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Abstract

Background: Bacterial superantigens are potent T cell activators that can activate T cells with specificity for
antigens of the central nervous system (CNS). In this study, we compared the effect of two S. aureus strains on
experimental autoimmune encephalomyelitis (EAE) development. C57BL/6 female mice were infected with S. aureus
ATCC 51650, which produces toxic shock syndrome toxin 1 (TSST-1+) or S. aureus ATCC 43300, which does not
produce toxins (TOX-). Three days later, the animals were subjected to EAE induction by immunization with myelin
oligodendrocyte glycoprotein (MOG). The weight variation, disease incidence and clinical score were recorded daily.
Cytokines and Foxp3+ regulatory T cells in the brain were evaluated during the acute disease phase. Cytokines and
Foxp3+ regulatory T cells in the spleen and histopathological analysis of the CNS were assessed during the chronic stage.

Results: Previous infection with both strains similarly decreased the clinical score; however, only the TSST-1+ strain clearly
diminished inflammation in the CNS. The infections also modulated cytokine production in the spleen and CNS. Reduced
production of IL-5 and IL-10 was detected in MOG-stimulated spleen cultures in the TOX- and TSST-1+ infected groups,
respectively. In S. aureus stimulated cultures, there was an increased production of IFN-γ and IL-10 in both infected groups
and an increased level of IL-5 in the TSST-1+ group. CNS infiltrating cell cultures from previously infected mice produced
less IL-17 in response to MOG and more IFN-γ in response to S. aureus stimulation.

Conclusions: These results indicated that both strains attenuated clinical EAE manifestations, but only TSST-1 clearly
decreased CNS inflammation.
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Background
Multiple sclerosis (MS) is a demyelinating disease of the
central nervous system (CNS), which is mainly mediated
by T cells that are specific for the myelin self-antigen.
These autoreactive T cells are generated in the periphery
and cross the blood-brain barrier to the brain paren-
chyma where they initiate an autoimmune attack on the
myelin sheath [1,2]. MS has been histopathologically
characterized by four main findings: inflammation, de-
myelination, axonal damage and gliosis. Much of the
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reproduction in any medium, provided the or
knowledge about MS is derived from studies on experi-
mental autoimmune encephalomyelitis (EAE). This dis-
ease can be induced in a variety of animals, particularly
in rodents, providing models of acute monophasic, relaps-
ing remitting and chronic progressive CNS inflammation
[2]. Although many gaps still exist in the understanding of
MS immunopathogenesis, it is widely believed that this
complex pathology involves both host genetic and envir-
onmental factors [1]. Infectious disease agents can modu-
late autoimmune diseases in many different ways, such as
triggering these pathologies or, contrarily, preventing their
development [3,4]. S. aureus is one of the most prevalent
pathogens in the human population; colonizing the anterior
nares of 20-60% of the population. These Gram-positive
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bacteria can cause superficial skin infections, such as ab-
scesses and impetigo, or serious invasive infections such as
septic arthritis, osteomyelitis, endocarditis [5-7] and food
poisoning [8]. Most S. aureus strains secrete an array of
extracellular enzymes, which facilitate tissue destruction
and spreading and membrane damaging toxins that cause
cytolytic effects on host cells and tissue damage [9,10].
Currently, 20 serologically distinct staphylococcal super-
antigens (SAgs) have been described, including TSST-1
and the enterotoxins A-E and G-J [11]. S. aureus SAgs can
activate a high proportion of T cells due to their ability to
bind to both MHC class II molecules in antigen present-
ing cells and specific V-β regions in the T cell receptor
[1,12]. This activation results in the polyclonal stimulation
of T cells and an elevated production of proinflammatory
cytokines [1,13]. Experimental and epidemiological evi-
dence support the theory that S. aureus that produces
SAgs may be implicated in the genesis of MS [1,14,15]. In
this context, the main objective of this investigation was
to compare the effects of two S. aureus strains, one strain
that produces TSST-1 and an other strain that does not
produce any SAgs, on EAE development.

Results
Clinical disease severity is reduced by a previous
S. aureus infection
The EAE control group (mice immunized with myelin
oligodendrocyte glycoprotein (MOG) without a previ-
ous S. aureus infection) presented the expected clinical
alterations. These animals showed a reduction in body
weight (Figure 1a), which coincided with the highest
clinical scores observed during the acute phase of
the disease (Figure 1b). Previous infection with both
S. aureus strains prevented this reduction in body
weight (Figure 1a) and also decreased the clinical
scores (Figure 1b and 1c). This protective effect on disease
severity was also detected when the disease incidence
was examined. As shown in Table 1, 89% of the animals
from the EAE control group were ill whereas the inci-
dence in the TOX-/EAE and TSST-1+/EAE groups was
67% and 36%, respectively.

