
Abstract. – OBJECTIVE: This study aimed to
examine the mechanism of Tαα146-162-iMDC in
the pathogenic intervention of mice with experi-
mental autoimmune myasthenia gravis (EAMG)
from the perspective of B-cell activation.

MATERIALS AND METHODS: The mice were
divided into three groups, model (A), interven-
tion (B), and control (C), with the intervention of
Tαα146-162-iMDC. The expressions of Cbl-b mR-
NA, Syk, Lyn, Btk, and phospholipase C (PLC)-
γγ2 proteins and their phosphorylated proteins
were detected.

RESULTS: The Cbl-b mRNA expression in
group A was lower than that in group C (p <
0.01) while that in group B increased compared
with that in group A (p < 0.05), but was lower
than that in group C (p < 0.05). The expression
and phosphorylation of Syk and PLC-γγ2 pro-
teins in group A increased compared with
those in group C (p < 0.01) while those in group
B decreased compared with those in group A (p
< 0.05), but were higher than those in group C
(p < 0.05). The expression and phosphorylation
of Lyn protein in group A decreased compared
with those in group C (p < 0.01) while those in
group B increased compared with those in
group A (p < 0.05), but were lower than those in
group C (p < 0.05). The Btk protein expression
in group A increased compared with that in
group C (p < 0.01) while that in group B de-
creased compared with that in group A (p <
0.05), but was still higher than that in group C
(p < 0.05). However, no difference in phosphory-
lation levels among the three groups was ob-
served (p > 0.05).

CONCLUSIONS: Tαα146-162-iMDC intervention
can reduce the incidence of EAMG and may be
associated with Cbl-b in the negative regulation
of B-cell activation.
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Introduction

Myasthenia gravis (MG) is typically studied in
the model of Experimental Autoimmune Myas-
thenia Gravis (EAMG), in which 146 to 162 pep-
tides (Tα146-162), an advantage area in T-AChR
α subunit, primarily participate in immune re-
sponse. Immature dendritic cells (DCs) can in-
duce peripheral tolerance. Immature bone mar-
row dendritic cells (iMDCs) loaded with Tα146-
162 (Tα146-162-iMDC) can induce antigen-spe-
cific tolerance in T-AchR pre-sensitized T cells1.
Only a few studies on the influence of B-cell ac-
tivation have been conducted.

Cbl-b protein with a RING-type ubiquitin-pro-
tein ligase enzyme activity can activate the recep-
tor protein tyrosine kinase (PTK) in ubiquitina-
tion, which can negatively regulate immune cell
receptor signaling, including the down-regulation
of TKs and signaling proteins2-5. The lack or vari-
ation of Cbl-b can cause abnormal immune re-
sponses such as autoimmune response, malignant
change, and inflammatory reaction6,7. Cbl-b in-
hibits the molecules of T-cell and B-cell activa-
tion and adjusts the start threshold of the T-cell
receptor (TCR) and B-cell receptor (BCR). Cbl-b
regulation in the T-cell and B-cell signaling path-
ways may be the key to inducing and/or main-
taining peripheral immune tolerance and autoim-
munity.

B-cell activation is necessary in the pathogen-
esis of MG/EAMG. BCR constituted by mem-
brane-bound immunoglobulin and Igα/β het-
erodimers is one of the B-cell surface marker
molecules that have key roles in B-cell produc-
tion, selection, and activation. In BCR signaling
pathways, the Src family kinase with PTK activi-
ty is the most important, including Src and Lyn.
They can be activated into the recruitment and
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regulated kinase (ERK), and c-Jun N-terminal ki-
nase (JNK); increased and prolonged Ca2+ mobi-
lization; and elevated expression of activation
marker CD6916. Cbl-b can influence its connec-
tion with Igα through Syk degeneration to regu-
late several Syk downstream signaling pathways,
but does not exert any significant effect on Lyn
activation. Studies on Cbl-b that lack the DT40
cell indicate that after BCR stimulation, PLC-γ2
activation and Ca2+ mobilization occur. Cbl-b has
an important function in the Btk-BLNK-PLC-γ2
compound because the latter is necessary in
downstream Ca2+ mobilization. After BCR
crosslinking, prolonged Cbl-b-/-b intracellular
Ca2+ mobilization is related to loss of Cbl-b and
the phosphorylation of Syk, Btk, and PLC-γ2
complex16-18. The positive regulation of Cbl-b-
dependent Ca2+ mobilization requires the TKB
area and the end part of COOH, which are relat-
ed to PLC-γ2. Cbl-b can positively regulate
BCR-induced PLC-γ2/Ca2+ signal and promote
Btk-mediated PLC-γ2 activation, but has no ef-
fect on Btk activity19. After BCR crosslinking,
Cbl-b-/-b intracellular Ca2+ mobilization is pro-
longed, suggesting that it can be related to the
loss of Cbl-b and phosphorylation of the Syk-
Btk-PLC-γ2 complex17,18.

