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Abstract

Objectives: Myasthenia gravis (MG) is an autoimmune dis-
ease accompanied by a thymic pathology and in most pa-
tients thymectomy (TE) is used as the therapeutic approach.
Both Band T cells play animportant role in MG pathogenesis.
Methods: Twelve pre- and post-TE MG patients and 12
healthy controls (HCs) were enrolled. The mean percentages
of Th22 and Tc22 cells were evaluated in MG patients (before
and 6 months after TE) and HCs. Results: The mean percent-
age of Tc22 cells in pre-TE patients was significantly higher
than in HCs (p < 0.05), and after TE Tc22 cells significantly
decreased compared to pre-TE (p < 0.05). The frequency of
Th22 cells in pre-TE MG patients was not significantly differ-
ent from HCs, but after TE Th22 cells were significantly de-
creased compared to pre-TE (p < 0.05). Conclusion: Our find-
ings suggest a possible role of Th22 and Tc22 in MG patho-
genesis. © 2018 S. Karger AG, Basel

Introduction

Myasthenia gravis (MG) is an autoimmune disorder
commonly caused by antibodies against the acetylcho-
line receptor (Achr) and skeletal muscles [1]. Although
these antibodies are secreted by B lymphocytes of the
immune system, CD4+ T lymphocytes (T-helper cells)
identify Achr as a dominant immune epitope which
causes MG disease progression [2, 3]. Also, MG disease
is usually accompanied by thymus gland abnormalities,
such as hyperplasia (65%) or thymoma (10-15%) [4, 5],
and treatment can be conducted in both a medical and
surgical manner [6]. Accordingly, complete removal of
the thymus (thymectomy; TE) is one treatment method
in MG patients [7, 8]. The thymus as a central lymphoid
organ plays an important role in central immune toler-
ance which regulates non-self-reactive T cells and re-
moves self-autoreactive T cells [9]. Studies have shown
that in MG patients the thymus contains a number of B
lymphocytes which produce autoantibodies against the
Achr in culture and increased production of this anti-
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body is induced by T-helper cells. So, both B and T lym-
phocytes which pass from the thymus play a major role
in the pathogenesis of the disease [10, 11].

Over the past few years, due to different cytokine se-
cretion patterns and diverse immune performance, the
diversity of TCD4+ cells was limited to T-helper 1 and
T-helper 2 cells [12, 13]. Th22 is another subgroup of
TCD4+ T-helper cells which was mentioned recently by
Trifari et al. [14] in 2009. Th22 cells do not secrete inter-
leukin 17 (IL-17) or interferon-y (IFN-y), but secrete
large amounts of IL-22 and tumor necrosis factor-alpha
(TNF-a) [14, 15]. These cells express chemokine recep-
tor CCR6, and also implantation receptors in the skin
such as CCR4 and CCR10. The main transcription factor
of Th22 cells is the Aryl hydrocarbon receptor, AHR
[15]. Overall, valid scientific signs prove that Th22 cells
are expressed independently in subgroups of the T cell
line [15, 16]. Except for TCD4+ cells, CD8+ T cells may
also secrete IL-22. CD8+ T cells that secrete IL-22 are
also known as Tc22 cells [17]. The role of Th22 cells in
the pathogenesis of many autoimmune diseases has been
shown [16, 18-21]. Vitales-Noyola et al. [22] indicated
that both Th22 and Th17 cells are involved in the patho-
genesis of autoimmune thyroid disorders and showed
significant correlations between the levels of these cells
and disease activity. In systemic lupus erythematosus,
the contribution of Th22 cells in the pathogenesis of pa-
tients with skin or renal impairment has been described
[23]. In addition, skin-homing Th22/Tc22 cells in atop-
ic dermatitis and psoriasis have been found in previous
studies [18, 24].

As mentioned above, MG is an autoimmune disease
and the role of the thymus gland related to the autoim-
munity of this disease has been identified. On the other
hand, the thymus gland has roles in positive and nega-
tive selection and self-reactive T cell removal. Many
studies have shown that Th22 and Tc22 cells as a sub-
group of T-helper cells have an important role in the
pathogenesis of many autoimmune diseases. Therefore,
the aim of this study was to survey frequency changes of
Th22 and Tc22 cells, and the ratio of these cells in MG
patients before and after of TE compared to healthy con-
trols (HCs).

