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Silymarin Restores Regulatory T Cells (Tregs) Function
in Multiple Sclerosis (MS) Patients In Vitro
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Abstract—

Dysregulation of the immune system and impairment in the function and n-

umber of patient-derived regulatory T cells (Treg) have an important role in multiple sclerosis
(MS) pathogenesis. MS patients still receive different medications to overcome the relapses
and to slow the disease progression. However, the benefits of these therapies are limited and
are accompanied by different side effects. The immunoregulatory effects of Silymarin as a
plant-derived flavonoid have shown in studies. In the present study, regulatory T cells (Tregs)
were isolated from MS patients who diagnosed as new cases and IFN-f3-treated RRMS
patients. Isolated Treg cells were cultured in the presence of different concentrations of
Silymarin (50, 100, 150 uM) for 48, 72, and 120 h. Proliferation and activation of Treg cells
were assessed by flow cytometry. Also, FOXP3, JAK3, and STATS gene expression, IL-10,
and TGF-f3 production by Tregs were evaluated by real-time PCR and ELISA respectively.
The results showed that Silymarin promoted Treg proliferation at 100 uM concentration after
72 h. Additionally, IL-10, TGF-3 levels, and FOXP3, JAK3, and STATS5 gene expression
enhanced by Silymarin dose and time dependently. Our preliminary results suggest that the
induction and activation of Tregs could be an underlying mechanism of the ancient used
herbal medicine Silymarin, providing effective means against autoimmune and inflammatory

diseases.
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INTRODUCTION

Multiple sclerosis (MS) is a neurodegenerative dis-
ease in which autoreactive immune responses to
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autoantigens in the central nervous system (CNS) affect
the neuromuscular junction (NMJ). In addition to the in-
flammatory response in CNS, immune dysregulation has
indicated in these patients [1]. Migration and infiltration of
autoreactive T cells especially Thl and Th17 cells from the
periphery into the CNS is accompanied with autoimmune
responses [2]. Additionally, impairment in the regulatory
function of regulatory T cells (Tregs) plays the strategic
role in MS pathogenesis [3]. Accordingly, an imbalance
between T cells and Treg cells has demonstrated in auto-
immune disorders such as MS [4]. In fact, Tregs (CD4+,
CD25+, FOXP3+) are the main players in the
suppression of autoimmune responses [5]. Interestingly,
transdifferentiation of Tregs into inflammatory cells
(exTreg) such as Th17 cells has indicated in autoimmune
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condition [6]. Tregs dysfunction and/or Tregs differentia-
tion into exTreg is associated with autoimmune diseases,
such as systemic lupus erythematosus (SLE), multiple
sclerosis (MS), and ankylosing spondylitis (AS) [7]. In
Tregs activation trough IL-2 receptor, JAK3/STATS path-
way plays a crucial role in the conservation and induction
of Foxp3 expression in Treg cells as a specific transcription
factor [8]. Kinases of the Jak (“Janus kinase”) family and
transcription factors (TFs) of the STAT (“signal transducer
and activator of transcription”) family comprise a fast
signaling module that affects the different phases of the
immune system [9].The increase of STATS expression is
accompanied by the high frequency of Tregs and the
decrease of Thl7 cells [10]. Also, it is suggested that
STATS activation is needed for both the development and
function of Tregs [11]. Treg cells exert their functions via
cell-cell interactions and/or the production of anti-
inflammatory cytokines including interleukin-10 (IL-10)
and transforming growth factor-beta (TGF-{3) [12]. IL-10
is involved in the suppression of Th17 cells by Tregs and
the role of interleukin-10 (IL-10) producing has indicated
before [13]. In addition, TGF-f3 plays the main role in
the induction of Foxp3+ T regulatory cells and inhibits
inflammatory responses by suppressing of inflammato-
ry immune cells and/or raising the function of Tregs
[14]. Also, deficiency of TGF-3 and its signaling has
correlated with the onset of the autoimmune disease like
MS [15, 16].

