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Abstract

Background The pathogenesis of allergic diseases is to be
further understood. Recent studies indicate that B cells are
involved in the immune regulation. The present study aimed
to investigate the role of B cells in the initiation of skewed T
helper (Th)2 polarization.

Methods The surgically removed nasal mucosal specimens
from 24 patients with allergic rhinitis (AR) and 22
patients with non-AR (nAR) were collected. B cells iso-
lated from the AR nasal mucosa were characterized. The
effect of B cells on inducing naive CD4+ T cells to
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differentiate into Th2 cells was evaluated with a cell

culture model.

Results Abundant B cells were detected in the nasal mu-

cosa of patients with AR, which also expressed high

levels of T cell immunoglobulin mucin domain (TIM)4

and costimulatory molecules. High levels of Staphylococ-

cal enterotoxin B (SEB) were detected in the AR nasal

mucosa. Expression of TIM4 could be induced in naive B

cells in the presence of SEB in culture. TIM4+ B cells

could induce naive CD4+ T cells to differentiate into Th2

cells.

Conclusions TIM4+ B cells from AR nasal mucosa can

induce skewed Th2 polarization. It may be a potential ther-

apeutic target in the treatment of AR.

Capsule summary B cells plays an important role in the

initiation of Th2 polarization

Key Messages

* High frequency of B cells exists in nasal mucosa of allergic
rhinitis

 These B cells express high levels of TIM4

» TIM4+ B cells can initiate the skewed Th2 polarization

Keywords B lymphocyte - allergy - Th2 polarization - nasal
mucosa - thinitis

Abbreviations

AR Allergic rhinitis

DC Dendritic cell

Th2 cell T helper type 2 cell

CFSE Carboxyfluorescein succinimidyl ester
BSA Bovine serum albumin
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Introduction

The role of B cells in the pathogenesis of allergic disorders has
been noted recently [1, 2]. The underlying mechanism is not
fully understood yet. B cells can capture antigens from the
microenvironment, process the antigen and present to T cells
to regulate the T cell’s function [1]. Furthermore, B cells also
express the costimulatory molecules, such as CD40 [3], CD80
and CD86 [4], that facilitate the antigen presentation by B
cells. Yet, whether B cells contribute to the skewed T helper
(Th)2 response are not fully understood.

The prevalence of allergic diseases is more than 20% of the
population in the world. The mechanism of allergy is incom-
pletely understood. It is clear that the major change in immune
pathology of allergy is a skewed Th2 polarization [5, 6].
However, what causes such a skewed Th2 polarization is
unknown. A number of previous studies indicate that Staphy-
lococcal enterotoxin B (SEB) has a correlation with airway
allergy [7-9]. Dendritic cells (DC) in the subepithelial region
can recognize SEB via Toll like receptor (TLR) 2 [10, 11].
SEB-pulsed DCs produce T cell immunoglobulin mucin do-
main molecule (TIM)4 [12, 13]; the latter binds TIM1 on naive
CD4+ T cells to drive them to differentiate into Th2 cells [13,
14]. Since immature B cells have similar antigen presentation
properties to DCs in the context of antigen presentation [15],
we hypothesize that SEB may induce B cells to produce TIM4;
the latter drives naive T cells to become Th2 cells and to further
induce the skewed Th2 polarization. In this study, we observed
abundant CD19+ B cells and high levels of SEB in the nasal
mucosa of patients with nasal allergy. Exposure to SEB in-
duced naive B cells to express TIM4 and costimulatory mole-
cules. SEB-pulsed B cells could induce Th2 cell differentiation.

