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Introduction

Summary

Human CD32B (FcyRIIB), the low-affinity inhibitory Fcy receptor (FcyR),
is highly homologous in its extracellular domain to CD32A (FcyRIIA), an
activating FcyR. Available monoclonal antibodies (mAb) against the extra-
cellular region of CD32B recognize both receptors. Through immuni-
zation of mice transgenic for human CD32A, we generated a set of
antibodies specific for the extracellular region of CD32B with no cross-
reactivity with CD32A, as determined by enzyme-linked immunosorbent
assay and surface plasmon resonance with recombinant CD32A and
CD32B, and by fluorescence-activated cell sorting analysis of CD32 trans-
fectants. A high-affinity mAb, 2B6, was used to explore the expression of
CD32B by human peripheral blood leucocytes. While all B lymphocytes
expressed CD32B, only a fraction of monocytes and almost no polymor-
phonuclear cells stained with 2B6. Likewise, natural killer cells, which
express CD32C, a third CD32 variant, did not react with 2B6. Immune
complexes co-engage the inhibitory receptor with activating Fcy receptors,
a mechanism that limits cell responses. 2B6 competed for immune com-
plex binding to CD32B as a monomeric Fab, suggesting that it directly
recognizes the Fc-binding region of the receptor. Furthermore, when co-
ligated with an activating receptor, 2B6 triggered CD32B-mediated inhibi-
tory signalling, resulting in diminished release of inflammatory mediators
by FceRI in an in vitro allergy model or decreased proliferation of human
B cells induced by B-cell receptor stimulation. These antibodies form the
basis for the development of investigational tools and therapeutics with
multiple potential applications, ranging from adjuvants in FcyR-mediated
responses to the treatment of allergy and autoimmunity.

Keywords: Fcy receptors; CD32B (Fcy RIIB); CD32A (Fcy RITA); mono-
clonal antibodies; B lymphocytes

phagocytosis and the release of inflammatory media-
tors. Inhibitory signals, concomitantly triggered during

Immunoglobulin G Fc receptors (FcyRs) provide a crucial
link between the humoral and cellular immune responses.
Binding of antigen—antibody complexes to certain FcyRs
contributes to the reaction of the host against pathogens
by delivering activation signals that lead to endocytosis,

immune stimulation, coincide to prevent deleterious con-
sequences of unchecked cell activation. The low-affinity
Fcy-receptor IIB (FcyRIIB, CD32B) delivers such an
inhibitory signal and has emerged as one of the critical
regulatory receptors in immune homeostasis.'

Abbreviations: BCR, B-cell receptor; BSA, bovine serum albumin; Cy5, cyanine 5; ELISA, enzyme-linked immunosorbent assay;
FACS, fluorescence-activated cell sorting; FcyR, IgG Fc receptor; FcyRIIB, low-affinity Fcy-receptor IIB; FceRI, high-affinity
receptor for IgE; FITC, fluorescein isothiocyanate; GAH, goat anti-human; GAM, goat anti-mouse 1gG; IC, immune complex;
IgG, immunoglobulin G; ITAM, immunoreceptor tyrosine-based activation motif; mAb, monoclonal antibody; MFI,
mean-channel fluorescence intensity; NK, natural killer cells; PBS, phosphate-buffered saline; PCR, polymerase chain reaction;
PE, phycoerythrin; PMN, polymorphonuclear cells; SA, sodium azide.
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CD32B counterbalances cell activation by a whole
spectrum of activating receptors, including the high-
affinity FcyR, CD64 (FcyRI), the low-affinity FcyRs,
CD16A (FcyRIIIA) and CD32A (FcyRIIA),>® and the
high-affinity receptor for immunoglobulin E (IgE),
FceRL.*®> CD32B is coexpressed with activating Fc recep-
tors on monocytes, macrophages, basophils and mast
cells. CD32B is also expressed by B lymphocytes, the sole
FcyR expressed by these cells, where it functions by
countering B-cell receptor (BCR)-induced activation,®
evidence that the inhibitory properties of CD32B are not
limited to FcyRs. Mice deficient in CD32B show
enhanced antibody responses, including increased IgG-
and IgE-induced anaphylactic reactions,”™ hypersensitiv-
ity to collagen-induced arthritis,'® the spontaneous
development of lupus-like symptoms in C57BL/6
mice'™'? and an improved outcome to antibody-based
immunotherapy in tumour models."”” Furthermore, the
in vivo cell-depleting activity of monoclonal antibodies of
different IgG subclasses correlates with their differential
binding to the murine activating FcyRs compared to
CD32B."* CD32B appears also to mediate the anti-
inflammatory effect of high-dose intravenous immuno-
globulins in some murine models of autoimmune
disease, including nephrotoxic nephritis'> and KRN x
NOD immune complex (IC)-induced arthritis.'®'” In
immune thrombocytopenic purpura, the therapeutic
effects of intravenous immunoglobulins may be mediated,
at least in part, by an effect on CD32B expression'® in
addition to an effect on activating FcyR present on dend-
ritic cells.’® Taken together, these data demonstrate that
CD32B contributes to controlling both the threshold and
the extent of immune activation by maintaining immune
tolerance and preventing the emergence of autoimmune
disease."*’

In view of its critical homeostatic role, CD32B is a
promising target for therapeutic purposes. The high
degree of sequence similarity between human CD32B and
CD32A within their extracellular regions, however, has
been a formidable obstacle in the generation of antibodies
specific for the inhibitory receptor. In contrast to CD32B,
CD32A leads to cell activation via the immune tyrosine-
based activation motifs present in its cytoplasmic domain.
Of the anti-human CD32 monoclonal antibodies (mAbs)
previously described,”’ > one group reacts equally well
with both myeloid and lymphoid cells, indicative of
shared reactivity with both CD32A and CD32B. A second
group is strongly reactive with monocytes, macrophages
and neutrophils but only weakly with lymphocytes or
B-cell lines, an indication of the ability of these mAbs to
recognize exclusively or prevalently CD32A. We have suc-
ceeded in generating a panel of mAbs exhibiting specific
recognition of human CD32B with no cross-reactivity
with CD32A and used them to characterize CD32B
expression by peripheral blood human leucocytes. A sub-
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set of these antibodies was functionally characterized for
their ability to prevent IC binding to CD32B or to induce
an inhibitory signal.

