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The reasons for the abrogation of self-immunological tolerance in patients with myasthenia gravis (MG)may be
different between those with concomitant thymic hyperplasia or thymoma, and those with no evidence of thy-
mic involvement. We conducted a retrospective observational case series study to investigate the epidemiology
aswell as the clinical, serologic, and electromyographic (EMG) characteristics of individuals diagnosed as having
MG. We found that the average age at MG onset of patients with either thymic hyperplasia or thymoma was
much younger (by ~20 years) than that of MG patients without thymic involvement. Thymic hyperplasia was
more common in females than males. There were no differences in the rates of ocular MG vs. generalized MG
among those three study groups. Therewere also no group differences in the rates of neuromuscular junction dis-
function, as observed onEMGor by the results of serology tests for acetyl choline receptor antibody. Interestingly,
only patients without thymic involvement had other autoimmune diseases, andmost of themwere females. The
patients with other coexisting autoimmune disease had a similar age at MG onset as the other patients with no
thymic involvement. These results shed light on the impact of epidemiological and clinical factors that result from
different mechanisms of self-immunological tolerance breakdown that occurs in MG.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Myasthenia gravis (MG) is an autoimmunedisease against post-syn-
aptic components of the neuromuscular junction (NMJ) on the postsyn-
aptic membrane of the striated skeletal muscle. The disease
manifestation may include weakness of the ocular muscles that causes
ptosis and/or diplopia, and of the muscle groups of the face, jaw, phar-
ynx, larynx, neck, limbs and respiration. The weakness tends to fluctu-
ate, and may be aggravated in response to triggers such as infections
or therapy with medications, including certain antibiotics. MG is a pro-
totypic autoimmune disease and, in the majority of the patients, it is
mediated by antibodies (Ab) against the acetylcholine receptor
(AChR) (Vincent & Newsom-Davis, 1985). MG is mediated in some pa-
tients by Ab against muscle-specific kinase (MuSK) that play a role in
the clustering of AChRs, or by Ab against low-density lipoprotein recep-
tor-related protein 4 (LRP4) that forms a complex with MuSK (Berrih-
Aknin et al., 2014). Association of MGwith agrin autoantibody and ace-
tylcholinesterase autoantibodieswere also been reported (Gasperi et al.,

2014; Provenzano et al., 2010). However, the cause of the abrogation of
self-tolerance to the neuromuscular junction epitopes that enables that
evolvement of the disease is unclear. The thymus gland was long con-
sidered to hold the solutions for this enigma, since a high proportion
of patients with MG demonstrate germinal center hyperplasia of the
thymus or cortical epithelial cell thymoma (Levinson & Wheatley,
1996), and thymectomy is associated with clinical improvement, espe-
cially in young patients with thymus hyperplasia and recent disease
onset (Olanow et al., 1987; Grob et al., 1987). Normally, the thymus
functions in early life to prevent autoimmune disorders by its inherent
role in clonal deletion by negative selection of auto-reactive T cells
and by skewing the T cells' fate to become regulatory T cells in early
life (Shevach, 2000; Sakaguchi et al., 1982). Thymic hyperplasia is asso-
ciated with autoimmune disorders and, especially, with MG
(Berrih-Aknin et al., 1987; Murakami et al., 1996).

Normally, the thymus consists of epithelial cells that form a frame
that contains predominantly T lymphocytes, smaller populations of B
lymphocytes and plasma cells, and scattered populations of other
cells, such as neuroendocrine cells and myoid cells that express several
muscle proteins, including AChR (Schluep et al., 1987). It is divided into
a morphologically distinct cortex and medulla separated by a vascular
cortico-medullary zone. In contrast, a hyperplastic thymus is populated
with germinal centers of T and B lymphocytes in a manner that resem-
bles those seen in lymph nodes or the spleen (Le Panse et al., 2010;
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Abdou et al., 1974). The lymphocytes of a hyperplastic thymus often
produce detectable AChR Ab (Vincent et al., 1978), while, in contrast,
thymoma cells do not (Newsom-Davis et al., 1987), and the production
of those Ab is probably by a paraneoplasticmechanism since thymomas
express the AChR epitope inmany cases (Kirchner et al., 1988). Further-
more, there are lines of evidence to support the contention that there
are fewer Foxp3+ T regulatory cells in a thymoma than in a normal
or hyperplastic thymus (Scarpino et al., 2007). In addition, MG can
emerge without associated thymic pathology due to multi-factorial ge-
netic and environmental conditions (Thiruppathi et al., 2012a). Among
the reasons for the abrogation of self-tolerance in these patients is the
defected activity of peripheral T regulatory cells (Berrih-Aknin & Le
Panse, 2014).

In this retrospective observational case series study, we investigated
the epidemiology aswell as the clinical, serologic and electromyograph-
ic (EMG) characteristics of individuals diagnosed as having MG who
have coexisting thymic pathology, and compared those parameters
with those of MG patients free of thymic involvement.

