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Abstract:

BackgroundThe inhibitory receptor, RRIIB, is expressed on human and
murine bone marrow-derived cells and limits inflaation by suppressing signaling
through stimulatory receptors.

Objective:Evaluate the effects of K9.361, a mouse IgG2a atibady to mouse
FcyRIIB, on murine anaphylaxis.

Methods Wild-type and FgR-deficient mice were used to study anaphylaxis,
which was induced by injection of 2.4G2 (rat IgG8Bb that binds both R&IIB and
the stimulatory receptor, fRIII); by actively immunizing IgE-deficient micehén
challenging with the immunizing Ag; and by passivenunization with IgG or IgE anti-
TNP mAb, followed by injection of TNP-ovalbumin.dreatment with K9.361 was
assessed for ability to influence anaphylaxis.

ResultsUnexpectedly, K9.361 injection induced mild angpRis, which was
both FyRIIB- and FgRIlI-dependent and was greatly enhance@{adrenergic
blockade. K9.361 injection also decreased expressigtimulatory Fgreceptors,
especially FgRIll, and strongly suppressed 1gG-mediated anapig/lavithout strongly
affecting IgE-mediated anaphylaxis. The F(alrdgment of K9.361 did not induce
anaphylaxis, even aft@radrenergic blockade, and failed to depletgR_¥it or suppress
IgG-mediated anaphylaxis; but prevented intact B®-Biduced anaphylaxis, without
diminishing intact K9.36 suppression of IgG-medibémaphylaxis.

Conclusion Crosslinking FgRIIB to stimulatory FgRs through the Fc domains

of an anti-FgRIIB mAD induces, then suppresses IgG-mediatedtafags without
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affecting IgE-mediated anaphylaxis. Because Ig@-lgik-mediated anaphylaxis can be
mediated by the same cell types, this suggestslds@nsitization acts at the receptor,
rather than the cellular level. Sequential treatrméth the F(ab’) fragment of anti-
FcyRIIB mAD followed by intact anti-RgR1IB, safely prevents IgG-mediated

anaphylaxis.

Key Messages:

» K9.361, an IgG2a anti-§RIIB mAb, inhibits IgG-mediated anaphylaxis in mice
by a mechanism that involves cross-linking off®tB with stimulatory FgRs.
K9.361 has relatively little effect on IgE-mediat@aaphylaxis.

» Although intact K9.361, in the presence of betackéw, induces mild anaphylaxis
via interaction primarily with RgRIIl, this can be inhibited by first treating mice
with K9.361-derived F(aby)

» This study contributes to the understanding of pigéinteractions between
activating and inhibitory RgRs, which are considered to be valuable therapeutic

targets in wide-ranging allergic and inflammatorsgodders.
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Capsule Summary:
Treatment with intact monoclonal antiyf/RIIB and its F(ab’) fragment provides an
approach to safely inhibit IgG-mediated anaphylaxisiice through an indirect

mechanism involving an Fc-dependent interactiom wi/RIII.
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I ntroduction:

Anaphylaxis is an acute multi-system syndrome tslts from rapid and
diffuse release of vasoactive mediators, cytokaresenzymes by myeloid cells minutes
to hours upon exposure to an inciting trigger. inepanaphylaxis can be induced
through both classical and alternative pathway3)(1The classical pathway depends on
IgE-mediated activation of the high affinity &eceptor | (FERI) on mast cells and
basophils, while the alternative pathway dependigy@Gamediated activation of multiple
myeloid cell types via Rcreceptors (RgR), particularly FgRIIl. The classical pathway
is well-established in humans, while the importaotcthe alternative pathway in humans
is supported by considerable, but not conclusivéesnce (4).

FoyRs regulate innate and adaptive immune responsesoonrdinated manner
that involves positive signals that activate cafisl cause pro-inflammatory responses as
well as negative signals that suppress cellulavatodn and inflammation. Dysregulation
of FoyR-mediated signaling has been implicated in widegirag disease processes (5-9).
Murine stimulatory FgRs include FgRI1 (expressed by dendritic cells and mononuclear
cell subpopulations in peripheral blood) yRdl (expressed in varying degrees by all
peripheral blood myeloid cells), andyRiV (expressed by neutrophils and peripheral
blood monocytes and dendritic cells) (6, 10). Aating FyRs contain the
immunoreceptor tyrosine-based activation domai@AM) on the Fc receptoy chain
(FcRy). FoyRIIB, on the other hand, is inhibitory becausaals FcR, but contains a

cytosolic immunoreceptor tyrosine-based inhibitdgynain (ITIM) domain (6, 9, 11, 12).
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Given the central role of murine activatingyRs in IgG-mediated anaphylaxis,
and in several autoimmune and inflammatory disar{€8-22); the identification of a
therapeutic strategy to modulate cell stimulatianfo/Rs would have potential wide
ranging therapeutic implications. We previouslp@tterized a mouse model of 19G-
mediated anaphylaxis triggered by 2.4G2, a rat lg@dnoclonal antibody (mAb) that
directly binds to and blocks bothyRIIl and Fg/RIIB, but also inhibits stimulation of
mouse myeloid cells through yRI and FgRIV (23-25). Our data suggest that 2.4G2
inhibition of Fo/RI and FgRIV results from an interaction between 2.4G2’slBmains
and these receptors.

