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Abstract

Inflammatory bowel disease (IBD) is a chronic, non-specific, inflammatory gas-
trointestinal disease that mainly consists of Crohn's disease and ulcerative colitis.
However, the aetiology and pathogenesis of IBD are still unclear. B10 (IL-10 pro-
ducing regulatory B) cells, a subset of regulatory B cells, are known to contribute to
intestinal homeostasis and the aberrant frequency of B10 cells is associated with IBD.
We have recently reported that B10 cells can be induced by ManLAM (mannose-
capped lipoarabinomannan), a major cell-wall lipoglycan of M tb (Mycobacterium
tuberculosis). In the current study, the ManLLAM-induced B10 cells were adop-
tively transferred into IL(interleukin)-10~~ mice and the roles of ManLAM-induced
B10 cells were investigated in DSS (dextran sodium sulphate)-induced IBD model.
ManLAM-induced B10 cells decrease colitis severity in the mice. The B10 cells
downregulate Thl polarization in spleen and MLNs (mesenteric lymph nodes) of
DSS-treated mice. These results suggest that IL-10 production by ManLAM-treated
B cells contributes to keeping the balance between CD4" T cell subsets and protect
mice from DSS-induced IBD.
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INTRODUCTION

B10 cells, a subset of regulatory B cells, are functionally char-
acterized by their capacity to produce IL-10." These B10 cells
modulate immune response by activating regulatory T cells
(Tregs), regulating Th1/Th2 cytokine balance and dendritic cell
functions, downregulating the pro-inflammatory network and
suppressing T cell-mediated atutoimmunity.2 Aberrant frequen-
cies of B10 cells have been reported in a variety of autoimmune
and inflammation-related diseases, indicating the important
function of B10 cells to maintain immune homeostasis.>*

Inflammatory bowel disease, including Crohn's disease
and ulcerative colitis, is a group of chronic inflammatory
disorders characterized by epithelial barrier damage and dis-
ruption of immune homeostasis in the gastrointestinal tract.
Its incidence is increasing globally; however, the precise
aetiology remains unclear and a cure for IBD has yet to be
discovered.™® There is increasing evidence that they share
in common disordered CD4* T cell response, aberrant cyto-
kine production and inflammation.’ Accumulating data from
clinical and experimental studies has highlighted the import-
ant role of B10 cells existed in mesenteric lymph node and
peritoneal cavity in the control of IBD.*!! B10 cells are also
described with the ability to suppress disease progression by
downregulating inflammatory cascades associated with IL-1
upregulation and STAT3 activation in a mouse IBD model."?
However, it lacks the experimental assessment of B10 cells as
candidate modulators for IBD treatment.

BCG (Mycobacterium bovis Bacillus Calmette-Guérin)
is a live attenuated vaccine against tuberculosis. As a strong
inducer of Thl type immunity, BCG has shown therapeutic
effects on autoimmune diseases in murine studies, such as mul-
tiple sclerosis and insulin-dependent diabetes.'* BCG has re-
cently shown to reduce inflammation in murine IBD model by
increasing the number of IL-10-producing Tregs. “BCG given
before 4 months of age may decrease the risk of IBD in people.'”
We have previously reported that B10 cells have been induced
by ManLAM (mannose-capped lipoarabinomannan), a major
cell-wall lipoglycan of BCG and M tb (Mycobacterium tuber-
culosis).16 Therefore, we asked whether ManLAM-induced
B10 cells alleviated the inflammation and had the protective
effects against IBD. In this study, the ManLAM-induced B10
cells were transferred into IL-10™"~ mice and the roles of B10
cells were investigated in DSS-induced IBD model.

2 | MATERIALS AND METHODS

2.1 | Animals

IL10™~ C57BL/6J mice were purchased from Nanjing bio-
medical institute of Nanjing University."” WT (Wild type)
C57BL/6] mice were purchased from the Animal Laboratory

Center of Wuhan University, China. Mice used in the cur-
rent study were female, 6-8 weeks of age, weighing 18-20 g.
The mice were bred and maintained in the animal facilities of
the Animal Laboratory Center of Wuhan University (Wuhan,
China). The maintenance and care of mice complied with the
guidelines of the University of Wuhan Ethic Committee.

