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.-\hstract

The ophthalmopathy associated with Gran:" hypcl1hyroidism (G H) and

Hashimoto's th)TOiditis is an autoimmune-mcdiated intlammation of cxtraocular

muscle and orbital connecti\'e tissue. Thc association of thyroid-associ:ltcd

ophthalmopathy (TAO) with autoimmune th)Toid diseasc (.-\TD) can be cxplaincd

by the expression on th)Toid and eye muscle of shared or cross-reacti\'e Ag(s)

targeted by autoimmunity. The best candidate for such Ag(s). at present. are 6~

kDa membrane molecules. \Vhen incubated with cultured human eye muscle.

thyroid.. and skeletal muscle cells in ,·i/ro. autoAbs in TAO patient sera

immunoprecipitated a 64 kDa Ag l'rom the tirst two tissues. but not l'rom skeletal

muscle. ln dot blot experiments using DI fusion protein. a fragment of a cloned

64 kDa protein. autoAbs were detected in the sera of 47% of patients with TAO

and 57% of those with GH without ophthalmopathy but in only 5% of normal

subjects. Short random fragments (100 to 100 bp) of ID cDNA a cloned 64 kDa

protein. were cloned and expressed in E. coli as fusion proteins using the pUEX 1

vector. Four antigenic peptides recognized by TAO sera were cloned and

sequenced. When a panel of sera was screened for recognition of each peptides.

sera from TAO patients' reacted to one or more peptide significantly more

frequently than sera from normal controls. A quantitative reverse transcriptase

polymerase chain reaction (RT-PCR) methodology was used to investigate the

tissue distribution of ID m&"lA and quantitate the levels of expression of

transcripts of this specificity from a variety of human tissues. Expression of 1D

was highest in thyroid and eye muscle, consistent with a high level of expression

of this protein in these tissues. These studies indicate that 64 kDa proteins are

expressed in eye muscle and thyroid.. and that autoAbs reactive with the Ag(s) are

present in the early stages of thyroid eye disease.
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Résumé

L'ophtalmopath:..: associée avec l'hyperth)Toïdisme de Graves et

l'hypoth)Toïdisme (maladie d'Hashimoto) est une inflammation autoimmune des

muscles oculaires et des tissus conjonctifs de l'oeil. L'association entre

l'ophtalmopathie associée avec le th)Toïdisme (OAT) et les maladies autoimmunes de

la th)Toïde peut être expliquée en proposant l'existance d'un Olt de plusieurs antigènes

similaires trouvés sur la surfaee des cellules provenant de la thyroïde et des muscles

oculaires qui sont ciblés par un processus autoimmun, Présentement l'antigène qui

répond le plus précisément à ce critère est une molécule membranaire de 64

kilodaItons. Les patients atteints d'OAT ont des anticorps sériques capables de vent

rcconnaitre et de se lier à une molécule de 64 kilodaltons trouvée sur la surface de

cellules en culture provenant des muscles oculaires et de la thyroïde mais pas de

cellules derivées des muscles squelettiques. Des autoanticorps réagissant avec la

protéine DI. un fTagment de la protéine de 64 kilodalton. sont détectés par la technique

de l'immunodol h/ol dans le sérum de 47% de patients avec OAT. 57% des patients

avec hyperth)Toïdisme de Graves sans ophtalmopathie et dans le sérum de seulement

5% de personnes normales, Quatre morceaux d'ADN qui codent pour des épitopes

antigèniques ont été clonés d'une librairie composée de petit moreaux d'ADN générés

au hazard (100 à 200 bases) à partir de l'ADN complémentaire ID correspondant à la

protéine de 64 kilodaltons, Les séra de patients atteints d'AOT ont réagi plus

fréquemment avec les peptides dérivées de ces quatres morceaux d'ADN, que les séra

d'un groupe témoin. La distribution et la quantité d'ARN messager spécifique pour ID

ont été analysées dans une variété de tissus humains par la technique quantitative de la

reverse po(vmerase chain reaclion. Les tissus avec la quantité la plus élevée d'ARN

messager ID furent les muscles oculaires et la thyroïde. Ces résultats démontrent que

la protéine de 64 kilodaltons est exprimée sur la surface des cellules des muscles

III
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oculaires et de la th)Toïde et qüe les autoanticorps qui reconnaissent cene molCcll\e

sont présents durant les premières phases des maladies alltoimmllnes th)Toïdierones.
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PREFACE

ln accordance with the Guidelines Concerning Thesis Preparation 1 have

taken the option. according to section (7). of v,TÏting the experimental part of the

thesis (Chapters Il to V inclusive) in the fonn of original papers already published

in Icarned journals or submined for publication. This provision reads as follows:

"The candidate has the option. subject to the approval of the Department. of
including as part of the thesis the text. or duplicated text (see below). of an
original paper. or papers. In this case the thesis must still confonn to aIl
other requirements explained in Guidelines Concerning Thesis Preparation.
Additional material (procedural and design data as weIl as descriptions of
equipment) must be pro\;ded in sufficient detail (e.g. in appendices) to
allow a clear and precise judgment to be made of the importance and
originality of the research reported. The thesis should be more than a mere
collection of manuscripts published or to be published. It must include a
I!eneral abstract. a full introduction and literature review and a final overall
conclusion. Connecting texts which provide logical bridges between
different manuscripts are usually desirable in the interests of cohesion.

Il is acceptable for theses to include as chapters authentic copies of papers
already published. pro\"ided these are duplicated clearly on regulation thesis
stationery and bound as an integral part of the thesis. Photographs or other
materials which do not duplicate weil must be included in their original
fonn. In such instances. connecting texts are mandatoI)' and supplementary
explanatoI)' material is almost always necessary.

The inclusion of manuscripts co-authored by the candidate and others is
acceptable but the candidate is required to make an explicit statement on
who contributed to such wcrk and to what extent. and supenisors must
anest to the accuracy of the claims. e.g. before the Oral Comminee. Since
the task of the Examiners is made more difficult in these cases. il is in the
candidate's interest to make the responsibilities of authors perfectly clear.
Candidates following this option must infonn the Departrnent before it
submits the thesis for re\iew:'
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Thus. each chapter of thls thesis bears its o\\n Ahstracl. Introducti,'n.

Methods. Results. Discussion and Bibliography. Aiso. as required hv the

Guidelines. there is a common abstract. a genera! introduction (Chapter 1) and a

genera! discussion (Chapter VI) as \\ell as c1aims to originality and suggestions for

further research. A list of abbreviations is placed at the heginning of Chapter 1: it

serves to define the symbols ustd therein. and in subsequent chapters of the thesis.

The published and submitted manuscripts are as follows:

Chapter Il. Zhang Z-G. Sa1-.·j M. Miller A. Bernard NF. Arthurs B. Wall JR.

Restricted tissue reactivity of autoantibodies to a 64 kDa eye muscle membrane

antiger. in thyroid-associated ophthalmopathy. Clin. hnmunol. Immunopathy. 62:

183-189. 1992

Chapter 111. Zhang Z-G. Dong Q. Rodien P. Alcalde L. Bernard N. Boucher

A. Salvi M. Arthurs B. Vassart Gl'vl. Ludgate ~t Wall JR. Antibodies in the serum

of patients with autoimmune thyroid disorders reacted with a recombinant 98

amino acid fragment of a full length 64 kDa eye muscle membrane protein which

is a1so expressed in thethYToid. Aut()immunity. 13: 151-157. 1992

Chapter IV. Zhang ZoG. Wall JR. Bernard NF. Identification of antigenic

epitopes of a 64 kDa antigen recognized by the serum of patients \Vith thyroid

associated ophthalmopathy. Clin. Immunol. lmmunopathy. (Submitted for

publication).

Chapter V. Zhang ZoG. Wall JR. Bernard NF. Tissue distribution and

quantitative of gene expression a 64 kDa antigen recognized by the serum of

patients with thyroid-associated ophthalmopathy. J. Clin. Endocrino. Metab.

(Submitted for publication).

In Chapter IL the candidate was responsible for all of the experiments.

However. Ms. A. Miller helped the candidate with the absorption experiments and

Ors. M. Salvi and B. Arthurs provided the c1inical data used in this study.
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ln Chapl<:r III. the candidate was responsible for aIl of the experiments. Drs.
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1. I]\;TRODUCTIO]\;

The ophthalmopathy associated \Vith Graves' hyperthyroidism and

Hashimoto's thyroiditis is an autoimmune-mediated inflammation of extraocular

muscle and orbital connective tissue. Although the disorder has many names

(Table 1). the most appropnate is "thyroid associated ophthalmopathy (TAO)"

which emphasizes that the disorder is not unique to Graves' disease (Wall. 1991;

Perros and Kendall-Taylor. 1992). TAO symptoms range from discomfort and lid

retraction to disfiguring proptosis (eye protrusion). diplopia (double vision) and

blindness (Werner. 1969; Gamblin et al.. 1983).

The lack of specifie diagnostic signs and corroborating laboratory tests

makcs it difficult to ascertain the precise prevalence of TAO in patients with

autoimmune thyroid disorders (ATD). Of patients with ophthalmopathy. about 85%

have associated Graves' hyperthyroidism (GH). 10% have Hashimoto's thyroiditis

(HT) and the rest have thyroid immunologie abnormalities in the absence of the

c1assic c1inical features of HT or GH. This latter condition is called "euthyroid

Graves' disease" (Salvi et al.. 1990: Beek. 1989: Jacobson and Gorman. 1984).

Therefore most. if not aIL patients with TAO have an autoimmune thyroid

disorder.

There is also a close temporal relationship between the onset of ATD and

TAO. In more than two thirds of patients. hyperthyroidism and ophthalmopathy

occur within two years of each other (Gorman, 1983). About 10% of TAO patients

have disease manifestation severe enough to consider the use of anti-inflarnmatory

or immunosuppressive drugs. The other 90% have mild to moderate disease, with

symptoms that usually disappear once the thyroid problem has been treated

(Nordyke et al.. 1988: Wall, 1991). Any hypothesis about the etiology and

2
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pathogenesis of TAO must explain the unique rdalionship of ophthahnopathy \Vith

ATD.

There is I11creasing e\'idence for the possibility that ATD and TAO shan:

pathogenic mechanisms (Weetman. 1991: Wall et al.. 1990). The hypothesis upon

\Vhich the work for this thesis is based is that the mechanisl11 underlying the

association of ATD \Vith TAO is cross-reactivity bctween a shared thyroid and

orbital tissue antigen (Ag): development of autoil11l11unity directed at a l110kcuk

present in one tissue would. thereforc. increase the likdihocd that the other tissuc

will also become a target for autoimmune attack. Several thyroid and orbital l11usdc

Ags have been identified as targets for autoantibodies (autoAbs) in patients with

TAO. The precise roIe of these cross-reactive tissue Ags in the pathogenesis of

ATD and TAO and in the association between these two autoiml11une phenol11cna is

an area of intense investigation.

2. THE THYROID AND THYROID ANTIGENS

2.1 Normal thyroid gland

ln the aduIt. the thyroid gland weighs approximately lOto 20 g. The nonnal

thyroid gland is a bilobed structure with a connecting isthmus which overlies thc

second or third cartilaginous rings of the trachea. lt has a rich vascular and- -
I}mphatic supplY(Feind. 1978: Komorowski and Hanso. 1988). The thyroid gland

is composed mainly of thyroid follicular cells (thyroid epitheIiaI cells). arrangcd in

follicles bound together bv a thin sheath of connective tissue (Dumont et al.. 1992).- .
The main component of the thyroid is a c1ear proteinaceous colloid which is stored

inside the thyroid follicles. Normal thyroid function is essential for proper growth
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and mctabolism. 1Is absence is especially severe in infants and young children. in

whom arres!ed physical and mental development can occur.

1\onnal function of the thyroid gland is under the control of the

hypothalamic-anterior pituitary-thyroid axis. and is regulated through a negative

fcedback loop (Brownstein. 1974; Larsen. 1982). Thyrotropin-releasing hormone

(TRH). a tripeptide synthesized in the hypothalamus. acts to promote the release

and synthesis ofThyrotropin (thyroid-stimulating hormone. TSH) by binding to the

TSH seereting eells in the adenohypophysis (Brolin. 1947; Jackson. 1982). TSH

binds to its receptor on thyroid epithelia1 cells which respond in a varie!)' of ways.

including secretion of thyroid hormone and thyroid gland gro\\1h (\Vetzel et al..

1965; Knopp et al.. 1970; Lamy et a! .. 1986). Thyroid hormones in tum inhibit the

synthesis and releasc the TSH from the pituitary. Therefore as the secretion of

thyroid homlOne decreases. TSH secretion increases. which results in an activation

ofthyroid function and gro\\1h (Aizawa et al.. 1978; Caldwell et al.. 1985).

""Th 'd .~._ yrOi antlgcns

There are thrce distinct and weil characterized thyroid autoAgs to which

autoAbs arc commonly detected in the serum of patients with ATD: i)

Ihyroglobulin (Tg). ii) th)'roid peroxidase (TPO formerly named microsomal

antigen) and iii) TSH receptor. AutoAbs to the TSH receptor are believed to be

pathogenic in Graves' disease (Volpé. 1990). Abs to TPO and Tg are more c1osel)'

associatcd with HT (Salvi et al.. 1988). Theil' l'ole in thyroid disease pathogenesis

is not weil detined.

2.2.1 Th\oToglobulin and anti-thvroglobulin antibodies- ~ - -
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Thyroglobulin is th.: major prot.:in eomponcnl of the follieular el,ll l'id. lt is a

prohonnonc l'rom whieh Ihyroid homlOn.:s (Thyroxine. T-1: Triiodolhyronine. T:»

are fonned. Tg is composed of IWO identical subunits each with a molccular weighl

(1\'IW) of 330.000 (Kondo el al.. 1985). Tg was considered 10 be a "sequesled

antigen" until the presence of low levels in nonnal human serum was denlOnstral.:d

by radioimmunoassay (RIA) (Van Heric el al.. 1973: Roin and Tonigiani. 1(67).

Tg is a secreto\}' product of the thyroid gland and produeed only by Ihis organ

(Ericson. 1983).

Roin et al. (1956) tirst demonstrated the presence of Ab 10 Tg in the serum

of patients with HT. Signiticant titers ofanti-Tg Abs are found by hemagglulination

in 70% of patients with HT. in 30% of those wilh Graves' disease and in a small

percentage of patients with thyroid carcinoma and olher Ihyroid disorders

(Pinchera et al.. 1979). There is evidence for molecular similarily belween Tg and

major histocompatibility complex (MHC) class Il associaled invariant chain (Koch

et al.. 1987) and muscle acetylcholinesterase (AChE) (Schumacher et al.. 1986:

Ludgate et al.. 1986). However. anti-Tg antibodies arc not Iikely 10 play a role in

the pathogenesis of TAO. since such autoAbs are nol associated \Vilh Ihi.

autoimmune disease (Salvi et al.. 1990: Bresler et al.. 1990).

2.2.2 Th)-Toid peroxidase and anti-thyroid peroxidase antibodies

TPO is a membrane bound hemoprotein enzyme (Taurog et al.. 1970). aClive

on1y in the presence of H202 (Magnusson et al.. 1987). TPO plays a key l:01e in

th)TOid honnone biosynthesis by catalyzing both iodination of tyrosyl _residues and

coupling of iodotyrosyl residues in Tg to fonn T3 and T4 (Taurog et al.. 1974).

Iodination and the initial phase of thyroid honnone secretion occur at or near the
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apical microvilli of follicles (\\'etzcl and Spicer. 1965: l\:agasaka et al.. 1971:

Nakaga\Va et al.. 1985).

Microsomal AI! \Vas described more than three decades ago. Sera from

patients \Vith thyroid 3utoimmunity often reacted to microsomal antigen. an easily

dcnatured protein present on the surface and in the cy10plasm of thyroid cells

(Belyavin and Trotter. 1959). Recently. human sera reactive to this Ag \Vere shown

to precipitate human TPO prepared from thyroid tissue (Portman et al.. 1985)

Monoclonal Abs developed to mierosomal Ag cross-reacted with TPO (Portman et

al.. 1988). Comparisons of assays for Ab to microsomal Ag and to TPO have

revcaled a high correlation between assays for the two molecules (Mariotti et al..

1990). The microsomal Ag is now kno\Vn to be TPO (Czamocka et al.. 1985).

Cloning and sequencing of a cDNA for a full length human TPO mRNA revealed a

30~8 bp open reading frame encodi!lg a protein of 933 amino acids \Vith a j'vI\\' of

103.026 dalton (Kimura et al.. 1987; j'\'lagnusson et al.. 1987).

Kohno et al. demonstrated that autoAbs to TPO can inhibit the enzyme

activity of this molecule as lI1easured by iodide uptake assays (Kohno et al.. 1986).

Genomic DNA studies sho\Ved that patients homO~'gous for a frameshift mutation

in the TPO gene presented \Vith congenital goiter (Abramowicz et al.. 1992). So.ne

anti-TPO Abs \Vith abilit)' to fix complement can mediate killing of cultured thyroid

ccII monolayers of cultured thyroid cells (Strakosch et al.. 1982). Anti-TPO Abs

havc been detected in virtually ail patients with HT. in most patients with Graves'

disease. but much less in frequently in these with other thyroid disorders (Volpe.

1990). There is no evidence that TPO autoAbs are involved in the pathogenesis of

TAO (Amino et al.. 1976; Salvi et al.. 1990).

2.2.3 TSH receptor and TSH receptor antibodies
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ln 1956. a selUm factor with thyroid-stimulating activity. distinct l'rom TSH.

was identified in the serum of patients with hypet1hyroid Graves' diseasc. lt was

named long-acting thyroid stimulator (LATS) (Adams and Pun·es. 1956). LATS is

a thyroid-stimulating autoAb which can mimic mos!. if not ail. the clTeets of TSH.

It can bind to the TSH receptors located on the membrane of fol1icular cel1s

(Doniach. 1960; Dumont. 1971) and thereby upregulate thyroid function hy

inducing the relcase of thyroid hormones T3 and T4 (Hinds et al.. 1981). With the

c10ning of the human thyroid TSH receptor (Libet1 ct al.. 1989: Nagayama el al..

1989). the pathogenic role of LATS or TRAb in Graves' disease was characlerized

(see section on Graves' disease 2.3.2).

Further studv of Graves' disease bv Adams and Pun'es lcd them to SUl!l!esl*' *' ......

that presence of LATS was more often associated with the eye changes of this

disorder than with the hyperthyroidism (Adams and PUT\'es. 1957). Subsequent

studies have been unable to demonstrate a correlation between LATS and TAO

(Pinchera et al.. 1965: McKenzie and McCullagh. 1968: Ana et al.. 1990).

Although sorne c1inical studies showed a higher preva1ence of TRAb positivity in

patients with TAO. no correlation between the Ab titer and the severity of the

ophthalmopathy was found (Bonn)'Tls et al.. 1968). Chang el al. (1990) compared

the level of TR:\b with orbital computerized tomography (CT) findings in ultn'eated

patients with Graves' disease and found no association between TRAb and

ophthalmopathy. More work is needed to claTify the relationship between TRAb

and TAO.

2.3 Autoimmune thyroid disorders

2.3.1 Hashimoto's thyroiditis (HT)
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HT is the name given to a wide speetrum of elinieal and pathologie findings.

ranging from absence of signs and symplOms to severe hypothyroidism. from an

enlarged thyroid (goiter) to an atrophie gland. ITom seanered c1usters of thyroid

infiltrating lymphoe)1eS to extensive ehronie thyroid inflammation. The diagnosis

of HT is generally based on the presence of hypothyroidism or goiter. but it may be

based on the detection of thyroid Abs or on the resu1ts of histologie studies

(Ladcnson. 1991). Various circulating anti-thvroid Abs (Woolner et al.. 1959:
~ .

Greenbcrg. 1970) and other immune phenomena are associated with HT. including

in si/II immune complex deposition and basement membrane changes in the gland

(Shamsuddin and Lanc. 1981: Pfa1tz and Hedinger. 1986). induced expression of

MHC c1ass II Ags on the thyroid epithelial cells (Hanafusa. 1983: Aichinger et al..

1985) and presence of circulating anti-TPO Abs and/or Anti-Tg Abs in more than

90% of patients (Ladenson. 1990).

2.3.2 Graves' diseasc

Graves' disease is defined by hyperth)Toidism associated with a diffusely

hyperplastic goiter resu1ting from production of an Ab directed against the TSH

receptor. The term hyperthyroidism means sustained th)TOid hyperfunction

associaled with maintenance of increased th)TOid hormone biosynthesis and

release from the thyroid gland (Braverman and Utiger. 1991). It is now c1ear that

the hyperth)TOidism of Gravc's disease is caused by TR:\b. After binding to the

TSH receptor. this Ab acts as a TSH agonis!. stimulating adenylate cyclase activity

and cAMP generation (McKenzie. 1958: Zakarija et al.. 1985: Smith et al.. 1988).

The S)Tnptoms of hyperthyroidism include nervousness. sweating. intolerance to

heat. rapid heart beat. fatigue. weight loss with increased appetite. muscle

weakness. tremor and diarrhea (Trzepacz et al.. 1989). The extra thyroidal features
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of this disorder include not only ophthalmopathy but also localizcd myxedcm:l

(pretibialmyxedema) and thyroid aeropathy (clubbing of the digits and s",dling of

the end of the long bones) (Nixon and SamoIs. 1970; Elte and I-lensen. 19S:;).

3. ORBITAL TISSllES A~D THYROIO-ASSOCIATED OPHTHADIOPA

THY

3.1 ]';ormal eye muscle

The human orbit contains seven muscles; the four rectus llIuseles (the

superior. the mediaL the inferior and the lateral rectus). the t"'o oblique eye

muscles (inferior and superior oblique). and the levator palbebrae superioris

muscles. The levator muscle comrols the movements of the upper eyelid; the other

six govem eye movements. The extraoeular muscles are surrounded by a fibrous

connective tissue sheath (Spencer and Porter. 1988).

There is clear evidence that extraocular muscles are antigenically and

functionallv distinct from other skeletal muscles (Kaminski et al.. 1990).

Extraoculor muscles develop from neuroectoderrn while skeletal muscle develops

from mesoderrn (Gans and Northcun. 1983: SeveL 1986). Eye muscles express a

unique myosin heav)' chain (Wierczorck et al.. 1985) and distinct tropomyosin

isoforrns compared with those of skeletal muscle (Briggs et al.. 1988). Eye muscle

has a higher innervation ratio and a higher metabolic activity than skcletal muscle

and exhibits a varlety of ultrastructural characteristics distinct from skeletal muscle

(Martinez et al.. 1977: Ringel et al., 1978 ).

3.2 Eye muscle in TAO patients
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On gross examination. the extraocular muscles from patients with TAO are

2-8 times larger than normal. dark red and edematous. HistologicalIy. numerous

signs of inflammation can be observed in eye muscle from TAO patients including:

numerous inflammatory cclIs (IymphOC)1es. neutrophils and plasma celIs).

mucopolysaccharidc infiltration. some damage and degeneration of muscle fibers.