These observations raised questions about tHg Bikkects of injecting mice with
a mADb that only binds to FRIIB, such as the mouse IgG2a allo-mAb K9.361 (26).
Theoretically, this mAb might inactivate myeloidlséby directly transmitting negative
signals through R&IIB, although most evidence suggests thaRHE prevents
signaling through stimulatory receptors to whichas been crosslinked, rather than by
directly making cells refractory to other signd3). Alternatively, K9.361 might
increase the sensitivity of myeloid cells to sulhsay ligation of their stimulatory
receptors by blocking IgG-associated ligand croksig of the stimulatory receptors to
FcyRIIB. A third possibility is that K9.361 might bind stimulatory FgRs through its
Fc domains and affect the expression and/or resgaress of those receptors.
Distinguishing among these possibilities would pdevinsight into the mechanisms
involved in inhibitory receptor function and theéeractions among stimulatory and
inhibitory receptors; it might also suggest strasdor suppressing anaphylaxis and

other inflammatory disorders. Consequently, we stigated the effects of injecting mice
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with K9.361 and its F(alyp)fragment, which should be capable of binding td an
crosslinking FgRIIB, but lacks the Fc domains required to intexaith other FgRs. Our
results indicate that K9.361 indirectly inducesdrahaphylaxis by an Fc-dependent
interaction with FgRIII, then blocks active and passive IgG-mediabed,not IgE-
mediated anaphylaxis. In addition, treatment with361 and its F(aky)fragment

provides an approach to safely inhibit IgG-mediaadphylaxis.
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Materials and Methods:

Mice: Male and female BALB/c and C57BL/6 mice were pusgthfrom Taconic
(Hudson, NY) and were used at 7-15 weeks of ageneSexperiments also used BALB/c
mice that were bred in-house. yRi- and FgRIlI-deficient mice on a C57BL/6
background were originally obtained from Jeffreyw&&h, Rockefeller University (New
York, NY); these mice were bred to each other toegate mice deficient in both fRlI
and FqRIIl. F2 offspring were typed by PCR to identifyudie-deficient offspring.
FcyRIIB-deficient mice and Fcr chain-deficient mice on a BALB/c background were
purchased from Jackson (Bar Harbor, ME). IgE-defitimice on a BALB/c background
were a gift of Hans Oettgen, Boston Children’s HaggBoston, MA). All transgenic
mice were bred in house. BALB/c females, 6-8 weslswere treated intra-tracheally 3
times per week for 3 weeks with chicken egg-whi@/j protein and assessed for airway
hypersensitivity using Buxco with gradient methdatechallenge. EW-sensitized mice
were subsequently challenged by oral gavage withm@ of protein and assessed for
temperature drop and diarrhea, then grouped acuptdithe severity of sensitization.

Antibodies, antigens, and pharmaceuticifsnoclonal Abs (mAbs) or the
hybridomas that produce them were obtained fronidt@wing sources: K9.361 (mouse
IgG2a anti-mouse FRIIB mAD, (a gift of Ulrich Hammerling (Sloan-Ketiag, NY)),
2.4G2 (rat IgG2b anti-mouse fRII/RIII mAb (ATCC, Rockville, MD)), EM95 (rat
IgG2a anti-mouse IgE mAD (a gift of Zelig Eshhaefigvot, Israel)), CBPC-101 (mouse
IgG2a anti-myeloma protein, (John Abrams, DNAX,dRalto, CA)), SF1-1.1.10 (mouse

lgG2a anti-H-2K mAb, (ATCC)), M1/70 (rat IgG2b anti-mouse CD11b mAATCC)),
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J1.2 (rat 1IgG2b anti-4-hydroxy-3-nitrophenylacdwift from John Abrams, DNAX)),
1B7.11 (mouse IgG1 anti-TNP mAb (ATCC)), HY1.2 (,seugG2a anti-TNP mAb
(Shozo Izui (University of Geneva, Geneva, Switned)), (mouse IgE anti-TNP
(ATCC)). mAbs produced as ascites in Pristane-pdimthymic nude mice were purified
as described (28). A goat antiserum to mouse IgBpraduced as described (28).
Ovalbumin (OVA) was purchased from Sigma. OVA watseled with 2,4,6-
trinitrophenyle-aminocaproyl-O-succinamide (TNP-OSu, (BiosearcBjiptinylation

was achieved by alkalizing stock mAb in NaH£#D a pH of 8.0, then mixing mAb with
EZ Link biotin (Thermo Scientific) at a 10:1 weiglattio for 2 hours at room temperature,
followed by dialysis against normal saline. Promtahwas obtained from Hikma
Pharmaceuticals (London, UK). Histamine ELISA kitsre purchased from IBL-
America (Minneapolis, MN).

Preparation of F(ab’) fragments: K9.361 and 2.4G2 mAbs were digested for 7.5
hours at 37°C with immobilized pepsin (Thermo Stifer) while being rotated, then
purified using the NAb Protein A Plus column (Ther®cientific) and concentrated with
centrifugal filter devices (Amicon). Aliquots wecempared with undigested intact mAb
under non-reducing conditions by SDS-PAGE with 78tyacrylamide gels (NUPAGE
Tris-Acetate, Life Technologies) and lacked deteletantact IgG (Supplemental Fig. 1)
(25).

Detection of systemic anaphylaxidice were challenged i.v. with the
appropriate triggering Ab or Ag, after which setialdy temperatures were determined
every 5-15 minutes for at least 1 hour with a rgatabe to follow and quantify

hypothermia, a sign of shock (13). Similar resulese seen in male and female mice.



