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Abstract

Objective and design The present work investigates the modulation of experimental autoimmune encephalomyelitis (EAE)
using genistein before the EAE induction.

Material Female C57BL/6 mice (n=96 mice/experiment), 4—-6 weeks old, were used to induce the EAE. The mice were
divided into three experimental groups: non-immunized group, immunized group (EAE), and immunized and treated with
genistein group (Genistein).

Treatment Genistein was used at a dose of 200 mg/kg s.c. and were initiated 2 days before the immunization and continued
daily until day 6 postimmunization.

Methods Animals were monitored daily for clinical signs of EAE up to day 21. Inflammatory infiltration, demyelination,
Toll-like receptor (TLR) expression, cytokines and transcription factors were analyzed in spinal cords.

Results The present study demonstrates, for the first time, the genistein ability to modulate the factors involved in the innate
immune response in the early stages of EAE. The genistein therapy delayed the onset of the disease, with reduced inflam-
matory infiltration and demyelination. In addition, the expression of TLR3, TLR9 and IFN- were increased in genistein
group, with reduction in the factors of TH1 and Th17 cells.

Conclusion These findings shed light on the potential of genistein as a prophylactic strategy for multiple sclerosis (MS)
prevention.

Keywords Multiple sclerosis - Experimental autoimmune encephalomyelitis - IFN-f - Toll-like - Immune response

Introduction

Multiple sclerosis (MS), a debilitating neurological auto-
immune disease, is characterized by clinical exacerbation,

Responsible Editor: Artur Bauhofer.

< Ana Paula Ferreira

ana.paula@ufjf.edu.br

IMUNOCET, Department of Parasitology, Microbiology
and Immunology, Institute of Biological Sciences,
Federal University of Juiz de Fora, Juiz de Fora,

Minas Gerais 36036-900, Brazil

Department of Pharmacy, Federal University of Juiz de Fora,
Governador Valadares, Brazil

Faculty of Medicine, Federal University of the Valleys
of Jequitinhonha and Mucuri, Teéfilo Otoni, Brazil

Empresa Brasileira de Pesquisa Agropecudria, Juiz de Fora,
Brazil

Department of Biophysics, Federal University of Sdo Paulo,
Sao Paulo, Brazil

where the damage to the myelin is due to a chronic progres-
sive inflammation of the central nervous system (CNS) [1,
2]. Experimental autoimmune encephalomyelitis (EAE) is
the main animal model to study MS and is able to reproduce
the inflammatory demyelinating disease of the CNS [3].

The development and progression of EAE are affected
by Toll-like receptor (TLR) expression and the autoimmune
responses are limited by TLR pathways regulation [4, 5]. In
this way, the TLR3 and TLR9 reduction in the spinal cord
cells of EAE mice are related to cytokine enhancement and
disease progression [6]. Moreover, up-regulation of TLR3
is associated with EAE improvement and increased release
of IFN-p [4].
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IFN-B plays an important role in MS treatment by reduc-
ing the frequency of relapses as well as new lesions appear-
ance [2, 7, 8]. However, studies of new substances for
treating or suppressing the MS development are required
because of the failure of many patients to respond to exist-
ing treatments.

Evidence from basic and clinical studies supports the
therapeutic potential of estrogens in MS [9]. Estrogens or
selective estrogen receptors (ER) agonists showed potent
neuroprotective or anti-inflammatory effects in EAE, but are
associated with a number of adverse effects [10-12].

Phytoestrogens, including genistein, are good estrogen
alternatives that keep the beneficial effects of estrogens but
lack potential hazardous effects. Our previous studies show
that mice treated daily with genistein after the onset of clini-
cal signs improved clinical symptoms of the disease through
down-regulation of IFN-y, IL-6, IL-12, TNF-a, and Th17
cells, and up-regulation of IL-10 and Foxp3 + CD4+ expres-
sion, with reduced rolling of leukocytes [13, 14]. On the
other hand, oral genistein treatment alleviated the clinical
signs by reducing the production of IFN-y and enhanced
IL-10 secretion in splenocyte and brain if administrated at
the onset of disease, but not after EAE establishment [15].

