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Epitopes expressed in myasthenia gravis (MG) thymomas are not recognized by
patients’ T cells or autoantibodies
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SUMMARY

Most thymic epithelial tumours that associate with MG express an epitope that resembles the sequence
«373-380 from the cytoplasmic loop of the acetylcholine receptor (AChR). It has been proposed that
sensitization to this linear epitope initiates autoimmunity to the AChR in thymoma-associated MG. We
therefore tested whether MG/thymoma patients have T cell responses or antibodies to this region of the
AChR. We found no significant recognition of th&09-417 region by their thymoma or peripheral
blood T cells, or by their serum anti-AChR antibodies. Instead, the T cell epitopes that were recognized,
like the previously characterized B cell epitopes, were in the extracellular AChR domain.
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INTRODUCTION Nevertheless, its expression is strongly MG-related, since it is seen
in about 80% of thymomas from MG patients, and in few from
Qon-myasthenics [7].

Possibly, therefore, this or other T cell epitopes on the 153-kD
polypeptide induce helper T cell and antibody responses that

About one third of patients with a thymoma develop MG [1], a
classic autoantibody-mediated disorder. The 10% of MG patient
with a thymoma invariably have pathogenic antibodies to the

highly folded extracellular domain of the acetylcholine receptor . :
(AChR) that are responsible for their muscle weakness [2]. Thesubsequently lead, by a process of determinant spreading, to the

AChR comprisesy, 8, v ands subunits in fetal muscle; in the adult production of antibodies directed against the whole AChR [5,7]. If

the is replaced by am. These evolutionarily related subunits all S0, one would expect responses o these initiating epitopes to

have about 210 extracellular amino acids, a cytoplasmic loop frorrpers'St in some patients. Accordingly, we have tested for T cell

e - . . _responses to this and other regions of the AGhBubunit in 23
positions 300400 (approximately) and a short external C terminal atients with thymoma-associated MG and searched for antibodies

tail [2]. In each isoform, thex subunit occurs twice, and is believed p. - R
to be immunodominant [2]. It is possible that specific T cells, binding to the same region in 17 sera.
whether developing in these cortical thymomas or immigrating

from the circulation, are sensitized to AChR epitopes expreissed MATERIALS AND METHODS
situ[2]. However, only low levels of AChR subunit mMRNA have Antigens

been detected by polymerase chain reaction (PCR) in thymomgeompinant AChRx subunit polypeptides of varying lengths
tissue [3,4], and RNase protection assays for AChR subunit; 437 etc ) were expressedEscherichia coliand purified by
expression are often negative (MacLenreal, in preparation).  , onarative SDS—PAGE [9,10]. Peptides were synthesized using
Moreover, the intact AChR has never been detected in thymoma,g_moc chemistry on LKB Biolynx apparatus [10]; they were

by us_ing conformation-specific MoAbs agai_nst its extr"’“39"”'"’“coupled to activated Sepharose 4B according to the manufacturer’s
domain [5], even though these compete with most MG SeruMpnstructions (Pharmacia, St Albans, UK).

antibodies. By contrast, other MoAbs against a linear epitope,
«373-380 [6] of the cytoplasmic loop:299—-408) of the AChR Patients and cells

subunit, do bind to thymoma epithelium [5,7,8], but this is praqh samples of thymomas were obtained with informed consent

apparently a cros.s-reaction with an AChR-Iike epitope on a distipc}rom 23 patients, and peripheral blood lymphocytes (PBL) from 17
153-kD polypeptide [8] rather than with any known AChR subunit. ¢ s they had raised serum anti-AChR titres and generalized

Correspondence: Dr N. Willcox, Neurosciences Group, Institute forMG of mild (n=7), moderate (= 12) or sgverer(: 1) grades.
Molecular Medicine, John Radcliffe Hospital, University of Oxford, There were 11 males and 12 females; their onset ages ranged from
Oxford OX3 9DS, UK. 17 to 70years, and durations of symptoms from 3 to 45 months.
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Thymoma cell suspensions were prepared by mechanical disrup- 20~ (a) (b)
tion; in 10 cases, pretreatment with corticosteroids had clearly

enriched the mature/activated T cells and classdlls [11]. From

11 of the 13 non-treated cases, a low density fraction, prepared org; 10

3% Ficoll/10% sodium metrizoate, was enriched similarly [12]; in

five cases, these were cocultured with an equal number of fresh %

irradiated PBL (PBLXx) as antigen-presenting cells (APC). In 16 0

cases, the cells were tested on the day of thymectomy, but, with al-437 o37-181 a87-437 a1-437 a37-181087-437
seven others, cryopreserved thymoma cells were used together

with fresh PBLX as above. Fig. 1. Responses of T cells from MG thymomas (a) and peripheral blood

lymphocytes (PBL) (b) to full-length acetylcholine receptor (AChR)-

. . 437, to r37—181 that includes most of its extracellwdr211 sequence,
— 0,
cells (1-2x 105) were cultured in RPMI/5% A human serum in and to r87—-437 that includes all of the cytoplasa99—-408 loop. Results

"'F_’“Cate '_n round-bot.tomed _m'Frowe"s (NunCIOn' Life Technol- are from cell samples on which all three antigen preparations were tested in
ogies, Paisley, UK) with the indicated antigers@-5 and 0-Lg/  parallel at~ 0-5ug/ml; in several cases, responses were similar gi@/rl

ml) for 72h, when LCi ®H-thymidine was added. After a further but, in others, they declined sharply. In nine of the more recent cases, r3—
18 h, the plates were harvested and counted on a Betaplate flat-bed1 was used instead of r37—181. SI, Stimulation index.

