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KEYWORDS Abstract Myasthenia gravis (MG) is caused by T-cell-dependent autoantibodies against muscle
Myasthenia gravis; acetylcholine receptors (AChR) at the neuromuscular junction. Here, we adopted ELISA and flow
Soluble factors; cytometry techniques to measure the levels of Th1, Th2, Th3 cytokines, inflammatory cytokine
Regulatory T cells; and chemokine sICAM-1 and to analyze the phenotypes of CD4" and CD8" regulatory cells as well
B cells as the expression of BAFF-R on CD19" B cells in peripheral blood from 75 MG patients and 50

healthy controls. There were no differences in the levels of IL-2, IL-4, IL-10, IL-13, IFN-vy, TNF-«,
TGF-p and sCTLA-4 in both sera and culture supernatants between MG patients and healthy
controls. The level of IL-12 was decreased in culture supernatants from MG patients, and the
level of sSICAM-1 was increased in both sera and culture supernatants from MG patients. Although
the populations of CD8°CD28 and CD8*CD122" regulatory T cells were not different between MG
patients and healthy controls, MG patients exhibited the decrease of CD4"CD25™¢"Foxp3*
regulatory T cells and the increase of CD19"BAFF-R* B cells, revealing that MG patients should
display the dysfunction of T cell balance and the activation of B cell maturation.

© 2007 Elsevier Inc. All rights reserved.

Introduction anism of immune response (especially for circulating anti-
bodies against AChR) in its pathogenesis is well established in
patients with MG [1]. However, many studies have demon-
strated that both Th1 and Th2 lymphocytes and cytokines
probably participate in the development of MG [2]. CD4* T
cells specific for AChR are required for the development of
experimental autoimmune MG (EAMG) [3]. Clinical EAMG was
nearly completely prevented in CD4 87, CD4~/~, and CD8 '~
mice [4]. A persistent clonally expanded CD4* helper T cell
* Corresponding author. population was observed in the blood of MG patients [5]. AChR
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Myasthenia gravis (MG) is an autoimmune disease character-
ized by the failure of neuromuscular transmission, which
results from the binding of autoantibodies to acetylcholine
receptor (AChR) at the neuromuscular junction (NMJ) [1].
Although the cause of this disorder is unknown, the mech-
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Table 1  General characteristics of MG patients in this study
Severity of disease Number of patients (%) M/F

I 19 (25.3) 4/15
lla 30 (40.0) 7/23
IIb 21 (28.0) 16/5
11l 5 (6.7) 2/3
Sera antibody

Positive 53 (70.7) 21/32
Negative 22 (29.3) 8/14
Disease duration

<6 months 32 (42.7) 10/22
6 months—3 years 29 (38.7) 8/21
3 years—5 years 4 (5.3) 3/1
>5 years 10 (13.3) 8/2
Thymus histopathology

Thymoma 25 (33.3) 12/13
Hyperplasia 31 (41.3) 9/22
Normal 19 (25.4) 8/11
Thymectomy

<3 months 18 (24.0) 10/8
3—6 months 4 (5.3) 1/3
>6 months 14 (18.7) 6/8

help AChR-specific B cells to produce autoantibodies against
the mouse AChR [6], indicating that the pathogenesis of this
disease results from the collaborative effects of Tand B cells
and subsequent activity of autoantibodies and complements.

Both AChR-specific Th1 and Th2 cells are documented in
MG patients, but it is not yet clear which are essential for
driving the pathogenesis of MG patients. Th1 cytokines are
important in cell-mediated immune responses, whereas Th2
cytokines are important inducers of humoral immune
responses. However, Th2 cells have complex and contrasting
roles in EAMG [2,7-10].

