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INTRODUCTION

~20D ABSTRACT Covr

Objective: As a classical autoimmune disorder, anti-acetylcholine receptor antibody
positive myasthenia gravis has an unconventional pathophysiology that involves thy-
mus, the central organ for immune tolerance induction. Both natural cells and type 17
helper T (Th17) cells possess capacity to influence autoimmune inflammation. This
study aims to determine the presence of Th17 and natural killer cells in the thymus
from myasthenia gravis patients.

Materials and Methods: Thymectomy materials of myasthenia gravis patients and
non-myasthenic controls were assessed by CD56, CD16, CD2, CD3, NKG2D, NKp46
and IL-23R flow cytometry and IL-23R, IL-21R, and ROR-y immunohistochemistry.
Results: Even though natural killer cell infiltration was limited, the majority of these
cells displayed activation markers NKG2D and NKp46. Expectedly, the amount of
CD2+ lymphocytic cells were higher than CD3+ thymocytes in which a considerable
percentage was carrying the receptor for IL-23 (IL-23R). In addition to IL-23R, IL-
21R, and ROR-y were also detected in myasthenic thymus as a marker related to Th17
cells. These Th17-related markers were reduced in thymoma compared to that of de-
tected in thymic hyperplasia or the myasthenic thymus with normal histopathology.
Conclusion: Both natural killer cells and Th17 cells are found in the myasthenic thy-
mus indicating a possible cross-regulation between these cell types that may influ-

ence the course of autoimmune reactions.
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Myasthenia gravis (MG) is a rarely encountered anti-
body-mediated and CD4+ helper T cell-dependent
autoimmune disease of skeletal muscles. These an-
tibodies affect neuromuscular junction generally
by targeting acetylcholine receptors (AChRs) and
lead to muscle weakness [1]. Although the etiolo-
gy of autoimmune dysfunction in MG is not clear,

thymus abnormalities have been demonstrated to
have an important role [2].

In MG, the thymus can be recognized with a neo-
plasia-like presentation which include tumor (thy-
moma) development and follicular hyperplasia that
are characterized with the generation of B lym-
phocyte-rich germinal centers [3]. The presence of
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secondary lymphoid structures, B lymphocytes, and
plasma cells in such an organ which is responsible of
T cell development and selection of non-autoreac-
tive clones has been regarded as a major feature of
MG immunopathology [4-6]. Nevertheless, autore-
active antibody production needs to be supported
by helper T (Th) cells with certain subtype differen-
tiations. In autoimmune disorders, as in MG, the role
of type-1 Th (Th1) cells, the Th1/Th2 balance and
the amount of regulatory T (Treg) cells are well-ac-
knowledged [7-11]. Th17 subtype emerged as a crit-
ical promoter of inflammation that can contribute
to onset and exacerbation of autoimmune reactions
[12,13]. On the other hand, the role of Th17 in MG is
not well-established and no data is available if Th17
cells present in the MG thymus tissue.

Not only B and T cells but also innate lymphoid cells,
e.g. natural killer (NK) cells, are associated with MG
[14]. NK cells possess a capacity to modulate the ac-
tions of both Th17 cells and B lymphocytes [14-171].
Under certain inflammatory conditions, interferon
(IFN)-y produced by NK cells was implicated in au-
toimmune pathology and these cells were also de-
termined to participate in the development of ex-
perimental MG [18,19]. Intriguingly, NK cell-mediat-
ed immunity was also identified as a critical modu-
lator of Th17 responses [16]. Th17-polarizing condi-
tions are hampered because of the IFN-y secreted

by NK cells [16,17]; thus, NK cells have been indirect-
ly implicated in maintenance of tolerance and sup-
pression of central nervous system autoimmunity.
Nevertheless, even though the role of thymus is ob-
vious in the disease etiopathology, to date, the pres-
ence of NK and Th17 cells was not reported in the
MG thymus.

