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Abstract

Bcl6-deficient (Bcl6−/−) mice displayed Th2 type inflammation, which caused by abnormality of non-lymphoid cells. However, initiators
ls derived
MMCs
n
re
a

for the Th2 type inflammation were not clear. In order to elucidate the initiators, we investigated property and function of mast cel
from Bcl6−/− mice. Mast cells were developed from bone marrow cells cultured with IL-3 (BMMCs). Although the development of B
from Bcl6−/− mice was similar to that from wild-type mice, proliferation of Bcl6−/− BMMCs stimulated with IL-3 was slightly lower tha
that of wild-type BMMCs. When these BMMCs were stimulated by Fc�RI/IgE cross-linking, Bcl6−/− BMMCs produced Th2 cytokines mo
than wild-type BMMCs did. Thus, Bcl6−/− mast cells are one of the initiators for Th2 type inflammation in Bcl6−/− mice, and Bcl6 may be
molecular target for Th2 type allergic diseases.
© 2005 Elsevier Ltd. All rights reserved.
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Bcl6 mice also displayed inflammatory responses in
multiple organs, especially in heart and lungs, characterized
by infiltration of eosinophils and IgE bearing B lymphocytes

ult
9
-

m-
ally
Introduction

The human proto-oncogeneBcl6has been identified from
romosomal breakpoints involving 3q27 in diffuse large B-
ll lymphomas (Kerchaert et al., 1993; Ye et al., 1993; Miki
al., 1994). TheBcl6 gene encodes a 92- to 98 kDa nu-

ear phosphoprotein that contains the BTB/POZ domain in
e NH2-terminal region andKrüppel-type zinc finger motifs
the COOH-terminal region. Since the NH2-terminal half

deacetylase complex to silencer regions of target ge
repress expression of these genes,Bcl6can function as a
quence specific transcriptional repressor. To observe
logical functions ofBcl6, this gene was disrupted in the m
germ line. Bcl6-deficient (Bcl6−/−) mice showed growth
tardation and abnormal immune responses. They com
lack germinal center formation (Dent et al., 1997; Fuk
et al., 1997; Ye et al., 1997) and affinity maturation of a
bodies specific for immunized antigens (Toyama et al., 200

−/−
Abbreviations: BMMCs, bone marrow derived mast cells; Bcl6−/−,
Bcl6-deficient; SMRT, silencing mediator of retinoid and thyroid receptor
protein; WT, wild-type; DNP, dinitrophenyl; HAS, human serum albumin;
PI, propidium iodide
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(Th2 type inflammation), and frequently die at an early ad
age (Dent et al., 1997; Ye et al., 1997; Yoshida et al., 199).
Immunization of Bcl6−/− mice with a protein antigen in adju
vant accelerated induction of the Th2 type inflammation (Ye
et al., 1997). These data suggested that the Th2 type infla
mation was originated by antigen-activated cells, especi
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T cells. Indeed, we have recently reported that theIL-5 gene
is one of the molecular targets of Bcl6 in T cells (Arima
et al., 2002). Furthermore, recent analysis of the mechanism
for the Th2 type inflammation using Bcl6−/− embryonic stem
cell-derived chimeric mice indicated that the functional dom-
inance of Th2 cells in Bcl6−/− mice is due to non-lymphoid
cells including macrophages, dendritic cells, and mast cells
(Toney et al., 2000). However, initiators for the Th2 type in-
flammation were not clear.

Mast cells are distributed throughout the vascularized tis-
sues and play a key role in allergic reactions by releasing
proinflammatory mediators such as histamine, leukotrienes
and prostaglandin by antigen stimulation though a Fc�RI/IgE
complex. Mast cells also play a central role in innate im-
munity (Supajatura et al., 2002) or induce autoantibody-
mediated vasculitis (Malaviya et al., 1996) by TNF� pro-
duction. Furthermore, mast cells effect on immune com-
petent cells, such as survival of eosinophils, maturation of
dendritic cells, and activation of B and T cells by pro-
duction of cytokines (Levi-Schaffer et al., 1998; Skokos
et al., 2001; Skokos et al., 2003). Mast cells stimulated by
Fc�RI/IgE cross-linking produce the large amount of IL-
4, which is essential for the induction of Th2 development
(Schmitz et al., 1994; Fallon et al., 2002), and chemokines
such as MCP-1, MIP1�, RANTES and Eotaxin, which work
on Th2 development and eosinophil recruitment (Nakajima
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adherent cells in the culture were harvested every week and
continuously cultured in the new plates with fresh medium.

