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ABSTRACT 
 
Objective 

Myasthenia gravis (MG) is a T-cell dependent and anti-acetylcholine receptor 
(AChR) antibody mediated autoimmune disease. Recent studies of adult patients and 
animal models have shown that regulatory T cells (Tregs) play an important role in the 
pathogenesis of MG, but little is known about MG in children. This study evaluated the 
role of peripheral blood Tregs in childhood ocular MG and assessed if Tregs could be an 
index for estimating immunological status. 

 
Patients and methods 

Clinical data and peripheral lymphocytes were obtained from 13 children with serum 
AChR antibody-positive ocular type MG and 18 age-matched controls. Committed cells 
from MG patients were divided into two clinical stages: active (n = 12) and remission (n 
= 11). Tregs and Th17 cells were analyzed by flow cytometric analysis based on 
CD4+CD25+ intracellular FOXP3+ and CD4+ intracellular IL-17A+ fractions, 
respectively.  

 
Results 

The percentage of Tregs among peripheral blood CD4+ T cells in active stage, 
remission stage, and control groups was 3.3 ± 1.3%, 4.8 ± 1.7%, and 5.0 ± 0.6%, 
respectively. The Treg population was significantly lower in the active stage than in the 
remission stage and controls. Furthermore, Treg percentage was significantly lower 
during relapse of myasthenia symptoms. We witnessed no remarkable associations 
between the percentage of Tregs and immune suppressant dosages. 

 
Conclusions 

A significant reduction in the peripheral Treg population is considered to contribute 
to the pathophysiology of ocular type childhood MG and may be a marker of 
immunological state in these patients. 
 
 
Keywords: childhood; myasthenia gravis; ocular type; regulatory T cell (Treg); relapse; Th17 cell 
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1. Introduction 
Myasthenia gravis (MG) is an autoimmune disorder generally caused by 

autoantibodies against the acetylcholine receptors (AChR) of skeletal muscles [1]. 
Although these autoantibodies are produced by B cells, CD4+ helper T (Th) cells 
specific for AChR are also required for their production and the development of MG 
symptoms, for which T cell clones recognizing immunodominant epitopes of AChR 
have been described [2].  

Naïve CD4+ Th cells can be induced to differentiate towards a regulatory T cell 
(Treg) or Th17 phenotype according to the local cytokine milieu [3]. Tregs provide a 
substantial component of the autoimmune counterbalance, and the thymus plays a role 
in Treg development and the induction of immunological tolerance [4]. The 
transcription factor FOXP3, a member of the forkhead family of DNA-binding 
transcription factors, was found to be highly expressed in CD4+ Tregs that play a critical 
role in maintaining self-tolerance as well as in regulating immune responses [5]. In 
particular, CD4+CD25+ Tregs have been strongly implicated in immunological tolerance 
[6]. Defects in Treg function and diminished numbers of CD4+ Tregs have been 
described in adult MG cases, but these reports have shown conflicting results [1] [7]. 
Meanwhile, Th17 cells also appear to be associated with autoimmune diseases, such as 
multiple sclerosis [8] and rheumatoid arthritis [9], although it is not clear if Th17 cells 
play a role in the development of childhood MG. 

Most pediatric MG patients exhibit ocular type symptoms, including ptosis and/or 
ophthalmoplegia, without elevated anti-AChR antibodies in the peripheral blood [10] 
[11] [12]. However, little else is known about the etiology of childhood MG and the 
causative role of Tregs since adult onset and childhood onset MG are considered to have 
different pathophysiologies. 

In this study, we investigated the populations of CD4+CD25+ intracellular FOXP3+ 
Tregs and CD4+ intracellular IL-17A+ Th17 cells in children with ocular type MG at 
various clinical stages and compared them with those of age-matched control subjects. 
We aimed to clarify the relationship between peripheral Treg populations and clinical 
symptoms in childhood MG and determine if these populations could represent an index 
for estimating immunological state and predicting clinical symptoms.  
 
