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Abstract

BLyS (B lymphocyte stimulator) family cytokines and receptors play key roles in B-2 cell

maturation and survival, but their importance for B-1 cells remains less clear. Here we use

knockout mice to show that APRIL (A proliferation-inducing ligand), but not BLyS, plays a role

in peritoneal B-1 cell maintenance. APRIL likely exerts its effects on peritoneal B-1 cells through

binding to HSPG (heparan sulfate proteoglycans) rather than to the TACI (transmembrane

activator and cyclophilin ligand interactor) receptor. Finally, we show that peritoneal macrophages

express high levels of APRIL message, and are a likely local source of the cytokine in this

anatomic locale.
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1. Introduction

Cells of the two primary mammalian B cell lineages, B-1 and B-2, play distinct roles in

humoral immunity, reflecting intrinsic differences in their generation, BCR repertoire, and

anatomic distribution (reviewed in [1–3]). In accord with their barrier and housekeeping

roles, the B-1 receptor repertoire is less diverse and more similar to the germline compared

with the highly diversified B-2 repertoire [4,5]. Found primarily in serous fluids and

membranes, B-1 cells are constitutively activated [3,6–8] and produce so-called natural

antibodies, including some that recognize self-molecules, as well as those with specificities

for commensal and opportunistic bacteria [6,9]. In contrast, the numerically larger B-2 pool

is comprised of quiescent, recirculating cells that populate secondary lymphoid organs and

mediate inducible immune responses that entail the generation of long-lived plasma and

© 2014 Elsevier B.V. All rights reserved.
‡Corresponding author: Michael P. Cancro, Dept. of Pathology and Laboratory Medicine, 3620 Hamilton Walk, University of
Pennsylvania, Philadelphia, PA 19104-6082, Phone 215-898-8067, FAX 215-573-2350, cancro@mail.med.upenn.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Immunol Lett. Author manuscript; available in PMC 2015 August 01.

Published in final edited form as:
Immunol Lett. 2014 August ; 160(2): 120–127. doi:10.1016/j.imlet.2014.01.018.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



memory B cells [10]. Together, these differences suggest that B-1 and B-2 pools likely

occupy different homeostatic niches.

Members of the B lymphocyte stimulator (BLyS) family of cytokines and receptors play key

roles in the selection and homeostatic control of B-2 subsets including follicular (FO),

marginal zone (MZ) and germinal center B cells [11–18]. This family consists of two

cytokines, BLyS [a.k.a. B cell activating factor of the tumor-necrosis-factor family, or

BAFF] and a proliferation-inducing ligand (APRIL), as well as three receptors, BCMA,

TACI, and BR3.

Members of the BLyS family may also be important for homeostasis of the B-1 lineage,

though they may play more subtle roles. For example, peritoneal cavity (PerC) B-1 cells

express two of the three BLyS family receptors, as do PerC B-2 cells [19,20]. Nevertheless,

while mature pre-immune B-2 subsets are exquisitely sensitive to BLyS levels and require

BLyS-BLyS receptor 3 (BR3) signals in order to survive [14,16,21–24], splenic B-1 cell

numbers are modestly reduced upon BLyS neutralization, and PerC B-1 cells are unaffected

[25]. Conversely, BLyS transgenic mice have significantly increased numbers of mature

naïve B-2 cells, but normal [26] or modestly altered [27] numbers of peritoneal B-1 cells.

Together, these and other results argue against a required role for BLyS in PerC B-1 cell

homeostasis.

