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Abstract

Objective To observe the therapeutic effect of RelB-
silenced dendritic cells (DCs) in experimental autoimmune
myasthenia gravis (EAMG), and further to investigate the
mechanism of this immune system therapeutic.

Methods (1) RelB-silenced DCs and control DCs were
prepared and the supernatants were collected for IL-12p70,
IL-6, and IL-23 measurement by ELISA. (2) RelB-silenced
DCs and control DCs were co-cultured with AChR-specific
T cells, and the supernatant was collected to observe the
IL-17, IFN-y, IL-4 production. (3) EAMG mice with
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clinical scores of 1 to 2 were collected and enrolled ran-
domly into the RelB-silenced DC group or the control DC
group. RelB-silenced DCs or an equal amount of control
DCs were injected intravenously on days 0, 7, and 14 after
enrollment. Clinical scores were evaluated every other day.
Twenty days after allotment, serum from individual mice
was collected to detect serum concentrations of anti-mouse
AChHR IgG, IgGl, IgG2b, and IgG2c. The splenocytes were
isolated for analysis of lymphocyte proliferative responses,
cytokine (IL-17, IFN-y, IL-4) production, and protein lev-
els of RORyt, T-bet, GATA-3, and FoxP3 (the special
transcription factors of Thl7, Thl, Th2, and Treg,
respectively).

Results (1) RelB-silenced DCs produced significantly
reduced amounts of IL-12p70, IL-6, and IL-23, as
compared with control DCs. (2) RelB-silenced DCs
spurred on the CD4" T cells from Th1/Th17 to the Th2
cell subset in the co-culture system. (3) Treatment with
RelB-silenced DCs effectively reduced myasthenic
symptoms and levels of serum anti-acetylcholine receptor
autoantibody in mice with ongoing EAMG. Thl7-related
markers (RORyt, IL-17) and Thl-related markers (T-bet,
IFN-y) were downregulated, whereas Th2 markers (IL-4

and GATA3) and Treg marker (FoxP3) were
upregulated.
Conclusions RelB-silenced DCs were able to create a

particular cytokine environment that was absent of
inflammatory cytokines. RelB-silenced DCs provide a
practical means to normalize the differentiation of the four
T-cell subsets (Th17, Thl, Th2, and Treg) in vivo, and thus
possess therapeutic potential in Th1/Th17-dominant auto-
immune disorders such as myasthenia gravis.

Keywords Dendritic cells - RelB -
Experimental myasthenia gravis - T-cell profile
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Introduction

The human autoimmune disease myasthenia gravis (MG) is
a T cell-dependent, acetylcholine receptor antibody-medi-
ated autoimmune neuromuscular disease [1]. Experimental
autoimmune myasthenia gravis (EAMG) induced in
C57BL/6 mice after repeated immunizations with emulsi-
fied Torpedo Californica AChR (TAChR) is a useful model
for the study of pathogenic mechanisms and therapeutic
strategies relevant to MG in humans [2]. Although anti-
bodies to AChR are directly responsible for the destruction
of the muscle endplate resulting in both MG and EAMG,
the autoantibody response is T cell dependent, with CD4*
T cells providing help for B cells to produce anti-AChR
antibodies [3, 4]. Traditionally, Th cells were divided into
the Thl, Th2, and regulatory T-cell (Treg) functional
subsets [5, 6]. Recently, Th17 cells, the IL-17-producing
Th subset, have been identified, and the traditional classi-
fication of Th cells has been supplemented [7]. The Thl,
Th2, and Treg cells are associated with special transcrip-
tion factors T-bet, GATA3, and FoxP3, respectively, and it
has now been confirmed that ROR-yt (retinoid-related
orphan receptors-yt) is the special transcription factor that
specially regulates the differentiation of Thl7 cells [8].
Recent studies indicate that Th17, Thl, Th2, and Treg cells
play a very important role in the development and pro-
gression of EAMG via a complex network of interactions
among the cells and their cytokines [9, 10]. Thus, modu-
lation of the differentiation of the four T-cell subsets in
vivo would be an alternative to treatment of this autoim-
mune disorder.