Materials and methods

Antibodies

Commercially available anti-CD32 antibodies were
obtained from the following vendors: FLI8.26 from
Research Diagnostics; Flanders, NJ, and KB61 from Accu-
rate Chemical; Westbury, NY. The anti-CD32A antibody,
IV.3 (IgG2b, k), was derived from the corresponding
hybridoma [American Type Culture Collection (ATCC),
Manassas, VA] and purified from conditioned media.
Mouse IgGl and IgG2b isotype control mAbs were pur-
chased from BD Bioscience-Pharmingen (San Diego, CA)
and the F(ab’), fragment of an Fc-fragment-specific, goat
anti-mouse (GAM) IgG, was obtained from Jackson
Laboratories (West Grove, PA).

Human samples and cell lines

Human whole blood was collected in heparin from
healthy donors (BRT Laboratory, Baltimore, MD and
Research Blood Component, L.L.C., Brighton, MA).
Human B lymphoblastoid cell lines, Daudi and Raji, and
the human monocytic cell line, U-937, were maintained
in RPMI-1640 supplemented with 10% fetal calf serum,
2 mm L-glutamine, 100 IU/ml penicillin, 100 pg/ml strepto-
mycin and 1 mm sodium pyruvate. Human embryonic
kidney cell line 293-HEK, Chinese hamster ovary line,
CHO-K1, and rat basophilic RBL-2H3 cell line (ATCC)
were maintained in Dulbecco’s modified Eagle’s minimal
essential medium (DMEM; Invitrogen, Carlsbad, CA)
supplemented as for RPMI-1640. The 293-HEK (293H,
Invitrogen), CHO-K1 and RBL-2H3 cells were transfected
using Lipofectamine 2000 (Invitrogen), as described by
the manufacturer. Transfectants expressing the recombin-
ant receptors were cultured in DMEM containing 10%
fetal calf serum and G418 (BioSource, Camarillo, CA).

Genotyping

The CD32A-H/H"', CD32A-R/R"' and CD32A-H/R"!
genotype of each donor was determined by DNA
sequence analysis using a sequence-specific forward pri-
mer (5-TGTAAAACGACGGCCAGA-TGGAAAATCCCA
GAAATTC-3') and reverse primer (5-CAGGAAACAGC
TATG-ACCCTTGGACAGTGATGGTCACAG-3'). Sequen-
cing reactions were run and analysed on an automated
sequencer (ABI3100, Applied BioSystems, Foster City, CA).

Fc-receptor cDNAs encoding the human CD32A-R"!
and CD32B, have been described elsewhere.”* The full-
length coding region of the CD32B; gene was isolated as
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an EcoRI fragment and cloned into the polylinker of the
pClneo expression vector (Promega, Madison, WI). Plas-
mids expressing the soluble forms of either CD32A-R"!
or CD32B; were constructed by ligation of an EcoRI-NotI
fragment encoding the receptor’s extracellular domain
(180 amino acids) into pcDNA3 (Invitrogen). Soluble
recombinant CD32A-R"" or CD32B, present in the con-
ditioned media of 293H transfectants were purified by
affinity chromatography on human IgG, resulting in a
product homogeneity of >95%. Concentration was deter-
mined by measurement of optical density at 280 nm
(ODyg9) and homogeneity was determined by sodium
dodecyl sulphate—polyacrylamide gel electrophoresis.

The CD32B;-Fc (sFcRIIb-G2) gene was constructed by
amplifying the extracellular region of human CD32B,,
including the signal sequence, from a ¢cDNA clone fol-
lowed by joining it to the hinge-CH2-CH3 domains of
human IgG2 by overlapping polymerase chain reaction
(PCR). The resulting fragment was cloned into pCIneo as
a Nhel-EcoRI fragment. The single glycosylation site in
the IgG2 Fc was eliminated by site-directed mutagenesis
of Asn297 to Gln using the Quick Change kit (Stratagene,
La Jolla, CA). The resulting expression plasmid was then
transfected into 293H cells and a stable expression cell
line was obtained. Cultures of this cell line were expanded
and the conditioned medium was used for purification.
Purification was accomplished as described above.

Generation of mAbs and antibody engineering

Monoclonal antibodies against human CD32B were gen-
erated by immunizing mice transgenic for human
FCGR2A* (kindly provided by Dr Jeffrey V. Ravetch,
Rockefeller University, New York) with the soluble extra-
cellular domain of recombinant human CD32B;. A & G
Pharmaceutical (Baltimore, MD) performed immuniza-
tions and fusions. Briefly, three female mice (4-7 weeks
old) were immunized multiple times and tail-bleeds were
screened by enzyme-linked immunosorbent assay (ELISA)
against the antigen. Harvested splenocytes were fused
to SP2/0 mouse myeloma cells and supernatants were
harvested 14 days post-fusion and screened for antibody
production. Antibody-positive fusions were analysed for
binding using an antigen-specific ELISA assay (see below).
A Clonotyping System/AP kit was used for immuno-
globulin isotyping assay according to the manufacturer’s
instructions (Southern Biotechnology, Birmingham, AL).
The anti-fluorescein chimeric mAb, 4-4-20 (ch4-4-20),
was constructed by fusing the murine 4-4-20 Vy region
to a signal peptide and a human Cyl constant region by
overlapping PCR. To facilitate cloning, a Sacl site was
introduced into the Vy-Cyl junction sequence. To con-
struct the ch4-4-20 light-chain gene, the murine 4-4-20
VL segment was fused to both a signal sequence and
a human CK constant region using overlapping PCR

394

amplification. Heavy-chain and light-chain plasmids were
cotransfected into 293H cells for antibody expression.