Inflammation intensity in the CNS is reduced by previous
infection with S. aureus TSST-1
Typical lesions characterized by intense inflammatory
infiltrates were observed in the brains (Figure 2a) and
lumbar spinal cords (Figure 3a) in the animals in the EAE
control group. Comparable findings were observed in ani-
mals that were infected with the TOX- strain prior to EAE
induction (Figures 2e and 3e). In contrast, the group that
was previously infected with the TSST-1+ strain presented
a very discrete inflammatory infiltration, which was
restricted to the perivascular region in the brain and
lumbar spinal cord (Figures 2c and 3c, respectively).
Peripheral cytokine production is modulated by
S. aureus infections
Production of IFN-γ and IL-17 induced by MOG was
not affected by previous infection with either strain of S.
aureus, as illustrated in Figure 4a and 4b, respectively.
Significant reductions in IL-5 (Figure 4c) and IL-10
(Figure 4d) were observed in the groups that were pre-
viously infected with TOX- and TSST-1+, respectively.
Some clear differences were observed in the levels of
these cytokines when splenic cultures were stimulated
with S. aureus antigen (SAC). IFN-γ and IL-10 production
was significantly elevated in the previously infected group
compared to the EAE group (Figure 5a and d, respectively).
IL-5 production by the TSST-1+ group was also signifi-
cantly higher compared to the EAE and TOX-/EAE
groups (Figure 5c). Similar levels of IL-17 were found
in the three experimental groups (Figure 5b).

In situ (CNS) cytokine production is modulated by
previous S. aureus infections
CNS infiltrating cells from the EAE, TSST-1+/EAE and
TOX-/EAE groups were cultured in the presence of MOG
or SAC. In MOG-stimulated cultures, the production of
IFN-γ, IL-5 and IL-10 was similar between the 3 groups
(Figure 6a, c and d). However, previously infected animals
produced less IL-17 than the animals in the EAE control
group (Figure 6b). In the SAC-stimulated cultures, IFN-γ
levels were higher in previously infected mice compared
to the mice in the EAE control group. No differences were
observed in the IL-17, IL-5 and IL-10 production in these
cultures. These results are shown in Figure 6f, g and h,
respectively.

Previous infection with TOX- S. aureus down-modulated
the percentage of Foxp3+ regulatory T cells in the CNS
Animals with EAE presented a significant increase in
the frequency of splenic CD4+ CD25+ Foxp3+ T cells
compared to the negative control group (Figure 7a).
Infections with TSST-1+ and TOX- strains before EAE
induction did not alter the percentage of these T cells
in this peripheral lymphoid organ (Figure 7a). The
presence of these regulatory cells was concomitantly
evaluated in the CNS. As shown in Figure 7b, the
number of CD4+ CD25+ Foxp3+ T cells was similar
in the EAE and TSST-1+ groups, but was significantly
lower in the group that was previously infected with
the TOX- strain. Histopathological analysis indicated
that the brains from the mice that were solely in-
fected with TOX- and were not subjected to EAE in-
duction presented abundant inflammatory infiltrates
15 days after infection. In contrast to this result, mice
infected with the TSST-1+ strain presented no inflam-
mation in the corresponding time period (Figure 7d
and c, respectively).



Figure 1 Effect of previous infection with S. aureus in body weight and clinical score. C57BL/6 mice were infected with S. aureus TSST-1+ and
TOX-. Three days later, the animals were subjected to EAE induction, and their body weight and clinical scores were evaluated daily. The profile of the
animals’ weight during 30 days (a), clinical score (b) and maximum clinical score (c). Data are presented as the mean ± SE of 9-12 mice and are
representative of two independent experiments, p < 0.05. The statistical analysis (ANOVA or ANOVA on Ranks with Dunn’s method) indicates
significant differences between EAE and both infected groups. These differences began on day 15 and remained significant until day 30. No
differences were observed between the two infected groups.
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Discussion
Multiple sclerosis (MS) is a demyelinating disease of the
central nervous system (CNS) that is characterized by an
autoimmune inflammatory process involving myelin an-
tigens [2]. Experimental autoimmune encephalomyelitis
is currently the most widely accepted animal model to
investigate this pathology. Epidemiological studies have
identified several environmental risk factors that contrib-
ute to the development of this disease, such as viral in-
fections, smoking and depleted vitamin D serum levels
Table 1 Effect of previous infection with S. aureus on EAE
development (%)

