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Comparison of rapamycin and methylprednisolone for
treating inflammatory muscle disease in a murine
model of experimental autoimmune myositis
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Abstract. Idiopathic inflammatory myopathies (IIMs) are
a group of autoimmune inflammatory muscle diseases.
Rapamycin has been shown to ameliorate inflammation and
improve muscle function in a mouse model of experimental
autoimmune myositis (EAM). In the present study, the
therapeutic effect of rapamycin was compared with methyl-
prednisolone (MP) on EAM. Mice were injected with myosin
for 10 days to induce EAM and were subsequently treated with
rapamycin (1.5 mg/kg), MP (40 mg/kg) or placebo (DMSO)
for 14 days. The rapamycin-treated group exhibited signifi-
cantly decreased severe inflammation and improved muscle
strength compared with the MP-treated group. The plasma
transforming growth factor-p (TGF-8) concentration in the
rapamycin-treated group was significantly higher compared
with the placebo group. However, both treatment groups exhib-
ited significantly lower plasma interleukin-10 levels compared
with the placebo group. Moreover, splenic regulatory T cell
frequency in both the rapamycin- and MP-treated animals
was significantly lower than that in the animals of the placebo
group. Rapamycin showed better immune suppressive effects
than MP in this model of EAM, and these effects were likely
to be mediated by the TGF-f signaling pathway.
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Introduction

Idiopathic inflammatory myopathies (IIMs) are a group of
inflammatory muscle diseases that share similar clinical
presentations, such as muscle weakness (1-5). IIMs include
dermatomyositis (DM), polymyositis (PM) and inclusion body
myositis (IBM). The pathogenesis of the individual condi-
tions may differ. However, inflammatory cell infiltration into
skeletal muscles is common across these disorders. In patients
with IIMs, helper T cells (CD4 T cells) and cytotoxic T cells
(CD8 T cells) have been shown to invade muscle fibers (6).
Autoantibodies in the endomysium, perimysium, perivascular
areas and blood have also been reported (7,8).

Despite years of research, the underlying mechanisms of
IIMs are not fully understood. As a result, there are no targeted
immunotherapies for these disorders. Currently, patients with
IIMs are treated with immune-suppressive corticosteroids,
such as short-term methylprednisolone (MP) or long-term
prednisone. However, treatment with corticosteroids is not
ideal, since long-term use of prednisone can result in severe
loss of muscle strength, which is contradictory to the treatment
goal (1). Immunoglobulin infusion is another treatment option,
but it is costly and is typically reserved for patients who are
refractory to corticosteroids or have trouble swallowing, and
for patients for whom immunosuppressants are contraindi-
cated due to comorbid conditions. Thus, immunomodulatory
therapies become of interest, since they can improve the condi-
tions of the disease and decrease the adverse effects associated
with corticosteroids (1,9,10).

Rapamycin inhibits immune cell proliferation, thereby
suppressing the immune response, and has been shown
to be effective in treating various inflammatory condi-
tions (11-17). Rapamycin possibly suppresses the immune
response by increasing the frequency of regulatory T (Treg)
cells, a subset of T cells that modulates the immune system
and has been postulated to prevent autoimmune disorders.
Depletion of Treg cells leads to excessive proliferation of
effecter T cells, which can lead to autoimmune diseases
such as polyendocrinopathy, enteropathy and X-linked
inheritance (18-20). By contrast, increased numbers of Tregs
and Treg activity can protect individuals from autoimmune
diseases (21).
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In order to study the mechanisms underlying IIMs and
to test treatment efficacy, a murine model of experimental
autoimmune myositis (EAM) was developed. EAM shares
disease characteristics with PM, such as T cell infiltration
of muscle fibers (2,6). Allenbach er al (22) reported that
the depletion of Treg cells aggravated EAM, whereas poly-
clonal Treg injection improved the condition. Furthermore,
Prevel er al (23) found that rapamycin increased Treg cell
frequency and showed beneficial effects in treating EAM.
Therefore, rapamycin is a potential treatment option for
myositis because it suppresses the immune system by
increasing Treg frequency.

To date, no direct comparison between rapamycin and
steroids for treating myositis has been made, to the best of
our knowledge. In the present study a murine model of EAM
was used to compare the efficacy of rapamycin and MP, and
to further investigate the possible mechanism of action of
rapamycin for treating EAM.

