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Abstract: Background: Myasthenia gravis (MG), a chronic autoimmune neuromuscular disorder characterized by
muscle weakness, remains a therapeutic challenge. This study aimed to evaluate the efficacy of the traditional
Chinese herbal formulation YiQiWenShen (YQWS) in comparison with prednisone in a rat model of experimental
autoimmune myasthenia gravis (EAMG), with the goal of exploring new therapeutic strategies. Methods: EAMG was
induced in rats, who were subsequently treated with different doses of YQWS and prednisone. Clinical severity was
assessed using the Baggi scoring system, alongside measurements of body weight, serum acetylcholine receptor
antibody (AChR-Ab) levels, and splenic lymphocyte proliferation in response to the rat AChRa97-116 peptide and
concanavalin A. Cytokine profiles, proportions of T follicular helper (Tfh) cells, T follicular regulatory (Tfr) cells, and
germinal center B (GC)-B cells in lymph nodes were analyzed using enzyme-linked immunosorbent assay and flow
cytometry. The expression levels of B-cell ymphoma 6 (Bcl-6) mRNA and protein were analyzed using quantitative
real-time polymerase chain reaction and western blot, respectively. Results: After EAMG induction, the rats exhibited
significant weight loss, elevated clinical scores, and increased AChR-Ab levels. Both YQWS and prednisone treat-
ments significantly improved body weight and clinical scores, and reduced serum AChR-Ab levels. YQWS also at-
tenuated the increased splenic lymphocyte proliferation. Cytokine dysregulation observed in EAMG rats was partially
corrected following YQWS treatment. Furthermore, both YQWS and prednisone effectively normalized the Tfh/Tfr
cell ratio, decreased GC-B cell populations, and downregulated Bcl-6 expression. Conclusion: YQWS exerts thera-
peutic effects in EAMG comparable to those of prednisone, demonstrating its potential as an alternative treatment
for MG. Its efficacy is associated with the normalization of body weight, modulation of immune responses, correction
of cytokine imbalances and reestablishment of Tfh/Tfr and GC-B cell homeostasis.
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Introduction

Myasthenia gravis (MG) is an autoimmune dis-
ease characterized by muscle weakness and
fatigue resulting from impaired neuromuscular
transmission. The disease primarily affects
young women and older men, with an esti-
mated prevalence of approximately 12 per
100,000 individuals [1]. MG is predominantly
caused by autoimmune disruption at the neu-
romuscular junction (NMJ), most commonly
through the production of autoantibodies
directed against acetylcholine receptors
(AChRs). The pathogenesis of MG involves a

multifactorial interplay between genetic predis-
position and environmental triggers, ultimately
leading to a loss of immune tolerance and the
generation of pathogenic autoantibodies [2].
Current therapeutic strategies include plasma
exchange, intravenous immunoglobulin, immu-
noadsorption, immunosuppressive agents, tar-
geted immunotherapy and thymectomy. Al-
though these methods can alleviate clinical
symptoms, they are not curative [3]. Prednis-
one is widely used in the treatment of MG due
to its anti-inflammatory and immunosuppres-
sive properties. However, its long-term use is
associated with significant adverse effects,
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including osteoporosis, hypertension, diabetes
and an increased susceptibility to infection,
which can limit its clinical use [4]. As a result,
there is increasing interest in the development
of alternative therapies that offer more selec-
tive immunomodulation with improved safety
profiles.

Traditional Chinese Medicine (TCM) has gar-
nered increasing attention for its therapeutic
efficacy, multi-target mechanisms, and rela-
tively low incidence of adverse effects [5].
Chinese herbal formulations have demonstrat-
ed the potential to regulate immune responses
while mitigating the risks associated with sys-
temic immunosuppressive therapies, such as
those seen with long-term prednisone use [6].
A representative example is the Jianpi Yiqi
Bugan Yishen Decoction, which has shown
promise in clinical applications [7]. According to
TCM theory, MG is primarily associated with
“spleen Qi deficiency and impairs the ascent
of clear yang”. Therapeutic strategies that
focus on tonifying Qi and strengthening kid-
ney function are believed to support immune
regulation and restore internal balance [8],
thereby addressing the underlying pathophysi-
ology of autoimmune diseases such as MG [9].
YiQiWenShen (YQWS) is a traditional herbal for-
mula specifically designed to invigorate the
spleen and kidneys while elevating Qi. It has
been reported to exert beneficial effects in
regional clinical settings in China. Rooted in
TCM theories, YQWS embodies the holistic
view of disease by emphasizing the intercon-
nection among internal organs, Qi (vital ener-
gy), and environmental influences [10]. The
constituent herbs of YQWS have long been
used for their roles in Qi invigoration and kid-
ney warming, and are thought to contribute to
immune homeostasis and systemic vitality.
The therapeutic rationale for using YQWS in MG
lies in its immunomodulatory potential rather
than broad suppression. By correcting immune
imbalance and reducing autoantibody produc-
tion, YQWS offers a targeted approach that may
provide symptom relief while minimizing side
effects.