2.3. Flow cytometry

For detection of c-Kit and Fc�RI on BMMCs, BMMCs
were first incubated with un-conjugated anti-CD32/16 mon-
oclonal antibody (2.4G2; BD PharMingen, San Diego, CA)
at 4◦C for 10 min, then with IgE anti-dinitrophenyl (DNP)
monoclonal antibody (SPE-7; Sigma, St Louis, MO) for
50 min, followed by the incubation with biotin conjugated
anti-mouse IgE antibody (BD PharMingen) for 10 min. These
cells were further incubated with streptavidin-conjugated al-
lophycocyanin (BD PharMingen) and phycoerythrin conju-
gated anti-c-Kit monoclonal antibody (BD PharMingen) for
10 min. Flow cytometric analysis was performed using a
FACSCalibur (Becton Dickinson, San Jose, CA).

2.4. Cell survival assay

BMMCs were washed 3 times with PBS and cultured in a
96-well-plate (1.5× 106 cells/ml) with RPMI 1640 medium
without IL-3 at 37◦C for 8 days. Viability of these cultured
cells was assessed by trypan blue exclusion method, and the
number of viable cells was counted on day 0, 1, 3, 5 and 8 after
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et al., 2002). These results suggest that mast cells seem to
an initiator of the Th2 type inflammation in Bcl6−/− mice.
Therefore, we investigated property and function of Bcl6−/−
mast cells derived from bone marrow cells cultured with I
3 (BMMCs). When BMMCs were stimulated by Fc�RI/IgE
cross-linking, Th2 type cytokine productions by the Bcl6−/−
BMMCs were larger than those by the wild-type (WT
BMMCs. We discuss a role for Bcl6 in function of mast cell

2. Materials and methods

2.1. Mice

Bcl6-deficient (Bcl6−/−) (Yoshida et al., 1999),
(C57BL/6× DBA2) F1(Japan SLC), C57BL/6 mice (Japa
SLC) were housed in microisolate cages under patho
free conditions. All experiments were performed accordi
to the guidelines of Graduate School of Medicine, Chi
University (Chiba, Japan).

2.2. Culture of BMMCs

Femoral bone marrow cells of 8–12-week-old Bcl6−/−
and WT mice were isolated and cultured in tissue cultu
plates as described previously (Suzuki et al., 2000). These
bone marrow cells were cultured in RPMI 1640 mediu
containing 10% FCS and 5–10% of murine IL-3 condition
medium (x63-IL3; kindly provided from Dr. H. Karasuyama
Tokyo Medical and Dental University) at 37◦C. Non-
e

n

stimulation. For analysis of apoptosis, BMMCs were inc
bated with FITC-labeled annexin V and propidium iodide (P
(Bender Medsystems, Vienna, Austria) for 15 min accord
to the manufacturer’s instructions. Analysis of apoptosis w
performed using a FACSCalibur.

2.5. Proliferation assay

BMMCs were washed 3 times with PBS and cultured in
96-well-plate (1.0× 106 cells/ml) with RPMI 1640 medium
containing 0–10% of IL-3 at 37◦C for 36 h. These cells
were incubated with 1�Ci [3H]thymidine (Amersham In-
ternational, Aylesbury, UK) during the last 12 h. These ce
were harvested onto glass fiber filters, and [3H]thymidine was
counted with a liquid scintillation counter.