In this research, Tα146-162-iMDC was used
to intervene in the pathogenesis of EAMG. The
changes in Cbl-b expression in the level of gene
transcription as well as the expression and phos-
phorylation of Lyn, Btk, PLC-γ2, and Syk in the
BCR signaling pathway were measured to ob-
serve the Cbl-b function in the BCR signal trans-
duction pathway and to explore the mechanism
of Tα146-162-iMDC in the intervention of
EAMG from the perspective of B-cell activation.
These details provide a theoretical and experi-
mental basis for clinical MG antigen-specific
therapy.

Materials and Methods

Animal handling and grouping
Up to 34 inbred specific pathogen-free (SPF)

level C57BL/6J male mice aged 6 to 8 weeks and
weighing 14 g to 20 g were used, along with 15
SPF C57BL/6J male mice aged 4 to 6 weeks and
weighting 18 g to 22 g, which were supplied by
the Experimental Animal Center of Central South
University from Shanghai SLAC Laboratory Ani-
mal Co., Ltd. The 34 6- to 8-week-old C57BL/6J
mice were divided into three groups using the

activation of PTK Syks and Btk to conduct multi-
ple downstream pathways, including the activa-
tions of phospholipase C (PLC)-γ2, Ras, and
PI3K pathways, as well as to increase intracellu-
lar Ca2+ mobilization and cause the activation of
transcription factors such as nuclear factor-κB
(NF-κB) and nuclear factors of activated T cells.
These eventually lead to cell proliferation, differ-
entiation, activation or death. Lyn protein is an
important negative regulatory factor in the BCR
signaling pathway. Lyn level is reduced in most
patients with systemic lupus erythematosus,
which is related to enhanced ubiquitination. B-
cell proliferation response is also closely related
to the change in Lyn expression, indicating that a
change in Lyn expression level can affect BCR
signaling and B-cell activity8,9. Syk, a non-Src
protein tyrosine kinase, is the down-regulated tar-
get protein in the Src family kinase, which can be
used as the upstream pathway factor of Lyn in
immature B cells. When B cells lack Syk, loss of
reaction to BCR stimulation occurs10. Btk is the
key molecule in regulating cell survival and cell
cycle status in BCR activation signals, and BCR-
activated Btk-/-B cell cannot activate the NF-κB
signaling pathway11-13. PLC-γ2 is one of the key
downstream effectors in the BCR signaling path-
way that can decompose phosphatidylinositol-4,
5-bisphosphate, release inositol-1, 4, 5-triphos-
phate and 1, 2-diacylglycerol, and cause intracel-
lular Ca2+ pool release; PLC-γ2 also has an im-
portant function in NF-κB activation13. BCR can
cross-link the activation of adjacent Syk and Btk,
which are necessary for PLC-γ2 activation and
phosphorylation.

After BCR stimulation, tyrosine phosphoryla-
tion of Cbl-b requires the participation of Lyn
and Syk. After IgM antibody stimulation in Cbl-
b-/-mice B cell, Syk phosphorylation is de-
layed14,15. After BCR crosslinking, the Igα/Igβ
complex undergoes Igα phosphorylation, leading
to Syk recruitment in the Igα SH2 area and sub-
sequent phosphorylation. Cbl-b can adjust the
Syk/Ig combo with the combination of Syk Y317
in the tyrosine kinase-binding (TKB) area as well
as cause Syk ubiquitination and subsequent de-
naturation by combining the ubiquitin-conjugat-
ing enzyme with the RING area. Cbl-b-/-b cell
research indicates that the presence of Igα phos-
phorylation, not Syk ubiquitination, causes the
delayed combination of Igα and phosphorylated
Syk; prolonged combination of phosphorylated
Syk and Vav; prolonged phosphorylation of B
cell linker (BLNK), PLC-γ2, extracellular signal-
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random number table in SPSS 13.0. In the model
group (Group A), 200 µl T-AChR antigen emul-
sion (200 µg T-AChR, 100 µl CFA, 100 µl PBS)
was continuously and subcutaneously injected to
the mice shoulders and post-pedes pad three
times at 50 µl for each part on day 0, 30, and 60
to induce the EAMG attack20. In the intervention
group (Group B), T-AChR antigen emulsion was
continuously injected three times to the immune
animals on day 0, 30, and 60. On day 3, 33, and
63, iMDCs loaded with Tα146-162 (50 µg/ml)
were used as intervention. In the control group
(Group C), complete Freund’s adjuvant (CFA) +
phosphate buffered saline (PBS) subcutaneous
injection were administered three times on day 0,
30, and 60. On day 3, 33, and 63, 1 ml PBS was
used for subcutaneous injection. According to the
Berman20 score standard, the clinical evaluation
of EAMG severity was performed and the inci-
dence was calculated in mice that scored more
than 1 point. Fifteen 4- to 6-week-old C57BL/6J
mice were used for DC procurement and did not
participate in the grouping. This study was car-
ried out in strict accordance with the recommen-
dations in the Guide for the Care and Use of Lab-
oratory Animals of the National Institutes of
Health. The animal use protocol has been re-
viewed and approved by the Institutional Animal
Care and Use Committee (IACUC) of the Second
Xiangya Hospital, Central South University.