Cell-mediated immunity, particularly the re-
gulation of T lymphocyte subsets, has emerged
as a crucial target in the treatment of MG, as it
plays a central role in B-cell activation and sub-
sequent autoantibody production [11]. Among
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these subsets, T follicular helper (Tfh) cells/T
follicular regulatory (Tfr) cells play key roles in
regulating antibody production by B cells [12].
Dysregulation of Tfh/Tfr cell populations and
their associated cytokines, such as interferon
gamma (IFN-y), interleukin (IL)-4, IL-6, IL-17, and
transforming growth factor beta (TGF-B), can
precipitate the autoimmune response charac-
teristic of MG [13, 14]. Consequently, therapeu-
tic strategies aimed at modulating these
immune elements may represent promising
avenues for intervention. B-cell lymphoma 6
protein (Bcl-6), a transcription factor essential
for the development of both Tfh and germinal
center B (GC-B) cells, serves as a valuable bio-
marker for assessing immune activation and
the efficacy of immunomodulatory treatments
[15]. In parallel, splenic lymphocyte prolifera-
tion assays in response to specific antigens,
such as the Rat AChRa97-116 peptide (R97-
116) or mitogens like concanavalin A (ConA),
are employed to evaluate antigen-specific and
polyclonal T-cell response, respectively. R97-
116, derived from the acetylcholine receptor
(AChR), induces lymphocyte proliferation, indi-
cating an aggressive autoimmune response
and reflecting disease activity in experimental
autoimmune myasthenia gravis (EAMG) [16]. In
contrast, ConA, which binds specific sugar mol-
ecules on lymphocyte surfaces, serves as a
potent nonspecific T-cell mitogen [17]. Notably,
in thymic tissues of MG patients, Tfh cells and
B cells co-localize within ectopic germinal
centers (GCs), where their interactions are
thought to drive the generation of pathogenic
anti-AChR antibodies [18]. Studies have shown
that decreasing the proportions of Thi, Thl7,
and Tfh cells while increasing Th2, Treg, and
Tfr populations can significantly alleviate MG
symptoms [19]. Therefore, restoring the bal-
ance of T-cell subsets may constitute a key
immunomodulatory mechanism in MG therapy.
Targeting Tfh/Tfr cells may hold promise for the
development of more effective therapeutic
approaches for MG.

This study aims to systematically evaluate the
therapeutic efficacy of the traditional Chinese
medicine formula YQWS in a rat model of
experimental autoimmune myasthenia gravis
(EAMG), and to elucidate the molecular me-
chanisms underlying its immunomodulatory
effects. By directly comparing its outcomes
with those of the standard therapy, Prednisone,
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we seek to investigate the relative advantages
of YQWS in terms of safety and immune regula-
tion, thereby exploring novel therapeutic ave-
nues and safer management strategies for MG.

Materials and methods
Materials

The YQWS formula was meticulously devised
by the authors based on traditional Chinese
medicine theory and comprised of the follow-
ing components: Astragalus membranaceus
(60 g), Codonopsis pilosula (30 g), Tangerine
Peel (10 g), Cimicifugae Rhizoma (10 g), Bu-
pleuri Radix (10 g), Atractylodes macrocephala
Koidz (15 g), Prepared Liquorice Root (10 g),
Angelica sinensis (15 g), Cuscuta chinensis
(30 g), Goji Berries (30 g), Cornus officinalis
(20 g), and Deer Antler (10 g). Prednisone ace-
tate tablets (5 mg) were obtained from Tianjin
Tianshili Pharmaceutical Co., Ltd., China (Na-
tional Drug Approval No. H12020689). The
R97-116 peptide (DGDFAIVK-FTKVLLDYTGHI)
was procured from Suzhou Genscript Biotech
Co., Ltd. Complete Freund’s adjuvant (CFA) and
concanavalin A (ConA) were procured from
Sigma-Aldrich, USA. The following antibodies
were sourced from Invitrogen (Thermo Fisher
Scientific, Inc., MA, USA): fluorescein isothiocy-
anate (FITC)-labeled anti-rat CD4 (11-0040-
82), PE/Cy7-labeled anti-rat inducible T-cell
costimulator (ICOS; 25-9949-82), and allophy-
cocyanin (APC)-labeled anti-rat forkhead box
P3 (Foxp3; 17-5773-82). PE-labeled anti-rat
C-X-C motif chemokine receptor 5 (CXCR5;
551959) and Mycobacterium tuberculosis
H37Ra lyophilized powder from BD Bioscienc-
es (CA, USA) were utilized. Enzyme-linked
immunosorbent assay (ELISA) kits for IFN-y,
IL-4, IL-6, IL-17, and TGF-3 were obtained from
eBioscience (CA, USA). Biotinylated peanut
agglutinin (PNA) was obtained from Vector
Laboratories (CA, USA). The Cell Counting Kit-8
(CCK-8) was procured from Dojindo Molecular
Technologies, while primers for real-time quan-
titative polymerase chain reaction (RT-qPCR)
were synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China). Antibodies for Bcl-6 (ab-
33901), AChR (ab259859), Cy3-labeled don-
key anti-goat (ab6949), B-actin (@ab213262),
and goat anti-rabbit 1gG H&L (HRP) (ab2057-
18), were all sourced from Abcam (Cambridge,
UK). Reagents for protein analysis, including
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sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), bovine serum
albumin (BSA), and tris-buffered saline with
Tween 20 (TBST) buffer, were acquired from
Solarbio (Beijing, China). The PrimeScript RT
reagent kit and SYBR® Premix Ex TaqTM Il kit
from Takara Bio, Japan.

