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ABSTRACT
Background: Anaphylaxis can proceed through distinct IgEor IgGLldependant
pathways, which have been investigated in variowsisea models. We developed a
novel mouse strain in which the human [Qaffinity 1gG receptor locus, comprising

both activating (hARIIA, hFcyRINIA, hFcyRIIIB) and inhibitory (hFgRIIB) hFcyR
genes, has been inserted into the equivalent mioires, corresponding to a locus
‘swap’.

Objective: We sought to determine the capabilities of X to induce systemic
anaphylaxis, and identify the cell types and mexdginvolved.

Methods: hFeyR expression on mouse and human cells was compareglidate the
model. Passive systemic anaphylaxis was inducedhjegtion of hedilaggregated

human IVIG, and active systemic anaphylaxis follogvimmunisation and challenge.
Anaphylaxis severity was evaluated by hypothermia mortality. The contribution of

receptors, mediators or cell types was assessegtbptor blockade or depletion.

Results The human to mouse Iddaffinity FcyR locus swap engendered

hFeyRIIA/IIB/INA/IIB expression in mice comparable tthat in humans. KnodKin

mice were susceptible to passive and active anapisyl accompanied by
downregulation of both activating and inhibitorydgR expression on specific myeloid
cells. The contribution of hFRIIA was predominant. Depletion of neutrophils
protected against hypothermia and mortality. Bagsptontributed to a lesser extent.
Anaphylaxis was inhibited by Platelet-Activatingck@ receptor or Histamine receptor-

1 blockade.
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Conclusion : Lowllaffinity FcyR locudIswitched mice represent an unprecedented

model of cognate hik® expression. Importantly, IgGanaphylaxis proceeds within a

native context of activating and inhibitory hRs; indicating that, despite robust
hFcyRIIB expression, activating signals can dominaténtbate a severe anaphylactic

reaction.
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CLINICAL IMPLICATIONS
In a mouse model of cognate human IgG receptorsesgon, hFgR engagement with
IgG immune complexes induced severe anaphylaxises&hfindings benefit the
understanding of human IgG-dependent anaphylaxisetiver non-classical (IgE-

independent) or following IgG-based therapies.

CAPSULE SUMMARY

Antibodies of the IgG class can contribute to amyéptis. This report reveals that
human 1gG receptor knock-in mice are susceptible sigstemic anaphylaxis,
demonstrating the predominance of activating owibitory IgG receptors and the

major contribution of human FRIIA, neutrophils and platelet-activating factor.

KEY WORDS

Anaphylaxis; 1gG; knock-in mouse model; basophileuttophil; monocyte;

macrophage; human fR; Platelet-activating Factor; Histamine.
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ABBREVIATIONS USED

FcyR: 19G Fc receptor

PAF: Platelet-Activating Factor
WT: Wild-Type

PSA: Passive Systemic Anaphylaxis
ASA: Active Systemic Anaphylaxis
BSA: Bovine Serum Albumin

HA: heat-aggregated

mAb: monoclonal Antibody

PBS: Phosphate Buffered Saline
BBS: Borate Buffered Saline
GeoMean: Geometric Mean

SEM: Standard Error of the Mean
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INTRODUCTION

Anaphylaxis is a severe, systemic allergic reactite reported incidence of
which is increasing worldwid€. Reactions are clinically heterogeneous, yet
characterised by rapid symptom progression andafigleath: intense vasodilation and
bronchoconstriction can lead to hypotension, hypetha, tachycardia, and respiratory
distress, which may result in heart and lung failuin children the most common
causative agent is food, whereas in adults drugaed anaphylaxis accounts for the
majority of cases, and indeed the majority of fagactions. Anaphylaxis is classically
attributed to an IgE-mediated reaction driven bysimzell activation and release of
histamine and trypta&e