2. Patients and methods 
2.1. Patients and controls 

This study included 13 children with ocular type MG (4 males and 9 females) and 18 
age-matched control subjects (10 males and 8 females) with epilepsy or developmental 
retardation who exhibited no inflammatory complications. Subject age was 8.2 ± 4.7 
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(mean ± standard deviation [SD]; range, 2 - 16) years for ocular MG patients and 8.1 ± 
5.0 (2 - 16) years for controls. Ocular type MG was diagnosed by neurologists 
according to standard clinical criteria: 1) the presence of fluctuating in any ocular 
muscle weakness with fatigability; 2) positive response to an anticholinesterase 
injection test; and 3) all other muscle strength being normal [11] [13]. Peripheral blood 
samples were obtained at two clinical stages: 1) the active stage (n=12) that included 
symptom onset before any treatment (n=6) and the relapse of myasthenia symptoms 
following remission (n=6); and 2) the remission stage (n=11) that was free of 
myasthenia symptoms as a result of therapy.   

Written informed consent was obtained from the parents of all patients and control 
subjects before enrollment into the study, which had been approved by the ethics 
committee of Shinshu University and performed in accordance with the 1964 
Declaration of Helsinki and its later amendments. Serum samples were collected from 
control subjects at the time of clinical requirement. 
 
2.2. Sample collection and storage 

Peripheral venous blood samples were obtained before and after treatment at various 
time points for each patient when blood examinations were clinically required. 
Peripheral blood mononuclear cells (PBMNCs) were immediately isolated from 
heparinized venous blood by density gradient centrifugation using Ficoll-Paque (GE 
Healthcare, NJ, USA). The acquired PBMNCs were washed twice with pH 7.2 
phosphate-buffered saline (PBS) and stored in a CELLBANKER (Zenoaq, Fukushima, 
Japan) at -80 °C until analysis.  
 
2.3. Staining of Tregs 

For Treg staining assays, cryopreserved PBMNCs were thawed and washed three 
times with PBS. Staining for Tregs was performed according to the manufacturer’s 
instructions. Briefly, 1×106 cells were incubated on ice for 20 min after staining with a 
10-μL cocktail of PerCP-Cy5.5-conjugated CD4 (Becton Dickinson [BD] Biosciences, 
San Jose, USA) and phycoerythrin (PE)-conjugated CD25 (anti-IL-2R) (BD 
Biosciences, San Jose, USA). The cells were washed twice with PBS and then FOXP3 
fix/perm solution (BioLegend, San Diego, CA) was added to each tube. The 
re-suspended cells were incubated in darkness for 20 minutes at room temperature. 
After washing twice with permeabilization buffer, the cells were stained with 5 μL 
Alexa Fluor 488-conjugated anti-human FOXP3 (BioLegend, San Diego, USA) or 
Alexa Fluor 488-conjugated mouse IgG1 κ isotype control antibody (BioLegend, San 
Diego, USA) as a negative control and incubated in darkness for 30 minutes [14]. 



Nishimura et al. 2014 

5 
 

 
2.4. Staining of intracellular IL-17A 

To quantify the Th17 cell population in peripheral blood, staining of intracellular 
IL-17A in stimulated PBMNCs was performed following the manufacturer’s 
instructions. Cryopreserved PBMNCs were thawed and cultured in 6-well plates at 
1×106 cells/ml per well in RPMI 1640 medium with 200 mM Glutamine and 10% heat 
inactivated fetal calf serum (Gibco, Grand Island, USA). The cells ware cultured with 5 
μg/μL phorbol 12-myristate-13-acetate (PMA) (SIGMA, St. Louis, USA), 1 μg/μL 
ionomycin (SIGMA, St. Louis, USA), and 0.8 μL/mL BD GolgiStop for 4 hours (37 °C; 
5 % CO2). The stimulated cells were transferred to tubes and washed once with PBS. 
Before surface staining, the cells were fixed and permeabilized according to the 
manufacturer’s instructions (BD Cytofix/Cytoperm Fixation/Permeabilization Solution 
Kit with BD GolgiStop), then stained with PE antihuman CD4 (BioLegend, San Diego, 
USA) and Alexa Fluor 488-conjugated anti-human IL-17A (BioLegend, San Diego, 
USA) or Alexa Fluor 488-conjugated mouse IgG1 κ isotype control antibody 
(BioLegend, San Diego, USA) as a negative control at 4 °C for 30 minutes [15]. 
 
