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Abbreviations 

 

ACK ammonium chloride-potassium 
Alexa-OVA-TNP Alexa Fluor 647-labeled 2,4,6-trinitrophenyl coupled ovalbumin 
APC allophycocyanin 
biotin-OVA-TNP biotinylated 2,4,6-trinitrophenyl coupled ovalbumin 
DCs dendritic cells 
DNA deoxyribonucleic acid 
DT diphtheria toxin 
DTR diphtheria toxin receptor 
ELISA enzyme linked immunosorbent assay 
FACS fluorescence activated cell sorting 
FcγR Fc receptor for IgG 
FDCs follicular dendritic cells 
FITC fluorescein isothiocyanate 
FOB follicular B cells 
GFP green fluorescent protein 
Ig immunoglobulin 
IL interleukin 
i.p. intraperitoneally 
i.v. intravenously 
KLH keyhole limpet haemocyanine 
mAb monoclonal antibody 
MZB marginal zone B cells 
MHC-II major histocompatibility complex class II 
NIP-Ficoll 4-hydroxy-5-iodo-3-nitrophenylacetyl-Ficoll 
NP-Ficoll 4-hydroxy-3-nitrophenylacetyl-Ficoll 
ns no significant difference 
OVA ovalbumin 
OVA-TNP 2,4,6-trinitrophenyl coupled ovalbumin 
PBS phosphate buffer saline 
PCR polymerase chain reaction 
PE phycoerythrin 
TAE Tris-acetate-ethylenediaminetetraacetic acid 
TCR T cell receptor 
TNP 2,4,6-trinitrophenyl 
SRBC sheep red blood cells 



2 
 

Abstract 

 
Antibodies can regulate antibody responses via a mechanism known as feedback regulation. 
They use many different ways to enhance immune responses and these often involve binding 
to various Fc receptors or activating the complement system. In this study, the role of 
dendritic cells in regulating antibody responses was investigated using chimeras made of 
irradiated wild-type BALB/c mice reconstituted with bone marrow from CD11c-DTR mice, a 
mouse model which can be depleted of dendritic cells by administration of diphtheria toxin. 
Moreover, in contrast to immunoglobulin (Ig) E-mediated immune enhancement, it was found 
that B cells in peripheral blood do not bind to IgG2a/antigen and IgG3/antigen complexes. In 
addition, the interaction between B cells and dendritic cells in IgE-mediated immune 
enhancement were studied in mice immunized with antigens alone or IgE/antigen complexes. 
It was confirmed that IgE/antigen complexes can be bound to B cells in peripheral blood 
within minutes and they were found on follicular B cells in the spleen 30 min after 
immunization. The percentage of dendritic cells that had acquired antigens was higher in the 
group immunized with IgE/antigen complexes than that in mice immunized with antigens 
alone. This suggests that B cells and dendritic cells do interact during IgE-mediated immune 
enhancement but more detailed investigations are needed to completely understand the 
mechanism. 
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Introduction 

 

Antibody-mediated feedback regulation 

 

Antibody-mediated feedback regulation is a phenomenon that antigen-specific antibodies 
regulate the immune responses to the antigen when administered together with the antigen in 

vivo as immune complexes (Heyman 2000). It has been applied clinically in Rhesus 
prophylaxis since early 1960s even though the mechanism behind it was rather unknown at 
that time (Clarke et al 1963). Studies up to now have shown that antibodies such as 
immunoglobulin (Ig) G and IgE can either enhance or suppress antibody responses via 
feedback regulation by different mechanisms depending on what kind of antibody and which 
antigen is involved. 

 
IgG-mediated immune regulation 

 

IgG of all subclasses can down-regulate antibody responses to large particulate antigens such 
as erythrocytes, probably due to epitope masking of the antigen by antibodies (Getahun and 
Heyman 2009). On the other hand, IgG antibodies can also act as efficient immunostimulators 
when administered with small doses of soluble protein antigens such as ovalbumin (OVA) and 
keyhole limpet haemocyanine (KLH). In this situation, IgG1, IgG2a, and IgG2b function via 
activating Fc receptors for IgG (FcγRs) and they will enhance both specific antibody and 
CD4+ T-cell responses (Wernersson et al 1999, Getahun et al 2004). The stimulating effects of 
IgG3 are dependent on activation of the complement system. It can only up-regulate antibody 
responses but has little effect on CD4+ T-cell responses (de Ståhl et al 2003, Hjelm et al 2007). 
Moreover, IgG1-, IgG2a- or IgG2b-mediated immune enhancement to soluble antigens can be 
negatively regulated by the only inhibitory FcγR, FcγRIIB, which is expressed on most 
immune cells except NK and T cells (Getahun et al 2004). Therefore, there exists a balance 
between the inhibitory and enhancing effects mediated by IgG antibodies. 
 
IgE-mediated immune enhancement 

 

IgE can enhance antibody production and T cell responses to small soluble antigens but not to 
erythrocytes or large proteins such as KLH (Gustavsson et al 1994). The enhancing ability of 
IgE is completely dependent on the low affinity receptor for IgE, CD23. B cells normally 
expressing CD23 have been shown to play an important role in the enhancement (Getahun et 

al 2005). 
 
Based on in vitro experiments, it was hypothesized that CD23+ B cells might function in a 
similar way as dendritic cells (DCs): IgE/antigen complexes bound to CD23 on B cells are 
taken up and presented more efficiently than non-complexed antigens (Kehry and Yamashita 
1989). However, in vivo studies suggested that B cells can function as antigen-transporting 
cells (Carrasco and Batista 2007, Phan et al 2007). It is already known that 
complement-containing immune complexes are carried from the marginal zone into the 
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follicle via binding to complement receptors on marginal zone B cells (MZB; Cinamon et al 
2008). Besides that, one way for transportation of IgE/antigen complexes to splenic B cell 
follicles was recently found (Hjelm et al 2008). In this pathway, IgE/antigen complexes are 
bound to circulating follicular B cells (FOB) via CD23 and transported into B cell follicles. 
Antigen-specific CD4+ T cells are found at the T-B border in the T cell zones 12 h after 
immunization with IgE/antigen complexes and showed a peak in proliferation after 3 days. 
Antigen-specific IgG production also increased in mice given IgE/antigen complexes. 
Therefore, it implies that B cells more likely act as antigen-transporting than 
antigen-presenting cells in IgE-mediated immune responses. However, it is still not well 
understood how antigen interacts with CD4+ T cells and through which route certain antigen 
is presented during this IgE-mediated immune enhancement 
 
The role of DCs in immune regulation in vivo 

 