Cell culture
The bone marrow was extracted and induced

for DC differentiation21. For the phenotype
analysis of DCs, the cultured DCs were collected
and adjusted to 1×106/ml cell suspension with
PBS, which were stained with Trypan Blue. The
staining viability was greater than 95%. The DCs
were placed in a test tube, followed by fluores-
cent antibodies labeled antibody CD11c, CD40,
CD86, and MHC-II. The mixture was incubated
at 4ºC for 30 min, washed twice with PBS, de-
tected with a flow cytometry (FACS Calibur, BD
Bioscience, San Jose, CA, USA), and analyzed
with Cell Quest software. Fluorescence-labeled
isotype Ig was used as control.

B-lymphproliferation response
The mice were sacrificed at the termination of

the experiment. After erythrocyte removal, the
splenic cells were incubated with Thy-1 specific
monoclonal antibody, and then B-cells were puri-
fied under the complement-mediated cytotoxic
action. The obtained cells were > 90% B220+.

Lymphproliferation responses were detected us-
ing Tα146-162 and TAChR as the stimulating
antigens, respectively, with KLH as the unrelated
antigen for control. Anti-mouse IgM goat specif-
ic F(ab’)2 antibody was used for positive control.
The antibody was displaced with PBS in the neg-
ative control. The cells were inoculated onto a
96-pore plate with 4 × 105 each pore. They were
divided into five groups with three pores for each
group. Afterwards, 20 µg/ml Tα146-162, 0.5
µg/ml TAChR, 100 µg/ml KLH, 106 cells/µg anti-
mouse IgM goat specific F(ab’)2, and PBS were
respectively applied to reach a final volume of
200 µl in each pore. The medium contained 10%
fetal bovine serum, 100 U/ml penicillin, 100
µg/ml streptomycin, 2 Mm glutaminate, and 3 ×
10-5 M 2-ME. The cells were cultured in 5% CO2

at 37 °C for 5 d. At 18 h before the end of the
culture, 3H-TdR (1 µCi/pore) was incorporated.
The cells were transferred onto fiberglass filter
paper using a DYQ-II multichannel cell collec-
tion instrument. The paper was repeatedly
washed to remove free 3H-TdR, dried, and then
placed into a scintillation fluid-containing plastic
tube. Radioactive fluorescence scintillation was
counted (CPM), and the mean count of three
pores was calculated.

Real-time fluorescence quantitative 
polymerase chain reaction (RT-PCR)

The primer sequence of Cbl-b and internal ref-
erence β-actin were as follows: Cbl-b Sense:
5′GGGTCTCAGAGGCAATG3′, Anti-sense:
5′TTCCTACCAGC TCCAACA3′, with a product
of 585 bp; β-actin Sense: 5′CTGTCCCT GTAT-
GCCTCTG 3′, Anti-sense: 5′GGATGTCAACGT-
CAC-ACTTC 3′, with a product of 451 bp. The
mice were executed on day 90, and the groin,
popliteal fossa, axillary lymph nodes, and spleens
were taken. Total RNA was extracted to determine
the concentration and then stored at –70°C in liq-
uid nitrogen. About 2 µl total RNA, 0.5 µl 1 µg/µl
Oligo (dT)18, and 0.5 µl 40 µ/µl Rnasin were
mixed. Diethylpyrocarbonate (DEPC) water was
added for a total volume of 12 µl, and the mixture
was added into a 0.2 ml PCR reaction tube at
70°C for 5 min. The solution was stored at an ice
quencher for 30 s and then briefly centrifuged.
Next, 4 µl 5×RT buffer, 2 µl 10 mm deoxyribonu-
cleotide triphosphate (dNTP) mix, and 0.5 µl 40
µ/µl Rnasin were mixed. DEPC water was added
for a total volume of 19 µl. The mixture was gen-
tly blended and centrifuged for 5 s, and then react-
ed at 37°C for 5 min. About 1 µl 200 µ/µl M-Mulv
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reverse transcriptase was added into the mixture
for a total reaction system of 20 µl, which was in-
cubated in the PCR instrument at 42°C for 1 h, de-
natured at 70°C for 10 min, and cooled on ice for
10 min. The same procedure was used in the blank
control, but with DEPC water instead of RNA
sample. Up to 1 µl 10 mm dNTP, 2.5 µl 25 mm
MgCl2, 2.5 µl 10×T-Aq buffer with (NH4)2SO4, 1
µl 10 µM β-actin upstream primer, 1 µl 10 µM β-
actin downstream primer, 1 µl 50 µM target gene
upstream primer, 1 µl 50 µM target gene down-
stream primer, 0.4 µl 5 µ/µl T-Aq enzyme, and 2
µl cDNA were added into the 0.2 ml PCR reaction
tube. Deionized double-distilled water was added
for a final volume of 25 µl for amplification. The
PCR product was sampled in 1.5% agarose, with
ethidium bromide staining. After electrophoresis,
the gel was placed on the T-Anon GIS-2020 elec-
trophoresis gel image analyzer to measure the op-
tical density of each product. The optical density
ratio of target gene to that of β-actin was the rela-
tive value of the target gene mRNA. The RT-PCR
products were collected.

