%, at 50 mU/ml 40% and at 100
' " mU/ml the maximal stimulation was obtained with 45% from the basal activity.
For these experimerxts the basal activity’ varied between 134-165 pM cAMP/mg
protem/mmute Some of the variations in the basal activities "appeared to be
re}ated torthe use of dlfferent. batches of porcine thyroid plasma membrane The
differenf results were always reproduceable within the same batcl of membrane

@

and th trends of stimulation or inh'rlion were constant-on repeated .experimen ts.

A

-

" "3

The mf]uence of TSH—anfl-ld upon porcine thyroid plasma membrane bound AC '

: . e was. studled at dll‘ferent temperatures in the presence of Gp‘p(NH]p (2 5). At 30°C" : . ,
TSH-anti-id (200#8/ ml) caused 2°9% stlmulatloq of the AC basal activity. Onthe =
“contrary NR‘IE (200ug/ml) caueed a '12% inhibition " of the basal activity. By
- comper_lson TSH (100 mU/ml) produced a 80% stimulation (p< 0.05) (Fig 3.2). |
At 37°C, 200 ~pg/ml of . TSH-anti-id produced a 21%’ stimulation from the basal, -
activity (p< 0.05).._NR-Ig (200 yg/ml) caused 2 10% inhibition. As mentioned . .«

| above 100 mU/ml of bTSH ‘produced a maxxmal stlmulatlon of 46% from ba.sal |

(p< 005)(F1g 32) _ ‘ s

L Studies on AG activation defnonstrate that TSH-anti-id like TSH is capsble of
| stimulating porcme membrane bound AC. These ﬁndmgs suggest that.this TSH- ‘
. | ‘ ' Anti-id not .enly recogmzes and interacts w1th the TSH-R but also initiates 'TSH- . '-721
o o like® mgnels, mdxcatmg that these antxbodxes are agonists at the receptor level. o
‘ ' ' Because of th\e modest 1ncrea.ses in AC generated 1t was consxdered necessary to
O study\’fhé effect of TSH- antl-rd on’ two physrologlcal functlons thought to be. - >
,. : medmted by. cAMP. The first se_t,pf expenments explored the effect of TSH-antl-“ i
o Jid upon iodide uptake by dlspersed thyrocytes and the second tested the mﬂuence. SN

. l . £

of these antibodies. on the orgamzatfon of cu!tured thyroid epltbehal cells into

SRR folhcular structmres - l\ ' ‘ ‘.‘ .
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3.1.5. El'fects of TSH—mtl—ld on the iodide uptake by thyroid eplthelhl

cells

4\#:;".-.
N .

Iodide uptai(e by dispersed thyrocytes. was studied at different time inten’rals. .o

Thyrocytes were incubated with 13INal (1x 10 cpm/nil) in the presence of TSH-
anti-id, bTSH, NR—Ig and control medium for 10 minutes and 4 hours (2.7). 'Wlien

.incubated in the presence of either TSH (5, 10 or 50 mU/ml) or TSH-anti-id (125
. or 250 ug/ml) for 10 minutes the percentage of 1] taken up by thyrond cells was

lower -than that obtained. in the presence of NR-Ig or in coutrol medlum '

SH aud TSH antl-ld mcubated ce
caused by NR-Ig

TSH in concentratlons of 5, 10 and 50 mU/ml were used to 1nvesugate dose

the control value of 4.2% to 7.1%. At 50 mU/m] the uptake was of 8.8%. TSH-
anti-id at a dose of 125 pg/ml produced an uptake of 6. 5%, while at a dose of 250
pg/mil the uptake was 5.3%. NR-Ig (125 ug/ml) produced an uptake of '3.8% and

7 at 250 pg/ml 4.3%. Both of these latter values were within the levels of uptake

found in cells mcuba.ted only in control medium (Table 3. l} v
S ) i t

It is notxceable that a lower concentrauon of TSH-antl-ld (125 ug/ml) produced
a higher stlmulatlon in uptake than a higher concentration (250 pg/ml) wer

concentratlons, however, were not tested. ‘No obvnous explanatxon for these® results

. .
* .
¥

-Incubatlon for 4 hours on the other band stimulated the. uptake of ¥''in both :
to a sngmncantly_ hlgher degree. than that

,

effect on 1311 ﬂptake by thyrocytes At 10 mU/ml 1314 uptalte was increased from.

‘can be.offered from the expehment , performed. - R o Ce s

The effect of TSH on iodide uptake by the tiayroid glend has been ph{)wn to be

biphasic, with al itial increase in the efflux rate folloWed by an acceleration in

' the ml’lux rate (- Ha mi, et al., 1960 Williams and Malayan; 1975) Lower 131 Ngp g
| uptake at 10 min in cells studned in the presence of TSH and TSH- antl-ld thQn in
cells studxed in the’ presence oL\control medium appears to i:{dicate decreued

mﬂux on the radloactwe material into the first two groups of cells, It could be :

"Tr‘r’ﬂ

A v.t.t'!
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| | *p 0.05 from basal va.lues or compared to, those obta.med in presence pf .
. NR-Ig. (Mann Whitney U Test) . ‘ _ : o : e
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Table 3-1:  Effect of TSH, TSH-anti-d and NR-Ig on the radio-iodine uptake by por- - '
cmethyrocyt&s' after 4 hours of incubation.

~ ‘ . . » ~ -

’ C o

. . A . L

Ca . ; ~ P~

' . | . |

wad

- '1311' uptake . Stimulation - ‘[\,‘

. Control ] azosoee o0 | L
wsH . 50 [, c4sTx007 | .. 109 | |
@um) 00 .| 705 £008 168 | \ _
. 5o . 676 + 0.04 e | {-
NR-Ig 125 | 3.88 + 0.03 92
" (ugml) < 260, * .} 4.28 £0.02 - 102 ‘
" TSH-anti-d 128 | esa:o00s 156* S,
(ugml) 250 " B33 1 003 " - I 12’7‘ e

i

_‘__,“\

-
4

i e

N-6(2parallels'per_¢;cperiment) — L , : o .
2.6 x 10 cellsitube in {.ml e | g L

- épm added: 105 1]

.4




- ! N i bR AL R R L P TSy 2 /s 3 ah, fLt b o % et PN LI . T’ “ NE

R T R AR ._‘\‘-.'4' ST 1:;;‘,‘1—.}3 A AR RO & 4 SR B TN A T L TN T, T T L N g et Y o TTRATEA

R e o : . e T e N A e R e
\ s ' . . . . - wroe e » . ' . . . L b

7
L}

speculated that this is due to the efﬂnx ofnodme oceurring in the TSH and TSH-
anti-id stimulated cells. Studies to determlne the efflux of iodine Irom the cells, - R
however, were not performed ' The results obtained in these expenments .

I
therefore suggest that TSH-anti-id appears to induce similar changes m 1od1de... . &
uptake kinetics in the cultured thyrocyte syst\zm studied as does TSH ltself

.
'

8. 1 8. Eﬁe‘tts of TSH-anti-id on the organlutlon ol‘ thyrold epithellal

cells In culture . S . . '

] .
/ : '.The capa'cit& of cultured thyroid cells to organize into foliicular §tructures'\;hen_ “
in the presence of TSH has. been prevnously demonstrated by several workers
N (Kerkoff et al.,, 1964; Fayet et al, 1970 Kondo et al, 1980) This response IS '
N"thought to be mediated by gAMP (Llssrtzkyr, Fayet Glraud Verrier and

Torresani, 1971; Bourke, ‘Carseldine, Ferris, Huxham and Manley, 1981). T L >
. *» . .o BT

Thyrocytes cultured elther in the presence of TSH—anﬁg -id or TSH (2.8) were -
'capable of organizing into i'olhcles By. contrast cells cultured in the presence of
NR-Ig or in con‘tro.l medlum,,formed 8 uniform monolayer m “which . the, cells
adopted" a' shghtly elongated shnpe somewhpt— similar tof that exhibited by.'
‘flbroblasts Follicular structures started to form at 3or 4 days of culture and were
quite well organized at day 7 in TSH stlmulated cells, Thyrocytes cultured with,
TSH-antl-ld started to organize into follicles between days 4 and 5 Af' day 7 the.
structures were-clearly recognizable as follicles but they were observed to be

. .notlceably smaller than those obtained with TSH. Day 7 folllcles were comparable

,'to those obtained at day 5 or 6 with TSH by slmple observatlon, no specmc
method for quantlhcatron was utilized (an 3.3). ) 1

3.1 7. Interactlon of TSH-antl-ld with protein blots of thyrold pluma

membrane o

| 'I‘he final set of experiments done with TSH-antl-ld lnvestlgated' the mteractlon . f

of these antibodies with protein blots of punned thyroid plasma membrnne (2.17). - - . 5:

. It has been previously_ diter ined that the Tj&‘ holoreceptor is an Mr~ iOOOOO: - "
085 Balco:et‘ al., 108§). . e ' r,

’-i(-

glycoproteif} heterocompl x ( Iarn,and Farid,_.

R - .
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Bovine TSH produced a posmve reaction in protem blots of thyroxd plasma
-membrane resolved under non-reduclng conditions at the level of the Mr~
197,000. When reducing conditions “were used this band was lost and none of the oo
. reduced components appeared to interact wnth TSH This suggested .the need for
the integrity of the Mr~ 197, 000 receptor band for TSH bmdlng (Fxgure 3.4, lane
2). o )
o .
Usmg tb}e same detection method, it was observed that the TSH-anti -id
produced a very strong posmve reaction at the level of the Mr~ 197, 000 protein ~
- band (Fig 3.4, lane 3).! Most of the reaction disappeared when the proteln blots -
were preincubated with TSH (Fig 3.4, lane 4), whereas when the blots were
. _ premcubated with insulin (Fig 3.4, lane 6) or human chorionie gonadotrophln
< T (HCG)SFlgure 3.4, lane 6) the intensity of the band was not reduced. (\Tﬁese
findings demonstrated the specificity of the Mr~ 197,000 Ior TSH and TSH-anti-
id. /NR-Ig reacted with several lower Mr bands but was negatlve for the
- M(~197,000 band (Fig-3.d, lane 7). The bindin_g to these bands was not displaced
. by any'of the .above mentioned hormones. These results add more evidence to

~ ' support tﬁe hypothesis that '?SH-anti-id recognizes and interacts with the TSH-R.

| &.&.Discussion of the experlments investigating a.ntl-TSH
antl—ldlotypic antlbodies \ I N

In these groups of experlments it wps demonstrated that it is possible to produce
anti-'tdiotypic antibodies functionally similar to the hormone used in producing the
first antlbody The TSH-antt-ld described here represents a TSH. "internal |mage'

‘ antl-ldlotype Furthermore it acts as an agonist at the TSH-R level and is capable

. of‘ mimicking several of the TSH's physxolognca] actions. It is temptmg to compare
\ o " the bloactmty of TSH-anti-id. to that of {he spontaneously occurring thyroid
stimulating antibody of Graves' Dlsease (TSAb: used here. as 'a generic term to .
encompass antlbodles detected by receptor modulation assays as well as the cAMP ) |

I
generatnon assays). So far, in all the tests performed in wtro wnth TSH- antl-ld the .

