Intrathymic Plasmablasts Are Affected in Patients
With Myasthenia Gravis With Active Disease
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Abstract

Background and Objectives
To investigate intrathymic B lymphopoiesis in patients with myasthenia gravis (MG) and
explore thymus pathology associated with clinical impact.

Methods

Thymic lymphocytes from 15 young patients without MG, 22 adult patients without MG, 14
patients with MG without thymoma, and 11 patients with MG with thymoma were subjected to
flow cytometry analysis of T follicular helper (Tth), naive B, memory B, plasmablasts,
CD19"B220™¢" thymic B cells, B-cell activating factor receptor, and C-X-C chemokine receptor
S (CXCRS). Peripheral blood mononuclear cells of 16 healthy subjects and 21 untreated
patients with MG were also analyzed. Immunologic values were compared, and correlations
between relevant values and clinical parameters were evaluated.

Results

The frequencies of circulating and intrathymic plasmablasts were significantly higher in patients
with MG than controls. On the other hand, the frequency of CD19*B220™8" thymic B cells was
not increased in MG thymus. We observed a significant increase in CXCRS expression on
plasmablasts in MG thymus and an increased frequency of intrathymic plasmablasts that was
correlated with preoperative disease activity. The frequency of intrathymic Tth cells was sig-
nificantly lower in patients who received immunosuppressive (IS) therapy than those without
IS therapy. However, there was no significant difference in the frequency of intrathymic
plasmablasts irrespective of IS therapy.

Discussion

Our findings confirmed a correlation between increased frequency of intrathymic plasmablasts
and disease activity before thymectomy. We postulate that activated intrathymic plasmablasts
endow pathogenic capacity in MG.
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Glossary

AChR = acetylcholine receptor; ADL = activities of daily living; BAFF-R = B-cell activating factor receptor; CXCRS = C-X-C
chemokine receptor $; GC = germinal center; HS = healthy subjects; IS = immunosuppressive; MFI = mean fluorescence
intensity; MG = myasthenia gravis; PMBC = peripheral blood mononuclear cell; Tth = T follicular helper; TFH = thymic

follicular hyperplasia; TNF = tumor necrosis factor.

Myasthenia gravis (MG) is a CD4" T cell-dependent au-
toimmune disease that is caused by autoantibodies directed
against different components of the neuromuscular junc-
tion." The thymus is presumably related to the triggering of
anti-acetylcholine receptor (AChR) autoimmunity in early-
onset MG or thymoma-associated MG.>> The thymus is an
organ that supports T-cell differentiation, but it also con-
tains B cells. Although CD19"B220™" thymic B cells in the
mouse are known as a unique phenotype that endows po-
tent tolerogenic features, little is known about CD19"
B220"8" thymic B cells in the human thymus.* Most
patients with early-onset MG present with morphologic
changes referred to as germinal centers (GCs) in their hy-
perplastic thymus.” Because similar GCs have been reported
in inflamed tissues of other autoimmune diseases such as the
meninges of secondary progressive multiple sclerosis, the
thymus is considered the inflamed tissue in anti-AChR
antibody-positive patients with MG. Several chemokines
including CXCL13 are responsible for the migration of
B cells in MG thymus. In addition, both CXCL13 and B-cell
activating factor (BAFF) have an important role in the
formation and maintenance of B-cell follicles.® The ectopic
GCs in the thymus of patients with MG appear to be as-
sociated with humoral immune response that results in in-
teractions with B cells and helper T cells.” Some B-cell
subsets and T follicular helper (Tfh) cells play an important
role in MG.

Recent studies showed increased plasma cells in ocular MG or
increased plasmablasts in patients with neuromyelitis optica,
and activated B-cell subsets were presumably related to dis-
ease activity.” Several groups reported that the frequencies
of circulating Tth cells were significantly elevated in some
autoimmune diseases including MG.''® The enhanced
number or activation of Tth cells potentially activates B cells
for the production of autoantibodies. However, little is known
about intrathymic B lymphopoiesis and humoral immune
response in MG thymus.