(Mulvanv. 1944: Tengroth. 1964: Havard. 1979: Trokel and Jakobicc. 1981: Wall. -
et al.. 1993). These inflammatorv chances in the extraocular muscles lead to. -
markcd muscle thickening and thus ophthalmopathy.

The expression of Heat shock protein (HSP) in orbital tissue has also been

reportcd. Using culturcd fibroblasts from different parts of the body. the 70 kDa

HSP \Vas found to be more abundant in retroorbital fibroblasts than in fibroblasts

from other sites in patients \Vith TAO (Heufelder et al.. 1991). Based on this

observation. Heufelder et al. postulated that HSP expression on orbital fibroblasts

ma)' be pathogenic in TAO. In eye muscle tissue sections from TAO patients

stained for expression of l'\'IHC Ags and HSP. the eye muscle fibers and other

interstitial cells expressed both class Il ÎvlHC Ag and HSP-72 while eye muscle

from nOlmal subjects do not. (Hiromatsu et al.. 1986: Hiromatsu et al.. 1993:

Hiromatsu et al.. 1994). Although the significance of expression of HSP on orbital

tissues is not clear (1'vlcGregor. 1992). MHC class Il Ags play a l'Ole in presenting

Ag to the immune system and thus can participatc in immune and autoimmune

responses. Thc expression of these celI surface glycoproteins is normalIy restricted

to B lymphoc)1es. macrophages. dendritic cells and other antigen presenting celIs

(APC). In ATD. thYTOid follicular cells express MHC Il molecules. while th)Toid

tissue from normal individuals do not (Hanafusa et al.. 1983). This observation led

Bottazo et al. (1983) to propose a primary Tole for MHC c1ass Il Ag expression in

induction of th)'Toid autoimmunity in humans. According to this hypothesis. the

aberrant expression of Îv1HC c1ass Il Ag could permit recognition of autoAgs by
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"intolerant" helper T cclls. thus triggering auto.·\b production, "Ion: n:cent evidence

from various sources suggests. however. that MHC class Il Ag expression is

seconda!)' to organ destruction (1watani et al.. 1986: "-hou!)'. 1987: Voorby et al..

1990: l'vlargolese et al.. 1994). Aberrant expression of this molecule can he

important in aggravating and maintaining an autoimmune process through the

presentation of tissue specific Ags to the immune system. The observation of !\H-IC

class Il Ag and HSP on the surface of eye muscle cells in TAO patiellls supports the

contention that eye muscle is a target of an autoimmune reaction in this disorder.

About 40-90% of patients with Graves' disease will have some oeular

manifestation (Jones et al.. 1969: Sridama and DeGrool. 1989: Enzmann et al..

1979: Burch and \\'altofsky. 1993). which can be either overt or occu\!. The ocular

manifestations are commonly divided into two types: those charactcrizcd hy i)

protrusion and ii) infiltrative processes (Table 2). CT and uItrasonographic

examinations demonstrate marked enlargement of extraocular muscles. particularly

the medial reClUS. in moSI patients with GH (Enzmann et al.. 1979: \\'iersinga cl al..

1989: Trokel and Jakobiec. 1981). Table 3 summarize the charaeteristic features of

TAO seen bv CT (Char. 1990) .

3.3 History

Many theories have been proposed to explain the development of TAO. The

first mention of hyperthyroid patients with associated ophthalmopathy appeared

in the medicalliterature over 200 years ago. Parry (\825) was the lirst to describe

an association between diffuse goiter and eye signs. Graves (1835) was the lirst to

propose the thyroid as having an important l'ole in the etiolob'Y of TAO. Von

Basedow (1840) was the first to provide a complete description of the clinical

ophthalmological features now known as TAO (Werner. 1972). Sorne early
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cxplanations for the occurrence of the clinical finding of exophthalmos (eye

protrusion). characteristic of TAO include: i) orbital muscle laxity with venous

congestion (Cooper. 1849) and ii) orbital edema (Thomson. 1914). Thcse

explanations have since been shown to be inaccurate (Dobyns. 1950). Based on

data obtained from experiments on dogs. Bernard (1851) concluded that cen~cal

autonomie sympathetic stimulation was the cause of th)Toid ophthalmopathy.

McLean and Norton (1958) have since demonstrated that this is not the case for

human thyroid eye diseasc.

Today. most researchers believe that TAO is an autoimmune disorder - a

conclusion based on a great deal of direct and indirect evidence (Perros and

Kendall-Taylor. 1991: Gorman and Bahn. 1989: Weerman. 1991: Wall et al.. 1993:

Boucher et al.. 1991: Volpé. 1993). Firstly. most if not all patients with

ophthalmopathy have associated ATD (Salvi et al.. 1991). Secondly. the orbital

tissue of TAO patients is infiltrated by lymphocytes and immunocompetent

mononuclear cells (Trokcl and Jakobiec. 1981: Campbell. 1984: Weerman et al..

1989). Thirdly. therapeutic interventions kno\\1l to modulate immune responses

such as immunosuppressive agents (Werner. 1966: Guy et al.. 1989: Kendall

Taylor et al.. 1988: 1991: Weerman et al.. 1983: Prummei et al.. 1989).

plasmapheresis (G1inoer et al.. 1986: Dandona et al.. 1979: Atabay et al.. 1993) and

local irradiation (Beienvaltes. 1953: Lloyd and Leone. 1991) have successfully

treated patients with TAO without surgical inten'ention. Fourthly. TAO is often

associated with other autoimmune disorders including insulin dependent diabetes

mellitus (Metz et al.. 1981). rheumatoid arthritis (Wall et al.. 1981). pernicious

anemia (Furszyfer et al.. 1971) and myasthenia gravis (Spoor et al.. 1980: Mornex

and Orgiazzi. 1980). Fifthly. TAO has the classical markers of an autoimmune

process. including circulating autoAbs and sensitized T lymphocytes reactive with

orbital Ags (Wall et al.. 1993: Boucher et al.. 1991).
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3.4 Etiology and pathogenesis of TAO

1'\'lany theories have been proposed to explain the association of ATD.

panicu1arly Graves' hypenh)Toidism. \Vith ophthalmopathy.

3.4.1 Pituitary factors in TAO

One of the c1assical long standing theories proposcd to explain the

mechanism underlying for the association of TAO \Vith ATD is that TSH. a TSH

derivative. or an exophthahnos-producing substance (EPS) of pituitary origin but

distinct l'rom TSH. may in combination with "abnonnal serum inununoglobulin

(lg)"" l'rom patients with TAO. lead to ophtha1mopathy (Bo10nkin et al.. 1975). The

evidence for this hypothesis included the observations that i) the TSH molecule is

exophtha1mogenic in experimental animaIs (\Vinand and Kohn. 1970). ii) the TSH

mo1ecule can be panial1y digested with pepsin into a fragment with

exophtha1mogenic activity but not thyroid-stimulating ability (Kohn and Winand.

1971). iii) this c1eavage product. together \Vith TSH. can induce cxophthalmos and

the biochemical changes characteristic of exophtha1mos in a guinea pig modc1 of

exophthalmos (Winand and Kohn. 1973) and iv) a gamma-glcbulin l'rom the sera of

exophtha1mic patients increased the in \'itro binding of TSH and the TSH derivcd

exophthalmogic factor to the cel1 surface of guinea pig retro-orbital tissues (Winand

and Kohn. 1972).

Evidence against a role for pituitary derived factor(s) in TAO pathogcncsis

is no\\' overwhelming. It is weil known that. in hyperthyroid TAO patients. TRAb

stimulates thyroid function leading to increased circulating levels of T4 and T3.

These th)TOid hormones in tum suppress TSH secretion resu1ting in low TSI-llcvels
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in blood (Volp<:. 1990). The 10\\ 1eve1 of circulating TSH observed in hyperthyroid

TAO patients does not support a role for this molecule in the deve10pment of

ophthalmopnthy in humans. ln addition. pituitary factors are implicated in causing

exophthalmos in the guinea pig animal model by targeting the retrobulbar

Harderian gland of these animaIs. Since humans do not possess such a structure it is

unlikely that the experimental observations of Winand and Kohn are applicable to

human TAO (Jacobson and Gorman. 1984). !'"Ioreover. further studies have failed

to support the notion that TSH or pituitary factors play an important role in the

pathogenesis ofhuman TAO (Davies et al.. 1978: Waring et al.. 1986).

3.4.2 Thyroglobulin and TAO

Another theo!)' proposed to explain the association of TAO with ATD was

based on the work of Kriss et ai.. They postulated that Tg from hyperplastic thyroid

acini leaked into regional Iymphatics al;d was transported to cervical I)mph nodes.

Anti-Tg Abs were then produced which resulted in the formation of immune

complexes. According to this hypothesis. Tg in immune complexes adhered to eye

muscle and subsequently a series of immunological events were triggered including

muscle cell inju!)·. release of cellular protein. histamine release. leukoc)1e

attraction and sensitization of 1)1nphoc)1eS to muscle antigens which could result in

a varie!)' of tissue lesions (Kriss. 1970: Konishi et al.. 1974: Kriss et al.. 1975).

The work of other investigators supports the presence of Tg in normal eye

muscle, l\'lullin et al. (1977) demonstrated that the specific involvement of eye

muscles in patients with TAO was due to patients' lymphoc)1es responding to Tg

or a Tg derivative on eye muscle by delayed type hypersensitivi!)' as assessed by

quantitation of a particular I)mphokine. migration inhibition factor (MlF). Another

observation supporting a role for Tg reacti\~!)· in TAO is the presence of significant
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sequence similarity between portions of Tg and AChE. a musck prot.:in. Llldgat.: .:1

al. identified an epitopc sha.;:d between Tg (between residues 2;;76 and 2-lh.1) and

7il/"['c.'do-AChE (bel\\"een residues 206 and 29-1) r.:cognized by s.:ra li'om pati.:nts

with ATD (Ludgate et al.. 1989). Howeyer. leyels of Abs tl' this .:pitop.:(s\ in th.:

seta of patients with ATD did not correlate with the presence of ey.: dis.:as.:.

Little e\'idence exists at present for a role for Tg as a shared thyroid-l'Yl'

muscle Ag whose targeting bv the immune svstem underlies the association of :\TD.... ........ ... ...

with TAO. E\idence against a role for Tg and anti-Tg Abs in TAO pathog.:n.:sis

include the fact that there is no correlation bel\\"een the presence of TAO and kvds

of free Tg. Ab bound Tg or anti-Tg Abs (Brohee et al.. 1979: Yamamoto .:t al..

198;;). Furtherrnore. anti-Tg Abs are found more frequ.:ntly in pati.:nts with HT

than in those with GH. but less than 5~o of patients with HT have TAO (Salvi et al..

1991). lv10reoyer. the presence of Tg on eye muscle has not bc.:n conlinncd by

sorne investigators (Kodama et al.. 1982).

3.4.3 Thyroid and orbital tissue cross-reactivity

The obseryed association between ATD and TAO in the same indiyidllals

suggests that these l\vo autoimmune disorders share some kind of pathogcnic

mechanism. \\-'hile the nature of immunologic links bel\veen the l\\'0 au!oÎnununc

disorder is not clear the existence of shared antigenic determinants present on

thYToid and eye muscle tissue targeted by an autoimmune response initially limited

to one ofthese tissues could explain the association (Wall et al.. 1993).

This putative shared Ag could be an identical protein found in both thyroid

and orbital muscle or different molecules beating an epitope(s) seen as the same by

auto-reactive T cells or autoAbs (Schlomchik et al.. 1990; Vincent et al.. 1987).

Antigenic cross-reactivity as the mechanism underlying the association bel\\'een
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two organ specifie.: autoimmune disease is not a new concept. The laboratory of

A. L. ~otkins produced a number of monoclonal Abs. obtained by fusion of

lymphocytes from patients with autoimmune endocrinological diseases and mouse

myeloma cclls. which reacted with Ags in multiple organs (Haspel et al.. 1983:

Satoh ct al.. 1983 J. They suggested that multiple-organ reactive Abs may in part

explain the association of organ-specifie autoimmune disease 1Il

polyendocrinopathies with an autoimmune basis. There is good e\idence that the

association of insulin dependent diabetes mellitus in patients with stiff man

syndrome is duc to the presence of autoreactivity to glutamic acid decarboxylasc

(GAD). an Ag found on is1cts and in brain neurons (Baekkeskov et al.. 1990). Abs

l'rom patients with TAO have been found to recognize a 64 kDa Ag on both thyroid

and eye muscle (Sah'i et al.. 1988: Dong et al.. 1991).

E\idcnce for the existence of Ags shared between the eye muscle and the

thyroid and of autoimmunity against such shared antigens in patients with TAO

has come from several laboratories (Hiromatsu et al.. 1988: Dong et al.. 1991).

Hiromatsu et al. reported the presence of cy10toxic Abs in the sera of TAO patients

reactive with eye muscle and thyroid cel1s. This Ab could be absorbed by pre

incubation of patients' sera on monolayers of thyroid cells and eye muscle cells. but

not unrelated cells (Hiromatsu et al.. 1988). Miller et al. (1986) showed by ELISA

that TAO patients' sera contained Abs reactive with both thyroid and eye muscle

membrane Ags. By Western blotting. sera from TAO patients bound a protein of

approximately 64 kDa present in several tissues including eye muscle. thyroid.

other skeletal muscle. orbital connective tissue and pancreas (Salvi et al.. 1988).

Absorption experiments demonstrated that the 64 kDa Ag reacting with Abs in

TAO patients' sera. was expressed in eye muscles and thyroid but not in brain.

spleen or smooth muscle (Wall et al.. 1990). Another 64 kDa protein. recognized

by sera from patients with ATD. cal1ed 1D. was c10ned by Dong et al. from a
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thyroid cD~A expression library (Dong et al.. 1991 \. By ~orthcl1l bloning 1D

appeared to be exprcsscd only in thyroid and cye musck tissuc and not in skdctal

muscle. A purified beta-galactosidase fusion protein eontaining 1D was rccognizcd

by Abs from patients with TAO and :\TD (Tanaka et al.. 1992: Zhang ct al..

1992b).

3.5 Cellular autoimmunity in TAO

While autoAbs of a particular specificity are a hallmark of TAO. the rok of

cellular autoimmunity in TAO is not weIl defined. T cell reactivity to orbital Ags in

patients with TAO has been studied using several assays and peripheral blood

mononuclear cells (PBMC') as a source of T cells {Ho\\' et al.. 1987\. One such

assay is the t-,·IIF test where patients' PBMC' are mixed with orbital Ag: if rBMC'

recognize Ag they release MlF. Munro et al. (I 973) demonstrated that lymphocytes

l'rom aIl 15 patients with TAO tested responded positively to a crude human eye

muscle Ag(s) preparation. Because the Ag preparation uscd in this study was not

purified. it was not possible to know to which Ag the TAO patients' T cells reacted.

When partially purified Ag{s) were substituted in the MlF test. "Tg" was found to

stimulate a positive MlF response (Mullin et al.. 1977). Another assay mcasuring T

cell reactiv;ty. the leukoc)1e procoagulant acti\ity assay (LPC'A). is bascd upon the

cellular collaboration between lymphoc)1eS and mOnOC)1eS (Schwartz. 1985: How

et al.. 1990). Stimulation of T cells by an appropriate Ag results in production of a

Iymphokine(s) which induces monoC)1eS to elaborate LPC'A. Cohen et al. (1992)

demonstrated that PBMC' from patients with TAO elaborated significantly highcr

levels of LPCA in response to eye muscle c)10s01 than PBMC obtained l'rom

normal healthy subjects.
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Antibody-dependent cell-mediated cytotoxicity (ADCC) directed at eye

musclc may bc a mechanism for tissue damage in TAO. This form of cell killing is

mediated by killer (K) cells (closely related to NK cells) and a specific Ab. In

ADCC a target ccli Ag is bound by specific Ab and then the K cell lyses the target

through interaction of the Fc portion of the Ab (Bogner et al.. 1987). A significant

positive correlation was noted. in TAO patients. benveen the specific Iysis of

cultured eye muscle cells and the degree of eye muscle involvement (Hiromatsu et

al.. 1987). Sera from TAO patients also supported killing by ADCC of thyroid

cells. skeletal muscle cells hut nol orbital fibroblasts or endothelial cells (Zhang et

al.. 1989: Hiromatsu et al.. 1989).

T cell proliferation has also been used to examine recognition of orbital

tissue Ags by T cells from TAO patients (Wall et al.. 1978: Tanaka et al.. 1992).

Approximately 33% of TAO patients. 5% of patients with GH or HT without

evident eye disease. and no normal subiects have PBivlC which proliferate

following stimulation with the DI fusion protein (Tanaka el al.. 1992).

3.6 Humoral autoimmunity of TAO

3.6.1 Antibodies to orbital tissue antigens

Although eye muscle is generally reported as being the most Iikeliest target

tissue for autoimmune attack in TAO. there is also some evidence for autoreactivity

with orbital connective tissue Ags and the lacrimal ~land. By Western blotting

Bahn et al. (1989) identified. in the sera of patients with GH. Abs against a 23 kDa

protein on fibroblasts and proposed a possible pathogenic role for these Abs.

However. since tlte reactivity of these Abs against retroorbital fibroblasts was no

different from that against fibroblasts from other parts of the body. and because
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these Abs were found in GH patients with or without ophthahnopathy. the

pathogenic role of Abs of this specificity in TAO is suspect.

Although se\'eral e\'e muscle reacti\'e autoAbs can be detected in the 'em of
~ . .

TAO patients by a varie!)' of assays. including ELISA (Kodama et al.. 1982:

Kendall-Taylor. 1984: I\'liller et al.. 1986). immunofluorescence (I\lengistu et al..

1986). protein A binding (Fal}'na et al.. 1985). SOS-PAGE and Westem blotting

(Salvi et al.. 1988). linle is known about the molecular structure. subcellular

distribution. tissue specifici!)'. or function of these auto.·\gs.

ln 1982. Kodama et al. demonstrated. by ELISA. that an Ab reactive with a

partially purified soluble eye muscle Ag was detected in the serum of 740 <> of

patients \Vith active TAO (Kodama et al.. 1982). Subsequently the presence of eye

muscle Abs was confinned by other studies (Atkinson et al.. 198-1: Faryna et al..

1985: Ahmann et al.. 1987). C'y10toxic Abs directed against eye muscle ccII surface

Ag(s). as measured by AOC'C'. \Vere identified in the sera of 30--IO~0 of patients

with early stage ophthalmopathy. One cy10toxic Ab reacted against a thyroid ccII

surface Al!.. different ITom TPO. and cross-reacted with an eve muscle Ag- . ~

(Hiromatsu et al.. 1988). This cy10toxic Ab could be absorbed by eye musde and

thyroid tissue. but the target Ag to which it reacted remains to be identified. By

Westem bloning. Abs in the sera of patients \Vith TAO that bound to eye Illuscle

membrane Ags of various sizes. nalllely 55 kOa. 64 kOa and 95 kDa. \Vere also

detected (Zhang et al.. 1989: Salvi et al.. 1991).

3.6.264 kDa thyroid/ eye muscle autoantigens.

The hypothesis upon which this thesis is based is that the mechanislll

underlying the association of TAO with ATD is the expression on the thyroid and

eye muscle of a shared or cross-reactive Ag targeted by autoimmuni!)·. The best
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candidatc for such an Ag at present is a 64 kDa membrane molecule which is il

expressed on eye muscle and thyroid and ii) recognized by Abs in the sera of a

large proponion of TAO patients and iii) recognized only rarely by Abs in the sera

of normal individuals. While the role of this molecule in the pathogenesis of TAO

is not c1ear. the presence of Abs to this antigen has been very useful as a diagnostic

tool (Miller A et al.. 1992; Zhang et al.. 1992b: Zhang et al.. 1992c).

Salvi et al. \Vere the first to repon the presence of Abs to a 64 kDa eye

muscle membranc Ag which were detected in 50% of patients with TAO. Abs of

this speeificity were a1so detected in 20% of patients with GH without e,,;dent eye

disease. but not in normal subjects (Salvi et al.. 1988). \Vhen the presence of Abs to

this 64 kDa Ag was correlated \Vith disease stage. sera from 75'\0 of patients with

early. severc. TAO contained Abs of this specificity. Anti-64 kDa Abs \Vere

detected in 33% of patients with GH \Vith no apparent eye disease and in 17% of

patients with HT with no eye disease but were not detected in patients \Vith

nonautoimmune thyroid disorders or in sera from the 25 normal subjects included

in this survey (Sa]..,; et al.. 1991).

Sera from TAO patients contained autoAbs able to immunoprecipitate a 64

kDa molecule from human eye muscle and th)Toid but not from skeletal muscle. A

proponion of these sera and ail sera from patients with ATD without

ophthalmopathy also immunoprecipitated a distinct 66 kDa molecule from skeletal

muscle (Zhang et al.. 1992a). These results were confirmed by Hiromatsu et al.

(1993) by quantitative Western blotting. Using rat tissue membrane preparations.

Hiromatsu et al. showed that TAO sera reacted strongly with a 64 kDa protein in

eye muscle. and weakly with a 66 kDa protein in skeletal muscle.

The 64 kDa Ag expressed by human eye muscle. th)Toid and skeletal muscle

\Vas further characterized by t\Vo-dimensional (2-D) gel electrophoresis and

Western blotting (Boucher et al.. 1994). Pretreatrnent of eluted 60-70 kDa
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solubilized membrane Ag l'rom eye muscle. ske1etal muscle and thyroid with :-\

g\vcosidase F. to eliminate charge heterogeneitv resulting l'rom glvcosvlation_. .... ...... .... ....~ ..

differences. changed the pl and ~'IW of the molecules l'rom each of these tissues

recognized bv TAO sera. The th\Toidleve muscle 64 kDa moleeu\cs reeognized lw_.. .... ... ..

TAO sera were shown to be glycoproteins and to be diffen:nt in eye muscle and

thyroid based on their distinct pl. The glycoprotein l'rom skeletal muscle recognized

by TAO sera appeared to have a higher MW (66 kDa) and a pl different l'rom the

Ag in eye muscle and thyroid recognized by the same sera. Trypsin digestion of

size separated (60-70 kDa). eluted material l'rom these three tissues prior to

isoclectrie focusing and Western blotting generated a fragment of about 30 kDa in

the three tissues which was reeognized by Abs in TAO sera (Boucher et al.. 1991:

Boucher et al.. 1992).

Dong et al. (1991) studied a 64 kDa thyroidleye muscle Ag. They cloned a

64 kDa Ag l'rom a th)TOid cDNA expression library by screening with a pool of

sera l'rom HT patients. The full length 572 amino acid protein. cOITesponding to a

MW of 63-64 kOa. was called ID and a 98 amino acid fragment ofthis protcin was

named DI. Using DI as a probe in Northern blotting of poly(A)-'- RNA ti'om

various tissues revealed 3.9kb transcripts in normal human thyroid and extraocular

muscle. but not skeletal muscle. DI affinity-puritied autoAbs bound to a molecu\c

01'64 kOa by Western blotting ofhuman thyroid tissue (Dong et al.. 1991).

