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Abstract

Aberrant T helper (Th)2 polarization plays a critical role in the pathogenesis of allergic disorders; the etiology remains unclear. Dendritic
cells (DCs) express T cell immunoglobulin mucin domain (TIM)4 that ligates TIM1 on CD4 T cells to drive them to become Th2 cells, but the
pathogenic source of TIM4 is unknown. Here we report that a significant increase in TIM4 expression in human DCs was observed in response to
Staphylococcal enterotoxin B (SEB) stimulation via Toll-like receptor (TLR)2 and nucleotide-binding oligomerization domain (NOD)1 pathway.
Coculture SEB-conditioned DCs with naive CD4 T cells induced Th2 responses that could be abolished using TLR2 or NOD1 or TIM4 or TIM1
with counterpart antibodies or RNA interference. The results demonstrate that Staphylococcus aureus derived SEB promotes the TIM4 production

in human DCs. The interaction between TIM4 and TIM1 drives naive CD4 T cells to develop to Th2 cells.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The prevalence of allergy is as high as 15-20% of popula-
tions and increased rapidly in recent several decades (Eder et
al., 2006). The pathogenesis of allergy has been well studied
(Tournoy et al., 2006); however, the etiology of allergy remains
unclear (Kowalski, 2007). It is believed that T helper (Th)2
polarization plays a critical role in the pathogenisis of allergy
(Tournoy et al., 2006). Upon activation, naive CD4 T cells differ-
entiate into Th1 or Th2 cells characterizing as secreting cytokine
of Thl [e.g., interferon (IFN)-y] or Th2 [e.g., interleukin (IL)-
4, IL-13] (Umetsu and DeKruyff, 2006). Yet, the mechanism
dictating naive CD4 T cells to differentiate into Th1l or Th2
responses is to be elucidated.
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Dendritic cells (DC) are the cells dictating naive CD4 T cells
to develop to either Thl cells or Th2 cells depending on certain
environment (Corthay, 2006). DCs secrete IL-12 in response to
microbial stimulation (de Jong et al., 2005). IL-12 is required
to induce CD4 T cells to become Thl cells to produce Thl
cytokine such as IFN-y (Peluso et al., 2006). Although IL-10
was proposed to play a role in the induction of Th2 response
(Mingomataj et al., 2006), further studies indicate that its func-
tion focuses more in immune regulatory activities (Akbari et al.,
2001; Urry et al., 2006). Recent studies indicate that DCs express
T cell immunoglobulin mucin domain (TIM)4 that ligates TIM1
on Th2 cells to promote Th2 cell development (Meyers et al.,
2005). The report has shed a new light on the study of the mech-
anism of allergic diseases. However, the factors in up-regulating
TIM4 expression in DCs remain unknown.

Several Toll-like receptors (TLR) such as TLR2, TLR4 are
expressed by DCs. TLRs recognize the highly conserved struc-
tural motifs called pathogen-associated molecular patterns play

Please cite this article in press as: Liu, T. et al., Staphylococcal enterotoxin B increases TIM4 expression in human dendritic cells that drives
naive CD4 T cells to differentiate into Th2 cells, Mol. Immunol. (2007), doi:10.1016/j.molimm.2007.03.004



dx.doi.org/10.1016/j.molimm.2007.03.004
mailto:yangp@mcmaster.ca
dx.doi.org/10.1016/j.molimm.2007.03.004

+Model
MIMM-2317; No.of Pages 8

2 T. Liu et al. / Molecular Immunology xxx (2007) xxx—xxx

a critical role in early innate immunity by sensing the presence
of microbial pathogens and initiating a response to clear them
(Yeh and Chen, 2003; Barton and Medzhitov, 2003). TLR2 can
be activated by several bacterial products, including peptidogly-
cans, lipoproteins, mycobacterial lipoarabinomannan (Takeda
et al., 2003) and Staphylococcal enterotoxin B (SEB) (Mandron
et al., 2006). TLR signals are involved in production of major
histocompatibility complex (MHC) (Reis e Sousa, 2004), cos-
timulatory molecules (Mazzoni and Segal, 2004) and cytokines
in DCs (Guillot et al., 2005).