In contrast to this relative BLyS independence, increasing but incomplete evidence suggests

a major role for APRIL (A proliferation-inducing ligand) in PerC B-1 cell homeostasis. For

example, APRIL transgenic mice show an accumulation of B-1 cells in the PerC and

mediastinal lymph nodes [28], and anti-APRIL antibody treatment inhibits PerC B-1 cell

expansion in these animals [29]. However, one study reported comparable percentages of

PerC B-1a cells (B220+ CD5+) in wild-type and APRIL knockout mice [30]. Another study

involving a different APRIL knockout strain reported normal numbers of B cell subsets in

bone marrow, spleen, and lymph nodes, but did not examine peritoneal B-1 cells [31]. In

addition, there are conflicting reports on the effect of TACI fusion proteins, which should

neutralize both BLyS and APRIL, on B-1 subsets. Gross et al. found that the percentage of

PerC B-1 cells was moderately decreased in BALB/c mice treated with TACI-Ig, and

absolute numbers were significantly decreased in TACI-Ig transgenics (C57BL/6

background) [14]. In contrast, Schneider et al. observed no significant difference in the

percentage of peritoneal B-1a and B-1b subsets in TACI-Fc transgenic mice compared to

control littermates [32]. Taken together, these observations imply roles for both BLyS and

APRIL in B-1 cell homeostasis, with the relative importance of each cytokine dictated in

part by the local microenvironment. Alternatively, both cytokines may be required, but at

different points in B-1 cell maturation.

We undertook studies of PerC B-1 cells in order to clarify roles for BLyS and APRIL in B-1

B cell persistence in this anatomic compartment. Our findings suggest that APRIL, but not

BLyS, is important for PerC B-1 cell development or maintenance; but that the effects of

APRIL are not mediated by classical BLyS family receptors per se, but likely act via APRIL

binding to heparan sulfate proteoglycans (HSPG).
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2. Materials and Methods

2.1 Mice and peritoneal lavage

C57BL/6J mice were purchased from The Jackson Laboratory or the National Cancer

Institute. BLyS knockout [16], APRIL knockout [30], and BLyS/APRIL double knockout

strains are on a C57BL/6 background (≥10th generation) [33]. TACI knockout mice have

been previously described [34]. All animal handling procedures were approved by the

University of Pennsylvania’s Institutional Animal Care and Use Committee. Peritoneal cells

were isolated by lavage as described [35]; typical yields were in the range of 1.0 × 106 to 3.0

× 106 cells per adult wild-type mouse.

2.2 Flow cytometry

Antibodies or reagents reactive to the following antigens were used for flow cytometry:

B220 (clone RA3-6B2), IgM (clone 11/41), CD23 (clone B3B4), CD21/35 (clone 4E3),

BR3 (clone 7H22-E16), CD3ε (clone 145-2C11), all from eBioscience; CD19 (clone 1D3),

CD5 (clone 53-7.3), CD11b (clone M1-70), all from BD Pharmingen; TACI (clone 166010)

and BCMA (clone 161616) from R&D Systems); APRIL (clone A3D8) and Armenian

hamster isotype control (clone HTK888) from BioLegend. Data were collected on a BD

LSR II flow cytometer and analyzed with FlowJo software (TreeStar). Doublet exclusion

was performed by FSC/SSC width vs. height, and live/dead cell discrimination was assessed

with DAPI (Invitrogen). Peritoneal B-1a (B220+ IgM+ CD11b+ CD5+), B-1b (B220+ IgM+

CD11b+ CD5−), and B-2P (B220+ IgM+ CD11b− CD5−) cells were sorted with a FACS

Aria II™ (BD).

2.3 Quantitative polymerase chain reaction (qPCR) analysis

For gene expression analyses, RNA was extracted with the RNeasy kit (Qiagen) and

reverse-transcribed using SuperScript II Reverse Transcriptase (Invitrogen) following

manufacturer’s protocols. cDNA was amplified using TaqMan Universal Master Mix and

Taqman probes for various genes (Applied Biosystems). Real-time PCR was performed with

an ABI 7300 (Applied Biosystems). Relative expression was calculated using GAPDH

expression as an endogenous control for samples that were FACS sorted.

