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Abstract
Background—TACI expression on B cells is upregulated by TLR4.

Objective—To examine whether TACI synergizes with TLR4 in driving immunoglobulin (Ig)
production by B cells and to examine the mechanism of this synergy.

Methods—Purified mouse naïve B cells were stimulated with the TACI ligand APRIL and with
suboptimal concentrations of the TLR4 ligand LPS in the presence or absence of IL-4. Ig secretion
was measured by ELISA. Surface IgG1+ (sIgG1+) B cells and CD138+ plasmacytoid cells were
enumerated by FACS. Expression of γ1 and ε germ line transcripts (GLT), activation-induced
cytidine deaminase (AICDA) and γ1 and ε mature transcripts was measured by RT-PCR.

Results—APRIL synergized with LPS in driving B cell proliferation and IgM, IgG1, IgG3, IgE
and IgA production. This was mediated by TACI as it was preserved in BCMA-/-, but not TACI-/-,
B cells. APRIL and LPS synergized to promote isotype switching as evidenced by increased
expression of AICDA and γ1 and ε mature transcripts, and generation of sIgG1+ cells. More
importantly, APRIL and LPS strongly synergized to drive the plasma cell differentiation program,
as evidenced by increase in CD138+ cells and expression of Blimp-1, IRF-4 and the spliced form of
XBP-1. TACI-/- mice had impaired IgM and IgG1 antibody responses to immunization with a
suboptimal dose of the type I T independent antigen TNP-LPS.

Conclusions—These observations suggest that TACI cooperates with TLR4 to drive B cell
differentiation and immunoglobulin production in vitro and in vivo.

Clinical Implications—Impaired synergy of TACI with TLRs may contribute to low serum
immunoglobulin levels in CVID (Common Variable Immune Deficiency) patients with TACI
mutations.

Capsule Summary—This work shows that TACI drives plasma cell differentiation in LPS
stimulated cells and increases immunoglobulin production in vitro and in vivo.
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INTRODUCTION
The TNF superfamily members BAFF (B cell activating factor belonging to TNF superfamily)
and APRIL (a proliferation inducing ligand) play important roles in B cell development,
homeostasis and activation. BAFF is expressed by neutrophils, monocytes and dendritic cells
and promotes B lymphocyte survival and maturation 1. APRIL is expressed in monocytes/
macrophages, DCs (Dendritic cells) and activated T cells 1. APRIL-/- mice have low serum
IgA levels, impaired IgA antibody responses to oral immunization and decreased antibody
response to the TD (T cell dependent) antigen tetanus toxoid 2, 3. BAFF and APRIL activate
isotype switching in naïve B cells, albeit modestly compared to CD40 or TLR (Toll-like
receptor) ligation 4, 5.

APRIL and BAFF share two receptors, TACI (transmembrane activator, calcium modulator,
and cyclophilin ligand interactor) and BCMA (B cell maturation antigen) 6. TACI is expressed
on a fraction of B cells 7, 8. BCMA is poorly expressed on resting B cells, but is upregulated
on plasma cells (PCs) and germinal center B cells 9. A third receptor, BAFF-R is unique for
BAFF and is expressed mainly on B cells 10. APRIL also binds to heparan-sulfated
proteoglycans (HSPGs) 11, 12. TACI-/- mice have low serum IgM and IgA and have deficient
antibody responses to the Type II T-independent (TI) antigens Pneumovax and TNP-Ficoll
13-15. TACI mediates isotype switching by APRIL 4. BCMA plays no detectable role in
isotype switching 4.

TLRs recognize specific molecular patterns of microbial pathogens 16 and play an important
role in the induction of adaptive immune responses, in part by promoting the maturation of
antigen presenting DCs to fully activate T and B cells 17. The TLR4 ligand LPS, and the TLR9
ligand CpG, activate isotype switching in B cells in the presence of cytokines 18,19. LPS drives
class switch recombination to IgG3 on its own 20.