Materials and Methods
Patients

Patients with hypertrophic inferior turbinate together with or
without allergic rhinitis (AR) were recruited into this study.
AR was diagnosed following the criteria in our department
that was also published elsewhere [16]. All the patients had
the long term nasal obstruction; had been treated with mul-
tiple remedies without satisfactory results and asked for
surgical treatment. The demographic data were presented
in Table I. The skin allergen test results were presented in
Table II. All the patients did not use any anti-allergy medi-
cines at least 2 weeks before the surgery. Non-AR (nAR)
patients included those with hypertrophic chronic rhinitis with
or without sinusitis, but no AR (all control patients showed
negative skin allergen test, undetectable serum antigen-
specific IgE/IgG1, nasal secretion MBP and tryptase). All
the patients were undergone partially inferior turbinectomy.
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Table I Demographic data

AR nAR
Male 10 12
Female 14 10
Age 31.6+8.3 29.5+11.2
Disease history 52+2.8 6.6£3.5
Surgical history None None
Sinusitis
Maxillary 21 19
Ethmoid 11 12
Frontal 6 5
Sphenoid 1
Specific IgE 35.6+11.5 ng/ml ND
Specific 1gG1 29.3+13.8 ng/ml ND
Nasal MBP 58.6+22.4 pg/ml ND
Nasal tryptase 128.6+£44.8 pg/ml ND

Specific antigen All AR patients were sensitized to one to several
allergens, Nasal MBP The levels of major basic protein of extracted
proteins from nasal mucosa (determined by ELISA), Nasal tryptase
The levels of tryptase in extracted proteins from nasal mucosa (deter-
mined by ELISA). ND Non-detectable

The using human tissue in research was approved by the
Human Research Ethic Committee at the Longgang Central
Hospital. Informed consent was obtained from each patient.

Reagents

Antibodies of SEB, TIM1 and TIM4 were purchased from
Santa Cruz (Santa Cruz, CA). Fluorescence labeled antibodies
of CD19, CD38, CDll1c, CD4, CD80, CD86 and 1L-4 were
purchased from BD Biotech (Shanghai, China). RNA extrac-
tion kit, cDNA synthesis kit and Qiagen PCR kit were pur-
chased from Qiagen (Shanghai, China). ELISA kits of IL-4
and SEB were purchased from R&D Systems (Shanghai,
China). Immune cell isolating reagent kits were purchased
from Miltenyi Biotec (Auburn, CA). Endotoxin levels in all
reagents were detected using the Limulus assay (Limulus
amebocyte lysate QCL 1000, Bio Whittaker, Walkersville,
MD, USA). The reagents used in this study contained <0.2U
endotoxin/10 pug reagents.

Table II Positive anti-

gens from skin test Allergens Positive cases %
Dust mite 24 100
Cat debris 8 33.33
Dog debris 6 25
Grass pollen 12 50
Ragweed 9 37.5
Cockroach 8 33.33
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Immune Cell Isolation from Surgically Removed Nasal
Mucosa

Single cells were isolated from the surgically removed nasal
mucosa of the inferior turbinate following published proce-
dures [11]. Briefly, surgically removed nasal mucosa were
cut into small pieces and treated with the predigestion solu-
tion (1 x HBSS containing 5 mM EDTA and 1 mM DTT) at
37°C for 30 min and then incubated in the digestion solution
(Dissolve 50 pg collagenase D, 50 ug DNase [ and 0.3 g
dispase II in 100 ml PBS) at 37°C for 60 min under slow
rotation. Cells were filtered with a cell strainer. Mononucle-
ar cells were further isolated from the single cells by the
gradient density centrifugation.

Peripheral Mononuclear Cell Preparation

About 3040 ml elbow vein blood was collected from each
healthy volunteer. Mononuclear cells were isolated by gra-
dient density centrifugation. CD19+ CD1lc- B cells and
CD4+ CD25- T cells were isolated by magnetic cell sorting
(MACS) respectively with commercial reagent kits follow-
ing the manufacturer’s instruction. The isolated cells were
used for further experiments.

Generation of the Expression of TIM4 by B Cells

Human B cells were cultured (10* cells/ml) in completed
RPMI1640 medium in the presence of SEB (0-100 ng/ml)
at 37°C. The culture medium and reagents were changed
every 3-day. Cells were collected on day 12 and used for
further experiments.