ELISA

For direct binding ELISA, MaxiSorp Immunoplates (Nalge
Nunc International, Rochester, NY) were coated with
50 ng/well of CD32A-R"' or CD32B, soluble receptors.
Plates were washed with phosphate-buffered saline (PBS)
containing 0-1% Tween-20 (PBS-T), blocked for 1 hr
with PBS containing 1% bovine serum albumin (BSA),
then 10-fold dilutions of the purified antibodies were
incubated for 1 hr at room temperature. Bound anti-
bodies were detected with GAM horseradish peroxidase-
conjugated secondary antibody at a 1:10 000 dilution
(Jackson Immunoresearch, West Grove, PA.). The colori-
metric reaction was developed with 3,3',5,5-tetramethyl-
benzidine (TMB) peroxidase substrate and absorbance
was measured at 650 nm using a Versan,, microplate
reader (Molecular Devices, Sunnyvale, CA).

Flow cytometric analysis

Indirect immunofluorescence analysis was performed
similarly for all cells. Briefly, cells were incubated with
primary mAb for 1 hr at 4° in PBS containing 1% BSA,
fraction V (PBS-BSA; Sigma-Aldrich, St Louis, MO) and
0-1% sodium azide (SA) followed by a cyanine 5 (Cy5)-
conjugated F(ab’), GAM (Jackson Immunoresearch) using
the concentrations indicated in the figure legends.

Peripheral blood leucocytes from healthy donors were
stained with fluorescein isothiocyanate-(FITC)-conjugated
KB61 (KB61-FITC; Accurate Chemical, Westbury, NY),
2B6-FITC (2 pg/ml) or 2B6 (0-2 pg/ml) plus Cy5-F(ab’),
GAM. CD20-FITC or phycoerythrin (PE)-conjugated
CD20, CD3-FITC, CD56-FITC or CD56-PE, CD14-FITC
and CD16-FITC (BD Bioscience-Pharmingen, San Diego,
CA) mAbs were used to define the lymphocyte subpopu-
lations. In all assays, 5000 cultured cells or 10 000 periph-
eral blood leucocytes were analysed on a FACScalibur
(Becton-Dickinson, San Diego, CA). To measure IC bind-
ing, CD32B,;-transduced CHO-K1 cells were incubated
with 5 pg/ml mAb in PBS-BSA, followed by one wash
with PBS-BSA and incubation with 9 pg/ml heat-aggre-
gated human IgG in PBS-BSA. After a second wash,
cells were incubated with FITC-conjugated F(ab'), goat
anti-human (GAH) IgG (Jackson Immunoresearch) and
analysed by flow cytometry.

Surface plasmon resonance

Antibody binding to CD32A-R"' or CD32B, was ana-
lysed by surface plasmon resonance using a BIAcore 3000
biosensor (Biacore AB, Uppsala, Sweden) as previously
described.*®
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Competition ELISA

Analysis of IgG-FcR binding was performed by using IC
formed with ch4-4-20 and FITC-conjugated S-protein
(Novagen, San Diego, CA). MaxiSorp Immunoplates were
coated with S-protein-FITC (50 pl/well), blocked with
PBS containing 0-1% Tween-20 and 0-5% BSA (PBS/
T-BSA) for 30 min at room temperature, and followed by
addition of 50 pl (1 pg/ml) ch4-4-20 in PBS/T-BSA to
each well to form ICs. CD32B mAb, Fab fragments of
CD32B mAb, or isotype controls were titrated in PBS/
T-BSA at the concentrations indicated, mixed with an
equal volume of 0-5 pg/ml CD32B;-Fc in PBS/T-BSA,
and transferred to the IC-containing 96-well plate for
incubation. Plates were washed and incubated with a bio-
tin-conjugated, Fc-specific mouse anti-human IgG2 mAb
(Calbiochem, San Diego, CA) followed by horseradish
peroxidase-conjugated streptavidin (Amersham Pharmacia
Biotech, UK). Plates were developed and assayed as previ-
ously described for the ELISA.

p-hexosaminidase release assay

Transfected RBL-2H3 cells were resuspended in fresh
medium containing 0-01 pg/ml murine anti-dinitrophenyl
(DNP) IgE mAb (Serotec Inc., Raleigh, NC) and dis-
pensed in a 96-well plate at a concentration of
2 x 10* cells/well for overnight incubation at 37° in the
presence of 5% CO,. Cells were washed twice with PBS
and re-suspended with pre-warmed release buffer (HEPES
10 mM, NaCl 137 mm, KCl 2-7 mM, sodium phosphate
monobasic 0-4 muM, glucose 5-6 mm, calcium chloride
1-8 myM, magnesium sulphate 1-3 mm and 0-04% BSA,
pH 7-4). Washed cells were treated at 37° for 1 hr with
either 3 pg/ml anti-CD32B mAb or a murine IgG1 iso-
type control followed by serial dilutions (0-03 pg/ml to
30 pg/ml) F(ab’), fragment of GAM (Jackson Immuno-
research). The reaction was stopped after 30 min by placing
the cells on ice. To measure the released enzyme, 50 pl
supernatant was removed from each well, while total
enzyme content was determined from osmotically lysed
cells. Supernatants and cell lysates were incubated with
p-nitrophenyl-N-acetyl-B-p-glucosaminide (5 mm) for
90 min, the reaction was stopped with glycine (0-1 m,
pH 10-4), and the absorbance at 405 nm was measured
after 3 min. The percentage of B-hexosaminidase released
was calculated as follows: (supernatant)/(supernatant +
cell lysates).