B cells encounter antigens in secondary lymphoid organs, where they proliferate, undergo
maturation and differentiation that includes class switch recombination (CSR), affinity
maturation and differentiation into plasma cells or memory B cells. These processes are
initiated and regulated by signals derived from ligand-receptor interactions that include CD40
ligand-CD40, BAFF/APRIL-TACI and TLR ligand-TLR interactions. The CD40L-CD40
interaction occurs in germinal centers and involve follicular helper T cells and their expression
of ICOS and IL-2121. CD40 ligation upregulates TACI expression and synergizes with TACI
ligation to enhance immmunoglobulin (Ig) production by naïve B cells 22. The TLR ligands
TLR4 and TLR9 also upregulate TACI expression, and TLR9 synergizes with TACI to increase
Ig production by B cells 18. In this study, we show that APRIL synergizes with suboptimal
doses of LPS in driving naive mouse B cells to proliferate, generate plasmacytoid cells and
secrete immunoglobulins in vitro. We also provide evidence for synergy between TACI and
TLR4 in the in vivo antibody response to the prototypic TI type I antigen TNP-LPS, which
focuses LPS on TNP specfic B cells, resulting in their activation and differentiation via TLR-4
mediated signaling in a T cell independent manner.
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MATERIALS & METHODS
Mice

BALB/c mice were purchased from Charles River Laboratories. TACI-/-, BCMA-/- and
genetically matched wild-type (WT) mice on Sv129xC57Bl6 background were previously
described 14, 23. All mice were bred and housed in a specific pathogen-free animal facility.
All experimental procedures performed on the animals were approved by Animal Care and
Use Committee of the Children's Hospital, Boston.

Antibodies and Flow Cytometric Analysis
B cells were stained with anti-TACI-PE (Phycoerythrin) anti-BCMA-FITC (Fluorescein
isothiocyanate) or anti-BAFF-R-FITC (R&D Systems), anti-B220-FITC anti-CD138-PE or
anti-IgG1-PE (BD Pharmingen). For survival assays, B cells were stained with Annexin V-
fluorescein isothiocyanate and propidium iodide (Bio Vision). Stained cells were analyzed by
FACS (BD Facscalibur).

Proliferation and In vitro Immunoglobulin Production
Naïve B cells were negatively sorted from mouse splenocytes, cultured with APRIL (1 μg/ml)
(R&D Systems), IL-4 (50 ng/ml) (R&D Systems), LPS (Escherichia coli 026:B6, Sigma) and
assayed for proliferation and Ig production as previously described24.

RT-PCR Analysis
RNA extraction from 4-day cultures and PCR conditions used to detect Iε-Cε, Iμ-Cε, Iγ1-
Cγ1, Iμ-Cγ1, AICDA and β2 microglobulin were previously describe 25.

Q-PCR Analysis
Real-time PCR reactions were run on cDNA using ABI Prism 7300 (Applied Biosystems) as
detailed in the Online Repository Material.

In vivo antibody response to TNP-LPS
Genetically matched WT and TACI-/- mice were immunized i.p. with a single injection of 10
μg/mouse TNP(.4)-LPS (Biosearch Technologies). Sera were collected at day 14 post
immunization and serial dilutions were analyzed for TNP specific IgM, IgA, IgG1 and IgG3
antibodies by ELISA.

Statistics
p values were calculated using the paired t test for in vitro data and two way ANOVA for in
vivo data using PRISM software (Prism Software Corp).