Intercellular adhesion molecule-1 (ICAM-1; CD54) has long
been implicated in the pathogenesis of multiple sclerosis (MS)
and its animal model experimental autoimmune encephalo-
myelitis (EAE), but little is known about the regulation of
ICAM-1 in the pathogenesis of MG. Recent studies have
identified ICAM-1 as a co-stimulatory ligand that binds to

lymphocyte function associated antigen-1 (LFA-1), thereby
promoting the activation of Tcells. On the other hand, LFA-1/
ICAM-1 interaction declines the threshold for B cell activation
by promoting B cell adhesion and synapse formation [11],
confirming the important role of ICAM-1 as a signaling
molecule in B cell activation [12]. Soluble ICAM-1 (sICAM-1)
may serve as a serologic marker of disease activity in patients
with systemic lupus erythematosus (SLE) [13], rheumatoid
arthritis [14], connective tissue diseases [15], Graves' disease
[16], chronic hepatitis C[17] and MG [18].

We aimed to investigate the status of immune responses
in MG patients by exploring the levels of Th1, Th2, Th3
cytokines, inflammatory cytokines and chemokine sICAM-1
and analyzing the phenotypes of CD4* and CD8" regulatory
cells as well as the expression of BAFF-R on CD19* B cells.

Materials and methods

Study subjects

Seventy-five unselected MG patients from myasthenia out-
patient clinics and neurological wards at Huashan Hospital,
Shanghai, China were recruited in this study. The diagnosis of
MG was based on clinical symptoms, positive response to
cholinesterase inhibitors, abnormal results in the neurophy-
siological tests and, in most patients, presence of serum anti-
AChR antibodies. Disease duration and the disease flare
(severity of disease, thymus histopathology and immunother-
apy) at the time of blood sampling are shown in Table 1, Table
2. The mean age of the 75 MG patients was 36 years (ranging
from 5 to 66 years). Fifty healthy volunteers (mean age=32,
ranging from 16 to 53 years) were selected at random from an
available set of normal data to achieve age and sex matching.
Healthy donors had not taken any medications for at least 4
weeks. Serum samples were collected from MG patients and
healthy donors, and kept in —70 °C until analysis.

Isolation and culture of mononuclear cells

Peripheral blood mononuclear cells (MNC) from heparinized
blood were separated by density gradient centrifugation over
Ficoll/Hypaque (Amersham Pharmacia Biotech, Piscataway,
NJ, USA). Cells from the interface were washed with PBS
and adjusted to a concentration of 2x10%/ml in Dulbecco's
modified Eagle's minimal essential medium (Gibco, Paisley,

Table 2 Immunotherapies of MG patients in this study

Treatment N (%) Dosage (n)

No treatment 12 (16.0)

Corticosteroid (iv) 9 (12.0) 500 mg/day

Corticosteroid and Ig (iv) 8 (10.7) 500 mg/day and 400 mg/kg/day

Ig (iv) 13 (17.3) 400 mg/kg/day

Corticosteroid (oa) 7 (9.3) <50 mg/day (5) >50 mg/day (2)
Aza (0a) 7 (9.3) 25 mg bid (3) 50 mg bid (4)
Corticosteroid +Aza (oa) 19 (25.4) <50 mg/day+50 mg bid

Aza=azathioprine.
oa=oral administration.
iv=intravenous.
N/n=number of patients.
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UK) supplemented with 10% heat-inactivated FBS (Gibco),
antibiotics 200 U of penicillin (Gibco). Trypan blue exclusive
assay was used to exclude any cell death. Cells (2x10%/ml)
were cultured in complete medium at 37 °C for 5% CO,. After
48 h, supernatants were collected for cytokine measure-
ment, and cells were harvested for flow cytometry.

Measurement of cytokines and chemokines by ELISA

IL-2, IL-4, IL-10, IL-12, IL-13, IFN-y, TNF-«, TGF-§3, sICAM-1
and sCTLA-4 were detected by using human ELISA kits from BD
Bioscience Pharmingen following the manufacturer's instruc-
tions. The levels of cytokines were quantified by reference to