Dendritic cells (DCs), the most potent antigen-present-
ing cells (APCs), have important functions in T-cell
immunity and T-cell tolerance. Because of their expression
of soluble or membrane-bound T-cell-polarizing mole-
cules, DCs exert an important function in determining the
balance among Th1, Th2, Th17, and Treg development and
have become an attractive cell type for therapeutic
manipulation of the immune system in order to enhance
insufficient immune responses in infectious diseases and
cancer or to attenuate excessive immune responses in
allergy, autoimmunity, and transplantation [11].

We previously demonstrated that RelB (an NF-xB
family member that is responsible for DC differentiation)-
silenced DCs had profound effects on the induction of
EAMG partly by enhancing IL-10 and IL-4 expression
[12]. In this study, we investigated the therapeutic effect of
RelB-silenced DCs in an established EAMG. To have a
deep investigation on the immune-modulation mechanism
of RelB-silenced DCs, we have observed the effector
cytokines (IL-17, IFN-y, IL-4) and special transcription
factors (ROR-yt, T-bet, GATA3, FoxP3) of Thl7, Thl,
Th2, and Treg. Our data show that RelB-silenced DCs

pulsed with Ta46_162 peptide effectively reduced myas-
thenic symptoms in mice with ongoing EAMG. The
protective effect was associated with a shift of a T helper
Th1/Th17 to a Th2 and FoxP3* regulatory T cell profile.

Materials and methods
Animals and reagents

Eight-week-old female C57BL/6 mice were purchased
from Shanghai Slac Laboratory Animal Co. and kept under
pathogen-free conditions at the animal core facility of the
Central South University. All experiments were performed
according to the Animal Care and Use Committee guide-
lines. Toy46.162 (Leu-Gly-lle-Trp-Thr-Tyr-Asp-Gly-Tlu-
Lys-Val-Ser-Ile-Ser-Pro-Glu-Ser) peptide was synthesized
at the GL Biochem (Shanghai, China) and purified by
HPLC to >95% purity. TAChR and mouse AChR were
purified from the electric organ of Torpedo or mouse
muscle by neurotoxin affinity column [13, 14]. Complete
Freund’s adjuvant was obtained from Sigma-Aldrich.

Preparing and assaying cytokines of RelB-silenced
BMDCs

RelB-silenced DCs and control DCs were prepared as
described previously [12]. Briefly, bone marrow dendritic
cells (BMDCs) were flushed from the femurs and tibiae of
C57BL/6 mice, then cultured in the medium with 10 ng/ml
recombinant murine GM-CSF (PeproTech) and 10 ng/ml
IL-4 (PeproTech). After 120 h, BMDCs were purified by
positive immunomagnetic selection with anti-CD11c-con-
jugated MicroBeads (Miltenyi Biotec, Germany). Purified
DCs were plated in a 12-well plate containing 1 ml of
medium supplemented with mGM-CSF/mIL-4 and polyb-
rene (5 pg/ml). Concentrated lentiviruses containing RelB-
specific small interfering RNA (siRNA) (CGATGGCTTTG
CCTATGAT) or nonsilencing siRNA (TTCTCCGAACG
TGTCACGT) were then added to the cells at a multiplicity of
infection (MOI) of 50. At 5 days post-transduction, DCs
were stimulated by LPS (1 pg/ml) for 48 h. The resulting
DCs were designated as RelB-silenced DCs or control DCs,
respectively. Supernatants were collected for IL-12p70,
IL-6, and IL-23 measurement by ELISA in accordance with
the manufacturer’s instructions (eBioscience, USA).

TAChR-activated T-cell enrichment and DC T-cell
co-cultures in vitro

Eight-week-old female C57BL/6 mice were immunized in
the footpads with 20 pg TAChR in CFA. After 7 days,
single cells from the pooled draining (popliteal and
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inguinal) lymph nodes were collected, and CD4™ T cells
were positively selected magnetically with mAbs directly
bound to CD4 MACS MicroBeads (Miltenyi Biotec,
Germany) according to the manufacturer’s protocols. The
cell purity was examined by flow cytometry (>92%). RelB-
silenced DCs (or control DCs) were cultured with
4 x 10* CD4™ T cells in each well of 48-well plates in the
presence of TAChR (5 pg/ml) or Ta46-162 peptide (50 pg/ml).
After co-culture for 96 h, the supernatant was used for
analysis of IFN-y, IL-4, and IL-17 by ELISA in accordance
with the manufacturer’s instructions (BD Pharmingen).