Experimental animals

Following a one-week acclimation period, 120
specific pathogen-free (SPF) female Lewis rats
(6-8 weeks old, weighing 160-180 g) were kept
in the SPF barrier facility of the Experimental
Animal Center at Fujian Anburui Biotechnology
Co., Ltd. The animals were randomly divided
into six subgroups (n = 20 per group). Rats
were housed in polystyrene cages under con-
trolled environmental conditions, including a
12/12 hour light/dark cycle, a temperature of
24+1°C, and a humidity of 50%+12%, in com-
pliance with the guidelines of the National
Institutes of Health. All animals had ad libit-
um access to standard laboratory chow and
water. All experimental procedures involving
animals were approved by the Ethical Com-
mittee of Fujian Anburui Biotechnology Co.,
Ltd. (Approval No. IACUC FJABR 2022026032).

Modeling and clinical assessment

The EAMG rat model was established accord-
ing to the protocol described by Baggi et al.
[20]. On day 0O, a 200-pL emulsion of CFA con-
taining 50 pg of the R97-116 peptide and 1 mg
of H37RA dry powder was prepared and ad-
ministered at four sites: the base of the tail,
both hind footpads, and bilaterally on the back.
Rats in the adjuvant control group received an
equal volume of CFA mixed with phosphate-
buffered saline (PBS). On days 30 and 45,
booster immunizations were administered at
the same injection sites and in the same vol-
ume, using incomplete Freund’s adjuvant (IFA)
emulsified with 50 pg of the R97-116 peptide.
The adjuvant control group received IFA mixed
with PBS emulsion. Buprenorphine (0.05 mg/
kg) was administered 30 min prior to the surgi-
cal procedures to ensure preemptive analge-
sia. Successful model establishment was con-
firmed based on the presence of all three of
the following criteria: (1) significant weight loss,
(2) clinical symptom score > 1 based on the
Baggi scale, and (3) increased serum AChR-Ab
levels. Model evaluation was conducted seven
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days after the second immunization to ascer-
tain that 100 rats satisfied the EAMG criteria.
These EAMG rats were then randomly divided
into the following groups (n = 20 per group):
model group, low-dose YQWS group (4 g/kg/
day), medium-dose YQWS group (8 g/kg/day),
and high-dose YQWS group (16 g/kg/day), and
a positive control group (Prednisone, 5.4 mg/
kg/day). All treatments were administered by
oral gavage for 30 consecutive days. Clinical
severity was assessed using the Baggi scor-
ing system, which ranges from O to 4. A score
of O indicates normal muscle strength; 1
denotes mild fatigue, weak grip strength, and
decreased activity; 2 represents moderate
symptoms including significant reduction in
activity, noticeable weight loss, hunched pos-
ture, drooping head, flexed forearms, and trem-
ors; 3 indicates severe generalized weakness
with complete loss of grip strength and inabi-
lity to maintain posture; and 4 corresponds to
death. Intermediate symptoms were scored as
0.5, 1.5, and 2.5, respectively. Clinical assess-
ments were performed prior to treatment, as
well as at 2 and 4 weeks after the initiation of
treatment. Body weight was recorded every 5
days throughout the treatment period. At the
end of the experiment, euthanasia was per-
formed by intraperitoneal injection of pentobar-
bital sodium (150 mg/kg), followed by bilateral
thoracotomy to confirm death.

AChR-Ab analysis

Serum samples were collected from the tail
vein (7 days after the second immunization)
and from the abdominal aorta at the experi-
mental endpoint. Samples were centrifuged at
3000x%g for 10 min at 4°C to separate serum.
AChR-Ab concentrations were quantified using
a competitive ELISA kit (Sangon Biotech) follow-
ing the manufacturer’'s specifications. Briefly,
serum samples were further centrifuged at
10,000%g for 10 min to remove any precipi-
tates. After allowing all reagents to equilibrate
to room temperature (21°C) for 20 minutes,
standards and samples were incubated for
45 min at 37°C in antigen-precoated wells
with biotin-conjugated antibody. Following five
washes with PBS, HRP-streptavidin conjugate
was added and incubated for 30 min at
37°C. After repeated washing, tetramethylben-
zidine (TMB) substrate reaction was added for
color development (15 min at 37°C, protected
from light). The reaction was terminated with
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acidic solution, and absorbance was measured
at 450 nm within 5 min.