Many cases of human anaphylaxis, in particularrtaysl are not accompanied
by elevated serum tryptase or detectable antigenifsp IgE>®. Alternative, IgE-
independent pathways may actually underlie a saamf fraction of these anaphylactic
events: indeed, non-IgE reactions have been raptwtaccount for up to 30% of cases
of drug-induced anaphylaXis Furthermore, measures of histamine and mast cell
tryptase in patients’ sera do not reflect the sevef reactiond *° whereas serum
platelet-activating factor (PAF) levels were foueddirectly correlate with anaphylaxis
severity™ % Supporting these notions, experimental animaletsodave demonstrated
that fatal systemic anaphylaxis following intravasochallenge proceeds via PAF
release triggered by non-lgE-dependant pathways,iraparticular by lgG-dependant
pathways (reviewed ifn® ). The respective contribution of IgE- and IgG-naeeld

pathways in human anaphylaxis remains however tiebermined.
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Passive systemic anaphylaxis (PSA) may be inducedice by the transfer of
specific IgE or IgG antibodies prior to a challengith a specific antigen, or by the
transfer of pre-formed IgG immune complexes. Actystemic anaphylaxis (ASA) is
elicited by immunisation with an antigen prior tbatlenge with the same antigen; a
polyclonal IgE and IgG antibody response is gemrekabnd death can result from
antigen challenge. In both models, use of the wetmaus route for allergen challenge
mimics drug-induced anaphylaxis in patients. AS&slaot depend on IgE antibodies,
activating IgE receptors, or mast c&lis® but rather requires activating 1gG receptors
(FeyR), and the contribution of other myeloid cells: utvephils, basophils or
monocyte/macrophag€s®. Platelet-activating factor (PAF) was identified he
dominant downstream mediator of IgG-induced anaptiy)] and PAF alone, like
histamine, can reproduce the signs and symptomsnaphylaxi&: > Thus mouse
models suggest a pathway of anaphylaxis driverg®¢rhediated activation of myeloid

cells and relying on PAF release.

Allergic patients that possess detectable allesgpatific IgE also possess
detectable allergen-specific IgG. These anti-allar¢ggG antibodies are mainly of the
IgG1 isotype, whereas anti-allergen 1gG4 antibodiesrease following allergen
immunotherap$?®°. Allergen-specific IgG4 levels are considered adycorrelate to
successful allergen immunotherapy, however it rasmxainknown if allergen-specific
IgG1 participate in, or are even responsible fon-lgE mediated human anaphylaxis.
Humans express a family of IgG receptors y@¢ comprised of activating 1gG
receptors (hR®RI/CD64, hFeRIIA/CD32A, hFgRIIC/CD32C, hFgRIIIA/CD16A,
hFcyRIIIB/CD16B) and a single inhibitory receptor (WR1IB/CD32B), that all bind

human IgG1 and that mediate most of the biolodizattions of IgG®°. Although mice
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also express both activating and inhibitoryRs, murine FgRs do not structurally or
functionally mirror those of humans: differentiahtdody binding affinities and
variable expression on immune cell subsets pregetnapolation from one species to
anothef®. We reported previously the induction of anaphigdSA and fatal ASA) in
mice transgenic either for hfRI/CD64 or hFgRIIA/ICD32A on a background
deficient in endogenous mfR™ #. PSA mediated by hFRIIA was independent of
mast cells and basophils, and relied on neutropinitsmonocytes/ macrophagiesnd
hFeyRI-dependent ASA required neutrophils and PAF s#éaAn important caveat of
these results is that they were obtained in migaressing only one hkR, in the
absence of potential regulatory or cooperative ciegfeof other hFRs. In a model
generated by intercrossing of five different filRdransgenic mice, incorporating
activating and inhibitory hR&Rs, administration of aggregated human IgG to {R¥e
hFe/RIIAY hFg/RIIB' hFgyRINA'® hFe/RIIIB' mice on a mFR™" background was
sufficient to trigger anaphylaxis, although the hmetisms were not addres$&drhis
model reproduces, however, aberrant expressiomsisemice carrying the individual
transgenes, including extremely high expressionFgyRIIB on mouse monocytes and

granulocyte®.