Thymectomy is the standard treatment for patients with MG
who have thymoma. On the other hand, recent studies
showed the beneficial effects of thymectomy plus predniso-
lone vs prednisolone alone in cases without t}lymoma.l3’14
The reason why thymectomy is an effective treatment for
patients with MG needs further investigation. To address
these issues, in this study, we examined the involvement of
Tth cells and B-cell subsets in the thymus as well as the
periphery in patients with MG.
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Methods

Patients

The demographic data and the clinical information for pa-
tients and controls are summarized in Table 1. The diagnosis
of MG was made on the basis of clinical features plus one or
more than one of the following features: positive response to
anticholinesterase injection, electrophysiologic signs of
neuromuscular transmission defect, and the presence of
antibodies against AChR or muscle-specific tyrosine
kinase."'® All patients with MG were positive for anti-AChR
antibody. Blood was sampled from 21 patients with MG
before any clinical treatments including immunosuppressive
(IS) therapy and 16 age-matched healthy subjects (HS)
without immunologic diseases. The 21 patients with MG
consisted of 6 patients with ocular MG and 15 patients with
generalized MG, according to clinical presentation at the
time of blood sampling and follow-up. Thymuses were
obtained during cardiac surgery of non-MG patients pre-
senting with heart disease or during thymectomy of non-MG
patients presenting with thymoma and AChR-positive pa-
tients with generalized MG. Non-MG patients were divided
into 2 groups according to age at operation: young, age <18
years, and adult, age >18 years. All patients in the non-MG
group having thymoma were seronegative for anti-AChR
antibody before thymectomy and did not develop MG later.
Pathologic diagnosis was based on the analysis of hema-
toxylin-eosin-stained sections. The MG subgroup was
pathologically confirmed as follows: involuted thymus (n =
9), thymic follicular hyperplasia (TFH) (n = §), and thy-
moma (n = 11). The thymuses were finally classified as
follows: young non-MG (n = 15), adult non-MG (n = 22),
nonthymoma MG (involuted thymus and TFH) MG (n =
14), and thymoma MG (n = 11). In the thymuses with
thymoma, non-neoplastic tissues adjacent to the thymoma
were analyzed. Fifteen of the 25 MG (+) patients enrolled in
this study took corticosteroids or immunosuppressants be-
fore the thymectomy. We showed the WHO Classification
for the thymoma MG group and details of IS therapy before
thymectomy (eTable 2, links.Iww.com/NXI/A599). We
determined the sex, age, disease duration (time from
symptom onset to blood or thymus sampling), anti-AChR
antibody titer, MGFA clinical classification, and the MG
activities of daily living (MG-ADL) score. MG was assessed
on the basis of MGFA, MG-ADL score, and anti-AChR
antibody titer at the time of blood sampling, before thy-
mectomy, and 12 months after thymectomy (Table 1, eTa-
ble 2, links.Ilww.com/NXI/AS599).
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Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by the Ethics Committee of Tokushima
University Hospital and Chiba University Hospital. All subjects
gave written informed consent for participation.

Multicolor Flow Cytometry Analysis

Peripheral blood mononuclear cells (PBMCs) were separated by
centrifugation of blood samples on Ficoll-Hypaque (Axis-Shield
PoC AS, Norway) after blood sampling.” Thymic lymphocytes
were mechanically disrupted by gentle scraping of fresh thymus.
The cells were filtered through sterile gauze and washed with
PBS by pipetting.®

PBMCs or thymic lymphocytes were incubated with specific
antibodies. Stained samples were acquired on a FACSVerse flow
cytometer (Becton Dickinson, Franklin Lakes, NJ), and data
were analyzed using FlowJo software (Tree Star, Ashland, OR).
Cells were analyzed after staining using forward-scatter and side-
scatter signals to establish the thymic lymphocytes gate, exclude
propidium iodide™ dead cells, and define T cells or B cells. The
following antibodies were used in this study: mAbs against CD3,
CD4, CD19, CD38, CD45R/B220, CD185 (C-X-C chemokine
receptor S [CXCRS]), CD279 (PD-1), CD278 (ICOS), and
CD268 (BAFF-R) (BioLegend, San Diego, CA) and mAbs
against CD27 and CD180 (BD Biosciences, San Jose, CA)
(eTable 1, linksIww.com/NXI/AS99). To evaluate the acti-
vated plasmablasts, mean fluorescence intensity (MFI) of
CXCRS and BAFF-R on the plasmablasts was measured.