2.2 | ManLAM preparation

ManLAM was prepared from M tb H37Rv (ATCC strain
93009) or BCG (ATCC strain 35734) as previously de-
scribed.'®'® ManLAM was extracted from delipidated bac-
teria, purified by high-performance liquid chromatography
(HPLC) and identified as our previous reports.m’18 Briefly,
the bacteria were maintained on L-J (Lowenstein-Jensen)
medium and were harvested while in log phase growth. The
bacterial cells were delipidated using CHCl;: CH;OH (2:1,
v/v) at 37°C for 12 hours. Then, the bacteria were delipidated
by CHCl;: CH;0H:H,O (10:10:3, v/v/v) for an additional
12 hours. After drying the bacterial pellets, they were lysed
with an ultrasonic disruptor in the buffer containing a pro-
tease inhibitor PMSF (#ST505, Beyotime Biotech, Haimen,
China), DNase (#1121, BioFroxx, Hannover, Germany) and
RNase (#1341, BioFroxx, Hannover, Germany) in PBS. Triton
X-114 (8% v/v) was added to the lysed cells and the solution
mixed at 4°C overnight. After centrifugation at 27 000 g for
1 hour at 4°C, the supernatant was collected and incubated at
37°C to induce biphasic separation. The upper aqueous layer
was re-extracted as described above. The lipoglycans in the
detergent layers were precipitated by the addition of nine vol-
umes of ethanol (95%, 20°C). The precipitates were treated
with proteinase K (#25530015, Invitrogen, Carlsbad, United
States) for 2 hours at 60°C. The resultant solution containing
ManLAM was dialysed and lyophilized. To purify ManLAM,
HPLC was performed on an Agilent liquid chromatography
system (Santa Clara, CA, USA) fitted with a Sephadex col-
umn (GE Healthcare) equilibrated with 0.2 mol/L NaCl,
0.25% deoxycholate, 1 mmol/L EDTA, 0.02% sodium azide
and 10 mmol/L Tris (pH 8.0) at a flow rate of 1 mL/min.

2.3 | B cellisolation

B cells were purified and isolated from murine splenocytes
using CD19 positive magnetic-activated cell sorting (#130-
052-201, Miltenyi Biotec, Bergisch Gladbach, Germany).
Briefly, the splenocytes were incubated with CD19 microbe-
ads for 15 minutes at 4°C. CD19" cells labelled with micro-
beads were separated from unlabelled cells via a column in
the presence of a magnetic field. Purity of B cells was >95%
as determined by FCM (Flow cytometry) using APC anti-
CD19 antibody (6D5, #115512).
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24 | FCM

The B cells isolated from the spleen or MLNs were stained
with APC anti-CD19 antibody (6D5, #115512) and then
fixed and permeabilized with the fixation/ permeabilization
buffer (Biolegend) according to the manufacturer's protocol.
Permeabilized cells were stained with FITC anti-IL-10 an-
tibody (JES5-16E3, #505006). To identify CD4" T cell po-
larization, APC anti-CD3 antibody (17A2, #100236), FITC
anti-CD4 antibody (GKI1.5, #100406), PE-anti-IL-4 anti-
body (11B11, #504104), PE-anti-IFN-y antibody (XMG1.2,
#505808) and PerCP-Cy5.5 anti-IL-17A antibody (TCI11-
18H10.1, #506920) were used for detection of intracellular
cytokine expression. All antibodies used in FCM analysis
were purchased from Biolegend and eBiosience (Thermo
Fisher Scientific).

2.5 | DSS-induced murine IBD model

Two experiments were performed. To assess IL-10 produc-
tion by ManLAM-treated B cells in vivo, B cells were iso-
lated from splenocytes of WT/IL-10""" mice and stimulated
with ManLAM (10 ng/mL) for 12 hours.'® After washing,
the ManLAM-treated B cells were labelled with carboxyfluo-
rescein succinimidyl ester (CFSE, 5 pmol/L, BD bioscience,
#565082). The CESE-labelled cells were suspended into
PBS solution and adoptively transferred by iv (intravenous)
injection into IL-107" mice (5 x 10%100 pL PBS/mouse).
Three days later, the B10 cell frequencies in spleen, MLNs
and PBMCs (peripheral blood mononuclear cells) from the
recipient mice were measured by FCM.