Preparation of spleen lymphocyte suspension

Following the treatment period, rats were anes-
thetized, and the abdominal region was disin-
fected with ethanol. A small incision was made
on the left side of the abdomen using ophthal-
mic scissors. The connective tissues surround-
ing the spleen were meticulously dissected,
and the spleen was excised under sterile con-
ditions. The extracted spleen was placed in a
culture dish and minced into small fragments.
The tissue was then gently homogenized using
the plunger of a 5-ml syringe over a 200-mesh
nylon screen cell strainer to obtain a single-cell
suspension. The suspension was collected and
centrifuged, and the resulting cell pellet was
washed twice with PBS to yield purified splenic
lymphocytes for subsequent analyses.

CCK8 assay

A single cell suspension of splenic lymphocyt-
es was prepared and seeded at a density of
3x10% cells per well in a 96-well plate. Cells
were cultured in RPMI 1640 medium and stim-
ulated with either 5 pg/mL concanavalin A
(ConA) or 10 pg/mL R97-116 peptide for 72
hours at 37°C, as previously described [21,
22]. The control group was the standard medi-
um. Subsequently, 10 pyL of CCK-8 reagent
was added to each well, followed by incubation
at 37°C for 1 hour. Cell proliferation was
assessed by measuring the optical density (OD)
at 450 nm using a microplate reader.

ELISA

Following euthanasia, thymic tissues were
carefully excised and homogenized using a
homogenizer to obtain a uniform suspension.
The homogenates were centrifuged at 3000xg
for 15 min to collect the supernatants, which
were then added to the wells to allow specific
binding to IFN-y, IL.-4, IL-6, IL-17, and TGF-B anti-
gens. Subsequently, enzyme-conjugated sec-
ondary antibodies were applied to detect the
antigen-antibody complexes. The addition of
substrate solution produced a color change
proportional to the cytokine concentration. The
optical density was measured using a spectro-
photometer, with cytokine levels calculated
based on a standard curve generated from
known cytokine concentrations.
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Flow cytometry analysis

For the identification of Tfh cells, splenic lym-
phocytes (1x10° cells) were stained with 1 pL
each of anti-CD4-FITC, anti-CXCR5-PE, and
anti-ICOS-PE/Cy7. An additional 5 pL of anti-
Foxp3-PE was incorporated for the analysis of
Tfr cells. After staining, cells were washed and
examined using a flow cytometer after a 30-
min culture period at 4°C in the dark. The find-
ings were processed using FlowJo software
V10.

Lymph node PNA staining

Frozen lymph node sections (7 um thickness)
were subjected to peanut agglutinin (PNA)
staining to identify germinal centers. Sections
were first treated with 0.3% H,O, in methanol
for 15 min to quench endogenous peroxidase
activity. After blocking with 5% normal horse
serum for 30 min, sections were incubated
with biotinylated PNA (1:500 dilution) for 1 h
at room temperature. Following three 2-min
washes with TBST, nuclei were counterstain-
ed using a mounting medium containing
4’ .6-diamidino-2-phenylindole (DAPI) for 5 min.
PNA binding was visualized using fluorescence
microscopy.

Neuromuscular junction (NMJ) AChR immuno-
fluorescence staining

Transverse sections of rat skeletal muscle
were fixed in cold acetone for 15 min at 4°C.
Sections were permeabilized with 1 g/1 Triton
X-100 for 30 min, followed by thorough wash-
ing with PBS. Non-specific binding sites were
blocked using 50 ml/l serum for 1 h at room
temperature. The sections were then incubat-
ed with goat anti-rabbit AChR primary anti-
body (1:100 dilution) at 37°C for 2 h. Following
washing, the primary antibody was detected
with Cy3-conjugated donkey anti-goat second-
ary antibody (1:200 dilution) at 21°C for 2 h.
After final PBS washes, nuclei were stained
with DAPI-containing mounting medium for 5
min. AChR localization distribution was as-
sessed by fluorescence microscopy.