177 Preparation of nucleated cellBlood obtained by tail vein incision was collected
178 in microtainers that contained,EEDTA (BD Bioscience). Red blood cells were lysed
179  with ACK lysis buffer; cells were washed twice witle-cold HN (filtered Hanks’ buffer
180  containing 10% newborn calf serum), maintained@, 4nd resuspended in HNA (HN
181  plus 0.2% Nah). Single splenocyte suspensions were preparedsasided (29).

182 Immunofluorescence stainingx1@ peripheral blood cells or 2xi8plenocytes
183 in 0.1 ml HNA were stained with 0.25¢2) each of fluorochrome labeled mAbs.

184  Neutrophils were identified as Ly6@ells (Biolegend) with relatively high FSC and SSC
185  Mononuclear cells were identified as B220D3, CD116 cells with relative low FSC
186 and SSC. Mononuclear cell subtypes were identiigdg Ly6C and CD11c staining.
187  Basophils were identified as I§ECD117, B220, CD3 cells that had slightly higher

188 FSC and SSC than monocytes. Alexa Fluor 594 apgaAFluor 647 were used,

189  respectively, to label K9.361 and 9E9 (hamster ég@-mouse FgRIV mAD, a gift of

190 Jeffrey Ravetch, Rockefeller University (New YolKY) (30)). bv421-labeled mouse
191 IgG1 anti-mouse CD64 (anti-fRI1) was purchased from Biolegend. FITC-labeled rat
192  1gG2a anti-F¢RIIl was purchased from R&D Systems. Fluorochroaieeled isotype
193  antibodies; bv421-labled mouse IgG1 (Biolegend)584=labled CBPC101, FITC-

194 labeled rat IgG2a (Biolegend), and AF647-labled Bi@migG1l (Biolegend) were used
195 as negative controls. In some experiments, cal®wicubated at 4°C with 10 pg of
196 unlabeled K9.361 prior to staining, as an additiowgative control. Cells were washed
197  twice after staining, fixed with 2-4% paraformalgidh, analyzed with a LSR 1l (BD

198 Biosciences) and data were analyzed using FACS&ftavare. Similar results were

199 generated using cells obtained from male and feméde.



200 Statistics One-tailed Mann-Whitney t-tests or 1-way ANOVAtwBonferroni’s
201  multiple comparison post-testing were calculated to test for statistical significan

202
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Results:

Anti-FcRIIB mAb induces FRIlI-dependent anaphylaxi®ur previous studies
demonstrated that 2.4G2 (a mAb that binds to Hattstimulatory FgR, Fo/RlIll, and the
inhibitory FoyR, Fo/RIIB) induces FgRIll-dependent anaphylaxis that is manifested as
shock-associated hypothermia. In contrast, we @égddabat K9.361, a mouse IgG2a allo-
mAD that only binds directly to FRIIB, would block this receptor and possibly tramsm
a negative signal to fRIIB-expressing cells, without inducing anaphyla8sirprisingly,
a small temperature drop rapidly developed in BALB¥ce injected with this mAb (Fig.
1A). Because the temperature drop was not alwaetgrthan that observed in mice
injected with saline or isotype-control mAbs, we-reated mice with th@-adrenergic
receptor antagonist propranolol, which preventsmamsatory mechanisms that minimize
anaphylaxis severity (31), to see if this would makaphylaxis easier to appreciate.
Indeed, propranolol-pretreated mice developed &€ €#ecrease in rectal temperature in
response to i.v. anti-§RI1IB mAb (Fig. 1A), but failed to develop hypotheenin
response to i.v. saline or i.v. injection of a n®iFG2a allo-Ab to H-2K(SF-1.1.1.10,
Fig. 1B). To support the interpretation that proymial acts to suppress downstream
compensatory mechanisms and not to enhance upstnedrator release, mice were
treated with propranolol or saline and subsequentitgllenged with K9.361, the IgG2a
isotype control mAb CBPC-101, or EM95 (rat IgG2&-4gE mAb used as a positive
control for the capacity to induce histamine reégadropranolol treated mice, in fact,
developed lower levels of plasma histamine upor8&®.challenge (Supplemental Fig.

2). Anti-FoyRIIB mAb induced anaphylaxis in propranolol-preteshC57BL/6 as well as



227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

BALB/c wild-type (WT) mice, but not in propranolpketreated BALB/c background
mice that lack FcRR(a required component of all stimulatory FCRsFoyRIIB, or in
C57BL/6 background R&lll-deficient mice or FgRI/RIII double-deficient mice (Fig.
1C). Taken together, these observations suggesnthaction of anaphylaxis by anti-
FcyRIIB mAD requires two interactions: with ¥RIIB via its Ag-binding site and with
FcyRIII via its Fc domain. To confirm this, we comparde abilities of intact anti-
FcyRIIB mAb and equimolar amounts of its F(alffagment to induce hypothermia in
propranolol-pretreated mice; only the intact forithass mAb had this effect, even when
we varied the quantities of the intact mAb and-gb’), fragment over a 10-fold range
(Fig. 1D). In contrast, the F(abragment of 2.4G2 induced hypothermia in proprahol
pretreated mice, albeit considerably less sevepethgrmia than did intact 2.4G2, while
intact rat IlgG2b anti-CD11b mAb, M1/70, which birntdsmost myeloid cells and also
suppresses stimulatory it expression (25), induced less severe hypothémtiese
mice than either intact 2.4G2 or its F(akdtagment (Fig. 1E, Supplemental Fig. 3).