Genistein can also suppress the immune system through
different molecular pathways, such as inactivation of NF-xB
[16-18]. Moreover, genistein regulates immune response by
suppressing dendritic cell activation and modulating TLRs
expression in microglia, reducing TLR4 and increasing
TLR2 [18-21].

The present study investigated the modulation of the
immune response in the EAE using genistein before the
EAE induction.

Materials and methods
Mice

Female C57BL/6 mice (n =96 mice/experiment), 4-6 weeks
old, were obtained from the Animal Care Facilities of the
Federal University of Juiz de Fora (UFJF), and maintained in
microisolator cages in the animal facility in the Laboratory
of Immunology. All procedures were in accordance with the
principles of the Brazilian Code for the Use of Laboratory
Animals. The Committee on the Use of Laboratory Ani-
mals from UFJF (Protocol 037/2012) approved all protocols
involving mice handling.

Eae induction
The EAE group was subcutaneously (s.c.) immunized at

the tail base with 100 pg of myelin oligodendrocyte glyco-
protein peptide (MOG;5_s5), synthesized in the Laboratory
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of Biophysics, Federal University of Sdo Paulo. MOG3s_ss
was emulsified v/v in complete Freund’s adjuvant (CFA;
Sigma Chemical Co., Saint Louis, USA) supplemented with
400 ug of attenuated M. tuberculosis H37TRA (Difco, Detroit,
USA). Pertussis toxin (Sigma) was injected intraperitoneally
(i.p.) at 300 ng/animal on the day of immunization and 48 h
later. A non-immunized control group was included, to
which none of the immunization components was adminis-
tered. Animals were monitored daily, and their neurological
impairment was quantified.

Genistein prophylactic strategy

The mice were divided into three experimental groups: non-
immunized group, immunized group (EAE), and immunized
and treated with genistein group (Genistein). Genistein was
used at a dose of 200 mg/kg s.c., because of its proven
effects on EAE [13]. The non-immunized and the immu-
nized groups received, s.c., only the diluent DMSO 0.1%
(Sigma). Treatments with genistein were initiated 2 days
before the immunization and continued daily until day 6
postimmunization. Animals were monitored daily for clini-
cal signs of EAE up to 21 days postimmunization.

Clinical assessment

The clinical status was assessed, scoring certain parts of the
mouse body individually according to a previous study [13].
The final clinical score was obtained adding all individual
scores assessed.

Histological analysis

To evaluate spinal cord tissue histology, mice (n=5/
group/day analyzed) were euthanized under anesthe-
sia, and perfused by intracardiac puncture with 5 ml 4%
buffered formalin on days 7, 14, and 21 postimmuniza-
tion. The thoracic/lumbar region of each spinal cord was
fixed in 4% paraformaldehyde and embedded in paraffin.
5 um thick sections were stained with hematoxylin and
eosin (H&E) to assess tissue damage and inflammation.
Semi-quantitative histological evaluation for inflammation
was scored in a blinded fashion as 0, no inflammation;
1, immune cellular infiltration only in the perivascular
area and meninges; 2, mild cellular infiltration in paren-
chyma; 3, moderate cellular infiltration in parenchyma;
4, severe cellular infiltration in parenchyma [22]. Also,
to assess the demyelination, 10 um thick sections of the
spinal cord at day 21 postimmunization were stained with
Luxol fast blue (LFB) cresyl violet. The demyelination
was assessed using a scoring system described by [23]: +/-
traces of perivascular or subpial demyelination (score 1);
+ marked perivascular or subpial demyelination (score 2);
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++ confluent perivascular or subpial demyelination (score
4); +++ massive confluent demyelination (e.g., half-spinal
cord completely demyelinated) (score 6); ++++ extensive
demyelination (complete demyelination) (score 8).