Fluorescence quantitative PCR amplification.
The TaqMan probe used in fluorescence quantita-
tive PCR amplification was 5’-(FAM)ATGCCC-
X(TAMRA)-CCCCCATGCAATCCTGCG Tp-3’.
The amplification system with a total volume of
25 µL contained 2 µL of DNA, 0.5 µL of the up-
stream primer, 0.5 µL of the downstream primer,
0.5 µL of the probe, 0.5 µL of the reference dye
Rox reference Dye II, 12.5 µL of Ex taq enzyme
premix, and deionized water. The amplification
was performed on an ABI Prism 7300 Real-time
Fluorescence Quantitative PCR instrument. The
amplification conditions consisted of 95 °C for 30
s and 40 cycles of 95 °C for 5 s and 60 °C for 20s.
The PCR products were analyzed according to the
melting point curve to exclude the possible inter-
ference from primer dimmers. Based on the es-
tablished standard curve, the accurate initial copy
numbers of β-actin and Cbl-b in each test sample
were calculated automatically. Means were ob-
tained. The relative mRNA copy number of Cbl-b
in a test sample was calculated based on the mini-
mum number of cycles satisfying the threshold
value (Ct value). The Ct value of each sample (
Ct) was calculated based on the following formu-
la: Ct = Ct (gene of interest) – Ct (the internal
reference). Ct was calculated based the fol-
lowing formula: Ct = Ct (model group/inter-
vention group) – ∆CT (control group). The differ-
ential fold of the expression of a target gene was
calculated using the 2-∆∆C

T method to obtain the
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relative mRNA template amount of the gene. 2-

∅∅C
T > 1 indicated upregulated expression of the

target gene, whereas the value < 1 indicated
downregulated expression of the gene. 

Standard curve establishment. About 2 µL of β-
actin and 2 µL of Cbl-b were respectively applied
for fluorescence quantitative PCR, with deionized
water as the blank control. Quantitative standard
plasmids were prepared using the conventional T-
A vector cloning method. The amplification prod-
ucts of β-actin and Cbl-b were collected and
cloned to pMDl8-T vectors. The vectors with an
inserted fragment were screened. Plasmid DNA
was extracted using a plasmid DNA extraction kit
and then quantified using an ultraviolet spec-
trophotometer. After clone number counting, plas-
mid DNA was diluted to gradient concentrations
by 10 times for standard curve establishment. 

Western blot
The mice were executed on day 90, and the

groin, popliteal fossa, axillary lymph nodes, and
spleens were taken. Proteins were extracted from
the cytoplasmic lysate. The protein concentration
was determined with bicinchoninic acid
assay method, and then saved at –70 °C. About
50 µg protein was denaturized and separated with
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis, and then transferred to a nitro-
cellulose (NC) membranewith constant wet elec-
trical transfer for 1.5 h to 2 h under 150 mA. Af-
terward, 3% BSA + 5% skimmed milk powder
was used to seal a table concentrator at 37°C for
1 h. Rabbit anti-mouse Btk antibody, rabbit anti-
mouse Syk antibody, rabbit anti-mouse Lyn anti-
body, rabbit anti-mouse Btk antibody, rabbit anti-
mouse PLC-γ2 antibody, and HRP-p-Tyr mouse
monoclonal antibody were diluted with 3% BSA
+ 5% skimmed milk powder blocking solution
(1:500) on a table concentrator at 4°C overnight.
These were, then, washed with tris-buffered
saline (TBS) three times at room temperature.
The horseradish peroxidase (HRP)-labeled goat
anti-rabbit secondary antibody (1:2000) was
added and reacted at room temperature for 1 h to
1.5 h, after which it was washed with TBS three
times at room temperature. Electrochemilumines-
cence (ECL) liquid was uniformly added on the
membrane and stained for 5 min until the ECL
fluid dried. The ECL fluid was exposed, devel-
oped, and fixed in the darkroom. Adding the sec-
ondary antibody on the NC membrane was no
longer required as HRP-p-Tyr mouse monoclonal
antibody was already added, which could be di-
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DC CD11C CD40 CD86 MHC-II

pDC － －
iMDC ++ + + +
mMDC ++ ++ ++ ++

Table I. DC phenotypes in different phases.
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to the wooden partition could be seen. The cells
were small and round and grew in clusters. The
volume of the cells gradually increased. On day 6,
the phase-contrast microscope showed cells that
were irregularly round with adherent growth. A
small amount of burr was observed on their sur-
faces. According to the phenotyping analysis of
flow cytometry instruments, CD11c+, CD40low,
CD86low, and MHC-IIlow confirmed that the cul-
tured cells were iMDC (Table I, Figures 1).

Mouse behavior and morphology 
Different degrees of myasthenia were ob-

served after EAMG pathogenesis of the mice,
which manifested as reduced activity, reduced
feeding, weak bite, weight loss, arched back,
lowered head, vertical tail, and systemic failure.
The symptoms of MG could be temporarily im-
proved by neostigmine experiments.