RESULTS
APRIL enhances LPS driven Ig production in naïve B cells

Initial experiments in which naïve B cells (95% B220+IgM+IgD+) were stimulated with a
standard concentration of 10 μg/ml LPS did not reveal an enhancing effect of APRIL on Ig
production (data not shown). We therefore examined the effect of APRIL on B cells stimulated
with a suboptimal concentration of 100 ng/ml LPS. This concentration was selected based on
pilot experiments, in which a range of LPS concentrations (50 ng/ml to 10 μg/ml) were tested
for their ability to drive IgG1 and IgE synthesis in the presence of IL-4 (Online repository
material, Figure 1A). Relative weak induction of proliferation and Ig production has been
previously documented using 1 μg/ml APRIL compared to anti-CD40 and LPS 4. There was
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only a modest difference (<2.5 fold change) between the effects of different APRIL
concentrations tested (range 50 ng/ml to 4 μg/ml) on B cell proliferation and production of
IgG1, IgE and IgA (Online repository material, Table 1). Fig. 1A shows that APRIL (1 μg/ml)
significantly enhanced IgM (~6 fold) and IgA (~2.7 fold) secretion in B cells stimulated with
100 ng/ml LPS to a level comparable to that induced by 10 μg/ml LPS. APRIL also significantly
enhanced IgG1 and IgE synthesis driven by 100 ng/ml LPS+IL-4 (~2.5 fold and ~6 fold
respectively) to levels comparable to those secreted by B cells stimulated with 10 μg/ml LPS
+IL-4 (Figure 1B). Note that APRIL+IL-4 induced a weak, but detectable, IgG1 (24±10 ng/
ml, n=3) and IgE (6±3 ng/ml, n=3) secretion, as previously described (6).

LPS is a potent inducer of IgG3 synthesis 20. Based on pilot experiments (Online repository
material, Figure 1B) we chose an LPS concentration of 50 ng/ml as the suboptimal LPS
concentration to examine synergy with APRIL in inducing IgG3 synthesis. Fig. 1C shows that
APRIL significantly enhanced IgG3 secretion by B cells stimulated with 50 ng/ml LPS (~25
fold), to a level comparable to that obtained with 10 μg/ml LPS. Taken together, these results
indicate that APRIL synergizes with LPS to drive immunoglobulin synthesis.

APRIL enhancement of LPS driven immunoglobulin production is dependent on TACI
APRIL engages TACI, BCMA and HSPGs. To elucidate which of these receptors mediates
the enhancing effect of APRIL on LPS driven immunoglobulin production, we examined the
effect of APRIL on LPS induced Ig production in B cells from TACI-/- mice, BCMA-/- mice
and WT controls on the same Sv129xC57Bl6 background. Fig. 2 shows that APRIL
significantly enhanced LPS driven IgM, IgA, IgG1 and IgE secretion by B cells from
BCMA-/- mice and WT controls, but not by B cells from TACI-/- mice. Variations in absolute
amounts of immunoglobulins secreted by B cells from the 3 groups of mice studied, including
higher IgG1 production by TACI-/- mice compared to WT controls, likely reflect their mixed
Sv129xC57Bl6 background and/or, in the case of the increased IgG1 production in TACI-/-
mice, the effect of increased stimulation by intestinal flora in an IgA deficient host. These
results indicate that TACI mediates the synergy of APRIL with LPS.

APRIL and LPS synergize to increase B cell proliferation and survival
Class switch recombination (CSR) and subsequent immunoglobulin secretion is thought to
require B cell proliferation 26. We tested the effect of APRIL on LPS driven proliferation of
B cells from BALB/c WT mice by examining 3H-thymidine incorporation after 3 days in
culture. Fig. 3A shows that APRIL enhanced the proliferation of naive B cells from WT BALB/
c mice stimulated with 100 ng/ml LPS, both in the presence and absence of IL-4. APRIL caused
a ~3.5 fold increase in 3H-thymidine incorporation in LPS stimulated cultures and a ~5 fold
increase in LPS+IL-4 stimulated cultures. However, this proliferation remained significantly
lower than that caused by 10 μg/ml LPS. APRIL caused a significant increase in the number
of live cells in LPS stimulated cultures after three days of stimulation, which averaged 3.0±1.1
fold in the absence of IL-4 and 1.9±0.4 in the presence of IL-4 (data not shown). The effect of
APRIL on B cell proliferation was mediated by TACI, because APRIL enhanced LPS and LPS/
IL-4 driven proliferation of B cells from BCMA-/- mice, but not from TACI-/- mice (Fig. 3B).
Variations in absolute number of 3H-thymidine incorporated into DNA of B cells from the 3
groups of mice studied likely reflect their mixed Sv129xC57Bl6 background.