Here, we present a novel mouse model in which wee reamployed highly
efficient knock-in technology to insert the enti@v-affinity hFcyR locus into the
corresponding mouse locus on chromosome 1. Thigapp engendered expression of
activating hFegRIIA/CD32A, hFgRIIIA/CD16A and hF¢RINIB/CD16B, and of
inhibitory hFgRIIB/CD32B in mice, in a manner resembling expresgiatterns seen

in humans. This unprecedented model permits armlgb¢he role of hFRs and the
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164 cell types that express them in IgG-mediated anaglsy within a cognate context of

165  activating and inhibitory hRe&s.

166
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METHODS

Mice

VG1505 and VG1543 mice were designed and generadtgd Regeneron

Pharmaceuticals, Inc. on a mixed 62.5% C57BL/6N,5%7 129S6/SvEv genetic
background (refer to Supplemental Methods), andkdryassed one generation to
C57BL/6N. Mice were bred at Institut Pasteur anedufor experiments at 7-11 weeks
of age. VG1505 and VG1543 mice demonstrate norreakldpment and breeding
patterns. All mouse protocols were approved byAhenal Ethics committee CETEA

(Institut Pasteur, Paris, France) registered u#@2EA-89.

Active Systemic Anaphylaxis

Mice were injected intraperitoneally on day 0 widQug BSA in CFA, and boosted
intraperitoneally on day 14 with 206 BSA in IFA. BSA-specific IgG1, IgG2a/b/c and
IgE antibodies in serum were titered by ELISA ory @4 as describéd Mice with
comparable antibody titers were challenged intrausly with 50Qug BSA 10-14 days
after the last immunisation. Central temperatures waonitored using a digital

thermometer (YSI) with rectal probe.

Passive Systemic Anaphylaxis

Human Intravenous Immunoglobulin (IVIG; Gamunex®ijf@s) was heat-aggregated
by incubation at 25mg/mL in BBS (0.17M3BO3, 0.12M NacCl, pH8) for 1 hour at
63°C, then diluted in 0.9% NaCl for iv injection at Q. per mouse. Central
temperature was monitored using a digital thermemeith rectal probe. Control non-

aggregated IVIG was similarly diluted without hegti For hFgR expression analysis
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following IVIG-PSA, heparinised blood was sampldtbdr after IVIG injection. IgE-
dependant PSA was induced by challenge witugODNP-BSA 16 hours after passive
transfer of IgE anti-TNP (5@y clone C48.2). PSA was induced also by PAF inpect

0.3ug per mouse i.v., and hypothermia monitored imntetliafterwards.

In vivo blocking and depletion

Anti-FcyRIIA mAbs (Clone 1V.3, 6Qg /mouse) were injected twice intravenously (24
hours and 4 hours) before challenge. Note thatkerih Fo/RIIAY mice *°, 1V.3
administration did not induce hypothermia or symmoof anaphylaxis, nor platelet
depletion. 30Qg /mouse anti-Gr-1 (RB6-8C5), 30 /mouse anti-Ly-6G (NIMP-R14),
30ug/mouse (Supplementary Figure 5A&D, Supplementagyie 6B) or 6Qig/mouse
anti-CD200R3 (Bal03) (Figure 4E), 349 /mouse anti-Ly-6C (Monts 1, rat IgG2a)
mADbs, or corresponding rat IgG2b or IgG2a isotymatml mAbs were injected
intravenously 24 hours before challenge. Note thatNIMP-R14 antibody clone is
specific to the Ly-6G antigen (Supplementary FigdreC). 30QuL /mouse PBS- or
clodronate-liposomes were injected intravenousliyegi24 hours before challenge, or
both 24 and 48 hours before challenge. Specifafityell depletion was evaluated in the
blood, spleen and peritoneal lavage of naive 154@ 24 hours after NIMP-R14
(Supplementary Figure 4C-E) or Bal03 (Supplemenkgure 5). Please refer to
“Specificity and efficiency of cell depletion straés” in the Supplemental Methods for
more information.