Generation of Th2 Cells

Naive human CD4+ CD25- T cells (10* cells/ml) were
cultured with generated TIM4+ B cells (10* cells/ml; pulsed
by SEB) (or surgically removed nasal mucosa-isolated B
cells) in RPMI1640 medium. Nine days later, the cells were
collected to assess the frequency of Th2 cells (see below).

Flow Cytometry

Cells were incubated with the primary antibodies (fluores-
cence-labeled; 1-6 antibodies could be stained concurrently;
the concentrations of antibodies were 0.5 to 1 pug/ml) on ice
for 30 min (In the case of the intracellular staining, cells
were fixed with 1% paraformaldehyde on ice for 30 min and
incubated with permealization reagents for 30 min on ice).
The stained cells were analyzed using a flow cytometer
(Cando; BD Bioscience, San Jose, CA). The data were
analyzed by software FlowJo. Positively stained cells were
calculated by gating technique; one to six cell markers were

analyzed and recorded, and expressed as a percentage of the
total cells.

Protein Extraction

Surgically removed nasal mucosa was cut into small pieces
and homogenated in lysis buffer at 4°C; the samples were
kept at 4°C for 30 min. After centrifuged (17,600 x g) at 4°C
for 20 min, the supernatant was collected. The protein con-
tents were determined by Bradford assay.

Western Blotting

Equal volume (40 pg/well) of proteins was added to each
well and separated using a precast NuPAGE gel system and
blotted onto nitrocellulose membrane. The membrane was
incubated with primary antibody (0.05-0.1 pg/ml) in 5%
nonfat milk in TBS at 4°C overnight. This was followed by
incubation with HRP-conjugated second antibody for 1 h at
room temperature with shaking. Reactions were developed
using the Pierce ECL chemiluminescence substrate Kkit.
Results were recorded with X ray film.

Enzyme-linked Immunoassay (ELISA)

Levels of SEB, IL-4, IL-5 and IL-13 in the extracted protein
of nasal mucosa or culture supernatants were determined by
ELISA with commercial reagent kit following the manufac-
turer’s instruction.

Real-time Quantitative RT-PCR (qRT-PCR)

The expression of TIM4 in B cells was determined by qRT-
PCR. 25 ng cDNA were amplified in 50 pul 1 x SYBR-Green
I PCR master mix, containing 200 nM primer for TIM4.
Thermal cycling conditions were: 60°C for 2 min, 95°C for
10 min, 33 cycles of denaturation at 95°C for 15 s, and
annealing/extension at 59.6°C for 1 min. All the experi-
ments were performed in triplicate, using the qRT-PCR
thermal cycler (Bio-Rad), and negative controls (master
mix containing untranscribed total RNA or without any
cDNA or RNA) were added to each experiment. The quan-
tification was obtained using the relative standard curve
method. The standard curve was created by amplification
of 5 ul control total RNA extracted from the cells at differ-
ent dilutions (1.0-0.025 ng/pl by two-fold dilution). The
relative amount of each unknown sample was calculated
using the linear regression from the respective standard
curve. The relative TIM4 gene expression value was nor-
malized by dividing the target value by the housekeeping
gene value. The primers of TIM4 using in this study were:
Forward: gaaactgtcctccccagtga; reverse: ccaggetgaggagaagacac
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(NCBI: NM_138379; start code: 742; end code: 899; size:
158 bp).

RNA Interference (RNA1) of TIM1

The mouse TIM1 shRNA carried by lentiviral vectors
and control shRNA were purchased from Santa Cruz
Biotech. A batch of naive CD4+ CD25- T cells were
transduced with TIM1 shRNA or control shRNA following
the manufacturer’s instruction. The T cells were then
activated in culture in anti-CD3/CD28 coated plates in
order to assess the effect of RNAiof TIM1. As assessed by
Western blotting, the TIM1 gene knockdown effect was
reached to 90% at 48 h after the transduction. Trans-
duction with control shRNA did not affect the expression of
TIMA4.