Whether DCs are involved in antibody-mediated immune regulation can be tested in a mouse 
model for inducible DC depletion in vivo. These mice carry a transgene encoding a simian 
diphtheria toxin receptor (DTR) under control of the CD11c promoter, for which they are 
named CD11c-DTR mice (Jung et al 2002). Diphtheria toxin (DT) is a potent toxin produced 
by Corynebacterium diphtheria. It can enter mammalian cells via the help of its subunit B and 
block protein synthesis in cells and thus cause cell death by inducing apoptosis (Stenmark et 
al 1988, Thorbrun et al 2003). Murine cells are much more resistant to DT than human or 
simian cells because the murine DTR has a very low affinity for DT (Naglich et al 1992). 
Thus, engineered expression of a high-affinity simian receptor on a particular cell type in 
mice can specifically lead to the ablation of that type of cells in vivo after administration of 
low doses of DT (Saito et al 2001). It is known that all DC subsets (except immature 
epithelial Langerhans cells) express CD11c, and CD11c expression is also relatively restricted 
to the DC compartment (Segura et al 2009). Therefore, this CD11c-DTR mouse model can be 
used to systemically deplete CD11c+ DCs and enable scientists to understand the relationship 
between DCs and immune responses in vivo. However, the depletion of DCs by DT is only 
transient, and the numbers of DCs start to increase after three days (Jung et al 2002). Since 
repeated injections of DT can cause death of CD11c-DTR mice, probably owing to the 
expression of DTR on stromal (non-bone marrow derived) cells, these mice can only be 
injected once (Bennett and Clausen 2007). Bone marrow chimeras are therefore needed to 
overcome the lethality and maintain the number of DCs on a low level over longer periods of 
time by repeated injections of the toxin. Irradiated wild-type BALB/c mice reconstituted with 
bone marrow from CD11c-DTR mice (CD11c-DTR/WT) are not sensitive to repeated 
injections of DT because their stromal cells, derived from wild-type BALB/c mice, do not 
express DTR. 
 
CD11c-DTR mice and CD11c-DTR/WT chimeras have been used to investigate immune 
regulation in vivo in many studies related to CD4+ T cell responses. It has been shown that 
DCs are needed for stimulating CD4+ T cell responses in vivo against infections such as 
Mycobacterium tuberculosis, herpes simplex virus and malaria via antigen presentation (Tian 
et al 2005, Kassim et al 2006, Sponaas et al 2007). DCs can also regulate the homeostatic 
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proliferation of CD4+ T cells in vivo through interleukin (IL)-7-mediated signaling pathway 
(Guimond et al 2009). However, the function of DCs in the regulation of antibody responses 
in vivo is much less investigated and no firm conclusions have been drawn. It was reported 
that antibody responses to T-independent type 2 antigen, 4-hydroxy-3-nitrophenylacetyl 
(NP)-Ficoll, is independent of CD11chigh DCs (Hebel et al 2006), and these DCs are also 
dispensable for activating antibody responses against vesicular stomatitis virus (Scandella et 

al 2007). One recent study found that CD11chigh DCs are essential for generation of specific 
antibodies following mucosal immunization of OVA with or without adjuvant (Fahlén-Yrlid et 

al 2009). 
 

Aims 

 
This study had three aims: 
 
(1) To test if DCs are necessary for antibody responses in vivo. Although the dogma says that 
DCs are the most important antigen presenting cells, very little has been published about their 
importance for in vivo antibody responses. 
 
(2) To find out if IgG3/antigen and IgG2a/antigen complexes can bind to circulating follicular 
B cells. As mentioned above, it is reported that IgE/antigen complexes can be transported to 
the splenic follicles via binding to CD23 expressed on circulating FOB (Hjelm et al 2008). It 
is also known that B cells express receptors for other classes of antibodies. B cells express an 
FcγR, FcγRIIB, which could presumably bind e.g. IgG2a-antigen complexes. Moreover, B 
cells have two receptors for complement, CD21 and CD35. Since IgG3 acts via the 
complement system, activated complement factors are attached to the IgG3/antigen 
complexes, and perhaps B cells could bind to IgG3/antigen complexes containing 
complement. 
 
(3) To investigate how B cells and DCs interact during IgE-mediated immune enhancement. 
Our hypothesis is that B cells transfer CD23-bound IgE/antigen complexes to DCs and the 
immune complexes are subsequently taken up by DCs (Figure 1). Antigenic peptides are 
presented to CD4+ T cells after endocytosis, which in turn induces the production of 
antibodies by B cells. 
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Materials and Methods 

 

Mice 

 

BALB/c mice were obtained from Bommice. CD23-deficient (CD23-/-) mice were 
backcrossed to BALB/c for 10 generations. DO11.10 mice, which carry T cell receptor (TCR) 
α and TCRβ transgenes encoding a TCR specific for OVA323-339 bound to I-Ad MHC class II, 
were from Jackson Laboratories (Bar Harbor, ME, USA) and had been backcrossed to 
BALB/c for > 15 generations. CD11c-DTR transgenic mice on BALB/c background, 
containing a transgene encoding a simian green fluorescent protein (GFP)-DTR fusion protein 
under control of the murine CD11c promoter, were also purchased from Jackson Laboratories. 
They were crossed to BALB/c mice (CD11c-DTR x BALB/c) and their offspring, consisting 
of both heterozygous CD11C-DTR transgenic mice and wild-type littermates, were used. All 
animals were bred and maintained at the National Veterinary Institute, Uppsala, Sweden. All 
experiments were performed using protocols approved by the Uppsala University’s Animal 
Ethics Committee. 
 
Antigens 

 

For experiments testing antibody responses by enzyme linked immunosorbent assay (ELISA), 
sheep red blood cells (SRBC) were purchased from the National Veterinary Institute 
(Håtunaholm, Sweden) and stored in Alsever’s solution at 4 oC. SRBC were washed in 
phosphate buffer saline (PBS) three times before use. KLH was from Sigma-Aldrich (St Louis, 
MO, USA). 4-hydroxy-5-iodo-3-nitrophenylacetyl (NIP)-Ficoll was obtained from Biosearch 
Technologies (San Francisco, CA, USA) 
 