PAF-R antagonists ABT-491 (R§/mouse) or CV-6209 (¢&)/mouse) in 0.9% NacCl
were injected intravenously 15min or 10min prior ¢ballenge, respectively. H1-
receptor antagonists cetirizine DIHCI, pyrilaminealeate , or triprolidine HCI at

300ug/mouse in 0.9% NacCl were injected intraperitoryedll minutes before challenge.
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Please refer to Supplemental Methods for details Generation of knock-in mice,
Antibodies and reagents, Flow cytometry, Speaffiamd efficiency of cell depletion

strategies, Statistics.
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222 RESULTS

223

224  Creation of VG1505 (mFgRIIB™ mFcyRIII ™ mFeyRIVT) and VG1543
225 (MFcyRIB™ mFeyRII T mFeyRIV” hFeyRIAX hFeyRIB®  hFcyRINA ¢

226  hFcyRIIB ') mice

227 To delete the mouse low-affinity Fc receptors, agdatargeting vector
228  (BACvec)! *?was constructed (as described in supplementalads}ho delete 106 kb
229  of mouse genomic sequence encompassing the mogs2bF€&cgr3, and Fcgr4 genes,
230 and used to target VGF1 ES c&lisThe low-affinity FqR deleted allele (deletion of
231 1:170,956,770-171,063,353 from Chrl_H3 based omitese GRCh38 assembly) was
232 given the designation VG1505 (Figure 1A).

233 To insert human FCGR3A and FCGR2A genes, a BACuoataming 69 kb of
234 the corresponding human sequence flanked by longsendiomology arms was
235 generated (refer to Supplemental Methods) and tsegtarget VG1505 ES celfs The
236  subsequent allele in which the three mouse lomigffi~c receptors were replaced with
237 hFCGR3A and hFCGR2A was given the designation V@1Gz2gure 1B). To insert
238 human FCGR2B, FCGR2C and FCGR3B genes next to tmealn FCGR3A and
239 FCGRZ2A genes, a BACvec was constructed containmngadalitional 142 kb of human
240 sequence between a human homology arm, homologahe tend of the human insert
241 inVG1528, and a mouse homology arm. This BACves uged to retarget VG1528 ES
242 cells, and resulted in an allele designated VG1543(insertion of human sequence
243  from 1:161,500,441-161,679,348 on Chrl _g23.3 basadthe human GRCh38
244 assembly) in which all five human low-affinity i€ receptor genes replace the three
245  mouse low-affinity FgR genes (Figure 1C). The inserted human low-ajfiRityRs are

246 in the same order as in the human genome and tmarhuntergenic sequences are
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retained intact. The human BAC sequences used enfoodhe polymorphic variants
hFoRIIA(H13), hFoRIIB(l23),  hFoRIC(Stops),  hFRIIA(V 159  and

hFoyRINIB(NA2); therefore no expression of RIIC is expected in VG1543 mice.

VG1543 mice exhibit hFgR expression patterns on immune cells comparable to
that of humans

First, we determined that VG1505 and VG1543 michil@k normal immune
cell composition (Supplementary Table 4). VG1508emiemonstrate slightly elevated
frequencies of granulocytes and monocytes in thedand spleen, and macrophages in
the peritoneum compared to VG1543 (SupplementagurBi 1A-C). Furthermore,
VG1505 and VG1543 mice exhibit comparable si#c and mFgRI expression
(Supplementary Figure 1D-F).

To compare the expression pattern ofyin VG1543 mice to that of humans,
specific antibody staining and flow cytometry arssywas performed on cells isolated
either from the blood of healthy human donors,romfthe blood, spleen, lymph nodes,
bone marrow, peritoneum and broncho-alveolar lav@fel) of VG1543 mice. All
myeloid cells examined, including monocytes, mabeges, eosinophils, basophils and
mast cells, and among lymphocytes B and NK celi$,not T cells, expressed at least
one hF¢R (Figure 2A-B).