MS patients still receive different medications to
overcome the relapses and to slow the disease progression
including anti-inflammatory agents (corticosteroids), inter-
feron and interferon beta, and monoclonal antibodies [17,
18]. However, the benefits of these therapies are limited
and are accompanied with different side effects, like
influenza-like syndrome and self-limited impression [19].
Silybum marianum or milk thistle is a plant-derive flavo-
noid with an ancient history. The milk thistle extracts are
prepared from its fruits contain 30—65% Silymarin as an
active component [20]. The antioxidant activity of
Silymarin and its hepatoprotective effects have demon-
strated in previous studies. Furthermore, Silymarin sup-
presses the inflammatory reactions and hepatic
fibrogenesis. Also, its beneficial effect on the equilibrium
of the cell viability and apoptosis has been shown [21].
Silymarin exerts both immunostimulatory and immuno-
suppression activities dose and time dependently. The
anti-inflammatory impact of Silymarin exerts by the
suppression of NF-kB transcription factor. Also,
immunostimulatory and immunosuppression effects of
Silymarin on T cells have indicated in high doses and low

doses respectively [22]. Recently, in a study in our depart-
ment, Shajanian et al. have found Treg cell population and
Foxp3 gene expression increased in the presence of
Silymarin compared to rapamycin [23]. In recent years,
application of nanocarrier systems such as liposomes, cy-
clodextrin complexes, self-emulsifying, and nanoparticles
for targeting treatments has been developed which improve
bioavailability, biodistribution, and therapeutic potency of
natural compounds [24-26]. Accordingly, in the present
study, we investigated the impact of Silymarin on the
proliferation and function of Treg cells isolated from MS
patients by assessment the expression of FOXP3, JAK3,
and STATS genes and measuring IL-10 and TGF-f3 release
by these cells.

MATERIALS AND METHODS

Patients and Sample Collection

Seven new MS cases (5 females and 2 males) and 9
relapsing remitting (RR) MS patients (6 females and 3
males) who received IFN-3 for the last 6 months were
recruited into the study. Written informed consent was
received from all patients and the research protocols were
confirmed by the Ethics Committee of Isfahan University
of Medical Sciences, Isfahan, Iran. MS patients with an age
ranging between 29 and 48 years (mean 39.2 +6.7) diag-
nosed according to the revised McDonald criteria [27]. In
IFN-f3-treated group blood samples were accumulated 24—
48 h after IFN-{3 injection. Also, patients treated with anti-
inflammatory and other immunosuppressive drugs, preg-
nant patients, and patients with other inflammatory dis-
eases were eliminated from the study. Twenty milliliters
of peripheral blood samples was collected from all the
subjects and peripheral blood mononuclear cells
(PBMCs) were separated using the Ficoll-Hypaque isola-
tion method.

Preparation of Silymarin

To prepare a 100 mM stock solution of Silymarin, its
powder (Sigma, S0292, USA) was dissolved in 100%
dimethyl sulphoxide (DMSO). The stock solution was
divided into micro tubes and stored at — 20 °C for no longer
than 30 days. Letter dilutions were prepared in RPMI
medium in order to provide Silymarin with the 50, 100,
and 150 uM concentrations.
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Apoptosis Detection

The apoptosis-inducing effects of Silymarin on
PBMC:s were evaluated using the Annexin FITC/PI double
staining apoptosis detection kit (BD Biosciences, Wal-
tham, MA). The cells were cultured for 48, 72, and 120 h
at the presence of 50, 100, and 150 uM Silymarin concen-
trations. Cells were collected, washed with PBS, and then
suspended cells in binding buffer. The cells were stained
with FITC Annexin V and PI (5 pl) and incubated 20 min
at room temperature in a dark place. The analyze of cells
was performed by a FACS Calibur flow cytometer (Becton
Dickinson, San Jose, CA, USA).

Treg Cells Isolation, Stimulation, and Culture with
Silymarin

Regulatory T cells (Tregs) were isolated from PBMCs
using a CD4*CD257CD127%™" Regulatory T cell
Immunomagnetic Isolation Kit (EasySep™) according to
the manufacturer instructions. Briefly, in the first step,
CD25+ cells were isolated by positive selection and then
non-Treg cells were removed. Treg cells purification was
determined by flow cytometry and the percentage of
CD4+, CD25+, and Foxp3+ cells was >93% (data not
shown). After Treg isolation, 10* cells were labeled with
CFSE and activated with plate-bound anti-CD3 monoclo-
nal antibody (mAb) OKT-3 (eBioscience, San Diego, CA,
USA) at 5 pg/ml and soluble anti-CD28 mAbD
(eBioscience) at 2 pg/ml in 96-well tissue culture plates.
After 18 h, the cells were stimulated by IL-2 and simulta-
neously, cells were treated with various concentrations of
Silymarin (50, 100, 150 uM) for different incubation times
(48,72, and 120 h) in RPMI 1640 supplemented with 10%
FBS, penicillin (100 U/ml), and streptomycin (100 pg/ml)
under standard culture conditions (37 °C, 95% humidified
atmosphere with 5% CO,). The control of experiments had
similar culture conditions and the cells were treated with
DMSO alone instead of Silymarin. The final concentration
of DMSO in all experiments was less than 1%. All exper-
iments were repeated at least three times separately.