Materials and methods

Animals. A total of 24 female BALB/c mice (weight 15-17 g;
age, 6-8 weeks) and 1 female guinea pig (weight, 480 g;
age, 12 weeks) were purchased from the Experimental
Animal Center of The Fourth Military Medical University
(Xi'an, China). All mice and guinea pigs were housed in the
specific pathogen-free facility of the Experimental Animal
Center at room temperature (22+1°C) and 40-60% humidity
with a 12/12 h light/dark cycle, and access to food and water
ad libitum. Mice were anesthetized via an intraperitoneal
injection of 10% chloral hydrate, at a dose of 3 ml/kg body
weight (350 mg drug per kg body weight). Mice and guinea
pigs were euthanized using CO, asphyxiation (the flow rate of
CO, was about 10-30% of the chamber volume per minute),
followed by cervical dislocation. The animals did not exhibit
any evident signs of peritonitis following the administration of
10% chloral hydrate.

EAM model. EAM was induced using a previously published
protocol (24). Briefly, skeletal muscle from a guinea pig was
dissected, weighed and frozen at -70°C. The frozen muscle
tissue was subsequently thawed and minced. The muscle tissue
(10 g) was homogenized in 30 ml homogenizing buffer (0.3 M
KCI and 0.15 M sodium phosphate; pH 6.5) at 4°C and kept
on ice for 1 h. The homogenate was subsequently centrifuged
at 12,000 x g for 30 min at 4°C, and the supernatants were
collected and filtered. The filtrates were diluted with cold
Milli-Q-filtered water (5X the volume of the filtrates), and the
resultant solution was then centrifuged at 7,000 x g at 4°C for
30 min. The aggregated myosin, the pellet obtained following
centrifugation, was resuspended in 0.5 M KCI and stored
at -70°C.

To induce EAM, mice were subcutaneously injected with
100 pl of 50% complete Freund's adjuvant (Sigma-Aldrich;
Merck KGaA) containing 1.5 mg myosin and 5 mg/ml
Mycobacterium tuberculosis (BD Difco™ Adjuvants; BD
Biosciences; cat. no. DF3114-33-8) in the left hind limb.
Booster shots were administered at the tail base once a
week for 2 weeks. Immediately after each booster shot, the
mice were intraperitoneally injected with pertussis toxin
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(500 ng in 200 gl saline; Sigma-Aldrich; Merck KGaA). The
myosin solutions were freshly prepared or stored at -70°C for
<1 month

A total of 10 days following the last injection of myosin,
rapamycin (1.5 mg/kg body weight) or MP (40 mg/kg body
weight) was administered intraperitoneally into the mice daily
for 14 days. Mice in the placebo group received equal volumes
of ~3% DMSO (diluted in saline) via intraperitoneal injec-
tion. The mice were assessed for muscle strength on day 15,
following drug treatment, and tissues were then collected for
subsequent analysis.

Inverted screen test. Muscle strength was assessed using the
inverted screen test, as previously described (21,24,25). Briefly,
the mice were placed at the center of a circular wire mesh
screen (50 cm?), composed of 1 mm diameter wire. The screen
was immediately rotated to the inverted horizontal position for
3 sec, with the head of the mouse declining first. The screen
was then held steadily 20 cm above a padded surface. The time
for the mouse to fall from the mesh was recorded. Each mouse
was assessed five consecutive times.

Histological grading of inflammation. Muscle tissue sections
(10 pm thick) were randomly selected from each block and
stained with hematoxylin and eosin. Briefly, samples were fixed
with 10% neutral buffered formalin overnight at room temper-
ature and embedded in paraffin. The paraffin sections, with a
thickness of 10 ym, were deparaffinized and rehydrated with
xylene and ethanol in gradient concentrations and stained with
hematoxylin for 10 min at room temperature. After destaining
with 10% acid ethanol for 5-10 sec and washing with water, the
slides were stained with eosin for 30 sec at room temperature
and subjected to dehydration with ethanol and xylene. The
slides were mounted with Permount™ mounting medium
(Thermo Fisher Scientific, Inc.) and observed under a confocal
microscope (LeicaDRM; Leica Microsystems Inc.) with 10x,
20x and 40x magnification. Inflammation in six muscle tissue
sections was graded and expressed as a mean score (26-28),
which was defined as follows: Grade 1, fewer than five muscle
fibers involved; grade 2, a lesion involving 5-30 muscle fibers;
grade 3, a lesion involving a muscle fasciculus; and grade 4,
diffuse extensive lesions. When multiple lesions were found
in one section of muscle, 0.5 was added to the score. Five
random fields of view per sample were assessed for inflamma-
tion scoring in a blinded manner by two independent trained
pathologists.