Incidence and clinical scores
The mice in the model group and the interven-

tion group were all out of attack 30 d after the
first immunization. On day 39, 2/12 (16.7%)
mice were in attack in the model group. On day
57, 1/12 (8.3%) mice were in attack in the inter-
vention group, which was delayed compared
with the model group. At the end of the experi-
ment, 9/12 (75%) mice were in attack in the
model group and 3/12 (25%) mice in the inter-
vention group, with significant difference in inci-
dence between the two groups (p < 0.05). Before
the artificial execution, one mouse naturally died
due to a serious disease in the model group. No
natural death occurred in the intervention group.
Since day 66, a significant difference in average
clinical scoring was observed between the two
groups with 0.75 ± 0.87 vs. 0.17 ± 0.39, respec-
tively (p < 0.05). At the end of the experiment,
the two groups exhibited 1.67 ± 1.15 vs. 0.33 ±
0.65 clinical scoring, respectively (p < 0.01).

B-lymphproliferation response
The cpm value under the stimulation of anti-

mouse IgM antibody was noticeably higher than
that in any other simulation group, whereas the
value under the stimulation of PBS was notice-
ably lower than that in any other stimulation
group. No significant differences were observed
among groups A, B, and C. These three groups
did not show significant differences in response to
KLH, either, with the cpm values close to the
PBS group but lower than any other stimulation
group. This finding indicates that the cells in

rectly stained. GIS gel image processing system
V3.74 was used for film analysis, with GAPDH
(1:2000) as the internal reference protein. The
experimental methods and procedures were the
same as those in the target protein. The ratio of
the optical density of target gene to the optical
density of GAPDH is the relative value of the tar-
get gene.

Co-immunoprecipitation
For Syk, Btk, and PLC-γ2, 5 × 107cells were

dissolved in Tris or MES containing 1% NP-40,
sodium orthovanadate, and protease inhibitors at
each time point. For Cbl-b and Lyn, 2 × 107cells
were dissolved in RIPA buffer solution contain-
ing 1% NP-40, 0.5% sodium deoxycholate, 0.1%
SDS, sodium orthovanadate, and protease in-
hibitors for cleavage. The lysates were subjected
to immunoprecipitation using corresponding spe-
cific antibodies. The precipitates were fractioned
on SDS-PAGE and then subjected to im-
munoblotting using phosphotyrosine specific
mAb PY20 for tyrosine phosphorylation analy-
sis. Protein expression was also observed. 

Statistical analysis
The results were presented as mean ± standard

deviation (x– ± s) and analyzed with SPSS 13.0
software package 8SPSS Inc., Chicago, IL,
USA). ANOVA was used in the mean compari-
son among multiple samples with design group.
T-test was used in the mean comparison between
two samples. Q-test was used in the mean com-
parison of multiple samples. Mann-Whitney U
test was used in the semiquantitative score com-
parison between the two samples.

Results

Morphological features and phenotypes
After culturing for 24 h, adherent monocytes

homogeneously gathered into groups under an in-
verted phase-contrast microscope. The cells were
small and round. The number of cells gradually in-
creased. On day 3, more cells that loosely adhered



Figure 1. A, FITC-CD40. B, FITC-CD11c. C, FITC-CD86. D, FITC-MHC-II.

A

C

B

D

Figure 2. Amplification curves according to RT fluores-
cence quantitative PCR. 

R. Wang, P. Zhang, Y. Wang, L. Zhang

in group B (p < 0.01). This finding indicates that
the cells in both group A and group B had prolif-
erative responses to the specific antigens and that
the responses in group B were partially inhibited
after intervention. Furthermore, in both groups A
and B, the responses to TAChR were slightly
more powerful than those to Tα146-162, but
without significant differences between the two
groups. The results are summarized in Table II. 

Cbl-b mRNA expression
The RT fluorescence quantitative PCR results

showed that the amplification curve of Cbl-b was
basically parallel to that of β-actin (Figure 2),
which suggests that the amplification efficiencies of
Cbl-b and β-actin were fundamentally consistent,
and can, therefore, be analyzed using 2-∅∅C

T. The
melting curves showed that both genes were uni-

groups A, B, and C did not have proliferative re-
sponses to the unrelated antigen. Groups A and B
displayed markedly stronger responses to Tα146-
162 and TAChR compared with groups C (p <
0.01), with those in group A stronger than those
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External stimulus

Group Case (n) PBS T-AChR Tα146-162 Anti-IgM KLH

Model 12 903.6  ± 131.2 9423.1 ± 1526.2*§ 8203.5 ± 1452.0*§ 15047.1 ± 2318.3 1029.5 ± 211.0
Intervention 12 917.4 ± 102.3 3417.5 ± 546.9* 2783.2 ± 525.3* 14059.5 ± 2832.6 987.4 ± 169.8
Control 10 875.2 ± 111.4 1256.3 ± 229.3 1368.4 ± 223.6 13027.3 ± 1866.9 1274.5 ± 215.4

Table II. B-lymphocyte proliferation (CPM) under the stimulation of different antigens ( ± s).

*p < 0.01 vs. control group; §p < 0.01 vs. intervention group.

