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Dectin-1, which specifically recognizes β-glucan of fungal 
cell walls, is a non-Toll-like receptor (TLR) pattern recognition 
receptor and a representative of C-type lectin receptors 
(CLRs). The importance of Dectin-1 in innate immune cells, 
such as dendritic cells and macrophages, has previously 
been well studied. However, the function of Dectin-1 in B 
cells is very poorly understood. To determine the role of 
Dectin-1 in B cell activation, we first investigated whether 
mouse B cells express Dectin-1 and then assessed the effect 
of Dectin-1 stimulation on B cell proliferation and antibody 
production. Mouse B cells express mRNAs encoding CLRs, 
including Dectin-1, and surface Dectin-1 was expressed in B 
cells of C57BL/6 rather than BALB/c strain. Dectin-1 ago-
nists, heat-killed Candida albicans (HKCA) and heat-killed 
Saccharomyces cerevisiae (HKSC), alone induced B cell 
proliferation but not antibody production. Interestingly, 
HKSC, HKCA, and depleted zymosan (a selective Dectin-1 
agonist) selectively enhanced LPS-driven IgG1 production. 
Taken together, these results suggest that, during fungal in-
fection, β-glucan-stimulated Dectin-1 may cooperate with 
TLR4 to specifically enhance IgG1 production by mouse B 
cells.
[Immune Network 2013;13(5):205-212]
 

 

INTRODUCTION

During microbial infection, immune cells recognize various 

common microbial shapes (named pathogen-associated mo-

lecular patterns, PAMPs) through their own receptors (named 

pattern recognition receptors, PRRs) to elicit innate and adap-

tive immune responses against various pathogens (1,2). Cell- 

associated PRRs include transmembrane receptors [Toll-like 

receptors (TLRs) and C-type lectin receptors (CLRs)] and cyto-

plasmic receptors (NOD-like receptors and RIG-I-like re-

ceptors). Among them, CLRs primarily mediate immune re-

sponses for the infection of fungal pathogens (e.g. Candia 

albicans, Aspergillus fumigatus, and Cryptococcus neofor-

mans) (3-5). Several CLRs, such as Dectin-1, Dectin-2, man-

nose receptor, DC-SIGN, and Mincle, can induce intracellular 

signaling upon recognition of fungal cell wall PAMPs, α- and 

β-glucan (a polymer of glucose), mannans (chains of N- or 

O-linked mannose molecules), and chitin (a polymer of 

N-acetylglucosamine) (5,6). β-glucan is a well characterized 

fungal PAMP and can comprise up to 50% of the dry weight 

of fungal cell wall. Fungal PAMPs recognition by CLRs stim-

ulates their uptake and killing by phagocytes and induces in-

flammatory cytokines and chemokines. In addition, fungal 

PAMPs-simulated phagocytes produce other cytokines, IL-1β, 

IL-6, IL-12, and IL-23, to drive the development of protective 
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Th1/Th17 and invariant natural killer T cells responses (5-7).

  Dectin-1, which specifically binds to β-glucan, is the first 

and the best-studied non-TLR PRR (8). Dectin-1 is expressed 

primarily by myeloid cells, such as macrophages, neutrophils 

and dendritic cells (DC) as well as other cell types, human 

B cells and eosinophils (9). In vitro characterization with iso-

lated primary cells, such as macrophages and DC, and in vivo 

studies with Dectin-1 deficient mice have demonstrated that, 

during fungal infection, Dectin-1 is essential for inducing 

phagocytosis and killing of fungi and also for leading the in-

duction of numerous cytokines and chemokines to promote 

antifungal immunity (9-11). Thus, the function of CLRs, in-

cluding Dectin-1, for fungal immunity has been extensively 

studied in innate immune cells (especially macrophages and 

DC). Antifungal antibodies are very important to protect hosts 

against pathogenic fungi. (12-16). However, the mechanism 

of B cell humoral response and the role of Dectin-1 of B cells 

against fugal infections are still under the veil.

