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A B S T R A C T

Engagement of Fcγ receptor IIb (FcγRIIb) suppresses B cell activation and represents a promising target for
therapy in autoimmunity. Obexelimab is a non-depleting anti-human CD19 mAb with an Fc region engineered to
have high affinity for human FcγRIIb, thereby co-engaging BCR and FcγRIIb. To assess its ability to suppress B cell
activation in vivo, we generated non-autoimmune-prone C57BL/6 (B6) and SLE-prone NZM 2328 (NZM) mice in
which the human FcγRIIb extracellular domain was knocked into the mouse Fcgr2b locus (B6.hRIIb and
NZM.hRIIb mice, respectively, the latter retaining features of SLE). XENP8206, a mAb which bears the same
FcγRIIb-enhanced human Fc domain as does obexelimab but which recognizes murine CD19 rather than human
CD19, inhibited in vitro BCR-triggered activation of B cells from both B6.hRIIb and NZM.hRIIb mice. Following
administration of XENP8206 to B6.hRIIb or NZM.hRIIb mice, B cell numbers in the spleen and lymph nodes
remained stable but became hyporesponsive to BCR-triggered activation for at least 14 days. These findings
demonstrate proof-of-principle that pharmacologic co-engagement of BCR and human FcγRIIb inhibits B cell
activation in non-autoimmune and SLE-prone hosts while preserving B cell numbers. These observations lay a
strong foundation for clinical trials in human SLE with agents that co-engage BCR and FcγRIIb. Moreover,
B6.hRIIb and NZM.hRIIb should serve as powerful in vivo models in the elucidation of the cellular and molecular
underpinnings of the changes induced by BCR/FcγRIIb co-engagement.
1. Introduction

The success of B cell-targeting therapies in many systemic rheumatic
diseases, including systemic lupus erythematosus (SLE), provides prima
facie evidence for a pathogenic role for B cells in those disorders. As
examples, the anti-CD20 mAb rituximab is FDA-approved for the treat-
ment of rheumatoid arthritis, granulomatosis with polyangiitis, and
microscopic polyangiitis, and the anti-BAFF mAb belimumab is FDA-
approved for the treatment of SLE. Treatment with rituximab results in
profound B cell depletion [1], and treatment with belimumab results in
substantial, albeit less dramatic, B cell depletion as well [2].

Given that SLE patients are immunocompromised from their
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underlying disease and concurrent immunosuppressive medications, a
major concern surrounding B cell depletion in SLE is increased risk of
serious infection. Once B cells are physically depleted, reconstitution of B
cells to normal levels can take weeks to months, leaving the host B cell-
deficient and at increased risk for serious infection for protracted
stretches of time.

Indeed, two phase-II/III clinical trials in SLE of atacicept, an inhibitor
of both BAFF and APRIL [3], could not be completed as originally
planned. One was prematurely terminated in its entirety due to serious
(including fatal) infections [4], and the other had a treatment arm pre-
maturely terminated due to infection-associated deaths [5]. A phase-III
clinical trial in SLE nephritis of the anti-CD20 mAb ocrelizumab was
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terminated early due to an unacceptable imbalance in serious infections
between ocrelizumab-treated patients and placebo-treated patients [6].
Clinically significant hypogammaglobulinemia, leading to serious in-
fections and requiring IgG replacement therapy, is not rare in SLE pa-
tients undergoing B cell-depleting therapy [7], and development of
progressive multifocal leukoencephalopathy remains a lingering worry in
such patients [8,9].

Since the goal of B cell-targeting approaches is to eliminate the
function of pathogenic B cells, inactivation of pathogenic B cells, rather
than their physical depletion, could achieve the same end. This could be
accomplished by recapitulating the homeostatic pathway naturally uti-
lized by the host immune response. In the course of an antigen-driven
humoral response, antibody levels rise, form specific immune com-
plexes with their cognate antigens, and co-engage Fcγ receptor IIb
(FcγRIIb) and B cell antigen receptor (BCR) with high avidity. This results
in the suppression of those B cells that recognize cognate antigen [10].