Induction of EAMG and treatment with transduced DCs

Fifty 8-week-old female C57BL/6 mice were immunized
with TAChR (20 pg per mouse) emulsified in CFA on days
0, 30, and 60. Mice were evaluated for clinical EAMG, and
their muscle weakness was graded as follows [13]: grade O:
normal strength without any muscle weakness; grade 1:
definite weakness of the forelimbs with a characteristic
hunched, chin-down posture and flaccid tail after exercise
involving 20-30 consecutive paw grips on the top steel grids
of the animal cage; grade 2: grade 1 weakness at rest; and
grade 3: severe weakness with paralysis involving all the
limbs (quadriplegia) accompanied by dehydration and
moribund state. On day 70, 24 mice that had developed
clinical EAMG clinical scores of 1 to 2 were randomly
allotted into two groups, each with equivalent grades. RelB-
silenced DCs (2 x 10%/0.2 ml PBS each mouse) or equal
amounts of control DCs were pulsed overnight with
To146-162 peptide (50 pg/ml), washed, and injected intrave-
nously on days 0, 7, and 14 after allotment. Clinical scores
were evaluated every other day. At day 20 after allotment,
serum from individual mice was collected to detect serum
concentrations of anti-mouse AChR IgG, IgG1, IgG2b, and
IgG2c by ELISA. At day 21 after allotment, splenocytes
were isolated for analysis of TAChR- and To46_16>-induced
proliferative responses, cytokine production, and protein
levels of T-bet, GATA-3, RORyt, and FoxP3.

ELISA for anti-AChR Ig isotypes

Affinity-purified mouse-AChR (0.5 pg/ml) was coated
onto a 96-well micro titer plate in 0.1 M carbonate bicar-
bonate buffer (pH 9.6) overnight at 4°C. The plates were
blocked with 2% BSA in PBS at room temperature for
30 min. A total of 100 pl of diluted serum samples
(1:2,000) was added and incubated at 37°C for 90 min.
After four washes, HRP-conjugated anti-mouse IgG, IgGl,
IgG2b, or IgG2c (southern Biotech, USA), diluted 1/500 in
PBS 0.05% Tween-20, was added and incubated at 37°C
for 90 min. Subsequently, 0.3 mg/ml ABTS (diammo-
nium) substrate solution was added to the IgG, IgG1, and

IgG2b plates, and 100 pl of avidin-labeled peroxidase
(Sigma—Aldrich) at 2.5 pg/ml was added to the IgG2c plate
and incubated for 30 min. Finally, the peroxidase indicator
substrate ABTS, in 0.1 M citric buffer, pH 4.35, was added
in the presence of H,O,, and the mixture was allowed to
develop at room temperature in the dark. Plates were read
at a wavelength of 405 nm. The results were expressed as
OD values.

AChR-specific T-cell proliferation and cytokine assays

Splenocytes were harvested and single cell suspensions
were prepared. A total of 4 x 10° cells/well were seeded
into flat-bottom 96-well plates in RPMI 1640 medium
supplemented with 10% FBS, 25 mM HEPES buffer,
2-ME (3 x 10 pM), penicillin (100 U/ml), and strepto-
mycin (100 pg/ml) (complete medium), and stimulated
with TAChR (5 pg/ml) or dominant peptide Tojs6_162
(50 pg/ml) or ConA (4 pg/ml). Cells were incubated at
37°C in 5% CO, for 5 days with the addition of
[3H]thymidine in the final 16 h of culture. For measure-
ment of cytokine production, cells at a concentration of
4 x 10%ml were seeded into 48-well plates in complete
medium with 2.5 pg/ml TAChR or 20 pg/ml dominant
peptide To46_162. Culture supernatants were analyzed for
IFN-y, IL-4, and IL-17 by ELISA in accordance with the
manufacturer’s instructions (BD Pharmingen).