  Mature B cells can be activated and differentiated into plas-

ma cells to produce five different isotype antibodies (IgM, 

IgD, IgG, IgE, and IgA) upon stimulation with antigens 

(including PAMPs), cytokines, and T cells help (CD40-C40L 

interaction). The components of most fungal cell wall recog-

nized by CLRs are non-proteins, such as β-glucans, man-

nans, and chitin. Hence, antibody production through thymus 

(T)-independent B cell response may be more important than 

T-dependent antibody response during fungal infections. To 

evaluate the direct effects of Dectin-1 ligands on B cells in 

vitro, we used not only total cells but also purified B cells 

from mouse spleen in this study. Here, we found that pro-

duction of IgG1 can be directly enhanced by stimulation of 

Dectin-1, which expressed on mouse B cells, in cooperation 

with TLR4 triggering.

MATERIALS AND METHODS

Animals
C57BL/6 and BALB/c mice were purchased from Damool 

Science (Daejeon, Korea) and maintained on an 8:16 h 

light:dark cycle in an animal environmental control chamber. 

Eight- to twelve-week-old mice were used, and animal care 

was in accordance with the institutional guidelines of the 

Institutional Animal Care and Use Committee of Konyang 

University.

Cell culture and reagents
Mouse spleen B cells were purified by positive selection of 

B220＋ cells using anti-B220 microbeads or by depletion of 

CD43
＋

 cells using anti-CD43 microbeads and high-gradient 

magnetic cell separation (MACS; Miltenyi Biotec, Bergisch 

Gladbach, Germany) according to manufacturer’s instruc-
tions. Briefly, C57BL/6 or BALB/c mouse spleen cell suspen-

sions were washed with HBSS (WelGENE, Daegu, Korea) and 

treated with 0.83% ammonium chloride to lyse red blood 

cells. Spleen cells were treated with either anti-mouse B220 

microbeads or anti-mouse CD43 microbeads and separated by 

LS column and MACS Separator (Miltenyi Biotec). The purity 

of B cells (≥98%) assessed by FACSCalibur (BD Biosciences, 

San Jose, CA, USA) following staining of the cells with an-

ti-CD43 FITC (eBioscience, San Diego, CA, USA) and/or an-

ti-B220 PE (BD Biosciences). The sIgM
＋

 mouse B lymphoma 

line L10A6.2 was provided by Dr. J. Stavnezer (University of 

Massachusetts Medical School, Worcester, MA, USA). The 

macrophage cell line RAW264.7 was obtained from American 

Type Culture Collection (Manassas, VA, USA). Cells were cul-

tured at 37
o
C in a humidified CO2 incubator (Forma Scientific, 

Marietta, OH, USA) in RPMI-1640 medium (WelGENE) sup-

plemented with 10% fetal bovine serum (PAA Laboratories, 

Etobicoke, ON, Canada). Mouse total spleen cells or purified 

B cells were stimulated with heat-killed Candida albicans 

(HKCA, 1×10
7
 cells/ml, InvivoGen, San Diego, CA, USA), 

heat-killed Saccharomyces cerevisiae (HKSC, 1×10
7
 cells/ml, 

InvivoGen), depleted zymosan (dzn, 100μg/ml, InvivoGen), 

LPS (1μg/ml, InvivoGen) and F(ab')2 fragment anti-mouse 

IgM (5μg/ml, Jackson ImmunoResearch Laboratories, West 

Grove, PA, USA). Surface Dectin-1 expression was analyzed 

by flow cytometry (FACSCalibur) after staining with anti- 

mouse Dectin-1 FITC or isotype (IgG2b) control FITC (AbD 

Serotec, Raleigh, NC, USA).

RT-PCR
RNA preparation, reverse transcription, and PCR were per-

formed as previously described (17). The following PCR pri-

mers were synthesized by Bioneer (Daejeon, Korea): Dectin-1, 

forward 5'-CAAGTGCTCTGCCTACCTAG-3', reverse 5'-CAC-

CATCTTTATATTCTCACATAC-3' (This primer set amplifies 

two different spliced isoforms. product size, 700 and 795 bp) 

