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Reduction of total IgE by targeted coengagement of IgE
B-cell receptor and FcyRllb with Fc-engineered antibody
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Background: Sequestration of IgE to prevent its binding to high-
affinity IgE receptor FceRI on basophils and mast cells is an
effective therapy for allergic asthma. IgE production requires
differentiation of activated IgE* B cells into plasma cells upon
allergen sensitization. B-cell receptor signaling is suppressed by
the inhibitory IgG Fc receptor FcyRIIb; therefore, we reasoned
that a therapeutic antibody that coengages FcyRIIb and IgE
B-cell receptor would not only sequester IgE but also suppress its
production by blocking IgE™ B-cell activation and differentiation
to IgE-secreting plasma cells.

Objective: To explore the effects of IgE sequestration versus IgE
suppression by comparing omalizumab to FcyRIIb-optimized
anti-IgE antibodies in humanized mouse models of
immunoglobulin production.

Methods: By using a murine anti-IgE antibody as a template, we
humanized, increased IgE binding, and modified its Fc domain
to increase affinity for FcyRIIb. We next compared effects of
this antibody (XmAb7195) versus omalizumab on the secretion
of IgE and other isotypes in human PBMC cultures and in
PBMC-engrafted severe combined immunodeficiency mice.
Results: Relative to omalizumab, XmAb7195 has a 5-fold higher
affinity for human IgE and more than 400-fold higher affinity
for FcyRIIb. In addition to sequestering soluble IgE,
XmAb7195 inhibited plasma cell differentiation and consequent
human IgE production through coengagement of IgE B-cell
receptor with FcyRIIb. In PBMC-engrafted mice, XmAb7195
reduced total human IgE (but not IgG or IgM) levels by up to
40-fold relative to omalizumab.

Conclusion: XmAb7195 acts by IgE sequestration coupled with
an FcyRIIb-mediated inhibitory mechanism to suppress the
formation of IgE-secreting plasma cells and reduce both free
and total IgE levels. (J Allergy Clin Immunol 2012 ;smm:mmm-
mEN,)
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Abbreviations used
BCR: B-cell receptor
FcyR: Receptor for antibody Fc
HuSCID: Human PBMC-engrafted SCID mouse
ITIM: Immunoreceptor tyrosine-based inhibitory motif
SCID: Severe combined immunodeficiency

Allergen cross-linking of specific IgE bound to the high-
affinity receptor for IgE Fc (FceRI) on basophils and mast cells is
an important component of allergic asthma and other atopic
diseases. Cross-linked FceRI stimulates the release of allergic
mediators including histamine and tryptase and the synthesis of
proinflammatory cytokines.' Sequestration of soluble IgE to pre-
vent its binding to FceRI has become an effective therapeutic
strategy in allergic asthma.”> For example, omalizumab is a hu-
manized antibody that binds to IgE and thereby sterically hinders
its binding to FceRL*7 Omalizumab suppresses allergen-
mediated degranulation of mast cells and basophils without stim-
ulating the IgE-mediated cross-linking of FceRI on these cell
types. Notably, the therapeutic activity of omalizumab does not
involve the suppression of IgE™ B cells or a decrease in the con-
tinuous production of allergen-specific IgE by plasma cells,® al-
though IgE sequestration may trigger indirect effects including
downregulation of FceRI expression.”? On the contrary, clinical
experience shows that omalizumab increases circulating IgE
levels because of the formation of stable omalizumab/IgE im-
mune complexes, with high IgE levels sustained for several
months after the cessation of drug treatment.>'%!!

As a potential alternative to sequestration, it has been reported
that IgE ™" B cells can be depleted by using antibodies that recog-
nize only membrane-bound IgE, thus decreasing IgE produc-
tion.*'* Such an approach may block the replenishment of
allergic plasma cells by IgE* B-cell differentiation, yet does
not preserve the earlier onset of action of omalizumab that is ini-
tiated by the sequestration of soluble IgE already in circulation.
Given the complementary immediate and prolonged benefits of
targeting soluble IgE and IgE™ B cells, respectively, we reasoned
that a therapeutic antibody that could both sequester IgE and se-
lectively suppress the differentiation of IgE ™ B cells could be use-
ful in the long-term management of atopic diseases.

The inhibitory receptor FcyRIIb is important for B-cell
homeostasis, and its dysregulation leads to autoimmune pheno-
types in both human and mice.'® As the only IgG Fc receptor
found on B cells, FcyRIIb is essential for negative feedback reg-
ulation of IgG production.'* For example, inhibitory signaling
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TABLE I. IgE and FcyRIIb binding affinities of therapeutic and control antibodies
Binding to human IgE Binding to human FcyRlIlb
Fold Fold
affinity vs ka kq FcyR affinity vs ka kg
Anti-IgE Kp parent (1/Ms) (1/s) Fc binding Kp parent (1/Ms) (1/s)
Antibody Fv (nM)* mAb (x 10%5) (x 107%) mutationst properties (nM) mAb (x 10*%) (x 1072) Purpose
XENP6727  Chimeric 0.112 1.0 4.22 4.71 None Native 3100 1.0 2.33 72.0 Original mouse
MaEl11 antihuman IgE
chimeric mAb
XENP6728  Humanizedf{ 0.073 L5 3.76 2.73 None Native 3430 0.90 1.47 50.3 Fc control
MaEl1 possessing
native IgG1
FcyR
interactions
XmAb7195 Humanized 0.075 1.5 3.83 2.86 S267E 1 FeyRIIb 7.74 400 4.40 3.41 Therapeutic
MaEl1 L328F candidate
XENP7196  Humanized 0.109 1.0 3.72 4.07 G236R | FcyRI n.b. n.b. n.b. n.b.  Fc control lacking
MaEl1 L328R | FeyRlIla FcyR
| FcyRIIb interactions
| FcyRIlla
Omalizumab Humanized§ 0.393 0.3 2.15 8.44 None Native 6370 0.49 0.72 45.9 Approved drug;
(XENP6402) MaEl11 known to

sequester free
IgE, increase
total IgE

n.b., No detectable binding.