SDS-PAGE and Western blot analysis

Splenocytes were collected, centrifuged into a pellet, and
lysed for 30 min on ice, and then were centrifuged again at
12,000 rpm for another 30 min at 4°C. The protein levels
were measured by using a BCA protein assay kit
(HyClone-Pierce, USA). The protein was separated by a
vertical dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and subsequently transferred to a PVDF
membrane (Millipore, Bedford, MA, USA). The membrane
was blocked in TBS/5% skim milk overnight and then
incubated with the appropriate primary antibody (rabbit
anti-mouse RelB, Cell Signaling, USA; rat anti-mouse
RORyt, rat anti-mouse FoxP3, eBioscience, USA; goat
anti-mouse T-bet, GATA-3, Santa Cruz, USA) overnight at
4°C. After washing with TBS/Tween, the membrane was
incubated with horseradish peroxidase-conjugated IgG
antibody (Pierce, Rockford, IL, USA). After another
washing, proteins were detected with an ECL Western
blotting detection kit.

Statistical analysis

Data are expressed as mean £ SD. Differences between
groups were analyzed using SPSS software for Windows
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(version 11.0) by unpaired two-tailed parametric Student’s
t test or ANOVA test. P values below 0.05 were considered
statistically significant.

Results
Altered cytokine production in RelB-silenced DCs

As shown in Fig. 1, RelB-silenced DCs produced signifi-
cantly reduced amounts of IL-12p70, IL-6, and IL-23, as
compared with control DCs. The results indicated that
RelB-silenced DCs were able to create a particular cyto-
kine environment that was absent of inflammatory
cytokines.

RelB-silenced DCs spurred on the CD4" T cells
from Th1/Th17 to the Th2 cell subset in vitro

To define Th differentiation of CD41 T cells primed by
RelB-silenced DCs, TAChR-specific CD4™ T cells purified
from TAChR-immunized mice and RelB-silenced DCs or
control DCs were mixed at a ratio of 4:1. As shown in
Fig. 2, supernatants of co-cultures of T cells and RelB-
silenced DCs contained low levels of IFN-y (P < 0.05) and
IL-17 (P < 0.01) but high levels of IL-4 (P < 0.05), as
compared with supernatants of co-cultures of T cells and
control DCs. These results indicated that RelB-silenced
DCs possess the ability to shift CD4" T cells from Th1/
Th17 to the Th2 cell subset.

RelB-silenced DC transfer reduced the severity
of ongoing clinical EAMG in mice

We investigated the in vivo effects of RelB-silenced DCs
on ongoing clinical EAMG. In the control DC-treated
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Fig. 1 Assaying cytokines of RelB-silenced DCs. Supernatants of
control DCs and RelB-silenced DCs were collected for IL-12p70,
IL-6, and IL-23 measurement by ELISA. Data are presented as the
mean *+ SD values of triplicate cultures. Results shown are
representative of three independent experiments

group, two mice died due to severe EAMG. As shown in
Fig. 3, the average disease severity of RelB-silenced
DC-treated animals gradually lessened, and the clinical
scores on the day the experiment was terminated averaged
0.67 + 0.33, while the control DC-treated animals devel-
oped significantly more severe disease, and the clinical
scores on the day of termination averaged 2.05 &£ 0.49
(P < 0.01).

RelB-silenced DC transfer decreased anti-mouse-AChR
IgG levels

The effects of RelB-silenced DC treatment on the serum
anti-AChR Ab response were detected on day 20 after
initiation of the treatment. We measured the serum con-
centration of anti-mouse AChR Abs by ELISA with
affinity-purified mouse AChR as antigen. As shown in
Fig. 4, treatment with RelB-silenced DCs resulted in a
decrease in total anti-mouse AChR IgG Ab response
compared with the control DC group (P < 0.01). This
decrease in total anti-mouse AChR IgG levels reflected a
prominent decrease in complement-fixing IgG2b isotypes
and non-complement-fixing IgGl isotypes [15], while
another non-complement-fixing IgG2c isotype was rela-
tively unaffected.