2.5. Flow cytometric analysis 

Flow cytometric analysis was performed using a FACSCalibur (BD, San Jose, USA). 
For three-color analysis of Tregs, the cells were stained with CD4-PerCP-Cy5.5, 
CD25-PE, and Alexa Fluor 488-conjugated anti-human FOXP3. For two-color analysis 
of Th17 cells, the cells were stained with CD4-PE and Alexa Fluor 488-conjugated 
anti-human IL-17A [16]. During analysis, a gate was set around the viable lymphocytes 
based on their forward scatter/side scatter profile to exclude monocyte and granulocyte 
populations. Fluorescence signals were collected in log mode. A total of 50,000 events 
were counted for each sample and the data were analyzed using CellQuest software (BD, 
San Jose, USA) (Fig. 1). 
 
2.6. Statistical analysis 

The correlation between age and the percentage of Treg/CD4+ T cells in control 
subjects was assessed by regression analysis. For comparisons of the mean percentages 
of Treg/CD4+ T cells and Th17/CD4+ T cells at various stages in MG patients and 
controls, the data were first analyzed by one-way ANOVA. Statistics were carried out 
using Bonferroni/Dunn multiple comparison tests. Changes in the percentage of 
Treg/CD4+ T cells before and after relapse were analyzed with the paired t-test. The 
relationships between Treg/CD4+ T cells and Th17/CD4+ cells, AChR antibody level, 
corticosteroid dosage, and serum concentration of tacrolimus were analyzed using 
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Pearson’s correlation coefficient test. When committed cells were collected multiple 
times during the same clinical stage in a given patient, data analysis was performed on 
the mean value of each sample. All statistical analyses were conducted using PASW 
statistics, Version 18 (SPSS, Inc., Chicago, USA). A P-value of less than 0.05 was 
considered to be statistically significant. All data were expressed as the mean ± SD.  
 
3. Results 
3.1. Clinical data and Treg/CD4+ cells 

The clinical data of active (including onset and relapse) and remission stages in 
ocular MG patients and of age-matched control subjects are listed in Table 1. Serum 
anti-AChR antibody levels were elevated in both patient groups. Three patients 
achieved remission using anti-cholinesterase agents without prednisolone (PSL). Of the 
8 remission patients who had received PSL, 3 patients required additional immune 
suppressants, such as tacrolimus (2 patients) or azathioprine (1 patient). No patient 
required thymectomy. The number of CD4+ lymphocytes in ocular MG patients was 
significantly lower than that in controls (P < 0.01). 

Figure 2 presents the relationship between age and the percentage of Tregs among 
peripheral blood CD4+ T cells in control subjects. There was no significant correlation 
between these parameters in regression analysis (R2 = 0.036, P = 0.45). The mean value 
of Treg/CD4+ T cells was 5.0 ± 0.6%, which was comparable to that of a cohort of adult 
healthy donors (5.1 ± 0.8%, n = 16). 

The percentage of Tregs among peripheral blood CD4+ T cells in the active and 
remission stages of ocular type MG and in control subjects was 3.3 ± 1.3%, 4.8 ± 1.7%, 
and 5.0 ± 0.6%, respectively (Fig. 3). Treg percentage in the active stage was 
significantly lower than those in the remission stage (P = 0.033) and in controls (P < 
0.001). There was no significant difference in Treg percentage between remission and 
control groups.  

To evaluate the influence of immune suppressive treatment on Treg percentage 
among peripheral blood CD4+ T cells, we performed regression analysis of the 
percentage of Tregs in the remission stage and dosage of PSL, tacrolimus or serum level 
of anti-AChR antibody. No significant correlations were found for PSL (R2 = 0.0046, P 
= 0.56; data not shown), serum concentration of tacrolimus (R2 = 0.077, P = 0.17), or 
serum anti-AChR antibody level (R2 = 0.0041, P = 0.45). 
 