Obexelimab (previously known as XmAb5871) is an anti-human
CD19 mAb whose Fc region has been engineered to have ~430-fold
greater affinity for human FcγRIIb than that of the corresponding un-
modified anti-CD19 mAb [11]. Given the physical association between
CD19 and BCR during antigen-triggered activation of human B cells [12],
obexelimab co-engages BCR and FcγRIIb on human B cells and strongly
inhibits BCR-induced activation of normal human B cells in vitro through
an SH2-containing inositol polyphosphate 5-phosphatase (SHIP)-me-
diated pathway [11,13]. Of note, obexelimab does not deplete human
peripheral blood mononuclear cell (PBMC) cultures of B cells, in contrast
to the considerable B cell reduction in parallel cultures containing either
rituximab or tafasitamab (an anti-human CD19 mAb identical to obex-
elimab but with an Fc domain engineered to have enhanced affinity for
stimulatory FcγRIIa and FcγRIIIa) [14]. The decreased expression of
FcγRIIb by memory B cells in human SLE notwithstanding [15,16],
obexelimab-driven in vitro suppression of activation and proliferation of
B cells from SLE patients is as strong as the corresponding in vitro sup-
pression of activation and proliferation of B cells from healthy controls
[14]. Moreover, obexelimab inhibits in vivo anti-tetanus antibody re-
sponses generated in immunodeficient SCID mice engrafted with human
PBMC, regardless of whether the PBMC were donated from a healthy
control donor or a SLE patient [14]. Importantly, no drug-related serious
adverse events were reported in a phase-I bioavailability study of intra-
venous or subcutaneous obexelimab in healthy subjects (NCT02867098),
and a phase-II study in SLE (NCT02725515) demonstrated a
lower-than-expected infection rate among obexelimab-treated patients as
well as a trend to greater improvement in disease activity among
obexelimab-treated patients than among placebo-treated patients.
Similar encouraging results were noted in a phase-II trial of obexelimab
in IgG4-related disease (NCT02725476) [17].Whereas pre-clinical and
early clinical studies have been promising, such studies are inherently
incapable of fully elucidating the cellular and molecular underpinnings
of the changes induced in vivo by BCR/FcγRIIb co-engagement. To ach-
ieve such understanding, a suitable in vivomodel becomes indispensable.
Accordingly, we turned to C57BL/6 (B6) and NZM 2328 (NZM) mice as
models of non-autoimmune-prone and SLE-prone mice, respectively.

Wild-type (WT)mice are not suitable for the study of the in vivo effects
of obexelimab, since its modified Fc region binds with high affinity to
human FcγRIIb but not to murine FcγRIIb. Accordingly, we first gener-
ated B6 mice in which 68 amino acids of the human FcγRIIb extracellular
domain was knocked into the mouse Fcgr2b locus (B6.hRIIb mice). The
resulting chimeric receptor retains the mouse FcγRIIb intracellular
domain as well as the mouse chromosomal locus and promoter.
Accordingly, FcγRIIb expression levels, distribution, and signaling
mechanisms are identical in B6.hRIIb and B6 WT mice. We then intro-
gressed the Fcgr2b chimeric genotype into SLE-prone NZM mice to yield
NZM.hRIIb mice.

Since obexelimab recognizes human CD19 but not murine CD19, we
had to modify obexelimab to effect co-engagement of murine BCR and
human chimeric FcγRIIb in B6.hRIIb and NZM.hRIIb mice. To that end,
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we generated XENP8206, a mAb which bears the same FcγRIIb-enhanced
human Fc domain as does obexelimab but which recognizes murine
CD19 rather than human CD19.

In this report, we demonstrate that BCR/FcγRIIb co-engagement with
XENP8206 inhibits BCR-triggered activation of B cells from B6.hRIIb
mice while having no effect on the number of B cells in lymph nodes or
spleen. The inhibitory effect must be due to engagement of the human
chimeric FcγRIIb, since XENP8206 has no effect in B6 WT mice which do
not express the human chimeric FcγRIIb.

We also demonstrate that introgression of the hRIIb-knockin
construct onto the NZM genetic background generated NZM.hRIIb
mice that retain serologic and immunopathological features of SLE. As
with B6.hRIIb mice, XENP8206 inhibits BCR-triggered activation of B
cells from NZM.hRIIb mice. Thus, B6.hRIIb and NZM.hRIIb mice should
serve as suitable models to investigate the in vivo consequences of BCR/
FcγRIIb co-engagement in non-autoimmune-prone and SLE-prone hosts.
Results in NZM.hRIIb mice should well model and inform the effects that
obexelimab will have in human SLE subjects.

2. Materials and methods

General. The reported studies were approved by the Xencor and
University of Southern California Institutional Animal Care and Use
Committees.

Generation of B6.hRIIb mice. B6.hRIIb mice were generated by
knocking in the construct illustrated in Supplemental Figure 1 into B6 ES
cells. The resulting primary structure of the chimeric human extracellular
domain and mouse intracellular FcγRIIb is shown in Supplemental
Figure 2. B6.hRIIb mice bore two copies of the human/mouse chimeric
Fcγr2b gene. In these mice, the human extracellular domain can engage a
mAb that bears the engineered human Fc domain that binds to human
FcγRIIb with high affinity. The resulting chimeric receptor retains the
mouse FcγRIIb intracellular domain as well as the mouse chromosomal
locus and promoter. Thus, FcγRIIb expression levels, distribution, and
signaling mechanisms are identical in B6.hRIIb and B6 WT mice.

