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Disappearance of Anti-Thyroid 
Autoantibodies following Thymectomy 
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Abstract
Objectives: The thymus plays a central role in immune toler-
ance, which prevents autoimmunity. Myasthenia gravis (MG) 
is commonly associated with thymoma or thymus hyperpla-
sia, and it can coexist with autoimmune thyroid diseases. 
However, the role of the thymus in thyroid autoimmunity 
remains to be clarified, which we investigated here. Study 
Design: The study design entailed the inclusion of consecu-
tive MG patients and the measurement of anti-thyroid auto-
antibodies at baseline and, limited to autoantibody-positive 
patients, also at 24 and 48 weeks. One hundred and seven 
MG patients were studied. The main outcome measure was 
the behaviour of anti-thyroglobulin autoantibodies (TgAbs) 

and anti-thyroperoxidase autoantibodies (TPOAbs) over 
time in relation to thymectomy. Results: Serum TgAbs and/
or TPOAbs were detected in ∼20% of patients in the absence 
of thyroid dysfunction. The prevalence of positive serum 
TgAbs and/or TPOAbs decreased significantly (p = 0.002) 
over the follow-up period in patients who underwent thy-
mectomy, but not in patients who were not thymectomized. 
When the analysis was restricted to TgAbs or TPOAbs, find-
ings were similar. On the same line, there was a general trend 
towards a reduction in the serum concentrations of anti-thy-
roid autoantibodies in patients who underwent thymecto-
my, which was significant for TPOAbs (p = 0.009). Conclu-
sions: Our findings suggest a role of the thymus in the main-
tenance of humoral thyroid autoimmunity.
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Introduction

The thymus plays a central role in maintenance of im-
mune tolerance towards self-antigens, a function that is 
regarded as the initial checkpoint in the prevention of au-
toimmunity [1, 2]. Establishment of self-tolerance is be-
lieved to result from the expression of several tissue-spe-
cific antigens in the thymus during foetal life, a phenom-
enon known as “promiscuous gene expression.” This 
phenomenon is in part dependent on the activity of the 
autoimmune regulator (AIRE) gene [3–5]. Thus, in the 
rare, monogenic, autoimmune, polyendocrine syndrome 
type 1, inactivating mutations of AIRE are followed by 
loss of tissue-specific antigens in the thymus [6], suggest-
ing that their apparently promiscuous expression is of 
paramount importance in establishing immune toler-
ance.

The role of the thymus in the pathogenesis of poly-
genic autoimmune diseases is still poorly understood. A 
model of a role of the thymus in immune tolerance is my-
asthenia gravis (MG), an autoimmune disease character-
ized by impaired neuromuscular transmission due to cir-
culating anti-acetylcholine receptor autoantibodies 
(AchRAbs) [7]. In a very small percentage of MG pa-
tients, usually AchRAbs negative, autoantibodies against 
a muscle-specific kinase (MuSKAbs) are detected [8, 9]. 
MG is commonly associated with thymoma or thymus 
hyperplasia [7, 10], and thymectomy is followed by an 
amelioration of neuromuscular symptoms, suggesting 
that the malfunctioning thymus plays a role in its patho-
genesis. In this regard, various potential mechanisms to 
explain the phenomenon have been proposed, among 
which the so-called “immature T-cell theory” is the most 
popular [11]. According to this theory, some sort of im-
maturity of T cells results from the lack of passage of thy-
mocytes across the medullary area of the organ, where 
dendritic cells induce self-tolerance.

In addition to MG, other autoimmune diseases have 
been associated with thymus enlargement, especially thy-
mus hyperplasia, including progressive systemic sclerosis 
[12], rheumatoid arthritis [13], systemic lupus erythema-
tosus [11,14], and autoimmune thyroid diseases, espe-
cially Graves’ disease (GD). The presence of thymus hy-
perplasia in GD was first described in 1912 [15], and it has 
been confirmed by several studies thereafter. Thymus hy-
perplasia is observed in ∼1–2% of normal subjects [16] 
but is a rather common finding (∼40% at histology) in 
patients with thyrotoxicosis [17, 18]. Thus, regardless of 
the cause of thyroid dysfunction, several lines of evidence 
suggest that thyroid hormones per se elicit thymus hyper-

plasia [15, 19–21]. On the other hand, although thyroid 
hormones induce cortical thymus hyperplasia, they do af-
fect the medullary, lymphoid tissue, which expansion is 
well documented in GD, suggesting that also an autoim-
mune-related involvement of the thymus in this condi-
tion exists [22–24]. In this regard, promiscuous expres-
sion of the TSH receptor in thymocytes may be respon-
sible for autoimmune-mediated expansion of the thymus 
in GD due to TSH receptor-stimulating autoantibodies 
[22, 24]. On the other hand, it is also true that the size of 
the thymus has been reported to decrease after thyroidec-
tomy, which can reflect correction of thyrotoxicosis as 
well as attenuation of the autoimmune response against 
the TSH receptor [22, 24].

A few studies in animal models have investigated the 
effects of thymectomy in autoimmune thyroiditis [25–
28], suggesting a protective role of this lymphoid organ 
towards the development of thyroid autoimmunity. 
However, to our knowledge, no studies on this issue have 
been conducted in humans. With the aim of investigating 
the role of the thymus in humoral thyroid autoimmunity 
in humans, namely, the behaviour of anti-thyroid auto-
antibodies following thymectomy, we performed a pro-
spective study in patients with MG, taking advantage of 
the knowledge that autoimmune thyroid diseases can co-
exist with MG [29–39]. Our findings suggest a role of the 
thymus in the maintenance of serum anti-thyroid auto-
antibodies.

Subjects and Methods

Study Design
The study was aimed at investigating the relationship between 

thymectomy and anti-thyroid autoantibodies in MG patients in a 
prospective manner. The research design entailed the inclusion of 
consecutive MG patients who came to our observation for a first 
visit over a period of 12 months and the measurement of serum 
anti-thyroid autoantibodies at baseline and, limited to patients 
with positive anti-thyroid autoantibodies, also at 24 and 48 weeks.