Isolation of spinal cord cells

On day 7 after immunization, mice (n= 8/group) were eutha-
nized under anesthesia (i.p.) and perfused through the left
ventricle with phosphate buffered saline (PBS). Spinal cords
were dissected, macerated, and filtered using a 70 um cell
strainer (BD Biosciences, Bedford, USA) in RPMI medium
1640 (Gibco, Grand Island, USA) with 10% fetal bovine
serum (FBS) (Gibco). Dispersed spinal cord cells were
incubated in RPMI containing 2 mg/mL of collagenase D
(Roche, Mannheim, Germany) at 37 °C for 45 min. Spinal
cord cells were collected after Percoll density gradient cen-
trifugation [24] and washed with staining buffer (PBS, 1%
FBS, 0.09% sodium azide). The cell pellet was suspended in
ACK solution, centrifuged at 350xg for 5 min, counted with
Trypan, and suspended in staining buffer for flow cytometry
analysis.

Flow cytometry analysis

Spinal cord cells were incubated with anti-mouse F4/80-
PerCP (BD Biosciences Pharmingen, San Diego, USA),
anti-mouse TLR4-PE or anti-mouse TLR2-PE (eBioscience,
San Diego, USA), and anti-mouse CD11c-FITC (eBiosci-
ence) for TLR4 or TLR2 expression. After 30 min at 4 °C,
the cells were washed in staining buffer and kept in the dark
at 4 °C until acquisition. For TLR3 or TLR9 expression,
spinal cord cells were incubated with anti-mouse F4/80-
PerCP and anti-mouse CD11c-FITC. After 30 min at 4 °C,
the cells were washed in staining buffer and fixed/permeabi-
lized with BD-Pharmingen Fix/Perm solution, washed in BD
Pharmingen Perm/Wash Buffer, and stained with anti-mouse
TLR3-PE or anti-mouse TLR9-PE IMGENEX, San Diego,
USA). After 30 min at 4 °C, the cells were washed in stain-
ing buffer and kept in the dark at 4 °C until acquisition. For
IL-10 and Foxp3 expression, spinal cord mononuclear cells
were incubated with anti-mouse CD4-PerCP. After 30 min
at 4 °C, cells were washed in staining buffer. The cells were
then permeabilized with BD Pharmingen Fix/Perm solution,
washed in BD Pharmingen Perm/Wash Bulffer, and stained
with anti-mouse IL-10-PE and anti-mouse Foxp3-FITC (BD
Biosciences). After 30 min at 4 °C, cells were washed in
staining buffer and kept in the dark at 4 °C until acquisition.
The cells were acquired and analyzed using a FACSCalibur
flow cytometer and CellQuest software (Becton Dickinson,
San Diego, USA).

Cytokine assays

Spinal cord tissue samples were obtained from each group
on day 7 postimmunization and weighed (n=35 mice/group).
One hundred milligrams of each tissue was homogenized in
1 ml 0.4 M NaCl containing 0.05% Tween 20 (Merck &Co.,
Inc., Whitehouse Station, USA), 0.5% bovine serum albu-
min (Sigma), 0.1 M phenylmethylsulfonyl fluoride (Sigma),
0.1 M benzethonium chloride (Sigma), 10 mM ethylenedi-
aminetetraacetic acid (Sigma), and 20 KIU/ml aprotinin
(Sigma). The homogenate was centrifuged at 2000xg for
15 min at 4 °C and supernatants were collected. The con-
centrations of IFN-y, IL-6, IL-12p40, IL-17 and TGF-} were
determined by ELISA using commercially available anti-
bodies (BD Biosciences), in accordance to the procedures
supplied by the manufacturer.
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Fig. 1 Genistein attenuates the progression of EAE disease. Clinical
score (a) and weight (b) of C57BL/6 mice that were non-immunized,
immunized (EAE) with 100 ug MOGg35_s5, or immunized and treated
with genistein (Genistein) were recorded from day O until day 21
postimmunization. Genistein (200 mg/kg) was administered s.c. daily
from day —2 until day 6 postimmunization. Each point represents the
mean=+SD. *p<0.001 versus other groups. Results were representa-
tive of three independent experiments
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«Fig.2 Genistein reduces spinal cord inflammation in EAE. The
inflammatory infiltrate in the spinal cord of C57BL/6 mice immu-
nized (EAE) with 100 pg MOGg3;; _ 55 (a—c), or immunized and treated
with genistein (Genistein) (d—f), or non-immunized (g) (n=>5/group/
day analyzed) was evaluated on days 7, 14, and 21 postimmunization.
Micrographs show histological analysis of sections from the experi-
mental groups stained with H&E and captured at a magnification
of x40, scale bar =20 pm. Arrow =inflammatory infiltrate. h The
inflammation score was evaluated on days 7, 14, and 21 postimmu-
nization. Each bar represents the mean+SD. *p <0.001 when com-
pared genistein and EAE groups. Results were representative of three
independent experiments, each with five subjects/group/day

