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Immunoregulatory Effects of Silymarin on Proliferation
and Activation of Th1 Cells Isolated from Newly Diagnosed
and IFN-ß1b-Treated MS Patients
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Abstract—Multiple sclerosis (MS) is a central nervous system autoimmune disease charac-
terized by demyelination. Autoreactive Tcells mainly interferon gamma (IFN-γ) producing T
helper cells (Th1) have an important role in MS pathogenesis. Silymarin is a unique blend
produced from milk thistle (Silybum marianum) plant which its imunomodulatory role has
been indicated in studies. In the present study, the effects of silymarin on isolated Th1 cells
were investigated in newly diagnosedMS patients and those who received betaferon. PBMCs
were separated from newly diagnosed and IFN-β-treated MS patients. The Th1 cell isolation
from PBMCs was performed using a human Th1 cell isolation kit. Th1 cells were cultured in
the presence of silymarin (50, 100, and 150 μM for 48, 72, and 120 h). Th1 cell proliferation
and CD69 expression were assessed by flow cytometry. Also, IFN-γ production and T-bet
gene expression were measured by ELISA and real-time PCR respectively. In vitro cultured
Th1 cells showed that silymarin suppresses Th1 cell proliferation dose and time dependently
in newly diagnosed and IFN-β-treated MS patients in comparison to DMSO control. Also,
CD69 expression as an early activation marker was changed after Th1 cell treatment with
different doses of silymarin at different times. T-bet gene expression was significantly
decreased in Th1 cells isolated from newly diagnosed and IFN-β-treated RRMS patients
after treatment with silymarin compared to DMSO control. Additionally, IFN-γ production
by Th1 cells was decreased after treatment silymarin in newly diagnosed patients; however, in
IFN-β treated after 48-h treatment with silymarin, IFN-γ concentration was decreased at
concentrations of 100 and 150 μM, and after 120 h, a significant increase was observed in the
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IFN-γ level at a concentration of 100 μM in comparison with DMSO. Our findings here
clearly show that silymarin is an effective regulator for Th1 response in vitro condition. It not
only suppresses Th1 proliferating activity but also inhibits T-bet gene expression and IFN-γ
production by these cells.
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INTRODUCTION

Multiple sclerosis (MS) is a central nervous
system autoimmune disease characterized by demye-
lination and brain damage [1]. The disease generally
occurs at the age of 20–40 years, and women are
twice as likely to suffer [2]. A type of disease that is
seen in about 85% of patients with MS is relapsing-
remitting MS (RRMS), which is associated with re-
currence of defects and acute neurological attacks
resulting in disability, while some improvements are
experienced in the intervals between recurrences [3].
MS is an inflammatory disease in which the break-
down of the blood-brain barrier (BBB) indicates the
onset of disease progression through the migration of
pathogenic lymphocytes to the central nervous system
(CNS). In this regard, the association between endo-
thelial cells, immune cells, and CNS cells allows
permeation of self-reactive lymphocytes and then
their performance and stability in the parenchymal
CNS [4–7].

Based on the evidence, it is believed that self-reactive
T cells are mainly interferon gamma (IFN-γ) producing T
helper cells (Th1) [8, 9]. Controversial results have been
reported the role of IFN-γ in MS disease [10, 11]. Factors
such as dosage, specificity, and activity time as well as
interactions with other cytokines and cells can determine
the pure effects of IFN-γ. Earlier studies have shown that
IFN-γ can activate CNS-residing cells, induce expression
of MHC molecules, and subsequently strengthen the
myelin-uptake process. IFN-γ can also have different ef-
fects on the BBB. Also, the role of other immune cells such
as Th17 cells and Treg cells in the pathogenesis of MS has
indicated in many studies [12].

To date, there is no treatment that improves
disability in MS patients; however, early treatment
with existing drugs may alter the long-term course
of the disease. Interferon beta is a choice for the
treatment of MS patients, because it reduces the
incidence of relapse, creation of new lesions, and
accumulation of disabilities over time [13].