Generation of NZM.hRIIb mice. NZM.hRIIb mice were generated by
introgressing the Fcgr2b chimeric genotype from B6.hRIIb mice into NZM
WTmice. The Fcgr2b chimeric genotype was monitored by PCR, using the
primers 50-GTG GAA CCA CTG AAT GGA GTC GCT C and 50-AGT GTG
CTT TAT CCA GGA AGT CCC AG. The chimeric genotype yielded a band
of 396 bp, whereas the native murine Fcgr2b genotype yielded no band.
Replacement of the B6 genetic background with the NZM genetic back-
ground was accomplished by the marker-assisted selection protocol [18,
19] using 47 microsatellite markers across the genome chosen to include
those regions identified as susceptibility loci in NZM mice [20]. As
assessed by these microsatellite markers, the N7 backcross generation of
NZM.hRIIb mice was congenic with NZM WT mice.

Since the Fcγr2b gene lies within the Sle1 region (the region which is
indispensable to development of autoimmunity in NZM mice), it is likely
that DNA sequences near the human/mouse chimeric Fcγr2b gene are
derived from B6, rather than from NZM, mice. Studies in B6 congenic
mice documented that mice that do not bear at least one intact Sle1 re-
gion do not develop serologic autoimmunity [21,22]. Thus, to ensure that
all NZM.hRIIb mice bore at least one copy of the intact NZM Sle1 region,
NZM.hRIIb mice were mated to NZM WT mice, and the pups were gen-
otyped for the chimeric Fcγr2b gene by PCR as above. Through this
approach, our NZM.hRIIb mice bore one copy of the native (murine)
Fcgr2b gene (with a fully intact Sle1 region) and one copy of the
human/mouse chimeric Fcγr2b gene (with a Sle1 region that likely is
partially disrupted).

Expression of murine and human chimeric FcγRIIb on B cells. Whole
blood or splenocytes from mice were stained for murine CD3 (145-2C11,
Life Technologies), CD32b (AT130-2, Invitrogen), B220 (RA3-6B2, Bio-
Legend), CD335 (29A1.4, BioLegend), and CD16/32 (93, BioLegend) and
human CD32b (9B5, Xencor, Inc.). The cells were analyzed using a For-
tessa flow cytometer (BD).



Fig. 1. Expression of murine and human chimeric FcγRIIb on B cells from B6,
B6.hRIIb, and NZM.hRIIb mice. Panel A: Spleen cells from B6 (red), B6.hRIIb
(blue), and NZM.hRIIb (orange) mice were isolated and stained with combina-
tions of mAb against murine B220 and murine or human FcγRIIb. Whereas the
anti-mouse FcγRIIb antibody cross-reacts with FcγRIII, since mouse B cells do
not express FcγRIII, only FcγRIIb on the mouse B cells was being detected. The
cells were gated on B220þ B cells, and histograms were generated to illustrate
murine and human chimeric FcγRIIb staining. Panel B: B220þ B cells (top),
CD3þ T cells (center) and CD335þ NK cells (bottom) from B6 WT (circles) and
B6.hRIIb mice (diamonds) were stained with anti-murine FcγRIIb (m-IIb), cor-
responding isotype control (m-iso), anti-human FcγRIIb (h-IIb) or corresponding
isotype control (h-iso), and mean fluorescence intensity (MFI) was recorded.
Each symbol represents an individual mouse (N ¼ 6).
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Chimeric mAb. The human IgG1-Fc domain was engineered to have
enhanced affinity to human FcγRIIb, through mutations in amino acid
residues S267 to E and L328 to F (S267E/L328F or IIbE), or to ablate
binding to any FcγR, throughmutations in amino acid residues G236 to R
and L328 to R (G236R/L328R or Fc-KO) [11,23]. Obexelimab
(XmAb5871) is an anti-human CD19 mAb with IIbE-Fc. XENP8206 is the
obexelimab mouse surrogate mAb, with anti-mouse CD19 (clone 1D3)
[24] and IIbE-Fc. To control for the engagement of FcγRIIb, XENP8207
was generated with anti-mouse CD19 (1D3) with Fc-KO.

Serum total IgG and IgG autoantibody levels. Serum levels of total IgG
and IgG autoantibodies were determined by ELISA [25]. Autoantibody
OD values were normalized to the mean OD of serum from 5-month-old
MRL-lpr mice, the latter arbitrarily assigned a value of 100 U/ml.