Setting
The study was performed in a tertiary referral centre, namely, 

the University Hospital of Pisa. Patients were enrolled from March 
1, 2018, to February 28, 2019, and included by means of consecu-
tive sampling. The inclusion and exclusion criteria are reported 
below. The data were recorded in a database. The following data-
base validation procedures were employed: allowed character 
checks, batch totals, missing records check, cardinality check, dig-
its check, consistency check, control totals, cross-system consis-
tency check, data type check, hash totals, limit check, logic check, 
presence check, range check, spelling and grammar check, and 
uniqueness check.
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Participants
The inclusion criteria comprised a diagnosis of MG and in-

formed consent. The exclusion criteria comprised (i) a mental ill-
ness that prevented patients from comprehensive, written in-
formed consent, (ii) a previous diagnosis of thyroid diseases of any 
kind, (iii) any thyroid treatment, and (iv) a previous thymectomy. 
The diagnosis of MG was based on the presence of the typical clin-
ical signs and symptoms, in association with a thymus involve-
ment (thymoma or thymus hyperplasia) and/or with the presence 
of positive serum AchRAbs, in accordance with the current guide-
lines [40]. A total of 107 consecutive patients who satisfied the in-
clusion criteria and evaded the exclusion criteria were enrolled in 
the period reported above.

Outcomes
The primary outcome of the study was the behaviour of serum 

anti-thyroglobulin autoantibodies (TgAbs) and anti-thyroperoxi-
dase autoantibodies (TPOAbs) in relation to thymectomy over a 
48-week follow-up period, with visits at 24 and 48 weeks. The sec-
ondary outcome was the relationship between TgAbs and TPOAbs 
and the features of MG, namely, the Osserman class, the presence 
of thymus involvement (thymoma or thymus hyperplasia), and the 
serum AchRAbs. According to Osserman [40], MG can be classi-
fied into the following categories: class I: ocular MG; class IIA: 
generalized MG with no bulbar involvement; class IIB: generalized 
MG with bulbar involvement; class III: acute, rapidly progressive 
generalized MG; and class IV: severe, generalized MG with my-
opathy.

Sources of Data and Measurements
All patients underwent a neurological assessment. The follow-

ing blood tests were performed in all patients: TgAbs (AIA-Pack 
TgAbs; Tosoh Bioscience, San Francisco, CA, USA), TPOAbs 
(AIA-Pack TPOAbs; Tosoh Bioscience, San Francisco, CA, USA), 
AchRAbs (RIA; RSR Limited, Cardiff, UK), and MuSKAbs (RIA; 
RSR Limited, Cardiff, UK). Patients with positive TgAbs and/or 
TPOAbs underwent the following additional assessment at base-
line and then at 24 and 48 weeks: thyroid ultrasound, serum FT4 
and FT3 (Vitros Immunodiagnostics, Raritan, NJ), and serum 
TSH (Immulite 2000; Siemens Healthcare, Gwynedd, UK). In all 
patients, the following additional data were collected: type of MG 
(Osserman class); presence/absence of thymus involvement (thy-
moma or thymus hyperplasia) as detected by CT scan; treatment 
of MG, dose, and duration of glucocorticoid treatment.

Sample Size
Because, to our knowledge, there were no previous studies on 

the primary outcome measure, a precise sample size could not be 
calculated with certainty. We estimated that ∼90–100 patients 
with MG should have been sufficient for the primary outcome 
measure (TgAbs and TPOAbs following thymectomy) to be evalu-
ated. Given the knowledge that TgAbs and/or TPOAbs are detect-
ed in ∼15–20% of MG patients [29–39], by enrolling ∼90–100 pa-
tients, we expected to see ∼15–20 patients with positive TgAbs 
and/or TPOAbs. Considering that ∼60% of MG patients undergo 
thymectomy, we assumed to have at least ∼8–10 thymectomized 
and ∼8–10 non-thymectomized autoantibody-positive patients, 
which should have been sufficient to perform statistics for the pri-
mary outcome measure.

Study Registration, Informed Consent, and Approval
The study was approved by the local Ethical Committee (Co-

mitato Etico Area Vasta Nord Ovest, Protocol ID 16044_MARI-
NO’). Signed informed consent was obtained from all patients. For 
patients aged <18 years, informed consent was signed by their par-
ents.

Quantitative Variables and Statistical Analyses
Numerical data with a normal distribution, which were as-

sessed using the Wilks-Shapiro test, are presented as mean ± SD. 
The remaining numerical data are presented as median and inter-
val between the 25th and the 75th percentile. When appropriate, 
the following tests were performed: (i) Fisher exact test, (ii) ANO-
VA with Bonferroni’s correction, (iii) Mann-Whitney, and (iv) 
Friedman test.

Results

Clinical Features of Patients
A total number of 107 patients were enrolled. Their 

demographical and clinical features are reported in Ta-
ble 1. They had a relatively recent diagnosis of MG, and 
∼70% of them had a generalized MG (Osserman classes 
IIA–IV). However, in 33 patients, MG was diagnosed for 
the first time at our baseline visit, and 74 patients had 
been diagnosed with MG prior, although relatively short-
ly (median 2 months) to our baseline visit, and were 
therefore already on glucocorticoid treatment. Approxi-
mately 65% of the patients had a thymus involvement 
(thymoma or thymus hyperplasia) and ∼95% had posi-
tive serum AchRAbs, whereas none had positive serum 
MuSKAbs. Thymectomy was performed for thymoma or 
thymus hyperplasia as a measure of MG treatment, in ac-
cordance with the current guidelines [40].