Quantitative real-time PCR

The spinal cords (n =4 mice/group) were collected individu-
ally on day 7 postimmunization and stored in RNA-later
(Ambion, Austin, TX) at — 80 °C. Total RNA was extracted
from the spinal cords according to the manufacturer’s
instructions (RNeasy kit, Qiagen, Valencia, CA). After treat-
ment with RNase-Free DNase (Qiagen), first-strand cDNA
was synthesized using Super Script III First Strand, accord-
ing to the manufacturer’s instructions (Invitrogen, Carlsbad,
CA). For each gene, an optimal amplification condition
(cDNA and primer concentration) was selected. Relative
quantification was performed in duplicate using real-time
PCR (Prism 7300 Sequence detection Systems; Applied Bio-
systems; Foster City, CA, USA). Amplification conditions
consisted of 10 min at 95 °C, followed by 40 cycles (95 °C
for 15 s, TA 30 s, and 60 °C for 30 s). After the run, melting
curve analysis was performed for each sample to confirm
that a single specific product was generated. The primer sets
for each gene were as follows:

IFN-B, 5'"-GGAGATGACGGAGAAGATGC-3' (for-
ward) and 5'-CCCAGTGCTGGAGAAATTGT-3' (reverse);
RORyt, 5'-CGCGGAGCAGACACACTTA-3' (forward) and
5'-CCCTGGACCTCTGTTTTGGC-3' (reverse); T-bet,
5'-GATCGTCCTGCAGTCTCTCC-3" (forward) and
5'-AACTGTGTTCCCGAGGTGTC-3’ (reverse); p-actin,
5'-GCTGTCCCTGTATGCCTCT-3’ (forward) and 5'-GTC
ACGCACGATTTCCCTC-3' (reverse). RNA was normal-
ized to expression of f-actin and relative expression was
calculated with the 2724 method.

Statistics

The present results are representative of three independent
experiments expressed as mean =+ standard deviation (SD) of
n observations where n > 4. The significance of the differ-
ences between groups was analyzed using a Student’s ¢ test,
Mann—Whitney test, or two-way ANOVA where appropriate
using GraphPad Prism 5.00 (GraphPad Prism Software Inc.,
San Diego, CA USA). Differences were considered signifi-
cant at p<0.05.

Results

Genistein therapy delays the onset and suppresses
the severity of EAE symptoms

The clinical course of EAE was investigated in mice for 21
days. The EAE group showed 100% disease incidence with
very typical signs characterized by an elevated clinical score
and accentuated body weight loss (Fig. 1a, b). On the other
hand, the group treated with genistein showed a delay of 5
days in the onset of clinical signs of disease, and much less
severe clinical signs. The EAE group had a mean maximum
score of 5.4 and the mean score of the genistein group was
1.4 (Fig. 1a). Maximum clinical score determination con-
firmed that genistein is able to reduce disease severity. Par-
allel to the worsening of clinical signs, severe loss of body
mass was observed in animals of the EAE group, but was not
observed in the group treated with genistein, which was not
statistical different of the non-immunized group (Fig. 1b).

Genistein therapy reduces inflammatory infiltration
and demyelination during the development of EAE

The presence of inflammatory infiltrates in the spinal cord on
the 7th, 14th, and 21st days postimmunization was assessed
by histological analysis using H&E stain. The EAE group
of mice showed cell infiltrated at all days evaluated, with
the peak infiltration at day 14 postimmunization (Fig. 2a—c).
The mice treated with genistein showed no inflammatory
infiltration at days 7 and 14 (Fig. 2d, e). In the 21st day,
this group had mild cellular infiltration in the perivascular
area and meninges (Fig. 2f). The histological sections of the
spinal cord of the non-immunized group were considered
normal (Fig. 2g). As expected, the genistein group showed
a delayed in the inflammation score compared to the EAE
group (Fig. 2h).