Kidney histology. Sections of formalin-fixed kidneys were stained
with hematoxylin and eosin and assessed by light microscopy [26].

Kidney immunofluorescence. Sections of snap-frozen kidneys were
stained for IgG or C3 deposition using FITC-conjugated goat F(ab’)2
fragment anti-mouse IgG or C3 antibodies (MP Biomedicals) [25].

Assessment of proteinuria. Reagent strips for urinary protein (Albu-
stix, Bayer) were dipped in mouse urine and were assigned a score (0–4)
by visual color comparison to the supplied standard color key.

Calcium mobilization assay. Splenocytes (1 � 107 cells/ml) were pre-
incubated with mAbs XENP8206 or XENP8207 (10 μg/ml) with calcium
dye (Fluo-4 NW Calcium assay kit, Molecular Probes, Invitrogen) in
HBSS. Anti-mouse CD3-APC (clone 145-2C11, eBiosciences) and CD49b-
APC (clone DX5, BioLegend) were used (1 μg/ml) to gate out T and NK
cells. The pre-loaded cells were diluted 10x in HBSS, and calcium flux (a
well-established surrogate for BCR-triggered activation) was induced
with F(ab’)2 fragment of goat anti-mouse pentameric IgM antibody
(Jackson ImmunoResearch Labs.) (10 μg/ml). Intracellular calcium
release was recorded on APC-negative lymphocytes using a FACS Canto 2
flow cytometer, and area under curve (AUC) values were obtained
through 30-s running averages of the scatter plots.

Western blot analysis. Four spleens from B6 WT or B6.hRIIb mice
were pooled, and B cells were isolated using a negative-selection kit
(StemCell technology) and resuspended in 1 � 107 cell/ml in RPMI 8226
with 10% FBS. Isolated B cells (1 � 107 cells/ml in RPMI 8226 with 10%
FBS) were incubated with PBS, XENP8206, or XENP8207 (10 μg/ml) for
3 min and lysed with 1% NP-40. Lysates were pre-cleared, fractionated in
SDS-PAGE, and transferred to nitrocellulose membrane. The blot was
probed with anti-p-Tyr292-CD32b antibody (EP926Y, AbCam) and
quantified using chemiluminescence.

Statistical analysis. Parametric testing between two groups was per-
formed by the unpaired t-test and among three or more groups by one-
way ANOVA. When the data were not normally distributed or the
equal variance test was not satisfied, non-parametric testing was per-
formed by the Mann-Whitney rank sum test between two groups and by
Kruskal-Wallis one-way ANOVA on ranks among three or more groups.

3. Results

Expression of murine and human chimeric FcγRIIb in B6 WT and
B6.hRIIb mice. B cell expression of murine and human chimeric FcγRIIb
in B6WT and B6.hRIIb mice was consistent with their genotypes, with B6
WT B cells expressing high levels of murine, but not human chimeric,
FcγRIIb, and B6.hRIIb B cells expressing high levels of human chimeric,
but not murine, FcγRIIb (Fig. 1A). FcγRIIb was not appreciably expressed
on T cells in either B6WT or B6.hRIIb mice, whereas low levels of murine
and human chimeric FcγRIIb were expressed on NK cells from B6WT and
B6.hRIIb mice, respectively (Fig. 1B), consistent with the low-level
expression of FcγRIIb by NK cells previously reported in mice and
humans [27,28].

Inhibition of in vitro BCR-induced intracellular calcium release and
phosphorylation of FcγRIIb by XENP8206 in B6.hRIIb B cells. Incubation
of B cells from B6.hRIIb mice with anti-mouse IgM triggered vigorous
release of intracellular calcium (Fig. 2A). Treatment of these cells with
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XENP8206, which co-engages BCR and FcγRIIb on B cells from these
mice, blunted the calcium response. Treatment with XENP8207, which
bears the same anti-CD19 moiety as XENP8206 but is incapable of
binding to FcγRIIb, failed to blunt the calcium response in B6.hRIIb
splenocytes. In addition, XENP8206 did not blunt the calcium response in
splenocytes from B6 WT mice (Fig. 2B), indicating that BCR/FcγRIIb co-
engagement was required.

We have previously demonstrated that incubation of human PBMC
with obexelimab induces phosphorylation of FcγRIIb at tyrosine 292
(Y292) in the ITIM motif, a step critical to stimulation of downstream
inhibitory signaling pathways [14]. Importantly, XENP8206, which
bears the same FcγRIIb-enhanced human Fc domain as obexelimab,
triggered phosphorylation of FcγRIIb in B cells from B6.hRIIb mice at
Y317 (the equivalent amino acid residue in the human chimeric receptor
to Y292 in the native human receptor; Supplemental Fig. 2 and Fig. 2C).