(18); Dectin-2, forward 5'-ACCCCTGACCTTCTGAACATACAC- 

3', reverse 5'-TGAGCCCCCATCTGAACACA-3' (This primer set 

amplifies two different spliced isoforms. product size, 263 
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Figure 1. Expression of Dectin-1 in 
mouse B cells. (A) mRNA expre-
ssion of Dectin-1, Dectin-2, Mincle 
and mannose receptor. Total RNAs 
were isolated from purified mouse B
cells and the indicated cell lines 
(L10A6.2 and RAW264.7), and levels
of Dectin-1, Dectin-2, Mincle and 
mannose receptor (MR) mRNA were 
measured by RT-PCR. (B) Expression
of surface Dectin-1 in mouse B 
cells. Isolated total mouse spleen 
cells from BALB/c and C57BL/6 and 
the indicated cell lines were stained
with anti-mouse Dectin-1 FITC and 
anti-B220 PE, and populations of 
Dectin-1＋ cells were determined by 
flow cytometric analysis.

and 368 bp) (19); Mincle, forward 5'-GCTCCAGCAGGGAA-

CAATAG-3', reverse 5'-GCCCTTTGATGGAATTCAGA-3' (pro-

duct size, 185 bp); mannose receptor, forward 5'-CCCTCT-

GGTGAACGGAATGATTGTGTAG-3', reverse 5'-GCTGCAAC-

GCCGGCACCTATCAC-3' (product size, 248 bp); and β-actin, 

forward 5'-CATGTTTGAGACCTTCAACACCCC-3', reverse 5'- 

GCCATCTCCTGCTCGAAGTCTAG-3' (product size, 320 bp). 

All reagents for RT-PCR were purchased from iNtRON Bio-

technology (Seongnam, Korea). PCR for β-actin was per-

formed in parallel to normalize cDNA concentrations within 

each set of the samples. Aliquots of the PCR products were 

resolved by electrophoresis on 2% agarose gels.

Cell proliferation assay
Cell proliferation was determined by EZ-Cytox cell viability 

assay kit (Daeil Lab Service Co, Seoul, Korea) as previously 

described (20). Briefly, 20μl of EZ-Cytox kit reagent was 

added to each cell cultured well of a 96-well microplate and 

then incubated at 37
o
C in a humidified CO2 incubator for 

3 h. After incubation, optical density (OD) was measured at 

a wavelength of 450 nm using an Absorbance Microplate 

Reader (BioTek Instruments, Inc., Winooski, VT, USA).

Isotype-specific ELISA
Antibodies produced in B cell cultures were detected by using 

isotype-specific ELISA. Affinity purified anti-isotype specific 

antibodies were added at 1.2μg/ml in 0.05 M sodium bicar-

bonate buffer (pH 9.5) to 96-well U bottomed polyvinyl mi-

croplates (Falcon, Becton Dickinson & Co., Oxnard, CA, 

USA). Plates were washed with PBS containing 0.05% Tween- 

20 (PBST) followed by overnight incubation at 4
o
C, and 

blocked for 1 h with 0.25% BSA solution. After washing, 50μl 

of standard myeloma proteins and culture supernatants were 

added to each well and incubated for 1 h at 37
o
C. After wash-

ing, horseradish-peroxidase (HRPO) conjugated anti-isotype 

specific antibodies (Southern Biotechnology, Birmingham, AL, 

USA) were added to each well and incubated for 1h. Plates 

were then washed, and TMB substrate (BD Biosciences) was 

added. After incubation, 0.05 M sulfuric acid was added to 

each well, and colorimetric reaction was measured at 450 nm 

with an Absorbance Microplate Reader.

Statistical analysis
Statistical differences between experimental groups were de-

termined by analysis of variances. A p-value of ＜0.05 by the 

unpaired two-tailed Student’s t test was considered signi-

ficant.