Primary Outcome Measure
As shown in Table  1, serum TgAbs and/or TPOAbs 

were found to be positive in ∼20% of patients. As expected, 
the prevalence of positive TgAbs and/or TPOAbs was sig-
nificantly greater in females (14/49, 28.8%) compared with 
males (8/58, 13.7%; p = 0.05 by Fisher exact test). The age 
of patients with positive TgAbs and/or TPOAbs (49.5 ± 
18.6 years) was similar to the age of negative TgAbs and/or 
TPOAbs (49.2 ± 19.1 years; p = ns by ANOVA with Bon-
ferroni’s correction). The 22 patients with positive TgAbs 
and/or TPOAbs underwent serum thyroid hormones and 
TSH assays and were all found to be euthyroid. None of the 
patients developed thyroid dysfunction during the obser-
vational follow-up period of 48 weeks. At thyroid ultra-
sound, 10 of these patients (45.4%) had a hypoechoic pat-
tern, suggesting an autoimmune thyroid disease.
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The behaviour of serum TgAbs and TPOAbs over time 
is depicted in Figure 1. As shown in Figure 1a, the preva-
lence of positive serum TgAbs and/or TPOAbs decreased 
significantly over the follow-up period (p = 0.002) in the 
14 patients with positive autoantibodies at baseline that 
underwent thymectomy for either a thymoma (9 pa-
tients) or a thymus hyperplasia (5 patients). At 48 weeks, 
only 50% of these patients still had positive serum TgAbs 
and/or TPOAbs, but the reduction in the autoantibody 
prevalence was already evident at 24 weeks. In contrast, 

the prevalence of positive serum TgAbs and/or TPOAbs 
did not diminish significantly in the 8 patients with posi-
tive autoantibodies at baseline that did not undergo thy-
mectomy.

When the analysis was restricted to TgAbs or TPOAbs, 
findings were similar. Thus, as shown in Figure 1b, the 
prevalence of positive TgAbs decreased significantly over 
time in thymectomized, anti-thyroid autoantibody-posi-
tive patients (p = 0.003), but not in non-thymectomized 
patients. Likewise, the prevalence of TPOAbs decreased 

Table 1. Features of the study population at the time of their first visit in the Myasthenia Gravis (MG) Clinic of the University Hospital 
of Pisa

Patients, n 107

Age, years (mean ± SD) 49.2±18.9 (range: 9–79)

Sex 49 women, 58 men

MG duration, months (median and 25th–75th percentile interval) 7 (2–17)

Osserman class I: 34 (31.8%)
IIA: 13 (12.1%)
IIB: 53 (49.6%)
III: 5 (4.7%)
IV: 2 (1.8%)

Thymus involvement (thymoma or thymus hyperplasia) 68 (63.5%)

Thymectomy 68

Indication to thymectomy Thymoma: 43
Thymus hyperplasia: 25

Positive serum AchRAbs 100 (93.4%)

Serum AchRAbs concentrations, nm/L (median and 25th–75th percentile interval) 8 (3.5–11.4)

Positive serum MuSKAbs 0 (0%)

MG treatment Prednisone: 75 (70.1%)

Prednisone dosage, mg (median and 25th–75th percentile interval) 25 (23.75–37.5)

Duration of prednisone treatment, months (median and 25th–75th percentile interval) 6 (2–18)

Positive serum TgAbs and/or TPOAbs 22 (20.5%)

Positive serum TgAbs 11 (10.2%)

Serum TgAbs concentrations, IU/mL (median and 25th–75th percentile interval) 92.5 (79.1–158.4)

Positive serum TPOAbs 18 (16.8%)

Serum TPOAbs concentrations, IU/mL (median and 25th–75th percentile interval) 71.9 (37.2–175)

Serum concentrations of autoantibodies refer to patients with positive autoantibodies. Numerical values are reported as median and 
25th–75th percentile interval. SD, standard deviation; AchRAbs, anti-acetylcholine receptor autoantibodies; MuSKAbs, anti-muscle-
specific kinase autoantibodies; TgAbs, anti-thyroglobulin autoantibodies; TPOAbs, anti-thyroperoxidase autoantibodies. Osserman 
classes, I, ocular MG; IIA, generalized MG with no bulbar involvement; IIB, generalized MG with bulbar involvement; III, acute, rapidly 
progressive generalized MG; IV, severe, generalized MG with myopathy.
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Fig. 1. Prevalence of positive serum anti-
thyroglobulin autoantibodies (TgAbs) and 
anti-thyroperoxidase autoantibodies 
(TPOAbs) over time in patients with posi-
tive concentrations at baseline, selected out 
of 107 consecutive patients with MG, in re-
lation to thymectomy. Prevalence of TgAbs 
and/or TPOAbs (a); prevalence of TgAbs 
(b); prevalence of TPOAbs (c). p values 
were obtained by the Fisher exact test. MG, 
myasthenia gravis.
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significantly (p = 0.01) in TPOAbs-positive patients who 
underwent thymectomy, whereas it did not in those who 
did not undergo thymectomy (Fig. 1c).

In partial confirmation of these findings, there was a 
general trend towards a reduction in the serum concen-
trations of anti-thyroid autoantibodies in the 14 patients 
who underwent thymectomy. The decrease in TgAbs 
concentrations did not reach statistical significance 
(Fig. 2a) possibly because of the small number of patients. 
In contrast, the serum levels of TPOAbs decreased sig-
nificantly in thymectomized patients (p = 0.009) (Fig. 2b). 
Both TgAbs and TPOAbs concentrations decreased in 
patients who did not undergo thymectomy (Fig.  2a, b) 
although with no statistical significance.

Age and sex did not affect the behaviour of serum 
TgAbs and TPOAbs over time (not shown). The vast ma-
jority (21 out of 22) of patients with positive anti-thyroid 
autoantibodies received prednisone treatment over the 
follow-up period, with no difference between thymecto-
mized and non-thymectomized patients in terms of dos-
age (not shown).

Secondary Outcome Measures
At baseline, there was no relationship between the 

prevalence of patients with positive serum TgAbs and/or 
TPOAbs and type of MG (Osserman class), thymus in-
volvement (thymoma or thymus hyperplasia), and pres-
ence of positive serum AchRAbs, as well as prednisone 
treatment and dosage (Table 2). However, the duration of 
prednisone treatment was significantly shorter in pa-
tients with positive serum TgAbs and/or TPOAbs than in 
patients with negative autoantibodies (p < 0.0001).