Additionally, plants are an extraordinary resource
to discover valuable pharmaceutical products and

develop this industry. Flavonoids are a group of
natural compounds that are commonly found in most
plants and affect a significant range of biochemical
activities including primary cell function such as
proliferation, differentiation, and apoptosis [14].
Among these flavonoids, silymarin is a unique blend
produced from milk thistle (Silybum marianum)
plant. Silymarin has anti-inflammatory, hepato-
protective, and anticoagulant effects [15]. Today,
silymarin has been shown to have immunomodulato-
ry effects, and several studies have focused on it
[16–19]; however, its effect mechanisms have not
yet been fully elucidated, while it is clear that
silymarin inhibits the activity and proliferation of T
cells [17–19]. Studies have shown silymarin exerts its
anti-inflammatory effects through suppression of the
transcription factor nuclear factor-kB (NF-kB) signal-
ing pathway [20]. Also, the immunosuppressive ef-
fect of silymarin on MAPK signaling pathway and its
inhibitory effects on T cell proliferation and cytokine
production have been indicated [21].

Consequently, since the effect of silymarin as a
regulator of immune response on the function of Th1
cells as the main cell in the pathogenesis of MS has
not yet been determined, in the present study, the
effects of silymarin on isolated Th1 cells were inves-
tigated in newly diagnosed MS patients and those
who received betaferon.

MATERIALS AND METHODS

Silymarin Preparation

To obtain at 100 mM stock solution of Silybum
marianum, powdered extract (Sigma, St. Louis, MO,
USA, Lot No. 286061) was dissolved in dimethyl
sulphoxide (DMSO). The aliquots were stored at − 20 °C
for no longer than 30 days. In order to prepare silymarin
with the concentrations of 50, 100, and 150 μM, all sub-
sequent dilutions were made in Roswell Park Memorial
Institute (RPMI) medium.
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Study Patients

Two groups of patients with MS in 2017 from the
clinic of MS center Kashani Hospital in Iran were selected
for this study: one group had clinically definite RRMS
according to the McDonald criteria [22, 23] and were
treated with IFN-β and the other group was newly diag-
nosed patients. These patients have not received any im-
munosuppressive drugs, as well as those with RRMS, for
at least 6 months of betaferon treatment.

Blood samples were collected from eight newly diag-
nosed (one man and seven women) and eight (two men and
six women) IFN-ß1b-treated patients injection and the mean
age of the patients was 33.91 + 8.4. Blood collection from
IFN-ß1b-treated patients was performed 24–48 h after IFN-
ß1b injection. The research protocols were approved by the
Ethics Committee of Isfahan University of Medical Sci-
ences, and all the participants signed an informed consent.

Blood Samples and Isolation of Peripheral Blood
Lymphocytes

Peripheral blood mononuclear cells (PBMCs) from
all donors were obtained after Ficoll density gradient cen-
trifugation and processed within 3 h (freshly isolated
PBMC) at room temperature from EDTA blood samples.

Magnetic Cell Separation

The separation of Th1 cells from PBMCs was per-
formed using a human Th1 cell isolation kit according to
the manufacturer’s instructions (EasySep™ Human Th1
cell isolation kit).

In brief, unwanted cells were extracted by negative
selection using EasySep™ Human CD4+CXCR3+ T Cell
Pre-Enrichment Cocktail. Tetrameric antibody complexes
(TAC) recognizing CD8, CD14, CD16, CD19, CD20,
CD36, CD56, CD66b, CD123, TCRγ/δ, glycophorin A,
CD45RAhigh, CXCR3, and dextran-coated magnetic par-
ticles were added to PBMC and the unwanted cells sepa-
rated out with a magnet. After this step, highly pure CD4+
T cells were obtained and then CXCR3+ cells were
enriched by positive selection. Finally, the isolated Th1
cells were incubated at 37 °C for 12 h to ensure that the
dextran-coated magnetic particles were completely sepa-
rated from the Th1 cells. Purification of isolated Th1 cells
was determined by flow cytometry after stimulation of Th1
cells with PMA (5 ng/mL; Sigma-Aldrich) and ionomycin
(50 ng/mL; Sigma-Aldrich) in RPMI 1640 in the presence
of the protein transport inhibition brefeldin A (Golgiplug)
for 6 h, as per the manufacturer’s instructions (BD