Based on computer analysis lOis predicted to consist of a short

transmembrane segment. an intracellular domain where DI is situated. and a longer

extracellular domain (Ludgate. personal communication: Zhang et al.. 1992d).

Bernard et al. (1994) screened a panel of sera from patients with and without

ophthalmopathy for the presence of Abs reactive with the ful1-length ID molecule.

Chinese hamster ovary (CHO) cells transformed with ID and untransformed CHO

cells were stained with the serum panel by immunofluorescence. Results obtained
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by immunol1uorescencc were compared with those obtained by immunoblotting

with 1D transformed or untransformed CHO solubilized cell membrane.

Approximatcly 40% of patients with TAO had detectable serum antibodies to 1D.

in both tests. The greatest prevalence of Ab reactivity \Vas for patients with GH

without evident eye disease where 70% reacted with 1D transformed CHO cells by

immunol1uorescence. This suggests that antibodies to the 1D protein may be an

carly marker of ophthalmopathy in patients \Vith GH. Although 1D and the 64 kDa

Ail have a similar size. tissue distribution and are reco!.mized bv autoAbs in TAO
~ ~ .

patients. their identity remains to be confirmed by amino acid sequencing of

purified human 64 kDa eye muscle or thyroid antigen and comparison with that

deduced for 1D.

3.6.3 Antigenicity of 1D antigen

The availability of a fulllength cDNA clone for 1D permits an examination

of its antigenic make up by epitope mapping technology. In order to understand the

molecular and cellular basis for the pathogenesis of TAO. it is important to identify

the antigenic segments on 1D recognized by the auto-Abs in TAO patients. The

precise identification of the antigenie epitope(s) of molecules recognized by the

immune system has the potential to aid in the diagnosis and prognosis of disease.

and identification oftargets for immunomodulation (Horsfall et al.. 1991: 1'\'lomburg

et al.. 1993).

The immune response to external and internaI Ags involves specific

receptors on T and B cells (Bona. 1991). Antigenic determinants. or epitopes. are

the portions of antigenic molecules that are recognized by Abs or T cell receptors

(TCR). The determinants which interacts with Ab or TeR Ag binding sites can

consist of either amino acids which are conrinuous (linear) in the primaT)' sequence
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of protein. or of amino acids which are discontinuous (assembkd) in the primary

sequence. but are brought together as a results of the fol ding of the prNein l\1 its

native. functional. shape (Benjamin et al.. 198-\: Jcmmerson. 1987).

Recognition of Ag by T cel1s usual1y requires processing of anligen into

short linear peptides for presentation. The consensus of opinion is that peptides of

less than 12 (about 8-9) amino acids ean bind to TCR when presenled in th~'

context of the appropriate ~IHC molccule (Jardetzky et al.. 1991: Hunt el al.. 1992;

Stem et al.. 1994: Jardetzky et al.. 1994). Information on the nature of the protein

epitopes recognized by B ceUs is more complcx. Based upon moh:cular modding

of Abs reacting with Ags. the majority of B-ceU epitopes are thOllght to be

conformationa1 (BlundeU et al.. 1987). Various approaehes ha\'e been llsed to

locate Ab binding sites (epitopes) in proteins. including studies of binding 10

protein fragments or synthetic peptides (Kazim and Atassi. 1980; Geyscn el al..

1987). binding to variant or mutated forms of antigen (Urbanski and Margoli:lsh.

1977: Peterson and Seed. 1987) and proteolytic cleavagc (Sheshberadaran and

Payne. 1988). A library of peptides expressed in an expression vcctor \\ould

provide an unlimited supplY of peptide fragments. By this method. the dllCid:llion

of both \inear and conformational epitopes are possible. although al present lhis

technique is mainly used for B-ceU epitopes (t\'lehra et al.. 1986: Prigent Cl al..

1990: Ceriani et al.. 1992).

If a specifie cDNA is inserted into an expression vector. the corrcsponding

peptide is directly synthesized by the infected cell as a fusion protein (Stanley and

Luzio. 1984). This fusion protein consists of a bacterial polypeptide linked to a

eukaryotic polypeptide. The fusion protein is detected with Ab directed to the

protein expressed by the inserted sequences. beta-galactosidase is a commonly used

carrier protein (l'viole and Lane. 1989). Analysis of polyclonal Abs using libraries

of random DNA fragments expressed in E. coli provides a rapid method for
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mappmg thcir binding sitcs. Sueh a system has been sueeessful1y used in the

mapping of important protein AlOs (Seandel1a et al.. 1988: Henry et al.. 1990:

Prigcnt ct al.. 1990: Libert ct al.. 1991). ln esscnce the method is the same as using

ovcrlapping synthetic peptides. except that the size of the peptide can be made

larger. al10wing a more native fold of the protein (Laver et al.. 1990). Synthesis as a

fusion protcin with E. coli beta-galaetosidase may have an additional stabilizing

effce! (Stanlcv ct al.. 1987).
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• Table l, Synonyms used to deseribe thyroid-associated ophthalmopathy·

Gra\'es' ophthalmopathy

Von Basedow's ophthalmopathy

Dysth)TOid ophthalmopathy

Endocrine ophthalmopathy

Thyroid ophthalmopathy

Thyroid myopathy

Endocrine exophthalmos

Endocrine eye lesion

Thyroid exophthahnos

Exophthalmi ophthalmopathy

Exophthalmic ophthahnoplegia

Progressive exophalmos

Endocrine orbitopathy

Dysthyroid orbitopathy

Ophthahnic Grave' disease

i\'lalignant exophahnos

•

•

·Pen'os (' and Kendall-Taylor P (1992)
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Table 2. Abridgcd classification of ocular changes of Graves' diseasc*

Class Dcfinition

o No signs or s}mptoms

Only signs (upper eyelid retraction and stare with or

without eye1id lag or proptosis): no s}mptoms

., Soft-tissue involvement (s}mptoms and signs)

3 Proptosis

4 Extraocular muscle involvement

5 Corncal involvement

6 Sight 1055 (optic nen'c involvement)

*Char OH (1990)
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Table 3. Computerized lomography findings in

Thyroid-associated ophthalmopathy*

Enlarged extraocular muscle: tendonous

insertion often spared

Normal orbital fat

Occasional slight bowing ofmedial wall

Occasional inferior rectus enlargement on

axial scan: simulates an orbital tumor

Occasional optical compression of the optic

nerve by enlarged extraocular muscles

Rare lacrimal gland enlargement

Absence of

Orbital masses

Vascular engorgement

Sinus involvement

*Char DH (1990)
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CHAPTER II

Restricted tissue reactivity of autoantibodies to a 64 kDa eye muscle

membrane antigen in thyroid-associated ophthalmopathy

PREFACE

The association observed between autoimmune th)TOid disease (ATD) and

thyroid associatcd ophthalmopathy (TAO) suggests that these two autoimmune

disordcrs share a pathogenic mechanism.

AutoAbs to a 64 kDa human eye muscle and th)Toid membrane protein had

prc\'iously been demonstrated in the sera from patients with TAO by Western

b10ning. This C'hapter demonstrates that severa1 tissues could neutralize the ability

of sera from TAO patients to detcct a 64 kDa Ag from eye muscle in Western

blots. In a separale set of experiments sera from TAO patients were used to

immunoprecipitate labeled cell membrane molecules expressed on primaI')' cell

cultures established from several tissues. This approach revealed that sera

recognized a 64 kDa molecule on th)TOid and eye muscle membrane and a 66 kDa

Ag on skeletal muscle membrane.
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ABSTR-\CT

We studied the tissue specificity of eye muscle (EI\I) lllembrane-reactiw

autoantibodies detected in the serum of patients with thyroid-associated

ophthalmopathy (TAO). In preliminary studies. such antibodies were shown to

react. in sodium dodecy! sulfate-polyacrylamide gel electrophoresis and Westel11

blotting. \Vith human thyroid (THY) and other human skeletal muscle (HS:\!)

membrane antigens. We carried out absorption \Vith human EM (HE"!). THY. and

HSM membranes of sera from patients \Vith TAO and autoimmune thyroid dise.lse

\Vithout ophthalmopathy which reacted \Vith one or more of 55-. 64-. and 95-kDa

antigens in pig eye muscle (PEM) membrane in immunobloning. the majority of

\Vhich \Vere also c~10toxic to HEM cells in an antibody-dependent cell-mediated

c~10toxicity assay. In Westem bloning. serum antibodies reactive with PEM

membrane antigens of 55. 64. and 95 kDa were cross-absorbed by HEM. THY.

and HSM but not by spleen or brain membranes and sho\Ved some species

specificity. being absorbed by pig and human. but not bovine. EM membranes.

When incubated with cultured HEM. THY. and HSM cells illl'ilro. autoantibodies

in TAO sera immunoprecipitated a 64-kDa antigen from the first two tissues. but

not from HSM. suggesting a specifie binding to autoantigenic epitopes in HE!'vl

and THY. Sera from patients with TAO as weil as those from patients with thyroid

autoimmunity without ophthalmopathy immunoprecipitated a -66-kDa protein.

shO\\1l to be distinct from the 64-kDa antigen, The restricted immunological cross-- -
reacti"ity of antibodies to a THY and HEM 64-kDa membrane antigcn is

discussed in the context of the association of ophthalmopathy \Vith thyroid

autoimmunity, Further experiments are needed to show whether autoantibodies to

the 64-kDa eye muscle and thyroid shared antigen are cytotoxic. and thus likcly to

play a major role in the pathogenesis of the eye disease. or just markers of thc
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orbital autoimmune process.

I:\TRODl"CTIO:\

The extraocular muscle is considered to be the mam Target of the

autoimmune reactions of thyroid-associated ophthalmopathy (TAO) (1-3).

although there is also evidence for immunological reactions against orbital

connectivc tissue antigens (4. 5) and the lacrimal gland (6). The identity and

signifieance of thc principal eye muscle antigens arc. at the present time.

unkno\Vn.

Eye muscle (Etvl) antibodies \Vere first detected in the serum of patients

\Vith TAO using an enzyme linked immunosorbent assay (ELISA) incorporating a

monoclonal antibody-purified soluble Etvl antigen (7). Human Et...1 (HE\-I)

membrane-specific antibodies could not be identified by ELISA since nonspecific

binding to HEi\·1 \Vas found in the serum of normal subjects (8. 9). HEM cell

surface reactive C)10toxic antibodies have been detected in the serum of TAO

patients by an antibody-dependent cell C)10toxicity (AOCe) assay (10) which. by

absorption on various tissue monolayers. were shown to cross-react with human

thyroid (THY) and skeletal muscle (HSl'vl) cell surface antigens (II).

Recent!y. we identified. by sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SOS-PAGE) and Western blotting. autoantibodies to a HE\·I

membrane antigen of 64 kOa (12) and to pig EM (PEM) membrane antigens of 55.

6·t and 95 kOa in approximately 50% of patients with TAO (13). Antibodies

reactive with the 64-kOa antigen most closely correlated to the principal clinical

features of ophthalmopathy (13). Serum from TAO patients was also ShO\\l1 to

react in immunobloning with a protein of 64 kOa in THY (12). and subsequent

reports of absorption experiments by EliSA and immunoblotting have confirmed
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that HE\I-reactiye antibodies cross-react with THY membranes (14. 15\.

L:ntilnow. serological studies from yarious laboratories. including ,)\11" om.

(S. 13. 16). haye inyariably shown cross-reactiyity of E\1 antibodi,:s with IlS\l

membrane antigens arguing against the existence of E\I-specitic autoantigens and

the corresponding antibodies in the serum of patients with TAO (1ï. 1S\. In the

present study we performed cross-absorption experiments. by Western bloning. to

inyestÎgate the extent of tissue cross-reactiyitv of El\·! autoantibodies in TAO. \\'e- .
have also carried out immunoprecipitation of HEi\1. THY. and HSi\\ ccli

membrane antigens with sera from TAO patients which contain (i \ antibodies to

the 64 kDa El'v! antigen and (ii) antibodics which arc cytotoxic to HEM cclls in

ADCC. We confirm the existence of a 6-l-kDa membrane autoantigen which is a

target for HE"',! and THY cross-reactive antibodies in TAO and. bv- .
immunoprecipitation. we demonstrate its specifie expression on HEi\·! but not

other HSM membranes.

MATERIALS AND METHODS

Sera from the following groups of patients were studied: (i) TAO: nine

patients. seven women and two men. aged 32-63 (mean age 50 years) of whom

eight had associated Graves' hyperthyroidism and one had no apparent thyroid

disease ("euthyroiè Graves' disease"). The ophthalmopathy was active in seven

cases and was "bumt out" in two cases. and its duration ranged from 6 months to

20 years. The clinical appearance of the eye disease was arhitrarily graded as mild

(two cases). moderate (three cases). and severe (three cases). Since this work was

not designed to study the prevalence of immunological parametcrs in TAO.

previously reported by our group (13). TAO patient sera were selected on the basis

of the detection ofantibodies reactive with one or more recognized EM antigens in
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immunoblolting. or of cy10toxic antibodies to Ervl cells in an ADee assay. or

both. (ii) Autoimmune thyroid disease without evident eye disease: six patients.

live women and one man. aged 25-78 (mean age 46 years). of whom five had

Hashimoto's thyroiditis and one had Graves' hyperthyroidism. Five nonnal

subjects. three women and two men. aged 23-62 (mean age 40 years). in whom

serum EM antibodies were not detected. were studied as controls. A summary of

the clinical details of the patients. and of their serum reactivities in Western

blotting and ADer. is given in Table 1.

Antigen preparation

Nonna1 HEM. spleen. and brain were obtained at autopsy less than 6 hr

after death. Nonnal HSi'vl and THY tissues were obtainecL fresh. at operation. Pig

and bovine EM were obtained. fresh. from animaIs used for surgical research. Ali

tissues were kept frozen at - 70"( unti1 processing. Batches of pooled autopsy and

surgical specimens were prepared in order to minimize variations between

experiments. Tissues were thawed in phosphate-buffered saline (PBS) containing a

cocktail of protease inhibitors [aprotinin. phenylmethylsulfonyl fluoride (PMSF).

benzamidine. e-aminocaproic acid. orthophenanthroline] tinsed of bloocL cleaned

of adipose tissue then minced with scissors. and homogenized in a Poly1ron

mechanical blender. For the preparation of membrane fractions homogenates were

first centrifuged at 400g for 15 min in order to remove whole cells. debris. and

nuclei. then the supematant was centrifuged at 100.000g for 30 min. The final

pellet was retained as the "membrane fraction" and stored until used.

SDS-PAGE and Western Blotting

-.,
~-
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SDS-PAGE WOlS perfonned aeeording to the method of Laenunli (19) using

an 8~0 separating gel and a 400 staeking gel in a mini-gel apparatus (Bio-R'1J

Laboratories. Richmond. CA). PEl\·! membrane was applied at a concentration of

100 Ilg protein in 3D-Ill aliquots per weil and run under reducing conditions. ln

each experiment molecular weight (MW) standards (Bio-Rad Laboratories) \Ven:

included. The gel was fUll at 100 V for 60 min then transferred omo nitrocellulose

paper Olt 100 V for 60 min in rransfer buffer (0.02 mol Tris. 0.2 mol glycine. 20"'0

methanol: pH 8.3). The strip \Vith protein MW standards \Vas stained \Vith amido

black and destained \Vith 5% methanol and 7% acetic acid. Filter strips containing

PEl\'! mer.l~rane were blocked in 3% gelatin in Tris-buffcred saline (0.2 mol Tris

HCI. 0.09 mol NaCI: pH 704) (TBS) at 37"C for 60 min. Strips \Vere \Vashcd for 30

min in Tween-TBS (TBS. 0.5% Tween 20) and then incubatcd \Vith absorbcd or

nonabsorbed serum. diluted 1:25 in 1% gelatin in TBS. for 2 hr at 37"C. TBS

instead of serum was used in control strips. The paper was then washcd \Vith

Tween-TBS and incubated \Vith an alkaline phosphatase (AP)-conjugated anti

human IgG (y chain specific) antiserum diluted 1:1500 in I%gelatin TBS for 2 hr

at 37"C. Strips \Vere again \Vashed \Vith T\Veen-TBS and developed \Vith 5-bromo

4-chloro-3-indolyl phosphatetoluidine and p-nitro blue tetrazolium chloride (Bio

Rad Laboratories) for 15 min. Finally, strips were washed in distilled water for 5

min to remove excess substrate. In order to evaluate the accuraey of MW

assignment to bands we perforrned several experiments where biotin-conjugatcd

MW standards were electrophoresed adjacent to the antigen. These filters were

stained with appropriate sera and then incubated with a biotin F(ab'h fragment of a

goat anti-human IgG + IgM antiserum, diluted 1: 1000. After washing the filters

were incubated with AP-conjugated streptavidin diluted 1:700 and developed as

described above.
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Absorption

Liquid phase absorption of serum antibody activity \Vas carried out by

incubating serum samples in small test tubes \Vith increasing concentrations (0-6

ml!!ml) of PEM. THY. HSrvl and other membranes. After overnidlt incubation at- -
4"C. sup.::rnatants were collected and tested. in quadruplicate and in the same

assav. for antibodv activitv allainst PEt....1 membrane in imr.1Unobloninll. Results. .. - -
were exprcssed as persistance or loss of reactivity (identified as bands) to E7\'1

antigens of 55. 64. and 95 kOa.

Cell culture and immunoprecipitation

HEM. TH)'. and HSjvl cell cultures. obtained from several donors. \Vere

prepared as described previously ( II). Briefly. 8.5-10 x 1O~ cells were incubated at

4"(' for 30 min with 1 ml freshly prepared 1 mmol N-hydroxy-succinimidobiotin

(NHS-d-Biotin. Sigma. St. Louis. MO). After extensive washing with PBS. 1 ml of

Nonidet-P40 (NP-40) buffer (1% NP-40. 1 mmol EOTA. 50 mmol Tris-HC1. 150

mmol NaCl. pH 8.0) and 10 !lI protease inhibitor [2 mg/ml PMSF in

dimethylfOlmamide (OMF)] were added to the culture dish and incubated at 4"C

for 1 hl'. The Iysed cells \Vere centrifuged at 200g at 4"C for 10 min and the

supematant \Vas collected and further centrifuged in a microfuge at 13.000g. with

the resulting supematant (NP-40 Iysate) retained for immunoprecipitation. Each

0.5- to I.O-ml NP-40 Iysate \Vas preabsorbed with normal human serum to block

nonspecific binding and was then incubated with patient or normal serum at 4"(

for 16 hl'. The mixture \Vas then transferred to a tube containing 25 !lI 50% protein

A-Sepharose and centrifuged for 15 sec. After washing the pellets were run in a

standard SOS-PAGE. Proteins \Vere then transferred onto nitrocellulose paper and.
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aftcr blocking ",ith gelatin. idcntified by cithel' horscradish peroxidase- or :\P

Iinked slTcptavidin conjugatcs.

RESULTS

Absorption experiments in immunob\otting

Scra were absorbed with the following two panels of tissuc membranes: (i)

PEivl and membranes prepared from THY. HS\l human brain. and splecn and (ii)

E!\'I of human. porcine. and bovine origin. then testcd for reactivity with PEM

membrane antigens in Western bloning. Absorption experimcnts wcre pcrfonned

many times with the samc. and difTerent. TAO sera with essentially the same

results. Data presented here are representative of thesc cxpcrimcnts. Control

experiments were perfonned many times using antibody-negativc scra from both

patients with TAO and nonnals (results not shown). Immunobloning of TAO sera

on PEI'v1 membranes most often showed a slTong reactivity at 64 kDa. somctimcs

accompanied by weaker reacti"ities at 55 and 95 kDa. Reactivity with a 64 kDa

PEi\·1 antigen was. in ail experiments. absorbed out by HEM. THY. and HSI'v\

membranes. but not by spleen or brain membranes. used as conn'ol tissucs. Figure

1 shows one such representative experiment carried out with the serum from a

patient with TAO (Patient No. 8. Table \). which reacts slTongly with the 64 kDa

protein and more weakly with the 55 kDa protein. HEM. PEM. and THY

membranes almost completely absorbed the antibody activity and HEM absorbcd

out the antibodies at lower protein concentrations than PEM. suggesting a densel'

distribution of the autoreactive antigenic epitopes on the membrane of human

cells. ln this experiment spleen membrane was used as a control ,issue and did not

absorb out PEM antibody activity. PEM autoantibody reactivit"j at 64 kDa was
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Figure 1. Immunoblot analysis of 64 kDa antigen recognized by serum from

patients with TAO. SDS-polyacrylamlde gel electrophorcsis of pig eye muscle

membranes and Western bloning with serum from a patient \Vith thyroid

associated ophthalmopathy (PatieOlt No. 8. Table 1) follo\Ving \iquid phasc

absorption \Vith membranes prepared from human eye musclc (lanc 1. 0 mg/mL

lane 1. 5 mg/ml) (A): thyroid (Iane 1. 0 mg/ml: lane 1. 3 mg/mL \ane 3. (, mg/ml)

(B): skeletal muscle (Iane 1. 0 mg/ml: lane 1. 3 mg/mL lane 3. (, mg/ml) (C):

spleen (Iane 1. 0 mg/ml: lane 2. 3 mg/ml: lane 3. 6 mg/ml) (0): or pig eye muscle

(Iane 1. 0 mg/ml: lane 2. 2 mg/ml: lane 3. 5 mg/ml: lane ·t 7 mg/ml (E). 1'\'1\\'.

molecular weight standards. Serum dilution was 1/50. Pig evc muscle mcmbrancs- - .
(100 ~Lg/wel1) were run in al1lancs of A. B. C. D. and E. St1;p (F) \Vas I1m \Vith

PBS.
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also invariably absorbed out by HS!\I membranes (Fig. 1) and hy cardi:lc musck

and other srriated muscle as well (data not shown).

We then tested the same sera for El'.l species speciticity. Sera were

incubated with membranes prepared from pig. human. and bovine EM and then

tested with PE\l membranes ill immunoblotting as above. Expeliments were

carried out on the same serum shown in Fig. 1. The results arc' summarized in Fig.

2 whieh shows that the 6·t 95. and 55 kDa reactive antibodies had some specie,;

seleeti\'ity being absorbed out by human and pig EM. but not by bovine El'. 1.

Immunoprccipitation

The eross-reactivity of E!\'I and sniated muscle antigens suggested th)m

absorption experiments mig!~: 1.ave been the resuIt of pOOl' speeiticity of the

immunobloning technique used to test for PEl\'1 membrane-reactive autoantibodie,;.