For experiments investigating antibody-antigen complexes, 2,4,6-trinitrophenyl (TNP) 
coupled OVA (OVA-TNP) was made by 100 mg OVA (Sigma) mixing with 1 ml 5% 
picrylsulfonic acid (Sigma) in 0.28 M cacodylate buffer, pH 6.9. The reaction was stopped 
after 85 min at room temperature by adding 100 mg glycyl-glycine powder (Merck, 
Darmstadt, Germany). The solution was dialysed against PBS in the dark overnight and 
filtered using 0.45 μm sterile filter. Absorbance at A280 and A340 in 1:50 dilutions was 
measured and the conjugated protein was stored at 4 oC. A batch with a TNP to OVA ratio of 
1.92, determined as described previously (Good et al 1980), was used. Biotinylated 
OVA-TNP (biotin-OVA-TNP) was made as reported before (Hjelm et al 2008). Alexa Fluor 
647-labeled OVA-TNP (Alexa-OVA-TNP) was produced by labeling Alexa Fluor 647 to 
OVA-TNP using an Alexa Fluor 647® Protein Labeling Kit (Molecular Probes, Eugene, OR, 
USA) according to manufacturer’s recommendations except that a higher concentration of 
OVA-TNP (6.4 mg/ml) and longer incubation time (3 h at room temperature and then 5 h at 4 
oC) was used. Concentration of the conjugated protein and degree of labeling was also 
calculated according to the manufacturer’s instructions. A batch with 1.23 moles dye per mole 
protein was used. 
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Antibodies 

 

For experiments using antibody-antigen complexes, IgG2a anti-TNP (C4007B4, 7B4), IgG3 
anti-TNP (IM-F10 and IM-H11) and IgE anti-TNP (IGELb4) monoclonal antibodies (mAbs) 
were derived from B cell hybridomas producing corresponding mAbs using protocols as 
previously described (de Ståhl et al 2003). IgG2a and IgE were stored at -20 oC whereas IgG3 
was stored in liquid nitrogen. 
 
Genotyping 

 

The genotypes of the CD11c-DTR mice were determined by polymerase chain reaction (PCR) 
using deoxyribonucleic acid (DNA) obtained from tail clippings. To extract DNA from mice 
tail biopsies, each sample was first reacted in a 40 μl solution of 1x modified Gitschier buffer 
(68 mM Tris-HCl, pH 8.8, 0.166 mM (NH4)2SO4, 6.5 mM MgCl2) together with 1% 
β-mercapto ethanol (Sigma) and 0.5% Triton X-100 at 95 oC for 5 min and then incubated for 
1 h at 55 oC after adding 1 μl proteinase K (Qiagen, Valencia, CA, USA). Sample was heated 
at 95 oC for another 5 min and centrifuged at 13000 rpm for 2 min. Supernatant was diluted 
1:5 in dH2O, and 2 μl of the dilution was taken as template in PCR reaction. Two primers as 
published earlier (Jung et al 2002) were used: DTR1 (5’ GCC ACC ATG AAG CTG CTG 
CCG 3’) and DTR2 (5’ GGG TGG GGA ATT AGT CAT GCC 3’). Gene amplification was 
done using reagents purchased from Applied Biosystems (Fonster City, CA, USA) in a 25 μl 
PCR reaction mixture containing 2.5 μl 10x PCR buffer, 4 mM MgCl2, 0.2 mM dNTPs, 0.4 
μM primers and 0.06 U/ml AmpliTaq DNA polymerase (4 min, 94 oC; 15 s, 95 oC; 1 min, 63.1 
oC; 15 s, 72 oC; repeat previous steps for 35 cycles; 5 min, 72 oC). PCR product was 
electrophoresed on a 1.5% agarose gel in 1x Tris-acetate-ethylenediaminetetraacetic acid 
(TAE) buffer at 100 V. A 625 bp band indicated that the mouse was transgenic and expressing 
DTR while lacking of the band implied that the mouse was a non-transgenic littermate. 
 
Bone marrow chimeras 

 
Fermurs and tibias were taken from donor CD11c-DTR transgenic mice and bone marrow 
was flushed out using PBS. Cells in PBS were centrifuged at 1400 rpm for 5 min. Supernatant 
was discarded and cells left were resuspended in PBS, passed through a nylon mesh and 
counted. CD11c-DTR bone marrow donor cells were used to generate CD11c-DTR/WT 
chimeras. Littermate recipient mice (genotyped as wild-type) were irradiated (750 cGy) one 
day before 106 bone marrow donor cells were transferred intravenously (i.v.). Mice were 
rested for 6 weeks before use. 
 
DC-depletion in vivo 

 

For systemic DC depletion, CD11c-DTR/WT chimeras were injected intraperitoneally (i.p.) 
with 100 ng DT (Sigma) in 0.2 ml PBS at indicated time points. 
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Immunization 

 

CD11c-DTR/WT chimeras were immunized i.v. with 5x107 SRBC or 20 μg KLH in 0.2 ml 
PBS. BALB/c mice were immunized with 150 μg biotin-OVA-TNP together with or without 
50 μg IgG2a anti-TNP, IgG3 anti-TNP or IgE anti-TNP, or 150 μg Alexa-OVA-TNP together 
with or without 50 μg IgE-anti TNP in 0.2 ml PBS. 
 
ELISA for IgG anti-KLH and IgG anti-NIP-Ficoll 

 
Mice were bled from tail veins and sera from supernatant of the blood samples after clotting 
were tested in ELISA for KLH-specific or NIP-Ficoll-specific IgG. Ninety-six-well microtitre 
plates (Immulon 2HB; Thermo, MA, USA) were coated with 100 μl/well KLH or NIP-Ficoll 
(10 μg/ml in PBS with 0.02% NaN3) at 4 oC overnight. Coated plates were blocked with 200 
μl/well blocking buffer (5% dry milk in PBS with 0.02% NaN3) at room temperature for > 2h. 
Serial dilutions of serum samples in dilution buffer (0.25% dry milk and 0.05% Tween in PBS 
with 0.02% NaN3) were added to plates (50 μl/well) and incubate at 4 oC overnight. 
Following three times of washing in PBS with 0.05% Tween, 50 μl/well alkaline 
phosphatase-conjugated sheep anti-mouse IgG (Jackson ImmunoResearch Laboratories, West 
Grove, PA, USA), diluted 1:1000 in dilution buffer, was added and plates were incubated in 
humid chamber at room temperature for 3 h. After washing three times in PBS with 0.05% 
Tween and then twice in PBS, 100 μl/well p-nitro-phenylphosphate substrate (Sigma), diluted 
in diethanolamine buffer, was added to the plates, and the absorbance at 405 nm was 
measured after 30-40 min. Construction of standard curves was made using SOFTmax 
software (Molecular Devices, Sunnyvale, CA, USA). IgG anti-KLH or IgG anti-NIP-Ficoll is 
presented as OD values with subtraction of blanks. 
 