Luminex assay. Plasma transforming growth factor-p (TGF-f3)
and interleukin 10 (IL-10) levels were measured using the
Luminex assay. Briefly, blood samples from mice were
collected via the retro-orbital plexus under general anesthesia
with 10% chloral hydrate (350 mg/kg), as described above,
placed at room temperature for 30 min, and then plasma was
sampled after centrifugation at 10,000 g/min at 4°C for 10 min.
The Luminex multiplex assays (cat. no. TGFB-64K-01 for the
detection of TGF-f and cat. no. MPXMCYTO-70K for the
detection of IL-10; EMD Millipore) were performed according
to the manufacturer's protocols. Samples were assessed
in duplicate with the Luminex 200 IS System (Luminex
Corporation). TGF-$ and IL-10 were identified and classified
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with the red laser, and their protein levels were quantified
using the green laser. Following laser excitation, digital images
of the bead array were captured and processed on a computer
workstation. Standard curves and reports of unknown samples
were prepared using the BeadView and MiraiBio software
(Vigene Tech, Inc; version 3.1). The limits of sensitivity for the
assay were 9.8 pg/ml for TGF-f and 1.25 pg/ml for IL-10. All
mice had detectable levels of these cytokines.

Flow cytometry. The composition of splenocytes was analyzed
using flow cytometry. Fresh spleens were ground with
the plunger of a 5 ml sterile syringe in PBS at 4°C, and the
homogenate was then passed through a nylon mesh screen.
The lymphocytes were separated in EZ-Sep™ Mouse 1X
lymphocyte separation medium (Dakewe Biotech Co., Ltd.)
and resuspended in flow cytometry staining buffer (PBS
supplemented with 2% FBS; Thermo Fisher Scientific, Inc.).
Splenocyte cell viability, as detected by trypan blue staining,
was >95%.

Cells were washed once in flow cytometry staining
buffer, and then resuspended to a density of 1x107 cells/ml.
For surface staining, cells were incubated with FITC-labeled
anti-mouse CD4 (clone RM4-5; cat. no. 11-0042-82;
Thermo Fisher Scientific, Inc.) and allophycocyanin-labeled
anti-mouse CD25 (clone PC61.5; cat. no. 17-0251-82;
Thermo Fisher Scientific, Inc.) for ~30 min at 4°C.
Appropriate isotype control antibodies (cat. no. 11-4321-80
and cat. no. 17-4301-82; Thermo Fisher Scientific, Inc.)
were used to exclude nonspecific binding after washing,
fixation and permeabilization of the cells. Cell fixation
and permeabilization were conducted at 4°C for 2 h with
the eBioscience™ Mouse Regulatory T Cell Staining Kit
#2 (cat. no. 88-8118-40; Thermo Fisher Scientific, Inc.)
following the manufacturer's instructions. Subsequently, the
cells were stained intracellularly with phycoerythrin-labeled
anti-mouse/rat Foxp3 (FJK16-second; eBioscience; Thermo
Fisher Scientific, Inc.), following the manufacturer's instruc-
tions. The cells were then applied to a FACScan cytometer
equipped with the CellQuest software (version 3.0, BD
Biosciences) for analysis.

Statistical analysis. All data are presented as the mean + SD
(from at least 3 repeats), unless otherwise noted. One-way
analysis of variance followed by the post hoc least significant
difference test was used to assess inter-group differences.
P<0.05 was considered to indicate a statistically significant
difference. All analyses were performed using SPSS 16.0.
software (SPSS, Inc.).