Two intracellular sensors, nucleotide oligodimerization
domains 1 and 2 (Nod1 and Nod2) have been described (Inohara
et al,, 2001). Nodl and Nod2 proteins are located in the
cytosol and recognize mainly peptidoglycan-derived muropep-
tides (Chamaillard et al., 2003). The signals of NODI or
NOD?2 in response to microbial stimulation induce cell acti-
vation through receptor-interacting protein 2, the activation of
NF-kB (Inohara et al., 2000) as well as c-Jun N-terminal kinase
(Thome et al., 1998). Although the action of NOD1 and NOD2 is
involved in DC’s function (Fritz et al., 2005), whether the action
is also involved in T helper (Th)2 polarization is not clear.

To understand the etiology and mechanism of allergic dis-
eases, animal models are employed. We developed several
animal models in studying the mechanism of intestinal aller-
gic responses in past 10 years (Berin et al., 1997; Cameron et
al., 2003; Yang et al., 1999, 2000, 2001, 2006; Yu et al., 2001).
A common requirement in these animal models was the con-
current exposure to microbial products (used as adjuvants, such
as pertussis toxin) and food antigens. Other investigators and
we also reported similar data, such as cholera toxins (Sun et al.,
2006), Staphylococcus aureus enterotoxin B (SEB) (Yang et al.,
2005) and Freud adjuvant (Rivera et al., 2005) were required
as adjuvants in the developing animal models of allergic dis-
eases. The role of adjuvants is suggested to speed lymphocyte
proliferation (Corthay, 2006; Lavelle et al., 2004). However, the
mechanism is not clear. Therefore, in this study, we hypothe-
sized that the microbial derived adjuvants might act on DCs to
promote TIM4 expression in DCs and subsequently, drive naive
CD4 T cells to differentiate into Th2 cells. We aimed to inves-
tigate if SEB, a common microbial product, increased TIM4
expression in human DCs; if SEB-conditioned DCs drove naive
CD4 T cells to differentiate into Th2 cells and how important of
TIM4 was in human Th2 cell development. The results showed
that exposure to SEB enhanced the expression of TIM4 in DCs
that further facilitated Th2 cell development.

2. Materials and methods
2.1. Human DC and CD4 T cell preparation

The procedures of the experiments in this study were
approved by the Research Ethics Committee at Shanxi Medi-
cal University. Twenty healthy volunteers were selected as blood
donors. Peripheral blood mononuclear cells (PBMCs) were sep-
arated using Histopaque (SG-1.077; Sigma) density gradients
(Martin et al., 2005). CD11c* DCs and naive CD4TCD45RA™
T cells (in short: CD4 T cells) were separated from the peripheral

blood mononuclear cells (PBMCs) using reagent kits (Myl-
tenyi Biotec). As checked by flow cytometry (FACS), the purity
of separated DCs and CD4 T cells was over 90%. Separated
DCs or CD4 T cells were resuspended in RPMI 1640 medium
(Invitrogen Life Technologies) containing 10% FCS, 2mM L-
glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin and
25 mM HEPES and cultured at 37 °C in 5% CO, environment.

2.2. Coculture of CD4 T cells with SEB-conditioned DCs in
vitro

Separated DCs were cultured in RPMI 1640 media in the
presence of SEB for 48h at gradient doses (0—100ng/ml) to
make them as “SEB-conditioned DCs”. After washing with
fresh culture media for three times, the SEB-conditioned
DCs (10° cells/well) were cocultured with CD4 T cells
(109 cells/well) for 48 h and then subjected to further analyses.

2.3. RNA interference (RNAi)

The following duplexed RNA oligonucleotides (Stealth
RNAI) were synthesized by Invitrogen: TLR2: ggaucaccuacau-
uagcaa, NOD2, 5’-uauuguuaucgcgcaaauacagage-3’ and control:
aauucuccgaacgugucacgu. The control sequence was checked
with software Blast and did not match any other sequences.
Separated DCs were transfected with 15 pmol TLR2siRNA or
NOD1siRNA or control siRNA with the reagent set and instruc-
tion provided by Invitrogen. At 72 h post-transfection, DCs were
exposed to SEB (200ng/ml) for an addition of 48h. TIM4
expression in DCs was determined with ELISA. The cells were
then subjected to the subsequent experiments with CD4 T cells.