Since HSl'vl membranes might have absorbed 64 kDa-reactive antibodics a,; a resllit

of nonspecific antigen recognition. wc decided to immllnoprecipitat.: antig.:nic

membrane proteins l'rom HEM. THY and HSM. using appropriatcly sekct.:d sera.

prior to separation in SDS-electrophoresis. A representative experiment of

immunoprecipitation of HEM membrane antigens is shown in Fig. 3. in which a 64

kDa protein is precipitated by the serum l'rom three TAO patients (Nos. 1. 2. and

3. Table 1J but not that from a normal subjeet (No. 20. Table 1J. Two of these

patient sera also had eytotoxie antibodies to HEM eells in ADCC. While other less

reaetive proteins of various molecular weights were preeipitated l'rom HEM by

these and other TAO sera. their speeifieity and signifieanee are not known. Two of

the six patients with autoimmune thyroid disease without evident ophthalmopathy

(Nos. 10 and 11. Table 1) also immunopreeipitated a 64 kDa HEM membrane
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Figure 2. lmmunoblot analysis of species specificity of 64 kDa antigen

recognized b)' serum from patients with TAO. SDS-polyacryJamide geJ

clt:ctrophorcsis of pig eye muscle membranes and \\'estern blotting with serum

from a patient with thyroid-associated ophthalmopathy (Patient No. 8. Table 1).

following liquid phase absorption with eye muscle membranes prepared from

\'arious spccics. namely pig (Iane 1. 0 mg/ml: Jane 2. 3 mg/ml: Jane 3. 6 mg/ml)

(A): human (Jane 1. 0 mg/ml: lane 2. 3 mg/ml: lane 3. 6 mg/ml) (B): or bo\;ne

(1ane 1. 0 mg/ml: lane 2. 3 mg/ml: lane 3. 6 mg/ml) (C). Pig eye muscle

membranes (100 ~lg!we!!) were run in allJanes of A. B. and C'. Strip (0) was run

with PBS. l'vI\\'. molecular weight standards.
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Figure 3. Surface biotinyJation and immunoprecipitation of M kOa antigen

from human eye muscle ceUs. SDS electrophoresis and Western bJotting of

biotill-Iabeled human eye muscle membrane proteins immunoprecipitated by sera

from patients with thyroid-associated ophthalmopathy (Patient Nos. 1. 1. and 3.

Table 1) (1ancs 1-3) and from a nornlal subject (Subject No. 10. Table 1) (1ane 4).

MW. molccular weight standards. The arrows indicate bands at 64 kDa in Janes 1-

3.
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antigen (not shown).

Figun: 4 sho\\5 a representative example of immunoprecipitation of THY

membrane antigen5. A 64 kDa protein was precipitated by the serum from two

TAO patients ('\os. 1 and 7. Table 1). from one patient with Graves'

hypenhyroidism ('\0. 10. Table 1). and from two with HashimC'lo's thyroiditis

without ophthalmopathy (Nos. 14 and 15). but not by the serum from a nonnal

subject (No. 19. Table 1). Th)Toid peroxidase (110 kDa) was not precipitated by

either of the Hashimoto patients' sera. despite the fact that both had significant

(;;: 1AOO) titers of antimicrosomal antibodies as measured 10 passl\'e

hemagglutination. Interestingly. the two TAO sera used in this experiment (Nos. 1

and 7. Table J) al50 imnll!TIOprecipitated a 64 kDa pro!ein from HEI\·I cell

membranes which. in the earlicr absorption slUdies by immunobloning. were

shown to react with a 64 kDa PEI\·! and THY shared membrane antigen (results not

shown). Immunoprecipitation of membrane proteins from HSM ceUs by the same

panel of sera from patients with thyroid autoimmunity with and without

ophthalmopathy was also carried out and is summarized in Fig. 5. Sera from TAO

patients (Nos. 1. 4. and 5. Table 1) as weil as those from patients with autoimmune

thyroid disease without eye disease (Nos. 12 and 13. Table 1) immuncprecipitated

a 66kDa protein. while nonnal sera did not (Nos. 16.17 and IS. Table 1). When

immunoprecipitated HEM and HSM membrane proteins were electrophoresed in

:hc same gel it is c1early seen that the 64 kDa HEM protein migrated distinctively

from a HSM protein of 66 kDa (Fig. 5).

DlSCllSSIOl'i

Studies of the immunological mechanisms leading to the orbital- -
inflammatory changes ofTAO have provided evidence for the existence of shared
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Figure 4. Surface biotinylation and immunopreeipitatioll of 64 kDa antigell

from human thyroid ecUs. SOS eleetrophoresis and Westem blotting of biotin

labeled human thyroid membrane ~roteins immunoprecipitated by sera l'rom

patients with thyroid-associated ophthalmopathy (Patient Nos. 1 and Î. Tabk 1)

(Ianes 5 and 6). a patient with Grayes' hyperthyroidiSIl1 without eyident

ophthalmopathy (Patient [\0. \0. Table 1) (lane 2). two patients with l-\ashill1oto's

thyroiditis without ophthalll1opathy (Patient Nos. 14 and 15. Table 1) (Ianes ~ and

4). and a nomlal subject (Subjc:ct No. 19. Table 1) (lane 1). ]\'lW. molccular weight

standards. The alTOW indicales bands at 64 kOa in lanes 2. 3. 5. and 6.
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Figure 5. Surface biotinylation and immunoprecipitation of antigens from

human eye and skeletal muscle cells. SDS eleclTophon:sis and Western bloninl!

of human membrane proteins immunoprecipitated from skeletal musc!.:. Ily semm

from a patient with Graves' hyperthyroidism without ophthalmopathy (Patient No.

12. Table 1) (Iane 1) and fTom a normal subject (Subject No. 16. Table 1) (lane 2)

and eye muscle. by serum from a patient with thyroid-associated ophthalmopathy

(Patient No.!. Table 1) (Iane 3) (a): skeletal muscle. by selUm from a patient with

thyroid-associated ophthalmopathy (Patient No. 4. Table 1) (Iane 1) and li·om two

normal subjects (Subject Nos. 17 and 18. Table 1) (Ianes 2 and 3) (b); and skcletal

muscle. by serum fro1:1 two patients with Graves' hyperthyroidism without evident

ophthalmopathy (Patient Nos. 12 and 13. Table 1) (Ianes 1 and 2) and from il

patient with thyroid-associated ophtha!m<-pathy (Patient No. 5) (1ane 3) (e).
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thyroid and orbital tissue antigens. Thesc include {il an cpitopc shard by orbital

connective tissue membrane and thvroL:lobulin (20). (ii) a reL:ion of molc::cular. - -
sequence homol01:-'y shared by lnyroglobulin and acetykholinesterase (21). (iii\ the

possible existl'nce ofTSH receptors in orbital connccti\'e tissu,: (5), and (i\') a ccli

surface th)TOid and eye muscle shareà antigen. diffe.ent from thyroid peroxidase

(now recoL:nized as the th\"roid microsomal antiL:en \. which is the tarL:e! of... . .... . ...

C)10toxic antibodies in ADee ( II),

From immunoblotling studies we reported serum antibodies reacti\'c with a

6~ kDa HEM membrane antigen in 50~·o of patients with TAO which also reacted

with orbital connective tissue and THY in a smaller proportion of cases (12).

These data raised the possibility that there may be an antigen(s) common 10 the

various tissues tested which could be a target(s) for cross-reacti\'e autoantibodies

in the serum of patients with TAO. Cross-absorption experiments in the present

study provide c1ea~ e\;dence that the 64 kDa El....1 antigcn. as wcll as antigens of 55

and 95 kDa. share epitopes \Vith antigens found in TH'," mcmbranes. as wc also

described in a previous preliminary report (15).

Cross-reactivity of EM-reactive autoantibodies with Olher striated muscle

antigens has also been reported in studies from our laboratory (12. 13) and by

other investigators (8. 16). We have also performed studies with mousc

monoclonal antibodies which were shown to react. in ELISA. with Er....1antigens as

weil as with antigens expressed on cardiac muscle and skeletal muscle membranes

(18). These tindings are consistent with recent data reported by Weetman Cl al,

(17). who demonstrated sensitization of T and B cells to EM and skeletal muscle

antigens in patients with autoimmune thyroid disorders. The pre~nt absorption

data contirm that. as determined by standard electrophoretic separation of proteins

in SDS-polyacrylamide gels followed by Western blotting. autoantibodies in the
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serum of patients with TAO react with E\-l and skcletal muscle membrane antigens

of 55. 64. and 95 k.

In order t0 analyze in more detail the molecular basis of striated muscle

antibody reacti\'ity in TAO. we immunoprecipitated HEM and HSi...1 membrane

proteins. The rationale for this was based on (i) the knowledge that a greater

spccificity of antibody/antigen binding is obtained by selective in l'ilro labeling of

ccII membrane proteins (22) and (ii) the fact that since SDS may alter or denature

ccII membrane proteins. including target autoantigens. standard immunobloning

may only detect a subset of antibodies present in the serum of patients with

autoimmune disordcrs. such as TAO. Our inability. in earlier studies (13). to

demonstrate a close correlation between the presence of C)10toxic antibodies. as

determined in ADCC assays. and reactivity to a 64 kDa E!\-I antigen in

immunobloning. is consistent with both observations. By labeling cultured HE\-I

cells il1 l'il/"o and incubating with serum from TAO patients. we were able to

confiml that the principal antigen targeted by serum autoantibodies is a 64 kDa

membrane protein. In these studies most of the sera which bound to intact HE!'-I

cells il1 l'ilm were also C\10toxic to the same HEM cell tarl!ets in an ADCC assav.. _.
Moreover. since a 64 kDa protein was also immunoprecipitated from THY cell

membranes. the possibility of a membrane antigen shared between HE:\·I and

THY. which is the target for cylotoxic autoantibodies in TAO. was again

suggested (15), For example. two of the cytotoxic sera which immunoprecipitated

a 64 kDa protein from both HEM and THY cell membranes were shown by

absorption and immunobloning to cross-react with this protein in the two tissues.

On the other hand. in the present study. we \Vere not able to immunoprecipitate

HSM cell membrane proteins of 64. 55. or 95 kDa by sera reactive with this

antigen(s) in EM membrane, lndeed. the 66 kDa protein precipitated from HSM

cell membrane ~y sera from patients with autoimmune thyroid disorders is
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unrelated to the presence of the eye disease. We have no direct molecular evidence

as to why. in absorption experiments carried out in immunoblotting. this HS\I

membrane protein absorbed out the aeti\;ty of antibodies to a 64 kOa PEM

membrane antigen. although this may haw been on the basis of a1teration in the

expression of native autoepitopes on the membrane fraetions by SOS !Teatment.

The faet that a few of the sera from patients with autoimmune thyroid disease

without ophthalmopathy precipitated similar proteins l'rom HE1\·1 membranes may

indicate that these patients do. indeed. have an early or minimal eye muse1e

involvement which was not evident at c1inical examination.

The present work shows that the immunoprecipitation technique is more

specifie than immunoblotting in identit}'ing proteins expressed on the membrane

of EM cells which are the specifie targets for autoantibodies in the serum of

patients with TAO. The 64 kOa EM (and perhaps other) membrane antigen may

also be the target ofthose autoantibodies that are cytotoxic to HEI"I cells in AOC"C"

(II). although this is yet to be proven. The study also confinns the existence of

EM and THY antigen cross-reactivitv. which mav be the immunological basis for
~ ~. ~

the association of ophthalmopathy with autoimmune thyroid disease (23). Recent

evidence from the laboratory of Vassart and colleagues (24). of a 64 kOa protein

encoded for by a gene expressed in EM and THY membranes. iJut not HSM

membranes. confirrns the present findings and substantiates our notion of restricted

immunological cross-reactivity as the basis for this association. Indeed.

preliminary collaborative studies (M. Salvi, J. R. Wall. and M. Ludgate

unpublished observation) have shown that the recombinant 64 kDa protcin is

bound in a dot blot assay by EM and thyroid cross-reactive sera. In conclusion. the

reactivity of 64 kDa EM autoantibodies in TAO is not organ-specifie. as generally

accepted for potentially pathogenic antibodies in autoimmune disorders (25J. but

restricted to a THY cross-reactive epitope(s) of the same MW (23). Finally. cross-
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reactivity of HE:\1 and PE\I autoantigens confirms the suitability of PE1\1

membranes for routine use ln immunobloning tC' detcct scrum autoantibodies

which are markers of TAO.
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CHAPTERIII

Antibodies in the serum of patients with autoimmune thyroid

disorders react with a recombinant 98 amino acid fragment

of a full Iength 64 kDa eye muscle membrane protein

which is aIso expressed in the thyroid

PREFACE

A 64 kDa eye muscle/thyroid membrane Ag could be detected by Abs in

TAO sera by several methods: Western blotting. immunoprecipitation and 2-D gd

clectrophoresis. At the early stage of a research project aimed at c10ning the 64

kDa molecule recognized by sera from TAO patients from human thyroid and eye

muscle cDNA Iibraries. a report appeared from the laboratory of Dr. G. Vassart

and col\eagues at the IRIBHN. ULB. Brussels of the isolation ofa cDNA encoding

a 64 kDa Ag c10ned from a human thyroid cDNA expression library by screening

\Vith a pool of sera from patients \Vith ATD. The full length 572 amino acid

protein. corresponding to a MW of 63-64 kDa. \Vas called ID and a 98 amino acid

fragment of this protein \Vas named DI. Using DIas a probe in Northern bloning

of mRNA from various tissues revealed 3.9 kb transcripts in normal th)Toid and

eye muscle. but not skeletal muscle. DI-affinity purified autoAbs from TAO

patients bound to a molecule of 64 kDa human thyroid Ag by Western blotting.

The similarities between the 64 kDa molecule identified by Western

bloning. immunoprecipitation and 2-D gel cIectrophoresis by Dr. Jack WaJrs

research group and the molecule encoded by ID cDNA by Dr. G. Vassart's

research h'fOUP \Vere compelling enough at the time to encourage the development
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of col1aborative projects aimed at elucidating the relationship between the two

molecules and characterizing 1D further. The availability of a unique and weil

characterized panel of sera from patients at various stages of ATD and TAO. al thl'

Thyroid studies Center of the Montreal General Hospital. would be essentia! for

correlating the presence of Abs specific for 1D with clinical tindings. The

availability of a cDNA clone for 1D permined expansion. expression.

manipulation and a level of characterization that could not be achieved with a

molecule for which a cDNA clone was unavailable.
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ABSTRACT

We have tested sera from patients with autoimmune th:TOi ci disorders with

or without ophthalmopathy for immunoreacti,;ty. in a dot blot assay. against a

recombinant 98 amino acid fragment of a cloned 64 kDa protein. Dl. which is

expn:ssed in human eye muscle and thyroid. in the form of a Lac Z fusion protcin.

Tests were positive in I9 out of 40 patients with established thyroid-associated

ophthahnopathy (TAO). in I2 out of 21 patients with Graves' hyperthyroidism

(GH) without clinically evident ophthaImopathy. in 5 out of 10 patients with

thyroid autoimmunity and lid retraction but no other signs of ophthalmopathy. in 4

out of 23 patients with Hashimoto's thyroiditis (HT) without evident

ophthahnopathy and in 2 out of 18 patients with benign adenoma or multinodular

goitre. but in on!y 2 out of 3ï nornlaI subjects tested. SDS-polyacrylamide gel

eketrophoresis and Western bloning for an antibody reactive with a 64 kDa

antigen in pig eye muscle membranes wa, also earried out on sera from patients

with TAO and GH. While immunobloning for antibodies reaetive with a 64 kDa

protein was more often positive in patients with TAO. in .vhom 58~o had serum

antibodies which reacted \Vith a 64 kDa protein. this was not the ease in patients

with GH without eye signs in \Vhom the prevalence of positive immunoblot tests

was 35%. Overall there was a fairly close correlation between the two tests

although there \Vere many exceptions. \\'hile the apparent discrepancy between

antibodies recognizing the human recombinant 98 amino acid peptide in dot blot

and those binding to a 64 kDa protein in pig eye muscle membranes in

inullul1oblot could be explained by the existence of more than one epitope on the

native protein. it is possible that the peptide DI. and the 64 kDa moleeule are

different. Although the relationship of these antibodies to the ophthalmopathy is

uncertain. the hig!! prevllience of antibodies to the DI fusion protein in patients
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with GH without e\'ident ophthalmopathy (but who may haye subclinical disease)

and in patients with th\Toid autoimmunity with lid ~etmction. which many bclieyc., .

to be an early stage of ophthalmopathy. raises the possibility that these antibodie~

may be an early marker of the eye disease in patients with thyroid autoimmunity,

Further molecular studies will show whether DI. and the 60t kDa protein arc the

same or different molecules while prospectiye clinical studies of these patient

groups will be necessary to determine the significance of the corresponding

antibodies.

INTRODliCTION

While it is generally accepted that thyroid-associated ophthahnop'lthy

(TAO) is an autoimmune disorder (1. 2) the identity and nature of the target

antigen(s) is still poorly understood. Although many workers (1-5~ làyor the

extraocular muscle as being the principal site of the autoim111une reaction others

(6. 7) belieye that the periorbital connectiye tissue is the 1110re impol1ant targe!.

Various eye muscle-deriyed autoantibodies have bcen detected in the serum of

patients \Vith TAO (5. 8-11) including those that are C)10toxic to cye muscle cells

in antibody-dependent cell-mediated cytotoxicity (ADCC") ( 12-16). Recent intcrest

in a 64 kDa eve muscle membrane antiuen. which is the target of antibodies in. - -
50% of unselected patients with TAO and in 74% of those with more recent

disease (17). has been reinforced by the isolation. from a normal human thyroid

cDNA expression library. of a cDNA clone (DI) encoding a 98 amino acid peptide

which was also expressed in eye muscle but not other skeletal muscle (18J. This

peptide was shown to be a fragment of a full length 572 amino acid protcin

corresponding to a mol \\1 of 64 kDa (19). Although it has not be proven that the

cloned protein and that targeted by TAO sera in Western bloning are the samc.
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preliminary results from our laboratories suggests that this may be the case

(Rodien. Wall. Ludgate unpuhlished observations). In the present study we have

testcd sera from patients with TAO and those with autoimmune thyroid disorders

without evident ophthalmo[)athy for ~eactivity against Dl. in the form of a Lac Z

fusion protein. in a dot blot immunoassay. We demonstrated high prevalences of

antibodies to the recombinant peptide in patients with (TAO). Graves'

hyperthyroidism (GH) without c1inieally evident ophthalmopathy and in those with

thyroid autoimmunity associated with Iiè retraction .

MATERIALS AND METHODS

C1inieal subjeets

The fo11owing groups of patients and subjects were studied: Group 1:

ThYToid-associated ophthalmopathy. Nine males and 31 females aged 20-69 (mean

age 41 yr.). with established eye disease. 21 of whom had eye disease of less than

one year's duration and 19 of more than one year in whom the inflammatory

changes \Vere "bumt-out" in ail cases. Ail patients were euthYToid. having been

treated with radioactive iodine in 35 cases or by thyroidectomy in 5 cases. The

ophthaImopathy was associated with Graves' hyperthyroidism in 35 patients and

Hashimoto's thYTOiditis in 5 patients ail of whom \Vere euthyroid on thyroxine

replacement therapy.

Group Il: Graves hyperthyroidism. Six males and 15 females age 20-74

(mean age 38 yr.) in whom the diagnosis was based on hyperth)TOidism. diffuse

goitre and detectable TSH receptor antibodies. Ail were euthyroid ha\ing bee"

treated \Vith radioactive iodine in ail cases and had no evident ophthalmopathy. CT

scans were not carried out in these patients.
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Group Ill: Lid retraction associaled with th~TOid autoimmunity. One man

and 9 women. a!!.ed 21-63 (mean age 39 \T.) with severe lid la!!. and retraction but.... .... ...
no other evidence for established ophthalmopathy. Six of these patients. Whl) h:.ld

Graves' hyperth~Toidism in the pasto were euth)Toid on thyroxine replacement

treatrnenl. In 4 patients the lid signs were associated with Hashimoto's thyroiditis.

diagnosed from the typical firm. irregular goitre. significant (:::: 1/400) titers of

th}T0id microsomal antibodies and aspiration needle biopsy evidence for

lymphoc}1ic infiltration and Hurtle cells.

Ophthalmological examinallon was carried out on these patients at the

th}Toid eye clinic by one of us (BA). :\part from \'ariable degrees of lid retraction.

minor !id swelling and lag in ail. there were no inflammatory changes or proptosis.

intraocular pressure was normal and eye muscle function full. CT scan. carried out

on 8 of these patients. was abnormal in 4 showing increased thickness of the

le\'ator palpebrae/superior rectus muscle mass.

Group IV: Hashimoto's thyroiditis. Four men and 19 women aged 25-74

(mean age 45 yr.) with no e\~dence for established ophthalmopathy. ail of whom

were euthyroid on th}TOxine replacement therapy.

Group V: Non autoimmune thyroid disorders. Eighteen women aged 32-65

(mean age 46 yr.) with a single benign adenoma (5 patients). colloid nodular goiter

(7 patients). or multinodular goiter (6 patients). wÎlh no cvidencc of thyroid

autommunity or ophthalmopathy.

Group VI: Normal subjects. Eight males and 32 females aged 25-60 (mcan

age 40 }T.) with no e\~dence of goitre or thyroid autoimmunity. no pasl history of

other autoimmune disorders and no family histoty of autoimmunc thyroid discase

or other autoimmunity.

Antigens
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Pig eye muscle membranes (PEM7\1) \Vere prepared as described in

previous publications from this laboralory (10. 17). Brielly. fresh pig muscle \Vas

nbtained at sacrifice of nllnnal pigs used for surgical research. Follo\Ving

homogenization. cell debris and nuclei \Vere removed by centrifugation at 3.000 g.

The supematant from this step was centrifuged at 10S.000g and the supernatant

discarded. The obtained pellet \Vas \Vashed three rimes in PBS. the protein

concentration detennined and aliquots stored at -70°C until use in SDS-PAGE.

Dl protein. the recombinant protein used as antigen in dot blot assay. \Vas a

98 amine, acid peptide expressed as a Lac Z fusion protein by a cDNA clone (DI)

obtained from screening a nonnal human th~Toid cDNA expression library in

lambda gt Il \Vith a pool of Hashimoto's th)'Toiditis patients sera. as described in

Refs 1Sand 19. The expressed peptide. which corresponded to 294 base pairs of

D1'\A. \Vas a novel peptide sharing no significant homologies with any other

protein entered into the EMBL DNA Databank release 22 or the S\Viss-PROT

Protein Databank release 13 data bases. Clone affinity purified antibodies (Ig)

bound to a 64 kDa human th~Toid membrane protein in Western blotting. In

Northem bloning DI hybridized to a 3.9 kb transeript in poly (A+) mR.!'\!A

prepared from nonnal human th)Toid and eye muscle but l'lot other skeletal muscle.

