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We have recently shown that altera-
tion of the gut commensal micro-

biota with antibiotics can modify the 
susceptibility to autoimmune demyeli-
nating processes of the central nervous 
system. Treatment of mice with a broad 
spectrum of antibiotics not only induced 
significant changes in the regulatory T 
cell populations of the gut associated 
lymphoid tissues (GALT) and peripheral 
lymphoid organs but reduced the suscep-
tibility to EAE, the most widely used ani-
mal model for human multiple sclerosis. 
Here, we show further that oral antibiotic 
treatment of EAE mice induced a CD5+B 
cell subpopulation that conferred protec-
tion against the disease. Protection was 
associated with an enhanced frequency of 
CD5+B cells in distal lymphoid sites such 
as cervical LN. In vitro stimulation with 
LPS increased the production of IL-10 by 
splenic CD5+B cells. Adoptive transfer of 
CD5+B cells from antibiotic treated mice 
reduced significantly the severity of EAE 
by shifting the immune responses from 
Th1/Th17 towards anti-inflammatory 
Th2-type responses. Our results demon-
strate that this specific B cell population 
appears to be involved in the immune 
regulation of autoimmunity, in particu-
lar this experimental demyelinating dis-
ease of the central nervous system by gut 
commensal microflora.

Introduction

Multiple sclerosis (MS) is a chronic 
human demyelinating disease associated 
with inflammation and neurodegenera-
tion of the central nervous system (CNS).1 
In experimental allergic encephalomyelitis 

(EAE), encephalitogenic CD4+ T cells 
react with self-antigens of the neuronal 
myelin sheet causing cell infiltration into 
the CNS, demyelination and eventu-
ally neuronal damage.2 Th1 and Th17 
antigen-specific cells are believed to be 
involved in the disease progression,3 
whereas FoxP3+Treg cells control natural 
recovery4 and protection.5

The mammalian mucosal gastrointes-
tinal (GI) tract is a complex ecological 
environment that contains a heteroge-
neous population of >1014 microorganisms 
that belong to ∼1,000 species.6-8 Studies 
in germ-free animals, born and raised 
in sterile conditions, have demonstrated 
that early exposure to both pathogens 
and non-pathogenic microbes is neces-
sary for the complete development of the 
gut-associated lymphoid tissues (GALT) 
and balanced immune development.9 We 
have recently demonstrated that modifi-
cation of the bacterial populations of the 
gut alters the clinical outcome of EAE 
in mice.10 Oral treatment of mice with 
antibiotics reduced the clinical severity 
of disease that was associated with both 
diminished pro-inflammatory responses 
and conversely enhanced FoxP3+Treg cells 
that accumulated in mesenteric and cervi-
cal lymph nodes (LN). Adoptive transfer 
of IL-10-producing Treg cells conferred 
protection against EAE.

The role of B cells in EAE and MS 
is of increasing interest. Distinct B cell 
subtypes have been recently associated 
with EAE disease progression and regu-
lation.11 B cells with a plasmacytoid type 
phenotype can control EAE in mice by 
the acquisition of regulatory features.12 
Recent Phase I and Phase II clinical trials 
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in relapsing and progressive MS focused 
on B cell depletion13-15 have demonstrated 
a potentially important role for B cells 
in disease progression and regulation. In 
this addendum, we show that oral treat-
ment with a combination of broad spec-
trum antibiotics induced changes in the 
B cell subsets of GALT and peripheral 
C57BL/6 mice. Treatment with antibiotics 
enhanced a regulatory-type phenotype in 
B cells. CD5+ B cells obtained from mice 
with altered gut microbiota demonstrated 
enhanced IL-10 levels and conferred EAE 
protection after adoptive transfer.