Flow Cytometry

For the analysis of Treg cell activation, the PE-
conjugated anti-CD69 monoclonal antibody (eBioscience,
USA) and matched isotype control (eBioscience, USA)
were used. Also, as mentioned before for the proliferation
assay, Treg cells (10*/well) were stained with 1 uM CFSE
(Invitrogen) before culture initiation. After 48, 72, and
120 h of culture, cells were collected, incubated with
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antibodies, and dilution of CFSE and CD69 expression
were evaluated by flow cytometry.

Cytokine Assays

Supernatants of cultured cells were collected after 48,
72, and 120 h and stored at —20 °C. The IL-10 and TGF-3
concentrations were measured with the use of ELISA kit
(PeproTech® EC Ltd., UK and R&D Systems, Minneap-
olis, MN, USA, respectively).

Real-time PCR

RT-PCR analysis of Foxp3, JAK3, and STATS was
performed using the SYBR Green Master Mix protocol
(Thermo Fisher Scientific). Total RNA extracted was ex-
tracted with Yekta tajhiz azma kit (Yekta tajhiz azma Co.,
Iran). Reverse transcription of RNA was carried out by the
Biosystems kit. Real-time PCR was performed in duplicate
on the7900HT fast real-time PCR system (Applied
Biosystems) with 1 ng of cDNA. The reaction mixture of
a 10-pl final volume was contained 1 pl of diluted cDNA,
0.2 ul of each pair oligonucleotide primers, 3.8 ul water,
and 5 pul SYBR Green Master Mix (Thermo Fisher Scien-
tific). Real-time PCR was performed with the following
cycling conditions: 1 cycle of denaturation at 95 °C for
10 min, followed by a 40-cycle amplification consisting of
denaturation at 95 °C for 15 s, and extension at 60 °C for
60 s. Following the last cycle, melting curves analysis was
generated to verify qPCR product. Primers used to quantify
FOXP3 mRNA were 5'-CAC CTG GAA GAA CGC CAT
CC-3’ (forward) and 3'-CTC ATC CAC GGT CCA CAC
AG-5" (reverse), JAK3 mRNA were 5'-CAGC
AGCACATGCAGGG-3' (forward) and 3'-CCTT
CGAAAGTCCAGGGTC-5" (reverse); STATS mRNA
were 5'-CCTCCAGAGACACCTGCTTC-3' (forward)
and 3'-CCAGTACCAGGAGAGCCTGA-5' (reverse).
The gene levels were normalized with those of GAPDH
as an internal control, and the relative expression levels
were assessed using the 2 A2 method.

Statistical Analysis

GraphPad Prism version 6.0 (GraphPad Software,
Inc., San Diego, CA) and SPSS version 21.0 were used
for statistical analyses. Statistical differences between con-
trol and experimental groups were assessed by one-way
analysis of variance (ANOVA) and multivariate analysis of
variance (MANOVA) with post-Dunnett’s multiple com-
parisons test. Data were accounted as mean = SEM for
replicate values.
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RESULTS

The Effect of Silymarin on Cell Death in Peripheral
Blood Mononuclear Cells

To explore the effect of Silymarin on PBMCs apo-
ptosis, Annexin V/PI staining and flow cytometry were
performed in our investigation. PBMCs were treated with
Silymarin at 50, 100, and 150 uM concentrations for 48,
72, and 120 h. As shown in Fig. 1, there were no significant
differences between values for apoptosis (early apoptosis
plus late apoptosis) in treatment with different concentra-
tions of Silymarin and DMSO control after 48, 72, and
120 h (P=0.05).