2.6. Stimulation of BMMCs by Fc�RI/IgE cross-linking

BMMCs (1× 106 cells/ml) were incubated with IgE anti
DNP antibody (1�g/ml) overnight at 37◦C and washed twice
with RPMI medium (Malaviya and Uckun, 2002). These
cells were then challenged with various concentrations
DNP–human serum albumin (DNP–HSA; Sigma) for 30 m

2.7. β-hexosaminidase release assay

BMMCs were stimulated by Fc�RI/IgE cross-linking in
Tyrode buffer (130 mM NaCl, 5 mM KCl, 1.4 mM CaCl2,
1 mM MgCl2, 5.6 mM glucose, 10 mM HEPES, and 0.1%
BSA, pH 7.4). The amount of�-hexosaminidase in cul-
ture supernatants and cell lysates of the activated BMM
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was measured by hydrolysis ofp-nitrophenyl-N-acetyl-�-d-
glucopyranoside (Sigma) in 0.1 M sodium citrate buffer (pH
4.5) for 2 h at 37◦C. The reaction was stopped by addition
of 0.2 M glycine and the optical density at 405 nm of the
reaction mixture was measured by a densitometry. The per-
centage of specific�-hexosaminidase release was calculated
as follows: the percentage released = 100× (activity in su-
pernatants/activity in supernatants and lysates) as previously
described (Watanabe et al., 1999).

2.8. RT-PCR for cytokine mRNAs

Total RNA was isolated from BMMCs using TRIzol
Reagent (GIBCO-BRL, Burlington, Canada) according to
the manufacturer’s instructions. The cDNA was synthe-
sized from total mRNA (1�g) with oligo(dT)12−18 as a
primer and Superscript II RNase H reverse transcriptase (Life
Technologies, Rockville, MD). Levels of cytokine mRNA
were assessed by semi quantitative RT-PCR. The 20 cy-
cles of PCR for�-actin and 30 cycles of PCR for cy-
tokines were carried out using the following conditions:
denaturation at 94◦C for 30 s, annealing at 55◦C for 40 s
and polymerization at 72◦C for 60 s. PCR primers for
the cDNA amplification were as follows:IL-4 primers,
5′-ACTGACGGCACAGAGCTATTGATG-3′ and 5′-GGA-
CTCATTCATGGTGCAGCTTATC-3′; IL-5 primers, 5′-

-
nts
r’s
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.

Fig. 1. Development of Bcl6−/− BMMCs. (A) Mast cells in peritoneal cavity
of Bcl6−/− and WT mice were assessed by FACS analysis. The numbers in
the corners indicate the percentages of mast cells in total peritoneal cells.
(B) Bone marrow cells of Bcl6−/− and WT mice were cultured with IL-3.
Development of mast cells was assessed by FACS analysis. The numbers in
the corners indicate the percentages of mast cells in cultured cells.

Although the percentage of Bcl6−/− peritoneal mast cells
was less than that of WT ones because of the larger cell infil-
trations in the peritoneal cavity of Bcl6−/− mice, mast cells
with normal surface phenotypes were observed in Bcl6−/−
mice as well as WT littermates (Fig. 1A). In order to examine
development of mast cells from bone marrow cells, Bcl6−/−
bone marrow cells were cultured with IL-3 for 30 days. Mast
cells developed in the culture were stained with anti-c-Kit and
anti-Fc�RI antibodies and analyzed on a FACS every 10 days.
Mast cells, with more than 98% of purity, were developed in
the Bcl6−/− bone marrow cell cultures as well as in the WT
ones within 30 days (Fig. 1B). The level of Fc�RI and c-Kit
on Bcl6−/− BMMCs was similar to that on WT BMMCs,
and percentages of Bcl6−/− BMMCs (c-Kit+, Fc�RI+) in the
cultures from day 10 to day 30 were similar to those of WT
BMMCs. Thus, the deficiency of Bcl6 in bone marrow cells
may not affect the development of mast cells.

3.2. Functional property of Bcl6−/− BMMCs

Since IL-3 is known to be an important mast cell growth
factor, proliferation of Bcl6−/− BMMCs to IL-3 stimulation
was examined by thymidine uptake. Proliferation of Bcl6−/−
BMMCs stimulated with IL-3 was slightly lower than that of
WT BMMCs (Fig. 2).

Apoptosis is induced in BMMCs by IL-3 starvation
AGGATGCTTCTGCACTTGAGTGTTC-3′ and 5′-CCC-
TTGCATTTGCACAGTTTTG-3′; IL-6 primers, 5′-GTT-
CTCTGGGAAATCGTGGA-3′ and 5′-TGTACTCCAGG-
TAGCTATGG-3′; IL-13 primers, 5′-CAGTCCTGGCTCT-
TGCTTGC-3′ and 5′-AAGTGGGCTACTTCGATTTTGG-
3′;TNFα primers, 5′-TCTCATCAGTTCTATGGCCC-3′ and
5′-GGGAGTAGACAAGGTACAAC-3′; β-actin primers,
5′-GTTTGAGACCTTCAACACC-3′ and 5′-GTGGCCAT-
CTCCTGCTCGAAGTC-3′.