When the analysis was restricted to TgAbs, similar 
findings were obtained. There was no relationship be-
tween the prevalence of patients with positive TgAbs and 
the various MG features, namely, Osserman class and 
thymus involvement (thymoma or thymus hyperplasia) 
(Table  2). The serum concentrations of TgAbs did not 
differ between patients with an ocular (Osserman class I) 
and a generalized (Osserman classes IIA–IV) MG and be-
tween patients with or without a thymus involvement 
(thymoma or thymus hyperplasia). The prevalence of 
positive serum AchRAbs and that of patients under pred-
nisone treatment, as well as the prednisone dosage, was 
not different between patients with and without positive 
serum TgAbs. Even in this case, the duration of predni-
sone treatment was significantly shorter in patients with 
positive serum TgAbs (p = 0.0001) (Table 2).

Concerning serum TPOAbs, as shown in Table  2, 
there was no relationship between their prevalence (pa-
tients with positive concentrations) and their serum lev-
els with Osserman class, thymus involvement (thymoma 
or thymus hyperplasia), positive AchRAbs, prednisone 
treatment, and dosage. Again, the duration of prednisone 
treatment was significantly shorter in patients with posi-
tive serum TPOAbs (p < 0.0001).

Discussion

In the present study, we provide evidence for a role of 
the thymus in humoral thyroid autoimmunity. Our con-
clusion is supported by the observation of the disappear-
ance of anti-thyroid autoantibodies from the bloodstream 
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Fig. 2. Serum levels of anti-thyroid autoantibodies in relation to 
thymectomy over time in patients with positive concentrations at 
baseline, selected out of 107 consecutive patients with MG, in rela-
tion to thymectomy. Thick bars into columns represent the me-
dian values; column margins represent the intervals between the 
25th and 75th percentile; error bars represent the upper and lower 
values. Serum anti-thyroglobulin autoantibodies (TgAbs) (a); se-
rum anti-thyroperoxidase autoantibodies (TPOAbs) (b). p values 
were obtained by the Friedmann test. MG, myasthenia gravis.
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Table 2. Relationship between the features of myasthenia gravis (MG) and serum anti-thyroglobulin autoantibodies (TgAbs) or anti-
thyroperoxidase autoantibodies (TPOAbs)

Positive TgAbs and/
or TPOAbs

Negative TgAbs and/
or TPOAbs

p value

Patients, n (%) 22 (20.5) 85 (79.4) –

Osserman class I: 5/34 (14.7%)
IIA–IV: 17/73 (23.2%)

I: 29/34 (85.2%)
IIA–IV: 56/73 (76.7%)

ns

Thymus involvement (thymoma or thymus hyperplasia) Yes: 14/68 (20.5%)
No: 8/39 (20.5%)

Yes: 54/68 (79.4%)
No: 31/39 (79.4%)

ns

Positive serum AchRAbs Yes: 21/100 (21%)
No: 1/7 (14.2%)

Yes: 79/100 (79%)
No: 6/7 (85.8%)

ns

Treatment with prednisone Yes: 13/75 (17.3%)
No: 9/32 (28.1%)

Yes: 62/75 (82.6%)
No: 23/32 (71.8%)

ns

Prednisone dosage, mg (median and 25th–75th percentile interval) 25 (25–37.5) 25 (16–37.5) ns

Duration of prednisone treatment, months (median and 25th–75th percentile interval) 3 (1–9) 6.5 (3–18.5) <0.0001

Positive TgAbs Negative TgAbs p value

Patients, n (%) 11 (10.2) 96 (89.7) –

Osserman class I: 2/34 (5.8%)
IIA–IV: 9/73 (12.3%)

I: 32/34 (94.1%)
IIA–IV: 64/73 (87.6%)

ns

Serum concentrations, IU/mL 
(median and IQR)

I: 99.3 (91–312)
IIA–IV: 47.9 (9.7–103)

– ns

Thymus involvement (thymoma or thymus hyperplasia) Yes: 9/68 (13.2%)
No: 2/39 (5.1%)

Yes: 59/68 (86.7%)
No: 37/39 (94.8%)

ns

Serum concentrations, IU/mL
(median and IQR)

Yes: 74.3 (25–103)
No: 99.3 (54–132)

– ns

Positive serum AchRAbs Yes: 11/100 (11%)
No: 0/7 (0%)

Yes: 89/100 (89%)
No: 7/7 (100%)

ns

Treatment with prednisone Yes: 8/75 (10.6%)
No: 3/32 (9.3%)

Yes: 67/75 (89.3%)
No: 29/32 (90.6%)

ns

Prednisone dosage, mg (median and 25th–75th percentile interval) 25 (20.3–20.3) 25 (23.7–37.5) ns

Duration of prednisone treatment, months (median and 25th–75th percentile interval) 2.5 (1–8.75) 6 (2.5–18.5) 0.0001

Positive TPOAbs Negative TPOAbs p value

Patients, n (%) 18 (16.8) 89 (83.1) –

Osserman class I: 3/34 (8.8%)
IIA–IV: 15/73 (20.5%)

I: 31/34 (91.1%)
IIA–IV: 58/73 (79.4%)

ns

Serum concentrations, IU/mL 
(median and IQR)

I: 42.6 (35.8–114.3)
IIA–IV: 72.7 (42.6–180.3)

– ns
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over a 48-week follow-up period in a relevant proportion 
(50%) of patients following thymectomy, which was not 
instead observed in patients who did not undergo thy-
mectomy.

The study design entailed the evaluation of a relatively 
large number of consecutive patients with MG who came 
to our observation for a first visit. Approximately 20% of 
these patients were found to have positive TgAbs and/or 
TPOAbs, a proportion similar to that reported in the lit-
erature in the absence of an overt thyroid disease [29–39]. 
None of these patients had a thyroid dysfunction, as de-
termined at baseline and over the follow-up period with 
visits at 24 and 48 weeks. However, almost half of them 
had a hypoechoic pattern at thyroid ultrasound, as it oc-
curs in autoimmune thyroid diseases [41]. The preva-
lence of patients with positive TgAbs and/or TPOAbs was 
greater in females, whereas it was not affected by age. 
Likewise, age did not affect the behaviour of TgAbs and 
TPOAbs over time.