To assess the effects of the ManLAM-induced B10 cells
on murine IBD, ManLAM-treated B cells (labelled with
CFSE) were adoptively transferred into IL-107" mice (6
mice per group) on Day 3. The IL-107"" mice were fed with
3% (w/v) DSS (#SKU 0216011080, MP Biomedicals, LCC,
Solon, OH) in drinking water from Day 0 to Day 7, and then
were followed by tap water as previously described." The
body weight of mice was measured every day. On Day 9, the
transferred B cells and B10 cell frequencies in MLNs were
measured by FCM. Intestinal samples were harvested, and the
lengths of colons were measured. Tissue samples from distal
colon were prepared for histopathological analysis. IFN-y,
IL-4 and IL-17A production by CD4™ T cells in spleen and
MLNs were analysed by FCM.

2.6 | Histopathological analysis

Intestinal samples were harvested from distal colon, fixed
in 4% paraformaldehyde and embedded in paraffin for H&E
(haematoxylin and eosin) staining. Histological IBD scoring

was performed by a pathologist who was blinded to the treat-
ment as follows: IBD scores were calculated as mucosal dam-
age plus extension of the lesion. For the damage, O = none,
1 =loss of the basal 1/3 of the crypt, 2 = loss of the basal 2/3
of the crypt, 3 = loss of entire crypt but intact surface epithe-
lial cells and 4 = loss of both the entire crypt and the surface
epithelial cells. For the extension, O = none, 1 = focal, 2 = le-
sions involving 1/3 of the intestine, 3 = lesions involving 2/3
of the intestine and 4 = lesions involving the entire intestine.

2.7 | Statistical analysis

Data are presented as mean + SD and analysed by GraphPad
Prism V 5.00 for Windows (GraphPad Software). Statistical
significance was determined by ANOVA followed by
Neuman-Keuls post hoc test. P < .05 considered as statisti-
cally significant.

3 | RESULTS
3.1 | Transferred ManLAM-treated B cells
produce IL-10 in the recipient mice

To investigate the role of ManLAM-induced B10 cells in
IBD model, we first assess whether ManLAM-treated B cells
produce IL-10 in vivo. B cells were purified and isolated
from splenocytes of WT/IL-10~" mice. The B cells were
stimulated with ManLAM for 12 hours.'® After washing the
B cells, the cells were labelled with CFSE and adoptively
transferred into IL-10~"~ mice. Three days later, the B10 cell
frequencies in MLNs, spleen and PBMCs (peripheral blood
mononuclear cells) from the recipient mice were determined
by FCM (Figure 1A,B). The higher frequencies of B10 cells
in total B cells (2%-7%) were observed in ManLAM-WT
B group compared with other groups (Figure 1A,B). The B
cells from MLNs in ManLAM-WT B group had the highest
frequencies of B10 cells than those from spleen and PBMC,
indicating that transferred ManLAM-induced B10 cells could
migrate to MLNs (Figure 1A,B).

3.2 | ManLAM:-induced B10 cells
alleviate the pathological symptoms in the DSS-
induced IBD in mice

Because transferred ManLAM-WT B cells resulted in the
highest frequencies of B10 cells in vivo, we hypothesized that
ManLAM-induced B10 cells would have a protective poten-
tial in IBD model. Toxic effects of DSS on the colonic epithe-
lium stimulate an inflammatory response in intestinal tract. %!
Therefore, we used DSS to induce acute colitis in mice.
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On Day 3, ManLLAM-treated B cells were adoptively trans-
ferred into IL-10~~ mice. The recipient mice were then fed
with 3% (w/v) DSS in drinking water for 7 days followed by
tap water (Figure 2A). After treatment with DSS, we monitored
changes in body weight of the mice (Figure 2B). Three-four
days after DSS treatment, the body weight of the mice in all
groups began to decrease (Figure 2B). The loss of body weight
in ManLAM-WT B group was significantly slower than that
in ManLAM-IL-107~ B group (Figure 2B), suggesting that
IL-10 produced by ManLAM-treated WT B cells might atten-
uate the DSS-induced acute colitis in mice. The significant dif-
ferences in the loss of body weight between ManLLAM-treated
WT B group and WT B group were also observed from Day 4
to Day 8, indicating that the ManLLAM treatment of B cells has
therapeutic effects on murine IBD (Figure 2B).