Biosciences) and using antibodies against the CD4 and
IFN-γ (eBioscience, USA). Sorted Th1 cell subsets were
on average > 95% pure as determined by triple staining
with CD4+, CXCR3+, and CCR4− markers and also typ-
ically ≥ 28% of cells were CD4+/IFN-γ+ (data not shown).

Cell Culture

Isolated Th1 cells were cultured (104/well) in
complete RPMI 1640 medium (BIO-IDEA, USA),
containing 10% FBS (Gibco, USA) and 1% penicillin/
streptomycin. Cells were stimulated with anti-CD3 mono-
clonal antibody (mAb) OKT-3 coated on plates at 4 μg/ml
(eBioscience, San Diego, CA, USA) and soluble anti-
CD28 mAb (eBioscience) at 2 μg/ml. After 24 h, soluble
IL-2 at 200 unit/ml (10 ng) was added to cells and the cells
were treated with silymarin at 50, 100, and 150 μM for 48,
72, and 120 h. Negative control cells were treated with
DMSO. The final concentration of DMSO in control wells
was equal to test wells and was less than 0.1%. All exper-
iments were repeated at least three times independently.

Flow Cytometry and CFSE Labeling

For CFSE labeling, 1–2 104 cells/ml in PBS were
incubated with 1 μM carboxyfluorescein succinimidyl
ester (CellTrace™ CFSE Cell Proliferation Kit;
Invitrogen) before culture initiation. After stopping the
labeling reaction by addition of 1 vol FBS, the cells were
washed three times and cultured under conditions, as
indicated in the text, for 48, 72, and 120 h.

CFSE-labeled or -unlabeled Th1 cells were stained for
CD69 surfacemarker. PE-labeled anti-CD69was used to stain
Th1 cells according to eBioscinec’s (eBioscience, USA) rec-
ommended method. Cells were analyzed by flow cytometry
using a FACSCalibur (BD Biosciences, San Jose, CA).

Detection of IFN-γ Cytokine

Cell culture supernatants were collected and stored at
− 20 °C. The concentration of the IFN-γ cytokine was
measured using ELISA kit (PeproTech® EC Ltd., UK)
according to the manufacturer’s instructions.

Real-Time PCR for T-bet Gene Detection

RNA of all culture groups were extracted using a total
RNA extraction kit (Yekta Tajhiz, Tehran, Iran) according to
the manufacturer’s protocol and the concentration and purity
of RNA were assessed by spectrophotometry. Reverse tran-
scription of RNA was performed using Thermo Fisher Sci-
entific kit (Thermo Fisher Scientific, Lithuania). For real-time
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PCR, the following primer pairs were used: T-bet (50-
ACCAGAATGCCGAGATTACT_30 forward, 50-
GGTAGGAGAGGAGAGTAGTGA_30 reverse); β-ACTIN
(50-AGCACAGAGCCTCGCCTTT_30 forward, 50-
GTTGTCGACGACGAGCG_30 reverse). Quantitative
real-time polymerase chain reaction (qPCR) was performed
in duplicate with 1 ng of complementary DNA (cDNA),
using the 7900HT Fast Real-Time PCR System (Applied
Biosystems). For RT-PCR, the reaction mixture (20 mL)
contained 1 mL of diluted cDNA and 1 ml of each pair of
oligonucleotide primers 7 ml water and 10 ml SYBR Green
MasterMix. The real-time PCR conditions included an initial
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 followed by melting curves to
verify qPCR product identity. All reactions were assayed in
duplicate for each sample. All primer pairs were checked for
primer-dimer formation using the three-step protocol de-
scribed above without the addition of the RNA template.
The geometric mean of housekeeping gene β-ACTIN was
used as an internal control to correct the raw values for the
gene of interest. Mean cycle threshold (Ct) values were
standardized by calculating ΔCt using the housekeeping
gene β-ACTIN and calculating using the 2-ΔΔCT method.