EAE Protection by Alteration of 
the Gut Microbiota is Associated 

to Augmented CD5+ B cell  
Proportions

Recent findings have revealed the critical 
importance of B cells not only as antibody 
producers but also as a population of cells 
that exhibit regulatory function.11,16-19 
Deficiency of B cells in C57BL/6 mice 
exacerbates EAE disease severity18,20,21 and 
adoptive transfer of IL-10 producing B cells 
can protect IL-10 deficient mice against 
the disease.21 The role of distinct B cell 
subsets in the development or control of 
EAE was recently analyzed by Matsushita 
et al.11 EAE regulation was associated with 
a small proportion (1–2%) of splenic B 
cells with a CD1dhighCD5+ phenotype that 
produced IL-10. TLR2/4 activated B cells 
through MyD88 signaling pathway were 
able to protect against EAE implicating a 
potential role for bacterial antigens in the 
regulation of disease progression through 
B cells.22 In vitro stimulation of splenic 
CD1dhighCD5+ B cells with bacterial LPS 
enhanced the secretion of IL-10.19

Our reported studies demonstrate that 
the oral treatment of mice with antibiot-
ics against the gut microbiota reduced the 
severity of EAE. To assess whether B cells 
are associated with disease severity and pro-
gression in this antibiotic treated model, 
C57BL/6 mice were treated with the same 
antibiotic cocktail with ampicilin (1 g/L), 
metronidazole (1 g/L), vancomycin (1 g/L), 
and neomycin sulfate (1 g/L) by either oral 
or intraperitoneal (IP) route. Oral admin-
istration was via dissolution of antibiotics 
in drinking water whereas IP treatment 
consisted on 200 µl daily injections. EAE 

Figure 1. Oral treatment with antibiotics modifies the cd5+ B cell percentages in eAe protected 
mice. One week of oral treatment with antibiotics protected c57BL/6 mice against eAe, as previ-
ously published.10 Peyer’s patches, Mesenteric and cervical Ln, as well as spleens were harvested 
and total B cell populations (cd19+B220+) (A) and cd5+/- B cells (B) compared by flow cytometry. A 
representative analysis of two combined experiments for 10 mice/group is shown.

was induced by subcutaneous injection of 
250 µg of MOG

35-55
 and two IP doses of 

400 ng of pertussis toxin (days 0 and +2). 
One week of oral treatment with antibiot-
ics but not IP, protected mice against EAE, 
as previously described.10 Interestingly, the 
percentages of B cells analyzed by flow 
cytometry (CD19+B220+) were enhanced 
in mesenteric LN, spleens and cervical LN 
of protected mice (Oral-Treatment) when 
compared to IP- and PBS-Treated mice 
(Fig. 1A). Moreover, the CD19+CD5+ B 
cell percentages were enhanced in mesen-
teric and cervical LN of EAE protected 
mice when compared to PBS-Treated mice 
used as EAE control group. No significant 
differences were observed in IP-Treated 
mice when compare to PBS-Treated mice 
(Fig. 1B).

Oral Treatment with Antibiotics 
Enhances the Frequency of IL-10 
Producing CD1dhighCD5+ B Cells

Flow cytometry analysis showed a sig-
nificant (p < 0.05) increase of CD1dhigh 
expression in CD5+ B cells when com-
pared to CD5- B cells (8.1 ± 1.1 vs. 12.2 
± 1.3% in naïve, and 10.2 ± 2.3 vs. 28.6 
± 3.2% in Ab Treated) (Fig. 2A). More 
interestingly, the frequency of CD1dhigh in 
CD5+CD19+ B cells of mice treated with 
antibiotics was enhanced significantly 
when compared with CD5+CD19+ B cells 
of naïve C57BL/6 mice (12.2 ± 1.3% in 
naïve vs. 28.6 ± 3.2% in Ab Treated mice; 
p < 0.05).

The role of a splenic CD1dhighCD5+ 
B cell phenotype that produced IL-10 in 
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CD19+ B cells obtained from spleens of 
donor naïve, and from mice treated with 
antibiotics (Fig. 3A) and one million of 
CD5+CD19+ or CD5-CD19+ B cells from 
spleens of donor naïve, and from mice 
treated with antibiotics (Fig. 3B). One 
day following the adoptive transfers, EAE 
was induced.