In vivo effects of anti-B&RIIB mAb on FgR expressionThe failure of the F(aby)
fragment of K9.361 anti-mouse yRIIB mAb to induce anaphylaxis did not result fram
loss of binding activity, inasmuch as it was moogept on a weight basis than intact
K9.361 at blocking the binding of fluorochrome-lédabintact K9.361 to RRIIB*
spleen cells in vitro (Fig. 2A). Consistent withisthcompared to injection with CBPC-
101, injection of WT BALB/c mice with intact K9.3&dr its F(ab’} fragment suppressed
ex vivo Fo/RIIB staining of peripheral blood monocytes, nepltrits and basophils (the
three cell types implicated in IgG-mediated anagkig (1, 25)) (Fig. 2B, Supplemental

Fig. 4A). Note that mice were injected with 500qfgntact K9.361, but 1 mg of the
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F(ab’), fragment to partially compensate for the decreased/o half life of F(ab’} (32).
Intact K9.361 was only slightly more effective thitwe F(ab’) fragment of this mAb at
blocking ex vivo staining with intact, fluorochrortebeled K9.361 and similar
suppression was observed 6 and 24 hr after injecfintact K9.361 or its F(aly)
fragment, although relatively little F(ab’df K9.361 remained in serum 24 hr after
injection (Supplemental Fig. 5). Intact K9.361catiffered from its F(ab%)fragment in
that only the former decreased the total quanfifyagRIIB on myeloid cells following in
vivo injection (Fig. 2C, Supplemental Fig. 4B). dantrast to intact anti-§RI1B mAb,
the intact IgG2a anti-H-2 Kallo-mAb, SF-1.1.1.10, had no effect on the exgitesof its
ligand on myeloid cells.

In addition to decreasing #RIIB expression, intact K9.361 also induced the los
of most FgRIIl on myeloid cells in vivo, an effect not obsedvin FgRIIB-deficient
mice, indicating that anti-f&11B mAb binding to cells through its Ag bindingesiis
essential for its downmodulation ofyRill (Fig. 2D, Supplemental Fig. 4C). As
predicted, the F(aky)ragment of anti-FgR1IB mAb and intact CBPC-101 had no in
vivo effect on the expression of fRill (Fig. 2E, Supplemental Fig. 4D). Intact mouse
IgG2a anti-H-2K mAb also had no effect on YRl expression, even though its Fc
domains should be able to interact with this reme(fig. 2E, Supplemental Fig. 4D).

An additional experiment evaluated the abilityrdgfct anti-FgRIIB mADb to
affect expression of F&I and FgRIV, which are expressed on some mononuclear
populations and on mononuclear cells as well agroghils, respectively (10). Although
there appeared to be some decreases in the expre$shese stimulatory ¥Rs (Fig.

2F), they were variable, cell type-dependent, andiderably less than those observed
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for FoyRIIl. This may reflect the higher affinity of iRl and FgRIV than FgRIII for
uncomplexed IgG Ab molecules (10, 30), which waalldw endogenous serum IgG to
better inhibit an interaction between the Fc offAtB-bound K9.361 with FgRI and
FoyRIV than with FgRIIL.

Inhibition of anaphylaxis by anti-BR11B mAb.The ability of the F(ab)
fragment of K9.361 to bind to iRIIB without interacting with stimulatory FRs or
inducing anaphylaxis, even in propranolol-pretrdatece, and the ability of intact
K9.361 to crosslink R&RIIB, modulate most &Il from myeloid cells, and induce
mild anaphylaxis suggested that they might diffethieir abilities to inhibit subsequent
FcyR-mediated anaphylaxis. To test this, we firsttedaNT mice with 1 mg of the
F(ab’), fragment of K9.361, then, 6 or 24 hours lateratied these mice with propranolol
and injected them with intact K9.361. Pre-treatnveitth the F(ab’) fragment of K9.361
strongly suppressed the anaphylactic responseactif9.361 6 hr later and totally
blocked anaphylaxis when the intact mAb was ing@# hr after the F(alyfragment
(Fig. 3A). In contrast, pre-treatment of WT micdlwintact K9.361, but not with its
F(ab’), fragment, completely suppressed the hypothermsigorese to intact 2.4G2 (anti-
FcyRIIB/RIII mAD) in mice that were not treated witihgpranolol (Fig. 3B). As expected,
K9.361 suppression of the anaphylactic respon2e62 was FgRIIB-dependent (Fig.
3C), reflecting the RRIIB requirement for K9.361 binding to cells, andswdose-
dependent (Fig. 3D). A single injection of intad.B61 suppressed the anaphylactic
response to 2.4G2, even when 2.4G2 was given iprésence of propranolol, for at
least 3 days (Fig. 3E). K9.361 significantly sugsed 2.4G2-mediated anaphylaxis 6 hr

post i.v. injection, and protection increased 24 dst injection (Fig. 3F). These



296  observations suggested that suppression of thénglaagic response to 2.4G2 might be
297 accomplished without even the mild anaphylaxis thatduced by intact K9.361 by
298 serially injecting mice with F(aby)of K9.361, then intact K9.361, and finally, 2.4G2.
299 This was indeed the case; even in mice that weegdd with propranolol, initial

300 treatment with F(abj)of K9.361 did not diminish the ability of intac9k361 to inhibit
301 2.4G2-induced hypothermia (Fig. 3G).