P o blologncal actions attrlbuted to the TSAb have been reproduced S !
e L ‘ N
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On the basis of these data we proposed a new hypothesrs suggesting the mm-
.- 1dlotyp1c origin of the TSAb in at least some patients \‘nh Graves' Disease (lslam
1983b; Farid et al, 1983) Most of the evidence found in the literature
sugges\mg that .TSAbs are antr-receptor

‘et al.,

ntibodies or dlrected o protem
' moeretaes close to it was based on mdlrectﬁevndence (McKenzle and Zakarua,
1978) TSH—antl-ld bemg a 'n’urror lmege' of TSH would be expected to. medlate
“all of its *TSH-like® actions only through bmdmg to the receptor. Interaction
- with other,membrane moejeties should- not oecur with. this type of antibodies,

4

" Biological response would then be expected to be highiy' specific. o
... T . ) T : |
On ‘the contrary, if TSAb is raised ‘against the TSH-R it is likely that other

membrane components, close to and ‘independant of the receptor, would be

“The antibodies

- : mteractmg excluswely with the receptor will be responsrble for - the s'pecific

expected to be represented m the immunological response

brologlcal responses Antibodies raised agelnst other membrane’ componen}a may

| o . account for..some unexpected expenmental resufts obtamed ‘when testing the

4

" activity of 1mmunoglobulms of patients with Graves' Dlsease IgGs derived from .

. " patients with Graves' Disease can in sorhe cases. produce *TSH:like* activity in

assays dependent on AC stimulation but not necessanly on receptor modulatlon

A%;son, Me Gregor, Kendal-
Taylor, Peterson and Rees-Smlth 1982). Antibodies to embrane moeletles other

-* 8ssays oOr vice. vérsa (Zakarija and McKenzie, 1980;

A

. than the receptor are, however, ‘not the only poss:ble explanatlon for these

apparently confhctmg results. The sensrtmty nd specmcrty of .the dlfferent
N detectlon systems, mteractron with othér components in the -sera, like normal
- 'lmmunoglobulms, and ‘the varied umformlt.y of the. antrbody preparations can all
T ! contnbuté to these sometlmes contradictory results. It is worthwhile to comment
' The full
'understandmg of the mteractron “of the dlfferept ‘antibddies w.;th the TSH- R is st:ll

4 r
. lacklng - >

that all t.hé explanatrons offered fo date remain theoretical.

?t

-
. ' 4
T R ) »

v

™ . . *
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. . v . “_, L " LA :
" Becausejof the complexity of the immune response, hdwever, one has to be very* - -
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cautious in relating the pathogenesis of Graves’ Disease to the occurence of anti-

-

T SH-anti-idioj,ypic antibodies. To further strengthen this h)"pothesis,'hit would be |

unportant to directly demonstrate the natural occurence of anti-TSH antibodies
(ldlotypes), as well as of antl-TSH-antl- xdlotyplc antibodies (antl-ldxotypes) in
patlents w1th Graves Dlsease, as well as to estabhsh the correlatlon between anti-

ldlotypes and the activity of the dnsease Ig fract.:ons whxch bmd 1311 bTSH with

patlents with Graves’ Disease (Biro, *1981). At could be’ argued that these-

_antibodies represent naturally occurmg antl-TSH antibodies. Also in other study -
Igs that bound radiolabeled TSH with high capacity and lo®alfinity were found
" in 38% of the patnen!.swvlth Gravés' Disease tested. These Igs also inhibited. the

TSH drwen AC activation irf a dose depend'ent manner (Biro, 1082). Other groups

| hlgh a.fflmty and_low capacity weré descnbed in both healthy controls and m L

have also described the presence of a\uto—antlbogh‘es with high affinity for TSH 1?/

" the sera of thyfotoxic patients (Beall and Kruger, 1983; Akamizu, Ishii, Ishihaka,i

Ikekubo and Imura, 1984). The relevance of the presence of anti-TSH auk

' antlbodles in some patlents wnth Graves’ Dlsease is still junclear. The presence ‘of

, ‘these TSH blndlng Igs could be explained in several wa s based on the pnnclples
: fof the "network theory® of the immune system. Thus 'I“SAb mQ ‘be an anti-TSH
antl-ldlotyplc antibody. (Ab 2), which developed against natura]ly occuring anti--
, TSH antibodies (Ab 1) found in the sera of these patients. Ab 1 would bind TSH

It is possible that Ab 2 triggers the production of antn—antl-ndxotypes (Ab 3) some

bt

of whlch would be abie to bind TSH (Fand et al., 1983). On the contrary, it can

also be argued that if TSAb is an nntlbody raised against the receptor, it could -

' pl;omote ‘the development-of anti-idiotypic- antlbodnes some of which would be able
E to bmd to TSH . ' .

/!

Indirast ev1dence for the: pnrtncxpatlon of 1dnotyp1c/ antl-ldlotyplc networks in

"the regammg of 1mmunologlqakcompetence in Grnves Disease can be considered

effective treatment of the dlseaseanh antn—thyrmd drugs (Van Der Heide, Daha,

' because of the dlsappearence of clrculatmg immune complexes thnt follows i

. Bolk Bessemaker, De Brum, Goslmgs. Van Es and endo, 1980) Evndence for




oy

l,\rmtraﬁon of the 'dnsease process however, will remain more dll‘llcunt to
l\accumul‘ate The | ossrbxllty that - sI‘SAb is an anti-TSH untl-ldlotyplc antlbody~
Ieems valid. Further studles to -demonstrate the presence of- spontnneously" ‘

ccrrrnng 1dlotypes and anti- 1dlotypes in patlents with Graves' Dlsea.se, as well as .-

ne}l:es.sory to subst ntiate or dlsprove this hypothesis.

] X ] . r g

: [mportant observatxons that deserve to be mentroned in the. dlscussmn of l\hcse

j’rst _group of expenments deal with the product:on of thé antxbodles used. The
resentation of nntlgens is thought to be of extreme lmportance in the response

hat the laboratory amm\al wrll' produce to both the initial .antigen as ‘well as the

\ z;Abl ngzell Bmz, Frischknecht, Peterson and Sege (1978) tested' a great number.
f ad]uvants and concluded that Freund‘s complete adjuvant was the adjuvant of .
ch01ce to raise antl-ldlotyprc antlbodles Hence, the use of this agent in this work '

/The choice of the laboratory ammals ‘is also of great 1mportance. Balb/c mice, for

example, ha.ve -been found to be. bTSH non-responders (J. Ivanyi,. personal

' communlcatlon) Rats, on the contrary, were found to be good responders to

/
|

importance. ;The dlfference between havmg an agonistie or an antagonlstlc

i ‘
however, l'orliurtous “The * txme of sa.mple collection was also of extreme c

antibody  resided _Qn_the choice, of an appropnnte time to collect the sample
material, Many antl-ldlotyplc resppnses appear to be translent likely due to the
reciprocal mlzrease of Ab3 (Kelsoe and Cernlg, 1979; Couraud Lu and Strosberg,

19é3f This problem was clrcumvented by multxple sampling nround tbe 2.3 week -

penod a.fter the last Booster injections when the maximal response of Ab2

appeared to be present.

In summary it was possnble to produce antl-TSH-antl-ldlotyplc antlbodles w:th ~
' a.gomstrc activity at the TSH-R. The produchon f these eutlbodles requlred'
R careful choice of adjuva.nts labora.tory ammals and multlple sample testmg to

| ‘. determme optlmal time for specimen collectlons. N

tbe dlrect participation of ldlotyprc and antl-ldlotyptc antibodies in the uctual

~ the mea.surement il’ their fluctuatlons with  disease Temission ahd relapse. will be

TSH In. this work the choxce of SpragUe-Dawley rats to raise the antibodies was, :

g
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" fashion under sumlar expenmental condltlons.
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INTERACTION OF SPONTANEOUSLY OCCURRING

ANTI-THYRO]]) AUTO-ANTIBODIES WITH THYROID
PLASMA MEMBRANE PROTEIN BLOTS |

3 .2 1. Intera.ctlon of IgG ﬁ'om patients wlth Graves Disease on- protein ,

T

blota of thyrold plasr@ membrane e

N i _ .’

" As descnbed above, both TSH and TSH-antr-rd mteract with the Mr~197, 000
on protein b{ots of thyrond plasma membrane (3. 17) This protein bdnd is

‘belleved to correspond to the TSH holoreceptor’ (Isla.m, Brrones-Urbma Bako and

Farrd 1983c, Islam and Farld 1985) It was thus of interest to investigate whether
1mmunoglobulms from patlents wnth actlve Graves Disease wotﬁd react in similar

,
'

Igs from 10 patxents with actwe Graves® Disease were obtained by precipitation

~ at 0°C with’ half saturated ammomum sulphate (Helde and Schwick, 1073). These

were tested at a concentratron of 1 mg/ml of protem All 10 samples produced
posmve reactioris in the enzyme-hnked lmmunobmdmg assay used (2.17) at the

,level of the Mr~ 197 000 protein band (Fig 3.5, lanes 3 and 4). Interactnon of the

antrbody was observed with protein blots of human (Fig 3 5,.lane 4) and porcine

(Fig 3: B, lane 5) tbyrond plésma membranes under non-reducing conditions. The

'reactlon was, however, consistently..stronger with human than. with porcine -

for the human TSH receptor, and iimplies that the human TSH receptor is

‘ orgamzed in a simllar fashion to that of the porclne receptor

s y i 5 - «

' The blndmg of the entxbodles to this band dlsappeared wheh protem blsts were
' ,pretreated with bTSH (Fig 35 lane 5) Under reducmg condmons the Mr~
’ '197 000 was no longer kual)zéd wrth Graves Ig nor were either of the 'receptor‘

componehts suggestmg again ﬁmt the mtegnty of the receptor is necesrsary both
“for, TSH and TSAb binding. [

3

L thyroid plasma mem'branes‘ This finding indicates 3 degree of antibody sp"ecificit'y '







Nlne out of 10 control Igs teeted were negative for this band in-both human and

\ A Jporcine thyroxd membrane protem “blots (Flg 3.5, lane ) However 1 of them |

* . e - exhlblted a~faintly posntwe band (Fig 3 5, lane 8). The ‘thyroid functron of ‘the . N

ﬁ , control mdmdual positive for thrs assay was normal for up to 18 months after the

- time of’ testlng What was mterestmg is. thet this person was involved in work‘

- . deahng w:th the molatron of the TSH-R. Thls mcrdental fmdmg suggests that the

4 : presence of autoantlbodles alone is not enough to cause autonnmune disease; s

'v' L derangement at other levels of the i immune control systems appear to be requlred

e . for this to occur.