ELISA for IgG anti-SRBC 

 

Fifty microliter per well of poly-L-lysine (Sigma), diluted to 25 μg/ml, was added to the 
microtitre plates (see above). Plates were incubated at 37 oC for at least 45 min, washed once 
with dH2O, and then coated with 100 μl/well 0.25% SRBC in PBS. After incubation at room 
temperature for 1 h, SRBC were fixed by carefully putting the plates into 0.25% 
glutaraldehyde (Fluka Chimeka, Ronkonkoma, NY, USA) in PBS for 8-10 min. Following 
washing three times in PBS, plates were blocked with blocking buffer (see above) at room 
temperature for > 2 h or at 4 oC overnight. The remaining steps of the ELISA for IgG 
anti-SRBC were performed as in the ELISA for IgG anti-KLH described above, and IgG 
anti-SRBC is presented as OD values with blanks subtracted. 
 
Flow cytometry 

 

For blood samples, mice were bled from tails and 4-6 drops of blood were immediately mixed 
with 2-3 drops of 50 U/ml heparin in 1.5 ml eppendorf tubes and kept on ice. One hundred 
microliter of the heparin-blood was taken to a fluorescence activated cell sorting (FACS) tube 
and red blood cells were lysed in 2 ml ammonium chloride-potassium (ACK) buffer (0.15 M 
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NH4Cl, 1.0 mM KHCO3, 1.0 mM ethylenediaminetetraacetic acid) and left for about 5 min. 
Cells were then centrifuged at 2000 rpm for 5 min and the supernatant was discarded. The cell 
pellet was resuspended and washed twice with 2 ml FACS buffer (2% fetal calf serum in PBS). 
After the last resuspension, the cells were stained for 30 min at 4 oC in dark on a shaker in 
100 μl FACS buffer with optimal amounts of appropriate antibody or antibodies purchased 
from BD Biosciences (San Diego, CA, USA): fluorescein isothiocyanate (FITC)-labeled 
anti-B220 (RA3-6B2) or FITC-labeled anti-CD19. Phycoerythrin (PE)-labeled streptavidin 
(BD Biosciences) was used if needed. The cells were then washed twice and diluted into 300 
μl using FACS buffer. Cells were acquired on a BD LSR II cytometer or a FACScan 
cytometer (BD Biosciences) and analyzed using FLOWJo software (Tree Star, Ashland, OR, 
USA). 
 
For spleen samples, spleens were removed at indicated time points and single cell suspensions 
were prepared by meshing the spleens through sterilized nylon filters. Cells were suspended 
in 10 ml PBS and centrifuged at 1400 rpm for 5 min. Supernatant was discarded and red 
blood cells were removed by lysis in 3 ml ACK buffer for 2 min, and the reaction was stopped 
by adding 3 ml PBS. Cells were then centrifuged at 1400 rpm for 5 min and the supernatant 
was discarded. The pellet was resuspended in 2 ml FACS buffer and counted in a Bürker 
chamber. One million cells diluted in 50 μl FACS buffer were taken out for staining. The 
staining, washing, cell acquisition and analysis steps were performed as described in flow 
cytometry for analyzing blood samples. The following antibody or antibodies from BD 
Biosciences were used: PE-labeled anti-major histocompatibility complex class II (MHC-II) 
I-Ad (clone: AMS, 32.1), allophycocyanin (APC)-labeled anti-CD11c (HL3), FITC-labeled 
anti-CD19, PE-Cy7-labeled anti-CD11c (p150/90), PE-labeled anti-CD23, biotinylated 
anti-CD21 or biotinylated anti-CD86. If multiple staining was required, the staining and the 
washing steps were repeated. FITC-labeled streptavidin (BD Biosciences) was used when 
biotinylated antibodies were added in first staining. 
 
Statistical analysis 

 

Statistical differences between groups were determined using Student’s t-test. No significant 
difference (ns), p ≥ 0.05; *, p < 0.05; **, p < 0.01; ***, p< 0.001.
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Results 

 

Genotyping of CD11c-DTR mice 

 
Heterozygous CD11c-DTR transgenic mice were distinguished from their wild-type 
littermates by genotyping. DNA extracted from tail clippings of CD11c-DTR x BALB/c 
offspring was amplified by PCR. In a representative electrophoresis gel of the PCR products 
as showed in Figure 2, a 626 bp band implied that the mouse was positive for the DTR 
transgene whereas the lack of the band illustrated that the mouse was a wild-type littermate. 
 
T-dependent antibody responses are not affected after transient depletion of DCs 

 

CD11c-DTR/WT chimeras were injected i.p. with 100 ng DT 24 h before immunization with 
5x107 SRBC or 20 μg KLH, which are both T-dependent antigens. At weekly intervals, the 
mice were bled from the tail veins, and sera were tested for specific IgG anti-SRBC or IgG 
anti-KLH by ELISA. It is surprising that there is no difference of specific IgG production 
between groups treated with or without DT (Figure 3) since it is believed that DCs are needed 
in a T-dependent antibody response for presenting antigen peptides to T cells in order to 
activate B cells. However, no firm conclusion can be drawn unless it can be confirmed that 
the time window for activating B cells is within the DC-depletion period. 
 
Both T-dependent and T-independent antibody responses are impaired after repeated 

treatment of DT 

 
To ensure that DCs were depleted during the time window for activating B cells, 
CD11c-DTR/WT chimeras were administrated with 100 ng DT for 4 times on every second 
day and immunized with SRBC or NIP-Ficoll 24 h after the first injection of DT (Figure 4A). 
At weekly intervals, the mice were bled from the tail veins, and sera were tested for specific 
IgG anti-SRBC or IgG anti-NIP-Ficoll by ELISA. The production of specific IgG anti-SRBC 
was impaired in mice repeatedly treated with DT compared with untreated mice (Figure 4B). 
This finding is in contrast to the result when only one injection of DT was used (Figure 3). It 
is also unexpected that the production of IgG anti-NIP-Ficoll was reduced after repeated 
treatment of DT (Figure 4C) since NIP-Ficoll is a T-independent antigen and can induce 
antibody responses without antigen presentation to T cells by DCs. However, one previous 
study showed that plasmablasts may be depleted by DT as well as DCs (Hebel et al 2006). 
Another research also indicated that CD11c+ DCs are needed for the survival of plasmablasts 
(de Vinuesa et al 1999). Therefore, it is very probable that the impairment of both 
T-dependent and T-independent antibody responses is primarily due to the depletion of 
plasmablasts. DC-depletion was verified at indicated time points showed in Figure 4A by flow 
cytometry. DCs (MHC-II+ CD11c+) were ablated in mice 24 h and 48 h after the first injection 
of DT (Figure 5A and 5B) and were still gone after another three times of DT treatment 
(Figure 5C), whereas DCs were normally present in untreated mice (Figure 5D). 
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Peripheral B cells cannot efficiently bind to IgG2a/antigen or IgG3/antigen complexes 

 

To investigate whether circulating B cells can bind to IgG2a/antigen or IgG3/antigen 
complexes, mice were immunized with biotin-OVA-TNP alone or biotin-OVA-TNP together 
with IgG2a, IgG3 or IgE. Five minutes after immunization, the mice were bled from tail veins 
and blood samples were analyzed for antigen-bound (Ag+) B cells by FACS (Figure 6). As 
expected and consistent with earlier report (Hjelm et al 2008), there were about 80% Ag+ B 
cells of all B220+ B cells in the positive control that was immunized with 
IgE/biotin-OVA-TNP complexes (Figure 6D). However, the mice immunized with 
biotin-OVA-TNP alone (Figure 6A) or together with IgG2a or IgG3 (Figure 6B and 6C) had 
only about 20% Ag+ B cells. Therefore, IgG2a/antigen and IgG3/antigen complexes cannot be 
bound to circulating B cells as efficiently as IgE/antigen complexes. 
 