2.4. Flow cytometry

Cells were collected at the end of experiments and fixed
with 1% paraformaldehyde for 30 min at 4 °C, washed with
1%BSA/PBS for three times, and blocked for 30 min at 4 °C
with 1% BSA. The cells were incubated with indicated anti-
bodies (1 pg/ml) for 1h at 4 °C. After antibody incubating, the
cells were washed and incubated with a 1% dilution of F(ab’)2-
FITC-goat anti-mouse Ab (BD Pharmingen) for 30 min at 4 °C.
After three washes, cells were resuspended in 400 pl of PBS.
The mean intensity of fluorescence was determined for 20,000
cells using a FACScan flow cytometer (BD Biosciences). An
isotype IgG was used as a negative control. Each experiment
was performed at least three times.

2.5. Western blot analysis

Proteins were extracted from cultured DCs using lysis buffer
(0.1% Triton X-100, 12.1 mM sodium deoxycholate, 3.5 mM
SDS in PBS, pH 7.4) containing a cocktail of protease inhibitors.
Protein concentrations were determined with Bio-Rad protein
assay. Proteins from cellular lysates (40 p.g/lane) were separated
on 10% SDS-PAGE gels (Invitrogen Life Technologies). Fol-
lowing electrotransfer to supported nitrocellulose membranes
(Invitrogen Life Technologies), blots were blocked with 5%
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nonfat dry milk in TBS, 0.1% Tween 20 for 1h at room tem-
perature. Blots were then incubated overnight at 4°C with
one of the following antibodies: 1/1000 dilution of primary
antibodies [anti-TIM4 (R&D Systems), anti-TLR2 (Serotec)
and anti-NOD1 (R&D Systems)]. The peroxidase-conjugated
secondary antibodies (1/10,000 dilution) were used to detect spe-
cific protein bands with the ECL system (Amersham Pharmacia
Biotech).

2.6. ELISA

Levels of IL-4, IL-13, IL-10, IL-12p70 and IFN-vy in cul-
ture media were evaluated with ELISA kits (R&D Systems)
following the manufacturer’s instructions. Levels of TIM4 in
culture media were also determined with ELISA (anti-TIM4
antibody was purchased from R&D Systems). The procedures
were referred to previous report (Nishimura et al., 2006a,b).
Negative control experiments were performed with an isotyp
IgG instead of the primary antibodies.

2.7. Immunocytochemistry

Cell pellets were fixed by resuspending in 2% paraformalde-
hyde for 30 min. Cells were blocked by incubating with 2%
goat serum for 30 min, and then, incubated with the first anti-
body (goat anti human TIM4, 100 ng/ml; mouse anti human
TLR2, 50 ng/ml; rabbit anti human NOD1, 100 ng/ml) and the
fluorescein conjugated second antibodies (1:100-300, DAKO),
respectively, for 1 h at room temperatures. Control cells were
omitted the first antibody or incubated with an isotype IgG.
Cells were washed with phosphate buffered saline (PBS) for
5 min (three times) following each step. The positively stained
cells were smeared on a slide and observed with a confocal
microscope (LSM510).

2.8. Statistics

Data were expressed as the means =+ S.D. Differences
between groups were determined with Student’s #-test (2 groups)
or ANOVA (3 or more groups); a p<0.05 was accepted as the
significant criteria.