) " The anti—recep_tor nature of TSAD has long been pos‘!uleted t)ased on the testing ,

: , of TSAb’s TSH:like activities (h)IcKénzie and Zakarija; 1978; Kidd et al., 1980; L )

f .- Onaya et al -1973; "Rees-Smith and Half* 1974, Endo et - al., 1978) The“ L, .

ct demonstratlon that the TSAb binds the Mr~197,000 TSH holoreceptor pretein

:-4‘:-. ' band i in the assay systemn mvestlgated, provides the first evidence to sppport the

: S notlon that TSAD is- 8 true antl-reqeptor antlbody P . :' SLAREY -

f, N A". 3.2.2. Intera.ctlon of Igs from pa.tlents wlth Hashlmoto 8 Thyroiditis on K

n 5 . : p;‘oteln blots of thyrold ‘plasma membr ;e * SRR . ;

) It was also of interest to determine how I }i'i patlents with HT reacted with y ‘

k the M}~197 000 holoreceptor protem A fu' grou of sa.mples corresponding to 3 N . ' .‘
patients was tested using Ig at a concentrntron of lmg/ I; all the rea.ctrons were . . . i '

i negatlve (Fig 3.5, lane 6 shows a typlcal reaction of a sefum with antl-mlcrosomal T i

':j.;_"'; ‘: L antibody titre of- 1/25 600) The Ig concentration was then 1ncreased to 1.5 and 2 S .

mg/ml. At 2 mg/ml bands of various degrees of mtensrty ‘were obserVed at the S I
* Mr~197 000 level m all 7 patlents tested (Flg 3.8, lanes 1,.3, 5 7 and 9).° In.,, |
; contrast to what was observed w1th \Graves Igs, however, 'when the blots were
pretreated with -hTSH the bands persxsted (Fig 3.8, lanes 2, 4, ,6 8 nnd 10). It Wont
. &ppears then, that. the domm to wlnch Hashxmot&’s Ig bmds in the TSH\R is not ‘ ?} - .' .‘-A

¥

very closely aesoclated wnth the TSH bmdmg snte K : T

L - ! . v
uu«u‘ \iﬁiv“ﬁ‘\l‘” b
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e “\

, _'. ) . Two patlents exhlblted a secop

osrtwe band in the h|gh molecular welght _ ,
regioi. ~This band corresponds to- the r2-210,000 (Fig 3.8; lanes 7 ahd 8.
. Another patrent exhr ited & very promment band at the Mr~20,800 l 4el (Flg ‘
~. .. .36,lanes9 and’ 10) The natui‘e of the Mr~ 20 000 peptrde is currently funknown :

o ’ The characterlstlcs of the Mr~ 219,000, was further explo:ed and will be

~ \

S explarned later..Seven control lgs were negatl.ve “for - both bands at - similar n

- .concentratrogs (Frg 317) B N i ' N e

— N - ' ~ ) -

o - Under reducing conditions the Mr~ 197,000 was no longer v1s1ble as in prevrous .' \
‘ \ o exper:ments when TSH (3.1.7), TSH-anti-i (3.1.7) and TSAb (3. 2 1) were tested

’ Th!s suggests that for- tlfe blndmg of HT Igs the lntegrlty of the receptorr\s“allso -
R ' ' ‘ ‘requrred Under reducmg conditions the Mr~210 000 mlgrated with a mobility. .-

L consrstenbwrth an Mr~ 180 000 ' -
TN ) Lo 0 ~

: _'__' b A number ol reports in’ the llterature ra.rsed the possrbrhty that sera from -
L "patrentS' wrth Hashlmoto's Thyrordltls (HT) may contam antlbodles dlrectcd ;

agamst the TSH-R or. plasma membrane determmants closely assoclated wrth the l
.receptor (Endo et al.; 1978) Some of these Igs have an_array of actlvrtles on AC.
C | “Some_ workera have found- them to be strmulatory, others 1nh1b1tory, whlle others
— have found them to have no actmt)r what so ever (Bhddal Bech Feldt- e
) Rasmussen Thomsen, Ryder, Hansen, Slenlback and Frns, 1982) Endo, Borges, | .
;-.f"\ o | Amir and Ingbar (1982) cdmpared a method ol preparmg receptor . punl'led . '

. N Graves' Dlsease sgecrl‘xc 1mmunoglobuh~n; uslng gmnea pig adrpocyte membranes '
e wrth the method usmg human thyrord membranes They found that their puhfred . B
, Tgs were able to bind to both human and guinea pig thyroid membranes an;l tha} o
= ', , " this bmdm excluswely dlsplaced\by Graves'. Disease IgG but not by * LT
S ' Hasbrmotos Tlfyrordltrs -1gG. The brndlng ol‘ the receptor purified lgs prepared - .

w1th the methods usmg human thyrord membranes, however, were inhibited by“., TN
both Graves’ and Hashxmoto s. lgG This ]ead the authors to believe that human ) '

thyrord membranes appesr- to contam antlgens complementary to-both.Graves'

: and Hashlmotos dlsea.se antrbodres, whrle guinea plg ad:pocyte cells co. fain -







' antrgens complementary on]y to Graves dlsease antlbodres Moreover, unlabeled . ‘

~ o «\’%‘Zble to “partially drsplace the purlfred Graves' drsease Tgs bound to the“,, }_ .
L :‘thYIOId m ranes suggesting that at least part of the bmdlns of these IES isat - . B

a the level of the TSH-R It remamed unclear, however, if the thyrord membrane :'
antigens complementary for Hashlmoto s Thyrordltls antrbodres were part ol‘ the ' -
TSH-R or not. Other authors (Tao and Krrss, 1082). have - suggested that the" : ”"
antlbodle,s found in Hashlmotos Thyrordltrs may be part of a group of o R f

N y - heterogeneous antibodies that are able to_ brnd antlgens in thyrord‘ membrane- -

preparations contalmng TSH receptors The brndlng sites, however were thought

~to. represent antlgenrc areas separate from the TSH-R.- Thls mostly because ofthe - - . {
mablhty of TSH to mterfere wrth the blndrng of these antlbodles ST ‘

; . - o Wrth thls background the experlments performed hame of ma]or lnterest 1 o
- // The results have demonstrated several facts” The  first: establrshes that - all. 7 .
; \‘ o patrents w1th HT tested have antr-TSH-R antlbodles The\e antlbodles however, ~
e appear to be "weaker' ‘than those found ln cases of Graves Dlsease It appears .t : .n’

reasonable to suggest that the a.ntl-TSH-R antrbodles found in HT and those
- fOUnd in GraVes ' Disease are drrected to different eprtopes in, the TSH-R. Thrs
contentron is sustarned on the grounds that contrary to Graves Igs: the posgtrvrty
| \ obtarned with HT Igs was not lnhlblted wr‘h the pretreatment of the proteln blots
S ‘. wrthbTSH ..;‘ - B '.\" o a D e

- -8.2. 3. Characteﬂzation of the Mr~ 210,000 protein band

As mentroned above (3 2. 2}, 2 out of the 7 Igs from patrents wrth HT- tested C L ‘_" i
_-showed a posrtrve band on thyrord plasma membrane protein ‘blots- at the leve] of
the Mr~ 210,000. Srnce the com_posrtlon .of thrs and was unknown the possrbrhty f |
,I . -:that it may constntute 8- thyroglobuhn breakdown product was consldered The - L
o odds: agamst thrs possrbrlity ‘were that all the patlents w1th HT chosen for thls
- jstudy were negatrve for antl-thyroglobu lip antlbodles in conventronal clrnrcal tests \ : "'_;‘

" and that all ‘the membrane preparatrons used had been. separated on sucrose

. gradlents expectrng to obtam 2 punﬁed prodﬁct Desplte thrs, rt was strll deemed

S - - ~'.',,._"5necessary to test thrs possrbrllty L /




| [ o (2 21) A hlgh titer rabbrt polyclonal antr-human thyroglobulm antrbddy (krndly

o donated bbDr.I Sencrall Faculty of Medlcme MUN Nﬂd) was used as positive
control in the enzymelmked 1mrnuno-b1ndrng assay descrrbed elsewhere (2 17).
Antr-thyroglobulln antxbody at a concentratron of 750 - pg/ml lnteracted wrth
bands at the level of the Mr~ 210000 and ‘the Mr~ 180,000 as -well as other
s qo lower molecular werght breakdown products in protein blots of both thyroglobulm
R ~ (Fig 3:8, lane~1) and plasma membrane (Frg 3.8 lane 2) The mtensrty of the

3.8, lane 3)..In protem/ blots ol' membrane the Mr~ 210, 000 as well as new band

T Graves Disease. at both 1 mg/‘ml and 2 mg/ml were. negatr&rn\the thyroglobulm-
e o ~protem blots {Fig 3.8, lane- 5) In® proteln blots of thyrord plas\ma membrane 1

mg/ml of Graves Ig was enough to produce a pOSlthe reactron at the level of the . |

POrcme thyroglobulrn protem blots were prepared under ‘non-reduced condrtrons :

reactlon was lower with protein blots of plasma membrane The Igs from the two :
patrents that " were posl:t\ve l'or the Mr~ 210, 000 band were-allowed to\lnteract )
with: thyroglobulm protern blots These Igs at a: concentratlon of 2 mg/mL

exhrblted a posrtrve reactlon w1th protelns of Mr~ 210 000 and Mr~ 180 000 (Flg -

o oo “at the level of the Mr~197 000 were Seen- (Fig 3. 8, lane 4). Igs l'rom patrents with

P
L]

Mr~ 197 000 'No. srgmflcant drfference was observed wrth Graves Ig at a -

-

AN :

AN

concentratnon of 2 mg/ml (Frg 3 8 lane 6)

..

= o ‘ ; _ )
These results, suggested rn the fu'st place that sera l'rom \Fatients with.
Hashrmoto 'S’ thyroiditis whrch were negatrve l‘or antr-thyroglobulm antibodies in R

1 S conventronal heamagglutrnatlon tests can give. posrtrve responses rn the enzymc» :

Seconcily, it was shown that the porclne thyrord plasma memhrane preparatrons' '

e ‘ T produced in’ .our- laboratory by- sucrose gradnent purrficatlon contarn several]

thyroglobulm breakdown products When resolved by lmear gradrent SDS-PAGE

R .; at concentratrons of -5 to 15 % under pon reducmg condltlons the majorj
O thyroglobulm bands appear at the Mf~> 210 000 and Mr~ 180000 These baﬂds.-‘

: ,were easrly detected wrth antr-thyroglobulrn antnbodles. It is’ mrportant to mentlon . :

that the natIVo molecule of Mr~660000 and ts Mr~330000 subumts wrll not ‘

: . enter the polyacylarnlde gel at the concentratrons used LT |

lmked lmmuno-blndrng assay, demonstratrng the greater sensrtmty of the method.







e sa. TSH—SUBUNIT SPECIFIC ANTI-IDIOTYPfC S A T

ANTIBODIES e T R s

- v

|'" I . Tt Tl g’ Lo

E specrnc antl-xdlotyplc antxbodres wnth the objectwe of investigating the role of the
o subumts of TSH in the hormone-receptor interaction: The flrst part wrll descrrbe

.actrvnty of the antr—rdrotypes T . Lo \ e B ‘

8 3 1. Charaetertstica ol‘ the antl-TSH subnntt speciﬁc monoclonal |

C .> . --.‘, ."f"‘o'* S RO I . EEN .
. LT s mtibodies S e :

The monoclonal antxbodxes TS28 and GC73 were recewed from the gW'ellcome

4

- o LN
I .. 0, .
D 3 Lo ) : = e ] .

11. P - .'. . -

N ~characterrze the mteractlon of these antlbodnes w:th “TSH and its aetlons on TSH

P . : L]

" -

The expenrﬁents to. be descrlbed next 1nvolve the productron of TSH-subumt ‘

: the charactermtlcs of ‘the subumt specrfxc monoclonal antrbodxes used in. rarsmg‘ I

S~ v
A
'

~

£ antr-ldrotyprc antrbodies The second part will delineate the characterlstlcs of the * |

K 1d.rotyplc/ antr-xdxotyprc lnteractnons The last’ s\lon wnll deal with the brologlcal"" _ ', B

Research Laboratorles (Poole, England) They were prqduced as descnbed m the .
y reference quotel above (2’2) L ‘“. o A _-“;‘. B

\\ :7 . The next sectron wxll descnbe the mvestlgatlons done 'in our laboratory to .