Demyelination in the spinal cords was observed at day 21
postimmunization by histological analysis using LFB stain.
Concurrent with the delayed of inflammation score, the gen-
istein group showed lower demyelination score (Fig. 3a).
The histological sections of the spinal cord of the non-
immunized group were considered normal (Fig. 3b). The
LFB staining of the spinal cord was remarkably reduced in
the genistein group compared to the EAE group (Fig. 3c, d).

Genistein therapy increased TLR3 and TLR9
expression in dendritic cells and macrophages
in the spinal cord

The median fluorescence intensity (MFI) of TLR2, TLR3,
TLR4, and TLR9Y in dendritic cells (CD11c+ F4/80—) and
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Fig.3 Genistein reduces spinal cord myelin damage in EAE. The
demyelination score (a) and demyelination images were evaluated
in the spinal cord of C57BL/6 mice that were non-immunized (b),
immunized (EAE) with 100 ug MOGg3;s 55 (¢), or immunized and
treated with genistein (Genistein) (d) (n=5/group) at day 21 postim-

macrophages (CD11c +F4/80+) in the spinal cord was
assessed by flow cytometry at day 7 postimmunization.
The results showed an increase in TLR3 and TLR9 expres-
sion, in both cells, in the genistein group (Fig. 4b, d, f, h).
The MFI of TLR2 was reduced in the DCs of the genistein
group (Fig. 4a) and alterations in the MFI of TLR4 were
not observed (Fig. 4c, g).

Genistein increases endogenous IFN-B production
in the spinal cord

Relative IFN-B mRNA expression was analyzed in superna-
tants of macerated spinal cords on day 7 after immunization.
Interestingly, genistein was able to increase relative IFN-f
mRNA expression in the spinal cord (Fig. 5). We hypoth-
esized that the genistein could have a protective effect on
EAE by enhanced levels of endogenous IFN-f in CNS.
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munization. Images show histological analysis of sections stained
with Luxol Fast Blue and captured at a magnification of x40, scale
bar =50 um. a Each bar represents the mean+SD. *p <0.001 when
compared genistein and EAE groups. Results were representative of
three independent experiments, each with five subjects/group

Genistein therapy decreased transcription factors
for Th1 and Th17 cells and up-regulated Treg cells
in the spinal cord

To examine whether genistein regulated the production of
cytokines and the expression of T-bet and RORyt during
EAE development, the levels of cytokines IL-12p40, IFN-y,
IL-6, TGF-p, and IL-17, and the relative mRNA expression
of transcription factors T-bet and RORyt were analyzed in
spinal cords on day 7 after immunization. In addition, the
MFI of CD4 + Foxp3+ and CD4 +IL-10+ cells were ana-
lyzed in spinal cords on day 7 after immunization.
Genistein treated mice showed lower expression of
T-bet (Fig. 6¢) and RORyt (Fig. 7c), in accordance with the
reduced production of IL-12p40 (Fig. 6a), IFN-y (Fig. 6b),
and IL-6 (Fig. 7a) when compared to the EAE group. On
the other hand, the MFI of CD4 + Foxp3+ (Fig. 8a) and
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Fig.4 Genistein increases expression of TLR3 and TLRO. The
median fluorescence intensity (MFI) of TLR2 (a, e), TLR3 (b, f),
TLR4 (c, g), and TLRY (d, h) (n=8 mice/group) in dendritic cells
(CD11c+F4/80-), or macrophages (CD11lc+F4/80+) in the spinal
cord of C57BL/6 mice that were non-immunized, immunized (EAE)
with 100 pg MOGs;s_s5, or immunized and treated with genistein
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Fig.5 Genistein increases the relative expression of IFN-f in EAE.
The relative expression of IFN-f in the spinal cord of C57BL/6 mice
that were non-immunized, immunized (EAE) with 100 ug MOGs;s_ss,
or immunized and treated with genistein (Genistein) on day 7 postim-
munization (n=4 mice/group). Bars represent mean+SD. *p <0.05.
Results were representative of three independent experiments, each
with four subjects/group. Dashed line=relative expression of the
non-immunized group

CD4 +1L-10+ (Fig. 8b) cells, and the production of TGF-f
(Fig. 8h) were up-regulated in genistein treated mice when
compared to the EAE group.