Results

General body condition assessment. A murine model of
EAM was first established, which was induced by injections
with myosin. All myosin-injected mice developed dull and
untidy fur, lost weight, and became less active. Moreover,
skin ulcers were found at the injection sites (Fig. 1A).
The spleens of all myosin-injected animals were enlarged
compared with the placebo animals (mean spleen length,
1.40+0.12 cm), which indicated that inflammation was
induced upon myosin injection. Subsequent treatment with
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Figure 1. EAM model. (A) Representative images of mice at 15 days after
initiation of the indicated treatments. Normal, control normal mice without
myosin injection; placebo, EAM mice treated with vehicle; MP, EAM mice
treated with MP; Rapa, EAM mice treated with Rapa. (B) Representative
images of dissected spleens from each group. (C) Summary of spleen sizes
in each group. At 15 days after the initial drug treatments, spleens from the
MP- and Rapa-treated mice were significantly smaller compared with those
from the placebo group. n=6 for each group. “P<0.01. EAM, experimental
autoimmune myositis; MP, methylprednisolone; Rapa, rapamycin.

either MP or rapamycin improved the general body condition
of the animals and resulted in less marked enlargement of
the spleen compared with the placebo group (Fig. 1B). The
mean spleen length was 2.72+0.21 cm in the placebo group
compared with 1.73+0.14 cm in the MP-treated group and
1.71+£0.18 in the rapamycin-treated group. Spleens in the
drug-treated groups were significantly smaller compared
with those in the placebo group (P<0.01, treatment group vs.
placebo group), suggesting that drug treatments effectively
ameliorated inflammation in mice. Spleen sizes between the
rapamycin-treated mice and MP-treated mice did not differ
significantly (P>0.05; Fig. 1C).

Histological grading of muscle inflammation. Muscle
inflammation was scored using a 1-4 grading system,
with the score of 1 being the least severe (Fig. 2A-C). The
inflammation score was 2.22+0.12 for the placebo group,
1.72+0.16 for the MP-treated group (n=6; P<0.01 vs. placebo
group) and 1.28+0.19 for the rapamycin-treated group (n=6;
P<0.01 vs. placebo group) (Fig. 2D). Furthermore, the
inflammation score of the rapamycin-treated group was
significantly lower compared with that of the MP-treated
group (P<0.01).
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Figure 2. Compared with both the MP and placebo groups, treatment with rapamycin significantly alleviates inflammation and improves muscle strength
in EAM mice. (A-C) Representative muscle sections from each group at 15 days after initiation of the indicated treatments. Scale bar, 50 ym."P<0.01. MP,
methylprednisolone; EAM, experimental autoimmune myositis; Rapa, rapamycin.

Muscle strength was assessed by measuring the time-to-fall in
the inverted screen test for each mouse. Our preliminary experi-
ments indicated that under normal circumstances, a healthy BALB/c
mouse (weight 15-17 g, age 6-8 weeks) can stay on the inverted screen
for >30 min before falling (data not shown). By contrast, the average
time-to-fall was 20.50+2.27 sec for the placebo group, 88.13+4.77 sec
for the MP-treated group (P<0.01 vs. placebo group), and
102.20+7.83 sec for the rapamycin-treated group (P<0.01 vs. placebo
group). The time-to-fall in the rapamycin-treated group was signifi-
cantly longer compared with that in the MP-treated group (P<0.01;
Fig. 2E).

Assessment of plasma TGF- and IL-10 levels. To inves-
tigate the mechanisms by which rapamycin suppresses the
immune response, the plasma levels of TGF-f and IL-10
were subsequently measured, both of which are known
to suppress immune responses (29). The plasma TGF-f
concentration was 2,087.00+74.27 pg/ml in the placebo
group, 2,238.50+134.29 pg/ml in the MP-treated group, and
2,501.75+329.11 pg/ml in the rapamycin-treated group (P<0.05
vs. placebo group; Fig. 3A). No significant differences were
found between the placebo and MP-treated groups or between
the MP- and rapamycin-treated groups (P>0.05; Fig. 3A).
The plasma IL-10 concentration was 15.36+0.50 pg/ml in the
placebo group, 2.82+0.33 pg/ml in the MP-treated group
(P<0.01 vs. placebo group), and 2.39+0.32 pg/ml in the
rapamycin-treated group (P<0.01 vs. placebo group) (Fig. 3B).
The plasma IL-10 levels were not significantly different
between the MP-treated and the rapamycin-treated groups
(P>0.05; Fig. 3B).

Treg cell frequency in the spleen. Finally, the frequency
of splenic Treg cells was investigated in the three groups.