I medlated_receptopevenis.'. S N :

\u_ ,

~

- 8.8.1 l B‘ndlns Of TSH-Bubunit speciﬂc monoclonal antibodles to
AR R T human and boviﬁe ’I‘SH L . o

N _,'and GC73 ‘was tested Dose response curves performed for these experiments. used
‘ - '_'llmtrally mcreasrng amounts ok antlbody ‘with constant amounts of radlolabelled
' ~*%: bTSH (100,000 opm/ml ~2.5 pM/ml) or hTSH (100 000 cpp/ml ~ 2. 4 pM/ml).
. Up to 200" ng/ml were reacted with bTSH with no appre eciable- brndmg bemg
L | obtamed With bTSH TS28 bound a maximun of 58% (SD 7) and-GC73, 47% (SD-
. §)of the radiolabel added. Next, 100 pg/ml of each antlbody were reacted with
o R .mcreasmg amounts of radiolabeled: matenal (50000- 1'00000}1 cpm/ml)., The
el | " maxnmal bmdlng was obtamed with 200,000 c'pm, bemg 75% (S 7) for TS28 and

con ) Brndmg of both radlolabeled bTSH and hTSH to monoclonal antibodies TS28 o

-




,wﬂg% (SD 3) for G073.‘,, Increasrhg doses Just‘ caused mcrease m the background
RAERUNE s actmty wrth mlmmal mcrease in the percehtagé' of buldmg It i is; agalu possﬂ)le

LT . —r 2

ca that the large concentratrons of"antlbody requlred depend on mcomplete

ey o preclpltatlon of the monoclonal antrbodles/ TSH complexes but ‘this was not

G

ﬁp . further explored ds the results demonstrated reproduceablllty -The usefulness of
8 » .

o polyethylene glycol in. Separstmg l‘ree lrom antrbody, bound polypeptldes has long

Lo e been r/ecogmzed (Desbuquors and Aurbach 1971). It could be argued that tbe
"R concentra,tlons ased ui these expenments mlght have been too low as the smaller
i :_-' Ve the co_m‘plex the hrgher the concentratlou requu'ed to produce an adequal.e

separatron rol' the free from the antlbody-bound radlolabeled TSH The moi

e K quoted frgure 1s '16%. In. the prelrmrnary experrments\perlormed howeve,

e concentratlons of . 12% produced efl'lcrent a preclprtatxorl of the complexes

R 1&% A 15% concentratlon on the contrary caused 4 mal'ked mcrease in the
R D , ] Yoorre : T

.o background co’unts . .'_;

T
N o]

s
-

\
i
\ t e
—
i

' - e Both monoElonals exhr'brted hrgh specrhcrty for. hTSH Unlabeled hTSH was
. T “ used to try ta competrtlvely drsplace the blndmg of the monoclonals to’ the labeled
b l, C hTSH One ‘hundred pg/ml of each antibody, were reacted’ with 100 000. cpm, ~2 4
o , pM/ml of 1251, -hTSH.. The: counts bound to TS28 in the absence of cold TSH
" constrtuted 50% of those ad&led» and for GC73 46%. “Cold TSH drsplsced thls
radroactrvrty dn " a. dose depeudant manuer : Wlth '1:528 the maerum

. R dlsplacement was obtalned at. a8 concentratron of 2.5 mU/ml of hTSH. At thls dose

. .. more than .95%. of the radroactxvxty bound was dlsplsced With GC73 a dose of

TSH approxlmately 10 tlmes hlgher was requrred to cause dlsplacement of the
radloactlvrty Ma.xlmum dlsplacement was’ obtamed at 30 mU/ml where

approxrmately 90% of the radroactnvxty was dlsplaced (Table 3 2).

!

‘ . : s
i . - : ' A
1

‘ ' LR "‘ . - !

<o . * " . Lo » . o . B , ‘n- -l
i - . . N

oL To test, the specrficrty of the bmdxng o! hTSH to the monoclonsl antlbodles

- | o HC and msulm were. also used in competltlon assays. aniysulm at doses g

R /25, 5.0, 125, 250 and 50.0 TU/ml were used in dlsplac experiments, The |

"b—' .




" Thble 3-2;

' hTSH (0.5:mU/mly
'hTSH (2,6'mU/ml)

. | WISHG i)

.' [EEURN -
PP

4 Tsza(mOu nl) + a8

]

g 1§28(100ug/nu) +r

— t. - ’ " - . : )
/ y . , e
— TN ©epmX” Bindirg % + S:D
e I-hTSH('I‘C"* 165000 N
1 + TS28 (100 ug/ml) . 9381 ) 49.4 1
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o the antlbodles at.the concentra.tlons nsed.

ot is known that all glycoprotem hormones,. TSI

Ly

b1ndrng of rsdrolabeled hTSH to TS28 was dlsplac( by HCG in a dose deppndent: i
manner At 25 IU/ml ;5% of the radroactrvrty bound was drsp.laced By contr-ast.l
R HCG 'Hp to L dose 0 50 U/ml hed no effect of ‘the bmdrng of GC73. to the‘-”
R hTSH (Table 3, 3) 'The study of: thié- effécts of hLH and hFSH on the: binding
: o 'of h'TSH to TS28 and GCT3 were not repeated in our laboratory ‘fhe rnformatron‘ )
. | recerved from tlre lsb rato;y that produced these monoclonal antrbodws mdrcated
" thit hFSH and\'hLHl have no effecL onmihe bmdmg of hTSH to GC73 Both;.'
hormones, however, were capable oft drsr}acrug th‘é bmdrng of hTSH to TS28 (J '
Ivanyr, personal’ comrrumcatron) Insuhn had no effect on thee,brndlng of erther of: \

"

4 N .
< ta " e | U . 3
. - s - ", :

V] ——

-,
o v”

lsubumt (Plerce and Parsons, '1981) After a.ﬁa.]yzrng the- results obtarned lt was_ :
3 consrdered that ‘the | dmplacement of radloactlve TSH. brndlng to TS28 by all,
| ',_ glycoprotem hormones may’ imply that the bmdrng srte for* tlus entrhody is -
' flocahzed in the alphl s”bumt of those hormones 125I-hT§.H bmdlng to GC73 was
. .exclusrvely dlsplaced by hTSH asl§would be expected for & monoclonal entlbgdy.- .
| specrfrc for the betfa Lubumt of TS ' '

\-. « A
v

-

. S . . A

. |¥ : P— . . ‘ L K o, l\
- 3, 3 1,2. Effect of T828 and GC73 on the blndipg of mr-b'rsri to

thyroid pl mn membra.nes ST ._\; -

7 '.\
.
-

LH, FSH. and| HCG share o

structurally mmnlar alpha subumt while thelr spe rfrclty resrdes« on tbe beta

>

In an a.ttempt to stabhsh the TSH srte to whlch these monoclone.l sntlbodies ) -

., are directed, their_ e fect: on the brndrng of radiolabeled bTSH to thyroid plasma
:Z/ernbranes was stu 1ed Jt rs 1mporta.nt to pomt out that bTSH and not hTSH |
was used for these e penments Desprte rmtral expectatrons that the use of hTSHw_

f——

rght be mdlspensa le, mrtlal screemng studles produced promrsrng .results with '
g ]the use of bTSH C nsrdermg that bTSH :was easier to obtarn commercmlly 1115,' '
- prodqct was used for further experrments 1251 bTSH (~20000 cpm ~0 5tpM) )

was’ reacted wrth pg of sucrose gradreut purrfred porcrne thyroid' plasma . -

N membrane. _ Fourteer percent of the rsdroactrvrty added was bound ;1’528 at:;-'“g



- _' .'w 'I‘ablg 33 Effect of HCG on the binding of I2§l-h'I‘SH to T&S and-GC73 ’

SN . 7 |y cpmX' |- Binding% | --.

1251_hTSH o | -

+"I’828(_100.,ug/r\i\‘l) L ,f o286 | sbo | o
- ~+TS28 (100 ug/ml) + ! ' S . s
S UHCG@B UMY o~ - o | . 8635 v |- BT
ST +-’I’SZB(100ug/ml) + "ﬁ,f L P DO
L HOG (6.0 U/m) Y 5964 |- 38

[t

e

. - TS0 ugim). 4+ L R
Lo TrHosQes Um0 | oo | se |
ST | eS80 ugml) + . o | s S D
S0y . HGG@BOUmMD T e 503 |- 82 S %

o L Psae T, | st SRR R

“+ GC73 (100 ug/ml) o Droes, _ 45.3
TGO (0 vgm) F . . | I c T
4 “HCG(IZBU/ml)-' e | eeor | 425, o, | -7
= | +eCmTugmy+ o [ B N
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3073( ug/ml)"fl- R 7 o
oUm) . .. f 7338 °
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L . do’s of 250 pg/ml and 500 pg/ml }‘vere added. nnd the percent of 125l--b'I‘SPl" '
TR bmdmg.was 12.2% (SD 2) ard 12. 8% (SD 1.8) respectwely GGC73 at similar doses:
i (250 arrd 500 g/ml) were also 'tested When 250 ug/ml of GC73 were added the * :~*
percent of 25EBTSH binding was/8.8 % (D L5) and at 500ug/inl 63% (SDAw) © -
Thus, the fonoclonal GC:‘73 was ahle to drsplace 50 % of the radloactwity bmmd S
to thyrmd plasma membranes whlle TS28 had no effect on this assay . ,

v oa ~ i
1]

3.3.1.3. El'l‘ect of T,e’zs and GC73 on the TSH medlated thyrold pla.sma

e "~  membrane bound AC actiy: i on ' ‘ )

R . . . D
N K

. Contmumg wrth the search for the TSH snte to which the monoclonal-antrbodxes
e : 'TS28 fand GCr3 bmd ‘their efféct on the TSH mediated AC activation on porcme

SR .. thyrord‘%plasma membrane was studled Thrs was mvestrgated .using bTSH at 37°C RS _
; ¢ . - i the presence’of 1 sM Gpp[N'H'}p as dgscnbed above (2 5). TSH (200 mU/ml)-v'.'. ~.

__ - " L. resulted ina 829 /sf mulatron of the thyrond plasma membrane bound AC acuvxty .
' compared ‘to bagal activity (p<0. 05) At concentratlons of 250 pg/ml TS28'
produced a log/tlmulatlon, GC73 an 8% stxmulatron and norma] rat Ig (N-rat— |

" Ig)a 15 6% sfimulation above basal. . ) . L=

Surprlsmgly when either TS28 or GC73 were . added sxmultaneusly with TSH o
- the TSH mediated AC actwatlon was l'urther enhanced TSH produced 8 50% . - _
' stlmulatron of ACG actrvnty as. compared to basal TS28 (250pug/ml and- TSH'
(200mU/ml) cauaed a . 128% stlmulatron and GC73 (250 ﬂs/ml) and TSH = (
_(200mU/ml) a 118% stxmulatxon (Table 3.4 b) The results obtamed w:th N-ratflg | ’
were no dnl‘feren‘t than those ohtamed in prenncubatron experlments LT e Uk

. ) N . — . T



X " Table 3-4: Effect of monoclona.l antibodloﬁ 1328th GC73 on AC acuvity snm'ulated
— . ' -bY'PSHadded a: afteror’o att.hesametuneasmonoclonals ,

’ ‘ ) ; x-

I . . cCAMP [ 1K : L _ .
: : (pM/mg/min) Stimulation Stunu]atlon oo L
' £ : + S.D.° ’ (%) basa.l | relative toTSH | .
. Concentration ‘stimulation'(%) | - ., .3

) * . - - . ‘ : .t v -, hd - ‘." ." k,
"2 | Basal - o] 134144 _ 00, f T ’?’

| TsH@oOmUmD | 244x57" | T aszorl | 1000 T, i
f: ~TS28 (250 ugiml) | 148 £ 30 D VU X R P XS B
. |- .6C73 (250 ughnl) | 145 % 14 10807 | L B9BFT- 1ot
] NR—Ig @by T 1850 | 156 | edse ]

Ry /“28 IR A A R o IR
. TSH 4 GC73 " 121+9 . ¢ ‘go3. | 49%m* =
o TSH + N-rat-lg | 200 £18 1149.0* 82 Lo

=

N — . '__,'- T e .
| TSH(00mUm)| 225416 -- | , 169.0* | ~ 100
g TS28:260-ug/m)) 1| 175+ 3 | 1230 R
| GOT3(B0ugiml) | 190+12 {7 1838. | 80 | % )
TSH +:TS28 | “825+2 | . 2280° .| 1444 .
'TSH + 6C787: |- vs10118 - 218.0* © | . 1378
| TSH + Nratlg | 154111 7 es ;
] -e(aUeEégeorepammls) ) L DU R O
*p< 0.05- stimulat.ion from basal (Mann Whitney U Test) = | . ;

L p < 0 05 mhibimmm TSH stxmulated value (Ma.nn Wlutney U 'I‘estl Lo y

- o 3 v .
‘ ' R - .