Colitis increases oedema and shortens the overall colon
length. Colon shortening is used as a marker of colon in-
flammation.”* As shown in Figure 2C left panel, the aver-
age length of normal IL-107"~ mouse colon before adoptive
transfer and DSS treatment was 8.95 cm (95% CI: 8.42-9.48).
After DSS treatment (on Day 9), the colon lengths in all ex-
perimental groups were reduced probably because of DSS-
induced intestinal injury (Figure 2C right panel). Consistent
with the body weight loss, colon shortening was reduced in
ManLAM-WT B group compared with ManLAM-IL-107~
B group, demonstrating that ManLLAM-induced B10 cells al-
leviate inflammation in colon (Figure 2C right panel). There
was significant difference (**P < .01) in colon length be-
tween ManLAM-WT B group and WT B group, while trans-
ferring ManLAM-treated IL-107"" B cells did not cause the

FIGURE 2 The mice transferred with ManLAM-treated WT B cells were more resistant to dextran sodium sulphate (DSS) treatment.
ManLAM-treated WT/IL-107~ B cells were transferred into the IL-10~~ mice. The recipient mice were treated with DSS for acute inflammatory

bowel disease (IBD) development. A, Schematic diagram. B, Mouse body weight was monitored daily, and body weight (%) was expressed

as percentage of body weight at Day 1. C, Macroscopic changes and colon length on Day 3 (left panel) and Day 9 (Right panel). D, The B10

cell frequencies in CFSE* transferred B cells in MLNs (from Expt. 1) were measured by flow cytometry on Day 9. The data are presented as

mean + SD (n = 6). Statistical significance was determined by ANOVA followed by Neuman-Keuls post hoc test
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reduction of colon length compared with IL-107~ B cells
(Figure 2C right panel).

On Day 9, the transferred B cells and B10 cell frequencies
in MLNs were measured by FCM. As shown in Figure 2D,
transferred CFSE* B cells made up 4.9% of all B cells in the
mice. The highest B10 cell frequency of CFSE* B cells was
found in ManLAM-WT B group, while the CFSE" B cells of
the recipient mice did not produce IL-10 (Figure 2D). These
results demonstrated that the transferred ManLAM-treated
B cells produce IL-10 in the intestinal tract. Taken together,
our results demonstrate that adoptive transfer of ManLAM-
induced B10 cells alleviates the pathological symptoms in
the DSS-induced IBD in mice.

3.3 | ManLAM-induced B10 cells
ameliorates intestinal inflammation in the mice

To further assess the effects of ManLAM-induced B10 cells
on intestinal inflammation, histological analysis of the mouse
colon tissue was performed using H&E staining. As shown in
Figure 3A, colitis in IL-107~ B and ManLAM- IL-107~ B
group was characterized by a loss of crypts, infiltration of
inflammation cells into the mucosa and submucosa, oedema
of submucosa, erosion and ulceration. These histological
changes in the murine DSS-induced IBD were showed some
features of human Crohn's disease which was characterized
by transmural inflammation with disseminated lymphoid fol-
licles and focal lesions. However, attenuated colitis severity
was observed in ManLAM-WT B group with markedly re-
duced colonic crypt damage, fewer inflammatory infiltrates
(Figure 3A). Transferring WT B cells also slightly alleviated
inflammation and damage in the intestines (Figure 3A).

The damage to intestinal mucosa was then graded through
histological scoring. As shown in Figure 3B, compared with
the mice treated with ManLAM-WT B cells, colitis scores
were significantly higher in the mice subjected to the treat-
ment with WT B, IL-107~ B and ManLAM-treated IL-107"~
B cells, mostly due to typical inflammatory changes including
goblet cell loss and crypt damage. There was significantly
higher score in WT B group compared with ManLAM-WT
B group (*P < .05), suggesting that the higher level of IL-10
produced by ManLAM-treated B cells facilitated to amelio-
rate intestinal inflammation in the mice with IBD (Figure 3B).