Figure 3. Cbl-b mRNA expression of RT-
PCR in each group of mice spleens and
lymph nodes. M: marker; 1: Spleens in the
model group; 2: Spleens in the intervention
group; 3: Spleens in the control group; 4:
Lymph nodes in the model group; 5:
Lymph nodes in the intervention group; 6:
Lymph nodes in the control group.

Group Cases (n) ∆CT ∆∆CT 2-∆∆C
T

Model/spleen 6 3.34 ± 2.69**§ -3.53 ± 2.88**§ 0.58 (0.36 - 0.84)
Model/lymph node 6 3.48 ± 3.07**§ -3.46 ± 3.11**§ 0.49 (0.35 - 0.72)
Intervention/spleen 6 5.83 ± 3.46* -1.65 ± 3.16* 0.71 (0.55 - 0.83)
Intervention/lymph node 6 5.69 ± 2.82* -1.71 ± 2.96* 0.70 (0.46 - 0.88)
Control/spleen 5 7.16 ± 3.01 0.00 ± 0.00 1.00
Control/lymph node 5 7.37 ± 1.27 0.18 ± 0.32 0.98 (0.15 - 1.16)

Table III. Cbl-b mRNA expression according to RT fluorescence quantitative PCR.

*p < 0.05 vs. control group; **p < 0.01 vs. control group; §p < 0.05 vs. model group.
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whereas those in the intervention group de-
creased compared with the model group, but
were still higher than those in the control group.
The phosphorylation levels of Syk protein in
spleens and lymph nodes in the model group and
the intervention group were all higher than those
in the control group, whereas those in the inter-
vention group decreased compared with those in
the model group, but were higher than those in
the control group (Table IV, Figure 4).

Expression and phosphorylation 
of Lyn protein

The Lyn protein expression levels in spleens
and lymph nodes in the model group significant-
ly decreased compared with those in the control
group, whereas those in the intervention group
significantly increased compared with the model
group, but were still lower than those in the con-

modal, and that the melting-out temperature in each
curve of the gene was basically consistent, with a
sharp peak form and without miscellaneous peaks.
These findings suggest that the amplification prod-
ucts in this study had satisfactory specificity. The
amplification products were the fragments of inter-
est, and no non-specific products were amplified.

The Cbl-b mRNA expression levels in spleens
and lymph nodes in the model group significantly
decreased compared with the control group, where-
as those in the intervention group increased com-
pared with the model group, but were still lower
than those in the control group (Table III, Figure 3).

Expression and phosphorylation 
of Syk protein

The Syk protein expression levels in spleens
and lymph nodes in the model group significant-
ly increased compared with the control group,



Protein Phosphorylation

Groups n Spleen Lymph node Spleen Lymph node

EAMG 6 0.822 ± 0.097**§ 0.753 ± 0.112**§ 0.563 ± 0.062**§ 0.469 ± 0.085**§

Treatment 6 0.662 ± 0.112* 0.527 ± 0.096* 0.421 ± 0.103** 0.369 ± 0.096**

Control 5 0.334 ± 0.121 0.365 ± 0.102 0.202 ± 0.087 0.195 ± 0.069

Table IV. The expression and phosphorylation of Syk protein in spleen and lymph node (x– ± s).

Note: Compared with control group, **p <0.01, *p <0.05; Compared with treatment group, §p <0.05

Protein Phosphorylation

Groups n Spleen Lymph node Spleen Lymph node

EAMG 6 0.343 ± 0.100**§ 0.244 ± 0.098**§ 0.236 ± 0.096**§ 0.212 ± 0.097**§

Treatment 6 0.498 ± 0.097* 0.468 ± 0.078* 0.395 ± 0.104* 0.374 ± 0.077*
Control 5 0. 710 ± 0.183 0.678 ± 0.101 0.596 ± 0.139 0.557 ± 0.098

Table V. The expression and phosphorylation of Lyn protein in spleen and lymph node (x– ± s).

Note: Compared with control group, **p <0.01, *p <0.05; Compared with treatment group, §p <0.05

Protein Phosphorylation

Groups n Spleen Lymph node Spleen Lymph node

EAMG 6 0.722 ± 0.110**§ 0.675 ± 0.101**§ 0.378 ± 0.097 0.357 ± 0.101
Treatment 6 0.575 ± 0.102* 0.496 ± 0.100* 0.362 ± 0.106 0.316 ± 0.092
Control 5 0.368 ± 0.131 0.334 ± 0.109 0.316 ± 0.125 0.287 ± 0.112

Table VI. The expression and phosphorylation of Btk protein in spleen and lymph node (x– ± s).

Note: Compared with control group, **p < 0.01, *p < 0.05; Compared with treatment group, §p < 0.05

R. Wang, P. Zhang, Y. Wang, L. Zhang

Expression and phosphorylation 
of PLC-γ2 protein

The PLC-γ2 protein expression levels in
spleens and lymph nodes in the model group sig-
nificantly increased compared with those in the
control group, whereas those in the intervention
group decreased compared with the model group,
but were still higher than those in the control
group. The phosphorylation levels of PLC-γ2
protein in spleens and lymph nodes in the model
group and the intervention group were all higher
than those in the control group, whereas those in
the intervention group decreased compared with
those in the model group, but higher than those
in the control group (Table VII, Figure 4).