Fig. 2. Inhibition of BCR-induced intracellular calcium release and phosphor-
ylation of FcγRIIb by XENP8206. Panel A: Fluo-4-loaded B cells from B6.hRIIb
mice were unstimulated (blue) or stimulated with anti-IgM in the presence of
PBS (black), XENP8206 (red), or XENP8207 (green), and intracellular calcium
release was recorded over time. A representative experiment is illustrated on the
left, and the aggregate results of six independent experiments are plotted as area
under curve (AUC) on the right. Each symbol represents an individual mouse.
“***” denotes p ¼ 0.002. Panel B: Fluo-4-loaded B cells from B6 WT mice were
stimulated with anti-IgM in the presence of PBS (black), XENP8206 (red), or
XENP8207 (green), and intracellular calcium release was recorded over time.
Panel C: B cells from B6 WT (WT) or B6.hRIIb (hRIIb) mice were incubated with
PBS, XENP8206, or XENP8207 (10 μg/ml) for 3 min and lysed with 1% NP-40.
Lysates were pre-cleared, fractionated in SDS-PAGE, and transferred to nitro-
cellulose membrane. The blot was probed with anti-p-Tyr317-CD32b antibody
and developed using chemiluminescence.
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No such phosphorylation occurred in B6 WT cells which do not express
the human chimeric FcγRIIb, and XENP8207, which does not engage
human FcγRIIb, did not induce phosphorylation of Y317.

Preservation and inactivation of B cells in B6.hRIIb mice following in
vivo treatment with XENP8206. We previously reported that obexelimab
does not deplete B cells in human PBMC cultures [14]. To assess the in
vivo effects of the obexelimab surrogate, XENP8206, on B cell numbers,
B6.hRIIb mice were treated with PBS or XENP8206 (10 mg/kg) on days
0 and 7 and were assessed for B cells on day 10. No differences in lymph
node B cells or in spleen B cells between the two were observed, although
B cells in the blood were lower in XENP8206-treated mice than in
PBS-treated controls (Fig. 3A).

The preservation of B cells in the spleens and lymph nodes of the
XENP8206-treated B6.hRIIb mice is not due to an inability of XENP8206
to penetrate the lymph nodes or spleen. In mice treated with XENP8206,
detection of CD19 and FcγRIIb on B cells from lymph nodes and spleen
(i.e., receptor occupancy) was decreased to the same degree as on blood B
cells (Fig. 3B). Importantly, B cells from lymph nodes and spleens of the
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XENP8206-treated B6.hRIIb mice were less responsive to subsequent
BCR-triggered activation than were corresponding B cells from PBS-
treated B6.hRIIb mice (Fig. 3C), thereby confirming that the adminis-
tered XENP8206 effectively reached B cells in the secondary lymphoid
tissues and was functionally active. The reduction in blood B cells in
XENP8206-treated B6.hRIIb mice may be a reflection of non-depletive
events, such as homing to extravascular sites or margination.

Expression of murine and human chimeric FcγRIIb in NZM.hRIIb
mice. As was the case for B6 mice, B cell expression of murine and human
chimeric FcγRIIb in NZM.hRIIb mice was consistent with its genotype.
NZM.hRIIb mice genetically express one copy each of the murine and
human chimeric Fcγr2b genes, and expression of both murine and human
chimeric FcγRIIb were intermediate between the levels expressed by B6
WT and B6.hRIIb mice (Fig. 1A).

Development of SLE features in NZM.hRIIb mice. Since NZM.hRIIb
mice bear only one copy of the native (murine) Fcgr2b gene (with a fully
intact Sle1 region) and one copy of the human/mouse chimeric Fcγr2b
gene (with a partially-disrupted Sle1 region), we needed to establish that
NZM.hRIIb mice do, in fact, develop features of SLE. To that end, a cohort
of 11 NZM.hRIIb female mice were bled monthly from 4 months of age
through 12 months of age. Serum IgG anti-dsDNA and anti-chromatin
antibody levels steadily increased over time, with these autoantibody
levels being significantly greater by 6 and 7 months of age, respectively,
relative to their respective baseline (4 months) levels (Fig. 4A). This
development of serologic autoimmunity in NZM.hRIIb mice is consistent
with the development of serologic autoimmunity in B6 congenic mice
that bear a single copy of the Sle1 region [21,22]. Of note, serum IgG
autoantibody levels in 6- to 7-month-old NZM.hRIIb mice were similar to
those previously observed in 6- to 7-month-old NZM WT mice [29].