Effect of Silymarin on CD69 Expression on Treg Cells
Isolated from Newly Diagnosed and IFN-3-Treated
RRMS Patients

To identify the impact of Silymarin on Treg cell
activation, CD69 expression as an early activation marker
was assessed after treatment the cells with Silymarin at 50,
100, and 150 uM concentrations for 48, 72, and 120 h by
flow cytometry (Fig. 2a). In new cases subjects, CD69
expression was higher compared to DMSO control at 50
and 150 pM Silymarin concentrations, but this increase
was not statistically significant (P> 0.05). Also, in IFN-{3-
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Fig. 1. Silymarin effects on peripheral blood mononuclear cells. PBMCs
were treated with Silymarin (50, 100, 150 M) concentrations for 48, 72,
and 120 h. Apoptotic cell death was assessed using Annexin V/PI assay.
Data were pooled from three independent experiments and expressed as
means = SEM.

treated RRMS patients, there was no statistically signifi-
cant difference in expression of CD69 between different
groups after 48-, 72-, and 120-h treatment with 50, 100,
and 150 pM concentrations of Silymarin compared with
the DMSO control (P>0.05) (Fig. 2b, c).

Effect of Silymarin on Treg Cells Proliferation in Newly
Diagnosed and IFN-3-Treated RRMS Patients

To determine the effect of Silymarin on the prolifer-
ation of Treg cells, we treated the cells isolated from new
cases and IFN-{3-treated RRMS patients, with Silymarin at
50, 100, and 150 uM concentrations for 48, 72, and 120 h,
then analyzed the impact on proliferation by CFSE assay
through flow cytometry (Fig. 3a). In new cases MS pa-
tients, at the presence of 100 uM of Silymarin after 72 h,
Treg cells proliferation was significantly increased com-
pared to DMSO control (P =0.0377). However, there was
no significant difference between groups in the prolifera-
tion of Treg cells after 48 and 120 h (P>0.05) (Fig. 3b).

In IFN-{3-treated RRMS patients, there was no sig-
nificant difference in proliferation of Treg cells between
different groups after 48, 72, and 120 h (P> 0.05) (Fig. 3c).

Effect of Silymarin on FOXP3 Gene Expression in Treg
Cells Isolated from Newly Diagnosed and IFN-[3-
Treated RRMS Patients

FOXP3 transcript expression was assessed by real-
time PCR technique. FOXP3 levels in new cases were
increased significantly after 72-h treatment with 100 pM
concentration of Silymarin compared to DMSO control
(P=0.0003), but FOXP3 expression was not significantly
changed after 48 and 120 h of exposure with different
concentrations of Silymarin (P> 0.05) (Fig. 4a).

Also, in IFN-3-treated RRMS patients, FOXP3 gene
expression was increased in treatment with100 uM con-
centration of Silymarin in comparison with DMSO control
but it was not statistically significant (P> 0.05) (Fig. 4b).

Effect of Silymarin on JAK3 Gene Expression in Treg
Cells Isolated from Newly Diagnosed and IFN-[3-
Treated RRMS Patients

We also assessed JAK3 gene expression as an impor-
tant signaling molecule in Treg cell activation. The expres-
sion of JAK3 gene in the Treg cells after 48, 72, and 120 h
was evaluated. JAK3 expression in new cases was in-
creased significantly after 48- and 72-h treatment with
50, 100, and 150 uM concentrations of Silymarin respec-
tively (P=0.0213, P <0.0001), but it was not significantly
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Fig. 2. Silymarin promotes Treg cell activation in vitro. a Histogram plots
of Treg cells following of the co-culture of these cells and Silymarin (50,
100, 150 uM). After 48, 72, and 120 h of culture, cells were harvested and
stained with anti-CD69 monoclonal antibody and analyzed by flow cy-
tometry. Graphical representation of the percentage of CD69+ Treg cells
isolated from newly diagnosed (b) and IFN-{3-treated RRMS patients (c).
Data were pooled from three independent experiments and expressed as
means + SEM.
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Fig. 3. Silymarin effects on Treg cells proliferation isolated from MS p-
atients. a CFSE histogram plots of Treg cells following of the co-culture of
these cells and Silymarin (50, 100, 150 uM). Following 48, 72, and 120 h
of culture, cells were harvested and analyzed by flow cytometry to identify
proliferating cell populations. CFSE histograms depict the number of
events (y-axis) and the fluorescence intensity (x-axis), with proliferating
cells displaying a progressive twofold loss in fluorescence intensity fol-
lowing cell division, indicative of proliferating cells. Graphical represen-
tation of the proliferating Treg cells isolated from newly diagnosed (b) and
TFN-3-treated RRMS patients (c¢). Treg cells following 48, 72, and 120 h
of culture in the presence of DMSO (control) or in the presence of three
concentrations of Silymarin (50, 100, 150 uM). Data were pooled from
three independent experiments. *P < 0.05 indicates statistically significant
differences between DMSO and Silymarin co-culture conditions, using a
one-way analysis of variance (ANOVA).
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Fig. 4. Silymarin effects on FOXP3 gene expression in Treg cells isolated
from MS patients. Relative gene expression of FOXP3 gene was measured
by RT-qPCR in Treg cells isolated from newly diagnosed (a) and IFN-[3-
treated RRMS patients (b) at different doses of Silymarin (50, 100,
150 uM) after 48, 72, and 120 h. Data were pooled from three independent
experiments and expressed as means + SEM. ***P<(.001 was deter-
mined by one-way ANOVA.