Splenocytes were analyzed using flow cytometry, and the
percentages of Treg cells (Foxp3* cells), calculated as the
percentage of CD4* CD25* Foxp3* cells out of CD4* cells,
were measured in all three groups (Fig. 4A-C). The percentage
of splenic Treg cells was 15.6+1.71% in the placebo group,
8.9+0.83% in the MP-treated group (P<0.05 vs. placebo group),
and 10.7+0.56% in the rapamycin-treated group (P<0.05 vs.
placebo group) (Fig. 4D). All three groups had significantly
higher splenic Treg cell ratios compared with the normal mice
(4.2%; data not shown).

Discussion

In a previous study, a murine model of EAM was established
to investigate the pathogenesis of autoimmune myositis (24).
The present study further confirmed the validity of this
model. Mice that underwent the EAM induction protocol
exhibited symptoms that were typical of myositis, including
a deteriorated body condition, muscle weakness, and inflam-
matory lesions in the muscles. Subsequently, the efficacy of
MP and rapamycin for treating EAM was assessed, which
demonstrated that treatment with rapamycin was signifi-
cantly more beneficial compared with treatment with MP,
in terms of improving the general body condition, muscle
strength and alleviating inflammation. Since rapamycin
is known to suppress the immune response by inhibiting
mTOR, the effects of rapamycin on two key immune suppres-
sive molecules, TGF-f and IL-10, were compared with those
of MP. The rapamycin-treated mice exhibited a significant
increase in plasma TGF-f levels, but not plasma IL-10
levels. Moreover, treatment with either MP or rapamycin
was not associated with an increase in the proportion of
splenic Treg cells. These results suggested that rapamycin
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Figure 3. Treatment with Rapa and MP is associated with higher concentrations of plasma TGF-f3 and lower concentrations of plasma IL-10 compared with the
placebo group. At 15 days after initiation of the indicated treatments, blood samples were collected and plasma concentrations of (A) TGF-f and (B) IL-10 were
measured using the Luminex assay. n=6 for each group. "P<0.05; “P<0.01. MP, methylprednisolone, Rapa, rapamycin; TGF-B, transforming growth factor-f,

IL-10, interleukin-10.
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Figure 4. Percentage of splenic Treg cells in the placebo group is significantly higher compared to both the MP- and Rapa-treated groups. Representative flow
profiles show the staining patterns of CD4*CD25*Foxp3* Tregs in the spleens of EAM mice in (A) the placebo group, (B) the MP group and (C) the Rapa group
at 15 days after initiation of treatment. Splenic cells were stained with FITC-CD4, APC-CD25 and PE-Foxp3. (D) Summary of the percentages of splenic
Treg cells among total CD4* T cells in the indicated groups. n=6 for each group. "P<0.05. Treg, regulatory T cells; EAM, experimental autoimmune myositis;
MP, methylprednisolone; Rapa, rapamycin; PE, phycoerythrin; APC, allophycocyanin.

possibly exerts its anti-inflammatory effects via the TGF-3
signaling pathway.

Previous studies on the role of rapamycin in regulating
TGF-p expression have been inconsistent. Li et al (13)
reported that rapamycin decreased the expression of
TGF-f in mononuclear cells in an autoimmune hepatitis
model. Furthermore, in a rat model of unilateral ureteral
obstruction, rapamycin was reported to decrease both the
protein and mRNA expression of TGF-f (14). In contrast,
Yamane et al (30) reported that rapamycin promoted TGF-3
signaling and thereby increased ceramide synthesis in
keratinocytes. In the present EAM model, treatment with
rapamycin induced a moderate but significant increase in
the plasma TGF-f level. Moreover, rapamycin ameliorated
inflammation in TGF-f knockout mice (31), indicating a

TGF-p-independent mechanism of immunoregulation by
rapamycin. In summary, it is likely that the modulation of the
inflammatory response and TGF-f signaling by rapamycin
are context- and disease-dependent.

In the present study, it was found that the proportion
of splenic Treg cells among total CD4* T cells in normal
mice was slightly lower than the reported normal range of
5-10% (32,33). Treg cells are known to counteract T cells that
are responsible for muscle degradation (34). In a previous
study on a murine model of EAM, the depletion of Treg
cells was associated with more severe myositis, whereas
the injection of expanded polyclonal Treg cells improved
myositis (22). In addition, Treg cell frequency was inversely
correlated with disease (35). Thus, the finding that the propor-
tion of Treg cells was the highest in the placebo group was
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unexpected and inconsistent with a previous study, which
found that rapamycin increased Treg frequency (23). Hence,
as the placebo group of animals exhibited the most severe
inflammation, it is possible that the higher ratio of Treg
cells might represent elevated disease severity. Additionally,
since the immune response is a complex process, multiple
signaling pathways are often activated concurrently in
response to the same stimuli (36). Furthermore, individual
immune systems respond to the same immune insults differ-
ently, which adds another layer of complexity to the study of
immune regulation. Therefore, further studies are necessary
to fully understand the regulation and function of Treg cells
in myositis.