RT-GPCR

Total RNA was isolated from rat thymus tissue
using TRIzol reagent. Following phase separa-

6337

tion, RNA pellet was collected by centrifugation
at 12,000xg for 10 min at 4°C, washed, and
dissolved in 10 pyL of DEPC-treated water.
Complementary DNA synthesis was performed
using the PrimeScript RT kit. Quantitative real-
time PCR (RT-gPCR) was then carried out
with the SYBR® Premix Ex TagTM Il kit on an
Applied Biosystems®7500 Real-Time PCR
System (USA). The PCR was conducted under
the following conditions: initial denaturation at
95°C for 10 min, followed by 40 cycles of
95°C for 15 s and 60°C for 32 s. Relative
expression levels of Bcl-6 mRNA were cal-
culated using the 224°t method [23], with
B-actin serving as the internal reference gene.
The primer sequences used were: Bcl-6 F:
ATCGAGGTCGTGAGGTTGTG, R: TCGGATAAGAG-
GCTGGTGG; B-actin F: AGGAGTACGATGAGTC-
CGGC, R: AAGAAAGGGTGTAAAACGCAGC.

Western blot

Thymus tissues were lysed in RIPA buffer, and
protein concentrations were quantified using a
bicinchoninic acid assay kit. Equal amounts of
denatured proteins were separated by 10%
SDS-PAGE and transferred onto polyvinylidene
fluoride membranes. Membranes were block-
ed with 5% bovine serum albumin (BSA), and
incubated overnight at 4°C with primary anti-
bodies against Bcl-6 (1:500) and p-actin
(1:1,000). The sections were then incubated
with goat anti-rabbit antibody IgG H&L (HRP)
(1:20,000) for two hours at 25°C after being
washed twice with TBST solution (0.05% Tween
20 in TBS) for 15 minutes. As a loading control,
anti-B-actin antibody (1:5,000) was used.

Data analysis

Experimental animals were randomly assigned
to groups to minimize bias. Data processing
and statistical analyses were conducted using
SPSS version 20.0 software. Data conforming
to a normal distribution were expressed as the
mean t standard deviation. Homogeneity of
variance was first assessed for comparisons of
gquantitative data between groups. When vari-
ances were equal, one-way analysis of variance
(ANOVA) was employed. For data exhibiting
unequal variances, non-parametric tests were
employed as an alternative. A two-sided p-
value of less than 0.05 was considered sig-
nificant.
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Figure 1. Changes in body weight and clinical scores in EAMG rats. This
figure illustrates the effects of YQWS and Prednisone on body weight and
clinical scores in EAMG rats. A. Graph showing the trend in body weight from
day 15 to day 30 post-induction, comparing the control group with treatment
groups. B. Graph showing the changes in clinical scores of EAMG rats after
2 and 4 weeks of treatment, highlighting the medium dose’s effectiveness.
C. Bar graph showing AChR-Ab levels in the serum of EAMG rats. D. Bar
graph showing AChR-Ab levels in the serum of EAMG rats after treatment
with Prednisone or YQWS. CFA, Prednisone, YQWS low (L), medium (M), and
high (H) dose (n = 20 per group). EAMG group (n = 18). #, *P < 0.05. Abbre-
viations: EAMG, Experimental Autoimmune Myasthenia Gravis; YQWS, YiQi-
WenShen formula; CFA, Complete Freund’s Adjuvant; AChR-Ab, Acetylcholine
receptor antibodies.

improved body weight in
EAMG rats (P < 0.05), as
depicted in Figure 1A. No
statistically significant differ-
ences in weight gain were
observed among the various
treatment doses (detailed
data are presented in Table
1). According to the Baggi
clinical symptom grading sc-
ale, all EAMG-model rats
scored > 1, confirming suc-
cessful model establishment
(Table 2), while the CFA group
maintained a healthy status
with scores of 0.18+0.29.
Post-treatment evaluations at
2 and 4 weeks revealed a
significant reduction in clini-
cal scores in EAMG rats
(Figure 1B), with the medium-
dose YQWS group showing
the greatest improvement at
both time points. Notably, all
YQWS doses induced a more
substantial decrease in clini-
cal scores in comparison to
Prednisone treatment (P <
0.05) (Table 2). Furthermore,
serum AChR-Ab levels in
EAMG rats were significantly
elevated prior to treatment
relative to the CFA controls
(P < 0.05) (Figure 1C). Sub-
sequent to treatment, AChR-
Ab levels markedly decreased
in rats receiving YQWS at
various dosages as well as
Prednisone, compared to the
EAMG group (P < 0.05) (Fig-
ure 1D). These findings con-
firm the successful induction

Results

Weight and clinical symptom improvements in
EAMG rats

Compared to the CFA group, EAMG-induced
rats exhibited a significant decrease in body
weight starting from day 15 post-induction,
which persisted through day 30. Treatment
with varying doses of the YQWS formula, as well
as the Prednisone positive control, significantly
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of EAMG and demonstrate the therapeutic effi-
cacy of the YQWS formula.