*Kp, Dissociation constant; k,, on-rate; kq, off-rate.
TAIl Fc mutations are in human IgG1 backbone.
{Humanized by human string content optimization.?'
§Humanized by CDR grafting.*

mediated by immune complex coengagement of FcyRIIb and
antigen-specific B-cell receptor (BCR) suppresses B-cell prolifer-
ation and differentiation into plasma cells.'*'> The role of
FcyRIIb in modulating IgE immune complex—mediated B-cell re-
sponses is less well understood than it is for IgG. However, it is
notable that FcyRIIb binds to IgE Fc with a similar low affinity
as to IgG1 Fc and may therefore regulate IgE in addition to IgG
production.'®'” We therefore reasoned that FcyRIIb-mediated
B-cell regulation could be exploited for therapeutic intervention
in IgE-mediated allergic diseases. Previously, we engineered
the Fc domain of human IgG1 to bind selectively and with greater
than 400-fold affinity to FcyRIIb.'® We established that this novel
Fc domain, when integrated into a humanized antibody targeting
all CD19™ B cells, could block BCR-induced activation and sup-
press an immunization response in human PBMC-engrafted se-
vere combined immunodeficiency (huSCID) mice.” In this
report, we now refine this approach by using a new therapeutic an-
tibody that suppresses only IgE™ B cells. Through humanization,
affinity maturation, and Fc engineering of the murine parental an-
tibody of omalizumab, we have created an antibody that seques-
ters free serum IgE and also coengages FcyRIIb and IgE BCR to
selectively suppress the activation and differentiation of allergic
B cells without affecting other B-cell isotypes. We show that
this antibody, XmAb7195, in contrast to omalizumab, reduces
both free and total human IgE levels in huSCID mice without al-
tering the normal production of human IgM and IgG. Likewise,
we show that a murine surrogate of XmAb7195 also reduces
free and total murine IgE levels in immunocompetent mice ex-
pressing human FcyRIIb. Our results suggest that a therapeutic
antibody possessing 2 complementary mechanisms of action,

IgE sequestration and IgE™ B-cell suppression, may have advan-
tages in the treatment of allergic diseases as compared with anti-
bodies possessing either mechanism alone.

METHODS

Cells and antibodies

For in vitro experiments, human PBMCs were purified from the blood of
healthy donors obtained under an institutional review board—approved proto-
col (HemaCare, Van Nuys, Calif) by density gradient using Ficoll-Paque Plus
(GE Healthcare, South Plainfield, NJ). The mouse antihuman IgE antibody
MaE1 1,4'20 the parental antibody of omalizumab (rhuMAb-25), was human-
ized by using string optimization.>' The humanized variable region heavy
and light domains were generated by gene synthesis (Blue Heron Biotechnol-
ogy, Bothell, Wash) and subcloned into the vector pTT5%? encoding human
heavy IgG1 and light Ck constant regions. Fc substitutions (S267E/L328F
FeyRIIb binding-enhanced'®** or G236R/L328R Fcy receptor binding-
ablated'®) were introduced by site-directed mutagenesis. Antibodies were
produced by using the HEK293E transient expression system22 and purified
by using protein A affinity chromatography (GE Healthcare). See Table I
for a description of anti-IgE antibodies used.

IgE and FcyRIlb binding affinities

Surface plasmon resonance measurements for calculating binding affinities
were performed by using a Biacore 3000 instrument (GE Healthcare).
Antibody affinity for FcyRIIb was determined as described”* by immobilizing
antibodies on a protein A CM5 biosensor chip (GE Healthcare) and injecting
soluble FcyRIIb over antibody-bound surface. To determine the antibody af-
finity for human IgE, a protein A CMS5 biosensor chip was generated by using a
standard primary amine coupling protocol. All measurements were performed
in buffer containing 10 mM HEPES pH 7.4, 0.15 mol/L NaCl, 3 mM EDTA,
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and 0.005% v/v surfactant P20 (GE Healthcare). Antibodies at 25 nM were
immobilized on the protein A surface for 48 seconds at 10 wL/min, giving an
approximate gain of 1000 response units. Human IgE in 2-fold serial
dilutions (4 concentrations starting at 25 nM) was injected over antibody-
bound surface for 2 minutes at 20 wL/min followed by a 4-minute dissoci-
ation phase. After each cycle, the surface was regenerated by injecting
glycine buffer (10 mM, pH 1.5). Data were processed by zeroing time and
response before the injection of analyte and by subtracting appropriate non-
specific signals (response of reference channel and injection of running
buffer). Kinetic analyses were performed by global fitting of binding data
with a 1:1 Langmuir binding model by using BIAevaluation software (GE
Healthcare).

IgE, IgG, and IgM production from human PBMCs

Human PBMCs (3 X 10° cells) were cultured with antibodies at varying
concentrations for 14 days at 37°C in RPMI-1640 containing 10% FBS, 5
ng/mL recombinant human IL-4 (Peprotec, Rocky Hill, NJ), and 250 ng/
mL agonistic antthuman CD40 antibody (R&D Systems, Minneapolis,
Minn). IgE production in culture medium was assessed by ELISA by using
a pool of 3 anti-IgE antibodies (clones 101, 107, and 182; MabTech, Cin-
cinnati, Ohio) for capture, with horseradish peroxidase (HRP)-conjugated
antihuman IgE antibody for detection (Bethyl Laboratories, Montgomery,
Tex). To eliminate IgG assay interference arising from therapeutic anti-
bodies and controls (which were all human IgGl), specific levels of
1gG2 were assessed by ELISA by using mouse antihuman IgG2 antibody
(clone G18-21, BD Pharmingen, San Jose, Calif) for capture, with HRP-
conjugated donkey antihuman IgG (H+L)-specific antibody for detection
(Jackson Immunoresearch Laboratories, West Grove, Pa). For IgM quanti-
tation, polyclonal goat antihuman IgM F(ab’), fragment was used for cap-
ture and HRP-conjugated polyclonal goat anti-IgM antibody was used for
detection. Standard curves were generated by using human IgE (Bethyl
Laboratories), human IgG2 (Novabiochem, San Diego, Calif), and human
IgM (Jackson Immunoresearch). For quantification, an HRP substrate sys-
tem (KPL, Gaithersburg, Md) was used according to the manufacturer’s
protocol.

Human PBMC engraftment of SCID mice

All animal experiments were performed according to Institutional Animal
Care and Use Committee—approved protocols. For huSCID mouse models,
immunodeficient SCID mice (Taconic, Cambridge City, Ind) were treated on
day 1 with 100 pL of anti-asialo GM antibody (Wako, Richmond, Va) to
deplete natural killer cells and on day O with an intraperitoneal injection of 3.0
X 107 human PBMCs obtained by leukapheresis under an institutional review
board-approved protocol (HemaCare). Mice were dosed intraperitoneally
with antibodies on day 8 or 9 or as described. Blood was collected by retro-
orbital sinus puncture for the determination of total human IgM, IgG, and
IgE, free human IgE, and therapeutic antibody levels by using the methods de-
scribed below. In the first huSCID study, mice were also injected on days 11
and 26 with 15 pg each of dust mite antigens Der p 1 and Der p 2 (LoTox
Natural Der p 1 and Der p 2, Indoor Biotechnologies, Charlottesville, Va),
although no antigen-specific IgE could be detected in vehicle-treated or any
other group (data not shown).