We examined the effect of APRIL on the survival of B cells stimulated with LPS. We stained
cells 3 days after stimulation with Annexin V and propidium iodide (PI), to identify live cells
(Annexin V- PI-). Fig. 3C is a representative FACS analysis and shows that the percentage of
live cells was substantially higher in cells stimulated with APRIL+LPS (100 ng/ml) compared
to LPS (100 ng/ml), both in the absence and presence of IL-4. Pooled results from three
experiments demonstrated that APRIL significantly increased the percentage of live cells in

Ozcan et al. Page 4

J Allergy Clin Immunol. Author manuscript; available in PMC 2010 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



LPS±IL4 stimulated cultures (Fig. 3D). The percentage of live B cells in LPS (100 ng/ml)
stimulated cultures was 7.0±1.8, and it rose to 15.8±0.7 with addition of APRIL. The percentage
of live B cells in LPS (100ng/ml)+IL4 stimulated cultures was 30.9±4.8 and it rose to 44.1±4.9
with the addition of APRIL.

Increased B cell proliferation and survival may contribute to APRIL enhancement of LPS
driven Ig production.

APRIL and LPS synergize in driving CSR
To determine whether APRIL synergizes with LPS in causing CSR, we first examined surface
IgG1 expression in naïve B cells stimulated with LPS+IL-4 for 6 days in the presence or absence
of APRIL. Fig. 4A shows that there was virtually no detectable sIgG1+ B cells in the starting
population of sorted naïve B cells. APRIL+IL-4, induced a small but detectable increase in
sIgG1 expression. Stimulation with 100 ng/ml LPS+IL-4 induced expression of sIgG1.
Addition of APRIL to these cultures increased the percentage of sIgG1+ B cells. Pooled results
from three experiments demonstrated that APRIL significantly increased the percentage of
sIgG1+ cells (~ 2 fold) in cultures stimulated with 100 ng/ml LPS+IL-4. This percentage was
however significantly lower than that achieved with 10 μg/ml LPS+IL-4 (Fig. 4A). The
percentages of sIgG1+ cells are net percentages obtained after subtracting the percentage of
cells that were stained by the isotype controls, which in all cases was <1.5%.

Molecular events involved in CSR include expression of GLTs and AICDA, followed by
deletional switch recombination and expression of Iμ-CH mature transcripts 27. We tested the
effect of APRIL on molecular events involved in CSR to IgE and IgG1 driven by 100 ng/ml
LPS+IL-4. Fig. 4B shows that as previously reported, IL-4 alone does not induce CεGLT in
naïve mouse B cells 4. CεGLT was weakly induced by APRIL+IL-4. CεGLT induction by LPS
+IL-4 was stronger and was slightly enhanced by APRIL. Cγ1GLT was induced by IL-4, but
was not consistently upregulated by addition of APRIL, 100 ng/ml LPS or both. APRIL+IL-4
induced AICDA as previously described 4. APRIL clearly synergized with 100 ng/ml LPS+IL-4
in inducing AICDA, mature Iμ-Cε transcripts and mature Iμ-Cγ1 transcripts. Expression of
Iμ-Cγ1 transcripts in APRIL+IL-4 stimulated B cells was only detected with increased number
of cycles of RT-PCR amplification (data not shown). Taken together the above data suggest
that APRIL synergizes with LPS in causing CSR.

APRIL strongly synergizes with LPS to induce plasma cell differentiation
Plasma cells secrete immunoglobulins at a high rate. We investigated whether APRIL
synergizes with LPS in the generation of cells that express syndecan-1/CD138, a marker for
plasmacytoid cells. Fig. 5A shows that there was few CD138+ cells in cultures stimulated with
APRIL, APRIL+IL-4 or 100 ng/ml LPS+IL-4. Addition of APRIL markedly increased (by ~4
fold) the percentage of CD138+ cells in cultures stimulated with 100 ng/ml LPS+IL-4 to a level
significantly higher than that induced by 10 μg/ml LPS+IL-4. APRIL also significantly
increased the percentage of CD138+ cells in cultures stimulated with 100 ng/ml LPS alone by
~ 2.5 fold (data not shown). The percentages shown are net percentages of positive cells.