Statistics

The values of experimental data were expressed as the
means = SD of three to six independent experiments. The
values were analyzed using the two-tailed unpaired Stu-
dent’s #-test when the data consisted of two groups or by
ANOVA when three or more groups were compared. P<
0.05 was accepted as statistically significant.

Results

CD19+ B Cells are Increased in the Nasal Mucosa of AR
Patients

Mononuclear cells were isolated from surgically removed
nasal mucosa and analyzed by flow cytometry. Markedly
more CD19+ B cells were detected in the mononuclear cells
isolated from AR nasal mucosa than that from the nAR
nasal mucosa (Fig. 1la—d). The CD19+ B cells were not
plasma cells as they were CD38- (Fig. le—f). The results
indicate that the frequency of B cell is increased in the AR
nasal mucosa.

The CD19+ B Cells Express TIM4 in the Nasal Mucosa
of AR Patients

TIM4 is expressed by activated dendritic cells and plays a
critical role in Th2 cell differentiation [13, 14]. Since B cells
have some similar features of dendritic cells, such as antigen
presentation and regulating T cell activities, we postulate
that B cells may also express TIM4. Thus, with the same
batch of isolated cells in Fig. 1, we assessed the expression
of TIM4. As shown by flow cytometry, TIM4+ CD19+ B
cells were detected in the cells isolated from the AR nasal
mucosa that were significantly more than that from the nAR
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Fig. 1 The number of B cells is increased in the AR nasal mucosa.
Mononuclear cells were isolated from surgically removed nasal muco-
sa specimens, including 16 Non-AR patients (a; nAR) and 18 AR
patients (b). The cells were stained with antibodies of CD19 and
analyzed by flow cytometry. The representative dot plots show the
frequency of CD19+ B cells. C is an isotype control. The bars indicate
the summarized data of A and B (mean £+ SD). *, p<0.01, compared
with the nAR group. E, the histogram indicates the frequency of
CD38+ B cells in the gated CD19+ B cells in panel C. F is an
isotype control

nasal mucosa (Fig. 2a). Further analysis showed that the
CD19+ TIM+ B cells express high levels of CD80 (Fig. 2b)
and CDS86 (Fig. 2c). We then examined the frequency of
CD19+ TIM4+ B cells in the peripheral mononuclear cells
by flow cytometry. The results showed that the frequency of
CD19+ TIM4+ B cells was below detectable levels in nAR
subjects; 1.55+0.68 CD19+ B cells expressed TIM4 were
detected in AR patients.

The Frequency of TIM4+ B Cells is Correlated
with the Levels of SEB in the AR Nasal Mucosa

It is proposed that SEB plays a role in the pathogenesis of
allergic disorders [17]. Whether the increase in TIM4+ B
cells has any association with SEB in the nasal mucosa is
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Fig. 2 TIM4+ B cells are increased in the AR nasal mucosa. A portion
of the isolated mononuclear cells in Fig. 1 was stained with antibodies
of TIM4, CD19, CD80 and CD86, and analyzed by flow cytometry. A,
the representative dot plots show the frequency of the TIM4+ CD19+
B cells (the gated cells) among the mononuclear cells of the specimens
of AR (Al) and nAR (A2). A3 is an isotype control. A4, the bars

not clear. We thus measured the levels of SEB in the protein
extracts from the surgically removed nasal mucosa of the
same batch of specimens of Fig. 1. As shown by ELISA,
SEB was detected in the AR nasal mucosa that was signif-
icantly more than nAR nasal mucosa (Fig. 3). There was
also a positive correlation between SEB levels and the
frequency of TIM4+ B cells (»=0.596, p<0.05). The results
imply that SEB may play a role in the increase in TIM4+ B
cells in the AR nasal mucosa.