Number of
sick animals

Percentage of
sick animals

P

EAE (n = 9) 8/9 89 p = 0.051

TSST-1+/EAE (n = 10) 4/10 36

TOX-/EAE (n = 12) 8/12 67
[16]. Although SAgs have been implicated in the patho-
genesis of different autoimmune diseases, such as type I
diabetes, Kawasaki disease and MS [17], their effects
have not been systematically tested in these pathologies.
In the present investigation, we evaluated the effect of
previous infections with S. aureus on EAE development.
To achieve this, female C57BL/6 mice were infected
with 2 distinct S. aureus strains; one strain was a produ-
cer of the TSST-1 toxin (ATCC 51650), and the other
strain did not produce any SAgs (ATCC 43300). Three
days after infection, the animals were subjected to EAE
induction, and the disease evolution was compared with
a control group that had not been infected before EAE
induction. Previous inoculation with both strains clearly
induced a protective effect that was characterized by the
appearance of a much more benign disease. Previously
infected animals did not lose weight during the acute
phase and also presented a less severe sickness with
lower clinical scores. In addition to these less serious



Figure 2 Inflammation in the brain of mice with EAE: effect of previous infection with S. aureus. C57BL/6 mice were infected with
S. aureus TSST-1+ and TOX-, and 3 days later, they were subjected to EAE induction. Brain inflammatory infiltrates in mice with EAE (a, b), mice
previously infected with S. aureus TSST-1 strain subjected to EAE (c, d) and mice previously infected with S. aureus TOX- strain subjected to EAE
(e, f) were evaluated 30 days after disease induction. The panel is representative of 6-7 animals/group. Magnification is 10 x and 100 x in the left
and right panel, respectively.
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clinical manifestations, there was also a lower disease in-
cidence. A comparison of all of these parameters indi-
cated that the TSST-1+ strain was more protective than
the TOX- strain. In addition, the first signals of paralysis
in the TSST-1+ infected group were delayed. In this
group, these clinical symptoms appeared only on the
21st day after EAE induction, compared to the EAE
control group, which exhibited symptoms by the 14th

day. To examine the mechanisms by which these two
S. aureus strains protected against EAE development,
cytokine production by the spleen and CNS infiltrating
cell cultures were concomitantly evaluated. The similar
IFN-γ and IL-17 levels in the MOG-stimulated spleen
cultures from the three experimental groups suggest that
previous infection is not down-regulating the peripheral
production of encephalytogenic cytokines. However, a sig-
nificant down-regulation of IL-5 and IL-10 was observed
in the TOX-/EAE and TSST-1+/EAE-infected animals,
respectively. In this context, we hypothesized that this
decreased production of anti-inflammatory cytokines
was due to a migration of specific T cell clones from the
periphery to the CNS. However, an evaluation of IL-5
and IL-10 production by cells infiltrating the CNS was
not consistent with this interpretation. Interestingly,
there was a lower production of IL-17 in the CNS of
mice that were previously infected with S. aureus com-
pared to the positive control animals, i.e., the EAE group.
We believe that this is an important finding because IL-17
is described as a relevant mediator of EAE and MS immu-
nopathogenesis [18,19]. Because the peripheral production



Figure 3 Inflammation in the spinal cord of mice with EAE: effect of previous infection with S. aureus. C57BL/6 mice were infected with
S. aureus TSST-1+ and TOX-, and 3 days later, they were subjected to EAE induction. The lumbar spinal cord inflammatory infiltrates in mice with
EAE (a, b), mice previously infected with S. aureus TSST-1 strain subjected to EAE (c, d) and mice previously infected with S. aureus TOX- strain
subjected to EAE (e, f) were evaluated 30 days after disease induction. The panel is representative of 6-7 animals/group. Magnification is 10 x and
100 x in the left and right panel, respectively.
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of IL-17 stimulated by MOG was similar between the
three groups, this lower local level of IL-17 could be due
to a decreased migration of Th17-specific clones to the
CNS or to a local down-modulation of IL-17 production.
To test the last possibility, we analyzed the cytokine
production specifically induced by S. aureus (SAC) in
the periphery (spleen) and in the CNS. Previous infection
was associated with an accentuated immune response
characterized by a significant production of IFN-γ, IL-5
and IL-10. SAC-specific clones capable of producing
anti-inflammatory cytokines could migrate to the CNS
and down-modulate IL-17 production. A theoretical
basis for this possibility was found in the literature.
Initially described as a product of Th2 cells, IL-10 is
now recognized as being secreted by nearly every cell
type of the immune system and is able to inhibit the in-
flammatory process [20]. In the context of MS and
EAE, IL-10 clearly elicits beneficial effects on these
diseases. In MS patients, for example, IL-10 levels are
increased in the serum during disease remission [21].
In addition, the efficacy of IFN-β and glatiramer acet-
ate, two widely employed MS treatments, is partially
attributed to the induction of IL-10 [21-23]. Genetic
studies using the EAE model also showed that IL-10
deletion enhanced EAE disease severity while over-
expression of this cytokine protected mice [24]. More-
over, treatment of EAE with a herpes simplex virus type 1
vector expressing IL-5 ameliorated EAE and decreased
the number of infiltrating lymphocytes in the brain [25].
Similarly, treatment of experimental autoimmune neuritis