302 Intact anti-FgRIIB mAb blocks active and passive IgG-mediateghyiaxis.

303  Suppression of 2.4G2-induced anaphylaxis by pretreat with intact K9.361, but not
304 Dby its F(ab’} fragment, suggested that treatment with intagtfecyRIIB mAb might be
305 able to suppress antigen-induced IgG-mediated afeph. To test this, mice were pre-
306 treated with 500 pg of intact K9.361 or CBPC-10ivdh 1 mg of the F(ab))fragment
307 of K9.361. Twenty-two hr later, mice were passivedynsitized for IgG-mediated

308 anaphylaxis by injection of 500 pg of IgG1 or IgG#di-trinitrophenyl (TNP) mAb,

309 then challenged i.v. 2 hr after that with 100 pg biP-ovalbumin (TNP-OVA), in the
310 absence of propranolol. Pre-treatment with inte&3&1 completely suppressed 1gG1-
311 and IgG2a-mediated anaphylaxis, while pre-treatmatht the F(ab”) fragment of

312 K9.361 had no effect on the anaphylactic respoRge 4A). To see if intact K9.361
313  would also suppress IgG-mediated anaphylaxis inelgtsensitized mice, BALB/c

314 background IgE-deficient mice were immunized wittaganti-mouse IgD antiserum,
315 which stimulates a very large IgG1 anti-goat Ig@hkady response (33, 34). Thirteen
316 days later, mice were treated with 500 g of ink&B861 or CBPC-101, then challenged

317 i.v. one day after that with 100 pg of goat IgGv&e anaphylaxis developed in the mice



318 that had been treated with the control mAb, whdehgpothermia was seen in the

319 K9.361-treated mice (Fig. 4B).

320 Because RRIIB is present on mast cells and basophils andrdabit IgE-

321 mediated anaphylaxis, we determined whether K9cailsuppress or exacerbate IgE-
322 mediated anaphylaxis. BALB/c WT mice were treatéith\w00 g of K9.361 or CBPC-
323 101, then passively sensitized 20 hr later byimjection of 500ug 1IgG1 anti-TNP or 10
324 pg of IgE anti-TNP and challenged i.v. 4 hr afteattwith 100ug of TNP-OVA. K9.361
325 protected against lgG1l-mediated anaphylaxis, bulgiemediated anaphylaxis (Fig.
326 4C). Because the binding of IgG-containing immuomplexes to RgRIIB can suppress
327 IgE-mediated anaphylaxis, it was possible that B®.Blocking of FgRIIB might

328 exacerbate IgE-mediated anaphylaxis in an actinsittzation model in which mice

329 produced both IgG and IgE antibodies to the immenodo evaluate this, we studied
330 mice that had been sensitized i.t. with egg wiié/), then challenged repeatedly with
331 EW by oral gavage (0.9.), until they develop batirthea and hypothermia in response
332 to 0.g. EW. Although mice immunized by this protbgenerate both IgE and 1gG anti-
333 EW antibodies, the diarrhea and hypothermia regmtwsoral EW challenge are entirely
334  IgE-dependent. Treatment of these EW-allergic micewvith 500 pug of K9.361,

335 followed 24 hours later by oral gavage with 100@h&W slightly ameliorated

336 anaphylaxis severity (Fig. 4D).

337
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Discussion:

Anaphylaxis is induced in mice, and most likelyhiimans, by the aggregation of
stimulatory FgRs by IgG-containing immune complexes (4). We hawe shown that
K9.361, an IgG2a mAb that binds to and crossliiesihhibitory receptor, RRIIB, also
induces mild anaphylaxis, which becomes severe Wbemeostatic compensatory
mechanisms that depend @radrenergic receptors are blocked. Induction opbgkaxis
requires binding of K9.361 to cells via its Ag-bind site, because this mAb does not
induce anaphylaxis in fRIIB-deficient mice. It also requires binding toyRtll via this
mADb’s Fc domain, because it fails to induce anagkiglin FgRIII- or FcRy-deficient
mice. The induction of anaphylaxis by K9.361 isaupanied by, and probably depends
on FoRIII crosslinking, because this mAb both decredsegjuantity of FgRIIB
expressed by myeloid cells and removes ~80% @R HFcfrom these cells, while its
F(ab’), fragment, which fails to induce anaphylaxis hashee effect. This dependence
on stimulatory FgR crosslinking is also suggested by the inabilit$b-1.1.1.10, an
IgG2a mADb to H-2K (an Ag that is strongly expressed by cells tharess FgRIIB) to
induce anaphylaxis or decrease the expression2{4br FoyRIIl on myeloid cells
(Figs.1B, 2C and 2E). Although previous studiesehstvown that mAbs that bind to one
FcyR, or other cell surface targets, can interact witter FgRs through their Fc domains
and that this can affect cell function (25, 35-38)¢s provides the first evidence that Ab
binding of an inhibitory receptor via the Ab’s Ffalbmain can activate cells through an
interaction between that Ab’s Fc domain and a dtiouy receptor. These observations

have important implications for the clinical usel@& mAbs to cell membrane molecules
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that may also interact with stimulatoryyRs on those cells. Our observations also
demonstrate that even though/RB inhibits cell signaling through activation

ITIM, these inhibitory effects in our model are demuate to totally suppress anaphylaxis
if FcyRIIl is also activated. Thus, the stimulatory sigmgof the FgRIlI-associated

ITAM can dominate the inhibitory effects of theyRtIB-associated ITIM.