The adoptive transfer of total CD19+ 
B cells from mice treated with antibiotics 
reduced significantly the severity of EAE 
(p value: 0.02). Interestingly, naïve CD19+ 
B cells transferred into recipient mice con-
ferred partial protection against the disease 
when compared to PBS-Treated mice (p 
value: 0.009) (Fig. 3A). The reduction in 
the EAE severity and the cumulative clini-
cal scores was significantly more relevant 
(p value: 0.001) after the adoptive transfer 
of cells obtained from mice treated with 
antibiotics than from naïve mice.

We next compared the protective effect 
of CD5+CD19+ or CD5-CD19+ B cells 
from spleens of donor naïve, and from mice 
treated with antibiotics (Fig. 3B). Only 
CD5+CD19+ B cells reduced significantly 
the EAE severity and cumulative clinical 
scores of recipient mice when compared to 
PBS-untreated mice (Naïve CD5+CD19+ 
B cells: p value: 0.015; Ab-Treated 
CD5+CD19+ B cells; p value: 0.009). 
As observed for total CD19+ B cells, the 
adoptive transfer of naïve CD5+CD19+ B 
cells diminished significantly the severity 
of EAE, yet the protection conferred by 
CD5+CD19+ B cells harvested from mice 
subjected to the treatment with antibiot-
ics was more pronounced (p value: 0.019) 
(Fig. 3B).

In order to compare the MOG-specific 
responses in mice subjected to adoptive 
transfer of CD19+ B cell subsets, splenic 
cells of EAE mice were stimulated for 72 
h with MOG

35-55
 or media (Fig. 4). Cells 

obtained from PBS-Treated mice (EAE 
control) at day 20 post-disease induction 
produced significant levels of IFNγ and 
IL-17 upon stimulation with MOG

35-

55
 when compared with cells cultured in 

the absence of self-antigen. IFNγ and 
IL-17 production was reduced signifi-
cantly in splenic cells of recipient mice 
of CD5+CD19+ B cells from mice treated 
with antibiotics. No significant differ-
ences in the IFNγ and IL-17 levels were 
observed between splenocytes of mice 

and 45.2 ± 4.4; p < 0.05). Although the 
IL-10 levels produced by CD5+CD19+ B 
cells sorted from mice treated with antibi-
otics were enhanced when compared with 
naïve CD5+CD19+ B cells, the differences 
observed were not statistically significant 
(Fig. 2B).

Adoptively Transferred CD5+ B 
Cells Reduce the Severity of EAE 

in Conventional Mice

To examine whether CD5+ B cells would 
play a role in the control of EAE associated 
with alteration of the gut microbiota fol-
lowing oral antibiotic treatment, we com-
pared the protective effect of total CD19+ 
as well as sorted CD5-CD19+ B cells and 
CD5+CD19+ B cells from naïve and mice 
treated with antibiotics (Fig. 3). Naïve 
C57BL/6 recipient mice were subjected 
to the adoptive transfer of one million 

the regulation of EAE has been recently 
described.11 We next compared the IL-10 
production by CD5+ and CD5- B cells 
from naïve and mice treated with antibi-
otics (Fig. 2B). CD19+B220+ B cells were 
FACS sorted into CD5+ and CD5- sub-
populations. Cells were cultured for 72 h 
in media or 100 µg/ml of LPS (Sigma-
Aldrich, St. Louis, MO). Similar to the 
observations with the CD1dhigh frequency 
among CD5- and CD5+ CD19+B cells, 
the level of IL-10 production B cells was 
polarized significantly towards the CD5+ 
subpopulation. CD5-CD19+ B cells from 
naïve and mice treated with antibiotics 
restimulated with LPS released less than 
significant levels of IL-10 (10.5 ± 2.1 and 
13.2 ± 2.6 pg/ml). When CD5+CD19+ 
B cells were restimulated with LPS sig-
nificant increased levels of IL-10 were 
detected in the media when compared to 
CD5-CD19+ B cells (36.5 ± 2.4 in naïve 