liquid scintillation counter (Wallac, Turku, Finland). In the eight

most recent cases, the cells were cultured in bulk 22&/ml)

with the same antigens (except that r3—181 replaced r37-181); oextracellular domain (see Discussion). We also saw no clear
day 4 (where possible) and day 7, triplicate samples 3fcHlls correlation between responsiveness and MG severity (not shown).
were pulsed for 18 h wittH-thymidine as above. Stimulation

indices (SI) were calculated as ct/min in the presence of antiAntibody recognition of cytoplasmic AChR epitopes

gen-ct/min with medium only. With thymoma cells, back- Becausex373-380 forms a linear epitope that persists in short

grounds ranged from 112 to 25820 ct/min (median 1098, mearsynthetic peptides [6,13], we next tested sera from thymoma/MG

3855+ 1433 s.e.m.); for PBL, the range was 242-2893 ct/minpatients for antibody reactivity to a pool of peptides representing

To assay responses, fresh PBLx(20°), thymus or thymoma

(median 839, mean 1050185 s.e.m.). «309-417. We found no evidence of specific binding to the
peptides on dot blots (data not shown). We next tried to block
Assaying for antibodies to cytoplasmic AChR epitopes the binding of anti-AChR antibodies to labelled AChR by pre-

Seventeen thymoma-associated MG sera were tested; their antiicubation with pooled synthetig309—-417 peptides; in the event,
bodly titres to'®3-a-bungarotoxin ¢-BT)-labelled human AChR the mean precipitation of AChR by each serum proved to be 98—
ranged from 3-7 to 25-2n Sub-saturating amounts of each serum 118% of that in their absence. By contrast, rabbit antibodies to
were preincubated overnight with a pool of peptide309-345, «309-368 were inhibited by 9%6% (meants.d., n=3)
337-369, 361-377, 364—389, 383—-410 and 390-417 (1 mg/m(Fig. 2a). Finally, we tried to affinity-purify antibodies on immo-
each), before addition of?%-o-BT-labelled AChR for 2h and  bilized «309-417 peptides. In each case, most of the antibody was
subsequent precipitation with anti-human immunoglobulin.recovered in the pass-through fractions, representing from 66% to
Results are expressed as: 112% of that applied (Fig.2b). Very little was detected in the
eluates (Fig. 2c¢), and that which did elute was not specific for the
peptides, since it was not inhibitable by preincubation with the
pooled peptides (not shown). By contrast, the eluted rabbit anti-
after subtraction of ct/min precipitated by control human serum.bodies were inhibited by 100%. Thus we found no sign of
Rabbit antibodies raised agains309—368 were used as a positive antibodies to the cytoplasmic domain of the AChRsubunit in
control, together with anti-rabbit immunoglobulin to precipitate. these patients.
With 12 MG/thymoma sera, we also attempted to affinity-purify

antibodies using Sepharose 4B coupled with the same peptide pool,

followed by washing and elution with 8 KCNS and dialysis

against PBS. The association with thymoma in MG patients strongly suggests
that their autoimmune response is provoked by these tumours. In
particular, the AChR«a373-380 epitope is implicated by its
frequent expression by the neoplastic epithelial cells [5,7,8]. In
Screening for T cell responses to cytoplasmic epitopes spite of that, we found no convincing recognition of this AChR
On initial testing, we found responses £&-5) to full-length  region by T cells from either these patients’ thymomas or their
recombinant humana subunit in seven of 23 thymomas peripheral blood. Nor did we find evidence of antibody responses
(Fig. 1a), and five of 17 PBL samples (Fig. 1b); in most individuals, to this region.

the former were higher. However, responses of T cells from both Itis already well established that most anti-AChR antibodies in
sources were broadly similar whether they were tested against tHdG patients, including those with thymoma [14—16], bind to the
full-length o subunit or thex37—181 polypeptide that covers most extracellular domain, including the main immunogenic region
of the extracellular domainofl—210). With one exception, they (MIR) near «67-76 [17,18]. These epitopes are so highly con-
were weaker tax87-437, which includes all of the299-408 formational that the patients’ antibodies almost never cross-react
cytoplasmic loop (Fig. 1a). Thus we found no clear evidence of anywith linear AChR peptides or recombinagatsubunit [19]. Now it

T cell response specific for cytoplasmic sequences; the epitopes wappears that the specific T cells also recognize epitopes from the
subsequently mapped with synthetic peptides proved to be in thextracellular domain. We have subsequently been able to select T

« ct/min precipitated in the presence of the peptides
ct/min precipitated in the absence of peptides

100

DISCUSSION

RESULTS
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However, we cannot absolutely exclude an early initiating role that
is subsequently overtaken as other epitopes begin to dominate
[20,21]. It seems likelier that other determinants shared by the 153-
kD polypeptides, the AChR (including itssubunit) and/or stria-
tional muscle antigens, activate T cells which then initiate a
pathogenic autoantibody response on re-encountering these anti-
gens elsewhere. Finally, whereas native AChR readily evokes
antibodies specific for its extracellular conformation, it does not
elicit antibodies to the373—-380 sequence [22], although this is a
highly immunogenic epitope in denaturedsubunit [6,13]. The
absence of antibodies to this epitope, even in thymoma patients,
therefore implies that their autoantibodies are also produced in
response to the native structure rather than to unfolded sequences
or fragments.
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