Sera
IFN-y p>0.05 IL-2 0>0.05 IL-12 p>0.05
351 . 401 - b %
304 [ ] o
254 ° o 304 o
1004
- ....... o s —_ e®® o
204 (<] 000
%’15 "{Q 8330§ £ - = £ . o3 g 2
a 154 —_Ogf o a —2000 ——
104 . S8g3E88 002 e W °ggqgg°
o::.. 00:21 00 104 ot H v See go
54 1 ; A . o000
0 0 0
MG HC MG HC MG HC
IL-4 p<0.05 IL-10 p>0.05 IL-13 p<0.05
150+ o 100+ 15 o
80+ [ ]
= 1004 . _— . . 104 56
-2 ° E 40 .....' Qo E o ODODO
o o 3V _, 0099200 54 .o‘*..'. oWy
O,
] RN SIERED s BEEg
W a328R99
0 0
MG HC MG HC
Supernatants
IFN-y IL-2 IL-12 p<0.01
p>0.05 p>0.05 —_———
200- —_— 250+ — 1250+ .
L *
*
- 2004 1000+
— — - —3 - o
E £ 150 E 750
{=1]
2 * & 1004 . 2 5004 % o
* * <
o 504 250 o °sogo
bl | sadAlds cccconn wadhide =
0 04 0
MG HC MG HC MG HC
IL-4 IL-10 IL-13
>0.05
300- .p— S p>0.05 i - p>0.05
*
200+ 40+
2004 — 150 ‘:0 © 30
s s 5 5
. . 1004 L, 3%, o 2 20+ ~
504 ? 008300 104
| ke e oLttt o® N
MG HC MG HC MG HC

Figure 1  The levels of Th1 and Th2 cytokine concentrations in

sera and culture supernatants from MG patients (MG) and healthy

controls (N). The concentration of cytokines in sera and culture supernatants was determined by ELISA. The y-axis shows cytokine
concentrations (pg/ml). Each dot represents the mean value of duplicates. The bar represents the mean value and p values less than

0.05 were considered significant (two-tailed).
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standard curves. Determinations were performed in dupli-

cate and results were expressed as pg/ml.

Flow cytometry

For phenotypic analysis, MNC were stained with the following
panel of antibodies: FITC-CD4, PE-CD25, FITC-CD8, PE-CD28,

Figure 2 The levels of TGF-B, TNF-a and soluble ICAM-1 and CTLA-4 concentrations in sera and culture supernatants from MG
patients (MG) and healthy controls (N). The concentration of cytokines in sera and culture supernatants was determined by ELISA. The
y-axis shows cytokine concentrations (pg/ml). Each dot represents the mean value of duplicates. The bar represents the mean value

PE-CD122, TC-CD19 and PE-BAFF-R (BD Biosciences, San
Diego, CA) for 20 min at 4 °C in 1% BSA-PBS buffer, washed
twice with PBS and analyzed using a Coulter Epics XL flow
cytometer (Becton Dickinson, Mountain View, CA). Gates
were set so that the CD4*CD25 population was based on the
isotype control while the CD25""¢" population was determined
relative to the low intensity of CD25 staining. Intracellular
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and p values less than 0.05 were considered significant (two-tailed).
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Figure 3 The populations of CD4 and CD8 regulatory T cells in peripheral blood from MG patients and healthy controls. The

populations of CD4 and CD8 regulatory T cells were determined by flow cytometry. The y-axis shows percentages of regulatory T cells
(%). The bar represents the mean value and p values less than 0.05 were considered significant (two-tailed).

Foxp3 staining was performed with PE-Cy5-Foxp3 in 1x
Permeabilization Buffer (eBioscience Inc., San Diego). In
brief, MNC were washed in PBS, fixed in 1 ml of PBS with 1%
paraformaldehyde for 20 min at 4 °C. Cells were incubated
with PE-Cy5-Foxp3.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Science (SPSS) statistical software
package. Comparisons between the two groups were made
using the Student’s t test. p values less than 0.05 were
considered significant (two-tailed).

Results

Soluble factors in sera and culture supernatants
from MG and healthy controls

We detected the levels of Th1 and Th2 cytokines in sera and
culture supernatants from MG patients and healthy controls.
MG patients had reduced levels of IL-12 (p<0.01) in sera and
did not demonstrate any difference for IFN-v, IL-2, IL-4, IL-10
and IL-13 in both sera and culture supernatants (Fig. 1). We
also measured the levels of TGF-p, TNF-«, SICAM-1 and sCTLA-
1 in both sera and culture supernatants from healthy controls
and MG patients. Only the level of sICAM-1 was elevated in
culture supernatants from MG patients (p<0.01) and did not
show a significant increase in sera (p=0.054) (Fig. 2).