SEB Induces CD19+ CD38- B Cells to Express TIM4

The results in Fig. 3 imply that SEB may be the causative
factor for the increase of the frequency of the TIM4+ B cells
in the AR nasal mucosa. To test the hypothesis, we isolated
CDI19+ CD38- B cells from peripheral mononuclear cells
and cultured in the presence of SEB for 7 days. As shown by
flow cytometry, abundant TIM4+ cells were induced in the
CD19+ CD38- B cells; the results were confirmed by the
data from qRT-PCR and Western blotting (Fig. 4). The
results indicate that SEB can induce the TIM4 expression
in B cells in the nasal mucosa.

SEB-conditioned B Cells Induce Th2 Cell Differentiation

We and others have reported that TIM4 plays a role in the
induction of skewed Th2 polarization [13, 14]; Th2 polari-
zation plays an important role in the pathogenesis of allergic
disorders. To investigate the effect of B cells in the induction
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indicate the summarized data of A1 and A2. With gating technique, the
TIM4+ CD19+ B cells in gated cells in panel A and B were further
analyzed to show the frequencies of CD80+ cells (B) and CD86+ cells
(C). The data in bar graphs are presented as mean + SD; *, p<0.01,
compared with the nAR group

of Th2 cells, we isolated peripheral CD19+ CD38- B cells to
be conditioned in the culture in the presence of SEB for
12 days. We then collected the B cells; a portion of the cells
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Fig. 3 SEB levels in the nasal mucosa. Proteins were extracted from
each surgically removed nasal mucosal specimen (20 AR, 20 nAR
patients) and analyzed by ELISA and Western blotting. A, the bars
indicate the levels of SEB in the nasal mucosa (The data were pre-
sented as mean = SD; *, p<0.01, compared with nAR group). B, the
representative immunoblots indicate the levels of SEB in the protein
extracts of nasal mucosa
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Fig. 4 SEB induces TIM4 expression in B cells. Peripheral CD19+
CD20+ CD38- B cells were isolated from six healthy subjects by
MACS. The B cells were cultured in the presence of SEB at a dose
of 0-100 ng/ml for 12 days. Cells were collected to analyze the
expression of TIM4 by flow cytometry. A, the representative histo-
grams show the frequency of TIM4+ B cells at SEB doses of 0 ng/ml
(A1), 5 ng/ml (A2), 50 ng/ml (A3) and 100 ng/ml (A4) respectively.
A5 is an isotype control. A6, the bars indicate the summarized data

was checked by flow cytometry to ensure the expression of
TIM4; high levels of TIM4 (86.3%+6.8%) were detected in
the B cells. The conditioned B cells were also expressed
high levels of CD80 (88.4%+5.5%) and CD86 (71.9%=*
9.2%). The TIM4+ B cells were cultured with naive periph-
eral CD4+ CD25- T cells (isolated by MACS) for 9 days. As
analyzed by flow cytometry, significant increase in IL-4+
cells was detected in CD4+ T cells; the cytokines of 1L-4,
IL-5 and IL-13 were also markedly increased in the super-
natants of the T cells cultured with conditioned B cells. To
confirm the results, we knocked down the gene of TIM1 (the
receptor of TIM4 [14]) in a batch of naive T cells with
shRNA of TIMI1. The TIMI-deficient CD4+ T cells did
not respond to the stimulation of TIM4+ B cells (Fig. 5).
The results indicate that the conditioned B cells can convert
naive CD4+ T cells to Th2 cells. In addition, we also
observed several other cytokines in the culture media.

@ Springer

-t -2

o o

o (=]
1 J

n
o

TIM4 protein
(% B-actin)

K
x
; I
O_j T - T T

Ong 5ng 50ng 100ng
SEB doses in culture medium

from 3 experiments of A1-A4. A portion of B cells was analyzed by
gqRT-PCR (B) and Western blotting (C). B, the bars indicate the levels
of TIM4 mRNA in B cells. C, the immune blots show the TIM4 protein
levels in B cells. The bars below the gel graph show the summarized
data of the integrated density of the immune blots from 3 experiments.
The data in bar graphs were presented as mean + SD; *, p<0.01,
compared with the “0 ng” group

Although these cytokines play important role in other im-
mune reactions, the results showed no significant difference
between AR group and nAR group (Table III). Using as
negative controls, some B cells were stimulated by bovine
serum albumin. The results showed no detectable response
in the B cells was induced (data not shown).