-
RS




F ' IR 3 3.1:4. Dlscusslon of the expertments lnvestlgatfng the eﬂ‘cetz of- TS28 .
' ' _ and-GC73 on the blndlng of radlolubeled TSH to thyrold - '-‘_ o
pta;sma membnnes a.nd on the TSH-mdl'uted AC petlvatlon ¢ G et

" . ‘,._

) Befo‘re lnterpretrng the result‘s obtamed frorﬁ the expenments mvesttgatmg the - - ‘
Lo effect of TS28 _and GC73 o the  binding of 1BLbTSH to_ “thyroid p]asm,, v
. membranes (3.3. l 2)t snd on TSH medlated AC actlvatlon fs 3.1 3) it is tmportant Rt

to stress several points. BOVmB' TSH and not hTSH was used Mest the effects of ; ° .
- the’ monoclonals on. these 2 expenfnental systems. Aiso, nelther of (he ‘two, 125] . " \
PO . labeled’ monbclonals "T'528 "o GC73 ‘showed specxflc bmdmg to suérose Jgradient e

S : ., -purnfmd yroid, 'phasma membra,ne. ‘A mnxlmum of .~50, 006 cpm of "251
L | &‘as\a.dded :t0 100 8 Of purmed th}’TOld p,lasma membrane and bmdmg "" .

‘wasless than 2%, mboth ¢ases. © ¢ .- Y R T

[ - EN
. . . " N 4
Y . Lo . 1 o= .
STy e . . s ;‘.. ‘...'r1~-o_A : .. . '_ . R
" < —— R - Y . . N . .l

‘ 'antlbodl

o Agalnst thls background it is reasonable to suggest that upon mters.ct)on \g_rth

_‘the receptor, bTSH undergoes conformatlonal modll'icatlons such a.s to expose

epltopes _which are now recogmzed by the’ monoclonal antrbodles which are’ R g
. otherwise hlghly specmc, for. hTSH in solutlon ) "p'f “ .

L .
P . . ' * Al

- ~That GC73- added at the same time ss the. ligand' can inhibit the binfng. pf

1251 bTSH to thyrond p]asma. membranes seems to indicate that -thig an’tibody, o
_ reacts ith an \\.prtope probably p subumt related which becomes exposed upon
o - bmdmg to the receptor. ‘The lackbof mterference .in thls assay - by TS28 suggests 1
,_ SR B either that bmdmt dependent conformatronal changes ln bTSH does hot result in- “;
.A - -8 epltope recogmzable by TS28 or, else th'at if §uch a stte rs~generated it lseéot -
T - relevantto theTSH bmalng e s e - - .-.-t' IR

[ . DR ] " . . ’ - B
. . . ._ . . . ~ ‘/ - . * v - N .

- F e 3

-\ A Th mterference by both antlbodles thh the, TSH-drlven AC actwatlon -
demonstratés that both epntopes bound may have ‘important functlong i
activating sngnal delivery. Interestmgly, when TS28 or GC73 were”premcuhated in. .‘_'. o

the presence of the membrane preparatrons before the addltnon.o of TSH they
' /\ . mhxbrted the TSH-dnven AC actlvatlon In contrast when they were added. \




S '" '. srmultaneously w:th bTSH they further enhanced the hormones el‘l‘ects The

oy .' , augmentatlon in TSH-driven AC actmty caused by the simultaneous addition of ~
‘ o elther monoclonal antlbody may be lnterpreted as the occurrence of a "cross- .,{
t ‘, " .‘ ; lmkmg by: the monoclonals of~the receptor bound bTSH permitting receptor .

: 'aggregatlon aqd clustering as has been shown for other receptors (Schechter,” \

o Hernae_z, SchlesZunger and Cuat;ecasas, 1979; Schlessmger, 1980). ,
L | The mcuhatlon ol‘ the monocldfals - at 37°C before addrng TSH may have '
A . allowed them to adopt an, "active conforration®, such that'they promptly bind to
| o . bTSH as soon’ as it binds to the receptor and exposes epitopes recogmzed by these ‘
: SR monoclonals. The fact that radiolabeled monoclonals were unable to bind porclne
' thyrotd'membran'e; in- any s;gnmcant quantrty as compared to N-rat-lg allows one o
g ’ - to-exclude the possrblhty that the monoclonals recogmze speclfxc eprtopes at the

< Ievel of the TSH receptor S L : oL : .

-
-

'. . L . - .,

i .‘; Lo g ’I‘hese studnes suggest that npon hlndl‘pg to the receptor TSH appéars to undergo

o cbnsnderable conlormatlonal changes. These changes appear to be essential for the -

. induétion. ol adenylate cyclase actw.atlon It also appears that some hormone* ‘

" . ” - domams are; more lmportant that others for receptor blndmg These data _were

L :- S cruclal in suggutmg the use of these monoclonals to raise antl-ldlotyplc antlbodles
e that might be expected s represent "internal i rmages{ of the TSH subunit srtes S

S that mteract ylth the receptor ok ' A A - I

H

©

8.3 2. Propertles of the lnteraetlone between TSH-subunit specil‘ic : oo
’ ldlotyplc/antl—ldlotyplc nntlhodles - I

- - . . .- -

~ L
lmmunoglobulms obtalned l‘rom the rabbnts 1mmumzed ‘with either - TS28 or .

| GC?3 were each - tested alone and in all pgssrble combmatlons Only one
i combinatlon exhrblted blologlcal actmty _ This corresponded to Igs from ore
| rabblt lmmunlzed wlth TS28 (a-antl-ld) and one.’rabbit lmmumzed wrth GC73~ .' B
(p-antl-xd) These two lgs in’ comblnatlon were. used m the experlments to be’

X an ....4' 1 ‘. e . . . s A R - :.’-
P g deecnbed' : . . o e .o
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3.3.2.1. Binding of anti-idiotypic aniibodies with TS28 and GC78 -
The anti—idiotypic antibody breparqtions were tested 'for.bind\ing to the
complementary monoclonal antibodies. a-anti-id bound 31.6% (SD 2.1) of the
12517398 (~50,000 cpm). p-anti-id .bound 586% (SD 16.0) of the '¥1.GC73
" (~50,000 cpm). NR-Ig used &s control bound only 18% of the radioactivity in the
.case of 12°1.TS28 and 8% of the radloactlvny in the case of 125] GCT3.

Radiolabeled N-rat-lg bound 20.5 (SD 3.5) of the o-anti-id and 14. 4 (SD 4. 7) of
the g-anti-id added (Table 3.5). -

3.3.2.2. Effect of the anti-idiotypes on the binding of 125L.hTSH to
- TS28 and €C73 | ’

~ ~

To estabhsh if a-anti-id and p-anti-id Ig preparations comprise 'lnternal 1mage' .

: antlbodleQ their ‘effect on t’ne binding of 1231 hTSH to TS28 and: GC73 was

studied. - a-anti-id in concentrations of up to 500 ug/ ml was unable to inhibit the

binding of the radiolabeled. ligand to TS28 or GC73. By contrast g-anti- id

displaced the binding of Y25LhTSH to GC73 in a doge dependent manner. Ata .
" dose- of 500 ug/ml 48, 2% of the label was: displaced. g-anti-id lfad no effect in’

dlsplacmg radlola.beled ligand bound to TSZS (Table 3.8). These ﬁnqus suggest

that only ﬁ-antl-ld represents a true 'mternal image® antl-idlotype K
o

3.3.3. Bioactivity of TSH-s_ubunit speciﬁc anti- ldlotyplc antibodies o

‘ _"3 3.3.1. Effect of anti-ids on" the blnding of 1251 bTSH to porclne

thyroid p!a.sma membrl.nes

2
-

the bmdmg of 125I-bTSH Jto porcine, thyrond plasma membranes above that caused'
by NR-Ig.. Porcme thyroid plasma. lmembrane bound 14% (SD 13) of t.he added
PR & bTSH (~20 000 cpm ~0.5 pM) Igs from. the rabbits imiunized with GC73.'
. -(250.and 500 pg/ml) and+of those unmumzed \\jxth TS28 (250 and 500 pg/ml) were -
used for competxtnon 8ssays. Nelther of the four Igs altered the bmdmg of the
" 125I bTSH to the membrane preparatlons NR lg (250- and 500 ug/ml) wﬁs also‘ .




Table 3-5:

——

Interaction of. monoclonal anubod:es TS28 and GC73 with _
anti-idiotypes.

0 -

e Binding

(%) + S.I.

25y 1528 (TC)*

+ " cranti-id (500 ug/mi)

+ i&R-Ig ' (é_oo ug/ml)

IGC73 (TC)' |
+ -ant1 id (500 ug/ml)
+.,_NR-lg (500 ug/ml)

I-N rat Ig (TC)‘ '
T+ o anu-ld (500 ug/m])
® +. -antl-xd (600 ug{ml)

P

149125

10086
. 7087

-7

316 + 2.1
180 + 5.1.

M

58.6 + 16.0

205 + 3.5
) 144+ 4.7

- . o B
) ¥

18k 3

I

. * ’I‘ota] cbﬁﬁfs"PWF of bmdmg from total counts.
N -6 ; (2 parallels for each experunent)




%" Table36: Bitects of aranti4d.and prantiid on the blndmg of I251 MSH to © . ;
; . ; ! monoclonal antibodies T$28 and 6C73. = o o

S ;- Binding - Inhibition R
‘ _ . (%) + SEM (%) SRV
- 125 \TSH + TS28(100 ugml) . |” 65 £05 -
T + TS28 + .cr-anti-id | - 71 £ 05 . : Jut
v .+ TS28 + a-antiid- . 70 + 0.5 | v
C@B0ugm) o I ,
e .+ 'TS28 + oe-anti-id 71 + 156 - - N
e | (500 ug/ml) . - A P,

- ‘ \\\Q 125 I-hTSH + GC\73 (100 ug/ml) N 63 +2 ) v
' g .\\" + GC73 + B-ant,l-'ld “," O b9 + 1 . O Q
} ST (125 ug/ml) hy N B A - co , S
‘ 4 GCT3 + B-antl-ld R b4 o+1 o147 ) L
T - < (250 ug/mil). AT - . . o U
SR , + GC73 + 'B-anti-id ' 32 1+ 05 T LR R IR
‘ (500 ug/ral) .. Y e . |

4 . . - - .

o | » . P " 0.05 compared bo total bound in absence of antl-xdmfypes ) o ' j:;
(MannwmmeyUTest) - o SRR ' R
© N=6(2 pmﬂeb exh) L o .