We detected hR®IIA (CD32A) staining on neutrophils, monocytes,
eosinophils and platelets from the blood of healtwman donors (Figure 2A) as
expecte®, and from the blood, spleen, lymph nodes, boneranarperitoneum and
broncho-alveolar lavage of VG1543 mice (Figure 2851543 peritoneal mast cells
also expressed h#RIIA. Like human blood basophils, VG1543 blood halsits

expressed variably hifRIIA (Figure 2A-B), but not basophils from the spheor bone
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marrow; the low level of expression of WRIIA on VG1543 blood basophils is in the
range of expression found on basophils from hun@ros (Figure 2C). As expected,
lymphocytes, including B, T and NK cells, did nofpeess hFgRIIA in humans and
VG1543 mice (Figure 2A-B); notably we observed sobazkground staining for
hFeyRIIA on human B cells, as published previo@8lyrhus the hF@RIIA expression
pattern and level is comparable between VG1543 m@mnckblood from normal human
donors.

In human blood hRd&RIIB was detected at high levels on all B cells aadophils,
at lower levels variably on a proportion of mon@&syt(2-38% positive; n=4 donors),
whereas other cells were mostly negatiwve,neutrophils, eosinophils, NK cells, T cells,
platelets (Figure 2A and Supplemental Figure 18)espectetf’ *> Similarly, VG1543
mice expressed high levels of kRtIB on B cells from blood, spleen, lymph node and
peritoneum (Figure 2B). Furthermore, we observedatian in hFgRIIB staining
among B cell subpopulations isolated from the borerow and the peritoneum of
VG1543 mice (Supplementary Figure 1B-C). VG1543 endemonstrated robust
hFcyRIIB expression on monocyte populations in the Bland lymphoid organs, yet
no staining was observed on Lyb@onocytes from the bone marrow. Only a fraction
of donors we analysed demonstrated yf#B expression on blood monocytes
(Supplemental Figure 2A), consistent with its poengly reported variable expression
on CD14 monocytes and absence of expression on &bignocyte®. Thus VG1543
exhibit over-expression of hi#RIIB on blood monocytes compared to human blood
monocytes. Interestingly, hiRIIB staining was higher on Lyét “patrolling”
monocytes than on Ly6t“classical” monocytes from VG1543 mice (Suppleraént
Figure 2D), as it is on the analogous populatianhiiman blood, CD1%¥'CD16"

“patrolling” monocytes and CD14 classical” monocytes (Supplemental Figure 2E).
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297  Furthermore, spleen monocytes in hufiamd VG1543 mice express significant levels
298 of hFgRIIB, reconciling hFgRIIB expression on monocytes in this compartment
299  between human donors and VG1543 mice. Macrophages the peritoneum, but not
300 from BAL, of VG1543 mice were found positive for ¢yRIIB (Figure 2B). Although
301 human basophils express high levels of#ifitB>’, basophils from VG1543 mice were
302 negative (Figure 2A-B). Overall, VG1543 mice apptaexpress hR®RIIB at similar
303 levels on B cells, at the high end of the rangenwnocytes, but not on basophils,
304 compared to humans.

305 Human neutrophils, monocytes, eosinophils, NK catid a small proportion of
306 basophils were labelled positive with an anti-CDa6tibody recognizing both
307 hFeyRINA and hFgRIIB (Figure 2A), in accordance with known hiRAIIA (NK cells,
308 monocytes/macrophages and eosinophils) angRIA8 expression (neutrophils and
309 some basophild). Similarly, in the blood and organs from VG1543ceineutrophils
310 stained at high levels, and monocyte/macrophagkscélls and basophils at variable
311 levels with anti-CD16 (Figure 2B and SupplementajuFe 1). Eosinophils from
312 VG1543 mice did not show detectable CD16 labellimyaccordance with 25% of
313  human donors (Supplemental Figure 1F). Interestjif@D16 was apparent on only 30-
314  45% of NKp46 NK cells from the spleen of VG1543 mice, compated5-98% of
315 CD56 NK cells from human blood. Overall, VG1543 micepagr to express
316 hFc¢yRINIA and hFgRIIIB at similar levels on neutrophils and NK celi& higher levels
317 on blood monocytes, but not on eosinophils nor twod basophils, respectively,
318 compared to humans.