2.9. ELISA

Concentration of IL-6 (OptEIA, San Diego, CA) and IL
13 (R&D Systems, Minneapolis, MN) in culture supernata
was measured by ELISA according to the manufacture
instructions.

2.10. Statistical analysis

Statistical analysis was made using unpairedt-test.P-
values of <0.05 were considered to be significant.

3. Results

3.1. Development of BMMCs from Bcl6−/− bone
marrow cells stimulated with IL-3

Bcl6−/− mouse peritoneal mast cells were stained w
antibodies to Fc�RI and to c-Kit, and analyzed on a FACS
(Suzuki et al., 2000), and almost all of Bcl6−/− and WT
BMMCs died within 8 days after IL-3 starvation (Fig. 3A).
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Fig. 2. Proliferation of Bcl6−/− BMMCs. Bcl6−/− (closed bar) and WT
(open bar) BMMCs were cultured in the presence of various doses of IL-3
for 36 h. Data represents the mean± S.D. of triplicate cultures.*P< 0.0001.
Results are representative of three independent experiments.

Fig. 3. Apoptosis of Bcl6−/− BMMCs by IL-3 starvation. (A) Live cell
numbers of Bcl6−/− (closed triangle) and WT (open square) BMMCs were
measured by die exclusion method after IL-3 starvation. (B) Apoptosis of
Bcl6−/− and WT BMMCs after IL-3 starvation was detected by staining
with annexin V and PI. The numbers in the corners indicate the percentages
of cells in each quadrant. Results are representative of three independent
experiments.

Thus, apoptosis of Bcl6−/− BMMCs after IL-3 starvation
was examined by annexin V and PI staining. Percentages o
apoptotic cells in Bcl6−/− BMMCs were similar to those in
WT BMMCs until day 8 after starvation (Fig. 3B).

Fig. 4. Degranulation of Bcl6−/− BMMCs. Degranulation of BMMCs stim-
ulated by Fc�RI/IgE cross-linking was assessed by the�-hexosaminidase
release assay. After Bcl6−/− (closed bar) and WT (open bar) BMMCs were
stimulated by Fc�RI/IgE cross-linking with various doses of DNP–HAS, the
release of�-hexosaminidase in the culture supernatants was measured. Data
represents the mean± S.D. of triplicate cultures. Results are representative
of three independent experiments.

Fc�RI/IgE cross-linking is one of the major stimulations
of mast cells, induces degranulation and chemical media-
tors release from mast cells. Since mouse mast cells release
�-hexosaminidase as the result of Fc�RI/IgE cross-linking
(Watanabe et al., 1999; Suzuki et al., 2000), a release of�-
hexosaminidase by Bcl6−/− BMMCs after Fc�RI/IgE cross-
linking was examined by the�-hexosaminidase release as-
say. As shown inFig. 4, Bcl6−/− BMMCs released the sim-
ilar amount of�-hexosaminidase as WT BMMCs did after
Fc�RI/IgE cross-linking with any amounts of DNP-HSA ex-
amined. Thus, degranulation of mast cells after Fc�RI/IgE
cross-linking is Bcl6-independent.

3.3. Th2 cytokine productions of Bcl6−/− BMMCs
stimulated by Fc�RI/IgE cross-linking

Since Th2 cytokine mRNA expression is augmented
in Bcl6−/− T cells (Dent et al., 1997), we examined Th2
cytokine mRNA expression in Bcl6−/− BMMCs stimulated
by Fc�RI/IgE cross-linking by RT-PCR. Expression ofIL-4
andIL-5 mRNA was clearly augmented in Bcl6−/− BMMCs
after stimulation (Fig. 5A). Since expression ofIL-13mRNA
in Bcl6−/− BMMCs seemed to be more than that in WT
BMMCs 3 and 6 h after stimulation, the amount ofIL-13
mRNA in those activated BMMCs was carefully examined
by semi-quantitative RT-PCR. The amount ofIL-13 mRNA

re

Fig. 5. Production of Th2 cytokines by Bcl6−/− BMMCs. BMMCs were stimu n
of Th2 cytokines in these BMMCs was assessed by RT-PCR (upper panel) r
panel). (B) Production of IL-13 and IL-6 in the culture supernatants 24 h afte
cultures. Results are representative of three independent experiments.*P< 0.01.
f

in Bcl6−/− BMMCs was 3- to 10-fold more than that in
WT BMMCs 3 and 6 h after stimulation. However, the
was no significant difference ofIL-6 and TNFα mRNA
expression between Bcl6−/− BMMCs and WT BMMCs
after stimulation.