In addition to serologic autoimmunity, NZM.hRIIb mice developed
substantial renal immunopathology. H&E evaluation demonstrated
swollen and hypercellular glomeruli with mesangial deposition along
with interstitial and perivascular infiltrates (Fig. 4Ba-c). Immunofluo-
rescence analysis consistently revealed glomerular deposition of IgG of
variable intensity (Fig. 4Bd), although C3 deposition was routinely
minimal (not shown).

By 6 months of age, NZMWT mice routinely begin developing severe
(�3þ by dipstick) proteinuria, and >80% develop severe proteinuria by
10 months of age [26,29–33]. Variable degrees of proteinuria also
developed in NZM.hRIIb mice. Of the 17 NZM.hRIIb mice tested, 2þ
proteinuria (measured by dipstick) developed in 6 mice, 1þ proteinuria
developed in 6 mice, and trace proteinuria developed in 5 mice. No
mouse developed �3þ proteinuria, so clinical disease did develop in
NZM.hRIIb mice but was not as severe as in NZMWTmice. The degree of
proteinuria correlated neither with serum levels of IgG anti-dsDNA nor
with serum levels of IgG anti-chromatin (not shown).

Inhibition of B cell activation without B cell depletion following
administration of XENP8206 to NZM.hRIIb mice. In vivo treatment with
XENP8206 did not lead to a reduction either in blood B cells or in spleen
B cells (Fig. 5A). In 8 of 11 XENP8206-treated mice, receptor occupancy
on B cells was very high, as evidenced by the inability of exogenous
labeled XENP8206 to bind to B cells from XENP8206-treated mice. This is
in striking contrast to the copious binding of exogenous labeled
XENP8206 to the 14 untreated day-0 mice (Fig. 5B). This high in vivo
receptor occupancy by XENP8206 on both blood and splenic B cells
persisted through day 14 post-treatment.

Surprisingly, receptor occupancy was nil (i.e., exogenous labeled
XENP8206 bound to blood and splenic B cells from these mice to the
same extent it bound to B cells from untreated mice) in 3 of the 11 mice
treated with XENP8206. Whether this reflected a technical issue with the
administration of XENP8206 or an exceptionally rapid turnover of CD19
and FcγRIIb in these mice is not known. Of note, however, is that in vitro
spiking of splenic B cells isolated from those eight NZM.hRIIb mice with
high receptor occupancy did not further suppress the existing low anti-
IgM-induced B cell activation, even when the XENP8206 had been
administered as long as 14 days earlier (p ¼ 0.787; Fig. 5C). In stark



Fig. 3. Preservation and inactivation of B cells
following in vivo treatment with XENP8206. Panel A:
B6.hRIIb mice (N ¼ 5) were treated with PBS or
XENP8206 (10 mg/kg) on days 0 and 7 and assessed
for B cells in the blood, lymph nodes (LN), and spleen
on day 10. Results are expressed as B cells ( � 10�2)
per μl blood, B cells ( � 10�5) per lymph node, and B
cells ( � 10�6) per spleen. Panel B: CD19 mean fluo-
rescence intensity (MFI; left) and FcγRIIb MFI (right)
of the B cells harvested on day 10 from the mice in
panel A are plotted. Panel C: B cells harvested on day
10 from the mice in panel A treated with PBS (black)
or XENP8206 (red) were loaded with Fluo-4, stimu-
lated with anti-IgM, and assessed for intracellular
calcium release as in Fig. 2. Representative experi-
ments are illustrated for LN (left) and spleen (center),
and the aggregate results of five independent experi-
ments are illustrated on the right. Each symbol rep-
resents an individual mouse. “*” indicates p � 0.05;
“**” indicates p � 0.01; “***” indicates p � 0.005;
“****” indicates p � 0.001 compared to the corre-
sponding PBS values.

Fig. 4. Serum autoantibody levels and renal immu-
nopathology in NZM.hRIIb mice. Panel A: Mean
serum levels (�1 SD) of IgG anti-dsDNA (left) and IgG
anti-chromatin (right) are illustrated for the 11
NZM.hRIIb mice serially bled at the indicated ages.
“*” indicates p � 0.05; “**” indicates p � 0.01; “***”
indicates p � 0.005; “****” indicates p � 0.001. Panel
B: Kidney sections from 12-month-old NZM.hRIIb
mice were stained with hematoxylin and eosin (H&E,
a-c) or for IgG immunofluorescence (d). The black
arrows point to swollen/hypercellular glomeruli, and
the red arrows point to interstitial/perivascular in-
filtrates. Original magnification is 200X.
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contrast, in vitro activation of B cells from the three mice with negligible
in vivo receptor occupancy could be suppressed by an additional spike of
10 μg/mL XENP8206 (p < 0.001). In vitro suppression of B cells from the
three mice not showing in vivo receptor occupancy was similar to in vitro
suppression of B cells from the three mice that had never been injected
with XENP8206 (p¼ 0.046). Taken together, these observations strongly
suggest that blood and splenic B cells that had been engaged by
XENP8206 and retained XENP8206 on their surfaces remained hypo-
responsive to BCR-triggered activation for at least 2 weeks post-injection.
This, in turn, points to XENP8206 (and, by inference, to obexelimab)
being an active signaling agent, rather than a blocking agent, that turns
on a natural signal (BCR/FcγRIIb co-engagement) that shuts off B cells.
5