Quantitation of human immunoglobulin and
therapeutic antibody levels in PBMC-engrafted
SCID mice

Human IgE, IgG, and IgM concentrations in mouse sera were measured by
using immunoassays. For total IgE, plates were coated with antihuman IgE
antibodies (clones 101, 107, and 182; MabTech). For free IgE, the coating
protein was human FceRI (produced in-house). The detection system for both
assays used a biotin-labeled goat antihuman IgE antibody (KPL, Gaithersburg,
Md) with europium-labeled streptavidin (PerkinElmer, Waltham, Mass). The
IgG level was determined by using a dissociation-enhanced lanthanide
fluorescent immunoassay—based sandwich immunoassay in which a goat
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antihuman IgG Fc—specific antibody (Jackson Immunoresearch) was used for
capture and a goat antihuman kappa chain—specific antibody (Invitrogen,
Grand Island, NY) was used for detection in the first and third huSCID studies.
Signals of all dissociation-enhanced lanthanide fluorescent immunoassays
were read by using the Wallac Envision reader (PerkinElmer) with time-
resolved fluorescence settings. ELISA kits were used to determine IgG
(Zeptometrix, Buffalo, NY) and IgM (Alpha Diagnostic, San Antonio, Tex)
levels in the fourth huSCID study, following the manufacturers’ protocols.

To quantify the serum concentrations of free omalizumab and XmAb7195,
plates were coated with human IgE (Fitzgerald Industries, Acton, Mass).
Antibodies were detected by using europium-labeled antihuman IgG (Perkin-
Elmer), and signals were read by using the Wallac Envision reader
(PerkinElmer).

Activation of human B cells in huSCID mice by
polyclonal anti-IgE

SCID mice were engrafted with human PBMCs as described above. Seven
days after engraftment, mice were treated with antibodies XmAb7195 or
XENP7196 (the FcyR knockout control for XmAb7195) at 10 mg/kg twice
weekly throughout the study. After 2 days, mice were injected intraperitone-
ally with PBS or chicken polyclonal anti-IgE IgY (Abcam, Cambridge, Mass)
at doses indicated. Twenty days after engraftment, blood was collected for the
determination of total human IgE levels by using ELISA.

Induction of IgE in C57BL/6 mice transgenic for

human FcyRIlb

C57BL/6 mice transgenic for human FcyRIIb  (Fegr2b™’™
hFCGR2B*)*>* were obtained from Jeffrey Ravetch (Rockefeller Univer-
sity). Mice were injected intraperitoneally with antibodies XENP8252 or
XENP8253 at 10 mg/kg twice weekly throughout the study, starting on
day 0. Both antibodies are derived from R1E4, a rat antimouse IgE used
as a surrogate for omalizumab®”® and contain identical rat antimouse IgE
Fv domains. XENP8252 is a chimeric murine surrogate for omalizumab con-
taining a native human IgG1 Fc domain. XENP8253 is a chimeric murine
surrogate for XmAb7195 containing an engineered human IgG1 Fc domain
including S267E and L328F mutations to enhance binding to human
FcyRIIb (as in Table I). To boost total IgE responses, mice were immunized
with 40 pg of chicken ovalbumin (Sigma-Aldrich, St Louis, Mo) in com-
plete Freund’s adjuvant (Chondrex, Redmond, Wash) injected intraperitone-
ally on day 2. Blood was drawn by retro-orbital sinus puncture on days
indicated to assess mouse free and total IgE and total IgG levels by using
ELISA.

Quantitation of serum level of, and mouse immune
response to, anti-lgE antibodies in human FeyRIlb
transgenic mice

To quantify the serum concentrations of XENP8252 and XENP8253, plates
were coated with goat antihuman IgG Fc—specific antibody (Jackson
Immunoresearch). Antibodies were detected by using europium-labeled
antihuman kappa chain—specific antibody (Invitrogen) and signals were read
by using the Wallac Envision reader (PerkinElmer). To assess the formation of
mouse anti-XENP8252 or anti-XENP8253 antibodies in immunocompetent
C57BL/6 mice, dissociation-enhanced lanthanide fluorescent immunoassay—
based bridging assays were used. Unlabeled drugs were used for capture, and
europium-labeled drugs were used for detection.

Statistical analyses

Statistical significance was determined with Prism software (GraphPad
Software, La Jolla, Calif) using 1-way ANOVA with Dunnett posttest for
multiple comparisons versus vehicle; the exception to this is the second
huSCID study, in which repeated-measures 1-way ANOVA was used. Levels
of significance were defined as P <.05 (¥), P <.01 (*%), and P <.001 (¥%%).
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Native 1gG1 Fc
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Humanized MaE11
FcyRlIb-enhanced Fc
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Humanized MaE11
FcyR knockout Fc
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FIG 1. Increased affinity for soluble human IgE and FcyRllb of XmAb7195 relative to omalizumab. Surface
plasmon resonance traces of Fv domain of full-length antibody binding to IgE (left panel) and of Fc domain
of full-length antibody binding to Fc inhibitory receptor FcyRIlb (right panel). See Table | for affinity deter-
minations. Binding curves for IgE were performed at 3.13, 6.25, 12.5, and 25.0 nM; binding curves for FcyRllb
were performed at 15.62, 62.5, 250, and 1000 nM.
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FIG 2. Inhibition of IgE but not IgG2 or IgM production by XmAb7195 in cultured human PBMCs. PBMCs
were cultured for 14 days to stimulate the differentiation of B cells into plasma cells and subsequent
production of immunoglobulins. Results shown represent 1 study of PBMCs from a single healthy donor
and are representative of at least 4 independent experiments using PBMCs from 4 donors. Dose responses
were fit by using linear regression of log-transformed data, and slopes and standard errors were calculated
for each group. A 1-way ANOVA with Dunnett posttest for multiple comparisons was then used to compare
all groups versus isotype control XENP6003. The suppressive effect of XmAb7195 is significant for IgE but
not for IgM or IgG2 (***P < .001); if unlabeled, not significant (P > .05).