Effect of YQWS on AChR expression at the NMJ

Given the significant reduction in AChR-Ab lev-
els observed with YQWS treatment in EAMG
rats, we further examined AChR expression at
the NMJ. EAMG rats exhibited an autoimmune
response, characterized by antibody-induced
AChR degradation, resulting in decreased AChR
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Table 1. Changes in body weight (g) of rats in each group

Group n 0d 5d 10d 15d 20d 25d 30d
CFA 20 163.6+2.1 188.4+7.6 205.2+6.2 215.6+6.1 219.4+4.5 230.0+9.0 232.816.5
EAMG 18 164.1+3.9 185.4+6.8 197.8+9.9 196.4+10.9 182.5+10.2 171.0+9.6 166.1+9.8

Prednisone 20 162.8+4.1 167.0+9.6 184.2+10.6 194.2+11.3 188.0+11.4 204.8+10.3 212.8+8.4

YQWS-L 20 165.2+3.6 167.4+7.3 183.0+6.1
YQWS-M 20 165.0+3.2 168.8+5.8 183.215.4
YQWS-H 20 162.0+6.7 171.2+8.1 181.8+8.4

183.4+8.8 179.2+9.3 196.849.9 207.2+10.1
188.4+6.7 182.2+9.3 199.6+9.2 209.61+9.5
187.0+9.3 180.2+8.2 196.8+7.9 211.8+8.6

Abbreviations: EAMG, Experimental Autoimmune Myasthenia Gravis; CFA, Complete Freund’s Adjuvant; YQWS, YiQiWenShen

formula; d, day.

Table 2. Effects of YQWS on clinical scores in rats

cial effects on the clinical manifesta-

Before 2 weeks after 4 weeks after

tions of EAMG.

Group

treatment treatment treatment Cytokine profile modulation in EAMG
CFA 20 0.18+0.29 0.53+0.21 0.44+0.15 rats
EAMG 18 1.83+0.62 1.96+0.58 2.85+0.67
Prednisone 20 1.75+0.55 1.50+0.42 1.004+0.45 Cytokine levels in thymus tissue were
YQWS-L 20 1.97+0.66 1.24+0.65 0.88+0.47 assessed to evaluate immune altera-
YQWS-M 20 1.90+0.23 1.02+0.34  0.65+0.22 tions in EAMG rats. ELISA results
YQWS-H 20 1.57+022 1.45+0.27  0.85+0.3 demonstrated a significant upregula-

Abbreviations: EAMG, Experimental Autoimmune Myasthenia Gravis; CFA,

Complete Freund’s Adjuvant; YQWS, YiQiWenShen formula.

density and structural abnormalities at the
NMJ. These changes reflect the pathologic
impact on muscle fibers and nerve terminals
inherent to the disease. Treatment with either
YQWS or Prednisone significantly increased
AChR expression, with the medium dose of
YQWS vyielding the most pronounced effect
(Figure 2). Notably, while prednisone increas-
ed AChR expression, it did not significantly
improve NMJ structural integrity, which was sig-
nificantly ameliorated by YQWS across all test-
ed doses.

Lymphocyte proliferation response to YQWS
treatment

Splenic lymphocytes isolated from normal
and EAMG rats were stimulated with 10 ug/mL
R97-116 peptide or 5 ug/mL ConA. The CCK8
assay indicated an increased proliferation of
splenic lymphocytes from EAMG rats upon
R97-116 or ConA stimulation compared to cells
cultured in RPMI 1640 medium. This hyperpro-
liferative response was partially reversed by
treatment with YQWS (25 uM) (Figure 3). These
findings suggest that YQWS may modulate
immune responses, contributing to its benefi-
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tion of IFN-y, IL-4, IL-6, IL-17, along-
side a decrease in TGF-B compared
to the CFA control group (P < 0.05).
Treatment with the YQWS formula or
Prednisone partially offset these immunologi-
cal imbalances (Figure 4), with medium and
high doses of the YQWS showing similar effica-
cy comparable to Prednisone (Table 3).

Regulation of Tfh/Tfr cell proportions by YQWS

Analysis of Tfh/Tfr immune cell phenotypes
revealed a significant increase in the propor-
tion of Tfh cells in EAMG rats compared to
the CFA group. Administration of YQWS or
Prednisone reduced Tfh cell proportions, with
the high-dose YQWS group achieving effects
comparable to Prednisone (Figure 5A). Con-
versely, the proportion of Tfr cells, which was
decreased in EAMG rats, was increased follow-
ing treatment with both YQWS and Prednisone,
with the formula’s effects paralleling those of
the high-dose group (Figure 5B). These findings
corroborate the role of the YQWS in rebalancing
Tfh/Tfr immune cells as part of its therapeutic
effect on EAMG.