319

320 Induction and mechanism of active systemic anaphyks in VG1543 mice
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Among human low-affinity hR®s, the activating IgG receptors kR¢IA and
hFeyRIIIA, and the inhibitory IgG receptor hfRlIIB, can bind mouse IgG isotyg&s™
% (Table 1): we therefore explored the capacity hefse receptors to mediate active
systemic anaphylaxis (ASA) triggered by i.v. BSAaltbnge in VG1505 and VG1543
mice immunised with BSA (Supplemental Figure 3)lldwing challenge, VG1543
mice, but not in VG1505 mice, suffered from a sewdnop in body temperature and 50-
100% mortality within 30 minutes (Figure 3A). Predtment of VG1543 mice with
blocking antibodies against activating hRHA (mAb IV.3)? abolished hypothermia
and mortality (Figure 3B). hRFRIIA is expressed by neutrophils,
monocyte/macrophages, eosinophils, basophils anst o&ls in VG1543 mice. Of
these, neutrophils, monocyte/macrophages and biédsophve been reported to
contribute to IgG-PSA in mi¢é™® Neutrophil depletion using either anti-Ly6G otian
Grl mAbs protected VG1543 mice from ASA, but neitheonocyte/macrophage nor
basophil depletion (Figure 3C; Supplemental FigeE®E). Finally, PAF-receptor
blockade protected from ASA-associated death armbthgrmia, while H1-receptor
antagonist cetirizine had no effect (Figure 3D, @emental Figure 5F-G). Altogether
these data, obtained in this model of ASA contingenhFgR binding of mouse IgGs,
demonstrate that VG1543 mice present with anaphglagmptoms and a fatal reaction
dependent on hKRIIA, neutrophils and PAF. They also demonstratg thouse R,
which is still expressed in both VG1505 mice and 18&3 mice, cannot induce

anaphylaxis.

Aggregated human IVIG triggers passive systemic arpnylaxis in VG1543 mice
Although interactions between mouse IgG isotypessome human F&s can

result in the induction of anaphylactic reactioRgygre 3, Table 1 antf' ? %, such
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models are far from recapitulating the variety aintan 1gG interactions with both
activating and inhibitory thRSgS. We therefore investigated whether anaphylaxis
could be initiated by triggering humanyRs in VG1543 mice using aggregated human
intravenous immunoglobulin (IVIG) as a surrogate Haman IgG-immune complexes.
Intravenous injection of 1mg heat-aggregated I[Vi@duced passive systemic
anaphylaxis (IVIG-PSA) in VG1543 mice, manifestey Wisual signs and severe
hypothermia, with a maximum temperature loss 0f6-80-40 min after injection. This
reaction was dependant on the expression ofRfFsince VG1505 mice were resistant
(Figure 4A). A dose response of heat-aggregate® Idémonstrated that hypothermia
reaches a maximum at 1 mg, was lower at 500 ougp@nd was not observed at 389
(Figure 4B & Supplemental Figure 4). A dose of lmgs therefore chosen for all
subsequent IVIG-PSA, as it consistently induce¥®i1543 mice a shock at sufficient

magnitude to assess the effect of receptor, cdlhaediator blockade.

hFcyRIIA and neutrophils contribute to IVIG-PSA in VG15 43 mice

hFcyRIIA blockade protected against both anaphylactymmoms and
hypothermia during IVIG-PSA in VG1543 mice, (FigW€), even though VG1543
mice express also hfRIIIA and hFgRIIIB that may induce cell activatiéh > 37
Monocyte/macrophage depletion by toxic liposome iatstration had no effect (Figure
4D), whereas basophil depletion modestly reducd@INSA in VG1543 mice (Figure
4E). Neutrophil depletion, however, was proteciidggure 4F). Appropriate antibody-
mediated cell depletion was confirmed by flow cy&im analysis (Supplemental
Figure 4 and 5A), and we have previously demoredrafficient monocyte/macrophage
depletion in the blood and spleen following liposoinjection (Beutier et al 2016).