Co-immunoprecipitation
Cbl-b phosphorylation was not observed in

resting B-cells, but increased immediately after
cross linking with BCR. The phosphorylation

trol group. The phosphorylation levels of Lyn
protein in spleens and lymph nodes in the model
group and the intervention group were all lower
than those in the control group, whereas those in
the intervention group increased compared with
those in the model group, but were lower than
those in the control group (Table V, Figure 4).

Expression and phosphorylation 
of Btk protein

The Btk protein expression levels in spleens
and lymph nodes in the model group all in-
creased compared with those in the control
group, whereas those in the intervention group
decreased compared with those in the model
group, but were still higher than those in the con-
trol group. No significant difference was ob-
served in Btk protein phosphorylation levels in
the spleen and lymph nodes among the three
groups (Table VI, Figure 4).
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Protein Phosphorylation

Groups n Spleen Lymphonode Spleen Lymphonode

EAMG 6 0.684 ± 0.144**§ 0.655 ± 0.107**§ 0.567 ± 0.094**§ 0.565 ± 0.105**§

Treatment 6 0.497 ± 0.102* 0.456 ± 0.093* 0.447 ± 0.110* 0.398 ± 0.109*

Control 5 0.269 ± 0.131 0.216 ± 0.112 0.219 ± 0.145 0.202 ± 0.119

Table VII. The expression and phosphorylation of PLC-γ2 protein in spleen and lymphonode (x– ± s).

Note: Compared with control group, **p < 0.01, *p < 0.05; Compared with treatment group, §p < 0.05

Figure 4. Expression and phosphorylation
of Syk, Lyn, Btk, and PLC-γ2 proteins in
each group of mice spleens and lymph nodes.
1: Spleens in the model group; 2: Spleens in
the intervention group; 3: Spleens in the con-
trol group; 4: Lymph nodes in the model
group; 5: Lymph nodes in the intervention
group; 6: Lymph nodes in the control group.
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The Lyn phosphorylation levels at all different
time points were high in the three groups. After
BCR cross linkage, the levels increased slightly, and
phosphorylation lasted 30 min. The Lyn protein
phosphorylation level in group A noticeably de-
creased compared with that in Group C. Although
the Lyn protein expression level in group B in-
creased compared with that in group A, it was lower
than that in group C. The Lyn protein phosphoryla-
tion levels in groups A and B were both lower than
that in group C. The results are shown in Figure 5C. 

Btk phosphorylation was not observed in the
resting B-cells in group C. After BCR cross link-
age, it increased immediately and reached the
peak at 5 min. The Btk protein level in group A
increased compared with that in group C. Al-
though the level in group B decreased compared
with that in group A, it was higher than that in
group C. However, no significant differences in
the Btk protein phosphorylation levels were ob-
served among the groups (Figure 5D). 

PLC-γ2 phosphorylation was not observed in
the resting B-cells in group C. After BCR cross
linkage, PLC-γ2 phosphorylation appeared im-

level started to fall after 5 min of the increase and
almost dropped to a nonactivation level after 30
min. The Cbl-b expression in group A signifi-
cantly decreased compared with that in Group C.
Its expression in group B was higher than that in
group A but lower than that in group C. These re-
sults are shown in Figure 5A. Cbl-b phosphoryla-
tion after BCR cross linkage indicates that Cbl-b
plays a direct role in the BCR signal pathway. 

Syk phosphorylation was not observed in the
resting B-cells. After BCR cross linkage, groups
A and B exhibited immediately phosphorylation.
The phosphorylation levels markedly increased 5
min after cross linkage, and the phosphorylation
time prolonged. Group C did not show phospho-
rylation. The Syk protein expression in Group A
significantly increased compared with that in
Group C. The protein expression in Group B sig-
nificantly decreased compared with that in Group
A but higher than that in Group C. The phospho-
rylation levels of Syk protein in both groups A
and B were higher than that in group C, with the
level in group A higher than that in group B. The
results are shown in Figure 5B.



Figure 5. Phosphorylation levels of Cbl-b, Syk, Lyn, Btk, and PLC-γ2 were observed using co-immunoprecipitation. 

mediately, reached the peak at 5 min, and started
to decrease at 30 min. The PLC-γ2 protein levels
in groups A and B significantly increased com-

pared with that in group C, with the level in
group B lower than that in group A. The PLC-γ2
protein phosphorylation levels in groups A and B