When DI cDNA \Vas used to probe the same th)'Toid library a cDNA encoding a

full length 572 amino acid protein. corresponding to a MW of 63-64 kDa. \Vas

obtained (19). Recombinant DI peptide \Vas prepared for dot blot assay as lysis

plaques (20.000-30.000 per filter) bloned onto the surface of SxS cm nitrocellulose

filters soaked in IPTG.

Control antigen
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The control antigen was a Lac Z fusion protein expressed by a cD;-"::\ clone

encoding a fragment of the human beta pregnancy protein 1. isolated from a human

placentallibrary.

Dot blot

Nitrocellulose discs onto which had been bloned Dl. or control. lysis

plaques were eut into small wenges. A single wedge was incubated with an

indi\·idual serum sample. Filters were incubated. in small covered petri dishes at

room temperature for 1 hl'. with serum diluted 1:40. in Tris HCl 10ml\·1 pH S: Nan

150mM: NP40 0.05%: powdered milk 0.5~·o buffer. Following this step the filters

were washed three times in huffer without milk then incubated with an anti-human

IgG-alkaline phosphate conjugate diluted 1:2000 in Tris NaC\: 0.1% milk bulTer.

at 37°C for 1 hl' 15 min. After washing. substrates. 5-bromo-4chloro-3-inodolyl

phosphate toluidine and p-nitro blue tetrazolium chloride (BCIPfNBT) (Bio-Rad.

Richmond. CA) in 0.1 M NaC03: 1.0 mM MgCl2 pH 9.S (carbonate butTer). was

added and the reaction stopped with water. A positive reaction with the DI protein

was identified as a dark bluelblaek coloration of the plaques. ln negative tests the

plaques stained a mueh lighter bluish color. Tests were read. blind. by IWO

observers and the final result expressed as positive (+. ++). borderline positive (±)

or negative (-). Only reacCvity of + or ++ was considered significant. Equal

numbers ofrandomized patient and normal ~era were tested in each assay and each

serum was tested against both the DI protein and human bcta pregnancy protein 1.

as negative control.

SDS-PAGE and Western blotting
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SDS-polyacrylamide gel electrophoresis (PAGE) was jJerformed according

to the standard method of Laemmli (20) using an 8% separating and 4% stacking

gel in a mini gel apparatus (Bio-Rad). PEMM was applied at a concentration of

100 J.lg protein in 30 ).lI aliquots per weil and run under reducing conditions with

mercaptoethanol. In each experiment molecular weight (MW) standards (Bio-Rad)

were included. The gel was run at 100 V for 60 min then transferred to

nitrocellulose paper at 100 V for 60 min in transfer buffer (0.02 molll Tris: 0.2

molli glycine: 20% methanoI. pH 8.3). Filter strips containing PEM1\"1 were

blocked with 3~o gelatin in Tris-buffered saline (0.2 mollI Tris-HCI: 0.09 mollI

NaCI. pH 7.4) (TBS). at 37CC for 60 min. Strips were washed for 30 min in

Tween-TBS (TBS. 0.5% Tween 20). then incubated with serum diluted 1:25 in 1%

geJatin TBS. for 2 hr at 37°C. TBS instead of serum was used in control strips.

T':e paper strips were then washed with Tween-TBS and incubated with an

alkaline phosphatase-conjugated anti-human IgG (y chain specifie) anti-serum

diluted 1: 1500 in 1% gelatin TBS. for 2 hr at 37°C. Strips were again washed \Vith

Tween-TBS and developed with BCIPINBT (Bio-Rad) for 15 min. Finally. strips

\Vere washed in distilled water for 5 .nin te remove excess substrate.

Other mi:th~ds

. Serum levels of T4 and T3 \Vere measured usmg commercial

radioimmunoassay kits. Antithyroid microsomal (thyroid peroxidase) and TSH

receptor antibodies were measured using commercial hemagglutination ("Thymune

M". Burroughs Welcome Ltd.. Beckenham. V.K.) and radio receptor assay

("TRAK", Henning Berlin Gmbh) kits, respectively.

Statistical analyses
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Prcvalances of antibocties to the Dl protein or a 6-l kDa cve mu,-c1e

membrane protein in immunobloning in patient and nonnal groups \Vcre analyzed

statistically using X: tests (2x2 contingency tables \Vith 'Yates correction). or the

Fisher's exact test.

RESULTS

A ~'Pical dot blot assay for immunoreactÎ\;~' with the Dl fusion protein is

depicted in Figure 1. The resu1ts of assays carried out on sera from patients \Vith

autoimmune thyToid disorders. with or without ophthalmopathy. patients with non

immunological thyroid disorders and normal subjects are summarized in Table 1.

Dot blots \Vere positive in 19 out of 40 (47%) patients with established TAO. 12

out of 21 (57%) patients \Vith GH without evident ophthalmopathy. 5 out of 10

patients with GH or HT and lid retraction but no other manifestations of

ophthalmopathy. 4 out of 23 (17%) patients without ophthalmopathy. 2 out of 18

(11%) patients with benign adenoma or multinodular goiter and 2 out of 37 (5%)

normal subjeets. The prevalanees of positive tests \Vere signifieantly greater than

that for normals for patients with TAO. GH and thyroid autoimmunity with lid

retraetion (Fisher's exaet test at least P<O.OS). but not for the other two groups

(P=NS) (Table 1).

The relationship between dot blot reaetivity to DI and parameters of

ophthalmopathy in patients with established TAO \Vas assessed. The prevalences

of positive dot blot tests ln patients \Vith elinical evidenee for eye muscle

involvement [11 Obt of 23 (48%)] and in those without eye muscle disease

elinieally [8 out of 17 (47%)] were similar and the differenee was not significant

(X: test. P=NS). While tests were slightly more cften positive in patients with mild
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Figure ). Representative dot blot immunoassay for autoantibodies reactive

with a recombinant 64 kDa antigen fragment. Dot blot immunoassay for

autoantibodies reactive with a recombinant 98 amino acid fragment of a 64 kDa

eye muscle membrane protein expressed in the form of a Lac z fusion protein.

A=strongly positive (++) (TAO serum): B=positive (+) (TAO serum): C=negative

(-) (normal serum): D=control phage (human beta pregnancy protein 1) tested with

TAO serum.
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Table 1 lmmunoreactivity with a recombinant 98 amine acid fragment of a 64 kOa protein ir. dot blct
assay of sera tram different groups of patients and normal subjects
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eye disease [9 out of 16 (56%)] compared to those with severe disease [10 out of

24 (42%)]. this difference was not significant (P=NS). Finallv. tests wen: most

often positive in patients with shoner duration eye disease [10 out of 14 (71 0 011

than in those whose serum had been tested more than one year following diagnosis

[9 out of 26 (35%)]. but the difference just failed to reach statistical significanee

(P=NS). (Results not shown).

Western blotting for reactivity with a 64 kDa antigen in crude PE1\li\1 was

also carried out on 60 of the sera from patients with GH or TAO. Those sera

giving the strongest reactions in dot blot usually also gave the strongest bands on

Western blotting. The correlation between the two tests is summarized in Table 2.

Overall the association between positive reactivity in dot blot and Western blot

was significant (Fisher's exact test. P<0.05). although there were many exceptions.

Thus while sera from 17 out of 24 patients with GH or TAO giving positive dot

blot tests gave positive Western blots with a 64 kDa PEMM antigen.

immunoblotting for reaetivity with a 64 kDa antigen was also positivc in 1~ out of

36 patients giving negative dot blots. In patients with TAO illllllunoblol was morc

often positive (58%) than the dot blot assay while in patients with GH but no

evident eye disease the prevalence of positive reactivity to a 64 kDa antigen in

immunoblotting was lower (35%). althl'ugh differences were not significant

(Fisher exact test. P=NS (Table 3).

DISCUSSION

To summarize the main results we have demonstrated immunoreactivity

against a recombinant 98 amino acid fragment of a cloned human 64 kDa eye

muscle protein which is also expressed in the thyroid (18), in the sera of 47% of

patients with established TAO in 50% of a small group of patients with thyroid
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• Table 2. Correlation between dot blot assay and Western Blotting in ail patients
with thyroid-associated ophthalmopathy or Graves' hyperthyroidism.

Dot blot
assay*

Positive

(n=24)

Negative

(n=36)

Western blotting**
Positive (n=29)

17

12

Western blotting
Negative (n=31)

7

P:50.01 #

24

•

•

*Dot blot immunoreactivity against a 98 amino acid fragment of a 64 kDa protein.
**SDS-PAGE and Western blotting for reactivity against a 64 kDa protein in PEMM.
#Statistical analysis refers to difference between sera positive and negative groups.
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• Table 3. Correlation between dot blot assay and Western blotting in patients
with thyroid-associated ophthalmopathy and Graves' tlyperthyroid.

*Band at 64 kOa in SOS-PAGE and Western blotting with PEMM.
**Immunoreactivity against 01 in an dot blot assay.
#Oifference between TAO and GH assessed using Fisher's Exact test.•

Group

TAO

(n=40)

GH

(n=21)

Positive
Western blotting*

23 (58%)

8/20 (38%)

Positive
Dot blot**

19 (47%)

p=NS#

12 (57%)

• 65



•

•

•

autoimmunity and with lid r~tra.:tion but no signs of progr~ssi\.: ophthalnh'path~

and in 570
0 of thos~ with GH \\ithoUl ~\id~nt ophthalmopathy, ln pati.:nts \\ith

TAO. positi\~ dot blot t~nd~d to b~ ass(lciat~d with mild ~y~ dis~~s.: l,f n:.:.:nt

onset although th,' correlations wcr~ not statisti.:ally signitic:lIl!. \\'hi1c thcrc \\as a

fairly good o\erall correlation bctween th~ n:su1ts of dot blN assays and

immunobloning for reacti\'ity with a 64 kDa protein in PE;t.·I:'d. th~r~ w~rc many

exceptions: sera from a few patients wilh negati\'e dot blot assays ga\c positi\c

reacti\'ily in immunobloning while. con\'ersely. sorne patients with n~gati\~

immunoblots reacted with the 98 amino acid peptidc fragment in dot blo!. Sincc

the 98 amino acid !,eptide comprises less than one fifth thc numbcr of amino acids

of the full length M kDa molecule it is likcly to contain less of thc rca.:ti\~

epitopes than the parent molecule and targeted by a lower proportion of scra,

Reacti\'ity of the peptide fragment in a dot blot but negati\'c immunoblot could b~

explained by the existence of a family of antibodies rcacti\'c with th~ 64 kDa

protein sorne of which bind to an epitope(s) in the full \ength protein which is

deslToyed or denatured during SDS-PAGE,

Although it is not pro\'en that the DI protein and the 64 kDa eye muscle

membrane protein which is targeted by TAO sera in immunobloning (10. 17) arc

the same molecule we believe this to be the case for the following reasons: (i) the

two proteins correspond to the same MW: (ii) autoantibodies from patients with

thyroid autoimmunity. affinity purified by Dl. bind to thyroid membranes at the

same position. at 64 kDa. as unpurified antibodies (19). (iii) the panern of

reactivity of whole serum and Di-affinity purified antibodies with a 64 kDa protein

in THY and eye muscle isolated by two dimensional (isoelectric focusing/SDS

PAGE) gel eleclTophoresis are identical for patients with Graves' hyperthyroidism

with or without ophthalmopathy (Boucher el al.. submined): and (iv) while there

are certain!y discrepancies between immunoblot and dot blot results those sera
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l!l\'Inl! thl: stronl!l:st reactivi\'.' with DI l!eneralh' l!a\'e the stronl!est bands in........ .... .. ...... .... ...

Wl:stem blot in the present study, In order to prove this one must microsequence

thl: 64 kDa protein obtained as single spot from \'.vo dimensional gel

c1ectrophoresis and compare with the sequences of Dl. This work is in progress in

our laboratory.

A key finding from this study was the high prevalence of positive dot blot

tests in patients with GH without evident ophthalmopathy and in a small group of

thOSL with GH or HT associated with lid retraction. Similar findings in these

groups were reported for antibodies to a 64 kDa protein in Western bloning (17

21). Since CT scanning was not carried out in patients with GH we cannot exclude

the possibility that these patients had ophthalmopathy at the time of study.

although eye muscle function was normal in ail patients and they did not ha\'e

proptosis or increased intraocular pressure. The lid lag and retraction of our

patients were not due to "sympathetic hypersensitivity" since ail were euthyroid at

the time of study. The relationship be\'.veen lid retraction and progressive

ophthalmopathy is not c1ear. Levator palpebrae superiors muscle inflammation.

manifested as lid reO'llction and (ag may be: (i) a precursor of extraocular muscle

inflammation and therefore an early sign of TAO as suggested by others (22): (ii)

an is01ated auto-immune-mediated myositis which could occur a10ne or in

association with TAO: or (iii) a feature of TAO resulting from synkinetic activity

of the superior rectus muscle in overcoming inferior rectus restriction. or due to

enlargement and fibrosis of the levator muscle itself (23). Since the greatest

prevalences of antibodies to DI. were in patients with GH without eye disease and

in those with lid signs only. it will be necessary to carry out prospective studies of

these patients before a role of the antibodies in the pathogenesis of TAO can be

c1aimed. Despite uncertainty about their significance these findings do raise the

possibility that antibodies to DI. and those reactive with a 64 kDa eye muscle
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membrane protein may appear early in the course of TAO and be gOl'd markers fl'r

the development of ophthalmopathy in patients \Vith autoinUllune thyroid

disorders. in paI1icular Graves' hypeI1hyroidism .

Dong el al. (19) sho\Ved. in NOI1hern bloning. that the RN·\ message for

the Dl peptide \Vas expressed in eye muscle and thyroid but not other skeletal

muscle. We demonstrated earlier from extensi\'e absorption experiments in

immunobloning that a 64 kDa prctein was expressed in the eye muscle and thyroid

(14). In that study we were able to immunoprecipitate a 64 kDa antigen from intact

thyroid and eye muscle cells. but not from systemic skeletal muscle cells with sera

from patients with TAO suggesting that absorption with crude membrane fractions

may be less specifie than Northern bloning and immunoprecipitation. Finally. in

recent studies. we have identified a single molecule corresponding to a MW of 64

kDa and isoelectric point of:::6.9 in two dimensional gel electrophoresis of PEM~'I

and human eye muscle and th)Toid membranes. but not human skeletal muscle

membranes (15). C'ross-reactÎ\;ty of autoantibodies with a 64 kDa protein antigen

expressed in eye muscle and th)Toid could explain the very common association of

ophthalmopathy with autoimmune thyroid disorders (16).
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CHAPTERI\,

Identification of antigenic epitopes of a 64 kDa antigen recognized

by the serum of patients with thyroid-associated ophthalmopathy

PREFACE

ln Chapter III we demonstrated immunoreacti\"ity against the Dl fusion

protein in sera of 4iO
/o of patients with established TAO and in 5i ~o ofthose \\ilh

GH. a group of patients which may have early stage subclinical ophthahnopathy al

the time of study. There was a good overall correlation between reactivity of

patients sera by dot bl"t assay and by Western bloning for reactivity with a 6.:l kDa

protein in PEl-.'lM.

To funher dissect the antigenicity of the 1D molecule. short random

fragments (100 to 200 bp) of ID cDNA were doned and expresscd in E. coli as

fusion proteins using the pUEX 1 vector. The 1D fragment cDNA libral)' was

screened with a pool of sera l'rom patients with TAO in order to identify anligcnic

peptides recognized by TAO autoAbs.
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ABSTRACT

Recombinant D0iA techniques were used to identify antigenic epitopes on a

64 kDa autoantigen expressed on human thyroid and eye muscie and recognized

by sera l'rom palients with th)TOid-associated ophthalmopathy (TAO). Random

fragments of full length 1D cONA. which encodes the 64 kOa Ag. were cloned

and expressed in E. coli as fusion proteins. Antigenic peptides \Vere detected by

colony bloning \Vith sera l'rom TAO patients and identified by sequencing the

corresponding cONA inserts. Four antigenic peptides \Vere characterized and

positioned \\ ith respect to the ID amino acid sequence. One antigenic peptide (G

8) was found to be dose to the C terminal end of ID and three others (G-2. G-4.

and G-5) \Vere c1ustered at sites between amine acids 76-205. The

immunoreaclivities of sera from 15 patients \Vith TAO and 9 patients \Vith Graves'

hyperthyroidism (GH) and 6 patients with Hashimoto's thyrr jitis (HT). both

wilhout clinicat evidence of ophthalmopathy. were tested against the four peptides

and full-tength ID protein by Western bloning. Compared to normal subjects. sera

l'rom TAO patients \Vere found to react more often with al leasl one of the four

peptides or with full-Iength ID protein [8 of 15 (53%)]. Sera from patients with

TAO also reacted more often with G-4 and/or G-5 peptides than did those l'rom

normal subjects [7 of 15 (47%) TAO sera versus 1 of 12 (8%) sera from normal

subjects). Based on peptide amino acid sequences and the reaction pattern of the

serum panel 6 immunogenic epitopes were identified on the ID molecule.

INTRODUCTION
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Thyroid-associated ophthalmopathy lTAO) is an alltoimmune disordcr

characterized by infiltration of the extraocular muscles and Sltn"ollnding conneetin

tissue with :,mphOC\1eS and other mononuc1car eells (I. 2). Althouc.h the. . -
mechanism for the association of ophthalmopathy with autoimmUl~c thyroid

disease (ATD) is not l'ully understood. one possibility is the existence of shared or

cross-reactive antigen (Ag) expressed by thyroid and eye muscle such that

reacti\;ty elicited to an Ag present on one tissue will be rccognized on the otner

tissue (3. 4). Although several eye muscle reactive antibodies (Abs) can be

detected in the sera of patients with TAO (5-8). at present. the best candidate for

such an Ag is a 64 kDa membrane molecule. which is expressed on both ey.:

muscle and thYToid. The 64 kDa molecule is recognized by Abs in the sera of a

large proportion of TAO patients and only rarely by Abs in the sera of individllals

without TAO or ATD (9).

A cD!'A. called 1D. which encodes a 64 kDa protein. has recently be.:n

cloned by Dong et al. (10) from a thyroid cDNA expression library screcn.:d with

a pool of sera from Hashimoto's thyroiditis (HT) patients. Th.: initial clon.:. callcd

DI which encoded a 98 amino acid fragment of the full length protein. \Vas used to

rescreen the library from which the full-length ID cDNA was obtained (10). By

Northem blotting analysis ID mRNA was shown to be present in human eye

muscle and thyroicl but not skeletal muscle. Quantitative RT-PCR has been used

to identify and compare ID mRJ"lA expression in human tissues. 1D expression

was greatest in thyroid and muscle tissues. and found to be more abundant in cyc

muscle than ske1eta1 muscle (11). Using the DI fusion protein as Ag in dot blot

experiments. Zhang et al. (12) dem.:>nstrated that 19 of 40 (48%) sera from TAO

patients, 4 of 23 (17%) sera from HT patients without evident ophthalmopathy.

and only 2 of37 (5%) sera from normal subjects reacted with expressed DI fusion
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protein. These results support the importance of ID as an Ag targeted by the

immune system in TAO patients.

Wc report here the identification and localization of peptides of ID

recognized by sera from TAO patients. This was achieved by consnuction of a

sublibrary consisting of randomly cut 100-200 bp fragments of the ID gene ligated

into the expression vector pUEX (13). Colonies resulting from the transformation

of Escherichia (E). coli with this ligation mixture were screened with a pool of

sera from patients with TAO. Immunoreactive peptides were identified by

sequencing the corresponding DNA inserts and positioning them within the ID

protein structure. The :ecognition of these antigenic determinants by auto-Abs

from a panel of patients \Vith TAO and ATD \Vas assessed.

MATERIAL A!'\D METHODS

Human subjects

Human subjects were classified into several groups based on their disease

status. Group 1 included 2 males and 13 females aged 30-63 yrs (mean age 42 yrs)

with TAO and established eye disease: the ophthalmopathy was associated with

GH in 13 patients and Hl in 2 patients. Group 2 includeJ one male and 8 females

aged 21-59 yrs (mean age 38 yrs) with GH without evident ophthalmopathy:

diagnosis was based on hyperthyroidism. diffuse goiter. and detectable TSH

receptor Abs. Group 3 included one male and 5 females aged 26-61yrs (mean age

39 yrs) with HT but with no clinical evidence of ophthalmopathy. Group 4

included 3 males and 9 females aged 23-62 yrs (mean age 41 yrs) with no evidence

ofgoiter or thyroid autoimmunity as normal controls.
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1D cDX·\ fragment library construction

.-\ 3.8 kb fragment containing full-kngth 10 cON.-\ was rdeased th1ll1

I.gt Il-ID by digestion with EcoRi (10). The 10 cONA was puriticd by agarose

gel electrophoresis and electroelution. The 10 cONA was fragmented by digestion

with ONase 1 under conditions precalibrated to produce fragments of

approximately 100-200 bp (14). A fraction of the digestion mixture was nm on a

2.0% agarose gel to verifv the size of the randomlv ger.erated fragments........... .. .. ...
Since it is esstntial that the resulting ONA fragments have b:unt ends for

efficient adapter Iigation. the 10 cONA ONase 1 digestion fragments were filled

with J~p-dCTP using the Klenow fragment of E. coli ONA polymerase ( 15). Three

pmol of ONA fragments and 250 pmol of each adapter (adapter A: 5' GATC"CG

GCAACGAAGGTACCATGG: adapter B: 5'CCATGGTACCTTCGTTGC"CG)

were linked by T4 ONA ligase prior to fractionation on a 2.0'\0 10\V-melting point

agarose gel (Haymerie et al.. 1986). The portion of the gel containing fragments of

100-200 bp was excised and then ligated into pUEX vector. Vector \Vas prcpared

by digesting 5 mg of pUEX (Amersham. Buckinghamshire. UK) \Vith BamHI

followed by ligation with 40 pmol of adapters A and B by T4 ONA ligase. E. coli

OH5a competent ceUs were then transformed with pUEX vector with or without

inserts. The size of the resulting cONA inserts was confirmed by the polymerase

chain reaction (PCR) using 5' CCTGGAGCCCGTCAGTATCGGC and 3'

CTAGAGCCGGATCGATCCGGTC primers. which bind to ONA immediately

flanking the BamHI eut site ofpUEX (16).

Immunologieal sereening ofthe ID fragment library
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DH5u cells. transfonned with the 1D cO:\:\ fragmenl library. were plaled

onlo Luria Brolh (LB: lOg Baclo-tryptonl. 5g Bacto-yeasl extraCl. 5g :\aCliL)

agar :lnd grown al 30"C. Confluent bacterial colonies were n'ansferred 10 a

nitrocellulose fi1ter (Millipore. Bedford. MA) and incubated for another 2 hl' al

42"C. Each filter was put onto IWO sheels of \\·11atrnan 3M\;! paper pre\;ously

soaked in 5.0% SOS and heated for 15 min at 95"C. Filters were \Vashed \Vilh

buffer (lOm:'-'! Tris-HCL pH 8.0: 150 ml\'! NaCl: and 0.05% T\Veen 20. TNT) and

blocked \Vilh 3% skim milk power in TNT for 1 hr. The pool of TAO patients'

sera used for sereening the fragmenllibrary was first preabsorbed to a filter grown

on DI-15a cells transfonned \Vith wild type pUEX containing no insert ONA. After

preabsorplion. sera diluled 1: 1000 \Vere incubaled \Vith fiIters for 2 hr at 37"C.

