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Neoplastic epithelial cells express a-subunit of muscle nicotinic
acetylcholine receptor in thymomas from patients with myasthenia gravis
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We studied the expression of mRNAs coding for the a-subunit of the muscle nicotinie neetylcholine receptor (ACHhR) in thymemas from putients

with myaxtheniz gruvis (MG). Northern blot unalysis failed to detect the expression, but amplification of mRNAs derived Trom thymomaus by reverse

trunscription und polymenise chain reaction praduced the DNA frugments containing the nueleotide sequenve coding for part of the a-subunit.

We further revenled that the z-subunit mMRNA wus derived from neoaplastic epitheliad celix of thymoma, Qur results support the hypothesis thut

ACHhR expressed in thymoma is a candidate for the primary antigen which induces suteimmune responses to muscle ACKR. The closa relutionship
between MG and thymoma may be at leastin part expluined by this hypothesis.

Thymona: Myasthenia gravis: Acetylcholine receptar; mRNA expression; Polymerase chain renction; Epithelial eell

1. INTRODUCTION

Myasthenia gravis (MG) is classified as an autoim-
mune disease in which the autoantibodies accelerate the
degradation of the nicotinic acetylcholine receptor
(AChR) at the muscle endplates, impairing the
neuromuscular transmission [1], However, a fun-
damental question remains unanswered as to where the
locus responsible for the initiation of the antibody pro-
duction to muscle AChR is present. Clinical evidence
implicating the thymus in MG includes a high incidence
of thymoma in patients with MG and the effectiveness
of thymectomy as a treatment for many of them [2]. At
the cellular level, much attention has been paid to

:myoid cells in the thymus, because these cells are sug-
gested to have AChR on their surfaces [3].

However, the myoid cell seems to be overemphasized
as a candidate for an antigen presenting cell. Thereis no
difference in the myoid cell frequéncy between the
thymuses from MG patients and control subjects, Our
working hypothesis is that thi icup.astic changes of
epithelial cells start to express proteins, which may trig-
ger an autoimmune response against AChR at the mus-
cle endplates in MG patients, In the present study, we
have provided direct evidence for the expression of
mRNA coding for a part of o-subunit of muscle
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nicotinic AChR in ncbplastic epithelial cells from
thymomas.

2. MATERIALS AND METHODS

2.1, RNA preparation

Total RNA was prepared from biopsied specimens of Kidiey and
muscle, and autopsied brain tissues from non-MG patients, Test
samples from patients with MG included 'S thymomas ‘and §
hyperplastic thymuses obtained at surgery. Peripheral leukocytes
from MG patients, and neoplastic epithelia) cells isolated from 2'in-
dividual thymomas of MG patients were cultured under conditions
described previously {4]. The specimens were homogenized in a buffer
containing guanidine thiocyanate, and layered over a cushion of CsCl
and centrifuged (5]. After extraction with phenol and ethanol
precipitation, the total RNAs were subjected to Northern blat
analysis and amplified by polymerase chain reaction (PCR) ex-
periments,

2.2, Northern blot analysis

30 pg of total RNA from control muscle and MG patients’
thymomas and hyperplastic thymuses were fractionated by 1%
agarose gel electrophoresis, and transferred to nylon membranes
(Amersham), A cDNA clone for the a-subunit of human muscle
AChR was labeled with [*2P]dCTP by the random primer methiod {6].
After incubation with a [**P]JcDNA probe, the membranes were wash-
ed according to the method of Merlic et al [7].

2.3, Oligonucleotide primers for amplification of a-subunit mMRNA

Based on the published nucleotide sequence of the a-subunit gene
of nicotinic AChR of hurnan muscle [8], two oligonucleotide primers
encompassing the putative acetylcholine binding site were prepared
on Applied Bio-systems model 381 A DNA synthesizer (Bioapplied)
and purified on 2 NENSORE ¢olumn (Dupont). The forward primer
hybridizes to nucleotides 375~398 of the antisense strand of exon 5 of
the a-subunit gene, while the reverse primer anneals to nucleotides

- 596-619 of the sense strand of exon 6. The sequences of these primers
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are (8 - AAGCTACTGTGAUGATCATCOTCAC-3") and (87 TGAC:
SAAGTGOTACGGTOATATCUAY"), respectively.