MATERIALS AND METHODS

Patient and Control Groups

Thymus tissues excised from MG patients (n=49)
with anti-AChR antibody positivity were used in
this study (Table 1). In addition to the freshly col-
lected specimens (n=12), 37 formalin-fixed, paraf-
fin-embedded tissue samples were obtained from
pathology archives. Tissue sections were stained
with hematoxylin-eosin and evaluated histopatho-
logically under conventional light microscopy.
Histopathological classification of the thymic le-
sions (thymoma, n=19; follicular hyperplasia, n=11
and normal thymus, n=19) was based on the World
Health Organization criteria. Thymus tissues collect-
ed with thyroid or parathyroid surgeries (for para-
thyroid adenoma and/or goiter) were used as a
non-MG control group (n=11). Majority of the pa-
tients (n=37) underwent various immune modula-
tory therapies whereas 12 patients were naive be-
fore thymectomy (Table 1). This study was approved
by local ethics committee (GO 13/34-32).

Table 1. The demographic, clinical and laboratory findings of MG patients

Thymus pathology Thymoma(n=19)

Follicular hyperplasia(n=11) Normal thymus(n=19)

Age of onset (years)

Mean£SD (min-max) e 5028

3013 (17-56) 32+13 (13-69)

Age of thymectomy (years)

+ _
Mean£SD (min-max) 4714 (22-74)

31£13 (19-57) 35+13 (15-69)

Male/Female 7/12

2/9 6/13

Antibody level

Mean£SD (min-max) 63+93 (2-395)

171£213 (2-640) 123+372 (0.6-1600)

Initial symptoms

Ocular/Generalized 6/13 0/1 2/17
Treatment before thymectomy*

S 8 8 15
AZA 1 1 1
MM 0 0 1
IVig 4 3 4
PE 5 2 2
No treatment 7 2 3
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AZA, azathioprine; CS, corticosteroids; IVIg, intravenous immunoglobulin;
MM, micophenolate mofetil; PE, plasma exchange; SD, standard deviation

*Some patients were on more than one agent.

Flow Cytometric Immunophenotyping
Thymus tissue was chopped and subjected to en-
zymatic digestion with collagenase type Il (0.075%,
Sigma, St. Louis, Missouri, USA) for 4 h; then, the di-
gestion mixture was passed through a 40 um nylon
mesh (Fisher Scientific, Hampton, New Hampshire,
USA). The cells layered at the interphase of Ficoll
1077 (Sigma) density fraction were directly col-
lected and washed. The thymocytes were labeled
with  monoclonal antibodies anti-human-CD2
(S5.2), -CD3 (SK3), -CD56 (NCAM16.2 or HCD56),
-CD16 (B73.1), -NKG2D (1D11), -NKp46 (9-E2) (Becton
Dickinson, San Jose, CA, USA) and -IL-23R (218213)
(LifeSpan Biosciences, Seattle, Washington, USA).
The percentage of positive cells was gated accord-
ing to the staining with isotype-matched antibody
controls. Immunophenotyping was performed on a
FACSAria Il flow cytometer (Becton Dickinson).

Immunohistochemistry (IHC)

Sections (4 pm) from formaldehyde-fixed and paraf-
fin-embedded tissue materials were deparaffinized,
rehydrated and incubated with primary antibodies
against human IL-21R (Thermo Scientific, Waltham,
Massachusetts, USA, 1/300), IL-23R (1/200) and
ROR-y (1/200) (LifeSpan). Antibody binding was de-
termined by using Bond Polymer Refine Detection
kit (Leica Biosystems, Newcastle Upon Tyne, UK).
Harris's hematoxylin was used as counterstain. The
IHC results was analyzed according to the preva-
lence of positively stained cells and qualitatively
scored as “no; “slight; and “apparent”