Filters were washed 5 times in TNT buffer at 25"C for 15 min and incubated for

Ihr al 25"C wilh alkaline phosphatase (AP)-conjugated anti-human IgG diluted 1:

3000. The filters were developed \Vith 5-bromo-4-chloro-3-indolyl phospha

tetoluidine (BClP) and nitro blue tetrazolium chloride (NBT) substrales. Positive

clones were selected. subcloned and rescreened in the same way.

Positive clones \Vere grown ovemighl in 5 ml of LB medium at 275 rpm at

37"C ovemight. 1.5 ml of the each culture \Vas centrifuged for 15 sec al 13.000

rpm. CeHs \Vere resuspend in ice cold Iysis buffer (glucose 50 mM: EOTA 10 mM:

25 nM Tris-HCL pH 8.0: and lysozyme 4mg/ml). After ethanol precipitation. the

nucleic acids \Vere extracted \Vith an equal volume of phenol-chloroforrn-isoamyl

alcohol (24: 24: 1). The supematant was reprecipitated with 2 volumes of ethanol

and centrifuged. The peHet was resuspended in Tris-EDTA pH 7.6 (TE) buffer and

further purified by DNA-resin (CloTech. Palo Alto. CA).

Nucleotide sequencing of selected positive clones containing cDNA inserts

was perforrned by the dideoxynucleotide chain terrnination method (17). using the

Sequenase sequencing kit (US Biological Cor.. Cleveland. OH) \Vith

77



•

•

oligonucleotide pnmers (5' GGGGATTGGTGGCGACG:\CTCCTOO 3'

CTAGAGCCGGATCGATCCGGTC). which bind to ONA tlanking thc Bamlll

cut site of the pUEX veetor. Purified doublc-stranded plasmid ON:\ was denatured

with fresh NaOH (18) to generate a singlc-strandcd template. Reaction products

were separated by elee~rophoresis on a 6% aerylamide urea gel.

Polyacrylamide gel electrophoresis (PAGE) and Western blottin~ amllysis of

positive clones

Bacterial colonies containing pliEX vector with inscrts of interest were

prepared for SOS-PAGE. Pcsitive clones were grown in LB medium at 30"C to an

00600 of 0.4. The incubation temperature was then inereascd to 40"C for another 2

hl'. The cel1s were harvested by centrifugation at \2.000g for 1 min. Pellets were

sonicated and resuspended in 1 mM phenylmethy!sulfonyltluoride (PMSF). The

bacterial extract was dissolved in electrophoresis sample buffer (50 mM Tris-HCI.

pH 6.8: 100 mM dithiothreitol: 2.0% SOS: 0.1% bromophenol blue: and 10%

glycerol). The samples were heated at 100"C for 3 min and centrifuged at 12.000g

for 1 min at room temperature.

SOS-PAGE was perfonned aecording to the method of Laemmli (19) using

an 7.5% separating and 4% stacking gel. Bacterial extraets containing fusion

protein were applied at a concentration of 20-50 mg of protein in a 30 III volume

pel' track. High molecular weight (MW) standards (Bio-Rad.. Richmond.. CA) were

run simultaneously in each experiment. The gel was electrophoresed at 100Y for

60-90 min and transferred onto nitrocellulose paper in transfer buffer (20 mM

Tris-HCI; 20 mM glycine; 20% methanol, pH 8.3). Filter strips containing fusion

protein were blocked with 3% milk power in Tris-buffered saline (200 mM Tris

HCI; 90 mM NaCl, pH 7.4) (TBS) at 4°C overnight. Strips were washed for 30
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mll1 111 Twccn-TB5 (1'85: 0.5% Twcen 20). and incubatcd with samplc sera

prcviously absorbcd with wild type pCEX fusion protein containing no insel1 (13).

Thc papcr strips wcrc then washcd with Tween-TBS and incubated with an AP

conjugalcd anti-human IgG (1: 3000) in TBS for 1 hr at 37"C. Strïps were again

washcd with T\\'een-TBS and developed with BCIP;'0:BT.

Expression of full-Iength 1D in pllEX

A 1780 bp fragment. containing fuil-Iength ID cONA. was released from a

81ucscript SK+ vector by digestion with Xho 1 and Barn HI. After purification.

the 1780 bp ID cONA was ligated with Xho 1 and Barn HI digested pUEX vector.

Western blotting using 10 fusion protein reactive with sample sera was perfonned

as described above.

Statistics

The prevalences of positive irnmunoreactÎ\ity for sera from patients \Vith

TAO. A1'0 and nonnal subjects to each antigenic peptide were compared using a

X= test.

RESl1LTS

Analysis of antigenic determinants in 1D

The strategy developed by Mehra et al. (20) was used to define antigenic

detenninants recognized by anti-64 kOa Abs in patients with TAO. This approach

involved the preparation of a Iibrary of ONA fragments coding for shol1 peptides
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b\' di!!estin!! 1D cD\:A with D\:asel in order to !!enerate fra!!met1l< in the 100 t<,. - - ~ - ~

200 bp range. The resulting D~A fragments were tirst linked to adapters.

fractionated by size and inserted into the expression vector pU EX. Inserts of 100

200 bp are expected to code for peptides of approximately 30 to 60 amino acids.

The library consisted ofapproximately S x 10; clones. ail ofwhich were screened.

ln order to velÎ~' that DNase 1 digestion of 1D generated fragments of the

expected size. 36 clones were randomly selected and subjected to PCR. Twet1ly

five clones were found to contain inserts in the 100 to 200 bp range and no inscris

were detected in other clones (not sho\\11). The first round of screening was earricd

out with a pool of sera l'rom four patients with TAO (Table 1). two of the whom

had Abs reactive with a 64 kDa human eye m<lscle membrane protein by \\'estem

bloning. but did not react with the DI fusion protein by ELISA (21) or dot

bloning. The other two sera reacted by ELISA and dot bloning with the Dl fusion

protein. but did not react with a 64 kDa human eye muscle membrane Ag by

\Vestem bloning.

Four positive clones were isolated. sequenced and positioned on the 1D

nucleotide map by matching to the ID cDNA sequence using Genetics GCG

program (Genetic~. Computer Group. Madison. WL). The 4 deduced

immunoreactive peptides were 36-52 amino acids long (Table 2). The

corresponding amino acid sequences were deduced l'rom the ID nucleotide

sequence. Immunoreactive peptides G-2 (residues 76-112). G-4 (residues 127-179)

and G-5 (residues 156-205) were all positioned to hydrophilic domains of the ID

amino acid sequence. Immunoreactive peptide G-S (residues 412-450) partially

overlaps with the DI 98 amino acid fragment (residues 426-524) and is located

nearthe C-tenninus of the ID molecule (Fig. 1).

Figure 2 shows the deduced antigenicity profile of the ID 64 kDa protein.

The antigenicity profile is based on calculations of hydrophilicity. surface
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• Table 1. Reactivity of TAO sera used to screen a 10 fragment library

Patient No.

1

2

3

4

D1-fusion protein#

+*

+

64 kDa protein

**

+

+

•

•

#D1 is a 96 amine acid fragment of , D protein.
" Reactivity assessed by ELISA and immunoblot using D1 fusion protein as antigen.
"" Reactivlty assessed by Western bloning using solubilized eye muscle membrane as antigen.
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Table 2. Characteristics oi 4 antigenic peptides of 1D thyroid.'eye muscle antigen

Antigenic Number of Position in
peptides amino acids 1D amino acid sequence

G-2 36 76-112

G-4 52 127-179

G-5 49 156-205

G-8 38 412-450
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Figure I. Location and characteristics of 4 antigenic peptides in the nucleotide

sequence of 1D. The nucleotide sequence analysis of positive clones were

detennined by dideo),:ynucleotide chain tennination method. A is a schematic

representation of the nucleotide sequence of 1D and the corresponding location of

antigenic peptides G2. G4. G5. G8 and DI. B is a h)'drophilicity plot of ID and C

shows the surface probability of ID deduced by Genetic GCG program (Genetic

Computer Group) based on nucleotide sequence of ID.
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Figure 2. Predicted antigenicity profile for ID, a 64 kOa protein. The

antigenicity profile is based on calculation of hydrophilicity. surface p~obability

and flexibility to predict the position of Ab binding sites by assigning an antigenic

index to amino acid regions. The regions predicted to have a high antigenic index

(;<: 1.2) are marked by elongated octagons. The ll:>cation of identified antigenic

peptides are indicated: G2. G4. G5 and G8.
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probability and flexibility to prediet the position of Ab binding sites by assigning

an antigenic index to amino acids regio'1s. There is a good correlation bet\Veen the

positions of the antigenic peptides defin~d through scr~ening and a high antigenic

index as predicted from the antigenicity profile.

Immunocharacterization of TAO sera

The immunoreaetivity of sera from group 1 (n=15). group 2 (n=9). and

group 3 (n=6) patients and group 4 normal subjects (n=12) to the 4 ID peptides

\Vas assessed. Follo\Ving preabsorption to remove nonspecific and b-galactosidase

reactive Abs. each patient"s serum was incubated with nitrocellulose strips

containing each of the 4 size-separated 10-13-galactosidase fusion proteins. The

Western blotting results are summatized in Tables 3 and 4.

Of the sera from group 1 patients (TAO). 3 of 15 (20%) reacted with G-2. 4

of 15 (27%) with G-4. 5 of 15 (33%) with G-5. and 2 of 15 (13%) with G-8 (Table

::;). Of 12 normal subjects (group 4). none reacted \Vith G-5 and only one reacted

\Vith G-2. G-4. and G-8 fusion proteins by Western blotting (data not shown).

Forty-~even % (7/15) of sera from group 1 patients reacted with G-4 and/or G-5

peptides compared with 8% (1/12) sera from group 4 normal subjects (p <0.05).

Sera from group 2 and group 3 patients tended to react with one or more of these

antigenic peptides more frequently than sera from normal subjects [4 of 9 (44%)

from group 2. 2 of 6 (33%) from group 3. and 1 of 12 (8%) from normal subjects:

p = not significant (N.S.)].

Western blotting of full-Iength ID fusion protein was also cartied out using

sera from the same panel of patients \Vith TAO or ATO. Sera from these patients

had a tendenc)' to be more reactive with ID than those from normal subjects [6 of

15 (40%) group 1 patients. 4 of 9 (44%) group 2 patients. 2 of 6 (33%) group 3
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• Table 3. ReactlVlty of sera f:-om group' patIents wlth full length ~;-,d 1D and 4 1D·denved antlgenlC
pep'ldes

Patient ,D G·2 G·4 G·5 G·a
ID Group Diagnosi~ (' ·572)· (76"12) (12;,'79) ('56·205) (.'2·.50)

TAO • •
2 TAO •
3 TAO

• TAO

5 TAO

6 TAO

7 TAO ~ ~

S TAO +. .+

9 TAO • •

'0 TAO

,, TAO

'2 TAO + .+ +.

'3 TAO

,. TAO

'5 TAO

•

•

oThe corresponding , D sequence position of each peptide is indicated in parentheses.
00., + and ++ correspond to negative, positive and highly positive reaction by
Western blotting, respectively.
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• Table 4. Reactivity of sera from group 2 and 3 patients with full length 1D and 4 1D-derived
antigenic peptides

PatlOn~ 10 G·2 G·~ G·5 G·6
10 Group Ol:lgnosis 11·572" (76-1121 (12i-H9) (156-2051 (~12·450)

16 2 GH

'7 2 GH

'6 2 GH ~. ..
'9 2 GH

20 2 GH

2' 2 GH

22 2 GH

23 2 GH

24 2 GH

25 3 HT

26 3 HT

27 3 HT ~

26 3 HT

29 3 HT

30 3 HT

•

•

·The corresponding 1D sequence position of each peptide is indicated in parentheses.
••.. + and + + correspond to negative. positive anci highly positive reaction by
Western blotting. respectively.
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patients. compared to one of 12 (8%) normal subjects: p=N.S.]. Overal1 8 of 15

(53'l'o) group 1 patients. 4 of 9 (44%) group 2 patients. and 2 of 6 (330 0) group 3

patients reacted with either peptides or full-length ID protein. Sera from group 1

patients reacted significant1y more frequent1y with peptides and/or full-Iength ID

protein than did those from normal subjects [group 1. 530
0: group 4 80 0: p

<0.025].

Several distinct patterns of reactivity were observed in sera from patients

with TAO and ATD. The majority of sera recognized more than one

immunoreactive peptide and also reacted with the full-Iength 1D protein. On the

other hand. sorne sera (Table 3 #5 and Table 4 #22) reacted with full-length ID

protein but no peptides. while others (Table 3 #2 and #9) reacted with peptides.

but not with full-length ID protein.

The reactivity patterns of TAO and ATD patients' sera \vith the 4 ID

peptides reveal that each peptide contains at least one immunogcnic epitope.

Antigenic peptides G-4 (residues 127-179) and G-5 (residues 156-205) partially

overlap (Fig. 1). Sorne sera reacted with both G-4 and G-5. while other sera reacted

with either G-4 or G-5 only (Tables 3 and 4). These results suggest that at least 3

epitopes are localized within the amino acid sequence 127-205: one between

amino acid 127 and 156 [recognized by sera from patients 1. 7. 20 and 27 (Tables

3 and 4)]: one between amino acid 156 and 179 (recognized by sera from patients

S. 9. 12 and IS): and one between amino acid 179 and 205 (recognized by sera

from patients 2. 6, 17, 21. 22 and 24).

Antigenic peptide G-S, a 3S amino acid peptide, partially overlaps DI. the

9S amino acid antigenic peptide (Fig. 1) described by Dong et al. (1991). However

the serum panel did not react identically with G-S and DI (Table 5). AlI of the sera

reacting with G-S also reacted with DI, while only a subset of ID reactive sera

recognized G-S. Therefore. at least two epitopes appear to be located in the amino
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Table 5. Reaclivily of some sera from group 1. 2 and 3 wilh G-8 and 01 antigenic peptides• Patient G-8 D1
ID Group Diagnosis (412-450)* (426-524)

1 1 TAO -** +

2 1 TAO +

3 1 TAO ++ +

4 1 TAO ++ +

5 2 GH + +

6 2 GH ++ +

7 2 GH +

8 3 HT + +

9 3 HT +

• 'The corresponding 10 sequence position of each peptide is indicated in parentheses.
••.. + and + + correspond to negative. positive and highly positive reaction respeclively
of by ELISA to Dl and by Western blotting to G-8.
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acid 412-524 region. one between amino acid 450 and 524 and one between :lmÎno

acid 426 and 450 (Table 5).

OISCUSSIO:\

The results presented here describe the identification of sorne of the

imh1Unogenic peptides of 1D. a 64 kDa Ag expressed by thyroid and eye musck

that is recognized by sera from patients with TAO. Short random fragments (100

200 bp) of ID cDNA were c10ned and expressed in E coli. cens as fusion proteins

using the pUEX vector. Four immunoreactive peptides recognized by TAO patient

sera were cloned and sequenced. Based on a model predicting antigenicity. ail four

antigenic peptides are localized to areas of 1D that exhibit a high antigenic index.

\Vhen a panel of sera were screened for recognition of each peptide. sera from GH

(47%) and HT (33%) patients reacted to one or more peptides mon: frequently

than sera from nonnal controls (8%). Sera from patients with TAO reacted

sig.nificantly more often \\ith peptides G-4 and G-5 than did those from nonnal

subjects.

To precisely identify the antigenic detenninants. it is necessary to prepare a

large number of well-characterized peptide fragments or chemical derivatives from

the original protein Ag and to then test these derivatives for immunological activity

(22. 23). The use of recombinant cDNA methodology to deduce amino acid

sequences that comprise specific antigenic detenninants in a protein was originally

developed by Mehra et al. (20). In essence. the method is the same as using

overlapping synthetic peptide probes (24). with the exception that the size of the

peptide probe can be made longer. possibly allowing for a more native folding of

the resulting peptide.
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• The pU EX plasmid is an expression vector that produces a b-galactosidase

hybrid protein (b-galactosidase plus foreign peptides). The presence of a

polylinker in the reading frame greatly simplifies and increases the flexibility of

c1oning. as compared with expression in 19t Il. which has only one restriction

enzyme cut site option. Since screening is canied out with specific Abs. only ID

inserts in the correct reading frame are selected. The b-galactosidase is not

cnzymatically active but is important because it confers insolubility on the hybrid

protein. Recombinants with cDNA fragments of less than 400 bp express stable

hybrid proteins at levels comparable with those produced by the vector alone

(25%-40% of the total SDS-extractable protein). The insolubility of these hybrid

proteins protects them against proteolysis and facilitates their purification (25).

The goal of this study was to characterize the small antigenic peptides

recognized by autoAbs from patients with TAO. Such antigenic peptides could

then be used as specific Ag in diagnostic tests (e.g. ELISA) for the detection of

antibodies to clinically relevant epitopes of the 64 kOa molecule. In this study we

characterized four such antigenic peptides recognized by sera from TAO and ATO

patients. In most cases. sera from patients with TAO recognized more than one

antigenic peptide. demonstrating that patients with TAO have a polyclonal

reactivity to the ID protein. Sorne sera recognized only the full-Iength ID fusion

protein. suggesting that sorne autoAbs require more conformational or

discontinuous antigenic detenninants for recognition, react with parts of ID that

were poorly expressed in the fragment library, or react with parts of ID that were

not isolated from the fragment library.

One interesting finding in our study is that sera from patients with TAO

reacted significantly more often with G-4 and G-5 antigenic peptides (47%) than

did those from normal subjects (8%). These results show that Abs to the G4/G5

antigenic ID peptides are associated with TAO. It is interesting to note that the
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prevalence of Abs of this speci ticity in T.-\O is ,cry similar to that of .-\bs re;lctive

with a 64 kOa eye muscle membrane protein by Western blouing (9.26),

~atural history studies reveal that most patients with HT will have no

clinical ophthalmopathy at <iny stage of their disease. This observation is in

conrrast to the hypothesized role for Abs reactive to lOin TAO. Possible

explanation for this discrepancy include 1) the small sample size of the present

study and 2) the possibility that Abs to 10 are markers of a thyTOid autoimmune

process rather than of ophthalmopathy. The role of these .-\bs in disease

pathogenesis should be resolved by a large prospective study of newly diagnosed

patients with GH and HT.

Sera from patients with GH without evident eye disease also had a high

prevalence (44%) of immunoreactivity to antigenic peptides of ID. This

observation is in accord with a recent study which demonsrrated that reactivity to

ID expressed by CHO ceUs is greatest (73%) in patients ,vith GH without evident

eye disease (27). These results are consistent with the notion that such Abs may be

an early marker of ophthalmopathy in GH patients. It has been shown that

approximately 80-90% of patients with GH have ophthalmopathy. as determined

by the sensitive method of CT scanning of the extraocular muscle. at the rime of

diagnosis of hyperthyroidism, even though clinical signs ophthalmopathy may be

minimal (28, 29). Since CT scanning was not carried out in these patients \Vith

GH, we cannot exclude the possibility that these subjects had early stage

ophthalmopathy at the rime of study, although none exhibited proptosis or

abnormal eye muscle function.

Two of the TAO sera (Table 3, #7 and #12) used to screen the ID

sublibrary reacted with the Dl fusion protein but not with a 64 kDa eye muscle

membrane protein by Western blotting. These sera dic!, however, react with fuU

length ID fusion protein. Serum #7 reacted with peptides G-2 and G-4, and serum
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#12 reacted with peptides G-4. G-5 and G-8. One of the sera (Table 3. =1) used to

screen the 1D sublibrary reacted with the 64 kDa protein of eye muscle membrane.

but did not react with DI fusion protein. This serum was sho\\1l to recognize

peptides G-2. G-4 and full-Iength ID fusion protein. Even though Abs against the

1D molecule and the 64 kDa eye muscle membrane protein are often present in the

sera of patients with TAO. it is not kno'-'<TI whether the two molecules identified by

different methods are the same. In fact the pl of the 64 kDa protein was found to

be about 6.0-7.0 (30. 31) from 2-D gel electrophoresis and Western blotting of

human eye muscle and th)'TOid membrane while the pl of the ID molecule.

deduced from Generic GCG program (Genetic Computer Group). was 10.3 (Zhang

et al. unpublished observation). These observations suggest that they may be

different molecules. Microsequencing of the purified 64 kDa protein from eye

muscle membrane will resolve this issue.
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CHAPTER \"

Tissue distribution and quantitath'e of gene expression a 64 kDa

antigen recognized by the serum of patients with thyroid

associated ophthalmopathy

PREFACE

Dong et al. used Dl. a 298 bp ID cDNA fragment. as a probe to study 1D

mRJ'\:A expression in different human tissues by Nonhcm bloning. They

demonstrated a 3.9 kb transctipt in thyroid and eye muscle. but not in skeletal

muscle. Ross et a:. and our research team studied the tissue distribution of 1D

mR.NA by the more sensitive RT-PCR. Both laboratoties demonstrated that 1D

mRJ'\:A could be amplified from several other tissues. Because amplitication of

target DNA sequences by PCR is exquisitely sensitive and because this method

has the potential of amplifying a few copies of template into a detectable signal. no

conclusion could be drawn from these expetiments regarding the comparative

abundance of specifie ID mRNA between tissues. These studies were repeatcd

with approptiate controls to exclude the: possibility of amplification of non

specifie template in a manner which permined quantitation of thp. levels of ID

mRNA expression from vatious human tissues. This Chapter desctibes the use of a

quantitative RT-PCR to funher investigate the tissue distribution of 1D mRNA and

quantitate the levels of expression of transctipts of this specificity from a vatiety

ofhuman tissues.
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ABSTRACT

Wc have developed a competitive reverse transcriptase-polymerase chain

reaction (RT-PCR) assay for the quantitation of ID (a cloned 64 kOa protein)

mRNA levels in preparations of total RNA from variety of human tissues. This

competitive RT-PCR assay is based on coamplifieation of a competing ID cONA

intemal template (pGEM-ID') and target cONA. ID specifie mRNA was

quantitated in ten human tissues. The level of ID transcript expression in these

tissues decreases in the following order: thyroid (5 pg!llg total RNA) > eye muscle

(3.2 pg!llg) > skeletal muscle (2.4 pg!llg) > ovary (2 pg!llg) > cerebellum (0.4

pg!llg). kidney (0.33 pg!llg). pancreas (0.27 pg!llg). spleen (0.22 pg!llg) and

thymus (0.19 pg!llg) > retina (0.016 pg!llg). The greater expression of the ID

molecule in thyroid and eye muscle supports the notion that this molecule may be

involved as a target of autoimmune attack in thyroid-associated ophthalmopathy

(TAO).