Statistical Analysis

Data are represented as mean ± SEM for replicate
values. Data were analyzed by one-way analysis of vari-
ance (ANOVA) and multivariate analysis of variance
(MANOVA) with post-Dunnett’s multiple comparison test.
All statistical calculations were performed using the
GraphPad Prism 6.0 software. The null hypothesis was
discarded when P < 0.05.

RESULTS

Silymarin Suppresses Th1 Cell Proliferation Dose and
Time Dependently in Newly Diagnosed and IFN-β-
Treated RRMS Patients

To determine the effect of silymarin on Th1 cell
proliferation, we labeled Th1 cells with CFSE and CFSE
profiles were assessed by flow cytometric analysis
(Fig. 1a). After 48 h of Th1 cell cultured isolated from
newly diagnosed MS patients, we found that the Th1 cell
proliferation in the presence of 100 μM silymarin concen-
tration was significantly lower than that in DMSO control
(P = 0.016). However, after 72 h of treatment with Th1
cells at concentrations of 50, 100, and 150 μM of

Fig. 1. Silymarin effects on Th1 cell proliferation isolated from MS pat-
ients. a CFSE histogram plots of Th1 cells following of the co-culture of
these cell and silymarin (50, 100, 150μM). 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 2-fold loss in fluorescence intensity follow-
ing cell division, indicative of proliferating cells. Graphical representation
of the proliferating Th1 cells isolated from newly diagnosed (b) and
IFN-β-treated RRMS patients (c). Th1 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 μM). Data are pooled from three
independent experiments. *P < 0.05, ***P < 0.001 indicate statistically
significant differences between DMSO and silymarin co-culture condi-
tions, using a one-way analysis of variance (ANOVA) (P < 0.05).
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silymarin, no significant difference was observed between
different concentrations of silymarin and DMSO (P ≥
0.05). After 120 h of treatment with Th1 cells at concen-
trations of 50, 100, and 150 μM of silymarin, a significant
decrease was observed at 100 μM concentration (P =
0.001) in comparison with DMSO; however, at 150 μM
silymarin concentration, significant increase in prolifera-
tion was found compared to DMSO (P = 0.005) (Fig. 1b).

In patients treated with betaferon, after 48 and 72 h of
treatment with Th1 cells at concentrations of 50, 100, and
150 μM of silymarin, a significant decrease in proliferation
was observed at different concentrations of silymarin com-
pared to DMSO (P < 0.0010). However, after 120 h of treat-
ment at 50, 100, and 150 μMof silymarin, increased Th1 cell
proliferation at 50 μM silymarin (P< 0.001) and 100 μM
silymarin (P < 0.001) was found compared to DMSO
(Fig. 1c).

Effect of Silymarin on CD69 Expression on Th1 Cells
Isolated from Newly Diagnosed and IFN-β-Treated
RRMS Patients

To investigate whether the silymarin affected the ac-
tivity of Th1 cells, the expression of CD69 as an early
activation marker was assessed by flow cytometry after
Th1 cells co-cultured with 50, 100, and 150 μM for 48,72,
and 120 h (Fig. 2a).

After 48 h of Th1 cell treatment with silymarin at
concentrations of 50, 100, and 150 μM, the activity of Th1
cells at a concentration of 100 μM of silymarin was de-
creased compared to DMSO (P = 0.048). Treatment of Th1
cells with different concentrations of silymarin (50, 100,
and 150 μM) after 72 h had no significant effect on CD69
expression. However, after 120 h of Th1 cell treatment in
the presence of 50, 100, and 150 μM silymarin, a signifi-
cant increase was observed in the CD69 expression at a
concentration of 150 μM of silymarin compared to DMSO
(P < 0.001) (Fig. 2b).