Figure 4 Production of cytokines by spleen cells stimulated with MOG. C57BL/6 mice were infected with S. aureus strains, and 3 days later,
they were subjected to EAE induction. Cytokine production was tested 30 days after EAE induction. IFN-γ (a), IL-17 (b), IL-5 (c) and IL-10 (d)
production were assayed in spleen cell cultures that were re-stimulated in vitro with MOG. Data are expressed as the mean ± SE of 5-12 mice.
Different letters represent significant differences between the groups. The statistical analysis (ANOVA or ANOVA on Ranks with Dunn’s method)
indicate significant differences between EAE and both infected groups, p<0.05.

Figure 5 Production of cytokines by spleen cells stimulated with SAC. C57BL/6 mice were infected with S. aureus strains, and 3 days later,
they were subjected to EAE induction. Cytokine production was tested 30 days after EAE induction. IFN-γ (a), IL-17 (b), IL-5 (c) and IL-10 (d)
production were assayed in spleen cell cultures that were re-stimulated in vitro with SAC. Data are expressed as the mean ± SE of 5-12 mice.
Different letters represent significant differences between the groups. The statistical analysis (ANOVA or ANOVA on Ranks with Dunn’s method)
indicate significant differences between EAE and both infected groups, p<0.05.
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Figure 6 Production of cytokines by CNS infiltrating cells stimulated with MOG or SAC. C57BL/6 mice were infected with S. aureus strains,
and 3 days later, they were subjected to EAE induction. Cytokine production was tested 19 days after EAE induction (acute phase) in CNS cell
cultures. IFN-γ (a), IL-17 (b), IL-5 (c) and IL-10 (d) production were assayed in cultures that were re-stimulated in vitro with MOG. IFN-γ (e), IL-17
(f), IL-5 (g) and IL-10 (h) production were assayed in cultures that were re-stimulated in vitro with SAC. Data are expressed as the mean ± SE of
5-12 mice. Different letters represent significant differences between groups. Statistical analysis (ANOVA or ANOVA on Ranks with Dunn’s method)
indicates significant differences between EAE and both infected groups, p< 0.05.
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with recombinant IL-5 markedly reduced clinical paraly-
sis, weight loss, demyelination as well as infiltration of
Th1, Th17 and Tc cells and macrophages in nerves [26].
Despite the significant peripheral production of IL-10 in
mice infected with both strains and IL-5 in mice infected
with the TOX- strain, the levels of these cytokines were
statistically similar in the CNS of the three experimental
groups. Taken together, the cytokine results suggest that
down-modulation of IL-17 in the brain was not mediated
by IL-10 or IL-5 production in the CNS. Considering that
the balance between Th17 and regulatory T cells is critical
in autoimmune diseases [27] and that a high frequency of
regulatory T cells migrate to the CNS during EAE recovery
[28,29], we analyzed the frequency of Foxp3+ regulatory T
cells in the spleen and at the site of inflammation. The pro-
portion of CD4+ CD25+ Foxp3+ cells in the spleen and
CNS was significantly elevated in mice with EAE, as shown
in this study and previous studies [18,28]. The supposition
that the protection by previous S. aureus infection was
mediated by an increased number of Foxp3+ Treg cells
was not confirmed. Previous infections did not increase
the number of Foxp3+ cells in either the spleen or the
CNS. In contrast with our expectations, the number of
CD4+ CD25+ Foxp3+ cells was significantly decreased in
the TOX-/EAE group. This finding was consistent with
the presence of a strong inflammatory process in the CNS
of this group, although the animals were clearly protected
from the disease. The histopathological analysis of the in-
fected animals that were not subjected to EAE induction
showed that infection with the TOX- strain, but not with
the TSST-1strain, triggered a clear inflammatory process
in the brain. Taken together, these results suggest that the
TOX- strain or its secreted components can cross the
blood-brain barrier and elicit a local accumulation of
inflammatory cells. Penetration of S. aureus across the
blood-brain barrier has recently been described [30]