Materials and Methods

Study Subjects and Sample Collection

In the present study, we sought to monitor the development of
Th22 and Tc22 lymphocyte subpopulations in the peripheral
blood of healthy subjects and MG patients before and 6 months

High Frequency of Tc22 and Th22 Cells
in Myasthenia Gravis Patients

Table 1. Clinical characteristics of the MG patients

n 12
Female/male, n 8/4
Disease duration before TE (range), years 2-3
Medication before TE

Mestinon, mg/day 360 (60-600)
Medication after TE

Mestinon, mg/day 180 (30-300)

Age at time of thymectomy, years 40.2 (36-44)
Serum anti-AChR Ab positive 9 (75)
Thymus pathology
Thymoma 3 (25)
Thymic hyperplasia 9 (75)
MG severity before TE
JIE] 2(16.6)
IIb 3(25)
111 5(41.6)
v 2(16.6)

Data are presented as the mean (range), n (number), and per-
centage. MG, myasthenia gravis; TE, thymectomy.

after TE. We recruited 12 MG patients from Shariati Hospital
(Tehran, Iran) and Alzahra Hospital (Isfahan, Iran), and 12 age-
and sex-matched HCs from the outpatient service of our institu-
tion (Department of Immunology, Isfahan Medical School, Isfa-
han, Iran) from April 2016 to May 2017. The patients all had clin-
ical and electrophysiological evidence of MG. Not all patients had
positive titers of AChR antibodies. Histopathologic assessment of
the thymus was performed on all specimens, which were also con-
firmed by a pathologist.

Patients with the following characteristics were excluded: (1)
accompanied by other autoimmune diseases such as Graves’ dis-
ease or systemic lupus erythematosus, (2) pregnancy or lactation,
and (3) ocular MG without generalized weakness. HCs did not
have any signs of autoimmune diseases or a family history of MG,
and did not take any immunomodulatory or immunosuppressive
drugs. The informed consent of all participating subjects was ob-
tained according to the Ethics Committee of the Isfahan Univer-
sity of Medical Sciences. For all subjects, blood samples were col-
lected and peripheral blood mononuclear cells (PBMCs) were iso-
lated and separated by Ficoll-Hypaque gradient centrifugation
(Inno-Train, Germany).

Stimulation of PBMCs for Cytokine Responses

PBMCs were incubated with phorbol 12-myristate 13-acetate
(PMA; 25 ng/mL, Sigma-Aldrich, USA) plus ionomycin (1 pg/mL,
Abcam, USA) in the presence of monensin (0.35 mg/mL, BioLeg-
end, USA), and brefeldin A (0.75 mg/mL, eBioscience, USA) for 5
h at 37°C to induce cytokine responses.

Cell-Surface and Intracellular Staining on PBMCs

After incubation, the cells were divided into 2 tubes and
stained with anti-CD3FITC, anti-CD4PE, and anti-IL-22PECY7
in 1 tube and with anti-CD3FITC, anti-CD8PE, and anti-IL-
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Table 2. Real values of Th22 and Tc22 cell subsets in MG patients before and after TE, the reduction in anti-AChR Ab titer after TE, and

thymic pathology
Patient No. Th22 Tc22 Decreased anti-AChR Thymic pathology
before/after, % before/after, % Ab titer after TE, %