lated by Fc�RI/IgE cross-linking with DNP–HAS (25 ng/ml). (A) Expressio
. The amount ofIL-13mRNA was measured in cDNA with 3-hold dilutions (lowe
r stimulation was assessed by ELISA. Data represents the mean± S.D. of triplicate
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Next, we examined cytokine productions in culture super-
natants of Bcl6−/− BMMCs stimulated by Fc�RI/IgE cross-
linking by ELISA. The amount of IL-13 in the culture su-
pernatants of Bcl6−/− BMMCs was more than that of WT
BMMCs after Fc�RI/IgE cross-linking with any amounts of
DNP-HSA examined (Fig. 5B). The amount of IL-6 in the
culture supernatants of Bcl6−/− BMMCs was similar to that
of WT BMMCs after stimulation. However, we could not de-
tect IL-4 and IL-5 in the culture supernatants of Bcl6−/− and
WT BMMCs after stimulation (data not shown).

4. Discussion

Bcl6−/− mice showed abnormal Th2 type inflammation
(Dent et al., 1997) and the inflammation is initiated by non-
lymphoid cells (Toney et al., 2000). In order to elucidate an
initiator of the Th2 type inflammation, we examined func-
tional property of mast cells from Bcl6−/− mice as an ini-
tiator. There was no significant difference between Bcl6−/−
BMMCs and WT BMMCs in expression of surface Fc�R1
and c-Kit, in apoptosis induced by deprivation of IL-3, and
in degranulation (release of�-hexosaminidase) induced by
Fc�RI/IgE cross-linking. However, Bcl6−/− BMMCs stimu-
lated by Fc�RI/IgE cross-linking expressed more amounts
of Th2 cytokine mRNAs such asIL-4, IL-5 and IL-13

e

lt
e-
ri
e
re

a
ce

-
om
r
ly
y

h

-

a
n
a

considered to play an important role in peripheral tissues.
Mast cells activated by various stimuli including Fc�RI/IgE
cross-linking and lipopolysaccharide (Kalesnikoff et al.,
2001; Nakajima et al., 2002; Supajatura et al., 2002) rapidly
release a number of cytokines and chemokines, and recruit
and activate other immune competent cells (Levi-Schaffer
et al., 1998; Skokos et al., 2001; Skokos et al., 2003).
Chemical mediators produced by activated mast cells are
also essential for allergic reactions. For example, histamine
is an essential mediator for type I allergy and anaphy-
laxis (Dombrowicz et al., 1993; Naclerio, 1999; White,
1999), leukotrienes are essential for vascular permeability
and bronchial reconstruction (Kanaoka et al., 2001; Maekawa
et al., 2002), prostaglandin works on microvascular and also
bronchial reconstruction (Diaz et al., 2002). Since the num-
ber of intraepithelial mast cells increased in Bcl6−/− mice
(Toney et al., 2000) and the production of Th2 cytokines was
augmented in activated Bcl6−/− mast cells, Bcl6−/− mast
cells may also be a major effector for Th2 type inflammation
in Bcl6−/− mice.

In summary, Bcl6 regulates Th2 type cytokine productions
by mast cells stimulated by Fc�RI/IgE cross-linking. Thus,
Bcl6−/− mast cells are one of the initiators for Th2 type in-
flammation in Bcl6−/− mice, and Bcl6 may be a molecular
target for Th2 type allergic diseases.
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than WT BMMCs did. The increased expression ofIL-13
mRNA in Bcl6−/− BMMCs after stimulation was reflected
to the amount of IL-13 protein in culture supernatants of th
Bcl6−/− BMMCs. However, we could not detect IL-4 and
IL-5 protein in the culture supernatants of Bcl6−/− and WT
BMMCs after stimulation. These cytokines may be difficu
to detect in supernatants of the BMMC culture by ELISA, b
cause their immunoreactivity may be changed by the hepa
produced by BMMCs or these cytokines may be degrad
by protease chymase produced by BMMCs as previously
ported (Okayama et al., 1995).