Impact of YQWS on GC-B cells and Bcl-6 ex-
pression

Given the pivotal roles of Tfh and Tfr cells in
regulating GC-B cell function, PNA staining was

Am J Transl Res 2025;17(8):6333-6346



Immunomodulatory mechanism of YQWS in myasthenia gravis

CFA EAMG

DAPI

Merged

Prednisone

250 ym - - -- -
250 ym - - -- -

YQWS-L YQWS-M YQWS-H

Figure 2. Immunofluorescence analysis of YQWS effects on AChR expression at the NMJ in EAMG rats. Scale bar =
250 um, magnification: 200x%, n = 6. Abbreviations: CFA, Complete Freund’s Adjuvant; DAPI, 4’,6-diamidino-2-phe-
nylindole; IF, immunofluorescence; NMJ, Neuromuscular junction; YQWS, YiQiWenShen formula; AChR, Acetylcho-
line receptor; EAMG, Experimental Autoimmune Myasthenia Gravis.
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Figure 3. Effect of YQWS on splenic lymphocyte pro-
liferation in EAMG rats. CCK8 assay results indicat-
ing the proliferation of splenic lymphocytes from
EAMG rats stimulated with R97-116 or ConA, with or
without YQWS treatment. n = 6. *P < 0.05, ##, **P
< 0.01. Abbreviations: EAMG, Experimental Autoim-
mune Myasthenia Gravis; CFA, Complete Freund’s
Adjuvant; OD, optical density; CCK8, Cell Counting
Kit-8; YQWS, YiQiWenShen formula; R97-116, pep-
tide stimulation; ConA, Concanavalin A.

employed to evaluate GC-B cell proportions in
the lymph nodes of EAMG rats. Results de-
monstrated an increase in GC-B cells in EAMG
rats compared to CFA controls, which was
reduced following treatment with YQWS and
prednisone, with the medium dose of YQWS
exhibiting the most pronounced effect (Figure
6A). A comparison of the results obtained from
the present study with those from CFA controls
revealed that EAMG rats elevated mRNA and
protein expression levels of Bcl-6, a master
transcription factor essential for GC-B and Tfh
cell production. Treatment with either YQWS or
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prednisone significantly attenuated these ele-
vations, with elevated doses of YQWS exerting
effects comparable to prednisone (Figure 6B,
6C).

Discussion

Myesthenia Gravis (MG) primarily results from
the immune system producing antibodies that
block or destroy acetylcholine receptors at the
NMJ, disrupting normal neuromuscular trans-
mission. This interference impairs muscle con-
traction, resulting in muscle weakness [24].
While conventional treatments have enabled
many patients to achieve normal or near-nor-
mal life, disease monitoring and management
remain a lifelong challenge [25]. In this context,
this study explores the therapeutic effects of
the YQWS herbal formula on EAMG in rats, aim-
ing to elucidate its underlying mechanism of
action.

The observed improvement in body weight
among YQWS-treated EAMG rats serves as a
key indicator of restored overall health and miti-
gation of muscle atrophy. This enhancement
likely reflects reduced systemic inflammation
and recovery of muscle strength, both critical
for maintaining organismal vitality [26]. How-
ever, the lack of substantial differences in
weight gain across different YQWS dosages
suggests a threshold effect, whereby doses
beyond a certain level confer no additional ben-
efit. The concurrent decrease in clinical symp-
tom scores further confirms the formula’s effi-
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Figure 4. Modulation of cytokine profile in EAMG rats following YQWS and prednisone treatment. A. ELISA results
showing levels of IFN-y, IL-4, IL-6, IL-17, and TGF-B in EAMG compared to CFA controls. B. Comparative analysis of
cytokine levels after treatment with YQWS and Prednisone. n = 18. #, *P < 0.05. Abbreviations: EAMG, Experimental
Autoimmune Myasthenia Gravis; CFA, Complete Freund’s Adjuvant; ELISA, Enzyme-Linked Immunosorbent Assay;

IFN, Interferon; YQWS, YiQiWenShen formula; IL, Interleukin; TGF-B, Transforming Growth Factor Beta.

Table 3. Effects of YQWS on cytokine levels (pg/ml) in rat thymus

Group n IFN-y IL-4 IL-6 117 TGF-B

CFA 18 101.6+£20.4 26.3+3.6 18.4+3.7 4.5+0.9 763.9+57.9
EAMG 18 237.3+38.8 49.1+4.6 55.2+5.8 23.6+£3.8 409.3+45.0
Prednisone 18 151.0+33.7 32.8+4.1 27.4+6.4 8.4+3.5 671.2+56.0
YQWS-L 18 182.6+33.6 44.7+4.6 42.2+4.8 16.9+4.6 508.6+33.0
YQWS-M 18 126.6+34.1 31.3%3.8 26.3+7.8 6.7+2.3 641.0+52.7
YQWS-H 18 120.6+23.0 38.3+5.4 26.1+8.0 8.7+3.4 561.8+45.1

Abbreviations: EAMG, Experimental Autoimmune Myasthenia Gravis; CFA, Complete Freund’s Adjuvant; YQWS, YiQiWenShen

formula; IFN, Interferon; YQWS, YiQiWenShen formula; IL, Interleukin; TGF-B, Transforming Growth Factor Beta.