2.4, Reverse teansiription and PCR of RNA

The firststrands of ¢DNA were synthesized from 3.0 g of ol
RNA prepared from 3 thymomas, hyperplastic thymuases, and
neoplastic epithelial celly from 2 thymomas wing the Amenham
¢DNA Synthesls System aceording (o the manufacturer's diregtions,
The first strands were added 1o the PCR reuction buffer to a total
volume of 100 al, and nmplificd in the prévenee of the two synthestaed
primers using Tuq palymerase under the conditions as spevified by
Perkin Elmer Cetus, The PCR runvonsisted of 30 eycles of genatura-
tion at %47C, anncaling at 42 C and extension at 74°C 60 « for ¢ach
step. 3 p of total RNA obtained from brain, kidney and leukocytes
were amplified in the same manner for dot blot analysis,

15 ng of musele RNA and 280 ng of thymoma and hyperplasiie
thymus RNA were subjected (o serinl doubling dilutioms  and
amplified in the same manner to extmate the relative sbundance of -
subunrit mRNA expression in the tasues. PCR praducts from these
RNAs were precipitated  with ethanol,  fractionated on 6%
polyacrylamide gel, and visualized by staining with ethidium
bromide. :

2.5, Hybridizatlon and sequence analyses

One-tenth of PCR products from RNA of thymic tissues, and
cultured neoplastic epithelinl cells was fractionated on a 6%
polyacrylamide gel, and electrophoretically transferred to aylon
membranes. Anone-tenth of PCR products of tatal RNA from brain,
muscle, thymoma, kidney, leukocytes and neoplastic epithelial cells
was douted on the nylon membrane, The membranes were hybridized
with a-subunit ¢cDNA probe, washed in 0.1 xS8C at 65°C and

~—— o~d (3%

@ U} L—q Ej

a & & 5

= o o e

= = =
L

Fig. 1. Northern blot analysis of total RNA from muscle and thymic
tissues.
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awtoradiographed. The feagmenn of 243 base pairs(bpy amplified
fram RNA of neoplastic epithelial celby were eloned into the MY vee-
1or and wquenced by the dideaxy chale termination method {9,

3. RESULTS AND DISCUSSION

The expression aof mRNA coding for the AChR a-
subunit was deétected in contvol muscles but not in 5
thymomas ancl 'S hyperplastic thymuses from patients
with MG by Northern blot analysiz (Fig. 1). Since suffi-
cient amounts of intact mRNAS were not abtained from
the surgical specimens, we must take into account the
possibility that the sensitivity of Northern blot analysis
was not sufficiently high for detecting a-subunit mRNA
of limited amounts, We used a more sensitive method
of PCR combined with reverse transcriptase reaction.
PCR only requires that the average molecular weight of
the template RNA is slightly higher than the largest
fragment to be amplified, and is capable of amplifying
reverse transcribed mRNA by several orders of
magnitude. :

We cauld detect the amplified band of 245 bp in 4
thymomas and in 3 hyperplastic thymuses. Fybridiza-
tion of the band with ¢-subunit cNNA probe indicated
that the thymic ‘tissues contained a-subunit mRNA
(Fig. 2). Dot blot analysis showed that PCR product of