N '
o :
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" unable -to cause . displacement ‘o the . radioactivity “ bound' Four' pos's‘ible'
- comblnatlons between ‘antibodies raisdd agamst TS28 and those ralsed agamst
GC73 (equimolar- mnctures for final conegntrations of 250 and 500 pg/ml) were.
also unable ‘to- dxsplace 19"51 bTSH froin binding to porcine thyroxd plasma
membranes 125I-bTSH bmdmg in the presence of the a-antl-xd (500 FS/ ml) was - -
14% (SD 1.5). Tn the presence of g-anti-id (500 pg/ml) the bmdmg was 14.7% (SD LR

1 7) Wxth NR-Ig (500 pg/ml) the bmdmg waa comparable at 13 7% (SD 2.3). - . ¢

\

3.3 3.2, Blndlng of radlolabeled a-anti-id and radlolnheled ﬂ—nntl—ld to

porcine thyrold plasma. membranes g _ ‘

Examlnatlon of the bmdmg of 1251 labeled o and ﬁ-antx-lds to porcme thyrord
S . plasma membrane was done usmg 100 pg of punl‘led porcme thyrmd /plasma
IR membranes and ~50 000 cpm ol‘ the lab led antrbodles (2. ll) Thyroxd plasma
N E membrane bound 3. 1% of the 125I-a:-antl id.' Thls bmdlng was dlsplaced in a dose. -
I dependent. manner by both. unlabeled bTSH and unlabeled a-antl-ld bTSH (500 .
4‘ o ‘ l_ mU/ml) dmplaced 35% of the radloactmty bound (Flg 3;J Unlabeled a-antl-ld (l o o
S L mg/ml) dlsplaced 41% of the label bound (Flg 3. 10) : ' A

o -
S~y .,

Usmg 1""51-/9-ant1-1d 24 % bound to thyrond plasma membranes Both unlabeled

. T

- [

' . bTSH and unlabeled p-antl-ld produced dose dependent dlsplacement of the
o labeled lngand bTSH (500 mU/ml) displaced 34% (Frg 3&) and unlabeled
S ﬁ-antl-ld (1 mg) ml) 66% of the radxoachvnty bound (Flg 3. 10) ' C
[ ) : In other expernments equal amounts ol‘ a-a.ntl-rd and ﬂ-antl-xd were. added in the . .
| _; same test tube to achleve an amount of radnoactwlty equal to.that obtalned wrth :

e " each. antlbody alone’ (~5Q,000 cpm) The binding of the antlbodles to thyrdld

»

NS _ '. l plasma membran'e was addltwe, 5.2% of the radloactxve antlbodles bound to .
D 5. .

- e thyrold p]asma membrane preparatlons. Forty percent of. the radloactmty Was
K dnsplaced by 500 mU)(ml of. bTSH (Flg 39) In expenments done in: the same :_.
. batch of porcme thyrmd pluma membrane 17% of 125 NR-lg (~50000 cpml
B was lound to bmd and natlve bTSH dlspla(:-ed only 8% ol tbe radloactwlt}' bound

-




"
»

%% -of Bi

=
-
4

Flgure3—9 Bmdmgof 251 o -antx-xdand 125 ,3-anu-idwthyr'oid'p' ma membranés o

‘ and dlsplacement by bTSH . L
( &) Pr-oeantiid + 125!-/6-a.nti-1d W) P& anti-id
(@) 125, g.- anm-ld (O) I-NRIg IR
Bars repraent ;1; SD from mean .
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These results show that a’and ﬂ-antl-rds,bmd to thyrond plasma membranes. Tle .

dlsplacement of thls binding by natwe TSH suggests specrflclty for its reneptpr. L

The fact that the bmdmg of the two antlbodles appears to be independent wlhien

tested in comblnatlon suggests the presence ol two distinet - blndmg sltes. Fmally, '

as shown' in figure 3.9, it can be stated that the blndmg of l?sl-NR-lg to plasma'

membranes is lower than the resrdual bound anti-ids even in the‘presence of large -

amounts of native bTSH This suggests exther that part of the anti-ids are bound
to membrane sites other than those blndlng TSH or more hkely that a lractlon of

the antibodies have ‘bound lrreversxbly The latter possxbrllty is strengthened by

the fact that the resndual amount of bound radloactwlty is hlgher in the tésts in

whlch the combination of antibodies was used oo L

- -~

3.3 3.3. Effect of a-anti-ld a.nd ﬂ-entl-rd on t.he thyrold Plasma. '

membrane bound AC activity R -

Pl

To determme thablologlcal actmty of these antlbodles, thelr eflect on. the

actmty of the thyrord plasma, membrane bound AC was mvestlgated at 37°C in
the presence of 10 M Gpp[NH]p (2.5): When 250 pg/ml’ ‘of-a-anti-id or. g-anti-id

‘were tested alone they caused mhlbrtron of the basal actwrty of AC 5.8% in the ‘: ,

case of a-antl-ld and 7.5% for p-anti-id (Flg 3.11 shows the results of a typlcal

approxrmately 55 % rnhrbltron !'rom the b!sal vahte

- srtes on the: thyrord plasma membrane .

experlment) When. both antibodies were tested in® eclulmolar comblnatlons (128 -

pg/ml of each) t.he mixture. produced a marked enhancement of the AC activity,

90% stlmulatlon was observed (Fig 3 11) This value. wes equlvalent to - that.

‘induced by 200 mU/ml -of. bTSH. bTSH (350 mU/ml) produced & 101 %
stlmulatron from- basal (Flg 3, 11) NR:Ig (250 pg/.ml), used ‘as control, caused an .-

Y

These resﬁ‘l'ts suggest a cooperatwe mteractron between these two antlbodles in

promotmg AC actlvatlon, in that enther of them alone, depressed the AC actmty

~ but in comblnatron th*were able to enhance rt. much more than add:trvely |

Seemlngly the bmdlng of one antl-ld increases the afflnlty of the other for specific

-

~§.‘. l. '.
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. because of the results

Ra'droactrve iodide uptak‘e by thyroid epithelial cells was meesur.edvafter these

cells were iricubated fornd hours with either bTSH, a or p-?u-ids or NR-Ig and.

th®n in the presence of '3*NalTor 30 minutes. The time
obtarned in previous experrments (315), which

demonstrated optimal uptake ‘after " this -incubation ' period. a-anti-id in

concentrations of up to. 500 pg/ml had no effect on stimulating radiolapeled iodide .

uptake ﬁ-antr-rd in similar” i\concentratrone produced a 7.895-uptake. a-anti-id plus

p—antr-rd (250 pg/ml of each) produced a 8.33% uptake. NR-Ig (500 pg/ml) had no ' ,.
sffect. bTSH (100 mU/m& p{roduced a 10% uptake whlchrwas not lmproved
" when 200 mU/ml of bTSH

ere used (Table 3. 7) S -

3.3.3.5. 'Eﬂ‘ect of n-anti-ili and ﬂ-antl-ld oi the orga.nization of cultured

thyrold epithelia cells

: The effect of the antr-rdlo ypes on the organrzatron of cultured thyrocytes was

studred over a perrod o[ 7 days The cells cultured rn the .presence of a-antr-ld

(250 ug/ml) or NR-Ig (250 \pg/ml) grew as uniform monolayers ﬂ-antr-rd (260 -
pg/ml), however® promoted dhe orgamzatron of small folliculer structures. The .

“addition to the culture medr m of equal amounts of a-ant.l-rd and ﬁ-antr-rd (125

pg/ml of -each) promoted |the orgamzatron of larger - folllcular structures
comparable but consrstently aller than those obtained w ‘#n cells were cultured

‘Wlth 100 mU/ml of TSH Fig 3. 12) This information - Was obtained by simple '
observatron No specrfrc methot to measure “the sizes. of Mﬂrcular structures

|
was devrced The follicular structures for;ned were active-in producing colloid by

.day 7 in cr‘ﬂture as is demondtrated by the abundance of PAS positive materlal
~ contained in the central area ol the newly formed follrcles (Frg 3. 13).

4 hours was chosen .

e
ty
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. Téble 3-7: Effect of crantidid, g-anti-id and NRIg on the radic-iddine uptake
/ be porcine thyrocytes after 4 hours of incub;ation.

L4 ]
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3.3. 3.6. Inteuetiomg\ a--.nti-ld md p-mtl-ld with proteln blots of» - S
-~ thyrold plssma membranes ‘

The final expernnent carned out wrth a and ﬂ-entr-rds lnvestlgated the - T
mteractlon of 1nd1v1dual antlbodres .or their combmatlons wnth protein blots of
porcme thyroid plasma membrane, to . test therr eepacrty to -bind to the
immobilized receptor band. It was oB'served that nelther a-anti-id (1 mg/ml) nor >
s " g-anti-id. (1 mg/ml) alone, produeed posmve reactions at the Mr~ 197,000 band _ .
“ “ . level (Fig 3.14, lanes 3 ‘and 4) The’ combination of - equal amounts of both
-] antibodies (50\§/ml of ea.ch), howeverl_ pr/oduced a cleerly posnt.lve band at the -

Mr ~.197, 000 holoreceptor prot¥in’ band (Fig 3: 14, lane 5).- It spgears ‘that the .
bmdmg of the mdlvu{ual a.nt1~lds ‘to this band was of. relatlvely low nl’fmlt.y and - .
- they. could havé been dlssocmted ‘with the high sa.lt concentmtlon present in the ' - .
L buﬂ‘er used (200 mM NaCl) The combmatr‘on of thetwo anh-ldlotypes appedred L
S IR = to, have enhanced each others- af{;mty for’ the receptor m ‘keeping’ 4ith their
\ " :". T ’ cooperatwe mteractmn It is rmphelt in this exﬁ]anatlon that-the u;\lmobrhzed'
s receptor is- xn sorr}e way capable of undekomg certam ty]!e of conformatronal - .
changes upon mteractlon wrth one antlbody to increase the ammty of binding to _ T
the site recogmzed by’ the second antibody. It could also be possnble that the two \"
: —antlbodles are capable to interact S With - each other in” a _certain fashlon that

provides a conformatlon wnth a4 hlgher afhmty l‘or the receptor
.

I ’

3 3.4. Drscussion of tlfe results investigatlng the bioactlvity of the . .
Alphalﬁnti-id and the Beta-antl-!dmntibodles C R

;
' ".”.. . N L . A ‘.'"
l‘~ 1) N

j':"" IR The hndmgs descnbed sugg(st that these” antnbodles dehver two separate but - '

. cooperatlve signals upon’ bmdlng to t‘he receptor These are hkely,ﬁecessary for -

-the conformatlonal changes whith trlgger the receptor rnedlated events. That

ﬁ-antr-ld transmltg the hormone. specmc sngnals is suggested by the fact that it -

.',,v,:, . ': ’ exlnblted some brologrcal activity on'its own in some of tHe situations exammed. l
' ‘ By "contrast a-antl-ld dow not seem to have such an ‘effect, but appears fo . .
o f: o mcreaso the bmdmg actmty of ﬁ-antx-ld This can be’ achleved by modulatlon of \ __Q‘
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- the TS}fR such -as _to enhance the brndmg afﬁmty for p-antl-rd Another

. ,.'possnblllty is that a-anti-id modulates ﬂ-antl-rd to produce a’ conformation

' \ o recogmzable to the TSH receptor. This functron appears to require cértain specific
A ) _structure because ogher ,antlhodres tested were unable to trigger similar.activation E |

as did this mixture of anti-idiotypes The latter could even explain why a ®non-

1nternal 1mage' antl-ldlotype is capable of enhancing the “internal 1mage' anti-

. idiotype in producmg its blologrcal activities.