Data Analysis and Statistics

Differences in the frequency of cell subsets and MFI were
compared using the Student t test between the 2 groups
(PBMC: HS and MG) or analysis of variance among the 4
groups (thymus: young non-MG, adult non-MG, nonthymoma
MG, and thymoma MG). To examine the influence of IS therapy
before thymectomy, the Student ¢ test was used to compare the
percentage of cell subsets and MFI in patients with IS therapy
(IS+) and those without IS therapy (IS-). Correlations between
cell subsets and clinical parameters (ie, age, disease duration,
antibody titer, and MG-ADL score) were assessed by analyzing
Pearson correlation coefficients. p Values <0.05 were considered
statistically significant. The data were analyzed using GraphPad
Prism 8.

Data Availability
The data set analyzed in the present study is found in the main
text and the supplementary files, links.lww.com/NXI/A599.

Results

Circulating Tfh Cells and B-Cell Subsets

We analyzed Tth and B-cell subpopulations in peripheral
blood sampled from 16 HS and 21 patients with MG before
any clinical treatments including IS therapy. None of the 6
patients with ocular MG developed secondary generalization
later. Tth cells were determined as CXCRS'PD-17 or
CXCRS'ICOS* on CD3"CD4" (Tth) cells. We found no

Table 1 Samples and Demographic/Clinical Information

Sex Age, y Duration,y Ab titer MGFA clinical classification, n (%) MG-ADL
Female (%) Mean+SD Mean+SD Mean+SD 0 | I} 1l v \% Mean + SD
Thymus
MG (-) (n=37)
Young (n =15) 26 4+7
Adult (n = 22) 59 45+ 18
No neoplasm (n = 10) 40 34+16
Thymoma (n =12) 75 54 +15
MG (+) (n = 25)
Nonthymoma (n = 14) 100 36+18 21+22 186+450 0(0) 3(21) 7(50) 4(29) 0(0) 0(0) 47+33
Involuted thymus (n =9) 100 41+£18 1.4+£09 243 +558 0(0) 2(22) 4(45) 3(33) 0(0) 0(0) 3.8+3.7
TFH (n =5) 100 27 £17 33+34 83+114 0(0) 1(20) 3(60) 1(20) 0(0) 0(0) 6.4+2.0
Thymoma (n = 11) 72 52+10 1.1+£1.9 51+87 0(0) 5(45) 6(55) 0(0) 0() 0(0) 20+1.2
Peripheral blood
Healthy subjects (n = 16) 68 51+14
Untreated patients with MG (n=21) 76 52+18 1.1£20 280+650 0(0) 7(33) 7(33) 7(33) 0(0) 0(0) 6.9+3.3

Abbreviations: AChR = anti-acetylcholine receptor antibody (normal <0.2 nmol/L); ADL = activities of daily living; age = age at thymectomy; duration = period
between disease onset and thymectomy; MGFA = Myasthenia Gravis Foundation of America; TFH = thymic follicular hyperplasia.
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significant difference in the frequencies of PD-1" and ICOS" Tth
cells between HS and patients with MG (Figure 1, A and B). The
profiles of naive B cells, memory B cells, and plasmablasts were
determined from the complex expression (CD19"CD27,
CD19*CD27", and CD19*CD27*CD38"¢"CD180") after gat-
ing out CD3" cells (Figure 1C). The frequencies of circulating
naive B cells, memory B cells, and plasmablasts were significantly
higher in patients with MG than HS (Figure 1, D-F); of these,
the frequency of plasmablasts was higher in patients with gen-
eralized MG than HS (Figure 1G). The percentage of plasma-
blasts was elevated in patients with MG with a longer disease
duration (+* = 0.358, p = 0.040) and a higher anti-AChR anti-
body titer (r* = 0.622, p = 0.0001), but there was no correlation
between the percentage of plasmablasts and the MG-ADL score
(Figure 1, H-]). However, the percentages of naive B cells and
memory B cells were not correlated with any clinical parameters
(data not shown). We also found no significant difference in the
expression of BAFF-R or CXCRS on plasmablasts between HS
and patients with MG (data not shown).