Statistical Methods

Statistical analyses were done using IBM SPSS
21 software (IBM Corp. Released 2012. IBM SPSS
Statistics for Windows, Version 21.0. Armonk, NY: IBM
Corp). Descriptive statistics were presented as num-
ber and percentage for qualitative variables and as
mean + standard deviation (SD) for numerical vari-
ables. Difference between two groups (patient and

control) in terms of age was assessed by indepen-
dentsamples t-test, whereas the difference between
four groups was evaluated by one-way ANOVA.
Comparison of genders between the groups was
done using Chi-square test. Difference between two
groups was assessed by Mann-Whitney U test and
the difference between four groups was assessed
by Kruskal Wallis test for non-normally distributed
variables. Pairwise comparisons were done by Dunn
test. Relations between variables were investigated
by Spearman’s rank correlation coefficient. A P val-
ue <0.05 was considered statistically significant.

RESULTS

NK Cells and IL-23R+ T Cells Present in

MG Thymus

The thymus has been acknowledged as a niche for T
cell development and the presence of differentiated
T cells or NK cells are rarely reported [20]. Since the
interaction between NK cells and Th17 cells has been
underlined in autoimmune disorders [16,17], we
asked whether these cells are found in the MG thy-
mus. By using a flow cytometric immunophenotyp-
ing strategy, NK cells were detected (CD3-CD16/56+,
range 0.5-15.2%) in amongst the leukocytes isolat-
ed from the thymus tissue (Figure 1A and B). Then,
these cells were gated and their activation status
was analyzed with NKG2D and NKp46 expression
(Figure 1A). Of 12 patients analyzed, five had no ex-
pression of NKG2D or NKp46 on NK cells; these were
especially that of the thymus specimens harboring
scant amount of NK cells (Figure 1C). Alternatively,
a group of patients possessed NK cells with an ac-
tivated phenotype. NKG2D was more frequently
detected (NKG2D+, range 11.8-68.6%) than NKp46
(NKp46+, range 3.8-51.9%) (Figure 1C) whereas ma-
jority of the NKG2D+ cells co-expressed the NKp46
cytotoxicity receptor (Figure 1A).

© 2020 Acta Medica. All rights reserved.
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Figure 1. The presence of NK cells in the thymus tissues excised from MG patients was studied by flow cytometry. A) Gating strat-
egy used for the immunophenotype analysis of CD45+CD3-CD16/56+ NK cells and NKG2D+ and/or NKp46+ subpopulations in
CD56+ NK cells are shown. The percentage distribution of (B) CD45+CD3-CD16/56+ NK cells and (C) NKG2D+ and/or NKp46+ NK
subpopulations in the thymocyte suspensions prepared from each MG patient is given. In the dot-plots, the horizontal lines indi-

cate the mean value.

Since the thymus is the primary immune organ where
T cells gain capacity to recognize antigens, thus, the
common T cell marker CD3 is modulated on all thy-
mocytes [21]. Therefore, both CD2 and CD3 markers
were used to determine thymocytes. Except in one
patient, approximately all thymocytes were posi-
tive for CD2 (CD2+, 88.92+15.85%). Expectedly, the
percentage of CD3+ cells remained limited (CD3+,
59.98+18.83%) (Figure 2A and C). As a surface mark-
er associated with Th17 cells, the receptor for IL-23 (IL-
23R) was found on a subpopulation of CD3+ T cells

(CD3+IL-23R+, range 3.7-33.45%) (Figure 2B and D).
These cells were regarded as evidence for the pres-
ence of Th17 subset in the MG thymus. Moreover,
a positive correlation (r=0.68) was determined be-
tween NK cells and IL-23R+ T cells in the MG thy-
mus (Figure 3). Additionally, in terms of NK or T cells,
there was no difference amongst the MG patients
with different thymus histopathologies, i.e. thy-
moma, follicular hyperplasia, and normal histology
(data not shown).
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Figure 2. The amount of CD2+ or CD3+ thymocytes and IL-23R positivity in the MG thymus. Representative flow cytometry histo-
grams (A) for the CD2 or CD3 positive thymocyte populations (empty histogram, isotype control staining; filled histogram, spe-
cific antibody staining) and (B) for the expression of IL-23R on the CD3+ cells are given. Upper and lower scatter dot-plots repre-
sent the isotype control staining and the specific antibody staining, respectively. The percentage distribution of (C) the cells pos-
itive for CD2 or CD3, and (D) IL-23R+ subpopulation in CD3+ thymocytes is given. The horizontal lines indicate the mean value.
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Figure 3. The correlation analysis between the percentage distribution of IL-23R+CD3+ thymocytes and CD56+ NK cells in the