34 | ManLAM-induced B10 cells modulate
intestinal inflammation response via hindering
Th1 polarization but promoting Th2
polarization

In Crohn's disease, the major cytokines arise from Thl
and Th17 CD4" T cell differentiation.”” To elucidate the

mechanism for ManLAM-induced B10 cells alleviating
the pathological symptoms and intestinal inflammation in
DSS-induced colitis in mice, we investigate the effects of
these B10 cells on CD4" T cell polarization. As shown in
Figure 4A,B, the cytokine productions of IFN-y, IL-4 and
IL-17A by splenic CD4" T cells were determined by FCM.
Compared with ManLAM-treated IL-107" B cells, transfer-
ring ManLAM-treated WT B cells significantly suppressed
IFN-y production by CD4* T cells but enhanced IL-4 pro-
duction (Figure 4A,B). These results demonstrated that
ManLAM-induced B10 cells hinders the Th1 polarization but
promotes Th2 polarization. There were no significant differ-
ences in IL-17A production by splenic CD4™ T cells among
the groups, indicating that ManLLAM-induced B10 had no ef-
fects on Th17 differentiation (Figure 4A,B).

The Th1/ Th2 polarization in MLN was also determined
by FCM (Figure 5A,B). Consistent with the results from
splenocytes, the lowest level of IFN-y production by CD4* T
cells and the highest level of IL-4 production were observed
in ManLAM-WT B groups. These results demonstrated that
the ManLAM-induced B10 cells modulate the Th1/Th2 re-
sponse in the intestine.

Moreover, transferring ManLAM-treated WT B cells de-
creased IFN-y production but increased IL-4 production by
CD4* T cells compared with WT B group, probably because
ManLAM induced higher frequencies of B10 cells (Figure 4
and Figure 5). Collectively, these results suggest ManLAM-
induced B10 cells downregulate Thl polarization and de-
crease susceptibility to DSS-induced IBD in mice.

4 | DISCUSSION

IL-10 is an important anti-inflammatory cytokine, which
suppresses pro-inflammatory cytokine production and
regulates Th1/Th2 polarization.%25 Besides dissecting the
role of Tregs in protection against IBD,?® several studies
have shown that IL-10 production by B cells is associated
with reducing severity of IBD disease.®'? In patients with
Crohn's disease, CpG DNA-induced IL-10 production by B
cells was significantly decreased.'’ In murine IBD model,
B10 cells modulate IFN-yCD4" T cell number, neutrophil
infiltration and pro-inflammatory cytokine production dur-
ing colitis onset.® These B10 cells were characterized as
CD1d"¢" B1 cells.'""?

Recently, we have reported that B10 cells were induced by
ManLAM, a mycobacterial lipoglycan. ' In the current study,
we aim to determine whether ManLLAM could protect mice
from IBD via IL-10 production by B cells. WT mice have a
low level of B10 cells. To determine the accurate function of
transferred ManLLAM-induced B10 cells, the IL-10"" mice
were employed as recipients in IBD model, in which only
transferred ManL AM-treated B cells produced the IL-10 and
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FIGURE 3 ManLAM-treated WT B cell alleviated the pathological symptoms in the dextran sodium sulphate (DSS)-induced inflammatory
bowel disease (IBD) in mice. A, Histological analysis after the DSS administration in mice on Day 9. Representative histological images of distal

colon sections stained with H&E. Scale bars, 100 pm. B, Histologic inflammatory score. The results are expressed as the mean + SD (n = 6).

Statistical significance was determined by ANOVA followed by Neuman-Keuls post hoc test

the recipient mice themselves had no B10 cell background.
We demonstrate B10 cells induced by ManLAM regulate
Th1/Th2 cytokine balance and decrease severity of IBD com-
pared with ManLAM-IL-10""" B cell group, suggesting that
ManLAM-treated B cells have a preventive effect on colitis
and this beneficial effect is mediated via IL-10 production.
To the best of our knowledge, this is the first report about the
potential protective roles of ManLAM-treated B cells against
mucosal inflammatory disorders in the gut. However, IBD in-
duced in WT mouse recipients might more accurately reflect
the disruption of intestinal immune homeostasis. The protec-
tive effects of ManLAM-induced B10 cells on IBD should be
evaluated in WT mouse recipients in future study.

In the current study, we did not extract B cells from MLN
tissue for adoptive transfer. Instead, we extracted B cells from
spleens because we could get abundant splenic B cells for
adoptive transfer experiment. In our experiment, adoptively
transferred B cells were detected in MLN tissue of the re-
cipient mice on Day 9 (Figure 2D), demonstrating that trans-
ferred B10 cells can migrate into MLN tissue to regulate Th1/
Th2 cytokine balance and decrease severity of IBD. Other
study also reported that transferring B10 cells from mouse
peripheral blood effectively blocks the development of colitis
in IL-107" mice.?” The results from our current study and
other reports indicate that transferring B10 cells isolated
from non-MLN tissues can alleviate the mucosal inflamma-
tory disorders in the gut.