Our observations also establish the ability of36d. anti-FgRIIB mAb to inhibit
anti-Fo/RIIB/RIII mADb (2.4G2)-induced anaphylaxis, as wadl IgG-mediated
anaphylaxis that is induced by Ag challenge ofvetyi or passively sensitized mice.
More than one mechanism may be involved in thipeegsive effect. First, the loss of
~80% of FgRIII by myeloid cells in K9.361-treated mice mayriiish the ability of
FcyRIll crosslinking to induce anaphylaxis. This effdwowever, is probably not
sufficient to suppress IgG-mediated anaphylaxigbse treating mice with M1/70 rat
IgG2b anti-mouse CD11b mAb does not inhibit IgG-magetl anaphylaxis, even though
it substantially decreases myeloid celyRtdl expression (25). Additional possible
mechanisms for suppression of IgG-mediated anapisydeie: (1) negative signaling
through FgRIIB; or (2) anergy induction by co-crosslinking ledyRIIB with FcyRIII
and thereby establishing a refractory state witteipiially fewer available mediators for
secretion. These possibilities are consistent thighconsiderable time required for
maximal suppression of 2.4G2-induced anaphylaxiK®61 (greater after 24 hr than
after 6 hr, Fig. 3F) and may in part explain K9.36&diated protection in IgE-mediated

anaphylaxis to food protein challenge (Fig. 4D).
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The inhibitory effects of R&RIIB generally depend upon co-aggregation of this
inhibitory receptor with stimulatory receptors wa&ommon surface ligand and the
ensuing recruitment of SHIP-1 (SH-2 containing Bis® polyphosphate-5-phosphatase),
which terminates ITAM-induced PI3K-mediated signgl(40, 41). This may explain the
failure of intact K9.361 to strongly suppress Igediated anaphylaxis (Fig. 4C).
Although this mAb binds the KRIIB that is expressed on mouse basophils and mast
cells, its Fc domains will not interact with theeRt on these cells. Because mouse mast
cells and basophils also expresgfat!, which mediates the participation of thesdsel
in lgG-mediated anaphylaxis, the strong suppressidgG-, but not IgE-mediated
anaphylaxis by K9.361 suggests that this suppressistimulatory FcR-specific, rather

than a result of global desensitization of speaét types.

The inability of the F(ab)fragment of K9.361 to suppress IgG-mediated
anaphylaxis could reflect its failure to bind tadaactivate FgRIII, to decrease Rl
expression, and/or its limited ability to activ&EIP-1 by crosslinking R&IIB.

Although the F(ab?fragment of an IgG Ab, like the intact Ab, is dieat and
consequently has the potential to crosslink itaddy F(ab’) fragments of IgG Abs are
less potent than intact IgG Abs at crosslinkingrthgands in vivo (39). The aggregation
of IgG-bound molecules on one cell is enhanced@Hc interactions with F&s on
adjacent cells and by Fc-dependent interactions @itq (42). The greater crosslinking
ability of intact K9.361 than its F(ab’jragment is most likely required for the intact
Ab’s ability to decrease KRIIB and FgRIII expression (Fig. 2B) through the

endocytosis of Ab-receptor aggregates.
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One result of our study that is somewhat diffitalexplain is the ability of the
F(ab’), fragment of K9.361 to cause relatively slow (> ime-dependent suppression
of the response to intact K9.361 (Fig. 3A), witheuppressing the anaphylactic response
to 2.4G2 (Fig. 3B) or antigen-induced, IgG-mediasaedphylaxis (Fig. 4A). The time-
dependence of the suppressive effect cannot baiargl by the time required for the
F(ab’), fragment to saturate its ligand, because blockirigtact K9.361 binding to
myeloid cells is at least as great 6 hr after Bgdbjection as it is 18 hr later (Fig. 2B),
when suppression of anaphylaxis induction by ink&861 is considerably greater (Fig.
3A). Itis possibly that F(ak)binding to F§RIIB, in the absence of K¥RIIB
crosslinking to a stimulatory receptor, has a cuativg suppressive effect on subsequent
activation of stimulatory receptors, includingyR¢ll. However, the failure of 24 hr of
treatment with the F(alkyYragment of K9.361 to inhibit K&Ill-dependent anaphylaxis
induction by 2.4G2 suggests that this putativelitbry effect would have to be quite
limited. An alternative possibility is that cros#ting of FRIIB by the F(ab’) fragment
of K9.361 physically separatesyRiIB from FcyRIIl on the cell membrane, so that the
Fc domain of intact K9.361 that has bound tgRHB is less likely to bind FgRlIIl.

Regardless of the explanation for this phenometi@nability of the F(ab))
fragment of K9.361 to prevent any anaphylactic oase to intact K9.361 and the ability
of intact K9.361 to prevent Ag-induced 1gG-mediaéedphylaxis suggests that
sequential treatment with the F(alfagment of anti-FgR1IB mAD, followed by
treatment with the intact mAb, provides a safe veaguppress IgG-mediated anaphylaxis

(Fig. 3G) and, possibly, other yR-mediated immune disorders.
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Figure Legends:

Figure 1. IgG2a anti-FgRIIB mAb induces B&IIB- and FgRIII-dependent
anaphylaxis.A. BALB/c mice were injected i.v. with saline propranolol and, 15 min
later, with saline or 5000g of K9.361 mouse 1gG2a allo-antiyfRIIB mAb. B.
Propranolol-pretreated BALB/c mice were injected with 100 or 500 pg of SF-1.1.1.10
lgG2a allo-anti-H-2K mAb or 500 pg of K9.361. C. BALB/c background WAGRy-
deficient, FgRIIB-deficient, and C57BL/6 background WT yRilI-deficient, and
FcyRI/RIII-double-deficient mice were pre-treated wttopranolol, then injected i.v.
with 500ug of K9.361. D. BALB/c mice were pre-treated wittopranolol, then injected
i.v. with 375ug or 3.75 mg of intact K9.361 mAb or 250 pg of &§ of the F(ab?)
fragment of K9.361. Injection of 5 mg of the F(aldlagment of mAb K9.361 was also
performed and failed to induce hypothermia (notgtjo E. BALB/c mice were pre-
treated with propranolol, then injected i.v. witb0lug of intact 2.4G2 rat IgG2b anti-
mouse FgRIIB/RIII mAb, 500 ug of the F(ab’)fragment of 2.4G2 , or 100 pg of M1/70
rat IgG2b anti-mouse CD11b mAb. Skulls indicatetde®f individual mice. Means +
SEM (N=4) for serial rectal temperatures over I-2are shown. Similar results were
seen in male and female mice.

Figure 2. K9.361 effects on myeloid cell)jRcexpressiorA. Isolated splenocytes
were incubated 30 min at 4°C with increasing amewoiintact K9.361, K9.361-derived
F(ab’),, or without mAb (control) then stained with fluoraome-labeled intact K9.361.
Percent decrease in MFI (compared to controls)asva. B. Mice received 500y
CBPC-101 (mouse IgG2a isotype control mAb), f@0dntact K9.361, or 1 mg K9.361-

derived F(ab?i.v. Six and 24 hr later, PBMCs were stained wititofochrome-labeled
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K9.361. Mean MFI =+ SEM shown (*<0.005 compared to CBPC-101p #0.05
compared to intact K9.361). C. Mice received p@dntact biotin-labeled K9.361 or
biotin-labeled SF-1.1.1.10 or 1 mg biotin-labek361-derived F(ab)i.v. PBMCs at
6 and 24 hr were stained with labeled-streptavi@ontrol PBMCs from untreated mice
were incubated in vitravith 20 ug intact biotin-labeled K9.361, SF-1.1.1.10, or 3&1-
derived F(ab’) for 30 min at 4°C. Mean ratios shown (MFI relatteecontrols for the
given mADb) + SEM (p < 0.01; 1-way ANOVA with post test). D. WT andyRtIB-
deficient mice received 5009 intact K9.361 or CBPC-101 i.v. and PBMCs at 24vhre
stained for FgRIIl. Mean MFI + SEM shown ( < 0.005 compared to CBPC-101). E.
Mice received 500 pg CBPC-101, intact K9.361, o11SE1.10 or 1 mg K9.361-derived
F(ab’) i.v. and PBCMs at 6 or 24 hr were stained foyfdd. Mean MFI + SEM shown
(*p<0.01, 1-way ANOVA with post test). F. Mice reeed 500 pg intact K9.361 or
CBPC-101. Mononuclear cell subpopulations isolaie24 hr were classified by Ly6c
and CD11c expression and stained foyfffand FgRIV. Mean MFI + SEM shown
<0.005). For D and F, percent decrease in MFI neqtheses. BALB/c background mice
(at least 4/group) were used.

Figure 3. Suppression of IlgG-mediated anaphylayiarti-FcRIIB mAb.A.
BALB/c mice (4/group) were injected i.v. with saior with 1 mg of the F(aly)
fragment of K9.361. Mice were injected i.v. 6 orl#ater with propranolol, followed
15 min after that by i.v. injection of 5Q@ of intact K9.361. B. BALB/c mice (4/group)
were injected i.v. with 50Qg of intact CBPC-101 or K9.361 or with 5 mg of fh@b’),
fragment of K9.361. Mice were challenged i.v. 24&ter with 500ug of 2.4G2. C.

BALB/c background WT and F&IIB-deficient mice (4/group) were pre-treated by i
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injection with 500ug of intact CBPC-101 or K9.361 and challenged24/hr later with
500ug of 2.4G2. A-C. Rectal temperatures were folloda@dhe next hr following
challenge and means + SEM are shown. D. BALB/c r(8¢égroup) were injected i.v.

with the doses of K9.361 shown and challenged 24tar with 500ug of 2.4G2.
Maximum temperature decreases + SEM during theviatig hr are shown. E. BALB/c
mice (4/group) were injected i.v. with 5Q@ of intact CBPC-101 or K9.361 followed 24,
48, or 72 hr later by i.v. injection of propranoéoid 15 min after that by i.v. injection of
100 pg of 2.4G2. Rectal temperatures were follofeethe next 2 hr and mean
maximum temp decreases + SEM are shown. F. BALB¢e if@/group) were injected i.v.
with 500 pg of intact CBPC-101 or K9.361, follonm@ar 24hr later by i.v. injection of
500 pg of 2.4G2. Rectal temperatures were follofeethe next hr and means £+ SEM
are shown. G. BALB/c mice (3/group) were injected with saline or 1 mg of the

F(ab’), fragment of K9.361. Twenty-four hr later, micerevénjected i.v. with 50Qug of
intact CBPC-101 or K9.361. After an additional 24rhice were injected i.v. with
propranolol, followed 15 min later by i.v. injecti@f 100ug of 2.4G2. Rectal
temperatures were followed for the next hr and rmea8EM are shown. Skulls indicate
individual mouse deaths.