1 2.43/1.10 0.89/0.37 31.25 Thymic hyperplasia

2 2.21/0.95 0.92/0.42 29.7 Thymic hyperplasia

3 1.89/1.04 0.99/0.54 16 Thymic hyperplasia

4 2.01/1.06 1.05/0.48 Negative Thymic hyperplasia

5 0.90/0.98 0.81/0.58 20 Thymic hyperplasia

6 1.15/1.18 1.14/0.62 Negative Thymoma

7 1.68/1.54 1.24/0.89 28.6 Thymic hyperplasia

8 1.74/1.01 0.88/0.75 334 Thymic hyperplasia

9 2.31/0.91 1.11/0.68 39.3 Thymoma

10 1.78/1.20 1.01/0.90 Negative Thymic hyperplasia

11 1.65/1.20 0.87/1.09 334 Thymoma

12 1.32/0.97 0.79/0.98 10 Thymic hyperplasia
MG, myasthenia gravis; TE, thymectomy; Ab, antibody.
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22PECY7 in another tube for 30 min at 4 °C. After surface stain- Results

ing, fixation and permeabilization were performed according to
the manufacturer’s instructions (eBioscience), and the cells were
stained with PE-Cyanine7 conjugated anti-IL-22 monoclonal an-
tibodies. Isotype controls were given to enable the correct com-
pensation and confirm antibody specificity (all antibodies were
bought from eBioscience). Stained cells were analyzed by flow
cytometric analysis using a FACS Caliber cytometer equipped
with CellQuest software (BD Bioscience Pharmingen, San Jose,
CA, USA).

Statistical Analysis

Statistical analysis was performed by SPSS version 24. In order
to compare pre-TE MG patients to the control group, an indepen-
dent ¢ test was used and the paired Student ¢ test was performed
for pre- and post-TE MG patients. The results are reported as the
p values. The normal distribution of data was studied by Kol-
mogorov-Smirnov. The interrelationship between the 2 parame-
ters was tested by Pearson correlation analysis. p < 0.05 was con-
sidered significant.
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Patient Characteristics

The clinical characteristics of the MG patients are pre-
sented in Table 1. Three of the 12 patients had thymoma
and 9 had thymus hyperplasia. The responses of the 2
groups to TE were very similar and the titer of anti-AChR
antibody was decreased in all antibody-positive patients
(Table 2).

High Frequency of CD4+ and CD8+ T Cells in MG

Patients Were Decreased after TE

The frequency of the CD4 and CD8 cells among lym-
phocytes significantly increased in MG patients com-
pared to the HCs (p = 0.013 and p = 0.001, respectively;
Fig. 1a,b). Also, the percentage of the CD4 and CD8 cells
among lymphocytes was significantly decreased in MG

Robat-Jazi et al.
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Fig. 2. The percentages of circulating Tc22 and Th22 cells in con-  Methods. a CD3+ T subsets were gated by flow cytometry. b The
trols and MG patients (before and after TE). Heparinized periph-  percentages of circulating Th22 cells from controls. ¢, d MG pa-
eral whole blood from all subjects was stimulated with phorbol tients before and after TE. e The percentages of circulating Tc22
myristate acetate, ionomycin, brefeldin, and monensin for 5 h,  cells from controls. f, g MG patients before after TE. Positive cells
then stained with labeled antibodies as described in Materials and  are shown in each panel.
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0.004) compared to before TE (mean 0.69%, range 0.37-1.09%). b
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patients (mean 1.75%, range 0.9-2.43%) compared to after TE
(mean 1.09%, range 0.91-1.54%, p = 0.001), and no significant dif-
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patients. ¢ The T2217:Tc22 ratio in MG patients was 1.76-fold low-
er than controls (p = 0.0001) and there were no significant differ-
ences in the Th22:Tc22 ratio in MG patients compared with those
measured 6 months after TE (p = 0.665). ** p < 0.01, *** p < 0.001.
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patients when compared with those measured 6 months
after surgery (p < 0.0001 and p = 0.011, respectively;
Fig. 1a, b). We did not observe significant differences be-
tween the proportion of the CD4/CD8 cells among lym-
phocytes in MG patients when compared with those mea-
sured 6 months after surgery (p = 0.626).

Elevated Tc22 Cells in MG Patients Compared to

Healthy Subjects

We analyzed the frequencies of Tc22 and Th22 cells
based on cytokine production after in vitro activation by
PMA/ionomycin in short-term cultures. The expression of
a typical dot plot of IL-22 gated on CD3+ T cells in MG
patients before TE, post-TE, and HCs is shown in Figure 2.