2.4 Heparinase-III treatment

Peritoneal cells were washed and resuspended in PBS at a density of 2–3×106/400 μl in 1.5-

mL Eppendorf tubes. 25 mU/ml Heparinase III (Sigma-Aldrich) was added and cells were

subsequently incubated with gentle shaking for 3 hours at 37°C. Control samples were

treated identically, but without the addition of enzyme. Cells were washed with PBS and

used for the APRIL binding assay.

2.5 APRIL binding assay

To detect APRIL binding on the surface of peritoneal B cell subsets, untreated or Heparinase

III-treated cells were incubated with 500 ng/ml of mouse MegaAPRIL (H-APRIL), delta

HSPG-APRIL (ΔH-APRIL), or human MegaAPRIL (ENZO Life Sciences) at 4°C for 30

minutes. When indicated, H-APRIL was pre-incubated with heparin (1ug/ml) for 15 minutes
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at room temperature prior to the cell-binding assay. Cells were washed with PBS twice,

stained with anti-APRIL antibody or isotype control, collected on a BD LSR II flow

cytometer, and analyzed with FlowJo software (Tree Star).

3. Results

3.1 APRIL, but not BLyS, is a mediator of B-1 cell development or maintenance in the
peritoneal cavity

Because of conflicting reports regarding B-1 persistence in transgenics for a fusion protein

that should neutralize both BLyS and APRIL [14,32], we began by treating 3–4 month old

C57BL/6 mice with 100 μg of human TACI-Fc [36] twice (days 0 and 4), and assessing the

effect on PerC and splenic B cell subsets at day 8 (Figure 1). We observed a significant (p ≤

0.05) decrease in PerC B-1a, B-1b and B-2 subsets in TACI-Fc-treated mice in comparison

to PBS-injected mice (Fig. 1A). As expected [14,32,36], there was a significant decrease in

splenic total, FO, and MZ B cells following TACI-Fc treatment due to its BLyS neutralizing

capacity (Fig. 1B).

To address the individual roles of BLyS and APRIL, we assessed B cells in BLyS knockout

(KO), APRIL knockout, and BLyS/APRIL double knockout (DKO) mice – all backcrossed

for > 10 generations to C57BL/6 [37]. Compared to wild-type (WT) mice, the number of

B-1 cells in the peritoneal cavity is significantly lower in APRIL KO and BLyS-APRIL

DKOs, but not the BLyS KOs (Fig. 1C, upper panel). Conversely, peritoneal B-2 (B-2P)

cells are significantly reduced in only the BLyS KO and BLyS-APRIL DKO mice (Fig. 1C,

lower panel), as are splenic FO (Fig. 1D) and MZ B cells (not shown). Together, these

results implicate APRIL, rather than BLyS, as a mediator of PerC B-1 B cell development or

maintenance.

3.2 TACI expression by peritoneal B-1a cells is elevated

We next examined BLyS family receptor expression on PerC B cell subsets to determine

whether the pattern is consistent with a role for APRIL in PerC B-1 cell homeostasis. BLyS

binds to all three of the BLyS family receptors, whereas APRIL binds to TACI and BCMA,

but not to BR3 (reviewed in [13]). PerC B-1 cells have been reported to express BR3 and

TACI, but not BCMA [19]; however, there are conflicting observations regarding the level

of TACI expression on peritoneal B-1 compared to splenic B-2 cells [19,20], and BLyS

receptor expression in different perC B cell subsets has neither been reported nor compared.

Accordingly, we examined expression of all three receptors by cell surface staining as well

as mRNA expression (Figure 2). BR3 is expressed on the surface at similar levels among

these three peritoneal subsets, whereas BCMA expression is barely detectable (Fig. 2A).

TACI expression by B-1a cells is significantly higher compared with B-1b or B-2P cells,

both in terms of surface protein (Fig. 2A, 2B) and mRNA transcript levels (Fig. 2C). Real-

time PCR analysis of BR3 and TACI expression in the three sorted subsets confirmed

surface receptor expression patterns (Fig. 2C). These data show that of the three BLyS

receptors, only TACI levels differ between peritoneal B-1a and B-1b subsets, and are

somewhat higher on B-1 cells than on B-2P cells. This is consistent with a role for APRIL in
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erC B-1a homeostasis, but does not rule out a role for B-1b or B-2P cells, and further

suggests the possibility of subtle differences between B-1a and B-1b subsets.