Intrathymic Tfh Cells and B-Cell Subsets

There was no significant difference in the percentages of
CXCRS*PD-1" or CXCRS'ICOS" on CD3"CD4" (Tth)
cells in the thymuses among the 4 groups (Figure 2, A and
B). Thymic B cells were defined by CD19"B220™8" cells
(Figure 2C). The percentage of CD19*B220™¢" thymic
B cells was higher in the young non-MG group than the
other 3 groups, but the difference was not significant
(Figure 2D). In contrast, memory B cells showed higher
frequencies in the nonthymoma MG group than the 2 non-
MG groups. Memory B cells were also significantly ele-
vated in the nonthymoma MG group relative to the thy-
moma MG group (Figure 2, E-G). Plasmablasts were
significantly increased in the nonthymoma MG group
compared with the 2 non-MG groups (young non-MG vs
nonthymoma MG, p < 0.0001; adult non-MG vs non-
thymoma MG, p < 0.0001) (Figures 2, E, H). Higher levels
of BAFF-R on plasmablasts were noted in the MG groups,
but there was no significant difference in the levels of
BAFF-R on plasmablasts between the non-MG groups and
the MG groups (Figure 2I). We also found a signifi-
cantly high expression of CXCRS on plasmablasts in
the MG groups relative to the young or adult non-MG
group (young non-MG vs nonthymoma MG, p < 0.05;
adult non-MG vs nonthymoma MG, p < 0.05; young non-
MG vs thymoma MG, p < 0.01; adult non-MG vs thymoma
MG, p < 0.01) (Figure 2J). Thymic B cells, naive B cells,
and plasmablasts did not show any correlation with age,
whereas memory B cells increased with age (r* = 0.322,p=
0.001) (Figure 3, A-D).

The percentage of plasmablasts in MG thymus was signifi-
cantly elevated in patients with higher disease activity (+* =
0.330, p = 0.003) (Figure 3E). We found no correlation be-
tween the percentage of intrathymic plasmablasts and the
percentage of circulating plasmablasts, disease duration, or
anti-AChR antibody titer (data not shown).
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Influence of IS Therapy Before Thymectomy in
MG Thymus

To evaluate the alteration of Tth cells and B-cell subsets due to IS
therapy before thymectomy, we examined Tth cells and B-cell
subsets in MG thymus in the IS+ MG group and the IS- MG
group. Fifteen of the 25 patients with MG were given IS therapy,
as follows: 9 patients, corticosteroids; 4 patients, corticosteroids
plus tacrolimus; 1 patient, corticosteroids plus ciclosporin; and 1
patient, tacrolimus (eTable 2, links.lww.com/NXI/AS99).

Our data showed that the percentages of PD-1" Tth and
ICOS" Tth cells in MG thymus were significantly lower in the
IS + MG group than the IS—- MG group (Figure 4, A-C).
However, the percentages of B-cell subsets were not altered
by IS therapy (Figure 4, D-G). The percentages of thymic
PD-1 and ICOS cells were not correlated with any clinical
parameters (data not shown).

Discussion

We found elevated frequencies of plasmablasts in patients with
MG, and elevated frequencies of intrathymic plasmablasts were
correlated with increased MG symptoms. We also found that
circulating plasmablast levels were high in patients with a long
disease duration and high anti-AChR antibody titer. The per-
centage of circulating plasmablasts was not correlated with
disease severity but was significantly higher in patients with
generalized MG than HS. In addition, CXCRS expression on
plasmablasts was increased in MG thymus, whereas it was
unaltered in the blood of patients with MG. In light of these
findings, we propose that the elevated plasmablast levels may
be associated with the development of immune response in
patients with MG, and intrathymic plasmablasts may play an
important role in increasing the pathogenicity of MG.