3. Results

3.1. Human DCs express TIM4 that is enhanced by
exposure to SEB

Previous reports indicated that DCs expressed TIM4 that
plays a critical role in inducing peripheral Th2 polarization in a
murine model (Meyers et al., 2005); but so far the pathogenic
source of TIM4 has not been identified. In this study, we first
sought to identify if human DCs also express TIM4. The periph-
eral blood was collected from 20 healthy volunteers and the
mononuclear cells were prepared. CD11c* DCs were further
separated from the mononuclear cells with MACS. As shown
by immunocytochemistry, protein of TIM4 was localized in
DCs using confocal microscopy (Fig. 1A). Expression of TIM4
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Fig. 1. Staphylococcus aureus enterotoxin B (SEB) promotes the expression of
TIM4 in human dendritic cells (DCs). DCs were separated from the peripheral
blood mononuclear cells and exposed to SEB at gradient doses. (A and B)
representative confocal images show the expression of TIM4 (in white color) in
DCs. (A) naive DCs; (B) DCs treated with SEB (200 ng/ml) for 48 h. (C) Data
from ELISA show TIM4 expression in extracts of DC (mean=+S.D.). LPS,
the protein was extracted from DCs treated with LPS (20ng/ml). “p <0.05,
compared with dose 0. (D) Representative Western blots show TIM4 expression
from the extracts from DCs. Lane 1, negative control; lane 2—4, proteins were
extracted from DCs exposed to SEB at doses of 0 ng/ml (lane 2), 50 ng/ml (lane
3) and 200 ng/ml (lane 4). Lane 5 shows a blot from LPS treated DCs. Each
experiment was repeated at least three times.

in DCs increased in response to SEB stimulation in a dose-
dependent manner (Fig. 1B). Expression of TIM4 in human DCs
was further confirmed by Western blot (Fig. 1C). Another set
of DCs was exposed to LPS to serve as a control. The results
showed that LPS did not have any effect in modulating TIM4
expression in DCs (Fig. 1B and C).
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3.2. TLR2 and NODI are involved in SEB-increased TIM4
expression in DCs

Toll-like receptors and NOD (1 and 2) proteins are involved
in sensing microbes and their products (Yeh and Chen, 2003;
Inohara et al., 2001). We next sought to identify the role of
these two kinds of molecule in SEB-induced TIM4 expression
in DCs. Expression of TLR2 in human DCs was examined using
immunocytochemistry. The positive stain for TLR2 was local-
ized on the surface of DCs (Fig. 2A). We also examined the
expression of NOD1 in human DCs. The results showed that
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Fig. 2. SEB modulates the expression of TIM4 via TLR2 and NOD1. Human
DCs were stained with anti-TLR2 (A) or anti-NOD1 (B) or anti-SEB (C and D)
antibody. (A-D) representative confocal images. (A) TLR2 expression (white
color) on DCs. (B) NOD1 expression in DCs. (C) SEB was absorbed into DCs
(white color). (D) naive DCs were stained with anti-SEB antibody served as
negative controls. (E and F) representative Western blots; (E) TLR2; (F) NOD1.
(G) Bars indicate the contents of TIM4 in extracts of DCs (by ELISA). aTLR2,
DCs were pretreated with anti-TLR2 antibody. «aNODI1, DCs were pretreated
with anti-NOD1 antibody. TLRsiRNA and NOD1siRNA, DCs were transfected
with siRNA of TLR or NODI, and then exposed to SEB. “p <0.05, compared
with dose 0 (SEB). #p <0.05, compared with the group of cells treated with SEB
alone at a dose of 200 ng/ml.

the NODI1 positive stain was localized inside the cytoplasm
(Fig. 2B). The expression of TLR2 and NOD1 in DCs was con-
firmed by the results of Western blot (Fig. 2E and F). We next
observed if human DCs absorbed SEB. As shown in Fig. 2C,
positive stain for SEB was localized in the cytoplasm of DCs
after incubation with SEB for 2 h. A set of DCs was treated with
anti-TLR2 antibody or transfected with TLR2siRNA prior to
the exposure to SEB. As expected, the absorption of SEB was
completely abrogated (Fig. 2D). Considering NOD1 and NOD2
are the intracellular sensor for microbial products (Inohara et
al., 2001), they may be involved in the process of SEB to induce
TIM4 expression in DCs. In a preliminary study, we tested to
block SEB induced TIM4 expression by pretreatment with anti-
NOD1 or anti-NOD?2 antibody. The preliminary results showed
that the pretreatment with anti-NOD1 antibody significantly
inhibited the SEB-induced TIM4 expression in DCs (data not
shown); we thus chose anti-NOD1 mechanism in this study.
Another set of DCs were pretreated with anti-NOD1 antibody,
and then exposed to SEB for 48h. The results showed that
anti-NOD1 efficiently inhibited SEB-enhanced TIM4 expres-
sion in DCs (Fig. 2G). To further verify the role of NOD1 in
SEB induced TIM4 expression, separated DCs were transfected
with NOD1siRNA and then exposed to SEB. The results showed
the expression of TIM4 was abolished by the treatment with
NOD1siRNA, but not by control siRNA (Fig. 2G).