Mast cells have been focused on as a source of IL-4 in
lergic diseases, and IL-4 is the most potent factor that indu
Th2 development (Fallon et al., 2002). However, cell types
that produce the initial IL-4 for the induction of Th2 develop
ment are controversial. It has been speculated that IL-4 fr
non-Th cells, such as mast cells and basophiles, may be
quired for Th2 development. For example, mast cells rapid
release large amounts of Th2 cytokines including IL-4 b
Fc�RI/IgE cross-linking (Kalesnikoff et al., 2001) or with
lipopolysaccharide stimulation (Supajatura et al., 2002), and
90% of IL-4 producing cells in the mucosa of patients wit
allergic rhinitis are mast cells (Bradding et al., 1992). Since
Th2 cytokines, not only IL-4 but also IL-13, are known to
be important for Th2 development (McKenzie et al., 1998;
Chiaramonte et al., 1999), the mast cells are one of the ini
tiators for Th2 dominancy in Bcl6−/− mice.

Mast cells do not mature in the bone marrow, circulate
committed progenitors and complete their maturation, a
are activated in the peripheral tissues. Thus, mast cells
n
d
-

l-
s

e-

s
d
re

Acknowledgements

We are grateful to Dr. M. Hatano and Dr. S. Okada f
discussion. We also thank H. Satake for skillful technic
assistance, N. Kakinuma for secretarial services. This w
was supported in part by Grants-in-Aid from the Ministry
Education, Science, Technology, Sports and Culture of Ja
and the Uehara Memorial Foundation.

References

Arima, M., Toyama, H., Ichii, H., Kojima, S., Okada, S., Hatano, M
Cheng, G., Kubo, M., Fukuda, T., Tokuhisa, T., 2002. A putati
silencer element in the IL-5 gene recognized by Bcl6. J. Immun
169, 829–836.

Bradding, P., Feather, I.H., Howarth, P.H., Mueller, R., Roberts, J.
Britten, K., Bews, J.P., Hunt, T.C., Okayama, Y., Heusser, C.H., 19
Interleukin 4 is localized to and released by human mast cells. J. E
Med. 176, 1381–1386.

Chiaramonte, M.G., Donaldson, D.D., Cheever, A.W., Wynn, T.A., 19
An IL-13 inhibitor blocks the development of hepatic fibrosis durin
a T-helper type 2-dominated inflammatory response. J. Clin. Inv
104, 777–785.

Dent, A.L., Shaffer, A.L., Yu, X., Allman, D., Staudt, L.M., 1997. Contro
of inflammation, cytokine expression, and germinal center format
by BCL-6. Science 276, 589–592.

Diaz, B.L., Fujishima, H., Kanaoka, Y., Urade, Y., Arm, J.P., 2002. Re
ulation of prostaglandin endoperoxide synthase-2 and IL-6 expres
in mouse bone marrow-derived mast cells by exogenous but not
dogenous prostanoids. J. Immunol. 168, 1397–1404.



Y. Ohtsuka et al. / Molecular Immunology 42 (2005) 1453–1459 1459

Dombrowicz, D., Flamand, V., Brigman, K.K., Koller, B.H., Kinet, J.P.,
1993. Abolition of anaphylaxis by targeted disruption of the high
affinity immunoglobulin E receptor alpha chain gene. Cell 75, 969–
976.

Fallon, P.G., Jolin, H.E., Smith, P., Emson, C.L., Townsend, M.J., Fallon,
R., Smith, P., McKenzie, A.N., 2002. IL-4 induces characteristic Th2
responses even in the combined absence of IL-5, IL-9, and IL-13.
Immunity 17, 7–17.

Fukuda, T., Yoshida, T., Okada, S., Hatano, M., Miki, T., Ishibashi, K.,
Okabe, S., Koseki, H., Hirosawa, S., Taniguchi, M., Miyasaka, N.,
Tokuhisa, T., 1997. Disruption of the Bcl6 gene results in an impaired
germinal center formation. J. Exp. Med. 186, 439–448.