4. Discussion

Of the published late-stage clinical trials in SLE of B cell-targeting
agents, only six have met their primary endpoints [34–39]. Even in the
successful trials, 38–61% of the SLE patients treated with drug were
deemed non-responders, and, in the case of one of these agents (tabalu-
mab), the less-than-resounding results prompted the sponsor to discon-
tinue development of the drug for SLE.

The therapeutic agent in each of the six successful trials was a BAFF
antagonist (belimumab in five trials; tabalumab in one trial), so the
salutary clinical effects arose through the neutralization of the vital B cell
survival factor, BAFF, which, in turn, likely led to death of pathogenic B
cells. However, neither BAFF antagonists nor other extant B cell-targeting
agents are specific for pathogenic B cells. In fact, large populations of B



Fig. 5. Inhibition of B cell activation without B cell depletion following
administration of XENP8206 to B6.hRIIb mice. Blood samples from 14
NZM.hRIIb mice were obtained on day 0 before treatment with XENP8206.
Three mice were sacrificed before treatment to quantify baseline splenic B cells,
and the remaining 11 mice were injected with XENP8206 (10 mg/kg). Three
additional mice each were sacrificed on days 1, 3, and 7, and the remaining two
mice were sacrificed on day 14 to quantify splenic B cells. Blood B cells were
also analyzed from all remaining treated mice, except on day 1 when blood was
drawn only from the 3 mice slated for sacrifice. Panel A: B cells/μl blood (left)
and B cells/spleen ( � 10�3; right) were enumerated on days 0 (pre-injection), 1,
3, 7, or 14 post-injection. Symbols are as described in Panels B and C. Panel B:
Blood (left) and spleen (right) B cells were stained with Alexa Fluor-647
(AF647)-labeled XENP8206 at the indicated days to assess in vivo receptor oc-
cupancy (RO) by unlabelled XENP8206. Reduction in XENP8206-AF647 MFI is
evidence of RO by XENP8206 due to its in vivo administration after Day 0 blood
draws. Eight of the 11 treated mice showed extensive and prolonged receptor
occupancy on B cells in both blood and spleen (open circles) while three mice
showed no receptor occupancy (light gray diamonds). Panel C: Spleen B cells
from the 8 mice that displayed receptor occupancy by XENP8206 (white circles),
from the 3 mice that displayed no receptor occupancy (light gray diamonds)
after dosing, and from the 3 untreated day 0 mice (dark gray triangles) were
assessed for intracellular calcium release after stimulation with anti-IgM as
described in Fig. 2 in the absence (no) or presence (yes) of 10 μg/ml XENP8206.
The lines connect the respective results for each individual mouse. * denotes p
< 0.05; **** denotes p < 0.001.
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cells, including protective B cells, are targeted by these agents. Once
protective B cells are physically depleted, their reconstitution to normal
levels can take several weeks to months following discontinuation of the
B cell-targeting agent, leaving the host immunocompromised and at
increased risk for serious infection for protracted stretches of time.

Rather than target B cells for death, an alternate and safer approach
entails the inactivation of B cells without killing them. Should the clinical
need to discontinue a B cell-inactivating agent arise, B cells would likely
be restored to their baseline functional states in a time frame much
quicker than that required to reconstitute physically depleted B cells.

With that in mind, we asked whether in vivo administration of a
pharmacologic agent which strongly co-engages BCR and human FcγRIIb
could inactivate B cells. Since the Fc domain of XENP8206 is identical to
that of obexelimab and the extracellular domain of FcγRIIb in B6.hRIIb
and NZM.hRIIb mice is identical to that in human subjects, XENP8206
will co-engage BCR and FcγRIIb on B cells in B6.hRIIb and NZM.hRIIb
mice in a manner very similar to that in which obexelimab co-engages
BCR and FcγRIIb on human B cells.