The contribution of B-cell subsets to MG immunopathology
has not been precisely defined. In this study, we showed a
method for the standardization of immunophenotyping for
B-cell subsets in human thymic lymphocytes. We detected
CD19"B220"¢" thymic B cells in human thymus, but our
results indicated no significant alterations in the population of
CD19*B220™¢" thymic B cells in MG thymus. We also
detected increased frequencies of conventional memory
B cells and plasmablasts in nonthymoma MG thymuses. Our
results partly agree with a previous study showing an in-
creased frequency of memory B cells in hyperplastic MG
thymus.® The origin of thymic B cells, including
CD19"B220"¢" thymic B cells, has been a subject of debate.
One study suggested that most thymic B cells stem from
immigration rather than intrathymic de novo generation,
because of the paucity of B-cell precursors in the thymus.*
Molecules such as CXCL12, CXCL13, and CCL21 contribute
to MG thymus pathology by recruiting peripheral B cells.?
Therefore, thymic B cells in MG thymus would be of extra-
thymic origin rather than intrathymic origin, and that may be a
prerequisite condition for MG thymus.
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Figure 1 Flow Cytometry Analysis of Tfh Cells and B-Cell Subsets in Peripheral Blood Mononuclear Cells
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(A and B) Frequencies of PD-1* Tfh and ICOS* Tfh cells in healthy subjects (HS) (open circles) and patients with MG (filled circles). (C) Representative dot plot
profiles of CD19 and CD27 expression in CD3" cells (left) and CD38 and CD180 expressions in CD3"CD19"CD27" cells (right) in HS and patients with MG.
Memory B cells and naive B cells were detected as CD3"CD19"CD27" cells and CD3"CD19*CD27" cells, respectively. Plasmablasts were detected as
CD38"CD180" cells in CD37CD19"CD27" cells. (D-F) Frequencies of naive B cells, memory B cells, and plasmablasts in HS (open circles) and patients with MG
(filled circles). (G) Frequencies of plasmablasts in HS (open circles), patients with ocular MG (OMG) (filled triangles), and patients with generalized MG (GMG)
(filled circles). (H-)) Correlation analysis of frequency of plasmablasts and clinical parameters (duration, anti-acetylcholine receptor antibody titer, and
MG-activities of daily living) in patients with MG. An unpaired t test was used in A, B, D, E, and F. The Kruskal-Wallis test with Dunn multiple comparison test
was used in G. Correlations between the frequency of plasmablasts and clinical parameters were assessed using the Spearman rank correlation testin H, |,
and J. *p < 0.05; **p < 0.01. MG = myasthenia gravis; Tfh = T follicular helper.

levels were reported in the circulation in patients with MG.'®
However, 1 study found no difference in the percentage of
B cells that express the BAFF receptor (BAFF-R) between
healthy controls and patients with MG.' Another study

The role of BAFF in MG remains one of the most contro-
versial topics. BAFF, also known as B lymphocyte stimulator,
is a member of the tumor necrosis factor (TNF) superfamily
TNESF 13, a potent survival factor for B cells."®'” High BAFF
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Figure 2 Flow Cytometry Analysis of Tfh Cells and B-Cell Subsets in Thymus
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(A and B) Frequencies of PD-1" Tfh cells and ICOS™ Tth cells in young non-MG patients (open circles), adult non-MG patients (open squares), patients with MG without
thymoma (filled triangles), and patients with MG with thymoma (filled circles). (C) Representative dot plot profiles of CD19 and B220 expression in a young non-MG
control (4-month-old female infant) and a patient with MG without thymoma (25-year-old woman) presenting with thymic hyperplasia. (D) Frequencies of CD19™
B220M8" thymic B cells in young non-MG patients (open circles), adult non-MG patients (open squares), patients with MG without thymoma (filled triangles), and
patients with MG with thymoma (filled circles). (E) Representative dot plot profiles of CD19 and CD27 expression in CD3™ cells (left) and CD38 and CD180 expression in
CD37CD19"CD27" cells (right) in an adult non-MG control (33-year-old man) and a patient with MG without thymoma (29-year-old woman) presenting with thymic
hyperplasia. Memory B cells and naive B cells were detected as CD3CD19°CD27" cells and CD3"CD19°CD27" cells, respectively. Plasmablasts were detected as
CD38"CD180 cells in CD3"CD19*CD27" cells. (F-H) Frequencies of naive B cells, memory B cells, and plasmablasts in young non-MG patients (open circles), adult non-
MG patients (open squares), patients with MG without thymoma (filled triangles), and patients with MG with thymoma (filled circles). (I and J) Mean fluorescence
intensity (MFI) of B-cell activating factor receptor and C-X-C chemokine receptor 5 on plasmablasts in young non-MG patients (open circles), adult non-MG patients
(open squares), patients with MG without thymoma (filled triangles), and patients with MG with thymoma (filled circles). The Kruskal-Wallis test with Dunn multiple
comparison test was used in A, B, D, F-J. *p < 0.05; **p < 0.01; ****p < 0.0001. MG = myasthenia gravis; Tfh = T follicular helper.

indicated that macrophages expressing BAFF and BAFF-R
were detected in GCs in hyperplastic MG thymus.*° In this
study, we found no significant difference in the levels of
BAFF-R on circulating plasmablasts between HS and pa-
tients with MG (data not shown). In addition, increased
levels of BAFF-R on plasmablasts were detected in hy-
perplastic MG thymus, but there was no significant dif-
ference in the levels of BAFF-R on plasmablasts between
control thymuses and MG thymuses (eFigure 1, links.lww.
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com/NXI/A597). These results suggest that BAFF may be
partly involved in the formation of hyperplastic MG thy-
mus but is not essential for the pathology in patients
with MG.