B-cell purification and proliferation assay

Peripheral blood mononuclear cells were separated by a
Ficoll/Paque Plus (Amersham Pharmacia Biotech, UK)
gradient method using blood from healthy donors. B
lymphocytes were isolated using a Dynal B Cell Negative
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Isolation Kit (Dynal Biotechnology Inc., NY) following
the manufacturer’s instructions. The purity of the isolated
B cells (CD20") was greater than 95% as estimated by
fluorescence-activated cell sorting (FACS) analysis. For
the proliferation assay, purified B cells were seeded in
complete RPMI-1640 medium in flat-bottomed 96-well
microtitre plates at a cell density of 1 x 10> cells per well
in a final volume of 200 pl and incubated for 48 hr in
the presence or absence of antibodies at 37° in 5% CO,.
Then, 1 pCi/well [3H]thymidine (Perkin Elmer, Wellesley,
MA) was added and the incubation was continued for
an additional 16-18 hr before harvesting. Incorporation
of [’H]thymidine was measured by liquid scintillation
counting.

Results

Generation of murine mAbs directed against the
extracellular domain of human CD32B

The extracellular regions of CD32A and CD32B differ in
only a few amino acids (Fig. 1). While several differences
are scattered throughout the whole molecule, some cluster
between amino acids 127 and 135. This region is partic-
ularly relevant because allelic variations in the fcgr2a gene
generate molecules that differ in the amino acid corres-
ponding to position 131.>* While CD32B displays an
invariant arginine (R) in this position, two polymorphic
variants displaying either histidine (H) or arginine in
position 131 have been described for CD32A. To improve
the probability of generating mAbs capable of discrimin-
ating CD32B from its closest CD32A variant, mice trans-
genic for human CD32A-R"',* and hence tolerant to
this receptor, were immunized with the extracellular 180-
amino acid domain of human CD32B. Splenocytes from
three mice were isolated, fused with SP2/0 mouse myel-
oma cells, and the resulting hybridomas were tested for
their differential ability to bind the inhibitory and activa-
ting receptors in direct-binding ELISA using soluble
monomeric forms of either CD32B or CD32A-R"'. Sev-
eral clones reacted with CD32B at high titres with no or
marginal reactivity with CD32A-R"' (Fig. 2). In contrast,
a pan-CD32 antibody, FLI8.26, recognized either form of
the receptor, while a CD32A-specific antibody, IV.3, reac-
ted with CD32A-R"" exclusively, confirming the specifici-
ty of the ELISA. Isotype analysis showed that six of the
anti-CD32B clones (designated 2D11, 1D5, 1F2, 2E1, 3H7
and 2B6) were murine IgG1(x), while a single clone, 2H9,
was a murine IgG2a(x).

Antigen binding of the antibodies was further analysed
by surface plasmon resonance. The antibodies of interest
or isotype-matched controls were captured on the surface
with an immobilized F(ab’), fragment of an Fc-specific
GAM and soluble monomeric forms of either human
CD32A-R"' or CD32B were injected at a constant flow
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Figure 2. Anti-CD32B mAb binding to human CD32A and CD32B ELISA. Plates coated with either soluble CD32A-R'*' (A) or CD32B (#)
were used to analyse binding of the different antibodies. A pan-CD32 mAb, FLI8.26, and a CD32A-specific mAb, IV.3, were used as controls.

rate to monitor the interaction between the receptors and
the captured antibodies in real time. All mAbs showed
binding to CD32B in the absence of detectable interaction
with CD32A (Table 1 and data not shown). Two com-
mercial anti-huCD32 antibodies, KB61 and FLIS8.26,
bound both receptors. Clones 2B6 and 3H7 showed the
highest affinity for CD32B (Table 1), consistent with the
ELISA data. Although 2B6 and 3H7 have similar affinity
constants (Kp), they differ in their kinetic parameters,
with clone 2B6 demonstrating faster association (k,) and
dissociation rates (kq) compared to 3H7.
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Discrimination of cell-surface-expressed CD32B
from CD32A

To document further the ability of the antibodies to dis-
criminate CD32B from CD32A, human embryonic kidney
(293-HEK) were transfected with expression vectors enco-
ding human CD32A-R"' or CD32B. Clones expressing
similar receptor levels were selected by FACS analysis
with the pan-anti-CD32 antibody, FLI.826. While none of
the antibodies recognized the CD32A-R"' transfectants,
all mAbs stained the inhibitory receptor expressed in

© 2007 Blackwell Publishing Ltd, Immunology, 121, 392-404



Human CD32B-specific monoclonal antibodies

Table 1. Kinetic constants of monoclonal antibodies (mAbs) directed against the extracellular domains of CD32B!

CD32B CD32A-R™!
mAb k, (x 107°/m/s) kq (x 10%s) Kp (nm) ky (x 107°/m/s) kq (x 10%/s) Kp (nm)
2B6 26-1 £ 12-4 69 £ 09 0-3 £0-1 ND ND ND
3H7 3-8 £ 04 2:2+03 06 £ 0-1 ND ND ND
1F2 2.7 (2-4-3-0) 335 (300-370) 123 (122-124) ND ND ND
FLI8-26 12:9 (9-5-16-3) 178 (150-206) 14-3 (12:6-16-0) 10-5 (5-4-15-6) 31 (22-40) 3.3 (2:5-4-2)
KB61 13-9 (13-2-14-7) 82 (80-84) 59 (6-4-54) 11-5 (11-1-12-0) 220 (212-228) 19 (19-0-19-1)

'Surface plasmon resonance was used to determine the kinetic constants for CD32 binding of 2B6, 3H7 and 1F2. The pan-CD32 mAbs, FLI8.26
and KB61, were used for comparison. Binding experiments were performed using receptor concentrations of 0, 3-13, 6-25, 12-5, 25, 50 and
100 nm. For 2B6 and 3H7, data shown are averages +standard deviation of three or more independent determinations. All other evaluations
were obtained from two independent experiments; shown are the average values and, between parentheses, individual data. ND = no detectable

binding.
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Figure 3. Binding of anti-CD32B mAbs to human CD32A and CD32B cell transfectants. 293H cells stably transfected with either full-length
CD32A-R"' or CD32B were incubated with 5 pg/ml 1F2, 2D11, 3H7, 2E1, 1D5, 2D11, or FLI8.26 or 1 pg/ml 2B6 in the presence of 10% human
serum. Binding was detected by F(ab’), fragments of Cy5-GAM and FACS analysis. Plots show relative level of staining as MFI (x-axis) versus
the number of events recorded (y-axis). Staining by the anti-CD32 mAb (filled histograms) is overlaid with that of the corresponding isotype
controls (solid line).