RESULTS
Humanization and Fc engineering generated an
antibody with higher affinity for human IgE and
FcyRIlb relative to omalizumab

The mouse antihuman IgE antibody MaE11 is the parent of the
humanized antibody rhumAb-E25,%7 also known as omalizumab
(Xolair). To avoid the stimulation of antibody-induced cross-link-
ing of FceRI and consequent mast cell degranulation, MaE11 was
selected because it does not bind to IgE already bound to
FceR1.*?° MaE11 also binds to IgE BCR as well as to soluble
IgE.8 Because our strategy to activate FcyRIIb signaling requires
antibody binding to IgE BCR but precludes binding to FceRI-
bound IgE, we likewise used MaE11 as our starting point for hu-
manization and Fc engineering. We first fused the Fv domain of
MaEll to human IgGl Fc to make the chimeric antibody
XENP6727 (see Table I for a description of all antibodies gener-
ated). We next humanized XENP6727 by using the method of
string content optimization®' to create XENP6728, an antibody
with a slightly higher human sequence identity than that of oma-
lizumab (83% for XENP6728 vs 80% for omalizumab). We next
incorporated amino acid modifications S267E and L328F in the
Fc region of XENP6728 to generate high-affinity binding to
FcyRIIb,18 which resulted in the therapeutic candidate
XmAb7195. These mutations reduce affinity to FcyRIIla, a key
activating receptor, to undetectable levels and do not increase af-
finity for activating receptors FcyRI and FcyRIla (H131 allele)
relative to native IgG1 Fc.'®* Finally, to create a control anti-
body useful in assessing Fcy receptor interactions, we mutated
XENP6728 to form XENP7196, which contains G236R and
L328R mutations in its Fc domain that abolish binding to Fcry re-
Ceptors.19 By using surface plasmon resonance, we assessed the

binding affinity for both human IgE and FcyRIIb of these 4 anti-
bodies relative to omalizumab (Fig 1 and Table I). XENP6728 and
XmAb7195, humanized via string optimization, have an IgE
binding affinity 5.3-fold tighter than that of omalizumab and
1.5-fold tighter than that of the MaEll parent. The observed
0.39 nM binding affinity of omalizumab for human IgE is compa-
rable to the reported affinity of 0.17 nM.” Binding affinities of
omalizumab, XENP6727, and XENP6728 for human FcyRIIb
were weaker than 3 wM, as expected for the interaction of native
IgG1 with this low-affinity Fc receptor. In contrast, the observed
7.7 nM Kp, affinity of the Fc domain of XmAb7195 for FcyRIIb
was at least 400-fold greater than the affinity of the Fc domains
of chimeric MaE11 and omalizumab, owing to the introduction
of Fc substitutions S267E and L328F.'%%

Coengagement of FcyRIlb with IgE BCR inhibited
IgE but not IgG or IgM secretion in human PBMCs
To assess the effects of Fc-engineered anti-IgE antibodies on
the activation and differentiation of B cells expressing different
immunoglobulin isotypes, we quantified IgE, IgG, and IgM
secretion from human PBMC cultures stimulated with IL4 and
anti-CD40 antibody (Fig 2)30 IgE levels were suppressed in a
dose-dependent manner by XmAb7195 but not by XENP7196,
the knockout control lacking binding to Fcy receptors, or by
XENP6003, the anti-respiratory syncytial virus isotype control
with the same Fc domain as XmAb7195. The lack of IgE suppres-
sion by the combination of isotype and FcyR knockout controls,
which together match the high Fc and Fv affinities of XmAb7195
for IgE and FcyRIIb, respectively, demonstrates that selective in-
hibition requires coengagement of FcyRIIb with IgE BCR by a
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FIG 3. Suppression of human IgE but not IgG production by XmAb7195 in huSCID mice. PBMCs were
engrafted on day 0, antibodies (10 mg/kg) were given on days 9 and 24, and total human IgE and IgG levels
were measured in mouse serum at days 8, 23, and 36. A, Total serum IgE levels. B, Total serum IgG levels.
C and D, Data for A and B, respectively, plotted as the time course of group averages. Results are represen-
tative of at least 4 similar experiments. Data are for 8 mice per group, and error bars represent mean = SEM
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single antibody (as opposed to independent engagement of both
receptors by different antibodies). Omalizumab suppressed IgE
only at the highest concentration tested, probably because of its
weaker binding to FcyRIIb. To address whether inhibition by
XmAb7195 was specific to IgE secretion, we also examined
IgG2 and IgM production in the same human PBMC cultures.
The IgG2 subtype was measured to avoid assay interference
from the antibodies tested, which were all of the IgG1 subtype.
Notably, no antibodies affected IgG2 or IgM production at any
concentration, further demonstrating that high-affinity engage-
ment of FcyRIIb on naive IgM™ or class-switched IgG™ B cells
is not sufficient to suppress their activation.

XmAb7195 selectively suppressed IgE but not IgG
or IlgM production in huSCID mice

Like omalizumab, XmAb7195 is designed for human use and
does not cross-react with mouse Fcy receptors or IgE, precluding
its assessment in common murine models of allergy. The huSCID
mouse is well established as a surrogate system to partially
recapitulate human immune responses’'; therefore, we elected to
use this model to assess the in vivo activity of therapeutic anti-
bodies and controls. The baseline levels of both IgE and IgG at
8 days postengraftment with 3 X 10” human PBMCs (Fig 3) indi-
cated that subsequent higher signals were due to immunoglobulin
secretion by newly differentiated human plasma cells. Vehicle-
treated mice showed high serum levels of both IgE (Fig 3, A
and C) and IgG (Fig 3, B and D) by 23 days postengraftment,
reaching near-physiological levels (greater than 6 wg/mL for
IgE and greater than 1 mg/mL for IgG), with IgE decreasing
and IgG increasing at day 36. Other groups were treated with
10 mg/kg of antibodies 9 days after engraftment. XmAb7195
strongly suppressed IgE production by 29-fold relative to vehicle,
while anti-IgE antibodies possessing native IgG1 Fc domains
(omalizumab and XENP6728) did not. Notably, XENP7196, the
control for XmAb7195 and XENP6728 that lacks Fc binding to
FcyRIIb, stimulated IgE production in vivo by 6-fold relative to
vehicle. This result suggests that the cross-linking of BCR in
the absence of FcyRIIb coengagement activates IgE™ B cells, in-
creasing plasma cell number and consequently IgE production.
Because omalizumab and XENP6728 did not cause this effect,
this result also implies that the native IgG1 Fc domains of these
antibodies are capable of some regulation of IgE production, pre-
sumably through their weak affinity for FcyRIIb. In contrast to the
markedly diverse effects on total IgE production caused by anti-
bodies possessing different Fc domains, production of total IgG
remained unaffected by any antibody (Fig 3, B and D), further
demonstrating that the stimulation of this B-cell inhibitory path-
way was absolutely dependent on high-affinity coengagement of
FcyRIIb with IgE BCR.