3.2. Representative clinical courses 
Case 1 (Fig. 4a) 

A 13-year-old boy with no past or family history of autoimmune disorders began 
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exhibiting intermittent ptosis of his right eyelid with diurnal fluctuation. He had no 
extraocular symptoms or thymic lesion. He was diagnosed as having ocular type MG 
based on positive serum anti-AChR antibody (0.7 nmol/L) and an intravenous 
edrophonium test. He was initially treated with pyridostigmine (3.5 mg/kg), which led 
to the prompt disappearance of the ptosis (first remission). One month afterwards, his 
ptosis relapsed. He began treatment with oral PSL and symptoms disappeared within 2 
months. A second relapse of MG symptoms was observed five months after the second 
remission. The addition of tacrolimus improved his condition. As serum AChR antibody 
was below detection level after the second remission, PSL could be tapered without 
incident. The percentage of Treg/CD4+ T cells was 2.6% at disease onset, which was 
-4.0 SD of age-matched healthy controls. However, this percentage became comparable 
with that of controls during the first remission period. Treg/CD4+ T cell ratio was seen 
to vary according to clinical status as follows: first relapse, 1.1%; second remission, 
5.3%; and second relapse, 2.0%. The ratio was a near-normal 4.2% during the third 
remission period with tacrolimus administration.  
 
Case 2 (Fig. 4b) 

A 2-year-old girl with no family or past history of autoimmune diseases exhibited 
intermittent bilateral ptosis with diurnal fluctuation and was diagnosed as having ocular 
type MG based on an intravenous edrophonium test. Both anti-AChR antibody and 
anti-MuSK antibody were negative at symptom onset and no thymic abnormalities were 
detected by MRI or SPECT. Her ptosis disappeared following treatment with distigmine 
(0.15 mg/kg) and oral PSL. Although her first remission period lasted for more than two 
years, ptosis and diplopia recurred after decreasing the dose of PSL at 6 years of age. 
Anti-AChR antibody was detectable at the time of the relapse. An increased dosage of 
oral PSL led to a second remission. Although the percentage of Tregs among peripheral 
blood CD4+ T cells during the first remission period was not low (5.2%), it had dropped 
to 1.8% at relapse but then increased to 6.4% during the second remission. 
 
3.3. Ratio of Treg/CD4 cells at relapse in 6 cases 

A total of 6 cases experienced relapse of ocular myasthenia symptoms in our cohort. 
In Figure 4c, PBMNC samples obtained before, during, and after relapse show the time 
course changes in Treg percentage among peripheral blood CD4+ T cells. The 
percentage of Treg/CD4+ T cells had decreased significantly at relapse in most patients 
(P = 0.003), but then increased as a similar degree by more intensive treatment for 1-5 
months resulted in remission (P = 0.009). 
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3.4. Th17 cells in MG patients 
To evaluate the role of Th17 cells in the pathophysiology of MG, the percentage of 

CD4+IL-17A+ cells among CD4+ T cells in stimulated PBMNCs at each clinical MG 
stage and in controls was evaluated by flow cytometric analysis. The mean percentages 
in the active stage, remission stage, and in controls were 0.26 ± 0.21% (n = 12), 0.22 ± 
1.3% (n = 10), and 0.21 ± 0.13% (n = 16), respectively (Fig. 5). There were no 
significant differences among the groups, nor were there any significant correlations 
between the Th17 population and peripheral Tregs (R2 = 0.0064, P = 0.57) or level of 
anti-AChR antibodies (R2 = 0.044, P = 0.12). The mean fluorescence intensity of 
IL-17A in CD4+ cells was also similar among the groups (data not shown).  
 
4. Discussion 

Tregs are considered to play an important role in the development of MG, a CD4+ 
T-cell dependent autoimmune disease mediated by anti-AChR antibodies. Although 
recent studies have paid great attention to Tregs, several earlier reports on peripheral 
blood Tregs in MG patients have been conflicting. One possible cause for this is the 
selection of different Treg-associated molecules in defining the cell line [14] [17]; 
former studies used flow cytometric analysis to measure the number of Tregs as 
represented by CD4+CD25+ T cells [18] or CD4 cells with high expression of CD25 
[19-24], whereas recent reports on adult MG and experimental autoimmune MG 
(EAMG) identified Tregs as CD4+CD25+FOXP3+ [14, 25, 26] As a member of the 
forkhead family of DNA-binding transcription factors, FOXP3 is highly expressed in 
CD4+ Tregs and is considered to play a critical role in maintaining self-tolerance and 
regulating immune responses [5]. Aricha R et al. reported that although the number of 
CD4+CD25+ cells in the spleen of EAMG rats was not elevated, the ratio of 
CD25+FOXP3+ cells among CD4+ cells was significantly increased by treatment [21]. 
Xu W-H et al. uncovered significantly smaller peripheral Treg populations in adult MG 
patients but increased Treg population sizes following immune suppression therapy 
[14]. 