In patients treated with betaferon, after 48 h of treat-
ment with Th1 cells in adjacent 50, 100, and 150 μM
silymarin concentrations, a significant increase in CD69
expression was observed at 50 μM of silymarin compared
with DMSO (P = 0.000). However, after 72 h of culture,
there was no significant difference in CD69 expression of
Th1 cells in the presence of different concentrations of
silymarin (P ≥ 0.05). Also, after 120 h of Th1 cell treatment
with 50, 100, and 150 μM silymarin, there was a signifi-
cant decrease in the CD69 expression at 50 μM (P < 0.01)
and 100 μM (P < 0.01) silymarin concentrations compared
to DMSO (Fig. 2c).

Fig. 2. Silymarin effects on CD69 expression on Th1 cells isolated from
MS patients. a Histogram plots of Th1 cells following of the co-culture of
these cell and silymarin (50, 100, 150 μM). Following 48, 72, and 120 h of
culture, cells were harvested and stained with CD69 mAbs and analyzed
by flow cytometry. Graphical representation of the percentage of CD69+

Th1 cells isolated from newly diagnosed (b) and IFN-β-treated RRMS
patients (c).Th1 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 μM). Data are pooled from three independent experiments.
Data are expressed as means ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001
as determined by one-way ANOVA.
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T-bet Gene Expression Was Significantly Decreased in
Th1 Cells Isolated from Newly Diagnosed and IFN-β-
Treated RRMS Patients after Treatment with Silymarin

The expression of T-bet in the Th1 cells after 48, 72,
and 120 h was evaluated and, as indicated in Fig. 3a, b, the
expression of this gene at concentrations of 50, 100, and
150 μM of silymarin significantly decreased compared to
DMSO (P ≤ 0.001).

Effect of Silymarin on IFN-γ Production by Th1 Cells
Isolated from Newly Diagnosed and IFN-β-Treated
RRMS Patients

After 48 and 120 h, Th1 cell treatment with 50, 100,
and 150 μMsilymarin, the level of IFN-γ cytokine was not
significantly different from that of the DMSO control (P ≥
0.05). However, after 72 h of Th1 cell treatment with
silymarin concentrations of 50, 100, and 150 μM of
silymarin, IFN-γ concentration was significantly de-
creased at 100 (P < 0.01) and 150 μM (P < 0.001) com-
pared to DMSO (Fig. 4a).

In betaferon-treated subjects, after 48 h of Th1 cell
treatment with silymarin, IFN-γ concentration was decreased
at concentrations of 100 (P < 0.001) and 150 μM (P < 0.05)
of silymarin in comparison with DMSO. After 72 h of
culture, there was no significant difference in the IFN-γ
concentration between groups (P ≥ 0.05). In the last stage of
cytokine production after 120 h, a significant increase was
observed in the IFN-γ level at a concentration of 100 μM of
silymarin compared to DMSO (P < 0.05) (Fig. 4b).

DISCUSSION

Numerous studies have highlighted effects of
silymarin as anti-inflammatory and immunomodulatory
phytochemical. Mechanistically, silymarin exerts its anti-
inflammatory effects through the inhibition of NF-kB,
STAT3, and MEK/ERK signaling pathways [20, 24–27].

Here, we showed that silymarin suppressed prolifera-
tion of Th1 cells isolated from newly diagnosed patients
after 48 and 120 h at 100 μM concentration and Th1
proliferation was increased at 150 μM after 120 h. Many
of the molecular and cellular interactions observed induce
in low concentrations of silymarin and some of these
interactions are associated with higher doses. Our findings
are in agreement with Garagozloo et al. study which has
been reported silymarin inhibits peripheral blood mononu-
clear cells (PBMCs) proliferation after 120 h at 100 and
200 μM concentrations. They found that silymarin targets

the mammalian target of rapamycin (mTOR) and thus
intervenes in the cell cycle. They also have shown that a
significant decrease in mTOR activity in T cells in the
presence of 100 μM of silymarin and in a similar manner
to rapamycin compared to DMSO [18].