IgE/antigen complexes are bound to circulating B cells and are found on FOB in the 

spleen 30 min after immunization 

 
To verify that IgE/Alexa-OVA-TNP as well as IgE/biotin-OVA-TNP complexes (Figure 6D; 
Hjelm et al 2008) can also be bound to circulating B cells, mice were immunized with 
Alexa-OVA-TNP alone or with IgE/Alexa-OVA-TNP complexes. B cells bound to 
Alexa-OVA-TNP (Ag+) were less than 10% in the group immunized with Alexa-OVA-TNP 
alone (Figure 7A) while in the group immunized with IgE/Alexa-OVA-TNP complexes, more 
than 30% of the CD19+ B cells in the blood were Ag+ B cells 5 min after immunization 
(Figure 7B). Hence, IgE can significantly increase the binding of Alexa-OVA-TNP to 
circulating B cells in the blood. 
 
Thirty minutes, one hour or four hours after immunization, spleens were removed and 
analyzed by flow cytometry for Ag+ B cells. Both MZB and FOB in the spleens were Ag+ in 
then mice immunized with antigens alone or with IgE/antigen complexes (Figure 8). From 30 
min to 4 h, the percentages of Ag+ B cells decreased among both types of splenic B cells. 
There was no significant difference of the percentages of Ag+ B cells within the MZB 
populations between these two groups and the number was highest at 30 min after 
immunization (Figure 8B). However, the percentages of Ag+ B cells within the FOB 
populations in mice immunized with IgE/antigen complexes were significantly higher than 
that in mice immunized with antigens alone 1h and 4h after immunization (Figure 8C). 
 
Antigens are detected on DCs in the spleens after 30 min and DCs are activated but 

no difference is found between mice immunized with IgE/antigen complexes or 

antigens alone 

 
To determine whether DCs capture antigen and whether they are activated after administration 
of IgE/antigen complexes, mice were immunized with Alexa-OVA-TNP alone or 
IgE/Alexa-OVA-TNP complexes. Thirty minutes, one hour or four hours later, spleens were 
removed and expression of CD86, an activating marker on DCs, was analyzed. There was no 
significant difference between mice immunized with antigens alone or IgE/antigen complexes 
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at any of the time points (Figure 9B). DCs that had acquired antigens (Ag+ DCs) were present 
30 min after immunization, and the percentages of Ag+ DCs decreased from 30 min to 4 h 
(Figure 9C). The percentage of Ag+ DCs of the group immunized with IgE/antigen complexes 
was significantly higher than that of the group immunized with antigens alone only at time 
point 1 h after immunization. 
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Discussion 

 
The role of DCs in antibody responses 

 
SRBC and KLH are well-known T-dependent antigens that contain epitopes recognized both 
by T cells and B cells. It is believed that DCs are very important for inducing T-dependent 
humoral immune responses because they function as antigen presenting cells to present 
antigens to naïve helper T cells before B cells can be activated. Helper T cells then produce 
cytokines and cell surface molecules that stimulate B cell growth and differentiation into 
antibody-secreting cells. However, in this study, no significant difference of SRBC-specific or 
KLH-specific antibody production was observed between mice treated with one injection of 
DT and untreated mice. Although it has been showed that the depletion of DCs by one 
injection of DT is only transient, and the numbers of DCs start to increase after three days 
(Jong et al 2002), it is also believed that the time window for activation of B cells is within 
three days of a primary immunization. However, no firm conclusion can be drawn from this 
observation unless the time window for activation of B cells after immunization can be 
confirmed. Therefore, to ensure that DCs were depleted during the time period for activating 
B cells, mice were subjected to repeated DT treatments to keep the ablation of DCs for at least 
5 days after immunization. Mice were immunized with the same dose of SRBC as in the 
experiment in which only one injection of DT was given. A T-independent antigen, NIP-Ficoll, 
that can stimulate antibody responses without a requirement of antigen presentation to helper 
T cells by DCs, was used as a control. It was unexpected that both SRBC-specific and 
NIP-Ficoll-specific antibody responses were impaired. But later one reference was found 
reporting that in addition to DCs also plasmablasts can be depleted by DT (Hebel et al 2006). 
It is known that naïve B cells differentiate into plasmablasts within days after immunization 
and they secrete antibodies after maturation into plasma cells. Therefore, it cannot be 
excluded that the impairment of both T-dependent and T-independent antibody responses is 
due to the depletion of plasmablasts in mice treated repeatedly with DT. However, 
plasmablasts may not be ablated by one injection of DT. After DCs come back three days after 
one DT treatment, recovered DCs are likely to capture remaining antigens and present 
antigenic peptides to T cells. Thus, the activation of B cells can be rescued and plasmablasts 
differentiated from naïve B cells can also survive because it is probable that DT has been 
cleared out or degraded at that late period. Therefore, antigen-specific antibody responses 
may not be affected even after temporary depletion of DCs by one injection of DT while 
repeated treatments of DT probably deplete plasmablasts and impair the antibody responses. 
Another research also indicated that CD11c+ DCs are needed for the survival of plasmablasts 
(de Vinuesa et al 1999). Thus, it is possible that the apoptosis of plasmablasts is a side effect 
of the depletion of DCc by DT treatment. So, it is still unclear that whether DCs are required 
in T-dependent antibody responses. 
 