Within this restricted population, the presence of pos-
itive TgAbs and TPOAbs decreased significantly in those 
who underwent thymectomy, but not in those who did 
not have a thymus enlargement at baseline and, there-
fore, did not undergo thymectomy. In addition, the se-
rum concentrations of anti-thyroid autoantibody de-
creased over the follow-up period in thymectomized pa-
tients, reaching a statistical significance concerning 
TPOAbs.

To our knowledge, the effects of thymectomy on thy-
roid autoimmunity in humans were not investigated pre-
viously. However, several studies were performed in an-
imal models. Wick et al. [25] found that neonatal thy-
mectomy resulted in an increase in frequency and 
severity of spontaneous autoimmune thyroiditis in obese 
strain chickens. On the same line, Penhale et al. [26] de-
scribed the spontaneous development of autoimmune 
thyroiditis in Wistar rats after thymectomy, again per-
formed early (2–3 weeks) after birth. The authors pro-
posed that the disease was elicited by the loss of the T cells 
responsible for suppressing immunity against self-anti-
gens, as they showed that thyroiditis could be prevented 
by reconstitution of the T-cell repertoire by injecting the 
animals with lymphoid cells from normal syngeneic rats 
[26]. In support of these conclusions, Smith et al. [42] 
showed that thymectomy or irradiation of the thymus 
results in significant changes in the immune regulatory 
cell repertoire . The importance of the T-cell repertoire 
was confirmed by Cohen et al. [27]. Using an experimen-
tal model of thyroiditis, obtained by immunization of 
Buffalo rats with thyroglobulin or by thymectomy, they 
showed that the depletion of cytotoxic T cells with an 
anti-CD8 monoclonal antibody resulted in a reduced 
production of autoantibodies, but in a worsening of thy-
roiditis at histology. In contrast, the depletion of acti-
vated T cells by administration of cyclosporine-A plus an 
anti-interleukin-2 receptor monoclonal antibody result-

Positive TgAbs and/
or TPOAbs

Negative TgAbs and/
or TPOAbs

p value

Thymus involvement (thymoma or thymus hyperplasia) Yes: 11/68 (16.1%)
No: 7/39 (17.9%)

Yes: 57/68 (83.8%)
No: 32/39 (82.0%)

ns

Serum concentrations, IU/mL 
(median and IQR)

Yes: 64 (29–112)
No: 114 (53–175)

– ns

Positive serum AchRAbs Yes: 17/100 (17%)
No: 1/7 (14.2%)

Yes: 83/100 (83%)
No: 6/7 (85.7%)

ns

Treatment with prednisone Yes: 10/75 (13.3%)
No: 8/32 (25%)

Yes: 65/75 (86.6%)
No: 24/32 (75%)

ns

Prednisone dosage, mg (median and 25th–75th percentile interval) 25 (21.2–37.5) 30 (25–41.2) ns

Duration of prednisone treatment, months (median and 25th–75th percentile interval) 2.5 (1–8.25) 6 (3–19) <0.0001

AchRAbs: anti-acetylcholine receptor autoantibodies; IQR, inter-quartile range. p values were obtained by the Fisher exact test or the Mann-Whitney 
test, as appropriate.

Table 2 (continued)
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ed in an amelioration of both parameters. They therefore 
suggested that cytotoxic T cells are required for autoan-
tibody production, whereas the whole bulk of T cells is 
required for both autoantibody production and tissue 
damage. In another spontaneous model of autoimmune 
thyroiditis, namely, NOD.H-2h4 mice given NaI in 
drinking water [28], B-cell depletion prevented the oc-
currence of thyroiditis. In this regard, B cells are known 
to be required for activation of T-helper cells, as they can 
act as antigen-presenting cells [43]. In these animals, thy-
mectomy performed at day 3 of life resulted in the devel-
opment of organ-specific autoimmune diseases, includ-
ing thyroiditis, which was prevented by B-cell depletion 
[28].

Overall, findings in experimental models seem to sug-
gest a protective action of the thymus on autoimmune 
thyroiditis, in line with the central role of this lymphoid 
organ in maintenance of self-tolerance. This may appear 
in contrast with our findings indicating an amelioration 
of humoral thyroid autoimmunity following thymecto-
my, but several explanations could be envisaged to ex-
plain this apparent paradox. First, both spontaneous and 
experimental animal models of autoimmune thyroiditis 
may not adequately reflect the human counterpart ana-
lyzed in the present study (i.e., presence of positive anti-
thyroid autoantibodies in euthyroid MG patients). Sec-
ond, in the various experimental models, thymectomy 
was performed very early after birth [25–28, 42], there-
fore before completion of maturation of the immune sys-
tem. In contrast, our patients had a minimum age of 9 
years, when the immune system was expected to have 
achieved maturation. Finally, the enlarged or neoplastic 
thymus observed in MG cannot be considered normal, as 
instead was the one removed in experimental animals. 
Hence, the thymus enlargement associated with MG and, 
more rarely, with other autoimmune diseases including 
GD [11–24] is representative of a malfunctioning thy-
mus, which generates T cells with somehow impaired 
functions.

One of the explanations for the thymus enlargement 
in MG is the intrathymic production of AchRAbs by ger-
minal centres present in the thymus itself [1]. In theory, 
intrathymic production of anti-thyroid autoantibody 
may explain our observations. However, this hypothesis 
is at the moment entirely speculative, and additional 
studies are needed to investigate this possibility.