3.3 TACI is not required for peritoneal B-1 cell persistence

We next investigated whether APRIL may work through TACI to mediate homeostasis of

the peritoneal B-1 pool. TACI KO mice show increased activation and accumulation of

peripheral B cells as well as autoimmune phenomena, suggesting a negative regulatory role

for TACI among B-2 subsets [38,39], and there is one report of similar proportions of PerC

B-1 cells between TACI KO and WT littermates [34]. We compared absolute numbers of

peritoneal B-1 cell subsets between WT (C57BL/6) and TACI KO mice (C57BL/6

background) (Figure 2D) and found no differences for B-1a, B-1b, or B-2P subsets (Fig. 2E,

F). Consistent with previous findings [34,39], we found almost twice the WT numbers of

splenic FO and MZ subsets in TACI KO mice (not shown). These data show that despite

elevated TACI expression on B-1a cells, this receptor is dispensable for PerC B-1 cell

homeostasis.

3.4 HSPGs are a major binding partner for APRIL on all peritoneal B cell subsets

While our results indicate that APRIL is important for PerC B-1 cell development or

maintenance, it appears to depend on neither TACI nor BCMA to exert its effects. However,

heparan sulfate proteoglycans (HSPGs) are APRIL-specific binding partners, independent of

the TACI and BCMA receptors [40,41]. Furthermore, HSPG-mediated binding of APRIL is

essential for IgA production in collaboration with TACI [42], and plays a key role in plasma

cell survival [43]. The crystal structure of APRIL reveals that its proteoglycan-binding

domain is distinct from the TACI/BCMA binding site [41,44]. Accordingly, we employed

delta HSPG-APRIL (ΔH-APRIL), which lacks the HSPG binding domain but retains the

TACI/BCMA binding site, to assess APRIL binding among peritoneal B cell subsets (Figure

3). ΔH-APRIL binds to ~14% of peritoneal B-1a and B-1b cells and ~34% of B-2P cells

(Fig 3A). In contrast, H-APRIL, which contains binding sites for HSPG, TACI and BCMA,

binds to ~67% of peritoneal B-1a and B-1b cells and ~88% of B-2P cells (Fig 3A). H-

APRIL not only binds to a greater proportion of peritoneal B cells, but also shows increased

per-cell binding compared with ΔH-APRIL (Fig 3B).

To further examine the APRIL-HSPG interaction on peritoneal B cells, we used two

approaches to abrogate binding (Figure 4). First, we treated H-APRIL with heparin in order

to mask the N-terminal HSPG recognition domain [40,41] prior to incubation with

peritoneal B cells from WT and TACI KO mice. H-APRIL binding to B-1a cells of both

strains is markedly reduced when H-APRIL is pre-incubated with heparin (Fig. 4A). Similar

results were observed for peritoneal B-1b and B-2P cells from WT and TACI KO mice (not

shown). Our second approach was to pre-treat cells with Heparinase-III, which cleaves the

heparan sulfate side chains of HSPG [40,41], prior to incubation with H-APRIL. Binding is

again markedly decreased in all peritoneal subsets (Fig. 4B). Taken together, these results

indicate that HSPG, rather than TACI receptors, are a key binding partner for APRIL on

peritoneal B cell subsets.
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3.5 Macrophages are a major source of APRIL in the peritoneum

Both APRIL and BLyS re found as circulating soluble trimers and oligomers (for example,

[45]), but the question arises as to potential sources of these cytokines in the peritoneal

cavity. Macrophages and B cells comprise a significant proportion (≥ 80%) of peritoneal

cells [35]. Moreover, monocytes/macrophages are the principal source of APRIL in lymph

nodes [46]. We therefore sorted B-1a, B-1b, B-2P, and macrophages from the peritoneum

and examined BLyS and APRIL mRNA expression in each subset (Table I). Our results

suggest that macrophages are an abundant source of APRIL, but not BLyS, in the peritoneal

cavity. This is consistent with a role for APRIL, rather than BLyS, in modulating B cell

homeostasis in the peritoneum.