R. Wang, P. Zhang, Y. Wang, L. Zhang
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antigen-specific immune tolerance similar to the
research results of previous scholars2-5. Lyn pro-
tein expression level and phosphorylation level in
EAMG mice noticeably decreased compared
with those in the control group, indicating that
the negative regulation of Lyn decreases in the
BCR signaling pathway. Lyn expression level in
mice after Tα146-162-iMDC intervention was
higher than that in the model group, indicating
that Tα146-162-iMDC possibly increases Lyn
expression and phosphorylation, and that it may
be related to the increase in Cbl-b expression.
Syk protein expression level and phosphorylation
level in the model mice significantly increased
compared with those in the control group, which
may be due to the decreased negative regulation
of Cbl-b and Lyn in the BCR signaling pathway,
the increase in the positive regulation of Syk, the
possible increase caused by Tα146-162-iMDC in
Cbl-b and Lyn expressions, and the restraint ex-
erted by Lyn phosphorylation on the positive reg-
ulation of Syk in the BCR pathway, results simi-
lar to those obtained by previous scholars8-10. Syk
protein expression and increased phosphorylation
level in the model group may also be due to the
decrease in Cbl-b to reduce Syk ubiquitination
and induce Igα phosphorylation; the delayed
combination of Igα and phosphorylated Syk; the
prolonged combination of phosphorylated Syk
and Vav; the prolonged phosphorylation of
BLNK, PLC-γ2, ERK, and JNK; the increased
and prolonged Ca2+ mobilization; and the elevat-
ed expression of activation marker CD6916. Al-
though the Btk protein expression in EAMG
mice was higher than that in the intervention
group, no obvious difference was observed
among the phosphorylation level model group,
the intervention group, and the control group, in-
dicating that the phosphorylation of Btk protein
in EAMG mice was unaffected. Thus, Tα146-
162-iMDC does not affect the positive regulation
of Btk through Cbl-b in the BCR signaling path-
way. The expression and phosphorylation of pos-
itive regulatory factor PLC-γ2 in the BCR signal-
ing pathway in the model group increased, indi-
cating that after AchR stimulation to BCR, PLC-
γ2 is activated for phosphorylation and causes
BCR conduction along the downstream signaling
pathway to induce B-cell activation. Tα146-162-
iMDC decreases mice PLC-γ2 expression and
phosphorylation, which are related to increased
Cbl-b expression and inhibited PLC-γ2 phospho-
rylation, consistent with the research results by
Daniel19.

were higher than that in group C, with the level
in group B lower than that in group A. The re-
sults are shown in Figure 5E. 

Discussion 

C57BL/6J mice were subcutaneously injected
with Torpedo californica AChR (T-AChR) and
CFA hybrid emulsion to successfully induce the
EAMG model. Tα146-162-iMDC was applied to
intervene in the pathogenesis of EAMG. We dy-
namically observed the expression of ubiquitin lig-
ase Cbl-b in the gene transcription level in EAMG
mice and the changes in the expression and phos-
phorylation of Lyn, Btk, PLc-γ2, and Syk proteins
related to BCR-mediated signaling pathways to in-
vestigate the function of the Cbl-b to BCR signal-
ing pathway as well as to determine whether
Tα146-162- iMDC intervention of EAMG is relat-
ed to B-cell activation. However, as expected, the
results of this study showed that Tα146-162-iMDC
can strengthen the negative regulation of Cbl-b in
the BCR signaling pathway to restrain auto-reac-
tive B-cell activation and induce B-cell tolerance
for inhibition of EAMG attack. 

The results of B-lymphproliferation response
indicate that the low expression of allostimulato-
ry molecules in Tα146-162 loaded iMDC, such
as CD40 and CD86, possibly induces no re-
sponse or incapability of T-cells, because of the
lack of allostimulatory signals during the process
of antigen recognition, which is manifested by
the proliferative response of antigen specific B
lymphocytes weakened and their activation in-
hibited. 

Cbl-b mRNA expression level in the model
group decreased compared with that in the con-
trol group, but increased compared with that in
the model group in mice given Tα146-162-
iMDC intervention. This finding indicates that
the decreased Cbl-b expression in EAMG mice
and the decreased negative regulation of B-cell
activation can cause enhanced B-cell activation
and pathogenesis in mice. Moreover, Tα146-162-
iMDC possibly enhances Cbl-b expression to in-
hibit B-cell activation. Another research con-
firmed that Tα146-162-iMDC can induce regula-
tory T cell (Tr) generation1. The two research re-
sults indicate that Tα146-162-iMDC can induce
the generation of Tr cells to attain high Cbl-b ex-
pression, which can restrain the beginning of
TCR and BCR and inhibit antigen-specific T-cell
and B-cell activation, respectively, thus inducing
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Conclusions

By strengthening the negative regulation of
Cbl-b in the BCR signaling pathway, autoreactive
B-cell activation is restrained. Induced B-cell tol-
erance is another possible mechanism in Tα146-
162-iMDC intervention of EAMG attack. The
study supplemented the previous mechanism of
Tα146-162-iMDC intervention of EAMG attack,
including T-cell activation and complement, as
well as provided new ideas and approaches for
MG/EAMG treatment. The mechanism of Tα146-
162-iMDC in B-cell activation in the process of
EAMG attack was only observed in this study, so
no intervention was present in the established
EAMG model. The treatment effect of Tα146-
162-iMDC is uncertain. Further research should
mainly focus on the curative effect of Tα146-162-
iMDC on MG/EAMG and other mechanisms.
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