293-HEK cells (Fig. 3). All antibodies also reacted with to express low levels of both CD32B and CD32A
the human Burkitt’s lymphoma-derived lymphoblastoid (Table 2). These data show that the antibody panel specif-
lines, Daudi and Raji, cells known to express high levels ically recognized CD32B with no apparent cross-reactivity
of CD32B (Table 2). A subset of antibodies weakly with CD32A.

stained the monocytic cell line, U-937,%” which is known

CD32B expression by human peripheral blood
Table 2. FACS analysis of CD32-positive human cell lines' P Y perp

leucocytes

mAb Raji Daudi U-937 Having established that the antibody panel reacted specif-
2B6 - ot N ically with CD32B, we selected 2B6, the clone with the
347 ++ T+ + highest affinity, to investigate the expression of the inhi-
1F2 + 4 + 4 0 bitory receptor by peripheral blood human leucocytes.
2E1 ++ ++ + Initial analysis was performed by dual-colour indirect
1D5 ++ ++ + immunofluorescence analysis on peripheral blood leuco-
2D11 ++ ++ 0 cytes from 19 normal donors. Figure 4(a) shows FACS
2H9 ++ +t+ 0 plots from two representative donors homozygous for
FLI8-26 +4+ +4 +

either alloform of CD32A, while Fig. 4(b) shows a sum-
mary of 2B6 staining of B and T cells from all 19 donors.

'Cells were incubated with saturating concentrations of the indicated . ; :
monoclonal antibody (mAb) followed by detection with F(ab’), frag- The data confirmed CD32B €xpression on all c1rculat1ng

+ : : +
ments of Cy5-GAM. Background fluorescence was detected by using CD20" B lymphocytes and a variable fraction of CD14
the respective mouse isotype controls. 0, undetectable; + to ++ + monocytes, while all other leucocytes were consistently
indicate increasing mean fluorescence intensity. negative.
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Figure 4. CD32 expression by peripheral blood leucocytes from healthy donors. (a) Representative 2B6 staining of peripheral blood leucocytes
(PBL) from CD32A-H/H"' and CD32A-R/R"*' homozygous normal donors. Immunofluorescence analysis of PBL was performed using CD20-
FITC, CD3-FITC, CD56-FITC, CD14-FITC and CD16-FITC mAbs to define specific cell populations. Detection of 2B6 was performed by indirect
immunofluorescence using Cy5-conjugated GAM F(ab'),. (b) B lymphocytes (CD20-positive cells) and T lymphocytes (CD3-positive cells) from
19 healthy donors were stained with murine 2B6 by indirect immunofluorescence as described in (a). The scatter plot shows the percentages of
CD32B-positive cells of each donor defined as the population above the threshold established by an isotype-matched control antibody. The black
line indicates the median value. (c) CD32 and CD32B-specific staining of PBL from 48 healthy donors by direct immunofluorescence using
KB61-FITC (top left panel) or 2B6-FITC (top right panel). In this analysis, PMN cells and monocytes were identified using forward and side
scatter. B lymphocytes and NK cells were identified by staining with CD20-PE or CD56-PE, respectively. Scatter plots show the percentages of
CD32 positive cells in each individual, defined as the population above the threshold established by isotype-matched control antibodies. The bot-
tom panel shows a comparison of B-lymphocyte and monocyte MFI values for 2B6 staining. The MFI value shown is the value of the experimen-
tal sample after subtraction of the value of the isotype-matched control mAb in the same gate. In all panels, the black line indicates the median
value. (d) FACS plots of four representative donors from the 48 donors summarized in (c). FACS histograms illustrate staining using mIgG1-
FITC (filled) or 2B6-FITC (bold line).

To investigate further CD32B expression by peripheral intensity (MFI) to that of B lymphocytes (Fig. 4c, bottom
blood leucocytes, 48 additional subjects were analysed by panel and Fig. 4d, which show FACS histograms from

direct immunofluorescence with FITC-conjugated 2B6 four subjects representative of the monocyte reactivity
and the FITC-conjugated pan-CD32 mAb, KB61. All B spectrum). These data confirmed that all circulating
cells, monocytes and polymorphonuclear (PMN) cells monocytes expressed CD32A, but only a fraction, variable
reacted with KB61 (Fig. 4c, top left panel). While all B from subject to subject, appeared to express CD32B based
lymphocytes reacted with 2B6 as well, monocytes showed on 2B6 reactivity.

variable 2B6 staining, ranging from near 0 to ~60% of Natural killer (NK) cells from approximately 50% of
the population, with a median value of ~20% (Fig. 4c, normal individuals have been shown to react to various
top right panel). Furthermore, even when positive for degrees with KB61.*?° This property has been attributed
CD32B, receptor density on the monocytes was low, as to the expression of CD32C, a molecule resulting from a
judged by comparing their mean-channel fluorescence crossover between fcgr2a and fcgr2b, whose extracellular
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domain is expected to be identical to that of CD32B.%**°

Staining of NK cells with KB61 from the 48 normal
donors analysed confirmed these previous findings,***’
with a fraction of the subjects being positive for the anti-
body (Fig. 4c, top left panel). None of the donors, how-
ever, showed staining of NK cells with 2B6 (Fig. 4c, top
right panel) or 3H7 (data not shown), suggesting that
these antibodies recognize different molecules or different
forms of the receptor. Similarly, no donor showed 2B6-
positive PMN cells, while strong staining of PMN cells
was observed with KB61 in all subjects.