RESULTS AND DISCUSSION

Mouse B cells express Dectin-1
Dectin-1 is widely expressed in innate immune cells, such as 

DCs, macrophages/monocytes, and neutrophils of both 

mouse and human (8). In addition, Brown’s group reported 
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that human B cells also express Dectin-1 (21), but Dectin-1 

expression was not detected in mouse B cells (22). However, 

more recently, it has been reported that curdlan, a selective 

Dectin-1 agonist, directly activates mouse B cells and induces 

IgM production (23). This result strongly suggests that mouse 

B cells also express Dectin-1. Therefore, we first determined 

whether Dectin-1 is expressed in mouse B cells to explore 

the role of Dectin-1 in the cells. As shown in Fig. 1A, purified 

B cells from BALB/c and C57BL/6 mice as well as mouse B 

lymphoma, L10A6.2, express Dectin-1 mRNA. These cells also 

express mRNAs of other CLRs, including Dectin-2, Mincle, 

and mannose receptor. RAW264.7 mouse macrophage cell 

line was used as a positive control for CLRs expression. Also, 

we observed that surface Dectin-1 is expressed in B220
＋

 B 

cells from the spleen of C57BL/6 and L10A6.2 mouse B cell 

lymphoma (Fig. 1B). Thus, mouse B cells express Dectin-1 

mRNA and surface Dectin-1. To evaluate the role of Dectin-1 

in mouse B cell activation in vitro, we used purified B cells 

from the C57BL/6 mouse spleen in this study.

Effects of stimulation with heat-killed Candida albi-
cans and heat-killed Saccharomyces cerevisiae on 
B cell proliferation and antibody production
  As we mentioned above, Dectin-1 is a specific receptor for 

β-glucan, which is found in the cell walls of fungi, including 

the yeasts Candida albicans and Saccharomyces cerevisiae. 

Therefore, we investigated the effects of two known Dectin-1 

agonists, heat-killed C. albicans (HKCA) and heat-killed 

S. cerevisiae (HKSC), on proliferation of total spleen cells and 

antibody production. Signaling for B cell activation and differ-

entiation is provoked by various stimulations, such as B cell 

receptor (BCR) cross-linking by antigen binding, TLRs-PAMPs 

engagement, CD40-CD40L interaction, and cytokines, e.g. 

BAFF and APRIL. Many reports have demonstrated the coop-

eration between Dectin-1 and TLRs to induce immune activa-

tion in innate immune cells (24-28). For instance, Dectin-1 

synergizes with TLR2 and TLR4 signals in macrophages/mon-

ocytes and DC, and it promotes Th1 and Th17 responses to 

activate antifungal host defense (29,30), and the combination 

of anti-hDectin-1 and TLR agonists further enhance the activa-

tion of DCs (31). In this study, we attempted to determine 

whether Dectin-1 cross-talks with TLR4, a receptor for mouse 

B cell mitogen LPS, and BCR to induce mouse B cell 

activation. As shown in Fig. 2A, HKCA or HKSC alone in-

duced mouse spleen cell proliferation. Meanwhile, the two 

dectin-1 agonists did not further increase LPS- or anti-IgM 

(BCR cross- liking)-induced B cell proliferation but decreased 

LPS-induced proliferation at 3 days of culture. Interestingly, 

HKCA or HKSC alone did not induce IgM production but de-

creased LPS-induced IgM production. Similarly, treatment 

with anti-IgM did not induce IgM production, although it ef-

fectively induced B cell proliferation. Other isotypes were al-

so not induced by HKCA or HKSC alone, or anti-IgM (data 

not shown). These results suggest that Dectin-1 or BCR stim-

ulation alone is not enough to induce B cell differentiation 

and produce antibodies, even if they provide signals for cell 

proliferation. On the other hand, it was found that HKCA and 

HKSC augmented LPS-driven IgG1 secretion, whereas other 

isotypes, i.e. IgM, IgG3, IgG2b, and IgA, were decreased 

(Fig. 2A). In the same manner as total spleen cells, when 

we tested with purified B cells, HKCA decreased LPS-induced 

B cell proliferation but selectively and markedly enhanced 

LPS-driven IgG1 production (Fig. 2B). These results indicate 

that Dectin-1 stimulation by HKCA and HKSC collaborates 

with TLR4 signaling to enhance IgG1 production.

Effect of depleted zymosan on B cell proliferation 
and antibody production
In general, HKCA and HKSC are used as Dectin-1 agonists 

as we tested above. However, it is possible that HKCA and 

HKSC contain other components to activate other PRRs ex-

cept Dectin-1 in mouse B cells. Zymosan is a particulate 

β-glucan prepared from cell wall of S. cerevisiae and stim-

ulates both Dectin-1 and TLR2 in macrophages, while de-

pleted zymosan (dzn) activates Dectin-1 but not TLR2 (24,32). 