B cells and IgG2a- and IgG3-mediated immune enhancement 

 
As mentioned above, it has been shown that circulating B cells can bind to IgE/antigen 
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complexes via CD23-mediated pathway (Hjelm et al 2008). Our hypothesis was that FcγRIIB 
expressed on B cells can bind to IgG2a/antigen complexes and that CD21 and CD35, two 
complement receptors on B cells, can bind to IgG3/antigen complexes in a similar way. If so, 
B cells can help transporting also IgG2a and IgG3 immune complexes into splenic follicles. 
However, in this study, IgG2a/antigen and IgG3/antigen complexes are not bound to B cells 
via those surface receptors expressed on B cells. Therefore, IgG2a- and IgG3-mediated 
immune enhancement probably uses pathways other than antigen transportation by B cells, 
although they do require FcγRs or complement receptors (de Ståhl et al 2003, Getahun et al 
2004). It is possible that IgG-mediated enhancement is caused by increased antigen 
presentation. It was reported that DCs also expressing FcγRs can target and take up 
IgG/antigen complexes via FcγR-mediated internalization much more efficiently than 
antigens alone, and IgG-complexed antigens can thus promote antigen presentation on both 
MHC-I and MHC-II molecules on murine DCs by several orders of magnitude (Regnault et al 
1999). Moreover, follicular dendritic cells (FDCs) as well as B cells express complement 
receptors CD21 and CD35. It was showed previously that FDC are needed for inducing potent 
antigen-specific IgG responses in mice after immunization with complement-containing 
immune complexes (Fang et al 1998). Therefore, DCs and FDCs may play essential roles in 
the pathways of IgG2a- and IgG3-mediate immune enhancement. 
 
B cells and DCs in IgE-mediated immune enhancement 

 
Alexa 647 is a fluorescent dye that is stable and bright enough to be detected by flow 
cytometry. By using Alexa conjugated antigens, it is possible to study in vivo how antigens are 
captured, transported and taken up after immunization by different immune cells (Reuter et al 
2010). We confirmed that circulating B cells can bind to IgE/antigen complexes but not to 
antigens alone and transport the complexes into follicles in the spleen. IgE must play an 
important role in this transporting pathway because mice immunized with IgE/antigen 
complexes had much higher percentage of Ag+ B cells within FOB population than mice 
immunized with Ag alone. In the absence of IgE, antigens are probably trapped in the 
marginal zone and are not easy to get contact with FOB or further with DCs and T cells. At 
the border of the B-cell zone and the DC-rich T-cell zone, DCs are able to interact with FOB 
and thus acquire antigen from them. Therefore, it is reasonable that more Ag+ B cells within 
FOB population result in more Ag+ DCs, which is partly consistent with observations in this 
study. However, there are also a relatively high percentage of Ag+ DCs in mice immunized 
with antigens alone although the percentage of Ag+ B cells within FOB population in this 
group is low. It is still a question how the antigens hypothetically trapped in marginal zone get 
into contact with DCs. One possible reason is that Alexa dye was cleaved in mice immunized 
with antigens alone after the antigens reaching spleens and dispersed into follicles, and thus 
DCs could take up free dye and present Alexa signal in flow cytometry. Nevertheless, this 
study showed that B cells and DCs do have a certain interaction during IgE-mediated immune 
enhancement although the more detailed mechanism is under investigation. 



15 
 

Acknowledgement 

 
I would like to thank my supervisor Frida Henningson Johnson. Thank you so much for your 
patience in teaching me all the lab techniques, your kindly help of my project and your warm 
encouragement. I would also like to thank my co-supervisor Professor Birgitta Heyman for 
giving me the opportunity to do my degree project in this fantastic group. Thank you for your 
guidance and introducing me to a wonderful field of basic immunology. In addition, I would 
like to thank all the rest of our group members, Jenny Hallgren Martinsson, Christian 
Rutemark, Joakim Dahlin, Anna Bergman, Marius Linkevičius and Yue Cui. Thank you for 
your help and all the valuable advice for my work. Because of your creating such a friendly, 
cooperative and inspiring atmosphere, I enjoy very much working in our lab. Last but not 
least, I would like to thank all my friends and my family for supporting me to pursue my 
dream in the scientific world. 
 



16 
 

References 

 
Bennett, C.L. & Clausen, B.E. 2007. DC ablation in mice: promises, pitfalls, and challenges. 
Trends in Immunology 28: 525-531. 
 
Carrasco, Y.R. & Batista, F.D. 2007. B cells acquire particulate antigen in a macrophage-rich 
area at the boundary between the follicle and the subcapsular sinus of the lymph node. 
Immunity 27: 160-171. 
 
Cinamon, G., Zachariah, M.A., Lam, O.M., Foss, F.W., Jr., & Cyster, J.G. 2008. Follicular 
shuttling of marginal zone B cells facilitates antigen transport. Nature Immunology 9:54-62. 
 
Clarke, C.A., Donohoe, W.T.A., McConnell, R.B., Woodrow, J.C., Finn, R., Krevans, J.R., 
Kluke, W., Lehane, D. & Sheppard, P.M. 1963. Further experimental studies on the prevention 
of Rh haemolytic disease. British Medical Journal: 979-983. 
 
de Ståhl, T.D., Dahlström, J., Carroll, M.C., & Heyman, B. 2003. A Role for complement in 
feedback enhancement of antibody responses by IgG3. The Journal of Experimental Medicine 
197: 1183-1190. 
 
de Vinuesa, C.G., Gulbranson-Judge, A., Khan, M., O’Leary, P., Cascalho, M., Wabl, M., 
Klaus, G.G.B., Owen, M.J. & MacLennan, I.C.M. 1999. Dendritic cells associated with 
plamablast survival. European Journal of Immunology 29: 3712-3721. 
 
Fahlén-Yrlid, L., Gustafsson, T., Westlund, J., Holmberg, A., Strömbeck, A, Blomquist, M., 
MacPherson, G.G., Holmgren, J. & Yrild, U. 2009. CD11chigh dendritic cells are essential for 
activation of CD4+ T cells and generation of specific antibodies following mucosal 
immunization. The Journal of Immunology 183: 5032-5041. 
 
Fang, Y., Xu, C., Fu, Y., Holers, V.M. & Molina, H. 2000. Expression of complement receptor 
1 and 2 on follicular dendritic cells is necessary for the generation of a strong antigen-specific 
IgG response. The Journal of Immunology 160: 5273-5279. 
 
Getahun, A., Dahlström, J., Wernersson, S. & Heyman, B. 2004. IgG2a-mediated 
enhancement of antibody and T cell responses and its relation to inhibitory and activating Fcγ 
receptors. The Journal of Immunology 172: 5269-5276. 
 
Getahun, A., Hjelm, F. & Heyman, B. 2005. IgE enhances antibody and T cell responses in 

vivo via CD23+ B Cells. The Journal of Immunology 175:1473-1482. 
 
Getahun, A & Heyman, B. 2009. Studies on the mechanism by which antigen-specific IgG 
suppresses primary antibody responses: Evidence for epitope masking and decreased 
localization of antigen in the spleen. Scandinavian Journal of Immunology 70: 277-287. 