Concerning the secondary outcome measures, we did 
not observe any relationship between the presence of 
positive serum anti-thyroid autoantibodies and the fea-
tures of MG, including the Osserman class, the presence 

of thymus involvement (thymoma or thymus hyperpla-
sia), and of the positive serum AchRAbs. In a previous 
study, we observed a preferential association of ocular 
MG (especially without thymus involvement or positive 
AchRAbs) with autoimmune thyroid diseases [30]. Our 
findings were in partial confirmation of another study 
[31] and in line with a subsequent similar investigation 
[34]. The apparent contrast with our present and previ-
ous observations can be related to the different patient 
selection. Our previous study included MG patients se-
lected based on the presence of a clinically overt thyroid 
disease, some of whom had already undergone thymec-
tomy [30]. Here, we assessed consecutive MG patients 
without known thyroid diseases and excluded patients 
who had already undergone thymectomy. In this un-
selected series, the prevalence of associated thyroid auto-
immunity was obviously lower than in our previous 
study [30], and it was limited to positive serum anti-thy-
roid autoantibodies in the absence of thyroid dysfunc-
tion. It is also possible that the prevalence of circulating 
anti-thyroid autoantibodies and/or the clinical expres-
sion of autoimmune thyroid diseases in the present series 
of MG patients could reflect treatment with glucocorti-
coids, which ∼70% of patients were given to prior to our 
observation. The fact that many patients were under glu-
cocorticoid treatment at baseline and, concerning pa-
tients with positive serum anti-thyroid autoantibodies, 
also during the follow-up period, might be seen as a lim-
itation of the present study. Indeed, the duration of glu-
cocorticoid treatment was significantly shorter in auto-
antibody-positive patients even though the prevalence of 
glucocorticoid-treated patients as well as the dosage of 
prednisone did not differ between autoantibody-positive 
and autoantibody-negative patients. These parameters 
did not differ between the thymectomized and non-thy-
mectomized patients who underwent the follow-up, sug-
gesting that thymectomy per se was the independent 
variable that affected the autoantibody behaviour over 
time.

In conclusion, removal of a malfunctioning thymus 
is followed by a reduction in the prevalence of positive 
anti-thyroid autoantibodies in patients with MG, in the 
absence of thyroid dysfunction. Our findings suggest 
that, if altered, the thymus may play a role in the main-
tenance of humoral thyroid autoimmunity. Further 
studies are needed to investigate whether and to what 
extent thymectomy affects cell-mediated thyroid auto-
immunity.



Rotondo Dottore et al.Eur Thyroid J 2021;10:237–247246
DOI: 10.1159/000510701

Statement of Ethics

The study was performed in accordance with the World Medi-
cal Association Declaration of Helsinki. All subjects (or their par-
ents or guardians) gave their written informed consent. The study 
was approved by the local Ethical Committee (Comitato Etico 
Area Vasta Nord Ovest, Protocol ID 16044_MARINO’).

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

The study was supported by funds from the University of Pisa 
to M.M. (Fondi di Ateneo 2017, 2018, and 2019).

Author Contributions

Giovanna Rotondo Dottore and Marenza Leo contributed 
equally to this study. Giovanna Rotondo Dottore, Ilaria Bucci, and 
Debora Ricci performed the serum assays and recorded and ana-
lyzed the data. Marenza Leo and Ilaria Ionni recorded and ana-
lyzed the data. Roberta Ricciardi, Michelangelo Maestri, Marco 
Lucchi, Franca Melfi, Melania Guida, Anna De Rosa, and Lore-
dana Petrucci provided the cases studied. Giulia Lanzolla, Fran-
cesca Nicolì, Michele Mantuano, and Francesco Latrofa performed 
the endocrinological examination and the thyroid ultrasound. 
Giovanna Rotondo Dottore, Marenza Leo, Stefano Mariotti, and 
Michele Marinò wrote the manuscript. All authors contributed to 
weekly discussions, study design, data interpretation, and revising 
and approving the manuscript.

References

 1 Shelly S, Agmon-Levin N, Altman A, Shoen-
feld Y. Thymoma and autoimmunity. Cell 
Mol Immunol. 2011; 8(3): 199–202.

 2 Hoffacker V, Schultz A, Tiesinga JJ, Gold R, 
Schalke B, Nix W, et al. Thymomas alter the 
T-cell subset composition in the blood:  a po-
tential mechanism for thymoma-associated 
autoimmune disease. Blood. 2000; 96(12): 

3872–9.
 3 Kyewski B, Klein L. A central role for central 

tolerance. Annu Rev Immunol. 2006; 24: 571–
606.

 4 Mathis D, Benoist C. A decade of AIRE. Nat 
Rev Immunol. 2007; 7(8): 645–50.

 5 Finnish-German APECED Consortium. An 
autoimmune disease, APECED, caused by 
mutations in a novel gene featuring two PHD-
type zinc-finger domains. Nat Genet. 1997; 

17(4): 399–403.
 6 Colobran R, Armengol Mdel P, Faner R, Gärt-

ner M, Tykocinski LO, Lucas A, et al. Asso-
ciation of an SNP with intrathymic transcrip-
tion of TSHR and Graves’ disease:  a role for 
defective thymic tolerance. Hum Mol Genet. 
2011; 20: 3415–23.

 7 Drachman DB. Myasthenia gravis. N Engl J 
Med. 1994; 330(25): 1797–810.

 8 Vincent A, Bowen J, Newsom-Davis J, McCo-
nville J. Seronegative generalised myasthenia 
gravis:  clinical features, antibodies, and their 
targets. Lancet Neurol. 2003; 2(2): 99–106.

 9 Giraud M, Beaurain G, Yamamoto AM, Ey-
mard B, Tranchant C, Gajdos P, et al. Linkage 
of HLA to myasthenia gravis and genetic het-
erogeneity depending on anti-titin antibod-
ies. Neurology. 2001; 57(9): 1555–60.

10 Castleman B, Norris E. The pathology of the 
thymus gland in myasthenia gravis. Ann N Y 
Acad Sci. 1966; 135(1): 496–505.

11 Mackay IR, Degail P. Thymic “germinal cen-
tres” and plasma cells in systemic lupus ery-
thematosus. Lancet. 1963; 2(7309): 667.

12 Biggart JD, Nevin NC. Hyperplasia of the thy-
mus in progressive systemic sclerosis. J Pathol 
Bacteriol. 1967; 93(1): 334–7.