To explore the temporal relationship between total versus free
IgE levels, we again tested XmAb7195 and omalizumab in the
huSCID model with additional isotype and Fc controls. Mice
received a single 10 mg/kg dose of antibody 8 days after
engraftment with PBMCs, and we measured changes in free
and total human IgE levels over 5 weeks. Fig 4, A shows that both
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omalizumab and XmAb7195 rapidly sequestered free IgE to com-
parable levels, as expected; after 1 hour, free IgE was 24-fold and
28-fold lower, respectively, relative to vehicle. XENP4546 and
XENP6003, the anti-respiratory syncytial virus isotype controls
for omalizumab and XmAb7195, respectively, were not effective,
indicating that antibody activity required binding to free IgE. In
contrast, the effects of XmAb7195 and omalizumab on total
IgE levels (Fig 4, B) were markedly different. XmAb7195 sup-
pressed total IgE levels by at least 13-fold (to below assay detec-
tion limits); in contrast, omalizumab increased total IgE levels by
2-fold. The small peak of total IgE levels detectable for 3 days af-
ter XmAb7195 treatment may be due to IgE-secreting plasma
cells formed prior to drug treatment that are exhausted by day
16, when no total IgE is detectable in this group. The modest
increase in total IgE induced by omalizumab may be due to its
stabilization in omalizumab/IgE immune complexes or due to
omalizumab-mediated cross-linking of IgE BCR leading to
B-cell activation and increased IgE production. A single treat-
ment with XmAb7195 resulted in a substantially prolonged sup-
pression of free IgE levels for at least 20 days; in contrast, IgE
levels in omalizumab-treated mice increased markedly by 3
days after treatment (Fig 4, A). The sustained suppression of
free IgE levels by XmAb7195 (a 60-fold reduction vs omalizu-
mab at day 22) is likely due to its inhibition of IgE production
as seen in Fig 4, B. This long-term inhibition of total IgE levels
by XmAb7195 when given several days before the peak of IgE
production is in agreement with its putative B cell-suppressing
mechanism of action. However, to exclude the possibility that dif-
ferences in drug exposure might have contributed to the disparate
effects of omalizumab and XmAb7195, we also measured serum
levels of each antibody at the same time points. Omalizumab and
XmAb7195 showed similar peak concentrations and overall ex-
posure (Fig 4, C). Taken together with the lack of activity of 2 iso-
type control antibodies (Fig 4, A and B), these results suggest that
the enhanced suppression of free and total IgE by XmAb7195 rel-
ative to omalizumab can be attributed to significantly greater af-
finity for FcyRIIb, as opposed to greater drug levels.

Mice shown in Figs 3 and 4 were treated with XmAb7195 or
omalizumab well before the peak of IgE production in the hu-
SCID model, and thus reflect prophylactic drug dosing in a clini-
cal setting. To better replicate the anticipated treatment of an
existing allergic human IgE response, we therefore extended these
studies by waiting 21 days after PBMC engraftment for plasma
cells to fully differentiate before dosing with therapeutic anti-
bodies. Omalizumab and XmAb7195, dosed twice weekly for
14 days, again efficiently sequestered free IgE, while the isotype
control XENP6003 remained ineffective (Fig 5, A). In contrast,
XmADb7195 reduced total IgE levels by 36-fold after 1 week of
dosing and 79-fold after 2 weeks of dosing, while the effect of
omalizumab was not significantly different from that of the vehi-
cle (Fig 5, B). Total human IgG2 levels, in contrast, remained
largely unaffected by any antibody (Fig 5, C). This demonstrates
that even when human plasma cells are well established in vivo, as
indicated by human IgE levels of approximately 1 pg/mL in all
groups at 3 weeks postengraftment, FcyRIIb coengagement
with IgE BCR can effectively suppress IgE but not IgG

<

of log-transformed values. Pvalues in all panels represent 1-way ANOVA with Dunnett posttest for multiple
comparisons (vs vehicle at same time point); **P < .01; if unlabeled, not significant (P> .05). Values below
assay limit of quantitation in A (32 ng/mL) are plotted at this baseline.
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(2.6 ng/mL) are plotted at this baseline.

production. As in Fig 4, the contrasting effects of omalizumab and
XmAb7195 on total IgE levels cannot be attributed to differences
in drug half-life or exposure, because serum levels of these anti-
bodies were similar (Fig 5, D).

To further investigate the selectivity of XmAb7195 for IgE" B
cells, we quantified soluble IgM, IgG, and IgE levels in another
huSCID study. As a nonselective positive control, we included
the Fc-engineered antibody XmAb5871."%!” XmAb5871 shares
an identical FcyRIIb affinity-enhanced IgG1l Fc domain with
XmAb7195, but its Fv domain binds to the BCR coreceptor
CD19 that is widely expressed on B cells. XmAb5871 signifi-
cantly suppressed the production of human IgM, IgG, and IgE
in huSCID mice (Fig 6). In contrast, XmAb7195 had no effect

on soluble IgM or IgG production yet suppressed total IgE levels
more effectively than did XmAb5871. These results demonstrate
that Fc-mediated engagement of FcyRIIb can block the activation
of multiple B-cell isotypes if targeted to the appropriate BCR
component whereas the anti-IgE variable domain of
XmAb7195 confers specificity for those B cells fated to differen-
tiate into IgE-secreting plasma cells.

XmAb7195 surrogate suppressed total IgE levels in
C57BL/6 mice transgenic for human FcyRlIlb

Given that XmAb7195 and omalizumab do not cross-react
with mouse IgE, we next generated murine surrogates for

<

blood was drawn 1 h after antibody injection). A, Free IgE levels. B, Total IgE levels. C, Drug levels in serum.
Data are for 8 mice per group, and error bars represent mean = SEM of log-transformed values. Pvalues in
Aand Brepresent repeated-measures 1-way ANOVA with Dunnett posttest for multiple comparisons (vs ve-
hicle); ***P < .001; **P < .01; *P < .05; if unlabeled, not significant (P > .05). Values below assay limits of
quantitation in A and B (2 and 26 ng/mL, respectively) are plotted at these baselines.
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trols have been previously reported.’®

investigation in C57BL/6 mice transgenic for human
FcyRIIb.>>?® XENP8252 is a chimeric surrogate for omalizu-
mab containing its native human IgG1 Fc domain. XENP8253
is a chimeric surrogate for XmAb7195 containing its identical
human IgG1 Fc domain modified for high affinity to FcyRIIb.
Both antibodies contain identical rat antimouse IgE Fv domains
derived from R1E4, a commonly used surrogate for omalizumab
that sequesters murine IgE.?” In transgenic mice treated twice
weekly with surrogate antibodies, free murine IgE levels were
rapidly suppressed by the first measured time point (9 days after
dosing) and remained suppressed throughout the 58-day study
(Fig 7, A). Similar to the results for XmAb7195 in the huSCID
model, XENP8253 suppressed total murine IgE levels to below
detection limits by day 9 (Fig 7, B), demonstrating that FcyRIIb
engagement remained effective in immunocompetent mice pos-
sessing the full complement of activating Fcy receptors. Total
mouse IgE levels were also reduced at later time points by
XENP8252, although the extent of suppression did not approach
that of XEN8253 at any time point. The delayed activity of
XENP8252 may be mediated by an Fc-dependent cell-mediated
cytotoxic effect or by the weak interaction of native IgG1 Fc with
human FcyRIIb. Production of total murine IgG remained high
throughout the study, although levels in XENP8253-treated mice
fell by day 10 and then stabilized, remaining consistently lower
than in XENP8252-treated mice (Fig 7, C). This effect of the sur-
rogate antibody, which was not observed for human IgG using

XmADb7195 invitro or in vivo (Figs 2, 3, 5, 6), raises the possibility
of an FeyRIIb-dependent effect on IgG™ B cells or plasma cells in
this model; elucidation of a potential mechanism will require
further studies using isotype control antibodies and nontransgenic
mice.