In contrast to adult onset MG, little is known about the immunological mechanism 
responsible for childhood onset MG, which is considered to be distinct from its adult 
counterpart [11] [12]. Shinomiya et al. reported on specific HLA subtypes associated 
with childhood MG in Japan [10]. Sakuma et al. demonstrated that the percentage of 
CD4+CD25+Tregs was decreased in a child with MG after successful treatment with 
PSL, but they did not analyze the CD4+CD25+FOXP3+ population [24]. In the present 
study, we analyzed the CD4+CD25+FOXP3+ subset in PBMNCs obtained from children 
with ocular type MG and from age-matched control subjects. Similarly to another study 
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[27], we observed that the percentage of Tregs among peripheral blood CD4+ T cells did 
not depend on age and that values were comparable between children and adults. 
However, ours is the first report to describe that the percentage of Tregs in the active 
stage of pediatric ocular MG is significantly lower than that of controls but is restored 
during remission following immunosuppressive therapy. These results are consistent 
with those found in adult patients [14] [20] [21] [28].  

This study demonstrated the time course changes in Treg percentage among 
peripheral blood CD4+ T cells before and after relapse of myasthenia symptoms. There 
was a marked decrease in Treg percentage at the time of relapse in most cases, which 
later returned to control levels after increased immunosuppressive treatment. To our 
knowledge, there are only a few reports describing the pathophysiological mechanisms 
of relapse in MG, such as the TCR Vβ expression repertoire and TCR spectratypes [29] 
and the presence of both intracellular adhesion molecule-1 and lymphoid 
function-associated antigen-1 in thymic tissue [30]. It is also well known that serum 
titer of autoantibodies, such as anti-AChR, is not reflected in myasthenia symptoms [31]. 
To date, there have been no studies on Tregs or the function of T cells in the relapse 
phase of childhood myasthenia symptoms; ours may be the first to show a marked 
decrease in Treg percentage during the relapse phase of ocular MG that could also be a 
useful marker to predict and evaluate disease recurrences. 

Correlations between therapeutic agents and Treg percentage among peripheral blood 
CD4+ T cells were assessed to determine whether the changes in Treg populations were 
directly influenced by the therapeutic agents. Some reports have shown a significant 
negative correlation between changes in Treg populations and PSL dose [28] and that 
corticosteroids promoted the development of Tregs via inhibition of dendritic cell 
maturation [20]. Although tacrolimus was found to have both promoting [32] and 
inhibitory effects on the Treg population [33] [34], another study showed that 
tacrolimus did not alter the expression of FOXP3 in T cells [35]. We observed no 
correlations between the percentage of Tregs and the dosage of corticosteroids or serum 
concentration of tacrolimus during the remission phase. Thus, it is possible that Treg 
ratio is not dependent on immunosuppressive therapy agents, but rather indicates the 
immunological status of childhood ocular MG.  

Recent studies have demonstrated that the ratio of Th17 cells changes most notably 
with disease progression accompanied by IL-17 up regulation [36]. The involvement of 
autoreactive Th17 cells in the development of MG has been established in animal 
models of autoimmune MG [7]. Th17 cells affect the production of autoantibodies 
through their influence on the Th1/Th2 cytokine balance in PBMNCs of adult MG 
patients [28]. However, it is not clear whether Th17 cells play a critical role in human 
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MG pathophysiology. In this study, we analyzed the percentage of CD4+IL-17A+ cells 
among CD4+ T cells in stimulated PBMNCs from childhood ocular MG patients but 
found no significant differences between patient groups and control subjects. There was 
also no remarkable correlation between the percentages of Tregs and Th17 cells, 
suggesting that peripheral Tregs more strongly influence the development of childhood 
ocular MG symptoms. We also witnessed no significant correlation between Treg 
percentage and serum anti-AChR antibody level. There have been two clinical studies 
on the relationship between anti-AChR antibody and the Th17 population: one showed 
a significant positive correlation [37] while the other showed none [28]. Further study is 
required to clarify the role of Th17 cells in MG patients. 