17 
 

 
Good, A.H., Wofsy, L., Henry, C. & Kimura, J. 1980. Preparation of hapten-modified protein 
antigens. In: Mishell, B.B. & Shiigi, S.M. (eds), Selected Methods in Cellular Immunology, 
pp. 343-350. W.H. Freeman and Co., San Francisco. 
 
Guimond, M., Veenstra, R.G., Grindler, D.J., Zhang, H., Cui, Y., Murphy, R.D., Kim, S.Y., Na, 
R., Hennighausen, L., Kurtulus, S., Erman, B., Matzinger, P., Merchant, M.S. & Mackall, C.L. 
2009. Interleukin 7 signaling in dendritic cells regulates the homeostatic proliferation and 
niche size of CD4+ T cells. Nature Immunology 10: 149-157 
 
Gustavsson, S., Hjulstrom, S., Liu, T. & Heyman, B. 1994. CD23/IgE-mediated regulation of 
the specific antibody responses in vivo. The Journal of Immunology 152: 4793-4800. 
 
Hebel, K., Griewank, K., Inamine, A., Chang, H., Müller-Hilke, B., Fillatreau, S., Manz, R.A., 
Radbruch, A. & Jung, S. 2006. Plasma cell differentiation in T-independent type 2 immune 
responses is independent of CD11chigh dendritic cells. European Journal of Immunology 36: 
2912-2919 

 
Heyman, B. 2000. Regulation of antibody responses via antibodies, complement, and Fc 
receptors. Annual Review of Immunology 18: 709-737. 
 
Hjelm, F., Karlsson, M.C.I. & Heyman, B. 2008. A novel B-cell mediated transport of 
IgE-immune complexes to the follicle of the spleen. The Journal of Immunology 
180:6604-6610. 
 
Jung, S., Unutmaz, D., Wong, P., Sano, G., Santos, K.D., Sparwasser, T., Wu, S., Vuthoori, S., 
Ko, K., Zavala, F., Pamer, E.G., Littman, D.R. & Lang, R.A. 2002. In vivo depletion of 
CD11+ dendritic cells abrogates priming of CD8+ T cells by exogenous cell-associated 
antigens. Immunity 17: 211-200. 
 
Karlsson, M.C.I., Getahun, A. & Heyman, B. 2001. Fc gamma RIIB in IgG-mediated 
suppression of antibody responses: Different impact in vivo and in vitro. The Journal of 
Immunology 167: 5558-5564. 
 
Kassim, S.H., Rajasagi, N.K., Zhao, X., Chervenak, R. & Jennings, S.R. 2006. In vivo 
ablation of CD11c-positive dendritic cells increases susceptibility to herpes simplex virus type 
1 infection and diminishes NK and T-cell responses. Journal of Virology 80: 3985-3993 
 
Kehry, M.R. & Yamashita, L.C. 1989. Low-affinity IgE receptor (CD23) function on mouse B 
cells: Role in IgE-dependent antigen focusing. Proceedings of the National Academy of 
Sciences of the United States of America 91: 4392-4396. 
 
Naglich, J.G., Metherall, J.E., Russell, D.W. & Eildels, L. 1992. Expression cloning of a 
diphtheria toxin receptor: identity with a heparin-binding EGF-like growth factor precursor. 



18 
 

Cell 69: 1051-1061. 
 
Phan, T.G., Grigorova, I., Okada, T. & Cyster, J.G. 2007. Subcapsular encounter and 
complement-dependent transport of immune complexes by lymph node B cells. Nature 
Immunology 8: 992-1000. 
 

Regnault, B.A., Lankar, D., Lacabanne, V., Rodriguez, A., Théry, C., Rescigno, M, Saito, T., 
Verbeek, S., Bonnerot, C., Ricciardi-Castagnoli, P. & Amigorena, S. 1999. Fcγ 
receptor-mediated induction of dendritic cell maturation and major hisrocompatibility 
complex class I-restricted antigen presentation after immune complex internalization. T和
Journal of Experimental Medicine 189: 371-380. 
 
Reuter, S., Dehzad, N., Martin, H., Heinz, A., Castor, T., Sudowe, S., Reske-Kunz, A.B. 
Stassen, M., Buhl, R. & Taube, C. 2010. Mast cells induce migration of dendritic cells in a 
murine model of acute allergic airway disease. International Archives of Allergy and 
Immunology 151: 214-222. 
 

Saito, M., Iwawaki, T., Taya, C., Yonekawa, H., Noda, M., Inui, Y., Mekada, E., Kimata, Y., 
Tsuru, A. & Kohno, K. 2001. Diphtheria toxin receptor-mediated conditional and targeted cell 
ablation in transgenic mice. Nature Biotechnology 19: 746-750. 
 
Scandella, E., Fink, K., Junt, T., Senn, B.M., Lattmann, E., Förster, R., Hengartner, H. & 
Ludewig, B. 2007. Dendritic cell-independent B cell activation during acute virus infection: a 
role for early CCR7-driven B-T helper cell collaboration. The Journal of Immunology 178: 
1468-1479 
 
Segura, E. & Villadangos, J.A. 2009. Antigen presentation by dendritic cells in vivo. Current 
Opinion in Immunology 21: 105-110. 
 
Sponaas, A.M., Cadman, E.T., Voisine, C., Harrison, V., Boonstra, A., Garra, A.O. & 
Langhorne J. 2006. Malaria infection changes the ability of splenic dendritic cell populations 
to stimulate antigen-specific T cells. The Journal of Experimental Medicine 203: 1427-1433 
Stenmark, H., Olsnes, S. & Sandvig, K. 1988. Requirement of specific receptors for efficient 
translocation of diphtheria toxin A fragment across the plasma membrane. The Journal of 
Biological Chemistry 263: 13449-13455. 
 
Thorburn, J., Frankel, A.E. & Thorburn A. 2003. Apoptosis by leukemia cell-targeted 
diphtheria toxin occurs via receptor-independent activation of Fas-associated death domain 
protein. Clinical Cancer Research 9: 861-865. 
 