Differentiation of B cells into CD138+ plasma cells correlates with increased expression of the
transcription factors Blimp-1 and IRF-4 28. We measured mRNA levels for Blimp-1 and IRF-4
in IL-4 stimulated cultures by Q-PCR. Fig. 5B shows that LPS (100 ng/ml) induced a 2.5 fold
increase in Blimp-1 mRNA levels, while APRIL had no detectable effect. However, APRIL
synergized with LPS (100 ng/ml) to cause a significant increase (~3 fold) in Blimp-1 mRNA
expression and to a lesser extent in IRF-4 mRNA expression. Blimp-1 and IRF-4 synergize to
induce XBP-1 splicing and plasma cell differentiation 28. Fig. 5B shows that APRIL
synergized with LPS (100ng/ml)+IL-4 to induce a significant increase (2.5 fold) in the
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expression of XBP-1(s) (spliced form of XBP-1). Taken together these results indicate that
APRIL strongly drives the plasma cell differentiation program in LPS stimulated B cells.

APRIL was recently shown to induce Bcl-XL expression in plasmacytoid cells and to be
important for their survival in vivo3. Mcl-1 has also been reported to be induced by APRIL
and to be important for plasma cell survival 12, 29. Addition of APRIL to LPS stimulated B
cells had no detectable effect on Bcl-xL expression by CD138+ cells as determined by
intracellular staining (Online repository material, Figure 2) or on Bcl-xL and Mcl-1 mRNA
expression as determined by Q-PCR (data not shown).

TACI deficient mice have impaired antibody response to immunization with a suboptimal
dose of TNP-LPS

Antigen specific B cells responding to the TI antigen TNP-LPS in vivo receive signals via
TLR4 and potentially via TACI from DC derived BAFF/APRIL. We reasoned that if TACI
ligation synergizes with TLR4 in driving the response of B cells to type I TI antigens in
vivo, TACI-/- mice could exhibit an impaired antibody response to a suboptimal dose of TNP-
LPS. Consistent with published data 13, initial experiments revealed that TACI-/- mice and
WT controls mounted comparable antibody responses to immunization with a dose of 50 μg
TNP-LPS (data not shown). We then examined the response of these mice to a suboptimal dose
of 10 μg TNP-LPS per mouse. Fig. 6 shows that TACI-/- mice had impaired IgM, IgA and IgG1
antibody responses to 10 μg of TNP-LPS compared to WT controls. TACI-/- mice immunized
with 10 μg TNP-LPS + 40 μg LPS similarly showed a significant defect in TNP specific IgM,
IgA and IgG1 antibody responses compared to WT mice (Online repository material, Figure
3). This suggests that TNP and LPS need to be physically linked for an optimal Ab response,
possibly because linking TNP to LPS focuses the LPS signal on TNP specific B cells. There
was no impairment of the IgG3 antibody response to this dose in TACI-/- mice. These results
suggest that TACI synergizes with TLR4 in driving the antibody response to suboptimal
amounts of type I TI antigen in vivo.

DISCUSSION
We demonstrate that TACI synergizes with TLR4 in enhancing immunoglobulin production
in vitro and promotes the antibody response to TI type I antigen in vivo.

APRIL synergized with suboptimal concentrations of LPS to enhance the production of all Ig
isotypes examined, which included IgM, IgA, IgG3, IgG1 and IgE (Fig. 1). For all these
isotypes, the amounts of immunoglobulin secreted in response to a suboptimal concentration
of LPS+APRIL were comparable to those induced by the maximal concentration of 10 μg/ml
LPS. There is both indirect and direct evidence that the effect of APRIL on LPS driven Ig
production was mediated via TACI. BCMA is poorly expressed, if any, by splenic B cells and
is not upregulated by LPS (18 and our unpublished observations). More importantly, APRIL
enhanced LPS driven Ig production in BCMA deficient B cells, but not in TACI deficient B
cells (Fig. 2). These observations argue against a role for BCMA or HSPGs, and for an exclusive
role of TACI in the synergistic effect of APRIL on LPS driven immunoglobulin production
by naïve B cells.