B Cells from the Allergic Nasal Mucosa Induce Th2 Cell
Differentiation

To confirm the results of Fig. 5, we isolated B cells from the
surgically removed nasal mucosa and cocultured the B cells
with naive CD4+ CD25- T cells for 9 days. As shown by
flow cytometry, abundant IL-4+ CD4+ T cells were induced
in those cocultured with the CD19+ B cells from the AR
mucosa, which was much more than those cocultured with
the CD19+ B cells from the nAR mucosa (Fig. 6).
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Fig. 5 SEB-pulsed B cells induce Th2 cell development. Peripheral B
cells were purified from isolated mononuclear cells by MACS. The B
cells were conditioned by SEB (100 ng/ml) in culture for 12 days or by
medium alone. The conditioned B cells were cultured with naive CD4+
CD25- T cells (B cell: T cell=1:1) for 3 rounds (3 days/round). Cells
were collected and stained with antibodies of IL-4 and CD4, and
analyzed by flow cytometry. A, the representative dot plots indicate
the frequency of CD4+ IL-4+ T cells among: A1, T cells were cultured
alone; A2, T cells were cultured with SEB-conditioned B cells; A3, T
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cells were cultured with medium-conditioned B cells; A4, TIM1-
deficient T cells were cultured with SEB-conditioned B cells and A5,
control shRNA-treated T cells were cultured with SEB-conditioned B
cells. A6 is an isotype control. B, the bars indicate the summarized data
of panel A. C-E, the bars indicate the levels of IL-4 (C), IL-5 (D)
and IL-13 (E) in supernatants that were determined by ELISA.
The data in bar graphs were presented as mean + SD from 3
experiments. *, p<0.01, compared with group Al

@ Springer



J Clin Immunol

Table III Levels of

cytokine in culture Cytokine AR nAR
IL-10 35.6+£5.3 38.5+4.9
IFN-g 243 + 23.3+4.2
TNF-a 19.5+3.2 23.2+5.4
TGF-b Not Not
detectable detectable

Discussion

In this study, abundant non-plasma B cells were detected in
the nasal mucosa of patients with AR. The B cells expressed
high levels of TIM4 and costimulatory molecules, CD80

and CD86. The frequency of TIM4+ B cells was correlated
with the levels of SEB in the nasal mucosa. SEB-pulsed B
cells could induce Th2 cell differentiation.

The role of B cells in the pathogenesis of allergic diseases
has been recognized [1]. Previous reports suggest that the B
cells contribute to allergic diseases mainly via producing IgE
[18] since the major inflammatory cells at sites are mast cells,
which bear the high affinity receptor of IgE [19]. Recent
studies have unraveled that besides producing IgE, B cells
were also involved in the immune regulatory responses during
allergic reactions in animal studies [1]. The present study has
provided human data that B cells accumulated on the sites of
allergic reactions. Moreover, these B cells express CD19, but
not CD38, which indicates that these B cells are not plasma
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o
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Fig. 6 AR nasal mucosa-derived B cells induce Th2 cell development.
CD19+ CD38- B cells were isolated from the surgically removed nasal
mucosa from 6 AR patients and 6 nAR patients respectively. The B
cells were cocultured with naive CD4+ CD25- T cells (isolated from
the peripheral blood) at a ratio of 1:1 for 9 days. The cells were
analyzed by flow cytometry. A, the representative dot plots show the

@ Springer

frequency of IL-4+ CD4+ T cells. Al, T cells were cultured alone. A2,
AR-mucosa-derived B cells were cocultured with naive T cells. A3,
nAR-mucosa-derived B cells were cocultured with naive T cells. A4 is
an isotype control. B, the bars show the summarized data of panel A.
C-E, the bars indicate the levels of IL-4 (C), IL-5 (D) and IL-13 (E) in
the culture supernatant that were determined by ELISA
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cells. Our data imply that these B cells accumulating on
allergic reaction sites of the nasal mucosa may be involved
in immune regulation; the inference is in line with previous
reports, in which the authors indicated that B cells could
promote Th2 responses [20]. The increases in non-plasma B
cells may be referred by clinical immunologists in the diag-
nosis of upper airway allergic disorders.