CXCRS is the chemokine receptor of CXCL13. CXCRS is
highly expressed on B cells and largely responsible for the
B-cell partitioning into CXCL13-rich follicular areas in lymph
nodes.”"** It was previously reported that CXCLI3 is
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Figure 3 Correlation Analysis Between Intrathymic B-Cell Subsets and Clinical Profiles
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(A-D) Correlation analysis of frequencies of B-cell subsets and age in non-MG thymuses. (E) Correlation analysis of frequency of plasmablasts and the
MG-activities of daily living score in MG thymuses. Correlations between frequency of each cell subset and clinical parameters were assessed using the

Spearman rank correlation test. MG = myasthenia gravis.

involved in attracting peripheral B cells to MG thymus and in
the organization of GCs.>** A previous report of a CXCL13
transgenic mouse showed that CXCL13 recruited B cells into
the thymus under inflammatory conditions, and this mouse
model mimics thymus pathology in human MG.** In this

study, we found that the levels of CXCRS on plasmablasts
were significantly elevated in MG thymuses. Therefore, the
high levels of CXCRS on intrathymic plasmablasts may be
associated with the recruitment of peripheral B cells into MG
thymus and the formation of GCs.

Figure 4 Tth Cells and B-Cell Subsets in MG Thymus With and Without IS Therapy
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(A) Representative dot plot profiles of C-X-C che-
1.5 mokine receptor 5 and PD-1 expression in
CD3"CD4" (PD-1" Tfh) cells in a patient with MG
with IS therapy (IS+) (14-year-old girl) (left) and a
o patient with MG without IS therapy (IS-) (56-year-
1.0 old woman) (right). Both patients with MG had
° thymic follicular hyperplasia. (B-G) Frequencies
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0.5+ 8 plasmablasts in patients with MG with IS therapy
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0.0- pressive; MG = myasthenia gravis; Tfh = T follic-
IS+ IS- ular helper.

Neurology.org/NN

Neurology: Neuroimmunology & Neuroinflammation

| Volume 8 Number 6 | November 2021


http://neurology.org/nn

We detected no significant difference in the frequencies of
circulating as well as intrathymic PD-1" and ICOS™ Tth cells
between controls and patients with MG. This contradicts the
previous finding of the increased frequency of circulating Tth
cells in the blood of patients with MG or thymic Tth cells in
the thymus of patients with MG with thymoma.'>'"*52¢ We
offer possible reasons for the discrepancy: a small number of
subjects with MG were enrolled in our study; the enrolled
subjects with MG were not severely affected compared with
previous studies'®'"; and previous studies have shown the
expansion of the thymic Tth cell population despite no im-
munomodulatory therapy before thymectomy.>*>

Corticosteroid treatment results in the reduction in the
number and size of GCs.> We showed that corticosteroid
treatment significantly decreased Tth cell proportions in MG
thymus compared with untreated MG thymus. Our findings
are in line with the previous report that IS therapy including
corticosteroids downregulated circulating Tth cell propor-
tions in patients with systemic lupus erythematosus.”” GC
response is impaired in the absence of T cell-expressed
CXCRS.?® These findings offer important insights into the
mechanisms whereby IS therapy before thymectomy inhibits
lymphoproliferative response leading to ectopic GCs.

Despite the MGTX study and its extension study, contro-
versies surrounding therapeutic thymectomy have remained
unaddressed.'>'* Our results offer important insight into the
pathogenic role of the thymus, whereby intrathymic B lym-
phopoiesis increases the disease activity. Our results also
suggest that the reduction of plasmablasts contributes to
beneficial effects after thymectomy, even after corticosteroid
treatment. However, our study has some limitations. The fact
that 12 of the 14 patients in the nonthymoma MG group
received IS therapy may influence the interpretation of
intrathymic Tth cells and B-cell subsets. In addition, the ex-
amination in the thymoma group was limited to nonneo-
plastic tissues surrounding the thymoma. This has prevented
us from drawing solid conclusions on the role of thymectomy
in some disease subtypes such as thymoma associated with
MG. In conclusion, we speculate that the interactions of ac-
tivated plasmablasts with Tth cells contribute to B-cell re-
cruitment and clinical presentation in MG thymus.
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