In conclusion, this is the first report to demonstrate that the percentage of Tregs 
among peripheral blood CD4+ T cells is significantly lower in the active stage of 
childhood onset ocular type MG but then returns to levels that are comparable with 
those of control subjects during remission. As the percentage of Tregs was remarkably 
decreased in the relapse phase, Tregs may be considered to reflect disease activity in 
childhood ocular MG as a representative clinical biomarker. On the other hand, 
peripheral blood Th17 cells appear to be unrelated with disease activity. Further study 
on the pathophysiological role and possible predictive ability of Tregs may provide 
important insights into childhood ocular MG.  
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Figure legends 

Fig. 1. Representative dot plots for flow cytometric analysis of Tregs (A) and Th17 cells (B). 

A: (a) Typical forward and side scatter gates for lymphocytes together with CD4+ cells were set to 

exclude contaminating monocytes from the analysis. CD4+ cells were gated as shown by the squared 

area. (b) A representative flow cytometric plot of Tregs with FOXP3 and CD25 expression in CD4+ 

T cells (upper right quadrant, CD4+CD25+FOXP3+). (c) The corresponding isotype control (mouse 

IgG1). All cells were gated on the CD4+ T population. 

B: (d) Lymphocytes were gated as shown by the circled area (R1). (e) The percentage of IL-17A 

based on intracellular cytokine-positive cells was counted by flow cytometry. (f) The corresponding 

isotype control (mouse IgG1). All cells were gated on lymphocytes. 

FSC: forward scatter; SSC: side scatter 

 

Fig. 2. Relationship between age and the percentage of Treg/CD4+ T cells in control subjects. There 

was no correlation between these parameters (R = 0.19, P = 0.45). The mean value of Treg/CD4+ T 

cells in children was 5.0 ± 0.6%, which was comparable with that of adult healthy donors (5.1 ± 

0.8%, n = 16).  

 

Fig. 3. Percentage of Treg/CD4+ T cells at each clinical stage. 

The percentage of Tregs among peripheral blood CD4+ T cells in the active stage (3.3 ± 1.3%) was 

significantly lower than those in the remission stage (4.8 ± 1.7%, P = 0.033) and in controls (5.0 ± 

0.6%, P < 0.001).  

Bars denote mean ± SD. N.S.: not significant 

 

Fig. 4. Changes in the percentage of Treg/CD4+ T cells according to clinical course. 

Two representative cases are shown as Case 1 (a) and Case 2 (b). A representative flow cytometric 

plot of FOXP3 expression on CD4+CD25+T cells gated on the CD4+T population at three different 

clinical stages are indicated at the bottom of (b). 

Solid lines indicate the percentage of Treg/CD4+ T cells. Dashed lines indicate serum level of 

anti-AChR antibody. 

The changes in the percentage of Tregs before and after relapse in 6 cases are shown in (c). The 

percentage was markedly lower during relapse in most patients (P = 0.003), but returned to initial 

levels during remission after more intensive treatment (P = 0.009). 

The shaded area indicates the range obtained from age-matched control subjects (5.0 ± 0.6%). 

 

Fig. 5. Percentage of Th17/CD4+ T cells in patients and control subjects. 

There were no significant differences between the active or remission stage and controls.  

Bars denote mean ± SD. 



Table 1. Patient characteristics and clinical data of test groups and age-matched controls 

Patients 
Controls 

 Active Remission  

n 12 11 18 

Age (years) 7.8 ±4.2 8.8±4.5 8.1±5.0 

M/F 7/5 3/8 10/8 

Oral anti-ChE 6 8  

IS treatment  

PSL 4 5  

PSL+Tac 2 2  

PSL+AZA 0 1  

None 6 3  

Thymoma/thymectomy 0 0  

WBC (/μl) 7290±2553 7781±1847 7808±2185 

Lym (/μl) 3752±5572 2410±1145 3347±1193 

CD4 (/μl) 1487±1883 * 1000±188 * 2946±1092 

Anti-AChR antibody

(nmol/L) 
1.0±0.7 0.8±0.8 

  

 

anti-AChR antibody: serum anti-acetylcholine receptor antibody; anti-ChE: anti-cholinesterase agent; AZA: azathioprine; CD4: cluster of differentiation 4; 

CyA: cyclosporine A; F: female; IS: immune suppressant; Lym: lymphocytes; M: male; n: number of samples or control subjects; PSL: prednisolone; Tac: 

tacrolimus; WBC: white blood cell count; * P < 0.01 

Table(s)
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