Fig. 2. Polyacrylamide gel electrophoresis of PCR products of RNA
derived from thymic tissues and neoplastic epithelial cells (upper) and
- Southern blot analysis (bottom).
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RNA from the brain containgd no fragments that bind
to the a-subunit ¢cDNA probe. Amplified RNA from
the kidney showed a faing signal on awtoradiograph in-
dicating a low abundance of a-subunit mRNA expres-
sion in the tissue (Fig. 1), Minimal doses of template
RNAs were 1.9 ng from muscle (Fig. 4) and 35 ng from
thymoma and hyperplastic thymus (data not shown) to
identify the bands by ethidium bromide staining on a
polyacrylamide gel. From these results, the relative
abundance of a-subunit MRNA of muscle to thymic
tissues was estimated about 35 to 1.9,

Next, we investigated the origin of the a-subunit
mRNA in the thymic constituents, Dot blot analysis of
the amplified leukocyte RNA from MG patients was
negative (Fig. 3). The amplified products using total
RNA from cultured epithelial cells obtained from 2
thymemas were confirmed as an authentic copy of «-
subunit by Southern blot (Fig. 2) and sequence
analyses. The product of 245 bp contained the
nucleotide sequence identical to that of a-subunit
c¢DNA (125-206) including the coding region for the
acetylcholine binding site (Cys-Cys) (Fig. 5) [10,11]).
The senuence was distinet from those of e-subunit
cDNAs of nervrons! AChR ., Szcause the homology of
the amino acid sequences between the muscle and
neuronal receptors was rather low in the amplified
region {12], These results indicate that the muscle «-
subunit mRNA is expressed in the neoplastic epithelial
cells derived from MG-associated thymomas.

The specific expression of the a-subunit mRNA in
neoplastic epithelial cells was confirmed by the follow-
ing procedures. The passages of the neoplastic epithelial
cells in culture excluded the contamination by myoid
cells, because the myoid cells could not be cloned under
our culture conditions, All cultured cells were im-
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Fig. J. Dot blot analysis of PCR-amplified RNA.
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“Fig. 4. PCR amplifications of genome and e-subunit ¢DNA, and

reverse rranseription and PCR of serially diluted RNA from musele
tssue, Doses of wmplate RNA are shown at the top of the lanes.

munohistologically stained with antikeratin antibodies,
indicating that they were of epithelial cell-origin. PCR
produced an a-subunit fragment of 245 bp, ruling out
the contamination of the genomic DNA, because the
amplification of a-subunit genom DNA resulted in the
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Fig. 5, Nucleotide saquence coding for the putative acetylcholine bin-
ding site.
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procluct of 630 bp including ¢xon 5, intron and ¢xon 6
{Fig. 4). a-Subunit fragments were amplified using total
RNA obiained from hyperplastic thymuses (Fig. 2).
Since epithelial ¢ells are not the main constituent in
these thymuses,  we  cannot confirm  whether the
¢pithelial cells synthesize a-subunit mRNA. It may be
possible that the a-subupit mRNAs were derived from
myoid cells because the cells are suggested by im-
munological studies to possess the receptors.

In contrast to our observations of a-subunit mRNA
cxpression in ncoplastic epithelial cells, the mature
AChRs are not evidenced on the cells. Marx et al. show-
ed that the monoclonal antibody against the ae-subunit
of muscle AChR recognizes a protein quite distinet
from any known ACHhR chain in epithelial cells {13).
The explanations for the discrepancy of the expressions
al RNA and protein levels include: AChR subunit genes
are rearranged, and RNA transeripts from the genes are
out of phase inside the neoplastic epithelial cells [14].
Therefore AChRs are not expressed on the neoplastic
<ells. Thereis, however, no evidence supporting this ex-
planation. Neither unusual rearrangements of the
AChR gene nor major deletions are detected inside the
AChR gene [15].

Alternatively, the posttranslational modifications of
the epithelial AChR are different from that of muscle
ACHR, and the immunogenicities of the two receptors
are different. Based on this hypothesis and our data, we
speculate that the neoplastic changes of a large number
of epithelial cells in thymomas start to express AChR,
and the neoplastic cells provide loci responsible for the
initiation of the antibody production to muscle AChR
in thymoma associated MG patients,
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