Figure 7 Frequency of regulatory T cells in the spleen and CNS of mice with EAE: effect of previous infections with S. aureus. The
percentage of CD4 + CD25 + Foxp3+ T cells was evaluated in the spleen (a) and CNS (b). Brain inflammatory infiltrates in mice previously infected
with S. aureus TSST-1 (c) or with S. aureus TOX- strain (d) were evaluated 15 days after the infection. Data were expressed as the mean ± SE of
6-9 mice in Figures 7a and b. Different letters represent significant differences between groups. The statistical analysis (ANOVA with Dunn’s or
Holm-Sidak method) indicates significant differences between EAE and both infected groups, p<0.05. Micrographs (c and d) are representative of
5-6 animals/group.
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and provides support for this idea. In this scenario, the
lower number of Foxp3+ cells in TOX-infected animals
could be due to a “dilutive effect” caused by the infil-
tration of phagocytic cells that are trying to eliminate a
local S. aureus infection. Our initial hypothesis that the
TSST-1 strain could increase disease severity due to its
superantigenicity was not confirmed by our findings.
Considering the various parameters (lower clinical score,
lower disease incidence and very discrete inflammation in
the CNS), we believe that this strain was more protective
than the TOX- strain. Thus, we hypothesize that these
two S. aureus strains are protecting the animals from EAE
development using different molecular mechanisms or
more than one immunomodulatory via. In this scenario,
we could imagine that the TSST-1 strain was more effect-
ive because it employed a stronger immunoregulatory
mechanism or multiple mechanisms. In this sense, it has
been demonstrated that the TSST-1 toxin was able to
cause apoptosis of myelin T cell clones [31]. However,
we could not make a direct comparison of these results
with the literature because there were no experimental
approaches similar to the one employed by our study.
Thus, this is the first direct demonstration that an S. aureus
infection was able to decrease the severity of EAE. Further
studies are necessary to highlight the protective mecha-
nisms that are triggered by S. aureus infection to protect
against EAE development. It will be relevant to establish if
these two strains present differences related to dissemin-
ation in the CNS as well as in the secretion of extracellular
adherence protein (Eap). This protein is endowed with the
ability to prevent EAE development by inhibiting infiltra-
tion of inflammatory cells into the CNS [32].

Conclusion
These findings indicate that both TSST-1+ and TOX-
S. aureus strains were able to attenuate EAE severity. They
also suggest that, in contrast to our expectations, the TSST-
1+ strain was more protective than the TOX- strain.

Methods
Experimental design
Mice were infected with S. aureus strains. Three days later,
they were subjected to EAE induction by immunization
with MOG, which was emulsified with complete Freund’s
adjuvant. The effect of the infections on EAE development
was evaluated by a clinical follow-up (weight variation and
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clinical score) and also by histopathological analysis of the
CNS. The potential immunoregulatory effect of the infec-
tions was confirmed by cytokine production and quantifi-
cation of Foxp3+ regulatory T cell. Cell cultures were
stimulated with MOG and S. aureus Cowan I (SAC). Cy-
tokines and Foxp3+ regulatory T cells were evaluated in
the CNS during the acute disease phase, whereas cytokine
production by the spleen and brain and lumbar spinal
cord histopathological analysis were performed during the
chronic phase. An additional histopathological analysis
was performed in the brains of the mice that were solely
infected (15 days of infection).

Animals
C57BL/6 female mice (8-10 weeks old) were purchased
from CEMIB (UNICAMP, São Paulo, SP, Brazil). The
animals were provided with sterilized food and water
ad libitum. The mice were manipulated according to
the ethical guidelines adopted by the Brazilian College
of Animal Experimentation. All of the experimental
protocols were approved by the local Ethics Committee
(Ethics Committee for Animal Experimentation, Bioscience
Institute, Univ. Estadual Paulista).

Bacterial strains: growth conditions and mice infection
Two Staphylococcus aureus strains obtained from the
American Type Culture Collection (ATCC) were used in
this study. The ATCC 51650 strain was characterized by
TSST-1 production (TSST-1+), while the ATCC 43300
did not produce any toxin (TOX-). These strains were
initially cultured in blood agar and incubated at 37°C for
24 h. Isolated colonies were inoculated into brain heart
broth (BHI, Merck) and incubated at 37°C for 24 h. The
bacteria were collected by centrifugation, washed three
times and resuspended in cold sterile saline as previously
described by França et al., 2009 [33]. The animals were in-
traperitoneally injected with 300 μL of the bacterial suspen-
sions. The bacterial load in the blood was confirmed 3 days
after infection and was found to be similar for both strains.