The high level of expression of CD32A by monocytes
and PMN cells makes them ideal populations to analyse
the possible contribution of the CD32A alloforms to 2B6
binding. Owing to its invariant arginine in position 131,
CD32B shows increased homology to CD32A-R'*' than
CD32A-H"". Since residue 131 is located in the binding
domain of either receptor (a region targeted by 2B6, as
examined below), it is possible that the amino acid in
position 131 of CD32A will have an impact on the cross-
reactivity of 2B6 with this receptor. Furthermore, because
131 polymorphism also affects CD32A binding to the
IgG Fc, it is also theoretically possible that Fc-CD32A
engagement will contribute to 2B6 binding via its Fc
domain rather than the paratope. Genotyping data were
obtained for 46 of the 48 healthy donors analysed above
in Fig. 4(c). When the data were compiled based on the
homozygous and heterozygous genotype categories, both
KB61 and 2B6 staining of B cells, monocytes, and PMN
cells were unaffected by the CD32A polymorphism
(Table 3). Therefore, 2B6 binding was independent of
CD32A expression.

Table 3. The reactivity of B cells, monocytes and polymorphonu-
clear (PMN) cells with KB61 or 2B6 is independent of the alloform
of CD32A!

B cells Monocytes PMN cells

CD32A-R/R"! (n = 18)

KB61 99 + 1 98 + 2 99 + 1
2B6 95 + 4 21 + 18 4+4
CD32A-H/H"! (n = 8)

KB61 97 +3 97 + 1 99 + 1
2B6 94 + 4 26 + 14 4+
CD32A-H/R”! (n = 20)

KB61 99 + 1 97 + 2 99 + 1
2B6 95 + 3 21+ 15 4+5

"Forty-six of the 48 healthy donors shown in Fig. 4(c) were geno-
typed for 131 polymorphism of CD32A as described in the Materials
and Methods. B lymphocytes were defined by costaining with anti-
CD20-PE while monocytes and PMN cells were identified by using
FSC versus SSC plots. Cells were stained with either KB61-FITC or
2B6-FITC and threshold levels were determined by staining cells
with an isotype-matched, FITC-labelled control mAb (mlIgGl-
FITC). The percentage of CD32-positive cells (+ SD) in each gate is
indicated.
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The anti-CD32B clone, 2B6, blocks immune complex
binding to CD32B

Since the IC interaction with CD32B delivers a negative
signal, antibodies capable of selectively blocking this
receptor may have useful investigational properties and
potential clinical applications. A competition ELISA with
immobilized IC and a soluble dimeric CD32B IgG2 fusion
protein (sCD32B-Fc) was used to characterize the ability
of the antibodies to block IC binding to human CD32B.
The Fc domain of IgG2 was selected as a fusion partner
to eliminate the potential formation of CD32B-Fc conca-
tamers, because this Fc does not efficiently bind human
FcyR. The Fc domain was further engineered with a
mutation in Asn297 (N297Q), a glycosylation site, to
reduce residual FcyR binding further. The IC were con-
structed by using plate-immobilized S-protein-FITC com-
plexed with ch4-4-20, a chimeric mAb directed against
fluorescein. A saturating concentration of sCD32B-Fc was
incubated with the preformed immobilized IC in the
presence of competing concentrations of anti-CD32B
mAb or isotype-matched controls. Bound sCD32B-Fc was
detected with a biotin-conjugated mouse anti-human
IgG2 mAD, as illustrated in Fig. 5(a).

Of the anti-CD32B antibodies, only 2B6 and 3H7
effectively competed for IC binding to the sCD32B-Fc
fusion protein (Fig. 5b) when used as whole molecule.
The only IgG2a mAb, 2H9, showed a modest effect com-
pared to its isotype-matched control antibody, but only
at the highest concentration tested (Fig. 5¢). All remain-
ing mAbs were indistinguishable from the murine isotype
control (Fig. 5b).

To exclude Fc—CD32B interactions as a contributing
mechanism to 2B6 or 3H7 competition, monomeric Fab
fragments of the two antibodies were generated. Either
Fab fragment bound sCD32B-Fc with similar potency in a
direct binding ELISA (Fig. 5d), albeit 2B6 Fab binding
was reduced with respect to that of the corresponding
whole molecule. In IC competition, however, only the
Fab fragment of 2B6 blocked IC binding (Fig. 5e), indica-
ting that the mAb itself recognized a region within the
Fc binding site of CD32B. The Fab fragment of 3H7 was
unable to compete for IC binding, suggesting that 3H7
recognizes an epitope different from that recognized by
2B6 and distinct from the Fc-binding site of CD32B
(Fig. 5e). Therefore, the results observed with the whole
3H7 mAb were probably the result of its Fc competing
for the receptor.