B10 cells have been demonstrated to be potent regulators
of allergic and autoimmune disease, transplant rejection, in-
fection and cancer.”® It has been reported that the adoptive
transfer of B10 cells induced by LPS (lipopolysaccharide,
TLR4 agonist) or CpG ODNI1826 (oligodeoxynucleotide,
TLRY agonist) reduced the severity of EAE (experimental

autoimmune encephalomyelitis) via suppressing IFN-y and
IL-17 production by CD4* T cells.”* In the current study,
ManLAM-induced B10 cells suppressed the IFN- y produc-
tion by CD4™ T cells, but did not change the IL-17 produc-
tion (Figures 4 and 5). These results were consistent with
our previous report that ManLAM-induced B10 cells did not
alter the Th17 polarization during mycobacterial infection.'®
B10 cells represent a population of B cells with diverse phe-
notype and function.”® ManLAM induces IL-10 production
by B cells via TLR2-signalling pathway,16 so the ManLAM-
induced B10 cell population might be different with the B10
cells induced by TLR4 agonist and TLR9 agonist, resulting
in the functional differences of the B10 cells. Importantly,
adoptive transfer of ManLAM-induced B10 cells alleviated
the pathological symptoms and intestinal inflammation in
the mice with colitis (Figures 2 and 3), demonstrating that
B10 cells alone could contribute to reversing the unbalance
of CD4™ T cells.

It has been reported that B10 cells are a significant source
of IL-10 in WT mice, and IL-10 production from regulatory
B10 cells ameliorates symptoms and regulates DSS-induced
intestinal injury in IL-10-sufficient mice.'® Although IL10™~
mice have more severe colitis than WT mice, IL-10""~ mice
were wildly used in IBD model to investigate the roles of
IL-10 and IL-10-producing cells.””?! In the current study,
we assessed the protective effects of ManLAM-induced
B10 cells. Consistent with our results, Mishima et al also
report that microbiota-induced intestinal B10 cells amelio-
rated chronic T cell-mediated colitis in IL-10 deficient back-
ground mice.’' However, since all experiments in the current
study are carried out in IL107"~ mice, it is not clear whether
ManLAM-treated B cells would also play a role in IL10-
sufficient animals. A more accurate assessment of roles of
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ManLAM-treated B cells should be performed in IBD model
of IL10-sufficient mice.

We assessed the IFN-y, IL-4 and IL-17A production
by CD4*T cells in spleens and MLN, and we found that
ManLAM-induced B10 cells suppress the Thl polarization.
However, the T cells exert their disease-relevant effector
function in the tissue rather than in secondary lymphoid or-
gans. Assessment of the effects of ManLAM-induced B10
cells on T cell polarization among tissue-resident effector T
cells in the intestinal lamina propria should be performed in
future study for more accurately revealing the mechanism by
which the B10 cells decrease colitis severity in the mice.

Additionally, ManLAM, derived from Mycobacterium,
can be recognized by several pathogen pattern receptors,
including TLR2 and mannose receptor (MR). In the cur-
rent study, we demonstrate that ManLAM-treated B cells
suppress Thl polarization via IL-10. IL-10 production by
ManLAM-treated B cells is predominantly mediated TLR2-
signalling pathway.16 We hypothesize that ManLAM might

be recognized by other receptors on B cells and employ other
mechanism to ameliorate IBD. For example, it has been
reported that mannose-binding lectin (MBL) or mannose
receptor (MR), which are highly expressed in the intesti-
nal epithelial cells, is required for intestinal homeostasis.*>
The impairment in MBL function is associated with IBD.*
Whether ManLLAM triggers the MR (or MBL)-related signal-
ling pathway in B cells to promote the protection cells against
IBD should be investigated in future study.

The exact pathogenesis of IBD remains unknown, but
multiple inflammatory pathways and cellular and micro-
biota contributions have been reported. Although novel
treatments and strategies based on these observations have
been developed, there are still some limitations in IBD ther-
apy.34 In this study, our results demonstrate that ManLAM-
induced B10 cells decrease susceptibility to DSS-induced
IBD in mice and indicate that agents with the ability to in-
duce B10 cells might be candidates for IBD treatment, like
ManLAM.
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