RelB-silenced DC transfer led to reduced lymphocyte
proliferation to TAChR and its dominant peptide
Tot146-162

To test the biological modulatory effect of RelB-silenced
DCs in the lymphocyte proliferation responses to AChR
and its dominant peptide, splenocytes from TAChR-
immunized mice were stimulated in vitro with mouse
TAChHR or To 46162 peptide or ConA at the termination of
the experiment. Splenocytes from mice treated with RelB-
silenced DCs had a significantly lower (P < 0.01) prolif-
erative response to T-AChR and Toy46 162 peptide
compared with mice treated with control DCs. No differ-
ences were observed in the RelB-silenced DC-treated,
control DC-treated mice with nonspecific stimulation using
the ConA (Fig. 5a).

RelB-silenced DC transfer inhibited Th1/Th17
and promoted the Th2 cell profile in mice with EAMG

To assess the effects of RelB-silenced DC transfer on the
production of Thl, Th2, and Th17 cytokines, the levels of
IFN-y, IL-4, and IL-17 in splenocytes were measured by
ELISA (Fig. 5b). Our results showed that transfer of RelB-
silenced DC led to lower amounts of IFN-y and IL-17 but
higher amounts of IL-4 in the mice compared with the
control DC group. The observed reduction of the Thl and



Suppression of ongoing experimental autoimmune myasthenia gravis

201

Fig. 2 Effect of RelB-silenced 700 4 p<0.01
DCs on TAChR or TOC]46,162 |
peptide-activated T-cell subsets 600 p<0.01
in vitro. C57BL/6 mice were — 500 | |
immunized with TAChR in E I Control DC
CFA. After 7 days, CD4" T S 400
cells were purified from the 2 ] RelB-Silenced DC
pooled draining lymph nodes 5 300 1
and co-cultured with RelB- E 200 |
silenced DCs or control DCs in -
the presence of TAChR or 100 -
T(x146—162' IFN-V, IL-17, and
IL-4 production of supernatant 0-
harvested after 96 h of TAChR Ta146-162
co-culture was determined by
ELISA. Values are means p<0.01
+ SD. Results shown are 307 T 1 p<0.01 %01 p<0.05
representative of three —
independent experiments 250 1 40 | p<0.01
= = 1
£ 200 £E
g 8-1 30
K 150 =1
] - 20 1
= 100 -
50 | 101
0- 0-
TAChR Ta146-162 TAChR Ta146-162
Fig. 3 Kinetics of the mean 3.0
clinical severity of clinical
EAMG in RelB-silenced 2.5 : g:grg:lgr?ced DC
DC-treated mice and control I
DC-treated mice. Mice were 5
evaluated every other day 8 2.0 1
beginning at the time of © Day 0 7 14 21
initiation of treatment as g 15 A ,///
described in “Materials and 5 * % T T T
metl}ods.” Disease §ever1ty was c 10 . o xx . harvest spleen
significantly lower in 8 treatment with cells
RelB-silenced DC-treated mice s DC
compared to the control 5 1
DC-treated mice (*P < 0.05,
##P < (0.01) 00 . . . ‘ (
0 5 10 15 20 25

Days after the first injection of DC

Th17 mediators and the increase of the Th2 mediator after
treatment with RelB-silenced DCs was further confirmed
by immune-blot analysis of the T-bet, RORyt, and GATA3
protein (Thl, Th17, Th2 lineage commitment factors,
respectively). As shown in Fig. 5c, administration of RelB-
silenced DCs led to a significant reduction in T-bet and
RORyt protein expression compared with the control DC
group (P < 0.01). In contrast, RelB-silenced DC transfer
led to a significant induction of GATA3 protein expression
compared with the control DC group (P < 0.01). These
data showed that only RelB-silenced DCs were able to

induce a shift towards Th2 cytokine production after cell
transfer into mice.