changed after 120 h of exposure with different concentra-
tions of Silymarin (P> 0.05) (Fig. 5a). Also, the significant
increase in JAK3 gene expression was observed among
IFN-p3-treated RRMS patients with 150 uM concentration
of Silymarin after 120 h (P =0.0445) (Fig. 5b).
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Fig. 5. Silymarin effects on JAK3 gene expression in Treg cells isolated
from MS patients. Relative gene expression of JAK3 gene was measured
by RT-qPCR in Treg cells isolated from newly diagnosed (a) and IFN-(3-
treated RRMS patients (b) at different doses of Silymarin (50, 100,
150 uM) after 48, 72, and 120 h. Data were pooled from three independent
experiments and expressed as means + SEM. *P <0.05, **P<0.01, and
###P < 0.001 were determined by one-way ANOVA.

Effect of Silymarin on STAT5 Gene Expression in Treg
Cells Isolated from Newly Diagnosed and IFN-[3-
Treated RRMS Patients

STATS promotes Treg development so we also deter-
mined the effects of Silymarin on STATS gene expression.
In new cases, there was no statistically significant
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difference in expression of STATS gene between different
groups after 48 and 120 h (P> 0.05), but STATS expression
was significantly increased compared to DMSO control
after 72 h of exposure with 100, 150 M concentrations
of Silymarin (P <0.0001) (Fig. 6a).

Additionally, in IFN-{3-treated RRMS patients, there
was no significant difference in expression of STATS gene
between different groups after 48 and 72 h (P>0.05);
however, it was upregulated with different concentrations
of Silymarin (50, 100, 150 uM) after 120 h (P =0.0097)
(Fig. 6b).

Effect of Silymarin on IL-10 Production by Treg Cells
Isolated from Newly Diagnosed and IFN-{3-Treated
RRMS Patients

IL-10 as a suppressive cytokine is produced by
Treg cells and we assessed IL-10 release by Treg cells
after treatment with Silymarin. In new cases, after 48 h
of Treg cells treated with concentrations of 50, 100,
and 150 pM of Silymarin, the IL-10 concentration was
significantly increased at 150 uM (P=0.0206) com-
pared to DMSO. However, after 72 and 120 h, Treg
cells treatment with 50, 100, and 150 uM Silymarin,
the level of IL-10 cytokine was not significantly dif-
ferent from that of the DMSO control (P>0.05)
(Fig. 7a). In INF-3-treated subjects, after 48 h of Treg
cells treatment with Silymarin, IL-10 concentration
was significantly increased at 100 uM (P =0.0241)
compared to DMSO control, while after 72 and
120 h, Treg cells treatment with 50, 100, and
150 uM Silymarin, no significant differences were
found between groups and the DMSO (P>0.05)
(Fig. 7b).

Effect of Silymarin on TGF-3 Production by Treg Cells
Isolated from Newly Diagnosed and IFN-{3-Treated
RRMS Patients

In order to assess Silymarin impacts on TGF-f3
production in newly diagnosed and IFN-p-treated
RRMS patients, we treated the Treg cells with Silymarin
at 50, 100, and 150 uM concentrations for 48, 72, and
120 h and the TGF-f3 level was measured in the culture
supernatants. In new cases, TGF-f3 level was signifi-
cantly increased after 72-h treatment with 150 uM
Silymarin compared to DMSO control (P =0.0083) but
after 48 and 120 h, TGF-3 level was not significantly
different in treatment with 50, 100, and 150 uM
Silymarin in comparison to DMSO control (P>0.05)
(Fig. 8a). Also, the TGF-f3 level was increased in IFN-
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Fig. 6. Silymarin effects on STATS gene expression in Treg cells isolated
from MS patients. Relative gene expression of STATS gene was measured
by RT-qPCR in Treg cells isolated from newly diagnosed (a) and IFN-3-
treated RRMS patients (b) at different doses of Silymarin (50, 100,
150 uM) after 48, 72, and 120 h. Data were pooled from three independent
experiments and expressed as means £ SEM. *P <0.05 and ***P < 0.001
were determined by one-way ANOVA.