EAE induction
MOG35-55 peptide (MEVGWYRSPFSRVVHLYRNGK)
was synthesized by Proteimax, São Paulo, Brazil. EAE was
induced as previously described (Zorzella-Pezavento et al.,
2013). Briefly, the mice were immunized subcutaneously
with 150 μg of MOG35–55 peptide emulsified in CFA
containing 400 μg of BCG. The mice also received 2
doses of 200 ng of Bordetella pertussis toxin (Sigma)
intraperitoneally 0 and 48 h after immunization. The
animals were examined daily and the disease intensity
was graded as: 0 - no disease, 1 - limp tail, 2 - weak/
partially paralyzed hind legs, 3 - completely paralyzed
hind legs, 4 - complete hind and partial front leg paralysis,
5 - complete paralysis/death.
CNS-Infiltrating Cell Isolation
The mice were anesthetized with ketamine/xylazine and
perfused with 10 mL of saline solution. The brain and
spinal cord were excised, macerated, and maintained in
4 mL of RPMI (Sigma) supplemented with 2.5% collage-
nase D (Roche) at 37°C in a 5% CO2 incubator. Forty-five
min later, the suspensions were washed in RPMI and cen-
trifuged at 450 × g for 15 min at 4°C. The cells were resus-
pended in 37% percoll (GE Healthcare) and gently laid
over 70% percoll in tubes of 15 mL. The tubes were cen-
trifuged at 950 × g for 20 min with the centrifuge breaks
turned off. After centrifugation, the ring containing the
mononuclear cells was collected, washed in RPMI, and
centrifuged at 450 × g for 5 min. The cellular suspensions
were then resuspended in complete RPMI medium, quan-
tified, and analyzed.

Cell culture conditions and cytokine assays
CNS-infiltrating cells and spleen cells were adjusted to
2 × 105 cells/mL and 5 × 106 cells/mL, respectively, in
RPMI medium supplemented with 5% fetal calf serum,
20 mM glutamine and 40 IU/mL of gentamicin. Cell
cultures were stimulated with MOG (20 μg/mL) or SAC
(PANSORBIN®, Calbiochem®) (1/2500). Cytokine levels
in the culture supernatants were evaluated 48 h later
by enzyme-linked immunosorbent assay (ELISA) using
IFN-γ, IL-5 and IL-10 BD OptEIA Sets (Becton Dickinson)
and IL-17 (R&D Systems, Minneapolis, MN, USA). The
assays were performed according to the manufacturer’s
instruction.

Proportion of CD4 + CD25 + Foxp3+ T Cells
Spleen cells were collected and the red blood cells were
lysed with Hank’s buffer containing NH4Cl. Cells from the
spleen and CNS were adjusted to 2.5 × 106 cells/100 μL.
These cells were then incubated with 0.5 μg of fluorescein
isothyocianate (FITC) anti-mouse CD4 (clone GK1.5) and
0.25 μg of allophycocyanin (APC) anti-mouse CD25 (clone
PC61.5) for 20 min at room temperature. Staining for
Foxp3 was then performed using the phycoerythrin (PE)
anti-mouse/rat Foxp3 Staining Set (eBioscience, San Diego,
CA, USA) according to the manufacturer’s instructions.
After incubation, the cells were fixed in 1% paraformalde-
hyde.The cells were analyzed by flow cytometry using the
FACSCalibur (Becton Dickinson, San Jose, CA, USA) and
BD CellQuest Pro software (Becton Dickinson, San Jose,
CA, USA).

Evaluation of inflammatory infiltrates in the CNS
The brain and lumbar spinal cord were obtained 30 days
after EAE induction from infected and not infected ani-
mals. After fixation in 10% formaldehyde, the tissue sam-
ples were dehydrated in a graded ethanol series embedded
in a 100% paraffin block. Five micron-thick sections were
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mounted onto glass slides, stained with hematoxylin and
eosin and were analyzed using a Nikon microscope. Histo-
pathologiocal analysis was also performed on brain samples
from infected mice that were not subsequently immunized
with MOG 15 days after infection.

Statistical analysis
Data were expressed as the mean ± SE. Comparisons
between groups were made using one-way ANOVA
with post-hoc Holm-Sidak methods for parameters
with normal distribution and using Kruskal-Wallis post-
hoc Dunn’s method for parameters with non-normal
distribution. The disease incidence was evaluated using
Chi-square test (p = 0.051). The significance level was
p < 0.05. Statistical analysis was achieved using SigmaStat
for Windows v. 3.5 (Systat Software Inc.).

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TGDF and AS are the main investigators in this study. FCM, SFGZP, LLWI, LCR
and PMC largely contributed with the immunological experiments. CM and
MRVI performed cytometric analysis. MLRSC provided critical input. All
authors read and approved the final manuscript.

Acknowledgements
The study was supported by the São Paulo Research Foundation (FAPESP)
grant # 2009/53175-7.