4. Discussion

These studies have employed genetic and biochemical approaches to analyze the roles of

BLyS family ligands and receptors in PerC B-1 cell homeostasis. The results indicate that

PerC B-1 cell numbers are maintained in large part by APRIL, rather than BLyS. However,

the effects of APRIL appear to be independent of either TACI or BCMA, and the bulk of

APRIL-binding to PerC B-1 cells depends on HSPGs. Finally, we show that macrophages

are likely a major source of APRIL in the PerC microenvironment. Together, these findings

indicate that the homeostatic control of B2 and PerC B1 cells are mediated by distinct BLyS

family members. Further, these findings help to reconcile the seemingly discrepant findings

that PerC B-1 cells are reduced in APRIL KO but not TACI KO mice.

Despite their critical roles in B2 lineage homeostasis, neither BLyS nor BR3 plays a major

role in PerC B1 production or maintenance. This has been evidenced by prior studies that

show no changes in B1 B cell numbers or turnover in BR3 mutant mice [21], as well as

insubstantial changes in peritoneal B1 cell numbers in BLyS transgenics, BLyS knockout

mice, or during BLyS-specific neutralization [25–27]. Conversely, previous studies of

APRIL-deficient mice [30,31,47] demonstrate that the development, maturation,

proportions, and numbers of all B2 subsets are normal. Thus, the BLyS-BR3 axis appears to

be unique and non-redundant in the control of primary B-2 cell numbers, selection, and

turnover.

In contrast, there is mounting evidence that B-1 cells occupy a separate and independently

controlled homeostatic niche, distinct from the B-2 compartment. This is consistent with the

different developmental pathways, BCR repertoires, and anatomic locations of cells of the

two lineages [48,49]. Here we provide evidence that APRIL-HSPG interactions play a

partial but significant role in peritoneal B-1 cell persistence. Regarding two prior reports of

APRIL knockouts, Varfolomeev et al. did not examine B-1 cells [31], whereas Castigli et al.

reported similar percentages of PerC B-1 cells in APRIL KO and wild-type littermate mice

[30]. One possible explanation for the discrepancy with our results is the typically low

cellularity of peritoneal lavage (see section 2.1), raising the possibility that differences in

absolute numbers of peritoneal B-1 cells would not be reflected in frequency plots. In

addition, the genetic background of the mice used for the earlier study was mixed (C57BL/6

and 129/Sv) [30], raising the possibility of variation in peritoneal B-1 numbers for both

knockouts and wild-type littermates. Castigli et al. [30] generously provided APRIL KO
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mice to one of the authors of this paper (W.S.), and the mice used here resulted from at least

10 backcrosses to strain C57BL/6 [37]. Our APRIL KO mice showed a significant reduction

in PerC B-1 numbers, and there was no further reduction in the BLyS/APRIL DKO mice,

indicating a major and non-redundant role for APRIL in PerC B-1 maintenance.

The apparent discrepancy between reduced B-1 numbers in our APRIL knockout mice, yet

normal B-1 numbers in TACI knockouts, is explained in part by our biochemical data

indicating that HSPG are the key APRIL binding partner on PerC B-1 cells (discussed

further below). Although B-2 cells can bind APRIL through both TACI and HSPG [40,41],

these associations do not appear to be critical to primary B cell homeostasis, since

developing and mature B-2 subsets remain normal in APRIL knockout mice (our results and

[30,31]).

Here we show for the first time that APRIL, likely through HSPG dependent events, plays a

role in peritoneal B-1 cell homeostasis. APRIL can bind to TACI, BCMA and HSPG

[36,41,50–52]. Of these, we find that BCMA is not expressed by peritoneal B-1 cells, and

TACI is neither required for B-1 cell maintenance nor for APRIL binding to B-1 cells.