84 Neuroimmunomodulation 2018;25:80-88
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IL-22 was expressed on CD3+CD4+ and CD3+CD8+
T cells. Compared with HCs (mean 0.49%, range 0.31-
0.64), the percentage of Tc22 cells was significantly in-
creased in the MG patients (mean 0.97%, range 0.79-
1.24%, p < 0.0001; Fig. 3a). However, there was no sig-
nificant statistical difference in Th22 frequency between
MG patients and HCs (Fig. 3b). As shown in Figure 3c,
the Th22:Tc22 ratio in MG patients was 1.76-fold lower
than in the HCs (p = 0.0001). Also, there was no signifi-
cant correlation between the decreased percentage of
Th22 cells and the decreased percentage of AchoR-Ab
titer.

Robat-Jazi et al.



The Decrease of Th22 and Tc22 Cells in MG Patients

after TE

We also assessed the frequency of Th22 and Tc22 cells
in MG patients 6 months after TE. Our results showed
that Tc22 were decreased significantly in MG patients
post-TE (mean 0.69%, range 0.37-1.09%) compared to
before TE (mean 0.97%, range 0.79-1.24%, p = 0.004;
Fig. 3a). We also demonstrated a statistically significant
difference in Th22 between MG patients before TE (mean
1.75%, range 0.9-2.43%) and post-TE (mean 1.09%, range
0.91-1.54%, p = 0.001; Fig. 3b). There were no significant
differences in the Th22:Tc22 ratio in MG patients com-
pared with those measured 6 months after TE (p = 0.665).
Simultaneously with the assessment of Th22 and Tc22
cells, we also analyzed Th17 and Tc17 cells in these pa-
tients, the results of which have been published [25]. We
found a positive correlation between Th17/Th22 and
Tc17/Tc22 cells in healthy subjects (r = 0.597, p = 0.04;
Fig. 4a). Also after TE, Th17/Tc17 and Th22/Tc22 cells
showed a positive relationship (r = 0.662, p = 0.019;
Fig. 4b). However, we did not find any correlation be-
tween these ratios in MG patients before TE.

Discussion

MG is an autoimmune disease mediated by autoanti-
bodies against components of the postsynaptic mem-
brane at the neuromuscular junction [26]. Most MG pa-
tients (80-90%) have a thymic pathology including thy-
mic hyperplasia (the presence of germinal centers
containing a large number of B cells) and thymoma (the
presence of a tumor), indicating the importance of the
thymus in the pathogenesis of MG disease [27, 28]. On
the other hand, TE can reduce the severity of disease and
also induce remission in most patients, especially in pa-
tients with thymic follicular hyperplasia, suggesting a
causal correlation between thymic pathology and MG
[29]. A transcriptome analysis of the hyperplastic thymus
showed signs of inflammation in the thymus but not in
the muscle, so the autoimmune response against Achr
likely develops in the thymus [30, 31]. Achr-specific T
cells have been observed in the thymus of MG patients
and these cells have an important role in activating B cells
to produce anti-Achr antibodies [32, 33]. Also, Gradola-
tto et al. [34] showed that regulatory T cells are defective
in MG and conventional T cells are resistant to Treg cell
suppression. Therefore, due to chronic inflammation in
the thymus of MG patients, autoreactive T cells could es-
cape from regulation in the MG thymus.