The human Fc domains of both XENP8252 and XENP8253 are
foreign to C57BL/6 mice and thus have the potential to be
immunogenic. This raises the possibility that the resulting mouse
antihuman Fc antibodies might cross-link XENP8252 or
XENP8253 bound to IgE™* B cells, thereby activating IgE BCR
and stimulating rather than suppressing IgE production. Several
mice in the XENP8252- and XENP8253-treated groups in Fig 7
developed antidrug antibodies. Notably, by day 50, one
XENP8253-treated mouse generated antibody levels 45-fold
higher than the group average (the second strongest response
was only 3.5-fold above the group average), and immunogenicity
in this mouse correlated with rapid drug clearance (not shown).
Despite such antidrug immune responses, suppression of total se-
rum IgE levels was maintained during 58 days of dosing with
XENPS8253 (Fig 7, B). Interestingly, the mouse raising the stron-
gest immune response did exhibit a small rebound in free serum
IgE level at days 50 and 58 (Fig 7, A); however, no drug-treated
mice showed free or total serum IgE levels that reached or ex-
ceeded the levels found in vehicle groups at any time point. These
results with surrogate antibodies suggest that immune responses
to the Fc domains of omalizumab and XmAb7195 have the
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potential to partially neutralize antibody activity, but will not par-
adoxically stimulate activation of IgE™ B cells.

XmAb7195 suppressed total IgE levels induced by
polyclonal anti-lgE-mediated IgE™* B-cell activation

To explore the ability of XmAb7195 to block a robust human
IgE™* B-cell response, we treated huSCID mice with polyclonal
antihuman IgE to cross-link IgE BCR (Fig 8). IgE™ B cells
were activated in a dose-dependent manner by chicken anti-IgE,
which increased levels of total human IgE. Under all conditions,
XmAb7195 suppressed this effect (Fig 8, A). Notably, in a second
study, XmAb7195 again suppressed this polyclonal IgE response
while the FcyR knockout control XENP7196 did not (Fig 8, B). In
agreement with our other huSCID studies, these results demon-
strate that FcyRIIb coengagement with IgE BCR can suppress
IgE™ B cells even when they are strongly activated. These results
also suggest that a possible immune response against XmAb7195
in clinical use may be suppressed by its intrinsic suppression of B
cells with cognate BCR.

DISCUSSION

The clinical efficacy of omalizumab attests to the role of high
IgE levels in the pathogenesis of allergy and asthma. However,
IgE sequestration by omalizumab does not address the underlying
disease etiology: activation and differentiation of IgE™ B cells to
generate [gE-secreting plasma cells. On the contrary, omalizumab
impedes the naturally rapid clearance of IgE and thereby in-
creases total IgE levels for months after cessation of therapy.z’ 10.11
Therefore, alternatives to IgE sequestration, including suppres-
sion of IgE production, have been explored in animal models.
For example, several groups have developed therapeutic
antibodies that, in contrast to omalizumab, bind only to trans-
membrane IgE to stimulate apoptosis of IgE™ B cells.*'> An
anti-IgE gene therapy has also been reported to suppress the acti-
vation of IgE " B cells in mice.?’ If these approaches prove capa-
ble of successfully depleting IgE* B cells in humans, thereby
blocking replenishment of IgE-secreting plasma cells, then total
IgE levels may gradually diminish over time, reducing IgE occu-
pancy on FceRI and thereby desensitizing mast cells and baso-
phils. However, the failure of such approaches to sequester free
IgE is likely to result in a greatly delayed onset of action relative
to omalizumab, and they are therefore expected to complement
rather than replace the therapeutic use of this antibody.

We reasoned that a combination strategy that retains the
sequestration efficiency of omalizumab while also suppressing
IgE production may have advantages as a long-term therapy for
allergy and asthma. By exploiting the interaction of the antibody
Fc domain with FcyRIIb, we have developed a therapeutic
antibody that blocks IgE™ B-cell differentiation and also seques-
ters soluble IgE without binding to IgE complexed with FceRI.
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FcyRIIb is the sole inhibitory receptor for the Fc domain of
IgG antibodies and, because of its expression on B cells, macro-
phages, and dendritic cells, plays a key role in modulating im-
mune responses. FcyRIIb has been characterized largely on the
basis of its interactions with IgG Fc domains, and limited infor-
mation exists on the role it plays in the modulation of IgE™
B-cell responses; however, it has been reported that the Fc domain
of IgE can bind to IgG receptors including FcyRIIb, FcyRIIa, and
FcyRIIla on mast cells, with affinities comparable to those of IgG
Fc.'®!'7 A role for FcyRIIb in suppressing IgE responses is also
demonstrated by the exacerbation of allergic rhinitis and asthma
reported in FcyRIIb knockout mice.**** By stimulating the coen-
gagement of FcyRIIb and surface IgE, XmAb7195 can target B
cells as soon as they class-switch to express IgE BCR. However,
because XmAb7195 also exhibits an enhanced ability to sequester
soluble IgE relative to omalizumab, its therapeutic activity is not
contingent on the gradual elimination of plasma cells, in contrast
to approaches that do not target soluble IgE.*'?

FcyRIIb is also expressed on plasma cells, and Xiang et a
demonstrated that antibody-mediated cross-linking of plasma
cell FcyRIIb can induce apoptosis. In addition, our results using
the surrogate antibody XENP8253 show that total IgG levels
were partially suppressed (Fig 7, C), but then stabilized over 8
weeks. This observation raises the possibility that in immuno-
competent (but not huSCID) mice, FcyRIIb engagement in the
absence of IgE™ BCR binding may target plasma cells or B cells
expressing other Ig isotypes. This finding for the surrogate raises
the possibility that the Fc domain of XmAb7195 could have direct
effects on human plasma cells as well as on B cells. However, the
following data argue against this hypothesis: (1) the Fc domain of
XmAb7195 binds monovalently and cannot cross-link plasma
cell FcyRIIb (see Table I); (2) the avidity effect caused by bivalent
binding to surface IgE is diminished on plasma cells, in which
BCR is absent or greatly reduced®>®; (3) XmAb7195 suppressed
IgE production in huSCID mice when given several days before
peak plasma cell output of IgE, suggesting that the primary target
isIgE™ B cells; (4) XmAb7195 had no effect on serum IgM or IgG
levels, indicating that these plasma cell populations are not tar-
geted; and (5) the isotype control antibody XENP6003, which en-
gages FcyRIIb with identical affinity to XmAb7195, was inactive
in all in vitro and in vivo models.