-4

' Another important \observatron rsr. the functional dlssoclatlon between the

. inability of these antlbodres ‘to inhibit 125I,bTSH binding to thyrord plasma

_membranes and their posltwe mﬂuence on AC actrvmon These results are

consrstent -‘with the segregatron .of each function to drfferent receptor domains. ‘

This proposal rs substantlated by the finding that some monoclonal ‘antibodies . '
ralsed against the TSH—R inhibited 125- bTSH bmdmg but were unable to induce PR
-AC actlvatron, while others had the opposrte effect (Valente, Vrttr, Yavrn,\Yavrn ’

Rotella, Grollman, Toccafondr and Kohn, 1982) ‘

° ‘it

" In summary 'the antl-TSH subumt speclfxc antr—rdrotyprc antrbodres represent 1n
'combmatlon, 'TSHJ-R specific agomstlc antrbodres, capable of bmdmg a.nd of®
~ actwatmg post brndmg events The .results obtarned suggests thal the anti- -

'1dlotyplc an’trbody approach descnbed here represents a good model for the study .

] of the roles TSH* sf%umts may have in the hormone—receptor mteractron The
data obtarned suggests that the p subunit tPas a partlcularly lmportant role m

- * specific srgnal dehvery The a subunit may functlon as a stablhzer which

; maintains the approprrate subunit conformatlon to allow optlmal mteractlon with
/ the receptor. S | . t
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3.4. BIOSYNTHESIS OF THE TSH RECEPTOR

+

The mixture of a-antl-ld and p-antl-xd descnbed a.bove (3. 3) was shown to be

. specific. for the TSH-R. As shown above (3.3.3.8), the combination of these ‘
antibodies interacted with the Mr~- 197,000 TSH holoreceptor band on sucrose’

gradient puriffed porcine thyroid plasma membrane protein blots‘usingl the

- enzyme linked ‘immuno-binding technique prevlously described (2.17). This
. property was to be used, therefore, to detect the TSH-R in-a system designed to -

study thte rate of receptor synthesis and its turnover in blosynthetlcally labeled
thyrocytes in-vitro (2. 18)

3.4.1. Interactlon of the mixture of Alpha-antl-id and Beta—antl—ld with ’

- b protein blots of porcine thyrocyte whole cell lyaate )

The usd‘ulness ol' thls system to study the synthesns and turnover of the }{:ceptor

was mvestlgated l’lrst by tesl;mg the ablhby of the mlxture of a—antl-ld and -

ﬂ-antr-ld to 1dent1fy specrflc receptor related protexn bands on protein blots of*
thyrqcyte whole cell lysate ‘When this experunent was carried out the result of
the mternctlon ol' these nntlbodres with the whole cell lysete protem blots showed

a great number of posmve ‘bands: (Fxg 3.15, lgne 2). This l'mdmg was in sharp

-contrast to the almost 'snngle band' _positive reaction’ obtamed when punl’red ,

plasma membrane was used (Fig 3. 14, lane 5). Several of these bands were also

posmve when NR-Ig was used in the system mdlcatmg thelr non-specific nature.

-1t was consnderednpossrblé that -the, posrtrve resporises observed in some of these '

bands may be generated by naturally occurrmg antrbodres against different

mtracellularrcomponents found in the cqntrol ra.bbltxserum, :

. For a del‘rmtlve 1dent1hcatlon of the receptor ,related bands among thrs great

number of unrelated proteins, inhibition studxes were done Proteln blots were :

premcubnted with. either bTSH @ U/ml), HCG (1000 U/ml) or insulin (10 U/ml)

pnor to“the addltlon of the antlbody mrxture Control expenments conslstently

- _'showed a farntly posrtxve but stlll easxly ldentlflable band at’ the Mr~ 197 000

> .
\
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lev?(l’rg 3. lfl lane. 2) This hapd complete.ly dlsappeared in papers prent.reated
with bTSH- (F:g 3.15, lane 3), HCG partially dlmlmshed its mtensrty (Fig 3.15,
" lane 5) and indulin had no effect (Fig 3.15, lane 4).. Other bands at the level of the
Mr~105,090 and Mr~70,000 were also drsplace!ble with bTSH suggesting that
they p'ere -also related to the receptor proteins (Fig 3.15, lanes 2 and 3). Their *

~appearence, "however, -was incongistent in that they were present in some

experiments while they were absent in-otEers. *Also a great number of unrelated

bands localizéd in the surrounding areas made¥ detection as well as determination

of the redic;ac_tive content unreliable. Th¥se reasons precluded their use for further

_experiments. Under. these circuri\sl.ahces only the holoreceptbr band was

considered suitable to use ip the studies of the synthesis and turnover of the TSH-
R. , . | \ |

3.4.2. Synthesis of the TSﬁ-R

T

-

In initial experrments the rate of synthesis of the TSH-R ‘was explored in
thyrocytes cultured lﬁ the. presence of TSH (100 mU/ml) for 12 hours pnor to R

labehng and m thyrocytes cultured in the absence of TSH. ’Bhese two. groups of

e .'h o cells were later. blosynthetrcally labeled with medium contamlng [3H] leucine and

-

o

processed as previously described (2. 18) The TSHR band weis identified es
descrrbed in 2.19. Basal levels of [*H]-leucine incorporation were considered as the
level of radloactwrty detected m the receptor band at "0 ‘time® mcubatlon i.e.
. cells chilled at 4°C as soon as the [3H] -Jeucine was added. Within 30 minutes of

the addltron of the [3H]-leucme supplemented medium a significant amount of

‘ labeled receptor was detected in both groups of cells, The maximum level. of

strmulatron of receptor la.belmg was -detected after 3 hours of mcubntlon wrth

-

[3H|—leuc1ne enrlched rnedmm in TSH stlmulated cells. The control cells achxeved'.
" & similar level of regeptor labelmg but this result was not achieved untrl the fifth*
hour of 1ncubatnon with the radloactlve medmm (Flg 3. 16 shows an expenment )

wrth 4 parallels When the experunent was repeated slmllar results were'j

obtaified.) Approxamately one hour after thlr maximal labelmg levels were'
?peclﬁc labelmg was observed in.

echleved a steady deqllne in the- percentage of
. . e "' - L | ‘

"

[







both groups ol‘ cells and thrs contluued up to 8 hours the longest perlod of

observation (Flg 3.16).
-

. Some important features of figure 3.16 deserve comment. A *left shift® of the

cusve representing the rate of receptor.synthesis in TSH stimulated cells when

.compared to non-stimulated cells is seen. This suggests that TSH promotes an

acceleration of the rate of synthesis of its receptor. The most significant
difference between the 2 curves is obtained at 3 hours of labellng With this in
mind hne cells used in all other experiments investigating the rates ol synthesis. as

well as the turnover were labeled for 3 hours.

3.4.2.1. Time depende'nt eﬂ'ects of TSH on the synthesis of the TSH-R -

The- éffects on receptor synthesw of the addition of TSH to the culture medlum

) for different.time intervals was next examlned Tt was observed that when TSH .
(IOOmU/ml) was ad(lecl for only the penod of labeling (3 hours) the rate of .l
‘receptor synthes:s was no dllferent l'rom that “of controls (Fig 3. 17) However,

- ;when TSH was present for 12 hours pnor t.o labehng as well s durlng labellng( 8

total of 15 hours,) the rate of receptor synt_hesrs was clearly accelerated (Flg 3.17).

" Even though the lag 'time‘lr_ineti‘cs for this response was not studied iu detail _the

results obtained. in these' experimen s suggest that for acceleration of 'receptor
synthesxs to occur, it is necessary for ll‘SH to be i i contact wnth the thyrocytes for

- .o

a relatwely prolonged period of time. ‘

3.4.2.2. Effects of dl@%ﬁes of TSH on the synthesls rate of the
TSH-R."‘"‘_-",, e e ’

The ellect%rent doses of TSH on receptor synffesis were next studxed to

_.determine if the rate of synthesjs was dose dependent The maximal acceleration :
.'was obtained ‘with 100 mU/ml of TSH, 250 mU/ml initially produced an
. ’accentuated shrft of the synthem rate curve towards the left, but a premature ‘
‘,ialhng\off was observed. - At 500 mU/ml the - response obtamed was almost
' ldentlcal te that obéained at 50 mU[ml (Flg 3.18). The results show:x représent.

"the mean of lour samples at each pomt the standard devnatxons .are not included

- . < | : H
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dué to the closeness of the drfferent curves." Sumlar results were’ obtarned in

‘ | repeated expenments. lncreasrng doses of TSH appear to strgmlatpe acceleration of
the - re/ceptor synthesls up to. 100 mU/ml. Past thrs dose the responses are

dlmlnrshed, i.e. there is- a non-lmear dose responsrveness for TSH on -receptoP'

-
! —_ . - . . . d

PR

/
] 3.4‘2 3. . Determination pf- stable ‘and free radloactlve leucine pools.in

: synthems

' ' e cultured thyrocytes . ' . v

LA

. Because TSH stlmulates amino acrd metabohsm in thyrord cells (Dummont and
R o ~Vassart, 1978) it i is possrble that the leuclne pool in TSH stmﬁﬁted cells’ might be
. ll'ferent from thst ol' control cells To mvestrgate this possrbrhty the total leucine
== . - ..content’ as well as the. free leucme content -were measured i m cells strmulated with
TSH and in. control cells (2 20) Two groups of TSH strmulated cells were studled :
One group recelved TSH for-3 hours (durrng labehng) and others recerved TSH

‘- ‘_ .. condrtrons ‘used p}gx.ously (3. 42 342 1; 34. 22) The total leucrne content in
| o control and TSH strmulated cells was slrghtly hlgher rn TSH strmulated cells than
TS 1n control cells, ‘This- dlfference however drd not. achleve statlstrcal srgmﬁcance

| (p>0 5)(Te.ble 3. 8) The levels of free leucrne were shghtly lower in’ c'blls that had

been strmulated -with TSH l'or 15 ‘hours when compared to’ those hat were.

slgnlflcant (p>0.5) (Table 3.8) The results verrfy that the observed acceleratron of
' ‘—'le‘uci.n'e 'pool in TSH stirnulated cells.t“ S

ce T Bud 8. Turnover of the TSHq'eceptor L

T

P Pulse-chase expemnent.?\vere done to study the turnover rate ol ‘the TSH-R
Thyrocytes were first brosynthetrcally lnbeled for 3 hours followed by a cold

" medium’ chase for varyrng periods ol‘-trme The ef{ects of TSH strmulatron on the
turnover rate was carried out Ky the addrtron of 100 mU/ml of the’ hormone l'or\

for 15 hours (12 hom‘f‘ prlor to labelrng and durmg la.belmg), to duphcate the .

- strmulated for. 3 hours. The drl‘ference, agarn was not found to be statlstrcally\ )

receptor, synthesrs is real,and not_a.n artifact due to an alteration of the stable‘,

varrous trme mtervals and at d)flerent stages of the procedure as descr:bed above o

. :]\r.'» - 3
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. ‘Table 3-8: Thyrocyte leticine pobl. -

T

Y

4

. td

o

Total Jeucine content
“umol/107_cells + S.D.

Free-leucine pool
pmol/ml + S.D. \

wr Control
N TSH (3 Rours)  * .

SR TSH (15 hours),

. -

993 + 67
1060 + 33 .

1147 + 25 ~

235 + 10
. 193 1 45
246 + 6 &
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(2 18) The data obtained from these: experrments were ﬁtted into exponentre.l

curves. The correlation mdex was calculated between 09 to 0.98 for the 4 curves )

—
*

curve .
. .