cacy, demonstrating alleviation of hallmark
EAMG manifestations such as muscle weak-
ness and fatigue. These clinical improvements
suggest not only symptomatic relief but possi-
bly a restoration of neuromuscular function -
an effect that may surpass that typically
achieved by conventional treatments such as
prednisone.
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AChR-Ab are central to the pathogenesis of MG,
where they disrupt neuromuscular transmis-
sion and induce muscle weakness [27]. Our
data show that YQWS treatment significantly
reduces AChR-ADb levels, highlighting the formu-
la’s ability to target the core autoimmune mech-
anism in EAMG [28]. This conclusion is further
supported by immunofluorescence analysis of
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NMJ AChR expression, which revealed enhan-
ced receptor density after YQWS treatment.
Such reductions in AChR-Ab levels typically
result from complex immunoregulatory pro-
cesses [29, 30], suggesting that YQWS exerts
modulatory effects on the immune system.

T cells and B cells lie at the core of immune
modulation [31]. T cells, which develop in the
thymus, recognize specific antigens and or-
chestrate adaptive immune responses [32].
Our findings suggest that YQWS modulates cel-
lular immunity by partially reversing the height-
ened proliferation of splenic lymphocytes from
EAMG rats stimulated with the R97-116 pep-
tide or ConA, thereby regulating lymphocyte
activity. Furthermore, treatment with YQWS or
Prednisone partially restored the dysregulated
cytokine profiles in EAMG rats, including IFN-y,
IL-4, IL-6, IL-17, and TGF-B-cytokines known to
be implicated in MG and other autoimmune
diseases [33, 34]. The modulation of these
cytokines suggests that YQWS may mediate
its therapeutic effects not only by alleviating
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inflammatory symptoms but also by address-
ing the underlying autoreactive immune pro-
cesses characteristic of EAMG, thereby affect-
ing the overall immune response. Notably, high-
er doses of YQWS demonstrated efficacy com-
parable to, or exceeding, that of prednisone,
suggesting that it may be an alternative therapy
for MG.

B cells, which mature in the bone marrow, are
responsible for producing antibodies that neu-
tralize pathogens. Tfh cells, a specialized sub-
set of CD4+ T cells residing within B cell folli-
cles, provide essential support to B cells dur-
ing GC reactions, critical for the generation of
effective antibody responses [35]. Conversely,
Tfr cells maintain homeostasis within the GC,
ensuring that antibody responses remain pre-
cise and controlled [36]. This regulatory me-
chanism is critical for preserving immune toler-
ance and preventing autoimmune diseases,
particularly MG [37]. Our study demonstrates
that YQWS treatment decreased Tfh cells while
increasing Tfr cells, thereby restoring the Tfh/
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Tfr balance. This immunological shift inhibits
excessive B cell activation and fosters immune
tolerance. Correspondingly, pathogenic autoan-
tibody production was reduced, as evidenced
by diminished GC-B cells detected through
RNA analysis, indicating reduced GC activity -
the site of high-affinity, including autoreactive
antibody generation [38]. The observed down-
regulation of Bcl-6 expression following YQWS
treatment is particularly noteworthy. Given that
Bcl-6 acts as a master regulator essential for
the differentiation of both Tfh and GC-B cells
within the GC [39], its reduction suggests that
YQWS (and prednisone) may dampen patho-
genic GC dynamics, thereby decreasing auto-
antibody production and improving disease
outcomes.

Our findings highlight advantages of YQWS
over traditional treatments like prednisone.
While both demonstrate efficacy, the multi-
component YQWS formula, grounded in Tra-
ditional Chinese Medicine (TCM), likely exerts
its effects through a multi-targeted approach.
The mechanistic insights of YQWS extend
beyond EAMG therapy, suggesting a paradigm
shift in autoimmune disease management -
from broad immunosuppression toward more
refined immune modulation. This shift reflects
a deeper understanding of immune complexity
and increasing recognition of herbal com-
pounds’ capacity for targeted immunoregulato-
ry effects. Notably, the comparable or superior
efficacy of higher YQWS doses relative to pred-
nisone supports its potential as a viable alter-
native for patients who are intolerant or not
responsive to conventional immunosuppres-
sive therapies.

In summary, our study provides valuable insight
into the therapeutic potential of the YQWS for-
mula in the treatment of EAMG, a well-estab-
lished animal model of MG. The formula’s abili-
ty to ameliorate clinical symptoms, reduce
AChR-Ab levels, regulate lymphocyte prolifera-
tion, restore cytokine profiles, and rebalance
Tfh/Tfr and GC-B cell dynamics underscores its
promise as an effective multi-targeted treat-
ment option. These findings advance our under-
standing of MG pathophysiology and immune
modulation, highlighting the integration of TCM
principles with contemporary therapeutic stra-
tegies.
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