Therapeutic effects of RelB-silenced DCs are
associated with Treg formation

To further investigate the mechanism of the therapeutic
function of RelB-silenced DC, we next analyzed whether
this effect was correlated with enhanced accumulation or
preservation of regulatory T cells (Treg). For analysis of
Treg of spleen lymphocytes, we used Western blotting to
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determine the expression of FoxP3, a transcription factor
that is specifically expressed by this subset of T cells [16].
As shown in Fig. 5c, we observed significantly increased
levels of FoxP3 protein in splenocytes obtained from RelB-
silenced DC-treated mice, suggesting that FoxP3™" regula-
tory T cells could have an important regulatory role in the
RelB-silenced DC-mediated suppression of the disease.

Discussion

Dendritic cells (DCs) are professional APCs that play a
crucial role as initiators and modulators of adaptive
immune responses [17]. The immunostimulatory or
immunoregulatory properties of DCs depend on maturation
status, phenotype, and source of origin. Owing to the lack
of one or more activation signals, immature DCs (iDCs)
can inhibit T-cell responses via the mechanisms of apop-
tosis [18], energy [19], and default Th2 differentiation [20,
21]. In addition, iDCs have the potential to trigger gener-
ation of regulatory T cells (Tregs) [22]. RelB is the
transcription factor that has been associated most directly
with DC differentiation and function [23].

RNA interference (RNAIi) is an evolutionarily conserved
process of sequence-specific post-transcriptional gene
silencing that is triggered by double-stranded RNA
(dsRNA) [24]. The mediators of sequence-specific

Control DC RelB-Silenced DC

Control DC RelB-Silenced DC

degradation of target mRNA are 21- to 23-nucleotide
double-stranded small interfering RNAs (siRNAs) gener-
ated by cleavage from longer dsSRNA by Dicer, an RNase-
II-like enzyme [25, 26]. Exogenous administration of
siRNA is capable of blocking gene expression in mam-
malian cells without triggering the nonspecific panic
response [24]. Lentiviral vectors are very efficient at
transducing dividing and quiescent cells, which makes
them highly useful tools for genetic analysis and gene
therapy [27]. We previously demonstrated that silencing
RelB using lentiviral-mediated RNAi results in arrest of
DC maturation with reduced expression of MHC class II
and costimulatory markers [12]. In this study, we also
demonstrated that RelB-silenced DCs inhibit LPS-stimu-
lated upregulation of IL-12, IL-23, and IL-6, which are
important cytokines that can be secreted by mDC [28, 29].

MG, as well as its animal model, EAMG, is a typical
autoantibody-mediated disease. T helper cells specific to
AChR and the cytokines they secrete may play a patho-
genic role by permitting and facilitating the synthesis of
high-affinity anti-AChR antibodies [30]. Traditionally, Th
cells were divided into the Thl and Th2 functional subsets
based on whether they express IFN-y (Thl) or IL-4 (Th2)
[31]. IFN-y appears to promote EAMG. It has been shown
to be necessary to the induction and development of
EAMG [32], and IFN-y receptor knockout mice are resis-
tant to EAMG [33, 34].
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Fig. 5 Reduced TAChR- and To46 16> peptide-specific lymphocyte
proliferative response and cytokine profile shift in RelB-silenced
DC-treated mice. Control DC-treated and RelB-silenced DC-treated
mice were sacrificed on day 21 to obtain splenocytes. a The
proliferative response to TAChR, Tay46_162, or ConA was determined
with *H incorporation. Splenocytes from mice treated with RelB-
silenced DCs had a significantly lower proliferative response to T-
AChHR and Toy46 16> peptide compared with mice treated with control
DC (P < 0.01), but no differences were observed in the two groups of
mice with nonspecific stimulation using the lectin ConA (P > 0.05).