TIM4 is a newly described molecule [14] that is expressed
by activated DCs [13, 21]. One of the functions of TIM4 is to
initiate the Th2 cell differentiation [12, 14] to contribute to the
initiation of allergic diseases via interacting with TIM1 on
naive T cells [13, 14]. Apart from DC, here we have newly
found that CD19+ B cells also produce TIM4 in the AR nasal
mucosa. The data indicate that the B cells we observed in the
AR nasal mucosa have the potential to induce skewed Th2
response. Since the CD19+ B cells were mainly recognized in
the patients with AR, but not in nAR, the phenomenon may be
a pathological sign in AR.

Under physiological conditions, the invaded antigens can
be captured by either DCs or B cells or macrophages. After
processing, the cells present antigen information together with
costimulatory molecules to T cells, either induce naive T cells
to differentiate into Th1l or Th2 cells or activate antigen
specific T cells. However, it is still an enigma how the skewed
Th2 polarization initiates and how allergic disorders develop
eventually. The present study has revealed a previously unde-
scribed phenomenon that a relatively large number of TIM4+
B cells in the nasal mucosa of AR patients. Since TIM4 plays
a role in the initiation of Th2 cell differentiation as we and
others reported [13, 14], the TIM4+ B cells may be involved
in the initiation of skewed Th2 polarization in AR. To prove
this inference, further clinical observation is needed, such as
observe the frequency of TIM+ B cells in the nasal mucosa
before and after specific immunotherapy.

In the present study, the TIM4+ B cells also expressed high
levels of CD80 and CD86, which indicate that those B cells
have the potential to activate naive CD4+ T cells to differen-
tiate into either Thl or Th2 cells. The subsequent results
addressed the postulation by showing that in co-culturing with
TIM4+ B cells induced abundant IL-4+ expression in TIM1-
sufficient CD4+ T cells, but not in TIM1-deficient CD4+ T
cells. The results are in line with previous studies [13, 14] in
which the interaction of TIM1 and TIM4 plays a critical role
in the development of Th2 polarization in animal model
studies. Whether this phenomenon also occurs in human AR
needs additional clinical studies in AR patients.

In the TIM1-driven Th2 cell differentiation, whether is
the TIM4-bearing cell physically contacting the naive CD4+
T cell necessary? We observed this point in separate experi-
ments with transwell system. The results showed there was
no difference between the culture systems with or without
transwells (data not shown). Also, the TIM4 could be
detected in culture media [13].

In the present study, we observed that SEB could modify the
properties of B cells. Since SEB is a superantigen; it has many
more bioactivities in the regulation of immune responses; such
as directly bind to the T cell receptors to activate T cells. Our
previous study also showed that SEB could induce cytotoxic T
cell differentiation [22]; suppressed the expression of integrin
avf36 in the nasal mucosa and resulted in breaching the im-
mune tolerance in the nasal mucosa [23]. These data demon-
strate that SEB has a critical role in the compromising the
immune homeostasis of the nasal mucosa.

In summary, the present study reports a subpopulation of B
cells in the AR nasal mucosa that express TIM4 and costimu-
latory molecules, can present antigen to naive CD4+ T cells to
induce Th2 cell differentiation. We conclude that TIM4+
CD19+ B cells are a specific cell population that plays an
important role in the pathogenesis of AR. The TIM4+ CD19+
B cells may be a potential target in the treatment of AR.
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