APRIL synergized with LPS in inducing B cell proliferation and survival, which may have
contributed to increased immunoglobulin production. The ability of APRIL to enhance the
survival of primary murine B cells activated by LPS is consistent with its ability to promote
increased viability of human B cells stimulated with anti-IgM antibodies 12 and of chronic
lymphocytic leukemia B cells 30, and is consistent with its anti-apoptotic effect on malignant
human B cells 31, 32, 33. CSR induced by LPS is dependent on proliferation 34. Given this
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fact that, it is likely that B-cell proliferation is necessary for enhanced Ig secretion by LPS
stimulated B cells upon addition of APRIL.

APRIL promoted isotype switching induced by LPS+IL-4 as evidenced by a significant
increase in the percentage and numbers of sIgG1+ cells (Fig. 4A). APRIL had minimal effect
on the expression of Cε and Cγ1 germ line transcripts induced by LPS+IL-4. However, it
strongly enhanced the expression of AICDA and of mature post switch Iμ-Cε and Iμ-Cγ1
transcripts (Fig. 4B). These results suggest that APRIL enhances LPS driven CSR by
upregulating AICDA expression. An additional effect on the viability of switched B cells is
possible.

The most striking effect of addition of APRIL to B cell cultures stimulated with suboptimal
concentration of LPS was an increase in the percentage of CD138+ cells which significantly
exceeded that observed in cultures stimulated with optimal concentrations of LPS (Fig. 5A).
The fact that B cells that differentiate more vigorously into plasmacytoid cells have less time
to proliferate may explain the observation that generation of CD138+ cells was more potently
enhanced than proliferation by addition of APRIL to LPS stimulated B cells. Since CD138+

cells produce large amounts of immunoglobulins compared to CD138- B cells, the increase in
CD138+ cells probably accounts for most of the increased immunoglobulin production in B
cell cultures stimulated with APRIL and LPS. Consistent with the increased percentages of
CD138+ cells, APRIL synergized with LPS (100 ng/ml) in inducing Blimp-1, and to a lesser
extent IRF-4, and in inducing increased expression of the spliced form of XBP-1 (Fig. 5B).
Thus, APRIL synergized with LPS in activating the plasma cell differentiation program. The
increase in plasmacytoid cells was not accompanied by a detectable increase in the expression
of Bcl-xL (Online repository material, Figure 2) or Mcl-1 expression (data not shown), two
factors that are important for plasma cell survival.

Synergy between TACI and TLR4 was demonstrated in vivo by the observation that TACI-/-

mice on Sv129xC57Bl6 background, which were used for all in vitro experiments, have
impaired IgM, IgA and IgG1 antibody responses to immunization with 10 μg TNP-LPS (Fig.
6), a dose five fold lower than the usual standard dose of 50 μg. These results were confirmed
in TACI-/- on C57Bl6 background suggesting that TACI may be required for an optimal
response to type I TI antigen. The equivalent dose of 10 μg TNP-LPS dose per mouse is 35
mg for a 70 kg man, a substantial dose of immunogen. The observation that the IgG3 response
of TACI-/- mice to 10 μg TNP-LPS was unaffected, simply reflect the higher sensitivity of
IgG3 isotype switching to LPS. Immunization of TACI-/- mice with doses of TNP-LPS lower
than 10 μg may uncover synergy between TACI and TLR4 in the in vivo IgG3 response to
type I TI antigen.