INTRODUCTION

Progressive inflammation of the extraocular muscles and the surrounding

orbital connective tissue occurs in most patients with Graves' hyperthyroidism

(GH) and in a small proportion of those with Hashimoto's thyroiditis (HT). This

condition is named Thyroid-As~ociated Ophthalmopathy (TAO) (1). Of ail

patients with TAO 85% have GH. 10% have HT and 5% have other thyroid

immunological abnormalities (2). A variety of eye muscle reactive autoantibodies

have been detected in the sera ofpatients with TAO (3. 4).

It has been hypothesized that the association of TAO with autoimmune

thyroid disease (ATD) is due to the expression of a shared or cross-reactive
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antigen (Ag) by th)Toid and eye muscle. A 64 kDa mcmbrane molccule has

emen!.ed as the best candidate for an Ag underlving the association of TAO and.... .... . ....

ATD. as it is expressed on both eye muscle and thyroid and is recognized by Abs

in the sera of a large proportion of TAO patients and only rarcly by Abs in the scra

ofindividuals without TAO or ATD (5).

A 64 kDa Ag expressed in the human thyroid and extraocular musclc Ims

been c10ned by Dong et al (6). trom a thyroid complementary deoxyribonuclcic

acid (cDNA) expression library. The fulllength cDNA. named ID. encodes a 572

amino acid protein. corresponding to a MW of 63-64 kDa. A 98 amino acid

fragment of this protein was named DI. The use of DI as a probe in Northem

blotting revealed 3.9 kb transcripts of poly(A)+ ribonucleic acid (RNA) l'rom

normal human thyroid and ey.: muscle. but not skeletal muscle. The more sensitive

reverse transcriptase polymerase chain reaction (RT-PCR) methodology has been

used by Ross et al. (7) and by us (8) to investigate the tissue distribution of 1D

messenger RNA (mRNA). ID amplification products were observed when eye

muscle, skeletal muscle, thyroid, and cardiac muscle RNA were used as the PCR

template.

This report describes the use of quantitative RT-PCR to further invcstigate

the tissue distribution of 1D mRNA and to quantitate the levels of expression in a

variety of human tissues. Our results demonstrate that 1D mRNA is expressed in

human thyroid, eye muscle, skeletal muscle, ovary. thymus, spleen. kidney,

cerebellum, pancreas and retina. The level of 1D transcript expression in these

tissues decreases in the following order: Thyroid (5 pg!llg total RNA) > eye

muscle (3.2 pg!llg) > skeletal muscle (2.4 pg!llg) > ovary (2 pg!llg) > cerebellum

(0.4 pg!llg), Iddney (0.33 pg!llg), pancreas (0.27 pg!llg), spleen (0.22 pg!llg) and

thymus (0.19 pg!llg) > retina (0.016 pg!llg).
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MATERIALS AND METHûDS

RNA isolation

Surgical specimens. placed in Iiquid nitrogen immediately after excision.

were the source of most of the human tissues used in this study. Tissues '.Vere

stored at -70"C until RNA extraction. Total RNA was isolated from human tissues

by the guanidine isothiocyanate method (9. 10). with the exception of pancreas.

thymus and retina RNA. which were obtained from ClonTech (Palo Alto. CA).

Briefly. frozen human tissues were homogenized using a Polytron in a denaturing

solution (4.0 M guanidine isothiocyanate; 0.2 mM b-2-mercaptoethanol; 42 mM

sodium citrate; 0.83% N-Iauryl sarcosine). Nucleic acids were extracted with an

equal volume of a 24:24: 1 (vol:vol:vol) phenol: chloroform: isoamyl a1cohol

mixture. Following centrifugation at 10.000 x g for 20 min the top aqueous phase,

containing RNA. was harvested and precipitated with an equal volume of

isopropanoL The resulting pellet was washed with 70% ethanol and dried. The

RNA pellet was then resuspended in diethylpyrocarbonate (DEPC)-treated water.

The purity and yield of total RNA were determined spectrophotometrically by

measuring absorbance at 260 and 280 nm. The integrity of the resulting RNA was

verified by formaldehyde agarose gel electrophoresis and visualized under

ultraviolet (u.v.) Iight by staining ofribosomal RNA (rRNA) bands with ethidium

bromide (Il). RNA was considered intact and therefore appropriate for use as a

template for cDNA synthesis and peR if the 28S band of rRNA appeared to be

twice as intense as the 18S band (12).

CUû cells expressing 10
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CHO.5 is a clonai population of Chinese hamster ovarv (CHO) cells stahlv. .
expressing 1D. CHO.5 cells \Vere cultured in f-12 nutrient medium supp\emented

\Vith 10% fetal calf serum (fCS). 100 units (U)/ml pcnicillin. \00 ng/m\

streptomycin. 2.5 Mg/ml arnphotericin B. 200 ~lg/ml gentamycin. 2 ml'....\ L

glutarnine and 300 Mg/ml neomycin. RNA extraction from CHO.5 cclls \Vas

perfonned as described above.

First strand cDNA synthesis

Reverse transcription was carried out using 4.0 f.lg of total RNA in a

volume of 30 f.ll containing \.0 f.lg random hexamer primers (Promega. Madison.

WI), 1 mM deoxyribonucleoside triphosphates (dNTPs) (Promega). 20 U of

RNasin and 400 U of Moloney murine leukemia virus (MMLV) reverse

"transcriptase (Promega). RNA was denatured at 70 C for 10 min and chilled on

ice. After incubation for 60 min at 37"C, the temperature was raised to 95"C for 5

min to inactivate the reverse transcriptase and then cooled to 4"C (13. 14).

To test the yield and efficiency of the reverse transcriptase reaction. 4.0 f.lg

CHO.5 total RNA was reverse transcribed as above. in the presence of 2-5 f.lCi

32P-dCTP. The reaction mixture was sarnpled prior to reverse transcription to

deterrnine the total counts per minute (c.p.m) and trichloroacetic acid (TCA)

precipitable c.p.m (background). After reverse transcription, the reaction mixture

was sarnpled for measurement of incorporated 32p-dCTP (15). The arnount of

cDNA synthesized was calculated by multiplying the fraction of total dCTP

incorporated into TCA-precipitatable c.p.m by the number of nM of each dNTP in

the reaction and the average weight of the 4 dNTPs. The fonnula used to calculate
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the effieiency of reverse transcription IS: amount of cDNA synthesized

().tg)/amount ofmRNA ().tg) present at the start of the reaction x 100%.

Creation of competitive templates

Quantitative RT-PCR is based on the comparison of the arnount of

template-specific PCR products generated following the simultaneous

amplification of cDNA derived from a particular tissue source and a known

quantity of competitive DNA template added to the sarne reaction tube.

Competitive template DNA for these experiments was prepared by digesting 20

mg of Àgt \1-\ D with 80 U EcoRI for 2 hr. Digestion products were separated by

electrophoresis on a \.2% low-melting point agarose gel. The band containing the

1.78 kb \ D fragment was excised from the gel. extracted and precipitated. EcoRl

digested ID was then Iigated into EcoRI digested dephosphorylated pGEM-7Zf

(Promega). Recombinant plasmids were transfonned into competent Escherichia

(E) coli DH5a cells (BRL, Gaithershurg. MD) according to the protocol provided

by the manufacturer. Two to 4 ng ofligation mixture was incubated with 100 ml of

competent cells on ice for 30 min followed by a 45 sec heat shock at 42°C. S.O.C.

medium (2% bactotryptone; 0.5% yeast extract; 10 mM NaCI; 2.5 mM KCI; 20

mM MgCI2-MgS04: 20 mM glucose) was added to the transfonned DH5a ceUs

and the ceUs were grown for 1 hr in a 3~C shaking water bath (225 rpm). One

hundred III of transfonned ceUs were then plated onto petri dishes of LB agarose

containing \00 mg/ml ampicillin and incubated for 16 hr at 3~C.

Resulting colonies were selected for mini-preparation of plasmid DNA. The

presence of 1D inserts in plasmid DNA prepared from these clones was screened

by PCR using the 5' (nucleotide 1174-1195) and 3' (1598-1619) forward and

reverse primers (Sheldon Biotechnology Center, Montreal, Quebec) deduced from
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digested pGE\l-ID was then ligated with a gel purilkd 120 bp Haelll trt:ated

pBR322 D?'\A fragment. The ligation mixture was transfonlled into competent

DH5a cells as described above. The resulting colonies were screened by PCR

using the same 5' and 3' primers described above. A pGE!\I-1 0 subclone (pGEM

ID') containing an insert of expected size (445+120 bp) was selected for use as

the competitive internai control for quantitative PCR assays (Fig. 1). pGEM-1 D'

was grown for 16 hr at 37"C and DNA was extracted and puritied by a plasmid

DNA isolation kit (ClonTech). The DNA vield was detennined bv measurin~ the. .-
absorbance at 260 nrn and the size of the insert DNA was veritied by agarosc gel

electrophoresis.

peR amplification

The PCR method is based on the repetitive cycling of three reactions

(denaturarion, primer binding, and DNA synthesis), which vary only in incubation

temperature (16). The reagents required to ampHi)' a target DNA include IwO

single-stranded oligonucleoride primers. designed to be complementary to known

sequences of the target DNA. the 4 dNTP. and the heat-stable enzyme Taq DNA

polymerase (17). The tirst step in the PCR procedure is heat denaturation of

double-stranded DNA. As the temperature is reduced. the two DNA primc:rs

anneal to complementaty sequences on opposite strands of the target DNA. The

next step is the actual synthesis of new complementary second strands of DNA.

which occurs through the extension of each annealed primer and is catalyzed by

Taq polymerase in the presence of excess dNTPs. After extension of the primers.

the cycle is repeated 25-35 rimes (18). The PCR products are analyzed by agarose

gel electrophoresis.
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Figure 1. Design of an internai control for quantitating 1D expression. The

intcmaJ control (pGEi\'I-IDO) \Vas made by inserting a 120 bp fragment into the

intcmaJ Espl rcsu'iction enzyme cut site of the pGE~'I-ID insert.
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DNA amplification was carried out in PCR buffer (10 mM Tris-HCL pH

8.4. containing 50 mM KCl. 0.1 mg/ml gelatin and 2 mM MgC1") suppkmented

with 50 mM dNTPs. 0.25 IlM each of the 5' and 3' specific primers. and 2.0 U of

Taq polymerase in a final volume of 50 Ill. The mixture \Vas overlaid \Vith 50 III
n 1)

of minerai oil and amplified in sequential cycles of 94 C for 45 sec. 60 C for 45

"sec and 72 C for 2 min. AlI PCR components used in the reaction \Vere tested for

possible contamination of DNA in a simultaneous PCR reaction. PCR of genomic

DNA derived fTom the tissues was negative. presumably because the primers span

one or more introns.

Analysis of amplified products

T\Vo III of each PCR sample \Vas analyzed in parallel \Vith pBR322 DNA

size markers (Boehringer Mannheim, Mannheim. FRG) by electrophoresis on a

1.8% agarose or 6 M urea-8% polyacryamide gel (PAGE). DNA bands \Vere

visualized by staining with ethidium bromide follo\Ved by exposure to u.v. Iight.

Quantitation of the DNA bands \Vas performed at a Bogen TC-I Biology

Workstation. using SigmaPlot custom software (Sigma. St. Louis. MO). A high

speed video camera \Vas used to acquire a video image of the gel. \Vith output

directly to a computer-based system for data analysis and storage. Ethidium

fluorescence associated with DNA bands in the gel \Vas proportional to the amount

of DNA present. Bands of interest \Vere selected on the video screen for analysis

and the integrated fluorescence intensity associated with each band determined by

computer. To compare the inter-assay results, the reaction yields (densitometric

units) \Vere evaluated by comparing the intensity of the PCR product band with

that ofthe 500 bp pBR322 size marker used as a standard.
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RESl"LTS

Efficiency of reverse transcription

pGEj\'I-IO' 01\A. used as the internal control in these experiments was

already double-stranded and therefore was not subject to any of the tàctors thm

affect efficiency of re\'erse transcription of mRNA into cONA prior to

amplification. The efficiency and reproducibility of this step was evaluated in

separate experiments using CHO.5 total RNA as template and conditions identical

to those used to reverse transcribe tissue specifie total RNA. Results from 6

experiments revealed that cONA first strand synthesis had an efticiency of ~6.2 ±

6.9%. This value was subsequently used as a correction factor for calculating

concentrations of ID specific mRNA from human tissues from RT-PCR reaclion

yields.

ln order to evaluate the reproducibility of the competitive PCR step.

CHO.5 cOl'A samples prepared as described above by reverse transcription. were

subjected to amplification at the same time and under the samc condition used to

carry out competitive RT-PCR of human tissue specifie total RNA. In 6

experiments. the concentration of ID specifie mRNA from CHO.5 was found to be

0.6 ± 0.058 pg/mg total RNA (range 0.53 to 0.66 pg/mg total RNA).

Quantitative PCR coamplification of native ID cONA and pGEM-IO'

ln order to define the relationship between the amount of template ONA

present at the start of the reaction and the quanti!)' of amplified product present at

the end of the reaction, amplification of pGEM-IO" DNA was performed with

between 0.001 and 50 pg starting material for 28 cycles. The final quantity of
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pGEM-ID' specific product (565 bp) varied logarithmically in a dose dependent

manner over a range of 3 orders of magnintde with the amount of template

introduced at the start of the reaction (Fig. 2).

To determine the kinetics of coamplification of pGEM-ID' and prototypic

1D. 1.0 pg of pGEM-I D' and 0.4 J.lg of reverse transcribed CHO.5 Rl'\lA were

coamplified for up to 36 PCR cycles. The 2 bands of expected size (445 bp. 565

bp) increased in intensity with the number of amplification cycles (Figure 3). In

addition, the quantity of native 1D PCR product increased linearly up to cycle 28

and reached a plateau around cycle 30. Amplification proceeded. v,ith the same

efficiency for both templates. through the exponential and nonexponential phases

to the plateau phase. This observation confirmed that despite a difference of 120

bp in size between the twO templates. the product ratio of pGEM-IDïnative ID

cONA remained constant throughout the 36 cycles. Since the amplification

efficency was identical for both targets throughout the amplification process, the

amount of ID-specific cONA in cONA from a defined amount of Rt"lA from a

particular tissue can be determined by comparison with the amount ofpGEM-lO'

product generated at any cycle number in the range examined. We chose to

amplify ail subsequent reactions for 28 cycle, because amplification for this

number of cycles was in the logarithmic phase and highly sensitive to the quantity

of template available at the start of the reaction.

The effect ofvarying the ratio ofprototypic ID-specific CHO.5 cONA and

pGEM-ID' cONA present at initiation of amplification is shown in Figure 4. A

constant amount of cONA (from 0.4 J.lg CHO.5 RNA) mixed with variable

amounts of pGEM-ID' (0.001 pg to 5 ng) were amplified for 28 cycles. The

results in Figure 4 demonstrate that as the concentration of the pGEM-ID' present

at initiation increased the concentration of the corresponding PCR product (565

bp) increased. while that of the product from prototypic ID mRNA from CHO.5
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Figure 2. Quantity of pGEM-I D' specifie PCR amplification products \'arics

depending on the amount of template present at initiation of reaction. PCR was

carried out for 28 cycles. (a) Amplification products were electrophorcsed on a

1.8% agarose gel and stained by ethidium bromide. Lane l\t size markers (Haelll

digested pBR322): Jane 1. control reaction without template: pGEM-1 D' template

concentration at staIt of reaction: Jane 2. 0.00 1 pg: Jane 3. 0.0 J pg: lane 4. 0.1 pg:

Jane 5. 0.5 pg: Jane 6. 1.0 pg: lane 7. 5.0 pg: lane 8. 50 pg. (b) Plot of quantitative

densitometry reading obtained by computer-bascd video image analysis of the gel

shown in (a). using procedures described in Materials and Methods. The ttlean ±

5D valves of 4 separate experiments.
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Figure 3. Analysis of coamplification of CHO.S cOl'\A and pGEM-IO' Ol'\A

for varying cycle numbers. (a) CHO.5 cDNA (synthesized from 0.4 Ilg total

RNA) and 0.1 pg pGEM-ID' were coamplified for 20 cycles. lane 1: 22 cycles.

lane 2: 24 cycles. lane 3: 26 cycles. lane 4: 28 cycles. lane 5: 30 cycles. lane 6: 32

cycles. Jane 7: 34 cycles. lane 8: 36 cycles. lane 9. Two III of each reaction was

electrophoresed on a 1.8% agarose gel. DNA \Vas stained by ethidium bromide.

Lane i\'1 contains sizc markcrs (HaelIl digested pBR322): lane 10 a simu1taneous

rcaction comaining aIl the reagents presents in reactions amplified in lanes 1-9 but

without DNA template. (b) Plot of quantitative densitometry reading obtained by

computer-based ,ideo image analysis of the gel shown in (a). as described in

Materials and Methods. The mean ± SD valves of4 separate experiments.
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Figure 4. Analysis of coamplification of varying ratios of CHO.5 cD]'I;,\ to

pGEM-I D' D]'I;A. Valying quantities of pGEi'vl-1 O' O:'\:\. were coamplilied with

a constant amount of CHO.5 cON:\. (synthesized from OA pg total RNA l. Two pl

of the reaction was electrophoresed on a 1.8% agarose gel. ON:\. was stained by

ethidium bromide. (a) Lane i\t size markers (Hae11l digested pBR311): lane 1.

control reaction without template: amount of internai control added to reaction:

Jane 1. 0.001 pg: lane 3. 0.01 pg: lane 4. 0.04 pg: lane 5. 0.08 pg: (ane 6. 0.1 pg:

lane 7. 1.0 pg: (ane S. 5xl01 pg: (ane 9. 5x10~ pg: Jane 10. 5x10' pg. (bl Plot of

quantitative densitometry readings obtained by computer-based video image

analysis of the gel shown in (a). using procedures described in Mat'::lials and

Methods. The mean ±SO valves of 4 separate experiments.
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cells (445 bp) decn.:ased, Because bath templates were amplified with similar

kinelics and efficency (see abo\'e). the concentration of pGE\I-1 D' yielding a

PCR producl band of equi\'a1ent intensity to that from CHO.5 cDi'iA represents a

reaction \Vhere the initial quanti!)' of 1D specific cD:"A \Vas equai to that of

competing pGE\1-1 D' le\'cls.

Analysis of 1D mR:\A expression in various human tissues

Using this methodoloh'Y mRNA specific for 10 \Vas detectable in a varie!)'

of human tissues. AIl PCR products \Vere found to be the predicted size (445 bp)

on agarose gels. The specifici!)' of these 445 bp amplification products \Vas

verified by restriction enzyme digestion with Espl. \Vhich resulted in fragments of

the predicted size of 93 and 352 bp (Fig. 5). and Southem bloning with a ID

specific probe (8).

Firsl. 40 ng of reverse transcribed RNA from each tissue \Vas subjected to

PCR in the presence of between 0.01 and 100 pg of pGEt\'l-IO' ONA. This

pennined an estimation of the quanti!)· of pGE!'vl-ID' ONA required to achieve

equivalence following coamplification with 0.2 to 0.4 Ilg of reverse trallscribed

RNA from each tissue. Once this was detennined. 0.2-0.4 Ilg of reverse

transcribed RNA from each tissue was coamplified with seriaI 2-fold diiutions of

pGEt...l- 1O' DNA. which incJuded the concentration yielding equivalence with that

tissue specifie cONA in the pre\~ous set of experiments. Figure 6 shows thyroid

cONA reverse transcribed from 0.4 Ilg total RNA coamplified \Vith seriaI 2-fold

dilutions of pGEM-ID' ranging from 1.25-40 pg by peRo As the amount of

pGEi\'I-ID" increased. amplification of thyroid ID-cONA diminished. From this

analysis and taking into account an efficiency factor of 0.46 for the reverse

transcription step required to produce cONA from thyroid mR1~A.. the amount of
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Figure 5. Espl digestion of 1D mRè'iA amplified by RT-PCR. l'CR \Vas

perfonned using procedures described in ]'\'lateriaJs and l\.Jethods and 10 ~ll l'CR

products \Vas digested \Vith Esp 1. Digestion fragments \Vere analyzed on (a) 1.80
0

agarose gel and (b) 6 1\1 urea 8~ô PAGE. Following clectrophoresis. D!\A bands

\Vere stained \Vith ethidium bromide. (a) Lane 1. size markers (HaeIII digested

pBR322): Jane 2. Espl digested l'CR products fragments. (b) Lanes 1. sizc mark..:."S

(Bgl 1 and Hinf 1 digested pBR328): lane 2. size markers (Hadll digested

pBR322): Jane 3. Espl digested PCR product fragments.
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Figure 6. Quantitation of thyroid ID mRNA by competitive RT-PCR. Thyroid

cONA (synthesized from 0.4 ug total RNA) and 2-fold seriaI dilutions of pGE!\'I

10' were coamplified by PCR (see Materials and Methods). (a) Two III of each

reaction mixture was electrophoresesed on a 1.8% agarose gel. ONA bands were

staincd with ethidium bromide. Lane M. size markers (Haelll digested pBR322):

lane I. control reaction without template: amount of pGEM-IO' ONA added to

each reaction: Jane 2, 1.25 pg: lane 3, 2.5 pg: lane 4.5.0 pg: lane 5, 10 pg: lane 6,

20 pg: lane 7. 40 pg. (b) Plot of quantitative densitometry readings obtained by

computer-based video image analysis of the gel sho\\11 in (a), using procedures

described in Materials and Methods. The mean ± SO valves of 3 separate

experiments.
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1D specifie mR."i:\ in th)Toid was deduced to be 5.0 ± 0.28 pgJJ.lg total R~A. Ti.is

analysis \Vas extended to eye muscle where the concentration of 1D specilic R?'A

was 3.2 ± OAi pg/~lg total R."iA. ske1etal muscle (204 ± 0.33 pg.~lg total R~A).

ovary (2.0 ± 0.31 pg./J.lg total R~A). cerebe11um (004 ± O.Oi pg.:~lg total RNA),

kidney (0.33 ± 0.04 pg!J.lg total R."iA). pancreas (0.2i ± 0.05 pg.Wlg total RNA)

spleen (0.22 ± 0.04 pg/J.lg total RNA). th)mus (0.19 ± 0.03 pg!~lg total RN.-\). and

retina tissue (0.016 ± 0.003 pg!~lg total R.'1A) (Fig. i).