Administration of XENP8206 did not reduce B cell numbers in sec-
ondary lymphoid tissues (i.e., lymph node or spleen), consistent with
XENP8206 being a non-depleting drug. This is in stark contrast to the
marked reduction in lymph node and spleen B cells following treatment
with B cell-depleting anti-CD20 mAb or BAFF-neutralizing agents
[40–42]. Nevertheless, B cell numbers on the blood of XENP8206-treated
B6 mice did decline. However, given that liver sinusoidal endothelial
cells (LSECs) abundantly express FcγRIIb and mediate clearance of
circulating immune complexes [43], some of the administered
XENP8206 may have co-engaged CD19 on B cells in the blood with
FcγRIIb on LSECs, leading to some sequestration of B cells to the liver
from the circulation. Regardless and importantly, XENP8206 substan-
tially inhibited activation of B cells from both non-autoimmune-prone
B6.hRIIb mice and from SLE-prone NZM.hRIIb mice. Thus, the normal
physiological homeostatic process, in which the Fc portion of an antibody
engages with FcγRIIb, is replicated/amplified by XENP8206.

The inhibition of NZM.hRIIb B cells by XENP8206 is especially
noteworthy on two fronts. First, since NZM.hRIIb mice bear only one
copy of the human/mouse chimeric Fcgr2b gene (whereas B6.hRIIb mice
have two copies of the chimeric gene), expression of human chimeric
FcγRIIb on NZM.hRIIb B cells is lower than that on B6.hRIIb B cells.
Conversely, since NZM.hRIIb mice bear a copy of the native mouse Fcgr2b
gene (whereas B6.hRIIb mice bear no copies), expression of murine
FcγRIIb (which cannot be engaged by XENP8206) on NZM.hRIIb B cells
is substantial. Nevertheless, XENP8206-mediated suppression of B cell
activation was similar in both mice, suggesting that effective suppression
can be achieved even when a considerable fraction (half) of the FcγRIIb
on the B cell surface is not therapeutically co-engaged with BCR. If
mimicked in humans, this suggests that only a fraction (perhaps a small
fraction) of FcγRIIb would need to be co-engaged with BCR to promote a
clinically meaningful suppression of (pathogenic) B cells.

Second, the success in co-targeting FcγRIIb in murine SLE raises hope
that it will also be successful in human SLE, and provisional results
support that hope [17]. It is well established that altered FcγRIIb-based
inhibitory function assumes great importance in the context of SLE. This
is highlighted by: 1) the development of SLE-like disease in mice
genetically deficient in FcγRIIb [44]; 2) the reduction in serologic,
immunopathological, and clinical disease in several strains of SLE-prone
mice following irradiation and reconstitution with bone marrow cells
transducedwith a FcγRIIb-expressing retrovirus [45]; 3) the amelioration
of serologic and clinical disease in SLE-prone MRL.lpr mice that
over-express FcγRIIb specifically on their B cells [46]; 4) the decreased
expression of FcγRIIb by human memory B cells in human SLE [15,47];
and 5) the impaired function of an SLE-associated FcγRIIb polymorphism
[48]. Thus, the ability of XENP8206 to inhibit B cell activation, not just in
non-autoimmune-prone B6.hRIIb mice but in SLE-prone NZM.hRIIb mice
as well, suggests that BCR/FcγRIIb co-engagement in human SLE may be
effective.
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Therapeutic BCR/FcγRIIb co-engagement may be practicable not just
for SLE but for other diseases in which B cell-depletion therapy has
heretofore been considered. For example, BCR/FcγRIIb co-engagement
with obexelimab inhibits in vitro activation of B cells from rheumatoid
arthritis (RA) patients at least as well as it inhibits in vitro activation of B
cells from healthy control subjects [49]. Importantly, whole-blood assays
documented that obexelimab-mediated inhibition is independent of
rheumatoid factor (RF) levels in the blood, strongly suggesting that
circulating RF in patients with RA would not inhibit obexelimab activity.
A phase-Ib/IIa clinical trial of obexelimab in RA has been completed, and
the results are encouraging. In addition, a phase-II trial of obexelimab in
IgG4-related disease (NCT02725476) has been completed, and initial
results have also been encouraging [17].

In summary, we have generated non-autoimmune-prone B6.hRIIb
mice and SLE-prone NZM.hRIIb mice through knockin technology that
express a human chimeric FcγRIIb. Our studies collectively demonstrate
proof-of-principle that pharmacologic co-engagement of BCR and human
chimeric FcγRIIb inhibits B cell activation in both B6.hRIIb mice and
NZM.hRIIb mice without concomitant B cell depletion. Our studies not
only lay a strong foundation for continued clinical trials in human SLE
with agents that co-engage BCR and FcγRIIb, such as obexelimab, but
also introduce B6.hRIIb and NZM.hRIIb mice as powerful in vivo models
to aid in the elucidation of the cellular and molecular changes induced by
BCR/FcγRIIb co-engagement under normal and disease-prone
conditions.
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