thymus samples obtained from MG patients.
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Validation of Th17-Associated Markers in The significantly displayed less apparent expression of
MG Thymus all three markers (P<0.05). A group of MG patients
Expression of IL-23R, IL-21R, and ROR-y as Th17- with follicular hyperplasia or normal thymic histolo-
related markers [22-25] was evaluated in the thy- gy had apparent staining for IL-23R or IL-21R. In the
mus tissues from MG patients and the non-MG thymus with normal histology, these markers tend

control patients. In general, the percentage dis- to be more widely expressed amongst the patients
tribution of specimens with a slight IL-23R and (Figure 4B). A positive correlation was observed be-
ROR-y expression was significantly lower in MG tween IL-23R and ROR-y in the MG thymus with nor-
patients compared to that of the control group mal histology and in thymoma (r=0.58, P<0.05 and
(Figure 4A). Approximately 20% of the MG pa- r=0.56, P<0.05, respectively). In addition, IL-21R and

tients possessed identifiable thymocytes positive IL-23R levels were in correlation (r=0.57, P<0.05) in
for IL-23R or IL-21R whereas ROR-y was only detect- thymomas.

ed in a minor group of patients (<10%) (Figure 4A). On the other hand, none of the clinical parame-
Accordingly, only the thymus tissues with a prom- ters and patient characteristics (anti-AChR anti-
inent expression of IL-23R, IL-21R and/or ROR-y body titers, age, sex, and therapy received prior to
markers were considered to harbor a Th17 popu- thymectomy) were associated with the presence or
lation (Figure 4C). amount of either NK or Th17-related markers (data
When MG thymus tissues were categorized ac- not shown).

cording to histopathological subtypes thymomas
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Figure 4. Percentage distribution of MG patients’ thymectomy specimens according to IL-21R, IL-23R, and ROR-y expression levels.
The paraffin embedded tissues were obtained from pathology archives and stained by immunohistochemistry. A) Comparison
between the percentage distribution of non-MG and MG patients according to IL-23R, IL-21R, and ROR-y positivity in thymus spec-
imens. The patient samples were grouped according to a qualitative (no, slight, apparent) staining rank. B) Comparison between
the percentage distribution of MG patients with thymoma, follicular hyperplasia (FH) or normal thymus histopathology accord-
ing to IL-23R, IL-21R, and ROR-y positivity. The patient samples were grouped according to a qualitative (no, slight, apparent) stain-
ing rank. C) Representative micrographs of MG thymus samples with an apparent histochemical staining for IL-23R, IL-21R, and
ROR-y can be seen.
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DISCUSSION

Even though the role of thymus in anti-AChR an-
tibody positive MG is undoubted, which is basi-
cally due to the clinical benefit obtained after re-
moval of this organ [1,2], alterations in its immu-
nological composition is not widely studied. Here,
the existence of NK cells and Th17 cells are report-
ed in the thymus of anti-AChR antibody positive
MG patients. The presence of these immune cell
types in the thymus may have critical implications
since Th17-mediated autoimmune responses can
be modulated by NK cells [15-18,26].