The ability of 2B6 to block the IC interaction with the
inhibitory receptor expressed on the cell surface was
investigated in CHO-KI cells transduced with CD32B
and compared to that of 2H9 and 3H7. The two mAbs
and their isotype controls were incubated with the
CHO-CD32B cell line, followed by aggregated human IgG
and F(ab’), fragment of an FITC-conjugated GAH IgG to
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Figure 5. Inhibition of immune complex binding by anti-CD32B antibodies. (a) Diagram illustrating the experimental set-up of the competition
ELISA. (b,c) CD32B-specific mAb were tested for their ability to block IC binding to sCD32B-Fc in a competition ELISA. Each plot compares
the binding to the corresponding isotype-matched control mAb. (d) Binding of 2B6, 3H7 or their corresponding Fab fragments to sCD32B-Fc in

a direct binding ELISA. Bound antibodies were detected with a k-chain-specific, horseradish peroxidase-conjugated GAM. (e) IC binding compe-
tition by 2B6, 3H7, or their corresponding Fab fragments. (f~h) CD32B-transduced CHO-K1 cells were preincubated with 2B6 (f), 3H7 (g) or
2H9 (h) followed by aggregated human IgG and the F(ab'), fragment of an FITC-conjugated GAH IgG. Murine isotype + GAH-FITC (dotted
line), murine isotype + aggregated human IgG + GAH-FITC (thin line), and anti-CD32B mAb + aggregated human IgG + GAH-FITC (bold
line). The level of binding of each of the mAbs to the CHO-CD32B cell line was determined by FACS analysis (insets).

detect the bound IC by flow cytometry. As predicted by
the ELISA data, 2B6 fully competed for IC binding to the
receptor, because cells treated with the antibody show no
detectable binding of aggregated human IgG (Fig. 5f).
The 3H7 partially competed for IC binding (Fig. 5g),
while 2H9 did not interfere with the binding of the aggre-
gated IgG to the CD32B expressed on the cell surface
(Fig. 5h).

Inhibitory signalling by anti-CD32B mAbs

Two models were developed to test the ability of anti-
CD32B antibodies to deliver an inhibitory signal: one
based on the RBL-2H3 rat basophilic leukaemia line,
a system extensively used to study the signalling
mechanism underlying IgE-mediated cell activation in
allergy,”®>* and a second system that explored the ability
of CD32B to inhibit antigen receptor-induced activation
of human B cells. Since none of the antibodies reacted
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with rodent CD32B (data not shown), RBL-2H3 cells
were stably transfected with the human CD32B (RBL-
2H3-hCD32B cells). No release of B-hexosaminidase, a
marker of degranulation,” was detected in cells treated
with the anti-CD32B antibodies, alone or in the presence
of a secondary antibody (data not shown). When RBL-
2H3-hCD32B cells were sensitized with a mouse IgE
mAb and challenged with increasing concentrations of
a F(ab'), fragment of a polyclonal GAM that recognizes
the heavy and light chains of the bound IgE, a dose-
dependent release of P-hexosaminidase was observed
(Fig. 6a). Co-ligation of the rat FceRI with human
CD32B was obtained by preincubating cells with either
2B6 or 1F2, resulting in a significant decrease in f-hexos-
aminidase release when compared to sensitized cells
preincubated with an irrelevant isotype-matched control
antibody.

Co-aggregation of CD32B with the BCR has been
shown to inhibit B-cell activation.”*** To further explore

© 2007 Blackwell Publishing Ltd, Immunology, 121, 392-404
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Figure 6. Anti-CD32B-induced inhibition of both FceRI activation
and B-cell proliferation. (a) B-hexosaminidase release was measured
in RBL-2H3-hCD32B cells. Cells were sensitized with mouse IgE,
followed by incubation with 2B6, 1F2 or a murine IgGl isotype
control, and stimulated with GAM F(ab’),. Binding of 2B6 and 1F2
to RBL-2H3-hCD32B by FACS analysis is shown in the inset.
Results are representative of three independent experiments.
(b) Purified B cells were activated using increasing concentrations
of anti-human IgM mAb (x-axis) and 50 pg/ml of F(ab’), fragment
of GAM IgG Fc specific in the presence of 5 pg/ml of either mouse
IgGl (speckled bars) or 2B6 mAb (black bars). The proliferation
was assessed on day 3 by [*H]thymidine incorporation (y-axis),
the reactions were performed in triplicate and standard deviations
were calculated. Results are representative of three independent
experiments.

the inhibitory properties of CD32B, B cells were negat-
ively selected from human blood and activated through
treatment with increasing concentrations of a mouse anti-
human IgM as a polyclonal activator together with a fixed
concentration (5 pg/ml) of 2B6 or an equivalent amount
of mouse IgG1 isotype control (Fig. 6b). Coligation of the
BCR with control mouse IgGl or 2B6 was obtained by
the addition of a F(ab’), fragment of an Fc-specific GAM
as a secondary reagent. Cell proliferation, measured as
[’H]thymidine incorporation, increased with increasing
concentrations of the polyclonal anti-IgM activator in the
presence of the irrelevant control antibody (Fig. 6b,
mlgGl), indicating that the secondary cross-linking
reagents were not limiting. In the presence of 2B6, coliga-
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tion of BCR and CD32B via the secondary antibody led
to a profound reduction in B-cell proliferation at all con-
centrations of anti-human IgM (Fig. 6b, 2B6). These data
further confirm that mAb-mediated CD32B coligation
with activating receptors can deliver an inhibitory signal
that is capable of blocking antigen-receptor-induced cell
activation.

Discussion

Recent knowledge about the regulatory function of
CD32B has produced great interest in understanding its
role in disease, an effort that has been significantly limited
by the lack of antibodies capable of selectively recognizing
the extracellular domain of the human inhibitory recep-
tor. We describe here the generation of a panel of mAbs
specific for human CD32B with unique properties and no
demonstrable cross-recognition of CD32A. These mAbs
provide essential investigative reagents and form the basis
for the development of clinical tools for the treatment of
human diseases.

None of the anti-CD32 mAbs previously described has
been able to distinguish CD32B from CD32A. This also
holds true for II8D2, a mAb initially described to be spe-
cific for the inhibitory receptor based on its reported
ability to selectively recognize this isoform in Western
blots.”>*® While we have been unable to obtain this anti-
body for direct comparison with our panel, 1I8D2 has
been more recently shown to react with both CD32A
and CD32B using indirect immunofluorescence staining
and immunoprecipitation assays.”' It was further shown
that 1I8D2 reacts poorly in FACS analysis,” a feature
that was ascribed to limited accessibility of the epitope
recognized by this antibody in intact cells or non-
denatured proteins.