[3-treated RRMS patients after 72 and 120 h in treat-
ment with Silymarin (100,150 and 50,150 pM respec-
tively) (P=0.0485, P=0.015). Also, no significant dif-
ference of TGF-3 concentration was found after 48-h
treatment with different concentrations of Silymarin
compared to DMSO (P> 0.05) (Fig. 8b).
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DISCUSSION

In this study, we observed that Silymarin, a natural
flavonoid extracted from Silybum marianum, could restore
Treg cells function isolated from MS patients. Immuno-
modulatory effects of Silymarin and its impacts on differ-
ent signaling pathways have been reported in previous
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duplicate wells and expressed as means = SEM. *P < 0.05, **P < (0.01 was
determined by one-way ANOVA.

studies [22]. Here, we found that CD69 expression was
higher in the presence of 50 and 150 uM Silymarin con-
centrations after 72 h compared to DMSO control in newly
diagnosed MS patients; however, this increase was not
statistically significant. CD69 is a membrane receptor
which usually considered as the earliest activation marker
on leukocytes [28, 29]. Dual aspects of CD69 function
have indicated in previous studies, some studies suggesting
that CD69 is involved in pro-inflammatory responses
while another study by Sancho et al. has shown CD69
may exert a regulatory function in immune responses [30,
31] [32]. Accordingly, CD69 deficiency has revealed se-
vere autoreactive immune responses and also increased the
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induction of antitumor responses [32] [33]. Esplugues et al.
have shown CD69 deficiency decreased TGF-3 produc-
tion, so they have suggested a close relation between CD69
and TGF-f3 production [33]. Also, Han et al. have indicated
CD69+ T cells suppress T cells proliferation through the
high expression of membrane-bound TGF-1 [34]. Addi-
tionally, higher expression of inhibitory surface markers
has indicated in FOXP3+CD69+ Treg cells in comparison
to FOXP3+CD69— Treg cells [35].

Consistent with the findings above, we found that
along with the increase in CD69 expression after 72-h
treatment with Silymarin (50 and 150 uM), TGF-f3 pro-
duction also increased. Accordingly, it seems that
Silymarin increases the activity of regulatory T cells in
newly diagnosed MS patients in vitro. However, additional
experiments need to be performed to assess the mecha-
nisms by Silymarin in Treg cell activation. Also, we ob-
served in IFN-3-treated RRMS patients, CD69 expression
was not significantly different among groups which treated
with Silymarin. The previous report has indicated that
in vitro and in vivo treatment with type I interferons
(IFN-o/3) did not induce CD69 expression on T cells
[36]. Consequently, it can be concluded that no significant
difference in CD69 expression in this group may be related
to the effects of IFN-f3 treatment.

Our experiments showed that Treg cells proliferation
was significantly increased at the presence of 100 uM
Silymarin concentration compared to DMSO control in
newly diagnosed MS patients. Also, we found that the
increase of CD69 expression was consistent with Treg cells
proliferation in both groups. Almasi et al. have indicated T
cells proliferation was decreased at the 100 uM and
200 uM concentrations of Silymarin after 5 days (120 h)
[37]. However, we did not find the significant difference in
Treg cells proliferation between groups after 120 h. This
difference may be due to the use of pure Treg cell popula-
tion in our study and their low frequency in peripheral
blood. Therefore, according to our findings and previous
studies, we can conclude that Silymarin exerts its immu-
noregulatory function dose and time dependently.