Author details
1Department of Microbiology and Immunology, Biosciences Institute, Univ
Estadual Paulista (UNESP), Distrito de Rubião Júnior s/n, 18618-000 Botucatu,
São Paulo, Brazil. 2Laboratório de Citometria de Fluxo, Fundação Dr. Amaral
Carvalho, Jaú, São Paulo, Brazil.

Received: 16 May 2013 Accepted: 31 December 2013
Published: 9 January 2014

References
1. Mulvey MR, Doupe M, Prout M, Leong C, Hizon R, Grossberndt A, et al:

Staphylococcus aureus harbouring Enterotoxin A as a possible risk factor
for multiple sclerosis exacerbations. Mult Scler 2011, 17:397–403.

2. Constantinescu CS, Farooqi N, O’Brien K, Gran B: Experimental autoimmune
encephalomyelitis (EAE) as a model for multiple sclerosis (MS).
Br J Pharmacol 2011, 164:1079–1106.

3. Sewell DL, Reinke EK, Hogan LH, Sandor M, Fabry Z: Immunoregulation of
CNS autoimmunity by helminth and mycobacterial infections.
Immunol Lett 2002, 82:101–110.

4. Mix E, Meyer-Rienecker H, Hartung HP, Zettl UK: Animal models of multiple
sclerosis–potentials and limitations. Prog Neurobiol 2010, 92:386–404.

5. Lowy FD: Staphylococcus aureus infections. N Engl J Med 1998,
339:520–532.

6. Peacock SJ, De Silva I, Lowy FD: What determines nasal carriage of
Staphylococcus aureus? Trends Microbiol 2001, 9:605–610.

7. Foster TJ: Immune evasion by staphylococci. Nat Rev Microbiol 2005,
3:948–958.

8. Kérouanton A, Hennekinne JA, Letertre C, Petit L, Chesneau O, Brisabois A,
et al: Characterization of Staphylococcus aureus strains associated
with food poisoning outbreaks in France. Int J Food Microbiol 2007,
115:369–375.

9. Dinges MM, Orwin PM, Schlievert PM: Exotoxins of Staphylococcus aureus.
Clin Microbiol Rev 2000, 13:16–34.

10. Normanno G, La Salandra G, Dambrosio A, Quaglia NC, Corrente M, Parisi A,
et al: Occurrence, characterization and antimicrobial resistance of
enterotoxigenic Staphylococcus aureus isolated from meat and dairy
products. Int J Food Microbiol 2007, 115:290–296.

11. Ortega E, Abriouel H, Lucas R, Gálvez A: Multiple roles of Staphylococcus
aureus enterotoxins: pathogenicity, superantigenic activity, and
correlation to antibiotic resistance. Toxins (Basel) 2010, 2:2117–2131.

12. Krakauer T: Immune response to staphylococcal superantigens. Immunol
Res 1999, 20:163–173.

13. Larkin EA, Carman RJ, Krakauer T, Stiles BG: Staphylococcus aureus: the
toxic presence of a pathogen extraordinaire. Curr Med Chem 2009,
16:4003–4019.

14. Brocke S, Gaur A, Piercy C, Gautam A, Gijbels K, Fathman CG, et al:
Induction of relapsing paralysis in experimental autoimmune
encephalomyelitis by bacterial superantigen. Nature 1993, 365:642–644.

15. Schiffenbauer J, Johnson HM, Butfiloski EJ, Wegrzyn L, Soos JM:
Staphylococcal enterotoxins can reactivate experimental allergic
encephalomyelitis. Proc Natl Acad Sci U S A 1993, 90:8543–8546.

16. Yang CY, Leung PS, Adamopoulos IE, Gershwin ME: The implication of
vitamin D and autoimmunity: a comprehensive review. Clin Rev Allergy
Immunol 2013, 45(2):217–226.

17. Kotzin BL: Superantigens and their role in disease. Hosp Pract (Off Ed)
1994, 29:59-63–68-70.

18. Zorzella-Pezavento SF, Chiuso-Minicucci F, França TG, Ishikawa LL, Da Rosa
LC, Marques C, Ikoma MR, Sartori A: Persistent inflammation in the CNS
during chronic EAE despite local absence of IL-17 production.
Mediators Inflamm 2013, 2013:519–627.

19. Jadidi-Niaragh F, Mirshafiey A: Th17 cell, the new player of
neuroinflammatory process in multiple sclerosis. Scand J Immunol 2011,
74:1–13.

20. Banchereau J, Thompson-Snipes L, Zurawski S, Blanck JP, Cao Y, Clayton S,
et al: The differential production of cytokines by human Langerhans
cells and dermal CD14 (+) DCs controls CTL priming. Blood 2012,
119:5742–5749.