Regulatory T cells from healthy controls and MG
patients

Because regulatory T cell population was shown to play an
important role in the maintenance of peripheral tolerance,

we measured the levels of regulatory T cells including
CD4*CD25Me"Foxp3*, CD8*CD28  and CD8*CD122* T cells.
We found that MG patients had significantly lower numbers of
CD4*CD25Me"Fosp3* T cells than healthy subjects (p<0.0001)
(Fig. 3). The intensity of CD8*CD28 and CD8*CD122* reg-
ulatory T cell population was not statistically different in MG
patients compared to healthy controls (p>0.05, respectively)
(Fig. 3).

CD19*BAFF-R* B cells in MG patients and
healthy controls

In MG patients, AChR situated at the neuromuscular endplate
are destroyed by autoantibodies against AChR. BAFF—BAFF
receptor signal pathway on B cells is essential for B-cell
survival and activation. To assess whether the intensity of
BAFF-R expression on B cells was different in MG patients
compared to healthy controls, we measured the intensity of
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Figure 4 The populations of CD19"BAFF-R* B cells in periph-
eral blood from MG patients and healthy controls. The
populations of CD19"BAFF-R* B cells were determined by flow
cytometry. The y-axis shows percentages of CD19"BAFF-R* B
cells (%). The bar represents the mean value and p values less
than 0.05 were considered significant (two-tailed).
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MG patients. The concentration of cytokines and chemokine in sera was determined by ELISA. The y-axis shows cytokine con-
centrations (pg/ml). Each dot represents the mean value of duplicates. The bar represents the mean value and p values less than 0.05

were considered significant (two-tailed).

BAFF-R on CD19" B cells. We detected a significant increase
of BAFF-R*CD19* B cells (p<0.0001) in MG patients compared
to healthy controls (Fig. 4). We have checked the levels of
IgG in sera and did not find the correlation between the
numbers of CD19"BAFFR*B cells and the levels of IgG (data
not shown).

Comparison of soluble cytokines and chemokine at
different phase and after corticosteroid therapy

We compared the levels of IFN-y, TNF-«, IL-4, IL-10, sCTLA-4
and sICAM-1 concentrations in sera from MG patients at
stable and uncontrolled phase of disease. As seen in Fig. 5, no
significant differences were observed between stable and
uncontrolled phase in MG patients (p>0.05). In parallel
comparison, we also tested the effects of corticosteroid
therapy (1 month) in MG patients. Results demonstrate that
corticosteroid therapy did not change the levels of IFN-v,
TNF-«, IL-4, IL-10, sCTLA-4 and sICAM-1 concentrations in
sera (Fig. 6). Taken together, the results reveal that these
soluble factors may be not necessary for the pathogenesis
and the improvement of MG.

Discussion

Measurement of cytokines and/or soluble markers is useful
for understanding pathogenesis and as diagnostic and prog-
nostic indicators in many autoimmune diseases [19]. Although
Th1 and Th2 cytokines seem to be important for the
development of EAMG and MG patients, these molecules in
the present study were not different between MG patients
and normal controls. The complications and difficulties in
cytokine assays have been reported [20-22], and a number of
factors have been shown to affect the quality and validity of
the measurement [23 24]. It should be considered that
measurement of in vivo cytokine production might be
problematic owing to the rapid utilization, catabolization
and excretion of cytokine quickly after production and
secretion. In addition, a2-microglobulin, autoantibodies and
soluble cytokine receptors bind cytokines and affect the
recognition of cytokines by immunoassay [22]. Based on these
considerations, we measured serum cytokine concentration
and spontaneous cytokine production in culture super-
natants. Beside increase of ICAM-1 production in patients
with MG, the levels of Th1/Th2/Th3 cytokines, sCTLA-4 and
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Figure 6 The comparison of IFN-vy, TNF-a, IL-4, IL-10, sSCTLA-4 and sICAM-1 concentrations in sera from MG patients before and after
corticosteroid therapy. The concentration of cytokines and chemokine in sera was determined by ELISA. The y-axis shows cytokine
concentrations (pg/ml). Each dot represents the mean value of duplicates. The bar represents the mean value and p values less than

0.05 were considered significant (two-tailed).