The CD32B selectivity of the antibody panel herein des-
cribed was demonstrated with a combination of ELISA,
BIAcore analysis, and cell-based FACS assays. Two high-
affinity mAb, 2B6 and 3H7, were identified and 2B6 was
selected for extensive characterization of CD32B expres-
sion and function. FACS analysis of leucocytes from nor-
mal donors showed the expected expression of CD32B
by all peripheral blood B lymphocytes. Surprisingly, no
peripheral blood PMN cells (mostly neutrophils) were
observed, while only a fraction of the monocyte popula-
tion showed significant 2B6 staining. In addition, 2B6
showed no reactivity with human platelets, whereas plate-
lets as well as PMN cells and monocytes completely
stained with IV.3, a CD32A-specific mAb (data not
shown; staining of PMN cells and monocytes with KB61,
a pan-CD32 mAb, are shown in Fig. 4c). Furthermore,
2B6 reactivity with CD32B, whose sequence displays an
invariant arginine in position 131, was unaffected by con-
comitant expression of any of the CD32A alloforms. In
particular, CD32A-R/R"' subjects did not show 2B6
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reactivity with the monocytes that was different from that
of CD32A-H/H"' or heterozygous subjects. This pro-
perty was also confirmed in a limited series of subjects
(19 donors) with the other mAb of the CD32B panel
(data not shown).

The absence of 2B6 staining of PMN cells and the low
levels and frequency of monocyte reactivity observed in
our study appear to contradict reports of expression of
the inhibitory receptor by these leucocytes.””***” Simi-
larly, the lack of recognition of CD32C, the CD32 isoform
expressed by NK cells in ~45% of normal subjects,”>*’
was unexpected, because the unequal crossover between
fegr2a and fcgr2b that generates CD32C contains the
extracellular region of CD32B. Since the optimal mAb
concentration for FACS analysis was determined from sat-
uration studies with peripheral blood B lymphocytes and
B-cell lines, it is unlikely that low levels of expression by
myeloid peripheral blood leucocytes went undetected
because of insufficient reagent. Furthermore, both we and
others®® noted good 2B6 staining of in vitro monocyte-
derived macrophages and dendritic cells (unpublished
observations), consistent with previous reports of cytokine-
induced CD32B transcription.>”**?”*° Therefore, 2B6 can
detect CD32B expressed by differentiated mononuclear
phagocytes.

While the exact reason for the discrepancy between
our data and previously published information remains
unclear, there are several possible explanations. Past stud-
ies have frequently relied on comparisons of CD32A and
CD32B transcription levels,”®*” which do not directly cor-
relate with protein expression, because translational effi-
ciency of each receptor may be profoundly different. A
complete dissociation between transcription and transla-
tion, however, is unlikely, because it has been recently
shown that the activating-to-inhibitory FcyR mRNA ratio
in PMN cells correlates with responsiveness to phagocytic
stimuli.’” Therefore, some levels of protein must be
expressed, consistent with the identification of CD32B in
PMN cells and monocytes by immunoblotting or immuno-
precipitation with sera directed against intracellular
epitopes unique to this receptor.’® It is possible, however,
that translated FcyR may fail to reach the cell surface, as
shown for a splice variant of FcyRI (CD64).*° Whether
this is true for the CD32B, splice variant prevalently
expressed by PMN cells and peripheral blood monocytes
remains to be determined.

With respect to NK cells, it should be noted that 2B6
is not the only anti-CD32 mAb that does not recognize
CD32C: in contrast to KB61, another CD32 mAb,
AT10, reacts poorly with CD32C,*** which led to spe-
culation that this mAb might have been sensitive to a
CD32C-specific amino acid change at position 161.%
An alternative explanation for the differential reactivity
of AT10 and that of our antibodies is that CD32B
expressed by monocytes and PMN cells as well as
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CD32C may be post-translationally modified, e.g. glyco-
sylated, in a manner different from that of B lympho-
cytes, thus masking the epitope recognized by these
mAb. Further studies will be aimed at dissecting these
different possibilities.

The 2B6 Fab blocked IC binding to CD32B, while 3H7
did so only as a whole antibody, but failed in its mono-
meric Fab form. None of the other anti-CD32B mAbs
interfered with IC binding. It is likely that the high affin-
ity of 3H7 for its epitope and its slow off-rate allows its
Fc portion to compete effectively for the CD32B binding
site. Blockade of CD32B has multiple investigational and
pharmacological application, such as the enhancement of
dendritic cell functions®®*' or the improvement of the
antitumour responses of therapeutic antibodies whose
effector mechanism may involve antibody-dependent cyto-
toxicity, as suggested by the enhanced activity of immuno-
therapy observed in tumour-bearing CD32B knock-out
mice.*

Another application of antibodies targeting CD32B is
the exploitation of the receptor’s negative signal. This
function was demonstrated for BCR-induced proliferation
of human B cells and antigen receptor-induced activation
of a rat basophilic leukaemia line commonly used as an
in vitro allergy model. Co-aggregation via 2B6 may have
the potential to modulate the function of all coexpressed
immunoreceptor tyrosine-based activation motif (ITAM)-
coupled activating immunoreceptors® and control prolif-
eration of malignant B cells. Interestingly, 2B6 and 1F2
were equally capable of inhibiting IgE-induced activation
of RBL-2H3 cells, irrespective of their receptor blocking
capability. In fact, non-blocking mAbs may be preferable
for agonistic inhibitory applications, such as the control
of allergic responses or autoimmune diseases, to minimize
interference with the physiological triggering of CD32B
by circulating IC.

In conclusion, we have generated a panel of CD32B-
specific mAbs whose binding characteristics and func-
tional properties make them suitable for applications
ranging from the study and treatment of allergy and
autoimmune diseases to the potential use as adjuvant in
immunotherapy and vaccination.
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