H —

In co'ntrol. cells (cultured in the 'a.bsence of TSH) the receptor ‘he.d a calculated
half life of 240 minutes (Fig 3.19 a).WheanSH.whs added either duriné' the 12
hours prior to labeling, 12 hours prior ro labeling and labeling, or throughout, the
procedure (prior and during labeling and -durin'g the chase) trre half life of the

_ receptor was mcreased to a calculated mean value of 360 mrnutes (Fig 3.19 b,c

and d). The. presence of TSH i in the medium appeared to contribute to prolonging

the half life-of the receptor but the length of the time for whlch the hormone was '
present did not appear. to have any rnﬂuence on the—receptor 5 hall’ life. It is llkcly'
that the prolongatron of the half life ol' he TSH-R in the presence ol\TSH can at

lleast be partrally explamed by the achlevement of stable hormone—recep_tor
complexes as has- been prevrously descnbed for the TSH receptor in rsolated

: membranes (Brennan et al., 1980) %

All the findings described so far regarding the synthesis and” turnover of the ‘
TSH-R suggest a positive influence of TSH. These resul't.s_seem, to contradict -most .
of the reports in the literature that suggest that TSH stimulation leads to receptor

"*down regulatior;‘A(Lissitzk , et al, 1073; Witte and McKenzie, 1981; Rapoport
and Adams,l 1976)'./'11 e authors 'h‘eve measured receptor numbers as number of
binding sites available for 12°I'TSH binding thus excluding all occupied receptors.

‘The method used rn the .present studies can detect all "the immunologically

competent receptors that reSolve at the Mr~ 197,000 protem band. 'I‘hrs should '_
~ include receptors that wer: occupred by hormone as well as some partlally' o
R synthesrz\ed receptors that .are 1mmunologrcally identifiable. It is possrble then,
_’ that the awﬁt difference in results-are llkely due to the different detection

systems and that one group -of findmgs does not necessarrly contradrct the othcr
.To substantrate thrs contentlon the brndrng of radlo)abeled TSH‘_to vrablc

-

obtained. The half lifes were calculated at the 50% pomt of the linear regressron ‘
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ST thyrocy'tes2 prepared and treated in condrtions similar to those in' previous |

o

\ ’ 'experrments (3.4.2, 3.4.3) was studled o o _ . , L
of T ' .
Th _ 3.4.4. 125I-bTSH bindlng to dlsperaed thyrocytes cultured\bresenee .
i and absence of TSH \ o . .

-

»

.
The binding of 1251 bTSH to thyroéytes cultured ln the presence of TSH l'or

varrous time mterva!s as well as cultured in the absenee ol‘ TSH was carried out

-

\
‘ : ’\ . . Preliminary experrments were l'lrst carned out in cells cultured in the absence of < 7 ‘-
. “ISH. 3)(106 cells were allowed to react wrth different amounts of labeled bTSH in ‘
- . " the absence of unjabeled TSH. The l'ollowrng results were obta«med 3}(106 cells - /‘\ “:
G * reacting with 50 OOOWm (~1.25 pM of 125-1 bTSHl bound s mean of 5750 cpm. | <" -
* The same number of cells and” 100, 000 «pm bound -a mean of . 14 930 cpm. At : 3

150,000 cpm the mean bound Wasl6,780 c¢pm and at 200,000 a mean\of 17,320
cpm bound to the cells added These results represe,nt .the mean, of three
experrments With these'results' in mind it was decrded to procgde usrng 100,000

cpm for the subsequent dlsplacement studies. . _ . . ’;.‘

-

.

S In these experrments somewhat high doses. of -unlabeled TSH were requrred for o~
‘the displacement of the radiofabeled ligand. During prelrmrd}ry.experrments lower o
doses of unlabeled TSH were used for drsplacement At doses of 10 and.25 mU/ml

. only mrmmal dlsplace,ment of the radiolabeled TSH was obsen‘ed At higher

*" doses, howe,ver as- one can see ‘from the results:in table 39 there was a dose-

‘ response drsp]acement to up- to 250 mU/ml of unlabeled TSH this indirectly s
‘ ' demonstratmg the specrl’rclty of the lnteractron between the thyrocytes and the ' ‘
, o | radrolrgand- o ’ . . . . e \ ‘ ...3"

~ . . » x

3;:.-.-. V l .. . .t . @ ' , . '! (
L '. In this systegy binding srtes were found tQ be 'down regulated' in TSH - L
P stimulated:e . The percentage of bmdmg was. dlmrnrshed by 45 to 63% in cells T

- cu]tured in the presence of "TSH"for 3 hours as compared to the brndlng obtnlned Sk
:.m control cells (Table 3. 9) ln cells cultured in the presence 1TSH for 16 hours ol

E




LR S

[

'-bind'i'ng' was decreased by 20 to 54 % as compared to control ce]ls‘(—Teble 3.9).

- The difference in "binding between the two groups of TSH stimulated cells and

. control cells were found to be statlstlcally significant. (p < 0. 05). No dlfference

'- however, was observed between the 2 TSH stimulated groups (Table 3.9). -

It ‘appears possible that"this" apparent reduction in-binding is due to ir;eversible
receptor. oécubancy, ‘This. proposition is also supported by results obtained in,a-
st.udy that investigated binding of radiolabeled TSH to membranes prepared from

: thyro:d shces prevnously mcubated in the presence or absence of TSH. It wa.s

; antlclpated when the known result.. of gland overstlmulatlon is hyperthyroxdlsm

ET S

_our system due‘tq obvxoua, effectg ‘tha_t the hlgh concent:atlon of NaCl or other

‘methods used to dissociate bqund-horfnone would have on the‘\.rizib'ilit}f' of the cell‘

_ ‘-‘3.4.5. Summary of the experiments on TSH-R biosynthesis ' ‘ : - /

observed that almost all the bmdmg sites whlch were lost due to preincubation

“with TSH could be recovered by washmg the membra.nes with 05 M NaCl to -
‘remove preﬂous]y bound natwe TSH (Wxtt.e and McKenz:e, 1981), at least up to

.a period of mcubatlon of 14 hours. After that time it appeared that the complex

had become meversnbly bound Tt was 1mpossnble to test a sumlar expenment in

“a

used. L - T i .

. . . .
— . -
. . * f Ed

\ <

*These expenments have provxded evndence that TSH has & posmve influence on -

.the synthesls and I'ernover of its receptor in 1so]a.ted porcme thyrocytes in vitro.

. .These ﬁndmgs might prove 1mport.ant in explamlng certam physxologlcal responses'

of t.he thyroxd gland whén mcrea.sed fevels of clrculatmg TSH or TSAb are present

'in individuals with either TSH producmg tumors or Graves' stease respectively. - ©.

A posltlve influence of these sumulators on receptor blosynthesls can perhaps be -

This work - _reports. a fxrst. step towards the understandmg of thns compllcated
‘Subject. _Obviously more work will be requu‘ed before dehmte answers.can be

Provnded S - RN
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~  Table 39: Displacementby nativeTSHof ' I-bTSHbindingtodispersedthyrocytes .
cultured in the presence and absence of TSH. ’ '
’ . | . " '
. . .

_Cohtrol |- TSH 3h (100 mU/ml) | TSH 16h (100 mU/ml)

TSH cpm . | binding cpm  --| binding cpm bindmg
mU/ml X % X % - X

. ;rO 14360 | 14.8 ;;53_26/ 550 | 6610 | e
50 | 788 |77 | 4080 | a2+ |. 6100 | 63
100 4 am 44 | 8311 |- 34 507 | 63
{ - 262 | 2.8 | 2s | 29 ' 402 | 42

s00. | 41 ‘| 20 | 1220 | 137 | s,z | 16

. TC: 06754 cpm o - . | T,
*:p ¢ 0.05(significant decrease in % bindingas compared to % binding in control cells)
Control: cells cultured in ibsence of TSH - T b
TSH 3h: cells cultured_in presence of TSH for 3h. |

o TSH 16h: cells cultured mpresenc!! of TSH for 15h.” .
N -6 (parilels) - v, : o

Cpmi: corr for background binding. . Rl
£ ' L : '.‘. :
' ' ) i n




o ' - Chapter 4 S
v CONCLUSIONS. ~

- Anti-idiotypic antibodies were raised to anti-TSH and to anti-TSH subunit )

S specific monoclonal antibodies. Both of these types of anti-idiotypic antibodies

L . were demonst.rated to be agonists at the level of the TSH receptor. It is p0531ble to -
T . .. produce antl-ldlotyplc antlbodles w1th ‘TSH-like activity. : -

- - 2 These anti-ldlotyplc antlbodles were: useful in"the detectlon of the - receptor '

. ) protem Under specnhc expenmental condmons N Vo

R ' 3 The use,fu.lness of anti-idiotypic antibodies in stuoying’ different characteristics R -
. . ol the hor;hone-receptor.il;tera'ction has aiso been demonstrated.‘ The siuoy of the‘ - |
" . respective roles of the subumts of TSH -in the hormone-receptor interaction was
‘ L prev1ously found to be dlfflcuit because of the known lack of actmty of the 5
1:}-’ , ) o . dissociated subumts of the * hormone Antl-ldnotyplc antibodies raised agamst .
~ S monoclonal antlbodles specific for each subunit of TSH provided’ a useful modsl to I

~ s

Lo - study thls mteractlon.

[ N P

F . 4- Studles thh TSH-subunlt specific antl-ndlotypnc antlbomes favor lmportant T

~roles for both subunlts of TSH in the hormone-receptor mteractlon, '] subnmt as . X S

transmntter of the hormone speclflc sxgnals and d subumt St%blllzer of the -

Y N

‘ hormone-receptor mteractlon. _

3 . . 4 °
At v . ~

& In the 'studieo iovolving th£ ‘interaction of spontooeously ooéurring anti— 1
thyroxd antnbodm and protem blots o&thyroxd plasma. membranm nt ‘was seen -
.that Igs from patlents wnth Graves Disease and Hashnmotos thyroxdms both bind

*
]
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an Mr~ 197,000 protein band, consrdered to be the TSH holoreceptbr The'

binding by Graves Disease Igs is dwplaceableby TSH. The bindmg by HT lgs is
not drsplaceable by TSH. These findings suggest that these 2 typw ot‘ antrbodws
interact wrth the TSH receptor but that the epitopes mvolved appear to be at
different levels in the receptor

_ has a definite role in the Tegulation of its own receptor. The hormone-act:élerated .,

‘the synthesis of its-own receptor and prolonged its half life. These results may be

important ln mterpretlng the onset of hyperthyroidism- in cases of. exceedmg

_amounts of clrculatmg TSH or the presence of TSADb, Ho\vever, further

experlmentatlon is requlred - : T
. “!' °

-~ " . »

7- Many factors ‘appeam to ‘be of 1mportance when ~ rarsmg nntl-ldlotyplc

@

' antrbodles The chorce of appropnate ad)uvants, appropriate laboratory e.mmals _
for immunization,-time. of sample collections and possible assays used to- moqitor _

tha bloactmty of the products are. all of great slgmfrcance Sbme ammals appear "

to be better that ‘others. in producmg antrbody materrals Rats appeared to be
better than mice. as TSH respondants. The time of ‘sample collectron is also very
important. The drfferencf between having an agonist antibody mstead ol' an
antagonistic antrbody can depend only on the tlme of sampl_e collection. So far, all

these parameters were determined by simple observation. The adequate timing for

- 'sample collection was determined by multipl’e sampling,

. &A problem that one mrght envision’ whrch could be of partmular 1mportance is |

the limited quantrty of antibodies produced by the rmmunrzed ammal Obvrously,

' because of the polyclonal nature of the antibodies each new batch of antrbodles

produced will ° require e tensive testing of the:r broattrvrty before they can be
utilized in other experupental situations, - o

- . -

6- Studies done on the synthesis and turnover of the TSH-.R,suggest that TSH
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