Instead, HSPG are likely responsible for most APRIL binding. This suggests that HSPG

expression is important for peritoneal B-1 cell maintenance. Indeed, many previously

unappreciated roles for HSPG in B cell development and function are emerging. HSPG

expression is regulated during BM B cell development, and syndecan-1 (CD138) appears to

be a co-receptor for APRIL-mediated survival of normal and multiple myeloma plasma cells

(reviewed in [53]). In mice, there is evidence that the pro- to pre-B cell transition is

regulated by the HSPG sulfation pattern [54]; moreover, syndecan-1 expression

distinguishes BM progenitors for B-1a, B-1b, and B-2 lineages [43,55,56].

Our APRIL-deficient mice still have some B-1 cells in the peritoneal cavity, indicating that

alternative survival factors may act during peritoneal B-1 development, or are required for

persistence of an APRIL-independent feeder pool within this particular locale. Indeed, a

recent report shows that FcγRIIb regulates PerC B-1 survival, while BLyS rescues FcRIIb-

mediated apoptosis of peritoneal B-1 cells [57]. A subtle role for BLyS is indicated by our

prior study where BLyS neutralization led to a moderate (non-significant) reduction in

splenic but not peritoneal cavity B-1 cells [25]. Additional studies show that although BLyS

is not absolutely required for B-1 cell survival, it may somewhat augment B-1a cell numbers

in some anatomic locations, including spleen and lymph nodes as well as the peritoneal

cavity [16,26,27]. Although further work will be required to determine definitively whether

and how BLyS affects B-1 cell development or survival in various anatomic locales, there is

evidence that BLyS modulates peritoneal B-1 cell function: it acts via BR3 as a costimulator

of proliferation and activation in response to TLR9 ligands [19], and abrogates IL10-induced

downregulation of responses to TLR4 ligands [58].

If APRIL is important for PerC B-1 persistence, the question arises as to potential sources of

this cytokine. The APRIL knockouts previously mentioned have normal overall percentages

and numbers of T cells, as well as neutrophils, NK cells, and monocytes [30,31], with

increased effector/memory T cell numbers in one case [30]. All of these cell types have been

reported to express APRIL, with particularly high levels by macrophages [47,59,60]. Our
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work identifies macrophages as the likely source of most APRIL in the peritoneal cavity.

There is mounting evidence in both mice and humans that local, myeloid cell sources of

APRIL are key to plasma cell persistence in bone marrow, lymph nodes, and mucosal

tissues [11,46,61–63]. This suggests the possibility that antibody-secreting B-1 cells may

have similar requisites for establishment of a persistent survival niche.
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Abbreviations

APRIL A proliferation-inducing ligand

BCMA B cell maturation antigen

B-2P Cells of the B-2 lineage/phenotype from the peritoneal cavity

BLyS (BAFF) B lymphocyte stimulator (B-cell activating factor belonging to the TNF

family)

BR3 BLyS Receptor 3

DKO double knockout

HSPG heparan sulfate proteoglycans

KO knockout

PerC peritoneal cavity

TACI transmembrane activator and cyclophilin ligand interactor

WT wild-type
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Highlights

• APRIL, but not BLyS, mediates peritoneal B-1 cell maintenance

• TACI expression is elevated on B-1a cells, but is not required for B-1

persistence

• HSPG are a key binding partner for APRIL on all peritoneal B cell subsets

• Peritoneal macrophages may be a local source of APRIL
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Figure 1. APRIL, rather than BLyS, is a key mediator of B-1 development or persistence in the
murine peritoneal cavity
(A) C57BL/6 mice were treated with PBS or TACI-Fc (100 μg/mouse i.p.) on days 0 and 4

and analyzed on day 8. Upper panel shows flow cytometry gating strategy for identification

of peritoneal B-1a (IgM+B220+CD11b+CD5+), B-1b (IgM+B220+CD11b+CD5−), and B-2

(B-2P) (IgM+B220+CD11b−CD5−) subsets. Lower panels show absolute numbers of each

subset in the peritoneal cavity. (B) Gating strategy for identification of splenic B-2 cell

subsets (upper panel) and absolute numbers (lower panel) of total (B220+IgM+), follicular