13 Burnet FM. Mackay IR. Lymphoepithelial 
structures and autoimmune disease. Lancet. 
1962; 2: 1030–3.

14 Hutchins GM, Harvey AM. The thymus in 
systemic lupus erythematosus. Bull Johns 
Hopkins Hosp. 1964; 115: 355–78.

15 Scheiff JM, Cordier AC, Haumont S. Epithe-
lial cell proliferation in thymic hyperplasia in-
duced by triiodothyronine. Clin Exp Immu-
nol. 1977; 27(3): 516–21.

16 Okabe H. Thymic lymph follicles;  a histo-
pathological study of 1,356 autopsy cases. 
Acta Pathol Jpn. 1966; 16(1): 109–30.

17 Michie W, Beck JS, Mahaffy RG, Honein EF, 
Fowler GB. Quantitative radiological and his-
tological studies of the thymus in thyroid dis-
ease. Lancet. 1967; 1(7492): 691–5.

18 Simpson JG, Gray ES, Michie W, Beck JS, 
Michie W, Pegg CA, et al. The influence of pre-
operative drug treatment on the extent of hy-
perplasia of the thymus in primary thyrotoxi-
cosis. Clin Exp Immunol. 1975; 22(2): 249–55.

19 Marine D, Manley OT, Baumann EJ. The in-
fluence of thyroidectomy, gonadectomy, su-
prarenalectomy, and splenectomy on the thy-
mus gland of rabbits. J Exp Med. 1924; 40(4): 

429–43.
20 Marder SN. The effect of thyroxine on the 

lymphoid-tissue mass of immature female 
mice. J Natl Cancer Inst. 1951; 11(6): 1153–61.

21 Fabris N, Mocchegiani E, Mariotti S, Pacini F, 
Pinchera A. Thyroid function modulates thy-
mic endocrine activity. J Clin Endocrinol 
Metab. 1986; 62(3): 474–8.

22 Van Der Weerd K, van Hagen PM, Schrijver 
B, Heuvelmans SJ, Hofland LJ, Swagemakers 
SM, et al. Thyrotropin acts as a T-cell devel-
opmental factor in mice and humans. Thy-
roid. 2014; 24(6): 1051–61.

23 Armengol MP, Sabater L, Fernández M, Ruíz 
M, Alonso N, Otero MJ, et al. Influx of recent 
thymic emigrants into autoimmune thyroid 
disease glands in humans. Clin Exp Immunol. 
2008; 153(3): 338–50.

24 Giménez-Barcons M, Colobran R, Gómez-
Pau A, Marín-Sánchez A, Casteràs A, Obiols 
G, et al. Graves’ disease TSHR-stimulating 
antibodies (TSAbs) induce the activation of 
immature thymocytes:  a clue to the riddle of 
TSAbs generation? J Immunol. 2015; 194: 

4199–206.
25 Wick G, Kite JH Jr, Witebsky E. Spontaneous 

thyroiditis in the obese strain of chickens. IV. 
The effect of thymectomy and thymo-bursec-
tomy on the development of the disease. J Im-
munol. 1970; 104(1): 54.

26 Penhale WJ, Farmer A, McKenna RP, Irvine 
WJ. Spontaneous thyroiditis in thymecto-
mized and irradiated Wistar rats. Clin Exp 
Immunol. 1973; 15(2): 225–36.

27 Cohen SB, Diamantstein T, Weetman AP. 
The effect of T cell subset depletion on auto-
immune thyroiditis in the Buffalo strain rat. 
Immunol Lett. 1990; 23(4): 263–8.

28 Yu S, Maiti PK, Dyson M, Jain R, Braley-Mul-
len H. B cell-deficient NOD.H-2h4 mice have 
CD4+CD25+ T regulatory cells that inhibit 
the development of spontaneous autoim-
mune thyroiditis. J Exp Med. 2006; 203: 349–
58.

29 Lopomo A, Berrih-Aknin S. Autoimmune 
thyroiditis and myasthenia gravis. Front En-
docrinol. 2017; 8: 169.

30 Marinó M, Ricciardi R, Pinchera A, Barbesino 
G, Manetti L, Chiovato L, et al. Mild clinical 
expression of myasthenia gravis associated 
with autoimmune thyroid diseases. J Clin En-
docrinol Metab. 1997; 82(2): 438–43.

https://www.karger.com/Article/FullText/510701?ref=1#ref1
https://www.karger.com/Article/FullText/510701?ref=1#ref1
https://www.karger.com/Article/FullText/510701?ref=2#ref2
https://www.karger.com/Article/FullText/510701?ref=3#ref3
https://www.karger.com/Article/FullText/510701?ref=4#ref4
https://www.karger.com/Article/FullText/510701?ref=4#ref4
https://www.karger.com/Article/FullText/510701?ref=5#ref5
https://www.karger.com/Article/FullText/510701?ref=6#ref6
https://www.karger.com/Article/FullText/510701?ref=7#ref7
https://www.karger.com/Article/FullText/510701?ref=7#ref7
https://www.karger.com/Article/FullText/510701?ref=8#ref8
https://www.karger.com/Article/FullText/510701?ref=9#ref9
https://www.karger.com/Article/FullText/510701?ref=10#ref10
https://www.karger.com/Article/FullText/510701?ref=10#ref10
https://www.karger.com/Article/FullText/510701?ref=11#ref11
https://www.karger.com/Article/FullText/510701?ref=12#ref12
https://www.karger.com/Article/FullText/510701?ref=12#ref12
https://www.karger.com/Article/FullText/510701?ref=13#ref13
https://www.karger.com/Article/FullText/510701?ref=14#ref14
https://www.karger.com/Article/FullText/510701?ref=14#ref14
https://www.karger.com/Article/FullText/510701?ref=15#ref15
https://www.karger.com/Article/FullText/510701?ref=15#ref15
https://www.karger.com/Article/FullText/510701?ref=16#ref16
https://www.karger.com/Article/FullText/510701?ref=17#ref17
https://www.karger.com/Article/FullText/510701?ref=18#ref18
https://www.karger.com/Article/FullText/510701?ref=19#ref19
https://www.karger.com/Article/FullText/510701?ref=20#ref20
https://www.karger.com/Article/FullText/510701?ref=21#ref21
https://www.karger.com/Article/FullText/510701?ref=21#ref21
https://www.karger.com/Article/FullText/510701?ref=22#ref22
https://www.karger.com/Article/FullText/510701?ref=22#ref22
https://www.karger.com/Article/FullText/510701?ref=23#ref23
https://www.karger.com/Article/FullText/510701?ref=24#ref24
https://www.karger.com/Article/FullText/510701?ref=25#ref25
https://www.karger.com/Article/FullText/510701?ref=25#ref25
https://www.karger.com/Article/FullText/510701?ref=26#ref26
https://www.karger.com/Article/FullText/510701?ref=26#ref26
https://www.karger.com/Article/FullText/510701?ref=27#ref27
https://www.karger.com/Article/FullText/510701?ref=28#ref28
https://www.karger.com/Article/FullText/510701?ref=29#ref29
https://www.karger.com/Article/FullText/510701?ref=29#ref29
https://www.karger.com/Article/FullText/510701?ref=30#ref30
https://www.karger.com/Article/FullText/510701?ref=30#ref30