3.3. SEB promotes DC maturation

Mature DCs produce MHC I or II and costimulatory
molecules to induce T cell activation. We next sought if the
exposure to SEB also facilitated DC maturation. Separated
DCs were cultured in the presence of SEB at gradient doses
for 48h. DCs were collected and processed for FACS. The
DCs were stained with antibodies for CD80 (Fig. 3A), CD83
(Fig. 3B), CD86 (Fig. 3C) and MHC 1II (Fig. 3D), respectively.
As shown by FACS, exposure to SEB significantly increased
the median fluorescence intensity (MFI) of MHC II and costim-
ulatory molecules in the DCs as compared with naive controls.
Pretreatment with antibody of TLR2 or NOD1 or transfected
with siRNA of TLR2 or NOD1 abolished the SEB-increased
production of MHC II and costimulatory molecules in DCs.
LPS treated DCs also showed increases in MHC II and cos-
timulatory molecules. The levels of IL-12p70 in culture media
were also determined by ELISA. As shown in Fig. 4, LPS sig-
nificantly induced IL-12p70 production whereas treatment with
a series of doses of SEB did not show any effect on IL-12p70
production in DCs (Fig. 4).

3.4. SEB-conditioned DCs induce Th2 polarization

The interaction of TIM1-TIM4 drives naive CD4 T cells to
become Th2 cells (Meyers et al., 2005); SEB induced TIM4
expression in DCs was observed in this study; CD4 T cells
express TIM1 (Meyers et al., 2005); thus, we next sought to
determine if SEB-conditioned DCs induced Th2 cell develop-
ment. Naive CD4 T cells were separated from healthy human
blood mononuclear cells. Separated DCs were cultured in the
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Fig. 3. SEB promotes DC maturation. DCs were cultured in the presence of SEB at gradient doses for 48 h and stained with antibodies of CD80 (A), CD83 (B),
CD86 (C) and MHC II (D). Stained cells were analyzed with flow cytometry. Data are expressed as the median fluorescence intensity (MFI, mean £ S.D.). « TLR2
and aNOD1: the set of cells was treated with anti-TLR2 or anti-NOD]1 antibody prior to the exposure to SEB at a dose of 200 ng/ml. LPS: a set of DCs was exposed
to LPS at a dose of 20 ng/ml and stained with the same set of antibodies (A-D). “p <0.05, compared with dose 0 (SEB). #p <0.05, compared with the group of cells

treated with SEB alone at a dose of 200 ng/ml.

presence of SEB (200 ng/ml) or LPS (20 ng/ml) for 48 h. After
washing with fresh media for 3 times, the SEB- or LPS-
conditioned DCs were cocultured with naive CD4 T cells for
48 h. [*H] thymidine was added to the culture for the last 16 h
at a dose of 0.5 nCi. The results from the 3 scintillation counter
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Fig. 4. Expression of IL-12 in DCs. Separated DCs were cultured in the presence
of SEB at gradient doses or LPS for 48 h. Contents of IL-12p70 in culture
media were evaluated by ELISA. Bars indicate the levels of IL-12p70. Data are
expressed as the means £ S.D. “p <0.05, compared with dose 0.

analysis showed high [*H] thymidine incorporation in the CD4
T cells cocultured with either SEB- or LPS-conditioned DCs
(Fig. 5A). To differentiate the increased T cell response was
Thl pattern or Th2 pattern, samples from culture media were
analyzed by ELISA with antibodies against cytokines of Thl
(IFN-v, Fig. 5B) and Th2 (IL-4 and IL-13; Fig. 5C and D).
The results showed SEB-conditioned DCs mainly increased
the expression of Th2 cytokines (Fig. 5B-D). Those SEB-
conditioned DCs pretreated with antibodies or siRNAs against
TLR2 or NODI did not show any effects on enhancing Th2
response (Fig. SA-D).