Figure 2. Production of iL-10 by cd5+ B cells is enhanced in mice treated with antibiotics. Splenic 
and lymph node cells from naïve c57BL/6 and mice treated orally with antibiotics for one week 
were sorted into cd19+B220+ B cells and subsequently into cd5+ and cd5- by flow cytometry, and 
cd1d expression was compared (A). cd19+B220+cd5+ and cd19+B220+cd5- cells were cultured 
for 12 h in rPMi complete media with 100 ng/ml of LPS. iL-10 secreted to the culture media was 
compared by cytokine eLiSA (B). A representative analysis of two combined experiments for six 
mice/group is shown.
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the different subpopulations of B cells that 
have been associated with the control of 
EAE and perhaps human multiple sclero-
sis.11,16-19 Our results suggest that altera-
tions of the gut microbiota could induce 
strong immune shift that modifies the reg-
ulation of inflammatory processes of the 
CNS by regulatory T10 and B cell subpop-
ulations. Both cell subpopulation appear 
to function as modulators of inflamma-
tion by the production of IL-10, however, 
IL-13 might be playing a significant role in 
the protection. Adoptive transfer of IL-10 
producing CD5+CD19+ B cells of mice 
treated with oral antibiotics into naïve 
recipient mice significantly reduced the 
severity of EAE, and that this protection 
was associated with a shift of the cytokine 
patterns favoring Th2-type polarization 
versus pro-inflammatory Th1/Th17.

We are currently investigating the spe-
cific bacterial population(s) involved in the 

from Th1/Th17 towards Th2-type 
immune responses.

Finally, we compared the frequencies 
of regulatory T and B cell phenotypes 
in spleens and cervical lymph nodes of 
the recipient mice subjected to adoptive 
transfers. No significant differences in 
FoxP3+Treg and CD5+CD1dhigh B cells 
were observed (not shown).

Conclusions

We recently published that treatment of 
mice with a broad spectrum of antibiotics 
induces the accumulation of regulatory T 
cells that mediate a reduced susceptibility 
to EAE, and are protective after adoptive 
transfer.10 The role of NKT cells in the 
protection against EAE by oral treatment 
with antibiotics has been described as 
well.23 We questioned whether the altera-
tion of the gut microbiota would modify 

subjected to adoptive transfer with naïve 
CD5-CD19+ B cells, naïve CD5+CD19+ B 
cells and Ab-Treated CD5-CD19+ B cells 
when compared to PBS-untreated mice. 
By contrast, we detected a significant 
increase in IL-10 produced by splenic cells 
of mice treated with CD5+CD19+ B cells 
of mice with altered microbiota when com-
pared to the EAE control group and mice 
treated with naïve CD5+CD19+ B cells, 
naïve CD5- CD19+ B cells and Ab-Treated 
CD5-CD19+ B cells. Similarly, the level 
of IL-13 from Ab-Treated CD5+CD19+ 
B cells was augmented significantly when 
compared to mice treated with PBS-, naïve 
CD5-CD19+ B cells, naïve CD5+CD19+ B 
cells, and Ab-Treated CD5-CD19+ B cells. 
These results demonstrate that the adop-
tive transfer of CD5+CD19+ B cells of 
mice with altered microbiota induced a 
significant shift of the immune responses 
of recipient mice following EAE induction 

Figure 3. cd5+ B cells from mice with altered microbiota protect against eAe. Splenic and lymph node cells from naïve c57BL/6 and mice treated 
orally with antibiotics for one week were sorted into cd19+B220+ B cells and subsequently into cd5+ and cd5- by flow cytometry. 1 x 106 cd19+ B cells 
(A) and cells cd5+ or cd5- B cells (B) from naïve and c57BL/6 mice treated with antibiotics were adoptively transferred into naïve recipient c57BL/6 
mice. eAe was induced one day after the adoptive transfers. the graphs show the averages of combined eAe clinical scores and cumulative scores 
from two independent experiments for eight mice/group. p < 0.05 and p < 0.01 (Mann-Whitney u-test).
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