Thymectomy and Anti-Thyroid 
Autoantibodies

247Eur Thyroid J 2021;10:237–247
DOI: 10.1159/000510701

31 Garlepp MJ, Dawkins RL, Christiansen FT, 
Lawton J, Luciani G, McLeod J, et al. Autoim-
munity in ocular and generalised myasthenia 
gravis. J Neuroimmunol. 1981; 1(3): 325–32.

32 Toth C, McDonald D, Oger J, Brownell K. 
Acetylcholine receptor antibodies in myas-
thenia gravis are associated with greater risk 
of diabetes and thyroid disease. Acta Neurol 
Scand. 2006; 114(2): 124–32.

33 NakamuraUsa HT, Motomura M, Ichikawa 
T, Nakao K, Kawasaki E, Tanaka M, et al. 
Prevalence of interrelated autoantibodies in 
thyroid diseases and autoimmune disorders. J 
Endocrinol Invest. 2008; 31: 861–5.

34 Kubiszewska J, Szyluk B, Szczudlik P, Barto-
szewicz Z, Dutkiewicz M, Bielecki M, et al. 
Prevalence and impact of autoimmune thy-
roid disease on myasthenia gravis course. 
Brain Behav. 2016; 6(10): e00537–6.

35 Fang F, Sveinsson O, Thormar G, Granqvist 
M, Askling J, Lundberg IE, et al. The autoim-

mune spectrum of myasthenia gravis:  a Swed-
ish population-based study. J Intern Med. 
2015; 277(5): 594–604.

36 Mao ZF, Yang LX, Mo XA, Qin C, Lai YR, He 
NY, et al. Frequency of autoimmune diseases 
in myasthenia gravis:  a systematic review. Int 
J Neurosci. 2011; 121(3): 121–9.

37 Nacu A, Andersen JB, Lisnic V, Owe JF, Gil-
hus NE. Complicating autoimmune diseases 
in myasthenia gravis:  a review. Autoimmu-
nity. 2015; 48(6): 362–8.

38 Kanazawa M, Shimohata T, Tanaka K, Nishiza-
wa M. Clinical features of patients with myas-
thenia gravis associated with autoimmune dis-
eases. Eur J Neurol. 2007; 14(12): 1403–4.

39 Chen YL, Yeh JH, Chiu HC. Clinical features 
of myasthenia gravis patients with autoim-
mune thyroid disease in Taiwan. Acta Neurol 
Scand. 2013; 127(3): 170–4.

40 Evoli A, Antonini G, Antozzi C, DiMuzio A, 
Habetswallner F, Iani C, et al. Italian recom-

mendations for the diagnosis and treatment 
of myasthenia gravis. Neurol Sci. 2019; 40(6): 

1111–24.
41 Rago T, Cantisani V, Ianni F, Chiovato L, 

Garberoglio R, Durante C, et al. Thyroid ul-
trasonography reporting:  consensus of Italian 
Thyroid Association (AIT), Italian Society of 
Endocrinology (SIE), Italian Society of Ultra-
sonography in Medicine and Biology (SI-
UMB) and Ultrasound Chapter of Italian So-
ciety of Medical Radiology (SIRM). J Endocri-
nol Invest. 2018; 41(12): 1435–43.

42 Smith E, Behan WM, Menzies CB, Behan PO. 
Experimental autoimmune thyroiditis:  at-
tempt to correlate disease development with 
lymphocyte subset changes. Clin Exp Immu-
nol. 1987; 67(2): 319–25.

43 Ionni I, Rotondo Dottore G, Marinò M. Pe-
ripheral T and B lymphocytes do not correlate 
with Graves’ orbitopathy. J Endocrinol Invest. 
2018; 41(11): 1355–6.

https://www.karger.com/Article/FullText/510701?ref=31#ref31
https://www.karger.com/Article/FullText/510701?ref=32#ref32
https://www.karger.com/Article/FullText/510701?ref=32#ref32
https://www.karger.com/Article/FullText/510701?ref=33#ref33
https://www.karger.com/Article/FullText/510701?ref=33#ref33
https://www.karger.com/Article/FullText/510701?ref=34#ref34
https://www.karger.com/Article/FullText/510701?ref=35#ref35
https://www.karger.com/Article/FullText/510701?ref=36#ref36
https://www.karger.com/Article/FullText/510701?ref=36#ref36
https://www.karger.com/Article/FullText/510701?ref=37#ref37
https://www.karger.com/Article/FullText/510701?ref=37#ref37
https://www.karger.com/Article/FullText/510701?ref=38#ref38
https://www.karger.com/Article/FullText/510701?ref=39#ref39
https://www.karger.com/Article/FullText/510701?ref=39#ref39
https://www.karger.com/Article/FullText/510701?ref=40#ref40
https://www.karger.com/Article/FullText/510701?ref=41#ref41
https://www.karger.com/Article/FullText/510701?ref=41#ref41
https://www.karger.com/Article/FullText/510701?ref=42#ref42
https://www.karger.com/Article/FullText/510701?ref=42#ref42
https://www.karger.com/Article/FullText/510701?ref=43#ref43

	startTableBody
	startTableBody