3.5. TIMI-TIMH4 interaction plays a crucial role in the Th2
polarization induced by SEB-conditioned DCs

To further clarify the role of human DC-derived TIM4 in
Th2 cell differentiation, experiments on TIM1-TIM4 interac-
tion were carried out. Separated human naive CD4 T cells were
cocultured with SEB-conditioned DCs for 48 h in the presence
or absence of anti-TIMI or anti-TIM4 antibodies. The results
showed that DCs cultured in the presence of anti-TIM4 and
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Fig. 5. SEB-conditioned DCs induce Th2 polarization. Separated CD4 T cells were cultured with SEB-conditioned DCs and various treatments. (A) Bars indicate the
ratio of [°H] incorporation in CD4 T cells. (B-D), bars indicate the contents of IFN-y (B) or IL-4 (C) or IL-13 (D) in culture media. Data are expressed as means + S.D.
*p<0.05, compared with dose 0 (SEB). #p <0.05, compared with the group of cells treated with SEB alone at a dose of 200 ng/ml. « TLR2 or TLR2siRNA: the
group of DCs was pretreated with anti-TLR2 antibody or transfected with TLR2siRNA; aNOD1 or NOD1siRNA: the group of DCs was pretreated with anti-NOD1
antibody or NOD1siRNA; these two groups of DCs then were exposed to SEB at a dose of 200 ng/ml for 48 h, and then cocultured with naive CD4 T cells. aTIM4:
the group of DCs was treated with both SEB (200 ng/ml) and anti-TIM4 antibody, and then cocultured with naive CD4 T cells. «TIM1: naive CD4 T cells were
treated with anti-TIM1 antibody prior to the presence of SEB-conditioned DCs. Each experiment was repeated for three times.

SEB or CD4 T cells pretreatment with anti-TIM1 antibody prior
to the exposure to SEB-conditioned DCs significantly inhibited
the expression of IL-4 and IL-13 (Fig. 5A-D).

4. Discussion

To understand the mechanism by which naive CD4 T cells
develop to Th2 cells and how this process is out control is a
critical point to elucidate the mechanism of allergy. The present
data show that microbial product SEB significantly increases
the expression of TIM4 in DCs and subsequently increases naive
CDA4 T cells tobecome Th2 cells. The interaction of TIM4-TIM 1
plays a critical role in the Th2 cell development.

Recent reports indicate that the interaction of TIM1-TIM4
plays a critical role in allergic pathogenesis (Meyers et al.,
2005; Kuchroo et al., 2006). Application of antagonists of
TIM1 resulted in significant suppression in T cell responses
(Mesri et al., 2006) and airway allergic inflammation (Encinas
et al., 2005). The ligand of TIM1 is TIM4 that is expressed

in DCs as observed in the present study and reported by oth-
ers (Meyers et al., 2005). Our data further demonstrated that
the expression of TIM4 in DCs could be up-regulated by the
exposure to SEB, one of the microbial products commonly
existing in natural environment (Lee et al., 2006). The results
implicate that microbial infection may be one of the factors
induce TIM4 expression in DCs. Because of DCs are local-
ized at the interface of the epithelium and the environment
(Figdor et al., 2002; Niess and Reinecker, 2006), a scenario can
be envisaged that DCs may often encounter invaded microbes
and microbial products. These microbes and their products are
quite possibly to be captured by DCs; the expressiosn of TIM4
in DCs may be up-regulated consequently.