2. Methods

2.1. Study design and participants

We retrospectively reviewed all the files of patients diagnosed as
having MG who attended the Neuro-immunology Clinic at the Tel
Aviv Medical Center, Tel Aviv, Israel, from January 1, 2006 until Decem-
ber 31, 2014. TheMG diagnosis was determined by history, physical ex-
amination, single-fiber EMG (SFEMG), repetitive stimulation EMG
(RSEMG), edrophonium testing and serology of AChR Ab (cut-off:
0.5 nM) or MuSK Ab (cut-off: 0.05 nM). In addition to compatible histo-
ry and physical examination findings, the diagnosis of MG was
established when at least one of the three following types of tests was
supportive for MG: serology, SFEMG and/or RSEMG, and edrophonium
assessments, as well as when other possible diagnoses were ruled out.

The study included 131 patients diagnosed as having MG and who
were evaluated for thymus involvement. All patients had either a com-
puterized tomography (CT) scan of the chest or a magnetic resonance
imaging (MRI) scan of the chest, and those with radiological evidence
of thymus enlargement or a suspected thymoma underwent
thymectomy.

The patients were categorized into three groups: (1) patients with-
out evidence of thymus involvement by chest CT or MRI and no evi-
dence of thymic pathology after thymectomy, (2) patients with

thymic hyperplasia and (3) patients with thymoma. All study partici-
pants underwent serology tests for AChR Ab, and those who were neg-
ative were also tested for MusK Ab. All 131 patients underwent SFEMG
and RTEMG, and 30 patients also underwent edrophonium testing of
them 4 patientswere seronegative and negative for SFEMG and RSEMG.

2.2. Data analyses

The studywas approved by the local Helsinki Committee. The signif-
icance of differences between groups was examined by Student's t-test
for parametric parameters and by the Chi-Square test or Fisher Exact
test for non-parametric parameters. Data are presented asmean±stan-
dard deviation for age at the time of disease onset or as the number of
patients for the other studied variables. Values of p b 0.05 were consid-
ered statistically significant.

3. Results

3.1. Rates of thymic hyperplasia and thymoma in relation to age at MG on-
set and gender

One-hundred and thirty-oneMGpatients (65 females and 66males)
were included in the study. Of them, 97 patients had no evidence of thy-
mus involvement on chest CT or MRI and 34 had thymic pathology: 25
patients had thymic hyperplasia (19.1%) and 9 patients had thymomas
(6.9%). Most of the patients with thymic pathology had a relatively
young age at disease onset. Table 1 displays the age at MG onset and
the gender distribution of the study participants who had hyperplasia,
thymomas or no involvement of the thymus. The average ± S.D. of
age ofMG onset was 61.5± 17.6 years in the patients without evidence
of thymus involvement, 42.6±17.3 years for the groupwith thymic hy-
perplasia and 38.7 ± 13.7 years for the patients with thymoma.
(p b 0.001, for each of the latter groups vs. those without thymus in-
volvement, Fig. 1). Among the 97 patients without evidence of thymus
involvement 21 (21.6%) had age of disease onset of 50 years or younger
and 76 (78.4%) had age of disease onset of N50years.While in the 25 pa-
tients with thymic hyperplasia: 19 (76%) had age of disease onset of
50 years or younger and 6 (24%) had age of N50years (p b 0.001). In
the patients with thymoma: 7 (77.8%) had age of disease onset of
50 years or less and 2 (22.2%) had age of disease onset of N50 years
(p = 0.001, vs. no thymus involvement) (Table 1a). Therefore, among
all 47 patients with disease onset of 50 years or younger: 21 (44.7%)
were without evidence

Table 1
Gender and age at myasthenia gravis onset according to thymus involvement.

Table 1

No thymus
involvement
n = 97

Hyperplasia
n = 25

Thymoma
n = 9 P

Age at onset, years 61.5 ± 17.6 42.6 ± 17.3 38.7 ± 13.7 b0.001a

Age at onset ≤50 years, n 21 (21.6%) 19 (76.0%) 7 (77.8%) b0.001b

Females:males 42:55 19:6 4:5 0.004a
aP value for no thymus vs. hyperplasia.
bP value for both no thymus vs. hyperplasia and no thymus vs. thymoma.

Table 1b

Females Males P

Age at onset of MG patients, years 50.9 ± 21.6 61.6 ± 15.2 0.001
Age at onset of patients with no thymus
involvement, years 58.1 ± 21.6 64.0 ± 13.6 0.105
Age at onset of patients with thymic
hyperplasia, years 39.2 ± 15.3 53.5 ± 14.5 0.171
Age at onset of patients with thymoma,
years 31.0 ± 13.9 44.8 ± 14.5 0.077

Values are ± standard deviation unless otherwise indicated.
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