The mTOR signaling pathway is a master regulator of
cell growth and metabolism, and this pathway is activated
downstream of the PI3K-AKT axis. The PI3K/AKT/mTOR
pathway has been implicated in autoimmune diseases and
cancer, and patients with these diseases can benefit from
rapamycin treatment. For example, in a preclinical Dark
Agouti rat model of multiple sclerosis, oral administra-
tion of rapamycin for 28 consecutive days significantly
ameliorated protracted relapsing experimental allergic
encephalomyelitis (11). Mammana et al (37) also reported
that the PI3K/AKT/mTOR pathway was significantly
involved in the etiopathogenesis of a murine model of
multiple sclerosis, and that rapamycin treatment could
be a potential therapeutic approach to treating multiple
sclerosis clinically. Furthermore, the therapeutic poten-
tial of targeting the PI3K/AKT/mTOR pathway has also
been highlighted in multiple malignancies, such as T-cell
acute lymphoblastic leukemia (38). Since upregulated
PI3K/AKT/mTOR signaling could also occur in inflamma-
tory myopathies, a novel therapeutic approach consisting
of dual inhibitors of the PI3K/AkT/mTOR pathway might
be more potent than using rapamycin alone. For instance,
NVP-BEZ235, an inhibitor of both PI3K and mTOR complex
1/2, exhibited superior anti-cancer activity in an orthotopic
bladder cancer model (39) Recently, p70S6 kinase, a down-
stream target of the PI3K/AKT/mTOR pathway, has gained
attention for its potential as a therapeutic target for treating
autoimmune diseases and cancer (40,41). In addition, a class
of nitric-oxide derivatives of antiretroviral protease inhibi-
tors, such as Saquinavir-NO and Lopinavir-NO (42-44),
can specifically inhibit p70S6 kinase, and is now under
further investigation. Therefore, the results of the present
study substantiate the superior efficacy of rapamycin
in the mouse model of EAM, opening new avenues to
study p70S kinase and its inhibitors in inflammatory muscle
diseases.

TGF-f is an anti-inflammatory cytokine and, consistent
with the results of the present study, increased circulating
levels of TGF-f3 have been reported in patients treated
with immunomodulatory drugs (15,45). Nicoletti et al (45)
reported that TGF-f levels were elevated in patients with both
relapsing-remitting and chronic progressive multiple sclerosis,
and treatment with interferon-f§ augmented the increase in
serum TGF-p levels. Moreover, T cell cytokine profiling in
patients with multiple sclerosis treated with rapamycin demon-
strated a significant increase in serum TGF-f3 levels (15). Taken
together, TGF-f induction might be a pharmacological mode
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of action by which rapamycin and other immunomodulators
exert beneficial effects in inflammatory and autoimmune
diseases. However, in the present study, only the impacts of
rapamycin or MP on the plasma levels of TGF-f§ and IL-10
in EAM mice were investigated; it is possible that other
pro-inflammatory or anti-inflammatory cytokines might also
be modulated by rapamycin. For example, the pro-inflamma-
tory cytokine macrophage migration inhibitory factor (MIF)
has been shown to activate the mTOR and AMP-activated
protein kinase (AMPK) pathways in the pathogenesis of
autoimmune diseases and cancer (46-49). Whether rapamycin
treatment can also decrease the production of MIF to attenuate
the activation of the PI3K/Akt/mTOR and AMPK pathways
remains to be investigated.

In conclusion, using the established model of EAM, it was
demonstrated that rapamycin had better efficacy than MP for
treating myositis. Thus, the administration of rapamycin is a
potential treatment option for patients with IIMs. However,
since this is a preliminary in vivo animal study, the molecular
signaling pathways involved in immunosuppression were
not specifically examined. Further studies will be directed
towards investigating the underlying molecular mechanisms
of muscle inflammation and immunosuppression mediated by
rapamycin.
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