TNF-« are not significantly altered in MG patients compared
to healthy controls.

To prevent autoimmune diseases induced directly by
autoimmune attack, a complex network of immunity and
tolerance mechanism has co-evolved to prevent or dampen
immune-mediated diseases. Distinct subsets of regulatory
CD4* and CD8* T cells have emerged as important cells in the
induction of peripheral tolerance. The present study explored
both CD4* and CD8" T cell subsets in the peripheral blood of
patients with MG. We found that CD4*CD25™&"Foxp3* cells are
dramatically decreased in the peripheral blood of patients
with MG compared to healthy controls. However, a remark-
able decrease of CD4"CD25"¢"Foxp3* cells was not associated
with decreased IL-10 and/or TGF-p levels in MG patients. The
capacity of CD4*CD25""¢"Foxp3* cells to produce immunosup-
pressive or immunomodulatory cytokines remains controver-
sial. Whereas some studies claim that CD4*CD25" cells do not
produce cytokines [25,26], others demonstrate that these
cells may secrete cytokines, including IL-10 and/or TGF-B
[27,28]. While CD4* T lymphocytes have recently attracted
the most attention, CD8* regulatory Tcell populations are also
believed to play an important role in control of autoimmunity.
Some CD8* T cell lineages have also been suggested as

regulatory T cells [29-31]. In our study, there was no
difference on circulating CD8*CD28~ and CD8*CD122* T cells
between MG patients and healthy controls.

The BAFF-BAFF-R axis appears to be the most crucial
pathway that transduces survival signals to B cells [32]. We
found that the frequency of BAFF-R expression on CD19* B
cells was statistically increased in MG patients compared
with healthy controls. Ng et al. reported that activated T
cells up-regulated BAFF-R surface expression [33]. A remark-
able decrease of CD4*CD25Me"Foxp3* cells should reveal a
relative activation of T cells that may induce the up-
regulation of BAFF-R expression on CD19* B cells. The ability
of self-reactive B cells to be rescued by BAFF is most likely
determined by their expression of BAFF-R, which peaks
around the point during B cell maturation where BAFF-
mediated rescue begins to operate [34]. It will be of great
interest to determine whether BAFF/BAFF-R signaling might
be associated with human MG.

ICAM-1 is a member of the immunoglobulin supergene
family and plays a central role in cell-to-cell and in cell-to-
extracellular matrix-mediated immune responses and has
been advocated as a parameter of clinical relevance in de-
termining the activation of the immune system in autoimmune
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diseases. Elevated levels of sICAM-1 were observed in
rheumatoid arthritis [14], HIV-1 infection [35], chronic
hepatitis C [36] and systemic lupus erythematosus [37]. In
our study, a tendency to increased levels of SICAM-1 in serum
was observed in MG patients, although it did not reach sta-
tistical significance (p=0.054). However, the levels of sSICAM-1
were increased significantly in culture supernatants from MG
patients. Noteworthy, high levels of sICAM-1 were detected in
multiple sclerosis (MS) patients benefiting from interferon
beta treatment [38,39]. The levels of sICAM-1 were also
elevated in FK506-treated NOD mouse [40]. Patients with MG
treated by plasma exchange also exhibited high levels of
sICAM-1 [41]. These results indicate that stabilization of the
expression of cell surface bound ICAM-1 on blood MNC may
indicate the beneficial effects of sICAM-1 after drug therapy in
MS patients [39], revealing that SICAM 1 might have a relevant
immunoregulatory role in autoimmune diseases.

In summary, there was no difference in the levels of IL-2,
IL-4, IL-10, IL-13, IFN-vy, TNF-a, TGF-p and sCTLA-4 detected
in sera and culture supernatants between MG patients and
healthy controls. The levels of IL-12 were decreased in sera
from MG patients, and the levels of sICAM-1 were increased
in sera from MG patients. MG patients exhibited decreased
population of CD4*CD25M¢"Foxp3* regulatory T cells followed
by increased CD19*BAFF-R* B cells, revealing that MG
patients should display the dysfunction of T cell balance
and the activation of B cell maturation.
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