Fig. 3. Silymarin effects on T-bet gene expression in Th1 cells isolated from
MS patients. a Relative gene expression of T-bet gene as measured by RT-
qPCR in Th1 cells isolated from newly diagnosed (a) and IFN-β-treated
RRMS patients (b) at different doses of silymarin (50, 100, 150 μM) after
48, 72, and 120 h. Data are pooled from three independent experiments. Data
are expressed as means ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001 as
determined by one-way ANOVA.
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mTOR is a member of phosphatidylinositol 3-kinase
(PI3K)-related Ser/Thr kinase family that integrates signals
from energy sufficiency nutrients, and growth factors to
regulate cell growth in a variety of organisms [28, 29].

The experimental data suggest that silymarin exerts its
immunosuppressive effect, at least in part, through the
PI3K/Akt/mTOR pathway by inhibiting the phosphorylation
of p70S6K and p-S6 proteins [30]. In Tcells, mTOR has also
been identified as one downstream target of interleukin (IL)-
2-dependent signaling that is linked to cycle progression due
to its role in Cdk2 and Cdc2 kinase activation, p27Kip1
downregulation, and G1/S checkpoint transition [31].

Therefore, the decrease of Th1 cell proliferation in the
presence of silymarin in our study may be related to the
suppression of PI3K/Akt/mTOR pathway by silymarin. In
betaferon-treated RRMS patients, Th1 proliferation was
significantly decreased after 48 and 72 h in the presence of
different concentration (50, 100, and 150 μM) of silymarin.

Studies have demonstrated in the sustained treatment
of multiple cell lines with IFN, type I IFNs, induce autoph-
agy, and mTOR inhibition [32–34]. Also, Zhao et al. have
shown IFN-β inhibits PI3K/AKT/NF-kB axis and p38,
JNK-MAPK, as well as regulates mTOR complexes. So,
we can conclude from our results that silymarin and IFN-β
synergistically suppress Th1 cell proliferation.

In order to assess the effect of silymarin on the initial
activation of T cells, expression of CD69 as a primary
marker for activation of T cells was investigated. We found
that CD69 expression on Th1 cells was significantly de-
creased at 100 μM of silymarin after 48 h.

Treatment of Th1 cells with different concentrations of
silymarin (50, 100, and 150 μM) after 72 h had no signifi-
cant effect on CD69 expression. However, after 120 h of
Th1 cell treatment in the presence of 50, 100, and 150 μM
silymarin, a significant increase was observed in the CD69
expression at a concentration of 150 μM of silymarin com-
pared to DMSO (P < 0.001). Also, in betaferon-treated pa-
tients, a significant increase in CD69 expression was ob-
served at 50 μM of silymarin compared with DMSO. After
72 h of culture, there was no significant difference in CD69
expression of Th1 cells in the presence of different concen-
trations of silymarin. However, after 120 h of Th1 cell
treatment with 50, 100, and 150 μM silymarin, there was a
significant decrease in the CD69 expression at 50 μM and
100 μM silymarin concentrations compared to DMSO.

The decrease of CD69 expression in the presence of
100 μM silymarin concentration in newly diagnosed MS
patients was consistent with decreasing cell proliferation.
Accordingly, Maino et al. have shown CD69 expression is
correlated with PBMC proliferative response [35]. On the

Fig. 4. a, b Silymarin effects on IFN-γ production by Th1 cells isolated
from MS patients. ELISA measurements of IFN-γ concentrations in
conditioned supernatants collected from co-cultures of Th1 cells with
different doses of silymarin (50, 100, 150 μM) after 48, 72, and 120 h.
Data are pooled from three independent experiments and are calculated as
the average cytokine concentration from duplicate wells. Data are
expressed as means ± SEM. *P < 0.05, **P < 0.01 as determined by
one-way ANOVA.
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other side, studies have indicated CD69 is the earliest
marker which expresses on both antigen or mitogen-
activated PBMC prior to lymphocyte proliferation but its
expression is not comparable to PBMC proliferative re-
sponse [36–38].