Kalesnikoff, J., Huber, M., Lam, V., Damen, J.E., Zhang, J., Siraganian,
R.P., Krystal, G., 2001. Monomeric IgE stimulates signaling path-
ways in mast cells that lead to cytokine production and cell survival.
Immunity 14, 801–811.

Kanaoka, Y., Maekawa, A., Penrose, J.F., Austen, K.F., Lam, B.K.,
2001. Attenuated zymosan-induced peritoneal vascular permeability
and IgE-dependent passive cutaneous anaphylaxis in mice lacking
leukotriene C4 synthase. J. Biol. Chem. 276, 22608–22613.

Kerchaert, J.P., Deweindt, C., Tilly, H., Quief, S., Lecocq, G., Bastard,
C., 1993. LAZ3, a novel zinc-finger encoding gene, is disrupted by
recurring chromosome 3q27 translocations in human lymphomas. Nat.
Genet. 5, 66–70.

Levi-Schaffer, F., Temkin, V., Malamud, V., Feld, S., Zilberman, Y., 1998.
Mast cells enhance eosinophil survival in vitro: role of TNF-alpha and
granulocyte-macrophage colony-stimulating factor. J. Immunol. 160,
5554–5562.

Maekawa, A., Austen, K.F., Kanaoka, Y., 2002. Targeted gene disruption
reveals the role of cysteinyl leukotriene 1 receptor in the enhanced vas-
cular permeability of mice undergoing acute inflammatory responses.

M du-
ion

M
168

M Zu-
-
9,

M d
L5,

N ine
3,

N ari,
su-
se

mas
an

Okayama, Y., Petit-Frere, C., Kassel, O., Semper, A., Quint, D., Tunon-
de-Lara, M.J., Bradding, P., Holgate, S.T., Church, M.K., 1995. IgE-
dependent expression of mRNA for IL-4 and IL-5 in human lung
mast cells. J. Immunol. 155, 1796–1808.

Schmitz, J., Thiel, A., Kuhn, R., Rajewsky, K., Muller, W., Assenmacher,
M., Radbruch, A., 1994. Induction of interleukin 4 (IL-4) expression
in T helper (Th) cells is not dependent on IL-4 from non-Th cells. J.
Exp. Med. 179, 1349–1353.

Skokos, D., Botros, H.G., Demeure, C., Morin, J., Peronet, R., Birken-
meier, G., Boudaly, S., Mecheri, S., 2003. Mast cell-derived exosomes
induce phenotypic and functional maturation of dendritic cells and
elicit specific immune responses in vivo. J. Immunol. 170, 3037–3045.

Skokos, D., Le Aanse, S., Villa, I., Rousselle, J.C., Peronet, R., David,
B., Namane, A., Mecheri, S., 2001. Mast cell-dependent B and T
lymphocyte activation is mediated by the secretion of immunologically
active exosomes. J. Immunol. 166, 868–876.

Supajatura, V., Ushio, H., Nakao, A., Akira, S., Okumura, K., Ra, C.,
Ogawa, H., 2002. Differential responses of mast cell Toll-like recep-
tors 2 and 4 in allergy and innate immunity. J. Clin. Invest. 109,
1351–1359.

Suzuki, K., Nakajima, H., Watanabe, N., Kagami, S., Suto, A., Saito,
Y., Saito, T., Iwamoto, I., 2000. Role of common cytokine recep-
tor gamma chain (gamma(c))- and Jak3-dependent signaling in the
proliferation and survival of murine mast cells. Blood 15, 2172–
2180.

Toney, L.M., Cattoretti, G., Graf, J.A., Merghoub, T., Pandolfi, P.P.,
Dalla-Favera, R., Ye, B.H., Dent, A.L., 2000. BCL-6 regulates
chemokine gene transcription in macrophages. Nat. Immunol. 1, 214–
220.