Figure 4. Treatment with anti-BRIIB mAb suppresses passive and active IgG-mediated
anaphylaxisA. BALB/c mice (4/group) were injected i.v. with 8Qig of intact CBPC-
101 or K9.361 or with 1 mg of the F(apfyfagment of K9.361. Mice were passively
sensitized 22 hr later by i.p. injection of 50 of IgG1 or IgG2a anti-TNP mAb and
challenged 2 hr after that by i.v. injection of @ of TNP-OVA. Rectal temperatures

were followed for the next hr. B. BALB/c backgroulgE-deficient mice were actively
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immunized by s.c. injection of 200 pl of goat ambuse IgD antiserum. Mice were
injected i.v. 13 d later with 500 pg of CBPC-101%M) or K9.361 (N = 6) and
challenged i.v. 1 d after that with 10Q of goat 1gG. Rectal temperatures were followed
for the next hr. C. BALB/c mice (4/group) were ictied i.v. with 500 pg of CBPC-101

or K9.361. Mice were passively sensitized 20 rerlaty i.v. injection with 500 pg of

IgG1 anti-TNP mAb or with 10 pg of IgE anti-TNP adgaiallenged 4 hr after that by i.v.
injection of 100 ug of TNP-OVA. Rectal temperatunesre followed for the next hr.
Means £ SEM are shown. D. BALB/c WT mice (N=5) weensitized to EW by i.t.
inoculation, then injected i.v. with 500 pg CBPCtXdr K9.361 24 hr prior to oral
gavage with 100 pg EW. Rectal temps + SEM and énegmt of mice that experienced

diarrhea are shown. Skulls indicate deaths of iddi® mice.
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Supplemental Figure 1. F(abjragment of K9.361 is devoid of intact mAtiact
K9.361 mAb and product obtained after digestiorhwitmobilized pepsin followed by
Fc removal with protein A were analyzed by SDS 786E under non-reducing
conditions. Gels were stained with Coomassie Bie.band migrating between150-200
kDa on the left is the typical size for intact meugG2a. F(ab?)fragments are typically
100-110kDa and F(ab) fragments are typically 50kDhae band on the right represents
F(ab).

Supplemental Figure 2. Pretreatment with beta ldodoes not enhance plasma
histamine levels after challenge with antijR¢IB mAb.BALB/c WT mice (N=4)
received saline or 35 ug propranolol i.v. prioreceiving 500 ug CBPC-101 (isotype
control) or K9.361 i.v. or 50 ug EM95 (rat IgG2diamouse IgE mAb that generates
robust histamine responses in vivo) i.v. Plasmtahe concentrations 10 min post in
vivo treatment £ SEM shown [*<0.05).

Supplemental Figure 3. Mild shock is induced by MXnd not J1.2BALB/c
WT mice (N=4) received propranolol followed by icf@n with 100 pg M1/70 or J1.2
(rat IgG2b isotype control mAb). Mean serial re¢ethps + SEM shown.

Supplemental Figure 4. K9.361 effects onpftB and FgRIll expression on
neutrophils and basophil&.. BALB/c mice (4/group) were injected i.v. with 6Qg of
CBPC-101 or intact K9.361, or 1 mg of K9.361 F(albQix and 24 hr later, peripheral
blood cells were stained to identify neutrophildl @asophils and with fluorochrome-
labeled K9.361. Mean MFI + SEM are showp @0.005 compared to CBPC-1(4p
<0.05 compared with K9.361). B. BALB/c mice (4/gpuwvere injected i.v. with 500g

of intact biotin-labeled K9.361 or biotin-labele#-3%.1.1.10 or 1 mg of biotin-labeled
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F(ab’), fragment of K9.361. Peripheral blood cells obtai6eahd 24 hr later were stained
to identify neutrophils and basophils and with flachrome-labeled streptavidin.
Additional cells from untreated mice were treateditro with 20 ug of intact biotin-
labeled K9.361, SF-1.1.1.10, or the F(al'agment of K9.361 for 30 minutes at 4°C,
then stained with fluorochrome-labeled streptavi@iata show mean ratios (MFI relative
to MFI on cells from untreated mice that were stdiwith the same mAbs in vitro) +
SEM (*p < 0.001, 1-way ANOVA with post test). C. BALB/cdaround WT and
FcyRIIB-deficient mice (4/group) were injected i.v.tvi500ug of intact K9.361 or
CBPC-101. Neutrophils obtained 24 hr later weresthwith fluorochrome-labeled anti-
mouse FgRIIl. Mean MFI £ SEM are shown (*< 0.005 compared to isotype control).
Percent decrease in mean MFI compared with isatgp&ols are given in parentheses.
D. BALB/c mice (4/group) were injected i.v. with®@g of CBPC-101, intact K9.361,
or SF-1.1.1.10 or with 1 mg of the F(abflagment of K9.361. Neutrophils and basophils
obtained 6 or 24 hr later were stained foyHAtl and mean MFI £ SEM are shownp(¥
0.001, 1-way ANOVA with post test).

Supplemental Figure 5. Decreased half-life of Ffabragment of K9.361 vs.
intact K9.361BALB/c mice (3/group) were injected i.v. with 50@ pf CBPC-101,
intact K9.361 or 1 mg F(ak’fragment of K9.361. Six or 24 hours later, periahélood
was obtained and centrifuged to produce serum déquéripheral myelocytes from WT
BALB/c mice treated with CBPC-101 were incubated3® min at 4°C with 20 pl serum
taken from Ab-injected mice, washed, stained witbrfochrome-labeled K9.361 and

markers for monocytes, neutrophils and basophild,aealyzed by flow cytometry.



46  Mean MFI + SEM are shown ff*< 0.05 compared to CBPC-101 controlg,<8.05

47  compared to intact K9.361).