Even though NK cells are known with their cyto-
toxic and proinflammatory functions, they have
also been implicated in the maintenance of tol-
erance [27,28]. NK cells contribute to the first line
of defense against viral infections and tumor
cells [19,28]. Direct killing of the infected or trans-
formed cells and secretion of IFN-y mediate differ-
entiation of Th1 cells [19,29]. IFN-y not only pro-
motes Th1-mediated anti-viral or anti-tumor im-
munity but also interferes with the differentiation
of other T helper subtypes, including Th17 cells
[29]. Therefore, in MG, especially which manifest
with hyperplasia or thymoma, the presence of NK
cells in the thymic microenvironment is of inter-
est. On the other hand, the thymus plays a central
role in MG autoimmunity and previous studies in-
dicated a possible role for Th17 cells in MG [12,30].
IL-21R, IL-23R and thymic ROR-y (ROR-yt) are
amongst the reliable Th17 markers even though
their expression is not restricted to these cells
[13,31,32]. IL-21R is expressed particularly in T cells,
B cells and NK cells while IL-23R is found on the
surface of memory T cells, NK cells, macrophages,
dendritic cells, and monocytes [31]. Therefore, the
thymocytes (i.e., the lymphocytic cells in the thy-
mus) that were positively stained with IL-21R and
IL-23R can be either NK or Th17 cells. The mainte-
nance of Th17 subtype and the escalation of NK
functions depends on IL-21 and IL-23 cytokines
[13,22-25,33]. These cytokines may have a poten-
tial to be involved in MG immunopathology in thy-
mus. Previously, expression of IL-6, IL-17A, IL-17F,

IL-17C, and TGF-B1 was detected in MG thymus as
Th17-associated cytokines [34]. The transcription fac-
tors ROR-y and RORa are implicated in Th17 differen-
tiation but in the thymus, ROR-yt is also expressed by
the lymphoid tissue-inducing cells [22,32]. Therefore,
not underscoring the asset of IL-21R, IL-23R, and ROR-y
as pivotal markers associated with Th17 subset, func-
tional assays would be critical to define these cells in
the thymus.

Previously, MG patients with high anti-AChR antibody
titers were identified with increased amounts of IL-17
and CD4+IL-17+ cells.30,35 In our study, there was no
association between the thymic Th17 cells and the se-
rum anti-AChR antibody levels and this observation
was independent of the patients’ clinical history and
therapy received. Therefore, Th17 subset that popu-
late the thymus may not directly influence the autore-
active antibody production in MG. On the other hand,
in the thymus of non-MG patients with parathyroid
adenoma or goiter, the lymphocytic cells displayed
similar IL-21R, IL-23R, and ROR-y expression with MG
thymocytes. Nevertheless, the effect of thyroid pa-
thologies on neighboring thymus tissue cannot be
ruled out in this non-MG control group. Intriguingly,
the thymocytes with IL-21R, IL-23R, and ROR-y positiv-
ity were significantly reduced in the MG thymus with
thymoma histopathology. In contrast, increased num-
bers of Th17 cells was found in the circulation of MG
patients with thymoma [30]. Therefore, discrepancies
in the regulation ofimmune responses among the his-
topathological subtypes of MG thymus and between
the local thymic tissue and the peripheral blood may
be argued [5,6,30]. Nevertheless, the presence of oth-
er immune cell subsets, e.g. Treg cells or myeloid cells
[9,36], and their functional status must be simultane-
ously analyzed to better understand the immune reg-
ulation in MG thymus.

This study was limited by the analysis of thymocytes
only. Thus, new prospective functional studies com-
paring the lymphocyte subset in peripheral blood and
thymus are needed to better understand the interac-
tion of these cells and their role in MG pathogenesis.
Moreover, functional assays on freshly isolated Th17
cells and NK cells from MG thymus would increase the
insights on the contribution of these cells to immune

© 2020 Acta Medica. All rights reserved.
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dysregulation in MG. The interaction between NK
and Th17 cells is a rather new concept and its impact
can be critical in tolerance and autoimmunity. Even
though isolation of both cell types from the same
microenvironment does not readily indicate a direct
cooperation between these cell types, our data in-
dicate the plausibility to investigate the cross-regu-
lation of NK and Th17 cells in MG.
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