However, the nature of antigenic and mitogenic stim-
ulation probably affects not only cell proliferation but also
its activation. Numerous studies have shown silymarin can
target and suppress the products of NF-kB signaling path-
way, including cyclooxygenase-2 (COX-2), prostaglandin
E2 (PGE2), and inflammatory cytokines [17, 24, 39].

Therefore, the reduction of D69 expression onTh1 cells
may be due to inhibitory effects of silymarin on the NF-kB
transcription factor. Also, our results suggest that treatment
with betaferon influences the inhibitory effect of silymarin on
CD69 expression. However, more detailed studies are needed
to assess the regulatory effects of silymarin on the expression
of activatory molecules on T cells.

In order to investigate the immunoregulatory effect of
silymarin on Th1 cells, we decided to study the effect of this
compound on the expression of T-bet as a specificTh1 cell
transcription factor and IFN-γ production. We found that
silymarin significantly decreased T-bet expression in newly
diagnosed and betaferon-treated MS patients. Also, IFN-γ
levels were significantly decreased dose and time depen-
dently in both groups. The T-bet transcription factor pro-
motes the production of Th1 specific cytokines, especially
IFN-γ, thereby enhances the differentiation of Th1 cells
through the creation of a positive feedback loop [40, 41].

On the other hand, Zhu et al. have demonstrated IFN-
γ alone is enough for T-bet expression in cells responding
to TCR and CD28 co-stimulation [42]. Th1 cell differenti-
ation from naive T cells is dependent on IFN-γ and IL-12,
which activate signal transducers such as STAT1 and
STAT4 respectively [43, 44]. Signal transducer and activa-
tor of transcriptions (STATs) are widely recognized as an
oncogene that involves a variety of biological processes,
including cell proliferation, conversion, apoptosis, differ-
entiation, angiogenesis, inflammation, and immune re-
sponse [45–47].

In a study, silibinin pre-treatment (50–200 μM)
strongly reduced the cytokine mixture-induced phosphor-
ylation of STAT1 (Tyr-701) in the total cell lysates.
Silibinin treatment also decreased the total STAT1 level
compare to cytokine mixture treatment alone [48].

Therefore, the inhibition of STAT1 molecule by
silymarin probably leads to decrease of IFN-γ production
by Th1 cells which followed by reduced T-bet gene ex-
pression. In addition, STAT4 is responsible for T-bet-
independent IFN-γ production [42].

Nguyen et al. have indicated type 1 interferons (IFNs),
including IFN alpha/beta activate STAT4 directly and induce
IFN-γ production [49]. So, no significant difference in IFN-
γ levels in the presence of silymarin in betaferon-treatedMS
patients may be due to induction of STST4 and T-bet-
independent IFN-γ production. However, further investiga-
tion is needed to confirm such regulation.

At the same time, we also assessed silymarin impacts
on Th17 and Treg cells and we found silymarin also
suppressed Th17 cells, while its effect on Treg cells was
different. Our findings have presented in a manuscript that
is now under review by a journal.

Overall, our report here clearly shows that silymarin is
an effective regulator for Th1 response in vitro condition. It
not only suppresses Th1 proliferating activity, but it also
inhibits T-bet expression and IFN-γ production by these cells.

Most importantly, silymarin suppresses an immune cell
response that in addition toMS has a pathogenic role inmany
autoimmune diseases and is favorable for regulation of Th1
immune response in MS and other autoimmune disorders.
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