Tian, T., Woodworth, J., Sköld, M. & Behar, S.M. 2005. In vivo depletion of CD11c+ cells 
delays the CD4+ T cell response to Mycobacterium tuberculosis and exacerbates the outcome 
of infection. The Journal of Immunology 175: 3268-3272 
 

http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Saito%20M&ut=000170188600025&pos=1
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Iwawaki%20T&ut=000170188600025&pos=2
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Taya%20C&ut=000170188600025&pos=3
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Yonekawa%20H&ut=000170188600025&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Noda%20M&ut=000170188600025&pos=5
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Inui%20Y&ut=000170188600025&pos=6
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Mekada%20E&ut=000170188600025&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Kimata%20Y&ut=000170188600025&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Tsuru%20A&ut=000170188600025&pos=9
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Kohno%20K&ut=000170188600025&pos=10


19 
 

Wernersson, S., Karlsson, M.C.I., Dahlstrom, J., Mattsson, R., Verbeek, J.S. & Heyman, B. 
1999. IgG-mediated enhancement of antibody responses is low in Fc receptor gamma 
chain-deficient mice and increased in Fc gamma RII-deficient mice. The Journal of 
Immunology 163: 618-622. 

http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Wernersson%20S&ut=000081360800011&pos=1
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Karlsson%20MCI&ut=000081360800011&pos=2
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Dahlstrom%20J&ut=000081360800011&pos=3
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Mattsson%20R&ut=000081360800011&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Verbeek%20JS&ut=000081360800011&pos=5
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=W1EIhIo7pc1gN14g9Jj&name=Heyman%20B&ut=000081360800011&pos=6


20 
 

 
 
 
 

 
Figure 1. Hypothesis of circulating B cells in the blood transporting IgE/antigen complexes to DCs in the spleen. 
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Figure 2. Representative DNA electrophoresis gel for genotyping of CD11c-DTR mice. +, mouse was transgenic 
and expressed DTR; -, mouse was a wild-type littermate; H2O, dH2O was used as template in the PCR reaction; 
-*, negative control, DNA from Cmu13 mouse was used as template; +*, positive control, DNA from known 
CD11c-DTR transgenic mouse was used as template; ladder, 100 bp DNA ladder. 
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Figure 3. T-dependent antibody responses of CD11c-DTR/WT chimeras treated with or without one injection of 
DT. CD11c-DTR/WT chimeras were injected i.p. with 100 ng DT (+ DT) on day -1. Twenty four hours later, all 
mice were immunized i.v. with 5x107 SRBC or 20 μg KLH. On day 0, 7, 14 and 28, mice were bled from tail 
veins and sera were diluted 1:25 and screened for IgG anti-SRBC (A) or IgG anti-KLH (B) by ELISA. Mice 
without treatment (- DT) were used as controls. Five mice in each group were used. ns, no significant difference. 
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Figure 4. T-dependent and T-independent antibody responses of CD11c-DTR/WT chimeras treated with or 
without repeated injections of DT. (A) Brief protocol of DT-administration, animal immunization and bleeding. 
CD11c-DTR/WT chimeras were given repeated injections of 100 ng DT (+ DT) on day -1, day 1, day 3 and day 
5. Twenty four hours after first injection of DT, all mice were immunized i.v. with 5x107 SRBC or 5 μg 
NIP-Ficoll. On day 0, 7, 14 and 28, mice were bled from tail veins. (B) IgG anti-SRBC and (C) IgG 
anti-NIP-Ficoll antibody productions were measured by ELISA. Sera were diluted 1:25. Mice without treatment 
(-DT) were used as controls. Five to six mice in each group were used. ns, no significant difference; *, p< 0.05. 
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Figure 5. Splenic DCs are depleted in DT treated CD11c-DTR chimeras. CD11c-DTR/WT chimeras were given 
one injection of 100 ng DT i.p. on day -1 and spleens were taken for flow cytometry analysis on either day 0 or 
day 1 (A and B), or mice were given three repeated injections of 100 ng DT i.p. on day -1, 1 and 3 and spleens 
were removed for flow cytometry analysis on day 5 (C). CD11c-DTR/WT chimeras without treatment were used 
as controls (D). All live cells were gated and the DCs (defined as MHC-II+CD11c+ and represented in Q2) were 
depleted in the mice treated with DT. Data are representative of two mice in each group. 
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Figure 6. Peripheral B cells do not bind to IgG2a/antigen or IgG3/antigen complexes. BALB/c mice were 
immunized i.v. with 150 μg biotin-OVA-TNP alone (A) or with 50 μg IgG2a anti-TNP or IgG3 anti-TNP 
together with 150 μg biotin-OVA-TNP (B and C). One mouse immunized with 50 μg IgE anti-TNP together with 
150 μg biotin-OVA-TNP was used as positive control (D). For negative controls, mice without immunization 
were used (E). Five minutes after immunization, all mice were bled from tail veins and blood samples were 
analyzed by flow cytometry. The percentages show the amount of B cells bound to biotin-OVA-TNP (Ag+ B 
cells) among all the gated B220+ B cells. Data from A to E are summarized in F. Data are representative of two 
mice in each group (except that positive control group has only one mouse). ns, no significant difference. 
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Figure 7. B cells can capture IgE/antigen complexes in peripheral blood early after immunization. BABL/c mice 
were immunized i.v. with 150 μg Alexa-OVA-TNP alone (A) or with 50 μg IgE anti-TNP together with 150 μg 
Alexa-OVA-TNP (B). For negative control, one mouse without immunization was used (C). Five minutes after 
immunization, all mice were bled from tail veins and blood samples were analyzed by flow cytometry. The 
percentages show the amount of B cells bound to Alexa-OVA-TNP (Ag+ B cells) among all the gated CD19+ B 
cells. Data from A to C are summarized in D. Data are representative of three to six mice in each group (except 
that untreated group has only one mouse). ***, p < 0.001. 
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Figure 8. Higher percentage of Ag+ B cells are found among FOB after immunization with IgE/antigen 
complexes than antigens alone. BALB/c mice were immunized with 150 μg Alexa-OVA-TNP together with or 
without 50 μg IgE anti-TNP. Thirty minutes, one hour or four hours after immunization, spleens were removed 
for analyzing by flow cytometry. MZB were defined as CD23low CD21high and FOB as CD23high CD21low (A). For 
negative control, one mouse without treatment was used. B cells positively bound to Alexa-OVA-TNP (Ag+ B 
cells) were defined according to untreated sample (B and C, left and middle panels). Percentages of Ag+ B cells 
within the MZB and FOB populations were showed as time course (B and C, right panels). Two mice in each 
group were used. ns, no significant difference; *, p < 0.05. 
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Figure 9. DC activation and antigen acquisition after immunization with IgE/antigen complexes or antigens 
alone. BALB/c mice were immunized with 150 μg Alexa-OVA-TNP together with or without 50 μg IgE 
anti-TNP. One mouse without treatment was used as negative control. Thirty minutes, one hour or four hours 
after immunization, spleens were removed for analyzing by flow cytometry. DCs, defined as MHC-II+CD11c+, 
were gated as in A. Activated DCs were gated according to isotype control (B, left and middle panels) and 
Alexa-OVA-TNP-acquired DCs (Ag+ DCs) were gated according to untreated sample (C, left and middle panels). 
Percentages of activated DCs and Ag+ DCs within the DC populations are representatively shown over time (B 
and C, right panels). Two mice in each group were used. ns, no significant difference; *, p < 0.05. 
 