As with any therapeutic antibody, the possibility exists for an
immune response to XmAb7195 in clinical use. Notably, our
results using the murine surrogate XENP8253 (Fig 7) demon-
strate that suppression of both free and total IgE levels persisted
throughout 8 weeks of chronic dosing, even in mice that devel-
oped antihuman Fc immune responses. These results in immuno-
competent mice, combined with results showing that XmAb7195
can suppress human B-cell activation induced by a strong poly-
clonal anti-IgE stimulus in huSCID mice (Fig 8), suggest that
high-affinity coengagement of FcyRIIb with IgE BCR may sup-
press the potential immunogenicity of XmAb7195 in humans,

134

<

FIG 7. Efficacy of mouse anti-IgE surrogates in C57BL/6 mice transgenic for human FcyRllb. XENP8252 and
XENP8253 are surrogates for omalizumab and XmAb7195, respectively. Mice were treated with vehicle or
10 mg/kg antibodies twice weekly starting on day 0. A, Free mouse IgE levels. B, Total mouse IgE levels.
C, Total mouse IgG levels. Data are for 10 mice per group, and error bars represent mean = SEM of
log-transformed values. Results are representative of 2 similar experiments. P values represent repeated-
measures 1-way ANOVA with Dunnett posttest for multiple comparisons (vs vehicle); ***P < .001;
**P < .01; *P < .05; if unlabeled, not significant (P > .05). Values below assay limits of quantitation in A
and B (15.6 and 2.6 ng/mL, respectively) are plotted at these baselines.
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ment). XmADb7195 (10 mg/kg) suppresses IgE production under all
anti-lgE treatment conditions. B, Increase in total IgE levels induced by
polyclonal anti-IgE is suppressed by XmAb7195 but not by FcyR knockout
control XENP7196. P values in A represent Student t tests versus vehicle
at the same time point and in B represent 1-way ANOVA with Dunnett
posttest for multiple comparisons versus vehicle; **P < .01; ***P < .001;
**** P < .0001; if unlabeled, not significant (P > .05). Values below assay
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especially in comparison to therapeutic antibodies with native Fc
domains.

Our results using isotype and Fc control antibodies also shed
new light on the pharmacology of omalizumab, which contains a
native IgG1 Fc domain and therefore interacts with multiple Fcy
receptors including the activating receptors FcyRI, FcyRIla, and
FcyRIlla as well as FcyRIIb. By comparing the effects of
omalizumab to those of XmAb7195, its native IgG1 control,
and its control lacking binding to Fcy receptors, it is evident that
antibody cross-linking of IgE BCR in the absence of FcyRIIb
interaction increases serum IgE levels. The difference in total IgE
levels observed for omalizumab and the FcyR knockout antibody
control suggests that omalizumab’s clinical effects may consist of
a complex mixture of IgE sequestration coupled with the
engagement of inhibitory and activating Fcy receptors on B cells
and other leukocytes. Our evidence for a signaling component of
omalizumab activity in the huSCID models extends the report
from Ota et al indicating that R1E4, an antimouse IgE used as a
surrogate for omalizumab, activates calcium mobilization in
mouse B cells in addition to sequestering IgE.27

In summary, XmAb7195 is predicted to sequester IgE as well
as, or more efficiently than, an existing anti-IgE therapeutic
antibody. More importantly, the additional mechanism of action
mediated by the engagement of its Fc domain with FcyRIIb may
block the differentiation of IgE™ B cells, with a consequent sus-
tained reduction in IgE-secreting plasma cells. It is plausible
that these dual mechanisms may be synergistic in the clinic,
with a reduction in total IgE production facilitating a sustained
and more effective sequestration of remaining free IgE during an-
tibody therapy of allergy and allergic asthma.

‘We thank Heather Herman, Alison Harris, Araz Eivazi, and Emily Chan for
technical assistance and Jeffrey Ravetch for providing the human FcyRIIb
transgenic mice.

Clinical implications: These results suggest that the long-term
suppression of IgE production coupled with IgE sequestration

is feasible by using a therapeutic antibody and may be an effec-
tive treatment for allergic asthma.

REFERENCES

1. Stone KD, Prussin C, Metcalfe DD. IgE, mast cells, basophils, and eosinophils.
J Allergy Clin Immunol 2010;125:S73-80.

2. Chang TW. The pharmacological basis of anti-IgE therapy. Nat Biotechnol 2000;
18:157-62.

3. Kourtis G, Rucco AS, Loconte F, Caiaffa MF, Macchia L. Omalizumab in severe
allergic asthma: efficacy assessment by comparison of symptom score and peak ex-
piratory flow values before and after therapy. J Investig Allergol Clin Immunol
2010;20:451-2.

4. Presta LG, Lahr SJ, Shields RL, Porter JP, Gorman CM, Fendly BM, et al. Human-
ization of an antibody directed against IgE. J Immunol 1993;151:2623-32.

5. Presta L, Shields R, O’Connell L, Lahr S, Porter J, Gorman C, et al. The binding
site on human immunoglobulin E for its high affinity receptor. J Biol Chem 1994;
269:26368-73.

6. Shields RL, Werther WR, Zioncheck K, O’Connell L, Klassen T, Fendly B, et al.
Anti-IgE monoclonal antibodies that inhibit allergen-specific histamine release. Int
Arch Allergy Immunol 1995;107:412-3.

7. Shields RL, Whether WR, Zioncheck K, O’Connell L, Fendly B, Presta LG, et al.
Inhibition of allergic reactions with antibodies to IgE. Int Arch Allergy Immunol
1995;107:308-12.

8. Brightbill HD, Jeet S, Lin Z, Yan D, Zhou M, Tan M, et al. Antibodies specific for
a segment of human membrane IgE deplete IgE-producing B cells in humanized
mice. J Clin Invest 2010;120:2218-29.



14 CHUET AL

20.

21.

22.

. Prussin C, Griffith DT, Boesel KM, Lin H, Foster B, Casale TB. Omalizumab treat-

ment downregulates dendritic cell FceRI expression. J Allergy Clin Immunol 2003;
112:1147-54.

. Milgrom H, Fick RB Jr, Su JQ, Reimann JD, Bush RK, Watrous ML, et al. Treat-

ment of allergic asthma with monoclonal anti-IgE antibody. rhuMAb-E25 Study
Group. N Engl J Med 1999;341:1966-73.

. Hochhaus G, Brookman L, Fox H, Johnson C, Matthews J, Ren S, et al. Pharmaco-

dynamics of omalizumab: implications for optimised dosing strategies and clinical
efficacy in the treatment of allergic asthma. Curr Med Res Opin 2003;19:491-8.