The present work shows that in addition to synergizing with CD40 and TLR9, TACI ligation
synergizes with TLR4 in driving Ig production by B cells 18, 22. Upregulation of TACI has
been invoked in the synergy of APRIL with CD40 and TLR9 in driving immunoglobulin
production. Similarly TACI upregulation by TLR4 may contribute to the synergy of APRIL
with LPS 18, 35. The mechanism by which TACI ligation enhances B cell activation by LPS
remains to be determined. TACI has been reported to activate the canonical NF-κB pathway
in B cell lines 30, 32. We were unable to detect NF-κB activation in primary B cells treated
with APRIL, as assessed by IκB phosphorylation, IκB degradation and p65 translocation in a
time course that spanned 5 min. to 12 hrs (data not shown). Furthermore, addition of APRIL
to LPS (100 ng/ml) caused no significant, enhancement of p65 nuclear translocation. In
addition, APRIL and LPS, alone or in combination, caused no detectable activation of the non-
canonical NF-κB pathway, as measured by nuclear appearance of p52 (data not shown). TACI
activates NF-AT via its interaction with CAML 36. It is possible that activation of the CAML
- NF-AT pathway by TACI may contribute to its synergy with LPS.
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Our data indicates that in addition to its ability to trigger isotype switching 4, 37, TACI plays
an important role in plasma cell differentiation of B cells. Furthermore, TACI was shown to
be important for the antibody response to suboptimal doses of type I antigen. It remains to be
established whether TACI promotes the differentiation of TLR stimulated human B cells into
plasma cells. Impairment of TACI driven plasmacytoid cell generation and Ig production by
B cells stimulated with the TLR ligands, may contribute to the low serum immunoglobulin
levels in CVID patients with TACI mutations.
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Figure 1. APRIL enhances LPS driven immunoglobulin production in naïve B cells
A. Effect of APRIL (1 μg/ml) on IgM (A-i), IgA (A-ii), IgG1 (B-i), IgE (B-ii), and IgG3 (C)
production by B cells stimulated with suboptimal concentrations of LPS. The right hand side
bars depict the amounts of immunoglobulins secreted in cultures stimulated with 10 μg/ml
LPS. Values represent mean±SD of at least 3 experiments. *p<0.05, **p<0.01, ***p<0.001.
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Figure 2. APRIL enhancement of LPS driven immunoglobulin production is dependent on TACI
Effect of APRIL (1 μg/ml) on IgM (A-i) and IgA (A-ii), IgG1 (B-i) and IgE (B-ii) production
by naïve B cells from TACI-/- mice, BCMA-/- mice and genetically matched WT controls.
Values represent mean±SD of at least 3 experiments. *p<0.05, **p<0.01.
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Figure 3. APRIL and LPS synergize to increase proliferation and survival of naïve B cells
A. Effect of APRIL on LPS driven proliferation of B cells in cultures without IL-4 (i) and with
IL-4 (ii). B. Effect of APRIL on the proliferation of B cells from TACI-/-, BCMA-/- and WT
mice in cultures without IL-4 (i) and with IL-4 (ii). C. FACS analysis of Annexin V and PI
staining of B cells cultured for 3 days. D. Pooled results of 3 survival experiments. *p<0.05,
**p<0.01.
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Figure 4. APRIL and LPS synergize to increase surface sIgG1 expression and to induce molecular
events involved in CSR in naïve B cells
A. Representative FACS analysis (i) and pooled results of 3 experiments (ii) of surface IgG1
expression in B cells stimulated for 6 days. *p<0.05, **p<0.01, ***p<0.001. B. Expression of
CeGLT, Iμ-Cε, Cγ1GLT, Iμ-Cγ1 and AICDA mRNA by RT-PCR in B cells stimulated for 4
days. Similar results were obtained in 3 independent experiments.
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Figure 5. APRIL synergizes with LPS+IL-4 to increase the surface CD138 expression and to induce
mRNA expression of Blimp-1, IRF-4 and the spliced form of XBP-1
A. Representative FACS analysis (i) and pooled results of 3 experiments (ii) of surface CD138
expression in B cells stimulated for 6 days. B. Q-PCR analysis of mRNA levels for Blimp-1
(i), IRF-4 (ii), and XBP-1(s) (iii) in B cells. *p<0.05, **p<0.01, ***p<0.001.
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Figure 6. Impaired antibody response to immunization with low dose TNP-LPS (10 μg/mouse) in
TACI-/- mice
IgG1 (A), IgA (B), IgM (C) and IgG3 (D) anti-TNP antibody levels of TACI-/- and WT are
shown. Results represent mean±SE of 9 mice. Dilution curves were compared by ANOVA.
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