Our results highlight a previously effect of Silymarin
on Treg cell activation to study the mechanisms by which
Treg cells are induced and expanded in treatment with
Silymarin. Shajanian et al. have reported Treg cell popula-
tion and Foxp3 gene expression significantly increased in
the culture of PBMCs isolated from healthy subjects with
100 uM Silymarin after 72 h and these increases were
higher compared to rapamycin treatment [23]. Our study
confirmed their findings and found Foxp3 gene expression
was increased also in Treg cells isolated from MS patients
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after treatment with 100 uM Silymarin. Particularly, sup-
pression of AKT and mTOR signaling pathways lead to
Foxp3 expression and Treg cells expansion [38, 39].
Gharagozloo and her colleagues have shown Silymarin
inhibits mTOR activity in activated T cells after 72 h
[40]. These findings suggest that inhibition of mTOR
signaling pathway by Silymarin is a mechanism for the
increase of Foxp3 gene expression and Treg cell activation.
In our study, we also found JAK3 and STATS5 gene expres-
sion were increased in Treg cells isolated from MS patients
after treatment with Silymarin. Previous studies on mice
have shown a deficiency of IL-2/CD122/JAK3/STATS5
signaling pathway is accompanied by the decrease in thy-
mic and peripheral Treg cells [41, 42]. Goldstein et al. have
suggested that Foxp3 turn over mostly related to JAK3
activity [8]. Also, studies have indicated the expression of a
constitutively active form of STATS induces Foxp3 expres-
sion in Treg cells. In addition, interaction and the collabo-
ration of mTOR and STATS pathways in Treg cells differ-
entiation and expansion have been suggested. Accordingly,
a study recently has indicated mTOR-deficient mice (T
cell-specific TSC1-deficient mice and RICTOR-deficient
mice) had a higher number of Treg cells which positively
correlated with raise of STATS activation [43]. Also,
rapamycin as a mTOR inhibitor enhances Treg cell popu-
lation while STATS activity also is needed for Treg cells
proliferation in rapamycin treatment [43]. Consequently,
our results confirm the findings from previous studies and
suggest that Silymarin probably exerts its effect on Foxp3
expression, Treg cell activation and, proliferation by regu-
lation of two signaling pathways: (1) inhibition of mTOR
and (2) activation of JAK3/STATS signaling pathways.

In contrast with Silymarin, type I IFN receptor acti-
vates mTOR pathways which induce IFN responses and
consequently the biological effects of IFNs [44]. Therefore,
no significant increase of Foxp3 gene expression in IFN-(3-
treated RRMS patients may be related to mTOR activation
by IFN-f which compensates inhibitory effects of
Silymarin. Also, the increase of JAK3 and STATS mRNA
after 120 h may be due to the decrease of stimulatory
effects of IFN-3 on mTOR signaling. However, further
researches are required to assess the complementary effects
of Silymarin and IFN-{3 on Treg cell activation.

We also observed that Treg-associated anti-inflam-
matory cytokines (IL-10 and TGF-3) were increased in
treatment with Silymarin dose and time dependently.
Treg-dependent inhibitory effects might be established
through a TGF-{3-dependent mechanism [45]. TGF-f3
and IL-2 are necessary factors for the expression of Foxp3
and Treg cells induction by naive T cells [46, 47].
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Additionally, Chaudhry et al. have indicated IL-10 signal-
ing in Treg cells contributes in the suppression of Th17
cell-mediated immune responses [13]. TGF-f3 levels have
increased in MS patients after IFN-{31 therapy [16].
Therefore, the increase of TGF-f3 in IFN-[3-treated RRMS
patients in the present study probably induced by both
Silymarin and IFN-f3.

In our study, the high expression of Foxp3, JAK3/
STATS signaling molecules, the increase of Treg prolifer-
ation, the activation, and anti-inflammatory cytokines pro-
duction were observed in treatment with Silymarin which
suggesting activating of JAK3/STATS signaling is another
mechanism for Silymarin promoting Treg cells and sup-
pressing inflammation. Different delivery systems have
been used for increasing of bioavailability and dissolution
rate of curcumin as a natural flavonoid [24, 48, 49]. Ac-
cordingly to the higher safety index of Silymarin and its
beneficial therapeutic effects as an anti-inflammatory and
immunomodulatory agent, we suggest using various deliv-
ery systems such as nanocarriers improves the therapeutic
efficacy of Silymarin.

CONCLUSION

The crucial role of Treg cells in immune modulation
has attracted great interest in immunology researches. The
increase of Treg cells or delivery of Treg cells has been
proved to be a potent therapeutic method for autoimmune
and inflammatory diseases in different studies. Our find-
ings suggest that Silymarin might serve as an achievable
therapeutic agent for MS or other autoimmune disorders.
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