(Fo) (B220+IgM+CD23+CD21lo/−), and marginal zone (MZ) (B220+IgM+CD23−CD21hi) B

cells in mice treated with PBS or TACI-Fc. (C) Absolute numbers of peritoneal cavity B-1

and B-2P cells in wild-type (WT) mice, BLyS or APRIL single knockout (KO) mice, and

BLyS-APRIL double knockouts (DKO). Gating strategy was as shown in A. (D) Absolute

numbers of FO B cells (B220+IgM+AA4.1−CD23+CD21lo/−) in spleens of mice indicated. *

= p < 0.05 by Student’s t-test.
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Figure 2. Peritoneal B-1a cells show elevated TACI expression compared to B-1b and B-2P cells
Subsets were gated as shown in Figure 1A and enriched by FACS. Surface stain histograms

(A) and mean fluorescence intensity (MFI) (B) for BLyS receptors on peritoneal B cell

subsets show similar expression levels for BR3, but elevated TACI expression on B-1a cells.

(B) shows average difference in MFI compared to isotype control. (C) Fold change

compared to universal murine RNA (= 1.0) for BR3 and TACI transcripts in sorted

peritoneal B cell subsets. Compared with wild-type (WT) C57BL/6 mice, TACI KO mice

show no surface TACI expression (open histograms) over isotype control (grey histograms)

for peritoneal B-1a (D), B-1b, or B-2P cells (not shown). Percentages (E) and absolute

numbers (F) of peritoneal B-1a, B-1b, and B-2P subsets are similar in WT and TACI KO

mice.

Sindhava et al. Page 15

Immunol Lett. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3. APRIL binds HSPG on all peritoneal B cell subsets
Peritoneal B cell subsets were gated as shown in Figure 1A, and cultured with either H-

APRIL, which contains binding sites for both HSPG and TACI/BCMA; or ΔH-APRIL,

which lacks the HSPG binding site. (A) Peritoneal B cells were incubated in medium alone

(---), medium plus ΔH-APRIL, or medium plus H-APRIL for 30 minutes at 4°C, then

washed and stained with anti-APRIL antibody. (B) Representative surface stain histograms

for subsets shown in (A), and stained with isotype control antibody (grey histogram) or anti-

APRIL antibody and previously incubated with ΔH-APRIL (grey line) or H-APRIL (black

line).
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Figure 4. HSPG, but not TACI receptors, are required for APRIL binding to peritoneal B cell
subsets
(A) Peritoneal B-1 cell from wild type (WT) C57BL/6 mice or TACI KO mice were

incubated in medium alone, medium plus H-APRIL, or heparin treated H-APRIL for 30

minutes at 4°C, then washed and stained with anti-APRIL antibody. B) Untreated or

heparinase-III treated WT peritoneal B-1 cells were incubated in medium alone or medium

plus H-APRIL for 30 minutes at 4°C, then washed and stained with anti-APRIL antibody.
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Table I

BLyS APRIL

Universal murine RNA 1.00 1.00

Peritoneal B-1a cellsa 0.02b 0.03b

Peritoneal B-1b cellsa 0.01b 0.04b

Peritoneal B-2P cellsa 0.03b 0.02b

Peritoneal macrophagesa 1.64b 8.26b

a
Peritoneal B cell subsets were gated as shown in Figure 1A, with peritoneal macrophages gated as B220− IgM− CD11bhi and enriched by FACS.

b
Numbers show fold change compared to universal murine RNA (= 1.0) for BLyS and APRIL transcripts in sorted peritoneal cell subsets.
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