. Feichtner S, Infuhr D, Achatz-Straussberger G, Schmid D, Karnowski A, Lamers

M, et al. Targeting the extracellular membrane-proximal domain of membrane-
bound IgE by passive immunization blocks IgE synthesis in vivo. J Immunol
2008;180:5499-505.

. Nimmerjahn F, Ravetch JV. Fcvy receptors as regulators of immune responses. Nat

Rev Immunol 2008;8:34-47.

. Heyman B. Feedback regulation by IgG antibodies. Immunol Lett 2003;88:157-61.
. Fukuyama H, Nimmerjahn F, Ravetch JV. The inhibitory Fcy receptor modulates

autoimmunity by limiting the accumulation of immunoglobulin G* anti-DNA
plasma cells. Nat Immunol 2005;6:99-106.

. Ujike A, Ishikawa Y, Ono M, Yuasa T, Yoshino T, Fukumoto M, et al. Modulation

of immunoglobulin (Ig)E-mediated systemic anaphylaxis by low-affinity Fc recep-
tors for IgG. J Exp Med 1999;189:1573-9.

. Takizawa F, Adamczewski M, Kinet JP. Identification of the low affinity receptor

for immunoglobulin E on mouse mast cells and macrophages as FcyRII and
FcyRIIL J Exp Med 1992;176:469-75.

. Chu SY, Vostiar I, Karki S, Moore GL, Lazar GA, Pong E, et al. Inhibition of B cell

receptor-mediated activation of primary human B cells by coengagement of CD19
and FcyRIIb with Fc-engineered antibodies. Mol Immunol 2008;45:3926-33.

. Horton HM, Chu SY, Ortiz EC, Pong E, Cemerski S, Leung IW, et al. Antibody-

mediated coengagement of FcyRIIb and B cell receptor complex suppresses hu-
moral immunity in systemic lupus erythematosus. J Immunol 2011;186:4223-33.
Jardieu PM, Fick RB Jr. IgE inhibition as a therapy for allergic disease. Int Arch
Allergy Immunol 1999;118:112-5.

Lazar GA, Desjarlais JR, Jacinto J, Karki S, Hammond PW. A molecular immunol-
ogy approach to antibody humanization and functional optimization. Mol Immunol
2007;44:1986-98.

Durocher Y, Perret S, Kamen A. High-level and high-throughput recombinant pro-
tein production by transient transfection of suspension-growing human 293-
EBNALI cells. Nucleic Acids Res 2002;30:E9.

24.

25.

27.

28.

29.

30.

32.

33.

36.

J ALLERGY CLIN IMMUNOL
mmm 2012

. Moore GL, Chen H, Karki S, Lazar GA. Engineered Fc variant antibodies with en-

hanced ability to recruit complement and mediate effector functions. MAbs 2010;
2:181-9.

Richards JO, Karki S, Lazar GA, Chen H, Dang W, Desjarlais JR. Optimization of
antibody binding to FcyRIla enhances macrophage phagocytosis of tumor cells.
Mol Cancer Ther 2008;7:2517-27.

Horton HM, Bernett MJ, Pong E, Peipp M, Karki S, Chu SY, et al. Potent in vitro
and in vivo activity of an Fc-engineered anti-CD19 monoclonal antibody against
lymphoma and leukemia. Cancer Res 2008;68:8049-57.

. Li F, Ravetch JV. Inhibitory Fcvy receptor engagement drives adjuvant and anti-

tumor activities of agonistic CD40 antibodies. Science 2011;333:1030-4.

Ota T, Aoki-Ota M, Duong BH, Nemazee D. Suppression of IgE B cells and IgE
binding to FceRI by gene therapy with single-chain anti-IgE. J Immunol 2009;182:
8110-7.

Keegan AD, Fratazzi C, Shopes B, Baird B, Conrad DH. Characterization of new
rat anti-mouse IgE monoclonals and their use along with chimeric IgE to further
define the site that interacts with FceRII and FceRI. Mol Immunol 1991;28:
1149-54.

Hook WA, Zinsser FU, Berenstein EH, Siraganian RP. Monoclonal antibodies de-
fining epitopes on human IgE. Mol Immunol 1991;28:631-9.

Jabara HH, Fu SM, Geha RS, Vercelli D. CD40 and IgE: synergism between anti-
CD40 monoclonal antibody and interleukin 4 in the induction of IgE synthesis by
highly purified human B cells. J Exp Med 1990;172:1861-4.

. Pearson T, Greiner DL, Shultz LD. Humanized SCID mouse models for biomedical

research. Curr Top Microbiol Immunol 2008;324:25-51.

Watanabe T, Okano M, Hattori H, Yoshino T, Ohno N, Ohta N, et al. Roles of
FcyRIIB in nasal eosinophilia and IgE production in murine allergic rhinitis.
Am J Respir Crit Care Med 2004;169:105-12.

Dharajiya N, Vaidya SV, Murai H, Cardenas V, Kurosky A, Boldogh I, et al.
FcyRIIb inhibits allergic lung inflammation in a murine model of allergic asthma.
PLoS One 2010;5:¢9337.

. Xiang Z, Cutler AJ, Brownlie RJ, Fairfax K, Lawlor KE, Severinson E, et al.

FcyRIIb controls bone marrow plasma cell persistence and apoptosis. Nat Immunol
2007;8:419-29.

. Calame KL, Lin KI, Tunyaplin C. Regulatory mechanisms that determine the

development and function of plasma cells. Annu Rev Immunol 2003;21:
205-30.

Shapiro-Shelef M, Calame K. Regulation of plasma-cell development. Nat Rev Im-
munol 2005;5:230-42.



	Reduction of total IgE by targeted coengagement of IgE B-cell receptor and FcγRIIb with Fc-engineered antibody
	Methods
	Cells and antibodies
	IgE and FcγRIIb binding affinities
	IgE, IgG, and IgM production from human PBMCs
	Human PBMC engraftment of SCID mice
	Quantitation of human immunoglobulin and therapeutic antibody levels in PBMC-engrafted SCID mice
	Activation of human B cells in huSCID mice by polyclonal anti-IgE
	Induction of IgE in C57BL/6 mice transgenic for human FcγRIIb
	Quantitation of serum level of, and mouse immune response to, anti-IgE antibodies in human FcγRIIb transgenic mice
	Statistical analyses

	Results
	Humanization and Fc engineering generated an antibody with higher affinity for human IgE and FcγRIIb relative to omalizumab
	Coengagement of FcγRIIb with IgE BCR inhibited IgE but not IgG or IgM secretion in human PBMCs
	XmAb7195 selectively suppressed IgE but not IgG or IgM production in huSCID mice
	XmAb7195 surrogate suppressed total IgE levels in C57BL/6 mice transgenic for human FcγRIIb
	XmAb7195 suppressed total IgE levels induced by polyclonal anti-IgE–mediated IgE+ B-cell activation

	Discussion
	References