Therefore, we next used a more selective Dectin-1 agonist 

dzn to evaluate its specific effect on Dectin-1 for B cell pro-

liferation and antibody production. Unlike HKCA and HKSC, 

dzn alone did not induce cell proliferation in culture of either 

total spleen cells or purified B cells (Fig. 3A). This result im-

plies that there may be significant differences between HKCA/ 

HKSC and dzn in intrinsic characteristics for the induction of 

cell proliferation. In addition, dzn enhanced neither LPS- nor 

anti-IgM-induced B cell proliferation. Like HKCA and HKSC, 

dzn augmented LPS-driven IgG1 production by either total 

spleen cells or purified B cells, but not other isotypes, IgM, 

IgG3, IgG2b, and IgA (Fig. 3B). Collectively, overall patterns 

of cell proliferation and antibody production by Dectin-1 

stimulations were the same in both total spleen cells and puri-

fied B cells. Thus, Dectin-1 agonists may directly drive the 

differentiation of TLR4-stimulated B cells and induce differ-

ential antibody production.
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Figure 2. Effects of Dectin-1 agonists, HKCA and HKSC, on B cell proliferation and antibody production. (A) Total spleen cells isolated from 
C57BL/6 were stimulated HKCA (1×107 cells/ml), HKSC (1× 107 cells/ml), LPS (1μg/ml) and anti-IgM (5μg/ml). (B) Purified B cells from spleen 
of C57BL/6 were stimulated as in (A). After 2 and 3 days of culture, cell proliferation (OD) was measured by EZ-Cytox cell viability assay. 
Data are averages of duplicate samples with ranges (bars). After 7 days of culture, supernatants were harvested, and levels of Igs production 
were determined by isotype-specific ELISA. Data represent means±SEM of triplicate samples. *p＜0.05.

  In summary, this study showed for the first time that mouse 

B cells express Dectin-1 and that stimulation of the Dectin-1 

can collaborate with LPS to selectively induce IgG1 secretion. 

To further confirm these results, we are currently investigating 

the effect of curdlan, another selective Dectin-1 agonist, on 

mouse B cell proliferation and antibody production because 

it has already been proved that curdlan alone induces mouse 

B cell activation (23). In addition, to further explore the 

mechanism by which Dectin-1 cross-talks with TLR4 signal to 

enhance IgG1 production, we are studying the effects of 

Dectin-1 agonists on expression of germline γ1 transcript, 

which is prerequisites for subsequent IgG1 isotype switching. 

In conclusion, the results of this study suggest a novel humor-

al response during fungal infection through which direct stim-
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Figure 3. Effect of the selective 
Dectin-1 agonist, depleted zymosan,
on B cell proliferation and antibody 
production. Isolated total spleen 
cells and purified spleen B cells 
from C57BL/6 were stimulated with 
depleted zymosan (dzn, 100μ
g/ml), LPS (1μg/ml) and anti-IgM 
(10μg/ml). (A) After 2 days of 
culture, cell proliferation was mea-
sured by EZ-Cytox cell viability 
assay. Data are averages of dupli-
cate samples with ranges (bars). (B) 
After 7 days of culture, supernatants 
were harvested, and levels of Igs 
production were determined by 
isotype- specific ELISA. Data repre-
sent means±SEM of triplicate sam-
ples. *p＜0.05.

ulation of Dectin-1 may cause drives B cells to selectively en-

hance IgG1 antibody production against fungi (e.g. C. albi-

cans) in cooperation with TLR4. Recently, both the morbidity 

of mycoses by fungal opportunistic infection and the mortality 

by mycoses have consistently increased in immune-compro-

mised patients. Therefore, there is the need to develop fungal 

vaccines because current antifungal therapy is toxic and in-

effective (33). A clear understanding of the mechanism of an-

tifungal humoral immunity, including antibody production by 

B cells, would foster the development of vaccines and ad-
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vance the development of biological therapeutics to modulate 

the host’s immune response during fungal infection.
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