Th2 effector cytokine IL-4 may have a protective role in
EAMG. First, IL-4-deficient mice are more susceptible to
EAMG induction [35]. Second, IL-4 appears to be involved
in the differentiation of AChR-specific regulatory CD4* T
cells, which can prevent the development of EAMG and its
progression to a self-maintaining, chronic autoimmune
disease [30, 36]. Third, tolerance procedures in mice have
been found to be effective in preventing EAMG through the

b Cytokine response to TAChR stimulation. Culture supernatants
collected at 72 h were examined by ELISA for IFN-y, IL-4, and IL-17
content. Significantly lower levels of IFN-y, IL-17, and higher levels
of IL-4 were detected in RelB-silenced DC-treated animals compared
with the control DC group (P < 0.01). ¢ Western blot analysis of
protein expression of T-bet, GATA-3, RORyt, and FoxP3. It was
shown that RelB-silenced DC treatment enhanced the expression of
GATA-3 and FoxP3, while T-bet and RORjyt decreased. f-actin
served as an internal control. Results shown are representative of
three independent experiments

induction of Thl unresponsiveness, which was associated
with an upregulation of Th2 cytokine synthesis [31, 37].
Consistent with previous reports that iDC or DC absence of
IL-12R plays a prominent regulatory role in the induction of
antigen-specific Th2 cells [28, 38], our data demonstrated
that RelB-silenced DC transfer leads to prominent upregu-
lation of IL-4 and downregulation of IFN-y in EAMG.
To further support these observations, the application of
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RelB-silenced DC transfer in our study evidently led to a
downregulation of T-bet expression, whereas GATA3 pro-
tein expression was significantly upregulated. Our results
are also in agreement with recent reports that T-bet ™'~ mice
are less susceptible to EAMG [39].

Recent evidence suggests that naive T cells can also be
induced to differentiate along a pathway favoring develop-
ment of Th17 or Treg cells in a mutually exclusive manner
[40-42]. The Th17 population, which is characterized by
production of IL-17, is important in mediating autoimmune
diseases such as rheumatoid arthritis and EAE in animals
[43, 44]. A very recent study reported that TAChR-immu-
nized IL-17~"" mice exhibited significantly milder EAMG
and reduced anti-AChR IgG2b compared to control B6 mice
[10], indicating that Th17 plays a central role in humoral
immunity in EAMG. In fact, using mice genetically deficient
in IL-12/IL-23 and IFN-4 (dKO mice) to examine the effects
of IL-12 and IFN-4 on EAMG susceptibility, Wang et al.
provided evidence that Thl cytokines are not the exclusive
players in EAMG-pathogenic Th17 cells and reduced
CD4"7CD25" Treg function may be involved in the mech-
anisms of this Ab-mediated experimental autoimmune
disease [9]. Their data are in accordance with the clinical
research that CD4TCD25™ Treg cells, which play a key role
in maintaining peripheral tolerance to self-Ag, may be
functionally impaired in MG patients [45, 46].

On the whole, the role of Th profiles in EAMG indicated
above fits with a novel proposed hypothesis with regards to
inflammatory and autoimmune diseases [47], namely that
skewing of responses towards Th17 or Thl and away from
Treg and Th2 may be responsible for the development and
progression of autoimmune diseases in humans. In the
present study, in addition to exploring the effect of RelB-
silenced DCs on Th1/Th2, we also detected the influence of
RelB-silenced DCs on Th17 and Treg. Consistent with
reports that inhibiting NF-xB or downregulating RelB
endows DCs with the ability to induce Treg formation [48,
49], our data indicated that RelB-silenced DC transfer led
to increased FoxP3, a transcription factor that has been
implicated as a key controller of development and function
of regulatory T cells. In contrast, IL-17 and RORyt
decreased significantly. The significant decrease in IL-17
production in splenocytes indicates a low production of
biologically active IL-6 and IL-23 [50, 51] by RelB-
silenced DCs. Such a decrease could also be due to high
IL-4 production, which inhibits differentiation of IL-17-
producing CD4" T cells [7]. The combination of Th2- and
Treg-promoting properties and poor proliferation of AChR-
reactive T cells suggests that RelB-silenced DCs possess a
“tolerogenic” property and would thus be useful in the
treatment of EAMG or human MG.

In summary, we propose that RelB-silenced DCs could
spur on the AChR-specific T cells from Th1/Th17 to a Th2

subset in vitro and vivo. In addition, administering RelB-
silenced BMDC:s led to a substantial increase in generation
of FoxP3™ Tregs in vivo and effectively suppressed EAMG
progression.
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