Toyama, H., Okada, S., Hatano, M., Takahashi, Y., Takeda, N., Ichii,
lls
t B

etti,
oto,
ted
pon

ro-

R.,
an,
L-6

in-

ti,
ing

47–

shi,
,
T.,
Res.
J. Biol. Chem. 277, 20820–20824.
alaviya, R., Ikeda, T., Ross, E., Abraham, S.N., 1996. Mast cell mo

lation of neutrophil influx and bacterial clearance at sites of infect
through TNF-alpha. Nature 381, 77–80.

alaviya, R., Uckun, F.M., 2002. Role of STAT6 in IgE receptor/Fc�RI-
mediated late phase allergic responses of mast cells. J. Immunol.
421–426.

cKenzie, G.J., Emson, C.L., Bell, S.E., Anderson, S., Fallon, P.,
rawski, G., Murray, R., Grencis, R., McKenzie, A.N., 1998. Im
paired development of Th2 cells in IL-13-deficient mice. Immunity
423–432.

iki, T., Kawamata, N., Hirosawa, S., Aoki, N., 1994. Gene involve
in the 3q27 translocation associated with B-cell lymphoma, BC
encodes a Kr̈uppel like zinc-finger protein. Blood 83, 26–32.

aclerio, R., 1999. Clinical manifestations of the release of histam
and other inflammatory mediators. J. Allerg. Clin. Immunol. 10
S382–S385.

akajima, T., Inagaki, N., Tanaka, H., Tanaka, A., Yoshikawa, M., Tam
M., Hasegawa, K., Matsumoto, K., Tachimoto, H., Ebisawa, M., T
jimoto, G., Matsuda, H., Nagai, H., Saito, H., 2002. Marked increa
in CC chemokine gene expression in both human and mouse
cell transcriptomes following Fcepsilon receptor I cross-linking:
interspecies comparison. Blood 100, 3861–3868.
,

t

H., Takemori, T., Kuroda, Y., Tokuhisa, T., 2002. Memory B ce
without somatic hypermutation are generated from Bcl6-deficien
cells. Immunity 17, 329–339.

Watanabe, N., Akikusa, B., Park, S.Y., Ohno, H., Fossati, L., Vecchi
G., Gessner, J.E., Schmidt, R.E., Verbeek, J.S., Ryffel, B., Iwam
I., Izui, S., Saito, T., 1999. Mast cells induce autoantibody-media
vasculitis syndrome through tumor necrosis factor production u
triggering Fcgamma receptors. Blood 94, 3855–3863.

White, M., 1999. Mediators of inflammation and the inflammatory p
cess. J. Allergy Clin. Immunol. 103, 378–381.

Ye, B.H., Cattoretti, G., Shen, Q., Zhang, J., Hawe, N., de Waard,
Leung, C., Nouri-Shirazi, M., Orazi, A., Chaganti, R.S., Rothm
P., Stall, A.M., Pandolfi, P.P., Dalla-Favera, R., 1997. The BC
proto-oncogene controls germinal-centre formation and Th2-type
flammation. Nat. Genet. 16, 161–170.

Ye, B.H., Lista, F., Lo Coco, D.M., Knoeles, R., Offit, K., Chagan
R.S.K., Dalla-Favera, R., 1993. Alterations of a zinc finger-encod
gene, BCL-6, in diffuse large-cell lymphoma. Science 262, 7
750.

Yoshida, T., Fukuda, T., Hatano, M., Koseki, H., Okabe, S., Ishiba
K., Kojima, S., Arima, M., Komuro, I., Ishii, G., Miki, T., Hirosawa
S., Miyasaka, N., Taniguchi, M., Ochiai, T., Isono, K., Tokuhisa,
1999. The role of Bcl6 in mature cardiac myocytes. Cardiovasc.
42, 670–679.


	Bcl6 regulates Th2 type cytokine productions by mast cells activated by FcepsivRI/IgE cross-linking
	Introduction
	Materials and methods
	Mice
	Culture of BMMCs
	Flow cytometry
	Cell survival assay
	Proliferation assay
	Stimulation of BMMCs by FcepsivRI/IgE cross-linking
	beta-hexosaminidase release assay
	RT-PCR for cytokine mRNAs
	ELISA
	Statistical analysis

	Results
	Development of BMMCs from Bcl6-/- bone marrow cells stimulated with IL-3
	Functional property of Bcl6-/- BMMCs
	Th2 cytokine productions of Bcl6-/- BMMCs stimulated by FcepsivRI/IgE cross-linking

	Discussion
	Acknowledgements
	References