High Frequency of Tc22 and Th22 Cells
in Myasthenia Gravis Patients

In the present study, we found increased CD4+ and
CD8+ T cells in MG patients compared to HCs, which
was significantly decreased when compared with those
measured 6 months after TE. The role of CD4+ T cells in
the pathogenesis of MG has been indicated in previous
studies, and depletion of these cells in AIDS patients has
been associated with improvement in MG symptoms
[35-37]. Also, studies have shown MG patients with thy-
moma produce abundant maturing thymocytes and ex-
port mature, potentially autoreactive CD4+ and CD8+ T
cells [38, 39]. Buckley et al. [38] showed that neoplastic
thymoma tissue itself can generate and export mature,
long-lived CD4+ and CD8+T cells. They measured epi-
somal DNA fragments (T cell receptor excision circles;
TRECs) generated by T cell receptor gene rearrangement,
and found that TREC levels were significantly increased
in both the CD4+ and CD8+ peripheral blood compart-
ments of MG patients. Also in their study, TREC levels
declined after TE to values similar to the controls. The
role of CD8+ T cell responses has been indicated in the
pathogenesis of multiple sclerosis (MS), in which the
CD4+ T cell-mediated autoimmune response in fact leads
to epitope spreading to antigen-specific CD8+ T cells [40,
41]. According to a study by Tackenberg et al. [42], CD8+
T cells could contribute to late-onset MG pathogenesis,
maybe through a similar mechanism of CD8+ T cell acti-
vation in MS patients. Although the high-affinity anti-
Achr antibodies have the important role in MG patho-
genesis, the initiation of these Th-dependent responses
and the role of other T cell subsets such as CD8+ T cells
is not yet understood.

To the best of our knowledge, this paper is the first to
study Th22 and Tc22 cells in MG patients before and after
TE. In the present study, there was no statistical differ-
ence in Th22 frequency between MG patients and HCs,
while a statistically significant decrease in Th22 was found
post-TE. The role of Th22 cells in the pathogenesis of au-
toimmune diseases has been confirmed in many studies
(16, 43-47].

Gradolatto et al. [48] showed increased IL-22 gene ex-
pression in MG patients, which is consistent with our
findings. In contrast, Zheng et al. [49] indicated decreased
IL-22 mRNA in PBMCs and IL-22 levels in the serum of
MG patients compared to normal controls. IL-22 is a cy-
tokine produced by CD4+ T cells (Th1, Th17, and Th22),
NK cells, and NKT cells. Studies have shown a dual role
(proinflammatory and regulatory) for IL-22 in inflamma-
tion and, accordingly, there are discrepancies in data with
the IL-22 role in autoimmune diseases [50, 51]. In the
present study, we assessed CD3+, CD4+, and IL-22+ cells
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as Th22 but, as mentioned earlier, IL-22 also produces by
both Th17 and Th1 cells, so a slightly greater percentage
of Th22 in MG patients compared to the controls may be
due to the high frequency of Th17 and Th1 cells in these
patients [48]. Also, recent studies have indicated the role
of Th17 and Th22 cells simultaneously in autoimmune
and cancer diseases [52-56]. The role of Th17 cells in the
induction of ectopic lymphoid follicles within the central
nervous system in the animal model of MS has been
shown by Zhang et al. [57]. Also, the presence of ectopic
germinal centers in the thymus of MG patients has been
indicated [58, 59]. Therefore, although the role of Th22
cells in the induction of ectopic follicles is not known, due
to the production of the IL-22 cytokine by these T cells
and Th17 cells, it is likely that these 2 cell subsets play a
role in the formation of abnormal follicles in the thymus,
which requires further studies.

Also, we assessed Th17 and Tc17 cells in these patients,
and we found that these cells were elevated in comparison
with healthy subjects, and their frequency decreased after
TE [60]. Th22 and Th17 cells express multiple chemokine
receptors, including CCR6, CCR4, and CCR10 [61, 62].
These chemokine receptors, especially CCR6, have an im-
portant role in Th17 and Th22 cell infiltration into the
skin in various skin diseases, such as atopic dermatitis,
scleroderma, and psoriasis [63]. Therefore, the decrease
of Th22 cells after TE in the present study and improve-
ment of patients may be related to the decrease of autore-
active Th22 cell infiltration to neuromuscular junctions.
However, the pathophysiologic role of Th22 cells in the
pathogenesis of MG is not yet known, and further studies
with large sample sizes are needed to establish the patho-
physiologic role of IL-22 and Th22 cells in MG.

Furthermore, for the first time, the present study dem-
onstrated the increased percentage of Tc22 in MG pa-
tients in comparison with HCs and significant decrease
of these cells 6 months after TE. Also the Th22:Tc22 ratio
in MG patients was significantly lower than in HCs. T'c22
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