(Genistein) at day 7 postimmunization. Bars represent mean=+ SD.
*p<0.05. Representative histograms was shown: non-immunized
(red); EAE (blue); Genistein (black) and isotype (gray). MHC-II-
APC; CDI11c-FITC; F4/80-PerCP. Representative gate strategy was
shown. Results were representative of 3 independent experiments,
each with eight subjects/group. (Color figure online)

Discussion

Phytoestrogens, including genistein, act at the estradiol
receptors (ER) with therapeutic activity similar to estro-
gen [11, 25]. In spite of the effect of genistein and estro-
gen in ER, their mechanisms of action are not fully under-
stood, being able to produce estrogenic or anti-estrogenic
effects [26, 27]. Besides acting in the ER, the genistein
can activate different intracellular pathways, such as
ERK, MAPK, NF-xB, microRNA [17, 18, 28]. In EAE
model genistein modulates the immune response through
reduction in the Th1 and Th17 responses, associated with
an increase in Treg cells in the EAE model, as shown by
our group [13, 14]. Oral treatment with genistein can only
reduce the EAE severity if initiated in the early stages of
the disease [15]. Due to this, the genistein prophylactic
strategy was initiated before the EAE induction in the pre-
sent study, with reduced EAE score result and decreases
in T-bet and RORYt expression, associated with increased
expression of IFN-f, TLR3, TLR9, and TGF-f. These
evaluations were done in day 7 due to represent the begin-
ning of the disease development. Previous work from our
group shows that although at day 7 postimmunization the

@ Springer
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Fig.6 Genistein promotes Thl suppression. Production (n=35 mice/
group) of IL-12p40 (a) and IFN-y (b), and relative expression (n=4
mice/group) of T-bet (c) in the spinal cord of C57BL/6 mice that
were non-immunized, immunized (EAE) with 100 pg MOGg;s5_ss, or
immunized and treated with genistein (Genistein) on day 7 postim-
munization. Bars represent mean +SD. *p <0.05. Results were rep-
resentative of three independent experiments. The dashed line repre-
sents relative expression of the non-immunized group

animals with EAE shows no clinical signs of disease, it
is already possible to observe cellular infiltration and
increased pro-inflammatory cytokines in the CNS, which
are pathological characteristics of the disease course [29].

The adaptive immunity function in EAE and MS is
already known; however, the role of innate immunity in
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Fig.7 Genistein promotes Th17 suppression. Release (n=>5 mice/
group) of IL-6 (a), and IL-17A (b), and relative expression (n=4
mice/group) of RORyt (¢) in the spinal cord of C57BL/6 mice that
were non-immunized, immunized (EAE) with 100 uyg MOGg;;_ss, or
immunized and treated with genistein (Genistein) on day 7 postim-
munization. Bars represent mean+SD. *p <0.05. Results were rep-
resentative of three independent experiments. The dashed line repre-
sents relative expression of the non-immunized group
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Fig.8 Genistein promotes a regulatory environment in EAE. Median
fluorescence intensity (MFI) of Foxp3 and IL-10 in CD4+ cells
(n=28/group) and release of TGF-p (n=5/group) in the spinal cord
of C57BL/6 mice that were non-immunized, immunized (EAE)
with 100 pg MOGs;s_ss, or immunized and treated with genistein
(Genistein) on day 7 postimmunization. a, ¢ CD4+4Foxp3+, b, d

disease progression is still unclear. The Toll-like recep-
tors are pattern recognition receptors expressed in several
cell types that play critical roles in initiating inflammatory
responses and linking the innate to the adaptive immune
response. In EAE, interactions of TLR with PRPs contribute
to the activation of T cells against myelin antigen. By this
way, the modulation of different TLRs modulates the estab-
lished response in EAE [30-32].