In this study, we took insight into the mechanism of TIM4
up-regulation in DCs. The present data indicate that TLR2
and NODI1 are involved in SEB-induced TIM4 enhancement
in human DCs. As other investigators reported (Wang et al.,
2006; Kaisho and Akira, 2003), we also identified that DCs
expressed TLR2; the expression of TLR2 was on the surface
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of DCs, the specific area to sense microbial products imme-
diately. The important aspect of our findings is that we have
identified that TLR2 mediates the absorption of SEB into DCs.
Application of antagonism of TLR2 by using anti-TLR2 anti-
body or TLR2siRNA efficiently abolished SEB-absorption. This
finding is agreement with Mandron’s finding that SEB promoted
NF-«k activation in HEK293 cells mediated by TLR2 activation
(Mandron et al., 2006).

It is proposed that NODI1 is involved in sensing microbial
product peptidoglycan (Wolfert et al., 2007). We postulated that
NOD1 might sense SEB in DCs as well. We then identified that
DCs did express NODI inside the cytoplasm. Since the pre-
treatment with anti-NOD1 antibody or NODI1siRNA showed
completely abolished SEB-induced TIM4 expression in DCs, we
realized that SEB interacted with NODI first and then induced
the expression of TIM4 in DCs. The results showed that the
expression of TIM4 in DCs could be inhibited by pretreatment
with either anti-TLR2 or anti-NOD1 antibody. Whether these
two molecules enhance the expression of TIM4 via different
pathways or act synergistically is an interested topic. We pro-
pose that TLR2 senses SEB first, and then transports SEB to
the cytoplasm. The postulation is based on two points: first,
anatomically, we observed TLR2 expression mainly on the sur-
face of DCs where TLR2 has the opportunity to detect substances
around cells; second, DCs absorbed SEB into the cytoplasm
that was inhibited by pretreatment with anti-TLR2 antibody or
TLR2siRNA. After absorbed into the cytoplasm, SEB interacts
with NODI1 and then initiates the expression of TIM4 in DCs.
Yet, the mechanism needs to be further studied.

To initiate immune reactions in CD4 T cells, DC derived
MHC 1II and costimulatory molecules are required (Dai et al.,
2005). Exogenous antigens and microbial products are strong
stimuli to induce DC maturation indicated by increasing the pro-
duction of costimulatory molecules. The present data showed
that both SEB and LPS are able to increase the expression of
costimulatory molecules in separated DCs that is in consistent
with previous studies (Jelinek et al., 2007; Higgins et al., 2006;
Mandron et al., 2006). The results also showed that although
both SEB and LPS induced DC maturation, only SEB was able
to induce the TIM4 expression in DCs indicating these two
molecules activate DCs via different mechanisms. We postulated
that TIM4 might play a role in altering DCs’ function. How-
ever, the pretreatment with anti-TIM4 antibody did not have any
effect on the production of costimulatory molecules in DCs (data
not shown). This event indicates that SEB-induced increases in
the expression of TIM4 do not interfere with the production of
costimulatory molecules in DCs.

In agreement with a previous report (Mandron et al., 2006),
we also observed that SEB-conditioned DCs promoted naive
CD4 T cells to differentiate into Th2 cells. Furthermore, our
findings indicate that the induced Th2 cell development was
TIM4-dependent since the pretreatment with anti-TIM4 anti-
body could completely blocked the Th2 polarization although
the concurrent existence of costimulatory molecules in the same
environment at the same period. On the other hand, pretreatment
with anti-TIM1 antibody also could block the induced Th2 polar-
ization by SEB-conditioned DCs, which confirms the interaction

between TIM1 and TIM4 plays a critical role in the induction
of Th2 polarization.

In summary, separated human DCs express a low level of
TIM4 that can be up-regulated by the treatment with SEB via
TLR2 and NODI1 pathways. SEB-conditioned DCs are capa-
ble of inducing naive CD4 T cells to differentiate into Th2
cells, which is TIM4-dependent. Application with anti-TIM4
or anti-TIM1 or anti-TLR2 or anti-NOD1 antibody can block
the induced Th2 polarization proposing a potential value in
adjusting aberrant Th2 polarization.
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