The concentration of ID specifie mR."iA from total R."iA for each of \0

human tissues was detennined from 4 separate RT-PCR experiments. Ali of the

experiments included control reactions perfonned under identical conditions. using

CHO.5 RJ"iA as template in order to evaluate reproducibility of tirst strand

s:lmthesis and the PCR steps from experiments to experiments. As noted above. the

average concentration of ID specifie mR.1\IA in CHO.5 ce11s was found to be 0.6 ±

0.058 Pg!llg total RJ'IA.

DISCUSSION

The use of reverse transcription followed by PCR (RT-PCR) enables the

amplification of individual RNA molecules. The high sensitivity of RT-PCR

makes it possible to detect mRJ'IA of extremely low abundance (19. 20). Several

PCR-based approaches have been developed for quantitating DNA and RNA. One

of the original approaches used extemal heterologous standards. such as mRNA

species with a relatively similar level of expression from tissue to tissue (i.e. b

actin or ~-microglobulin).These standards were amplified in separate reactions

and used different primers (21, 22). Such an approach to RJ'IAIDNA quantitation

is semi-quantitative, at best, because kinetics for primer hybridization can vary,
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Figure 7. 1D specifie mR:'IiA levels in various human tissues. The ~oncentration

of ID specitic mRc"iA from total R."i.-\ of 10 hum'ln tissues. RT-?CR was

pcrformcd as described in :,\·Iaterials and :'\Iethods. The bars represem the mean ±

SD valves of 4 separate experimems and are numbered as follows: 1. thyroid: 2.

skeletal muscle: 3. eye muscle: 4. ovary: 5. th~mus: 6. spleen: 7. kidney: S.

ccrebellum: 9. retina: 10. pancreas.
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then:by int1ucncing amplification efficiency. ]'\'Ioreover high copy number

templates. such as b-actin and othel's. ampli!)' in a completely different manner

than 10\\ copy number templates and small pipening differences between tubes can

drall1atically affect PCR signais.

A morc accurate method for quantitation of RNA/DNA by PCR involves

the addition of known amounts of an internaI control to the amplification mixture

(23. 24). The use of an interna! control that includes the same primer template

sequences as the target template makes it possible 1'0 determine, under identical

conditions, the absolute amount of target cDNA by allowing kno\\1l amounts of a

competitive interna! control to compete with the target for primer binding during

the amplification reaction (25).

This repol1 describes the use of this method of competitive PCR for

quantitation of ID specific mRNA in assessing the tissue distribution and quanti!)'

of ID mRNA in a panel of human tissues. The competitive PCR is based on

simultaneous amplification of two templates: 10 cDNA and a competing internaI

conn'ol (pGEM-I D'). Because native ID and pGEJ'\'I-ID' cDNA templates are

present in the same reaction and bind the same primer set, any factors affecting

amplification have the same effect on both templates. As a consequence, the ratio

of PCR products retlects the ratio between the amount of pGEJ'\'I- 1D'and ID

cDNA present at the start of the reaction, thus allowing the quantitation of native

ID cDNA in a given amount of R..'I\!A from the known amount ofpGEM-ID'.

Dong et al. (6) used DI. a 298 bp ID cDNA fragment. as a probe to study

1D mRNA expression in different human tissues by Northern bloning. They

demonstrated an abundant 3.9 kb rranscript in 5 mg poly (A)+ thyroid RJ'\1A and a

weaker signal of the same size in an equivalent amount of eye muscle mRJ'\1A. No

1D specific mRNA was detected in skeletal muscle. Ross et al. (7) studied tissue

distribution of ID m&'\1A by the more sensitive RT-PCR. They demonstrated a

117



•

•

•

weak signal for 1D mR:-\A expression in all of the tissues tested (eye muscle. eye

connecti\"e tissue. thyroid. kidney. parathyroid. li\"er. lymphocytes. and utems).

Amplification of target D]\;A sequences by PCR is exquisitely sensiti\"e and this

method has the potential of amplifying a few copies of template into a detectable

signal. Therefore under the conditions used by Ross et al. (7) and in earlier studies

trom our laboratory (8). it was only possible to obtain qualitati\"e results as to the

presence or absence of a particulaI' nucleic acid species.

ln this report. quantitati\"e RT-PCR has been used to continn and cxtend

these observations. 1D mRNA expression was detected in all human tissues tested

(thyroid. skeletal muscle. eye muscle. ovary. thymus. spleen. kidney. pancreas.

cerebellum. and retina). Quantitation of 1D specific mRNA in these tissues was

perfonned on 4 separate occasions: the inter assay variability was 5-20%. 1D

expression was greatest in thyroid and muscle tissues. This transcript was more

abundant in eye muscle than skeletal muscle. This may explain why Dong et al. (6)

were able to detect 1D in thyroid and eye muscle but not in skeletal muscle by

Nonhem bloning. Approximately 10-fold less ID specific mRNA was seen in

thymus. spleen. pancreas. kidney. and cerebellum. If levels of 1D mRNA retlcct

levels of 1D-specifie protein expression. the tissues with the greatest expression of

this protein are thyroid and eye muscle. the 1\':0 tissues targeted by autoilllmunity

in TAO.

The abundance of 1D transcripts in thyroid and eye muscle compared with

other tissues not targeted in TAO. together with the presence of autoantibodies

speeific for ID in 47% patients with TAO. 50% of ATD patients with lid

retraction. 17% of patients with HT. and 5% nonnal subjects. arc consistent with

the concept that 1D plays a l'ole in the pathogenesis of TAO (26).

The expression of 1D mRJ'\lA in skeletal muscle is in agreement with resuIts

obtained by immunoprecipitation of solubilized human skeletal muscle membranes
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with sera from TAO patients (27). Two-dimensional gel electrophoresis and

Western blotting also revealed glycoprotein molecules of 64 kDa in thyroid. eye

and skeletal muscle. These antigenically related molecules are all recognized by

sera from TAO patients but had different isoeletric points (28). The different

isoelectric points of 64 kDa antigen from these 3 human tissue sources could be

due to distinctive tissue specifie glycosylation patterns or small differences in

amino acid sequence. The primer set used to amplify ID specifie cDNA from

human tissues all yielded products of the same size and were therefore not

sensitive to putative tissue specifie differences in ID sequence accounting for

differing isoelectric points.

In summary. we developed an RT-PCR assay for the quantitation of ID

mRNA expression in human tissues. Because this competitive PCR enables

quantitative determination of low abnndance mR,\iAs, low level expression of ID

mRNA in tissue such as retina can be quantitated. ID specifie rnR...'1A can be

quantitated in ail 10 human tissues tested and differs significantly from tissue to

tissue. The level of ID specifie mRNA is highest in thyroid (5 Pg/llg total RNA)

and lowest in retina (0.016 Pg/llg total Rl\iA). The higher expression of ID

molecule in thyroid and eye muscle is consistent with a high level of protein

expression in these tissues. The elevated levels of this autoantigen in thyroid and

eye muscle may in turn account for why both these tissues are targeted in TAO.
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CHAPTER VI

GENER\L DlSCVSSION
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Although the pathogenesis of TAO is unclear. recem studies have

contributcd greatly to our understanding. At present cross-reactivity against

thyroid and eye muscle shared Ag(s) is the best explanation for the association of

TAO and ATD.

This thesis has studied the 64 kDa thyroidleye muscle Ag(s) recognized by

Abs in the sera of patients \Vith TAO. Abs specifie for cross-reactive 64 kDa eye

muscle and thyToid mo1ccules are associated with ophthalmopathy in patients with

thyroid autoimmunity. Two 64 kDa Ags have been identificd by separate

approaches. One 64 kDa Ag was identified by Western bloning of thYToidieye

muscle membrane Ags with autoAbs in the sera of patients with TAO (Salvi et al.

1988). Another 64 kDa Ag. 1D. was cloned by Dong et al. (1991) from a thyroid

cDNA expression library by screening \Vith a pool of sem from patients with ATD.

The overall objective of this thesis was to characterize the 64 kDa Ag(s), and

to define the prevalence ofautoAbs directed at these molecules in patients with

TAO.

This objective was achieved by: 1) Identifying eye muscle/thYToid

membrane 64 kDa Ag(s) by Western bloning and immunoprecipitation \Vith sera

from TAO patients: 1) Assessing the abihty of Ags expressed in different tissues to

adsorb Abs reactive \Vith a 64 kDa thYToidJeye muscle membrane Ag from TAO

patients' sera: 3) Analyzing the reacthity of sera from TAO and ATD patients to a

recombinant 98 amino acid fragment (DI) of 1D. a 64 kDa thyroidleye muscle Ag.

by immuno-dot blot: 4) Comparing the reacti\ity of sera from TAO and ATD

patients to DI fusion protein and solubilized 64 kDa eye muscle membrane Ag by

Western bloning: 5) Assessing and quantitating the tissue distribution of ID by

quantitative RT-?CR: 6) Identifying antigenic peptides of ID: 7) Cataloguing

reactivity of sera from patients with TAO and ATD to each of these 10 antigenie

peptides.
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The experimental observations upon which the work for this thesis is based

is the identitication. by SDS-PAGE and \\"estern bloning. of a 6-l kDa .-\g present

in human eye muscle ar.d th;'TOid membranes which is recognized by Abs in the

sera of approximately 50% of patients with TAO (Sahi et al.. 1988: Salvi et al..

1991). In Chapter II. we absorbed sera of T.-\O patients displaying this reactivity

with a panel of tissues prior to using the sera in Western bloning to investigate

which tissues expressed cross-reactive Ag(s). In Western bloning experiments.

TAO patients' serum Abs reactive with a 6-l kDa pig eye muscle membrane

(PEMi\'l) Ag were absorbed by human eye muscle. thyroid. and skelctal mllsde

but not by spleen or brain tissue. These observations demonstratcd that hllman eyc

muscle and thyTOid expressed Ag(s) that shared immunological cross-reactivity

with each other and \Vith a 64 kDa PEMM Ag recognized by sera li"om patients

\Vith TAO.

AutoAbs in sera from TAO patients were incubated with biotin labeled

primary cultures of human eye muscle. th)'Toid and skeletal muscle ceIls prior to

solubilization and immunoprccipitation. A molecule of 64 kDa \Vas

immunoprecipitated from eye muscle and thYToid. but not skeletal muscle. These

experiments demonstrated :hat the M kDa Ag \Vas present in the membrane of

living eye muscle and thyroid ceIls and was recognized by sera l'rom TAO patients

in its integral cell membrane and native conformation.

In 1991 a cDNA encoding a 64 kDa Ag \Vas c10ned by Dong et al. (1991)

by screening a thyroid expression library \Vith a pool of sera l'rom patients with

ATD. The full-lenglh 572 amino acid protein \Vas named 1D and a 98 amino acid

fragment of this molecule was named DI. By Northern blotting the mRJ'lA for 1D

was expressed in both thyroid and eye muscle, but not in skeletal muscle. DI

affinity-purified Abs from the sera of TAO patients bound to a 64 kDa protein in

human thyroid tissue by Western blotting. Although the identity of molecule
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cncoded by this cD:\A and the 64 kDa molecule recognized by sera of TAO

patients by Western blolting \Vas not contirmed. the similarity benveen the nvo

molecules \Vas comnellim! enoucl1 to obtain the 1DiD 1 cD1\:A clones and to. - -
initiate a research program based on its characœrization. A panel of sera trom

patients \Vith TAO and ATD. followed in the Thyroid Studies Center of the

:-'Iontreal General Hospital. \Vas available to screen for reactivity against DI fusion

protein in a dot blot immunoassay. Immunoacti,,;ty against DI was found in the

sera of47% of patients with TAO and in 5i% of patients \Vith GI-j \\oithout evident

eye disease. In previous work. reacti"ity to the thyroidJeye muscle 64 kDa Ag

described by Wall et al. (1991 a) was found in 50% of patients with TAO and in

33% patients with GH (Salvi et al. 1991).

ln order to explore the relationship benveen the 64 kDa th~ToidJeye muscle

membrane molecule described by Wall et al. (199Ia) and the 64 kDa th~ToidJeye

muscle Ag encoded by the cDNA cloned by Dong et al. (1991) a panel of sera

from TAO patients was screened both by Western blotting of PEMM and by dot

blot of D 1 fusion protein. There was a good overaU correlation between the results

obtained by dot blot assay and those obtained by Western blotting for activity \Vith

a 64 kDa prote;1l in PEMM. Sera from 17 patients \Vith TAO or GH reacted \Vith

64 kDa Ag(s) by both assays. However, sera from 12 TAO or GH patients \Vith

negative dot blot assays reacted positively by Western blotting while 7 patients'

sera negative bv Western blotting reacted \Vith the Dl fragments bv dot blot.
~ - - _.

Concordance in serum re:lcti"ity to these 2 molecules could be due to 1) shared

immunological cross-reactivity (or identity) between the 2 Ags or 2) the presence

of 2 populations of Abs in many sera from TAO/ATD patients, one of which

reacts \Vith the ID molecule the other reacts \Vith the 64 kDa molecule described

by Wall et al. (1991a). The ability ofat least sorne Abs in the sera ofTAO/ATD

patients to bind a 64 kDa thyroid membrane molecule by Western blotting
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following affinity puritication on DI fusion protein suggests sorne immunological

cross-reacti\ity between the 2 .-\gs. Discordance in serum reactivÎty could be due

to several reasons: 1) The 98 amino acid DI peptide comprises kss than one titih

of the total amino acid sequence of the full-kngth 10 mokcule :md therefore may

express only a subset of the potentially immunogenic epitopes of the parent

molecule. This may explain why sorne sera reacti\"e \\ith the tùll-length 64 kOa

molecule did not react \Vith Dl. 2) Since PEj'vIlvl rather than human eye muscle

membrane (HEMM) \Vas used as the source of Ag in \Vestern bloning. sera

reacting \\ith Dl. but not PEMM. may be recognizing a human species specitic

epitope not e:.:pressed in PH·IM.

To further dissect the antigenicity of the ID molecule. short random

fragments (100 to 200 bp) of ID cONA were cloned and expressed in E. coli as

fusion proteins using the pUEXl vector. Four antigenic peptides wcre

characterized and 10calized on the ID molecule. Immunoreactive peptides G-2

(residues 76-112). G-4 (residues 127-179) and G-5 (residues 156-205) \Vere

positioned to hydrophilic domains. lmmonoreactive peptide G-8 (residucs 412

450) partially overlaps \Vith the Dl fragment (residues 426-524) and is 10cated

near the C tenninal end of the full-length ID molecule.

The immunoreactivities of a panel of sera from patients \Vith TAO and ATO

were tested against these four peptides and the full-Iength ID protein by Western

blotting. Severa! distinct reactivity patterns were observed in sera from patients

with TAO and ATD. The majority of sera recognized more than one

immunoreactive peptide and also reacted with full-length ID protein. This

demonstrated that patients with TAO have a polyclonal reactivity to the ID

protein. Two sera recognized only fuIl-length ID fusion protein suggesting either

that sorne sera contained auto-Abs which recognized more confonnational or
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discontinuous antig.:nic detenninants. or reacted \Vith pans of 1D that \Vere not

selected l'rom the fragment library.

Six epitopes \Vere localized on the 1D molecule based on peptide amino

acid sequences and the reaction pattern of the serum panel against each peptide

(#1. residues 76-112: #2. residues 127-156: #3. residues 156-179: #4. residues

179-205: #5. residues 426-450: #6. residues 450-524). Sera from patients \Vith

TAO reacted significantly more frequently \Vith G-4 and G-5 peptides (47%) than

did those l'rom nonnal subjects (8%).

An imponant observation from this study \Vas the high prevalence of

positivity to the Dl molecule in sera from GR patients. It has been shown that

approximately 80-90% of patients \Vith GR have ophthalmopathy. as detennined

by CT scanning of the extraocular muscles. at the rime of diagnosis of the

hyperthyroidism. even though ophthalmopathy may not be clinically evident. CT

scanning was not carried out in the group of GR patients \....hose sera were used in

this study. Therefore, although none exhibited proptosis or abnormal eyc muscle

function they may. according to the findings of Werner et al. (1974) and Enzmann

et al. (1979). have subclinical ophthalmopathy. 57% of patients with GR have Abs

that recognize Dl and 47% these patients have Abs to G4/GS. Ifmost ofthese GR

patients actually have subclinical/early stage ophthalmopathy Abs to Dl and

G4/GS may be early markers for the development of ophthalmopathy. :\ntigenic

peptides such as G4 or GS could be used as Ag in simple screening tests such as

ELISA to detect Abs to clinically relevant epitopes of the 64 kDa molecule and to

monitor patients with GR to detennine the relationship between the presence of

such Abs and the development of ophthalmopathy.

The tissue expression of ID was tirst studied by Northern blotting using Dl

as a probe. Dong et al. (1991) demonstrated that 10 was expressed in human eye

muscle and thyroid but not skeletal muscle. More recent experiments carried out
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by Ross et al. (1993) and by us 11992) using the RT-PCR w investigate the tissue

distribution of 1D m~'\JA demonstrated 1D amplitication products when eye

muscle. thyroid. skeletal muscle and cardiac muscle R1\.-\ were uscd as PCR

template. Because of the extreme sensitivity of the PCR rcaction and the methods

used. the possibility of amplitication of non-specitie template could not be

excluded.

In order to address this criticism and quantÎlate the level of 1D mRNA

expression in various human tissues. a quantitative RT-PCR assay was developed.

A competitive internaI control for ID mRK-\ amplification was designed and used

in these assays. Of the ten human tissues tested. 1D expression Was hight.'St in

thyroid and muscle tissues. This transcript was more abundant in eye muscle than

skeletal muscle. This may explain why Dong et al. was able to detect 1D in thyroid

and eye muscle but not in skeletal muscle. Approximately IO-fold less 1D specifie

mRNA was seen in thymus. spleen. pancreas. kidney and cerebellum. If levels of

ID rnRNA reflect levels of ID-specifie protein expression. tissues with the highesl

expression of this protein are thyroid and eye muscle. the IWO tissues targeted by

autoimmunity in TAO. From mRi"lA expression experiments 10 expression dose

not appear limited to eye muscle and thyroid. Since post transcription events may

influence the levels of protein expression from a given amount of mRi"lA. the

actual amount of 10 protein expression on various tissues awaits availability of 1D

specifie Abs.

The rnRNA was· extracted from eye muscle tissue (which contains eye

muscle ceUs, fibroblasts and other ceUs). A single retro-ocular target tissue may

not explain all of the eye manifestations of TAO. Both eye muscle and fibroblasts

may be targets of autoimmune attack. It is possible that Abs to orbital Ags may be

secondary phenomena, while Ag specifie T ceU may mediate the primary damage.

Lessons learned from studying insulin dependent diabetes mellitus may be
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applicable to autoimmunity in TAO. ln insulin dependent diabetes mellirus. T cells

are involved in b-cell killing and. Abs against islet cells were positive in 50-70%

new patients and were not play a role in the pathogenesis (Baekkeskov et al.

1990).

lt is not known as yet if 1D protein and· the 64 kDa eye muscle membrane

protein identified by Western blotting are the same molecule. The following points

favor the possibility that the !wo mo1ecules are identical. 1) The molecular weight

of both molecules is indistinguishable. 2) Both are expressed in thyToid and eye

muscle. 3) Both molecules were recognized by sera From about half of patients

with TAO and GH. by a smaller proportion of patients From HT. but rarely by sera

From normal subjects. 4) There is an overall tendency for concordance between

reactivity to the 64 kDa Ag by Western blotting and that to DI fusion protein by

immuno-dot blotting by individual TAO sera. 5) AutoAbs From patients with TAO

affinity-purified by DI bind to a thyToid membrane molecule of 64 kDa by

Western blotting. Several points have emerged supporting the non identity ofthese

molecules: 1) Discordance in serum reactivity patterns to these molecuJes (species

source of Ag and fragment length of Ag must be taken into consideration in

interpreting these results) 2) Two-D gel electrophoresis and Western blotting of

human eye muscle and thyroid membrane reveal that the pl of the 64 kDa protein

was about 6.0-7.0 (Boucher et al. 1994; Wall et al. 1994) while the pl of 10

molecuJe deduced From Genetic GCG program is 10.3. A definitive conclusion as

to the relatedness of these molecules must await microsequencing of the 64 kDa

molecule detected by Western blotting in order to directly compare its amino acid

sequence with that deduced for ID.
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1. Statcmcnt of originality

Thc following novcl findings and observations have been reponed in this thesis:

1J. AutoAbs in sera from TAO patients immunoprecipitated a 64 kDa membrane

Ag from cultured human eve muscle and thvroid cells demonstrating that sera..... '" .. .....

recognizcd antigenic epitopc(s) present on these tissues in a confonnation that was

known to be biologically relevant. These observations were the first direct

evidence that eye muscle and thyroid may be the common targets of autoimmune

reaetivlty in TAO (Chapter li).

2). Results present in this thesis demonstrated for the first time that sera from

nearly half of patients with established TAO and in more than half of those with

GH (the majority of patients of this group may have subclinical ophthalmopathy)

reacted with recombinant antigenic peptide of a c10ned human 64 kDa eye

muscle/thyroid Ag. These results Suggested that auto-Abs against the cloned 64..... ....... ...
kDa Ag may be an early marker of the eye disease in patients with th~Toid

autoimmunity (Chapter III).

3). A cDNA internaI control "pGEM-iD" was created and a modified quantitative

RT-PCR technique \Vas used to assess the tissue distribution and abundance of 1D

transcripts in various tissues. The abundance of 1D transcripts present in thyroid

and eye muscle compared with that in other tissues may explain why these two

tissues are targeted by autoimmunity in TAO.

4). Recombinant cDNA techniques were used to identify antigenic epitopes on ID.

Random fragments of the full-Iength iD cDNA were c10ned and expressed in E.
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coli as fusion proteins. Four antigenic peptides which contain epitof":s n:cognized

by auto-Abs from patients with TAO were identified. \\1Ien a panel of sera was

screened for œcognition of each peptide. sera from TAO patients reacted to one or

more peptides significantly more frequently than those from nonnal controls (530
"

sera from TAO patients \'ersus go" of sera from nonnal controls: p<O.025l. Forty

four percent of GH patients and 33% of HT patients also possessed Abs which

reacted with one or more 1D peptides.
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2. Suggestions for further work

1J. The human eye muscle and thyroid tissue 64 kDa protein identified by Dr. J.

Walrs research group by Western blotting should be purified and mierosequenced.

Its sequence should be compared with that deduced for the 1D molecule in order

to provide direct evidence for identity. relatedness or absence of relatt:dness of

these molecules. This work is presently being carried out in Dr. WaIrs laboratory.

2). 1D antigenic peptides or full-Iength 1D fusion protein could be used as Ag in

tests such as ELISA for detection of Abs to 1D. Prospective longitudinal study of

sera from patients with TAO and ATD using this methodology together with

clinical findings at follow up visits would further define the clinical significance of

autoAbs to 1D.

3). Monoclonal Abs specific for ID and the 64 kDa protein identified by Western

blotting should be made and their reactivity compared on histological sections of

human eye muscle. thyroid and somatic skeletal muscles in order to determine

their pattern of reactivity in such tissues specimens.

4). 1D mRNA sense or anti-sense probe should be made. Such probes could be

used in in silll hybridization of human eye muscle, thyroid and somatic skeletal

tissues. This will confirm and more precisely define the expression and cellular

distribution of 1D in these tissues.
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