Signaling via TLR2 and TLR4 induces IL-1, IL-6, and
IL-12 production that enhance T naive cells differentiation
into Thl and Th17 cells [30]. In addition, development of

CD4+1L-10+, and h TGF-B. e-g Gating strategy for CD4 +cells
selection. h TGF-f production. Bars represent mean=+SD. *p <0.05.
Representative histograms were shown: non-immunized (red); EAE
(blue); Genistein (black) and isotype (gray). CD4-PerCP; IL-10-PE;
Foxp3-FITC. Results were representative of three independent exper-
iments. (Color figure online)

EAE is characterized by reduced TLR3 and TLR9 expres-
sion [6]. On the other hand, TLR3 and TLRO signaling can
lead to IFN- production, which activates suppressor T cells
and inhibits IL-17 and IL-23 production [33]. In the present
study, genistein was able to increase the TLR3 and TLR9
MFI in the spinal cord. Previous studies report that TLR3
stimulation induces interferon regulatory factor (IRF)-3
activation, which increases the production of IFN-f and
improves EAE [34].

Interferon-f is well established as a disease-modify-
ing treatment for patients with multiple sclerosis, and is
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effective against EAE. Treatment efficacy has been shown by
decreases in annual relapse rate, disability progression and
inflammatory brain lesions [35]. In EAE, IFN-f reduces the
Th17 cell response by up regulating IL-10 and IL-27 expres-
sion, and by reducing VCAM-1 and ICAM-1 expression that
diminishes monocyte migration to the CNS [35-37]. Inter-
estingly, genistein was able to increase the relative expres-
sion of IFN-f in the spinal cord. Together, our data showed
that the suppressive effect of genistein was probably medi-
ated by the increase in the level of endogenous IFN-f.

During EAE, the inflammatory process triggers demy-
elination of the neuron [38]. The results of histological
analyses of spinal cord showed delayed in the inflammatory
infiltration in the CNS together with lower demyelination.
These data could suggest that genistein inhibits migration of
activated inflammatory cells from the periphery to the CNS
of C57BL/6 mice with EAE.

IL-12 and T-box transcription factor (T-bet) are involved
in the differentiation of Thl cells that were originally pro-
posed to be the pathogenic cell population in MS and EAE
[39-41]. Moreover, different studies show that inhibition
of T-bet correlates with reduced susceptibility to EAE [42,
43]. In the present study, genistein was able to reduce the
production of IL-12, IFN-vy, and the relative T-bet mRNA
expression in the spinal cord, suggesting that genistein pro-
phylactic strategy promoted reduction in the differentiation
of ThO into Th1 cells.

IL-17-producing T helper cells are considered the main
population of pathogenic T cells responsible for MS devel-
opment [44—-46]. Therefore, transgenic mice that over-
expressed RORyt presents an anti-MOG Th17 response
more robust and develop a more severe form of EAE com-
pared to wild type mice [47]. In the present study, the gen-
istein prophylactic strategy reduced the relative expression
of RORYyt and the release of IL-6, suggesting reduced dif-
ferentiation to Th17 cells profile.

In contrast, TGF-p alone drives Foxp3 expression and
induces the differentiation of naive T cells into regulatory
T cells (Treg) that are central element for the maintenance
of peripheral tolerance [48—50]. The genistein was able to
reduce the production of IL-6, concomitant with the increase
in TGF-P production and the MFI of CD4 + Foxp3 + and
CD4 +1L-10 +cells, suggesting a favorable microenviron-
ment for differentiation of Tregs in the CNS.

The role of genistein in the present study enhances the
knowledge on the acting pathways of this compound, sug-
gesting a possible use in a prophylactic strategy. Despite
the beneficial effects of genistein, suggested in different
works including the present results, is important to note
that genistein may have adverse effects, probably due its
different intracellular mechanisms of action and the intake
of high dosages, deserving further toxicological investiga-
tions [51-53].

@ Springer

In conclusion, genistein prophylactic strategy improved
the clinical signs of EAE by immunomodulatory effects on
some parameters of the innate immune response that are
crucial for the development of MS. Moreover, the results
suggested that the increase in endogenous IFN-f could be
the mechanism that allows genistein to decrease the EAE
severity. This can suggest possible benefits of dietary sup-
plementation with genistein, or the use of genistein-enriched
diets, in preventing the onset of MS, or inhibiting disease
relapses.
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