21. Waubant E, Gee L, Bacchetti P, Sloan R, Cotleur A, Rudick R, et al:
Relationship between serum levels of IL-10, MRI activity and interferon
beta-1a therapy in patients with relapsing remitting MS. J Neuroimmunol
2001, 12:139–145.

22. Rep MH, Hintzen RQ, Polman CH, Van Lier RA: Recombinant interferon-beta
blocks proliferation but enhances interleukin-10 secretion by activated
human T-cells. J Neuroimmunol 1996, 67:111–118.

23. Pul R, Morbiducci F, Skuljec J, Skripuletz T, Singh V, Diederichs U, et al:
Glatiramer acetate increases phagocytic activity of human monocytes
in vitro and in multiple sclerosis patients. PLoS One 2012, 7:e51867.

24. Bettelli E, Das MP, Howard ED, Weiner HL, Sobel RA, Kuchroo VK: IL-10 is
critical in the regulation of autoimmune encephalomyelitis as
demonstrated by studies of IL-10 and IL-4-deficient and transgenic mice.
J Immunol 1998, 161:3299–3306.

25. Nygårdas M, Aspelin C, Paavilainen H, Röyttä M, Waris M, Hukkanen V:
Treatment of experimental autoimmune encephalomyelitis in SJL/J mice
with a replicative HSV-1 vector expressing interleukin-5. Gene Ther 2011,
18:646–655.

26. Tran GT, Hodgkinson SJ, Carter NM, Verma ND, Plain KM, Boyd R, et al: IL-5
promotes induction of antigen-specific CD4 + CD25+ T regulatory cells
that suppress autoimmunity. Blood 2012, 119:4441–4450.

27. Jadidi-Niaragh F, Mirshafiey A: The deviated balance between regulatory T
cell and Th17 in autoimmunity. Immunopharmacol Immunotoxicol 2012,
34:727–739.

28. Korn T, Reddy J, Gao W, et al: Myelin-specific regulatory T cells
accumulate in the CNS but fail to control autoimmune inflammation.
Nat Med 2007, 13:423–431.

29. McGeachy MJ, Stephens LA, Anderton SM: Natural recovery and
protection from autoimmune encephalomyelitis: contribution of
CD4 + CD25+ regulatory cells within the central nervous system.
J Immunol 2005, 175:3025–3032.

30. Sheen TR, Ebrahimi CM, Hiemstra IH, Barlow SB, Peschel A, Doran KS:
Penetration of the blood-brain barrier by Staphylococcus aureus:
contribution of membrane-anchored lipoteichoic acid. J Mol Med (Berl)
2010, 88:633–639.

31. Zhang J, Vandevyver C, Stinissen P, Mertens N, van den Berg-Loonen E,
Raus J: Activation and clonal expansion of human myelin basic
protein-reactive T cells by bacterial superantigens. J Autoimmun 1995,
8:615–632.



França et al. BMC Neuroscience 2014, 15:8 Page 11 of 11
http://www.biomedcentral.com/1471-2202/15/8
32. Xie C, Alcaide P, Geisbrecht BV, Schneider D, Herrmann M, Preissner KT,
et al: Suppression of experimental autoimmune encephalomyelitis by
extracellular adherence protein of Staphylococcus aureus. J Exp Med
2006, 203:985–994.

33. França TG, Ishikawa LL, Zorzella-Pezavento SF, Chiuso-Minicucci F, Guerino
CP, Da Cunha ML, et al: Immunization protected well-nourished mice but
not undernourished ones from lung injury in Methicillin-resistant
Staphylococcus aureus (MRSA) infection. BMC Microbiol 2009, 9:240.

doi:10.1186/1471-2202-15-8
Cite this article as: França et al.: Previous infection with Staphylococcus
aureus strains attenuated experimental encephalomyelitis. BMC
Neuroscience 2014 15:8.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Clinical disease severity is reduced by a previous S. aureus infection
	Inflammation intensity in the CNS is reduced by previous infection with S. aureus TSST-1
	Peripheral cytokine production is modulated by S. aureus infections
	In situ (CNS) cytokine production is modulated by previous S. aureus infections
	Previous infection with TOX- S. aureus down-modulated the percentage of Foxp3+ regulatory T cells in the CNS

	Discussion
	Conclusion
	Methods
	Experimental design
	Animals
	Bacterial strains: growth conditions and mice infection
	EAE induction
	CNS-Infiltrating Cell Isolation
	Cell culture conditions and cytokine assays
	Proportion of CD4 + CD25 + Foxp3+ T Cells
	Evaluation of inflammatory infiltrates in the CNS
	Statistical analysis

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