hFcyRIIB blockade, even using high doses of blocking bomAdid not modulate
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anaphylactic symptoms in VG1543 mice induced byinogit (Lmg; not shown) or
suboptimal (25Qg; Figure 4G) doses of heat-aggregated IVIG. ThGd543 mice are
susceptible to PSA induced by human IgG, and thetien proceeds primarily through
neutrophils and the activating receptor ¥REA, with a minor contribution of
basophils, but does not require monocyte/macrohagel is not negatively regulated

by inhibitory hFgRIIB.

Changes in hFgR expression on myeloid cells following anaphylaxis

It has been proposed that changes in Fc recepfoession may be used as a
biological marker for anaphylaxis, or an indicatdrifferent pathways of activatidh
We therefore investigated changes in yHa@xpression on circulating myeloid cell
populations following IVIG-PSA in VG1543 mice. Oneour after anaphylaxis
induction, staining for activating h#R receptors was substantially reduced on
neutrophils (Figure 5A), Ly6® (Figure 5B) and Ly6&" monocytes (Figure 5C) in the
blood of VG1543 mice; entailing almost completeslo$ hFgRIIA on neutrophils and
monocytes, and significant downregulation of ¥/l on neutrophils and Ly6€"
monocytes. The inhibitory receptor WRiIB was also significantly reduced on Ly8C
monocytes, yet unchanged on Ly8Cmonocytes and neutrophils. These changes in
receptor staining were not due merely to increapeahtities of circulating 1gG, as the
injection of non-aggregated IVIG did not affect eptor expression (Figure 5A-C).
Receptor detection by anti-hfR mAbs may be influenced by pre-bound human IgG-
immune complexes; however we confirmed that this nat the case using a panel of
different antibodies with different recognition est both within and outside of the
ligand-binding region. Furthermore, hlgG could betedted at low amounts on the

surface of VG1543 neutrophils and monocytes isdlafeer IVIG-PSA (Supplementary
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Figure 7 and Supplementary Methods), yet the lidhdaeount of bound hlgG that we
observe after PSA, particularly on neutrophilstaiaty does not account for the several
logs of reduction in receptor staining intensitjxe$e data indicate active engagement
of hFeyR on neutrophils and monocytes during IVIG-PSA, andgest that these cells
are each involved in responding to IgG-immune caxgs, even though, in the case of
monocytes, they may not be required for the inductf anaphylactic symptoms in

VG1543 mice.

PAF and histamine contribute to IVIG-PSA in VG1543mice

We assessed the contribution of the mediators RAFhestamine to IVIG-PSA
in VG1543 mice, using receptor antagonists admarest before PSA induction. PAF
receptor blockade using two different antagoni88T1-491 and CV-6209) significantly
reduced the hypothermia associated with IVIG-PSA/1543 mice (Figure 6A-B).
Cetirizine, Pyrilamine and Tropolidine are differdmstamine-receptor 1 antagonists
that inhibit IgE-induced PSA to various extentsgf8lemental Figure 8A-C). Cetirizine
had no effect on IVIG PSA in VG1543 mice, unlessmmbmed with PAF-R antagonist
ABT-491 (Supplemental Figures 8D-E). Pyrilamine afdopolidine, however,
significantly reduced the hypothermia associateth WIG-PSA in VG1543 mice
(Figure 6C-D). Of note, PAF-R antagonist ABT-49]eated at higher doses did not
confer greater protection (Supplemental Figure 8Rgrefore both PAF and histamine
contribute to IVIG-PSA, in agreement with the cdmition of neutrophils and

basophils, in knock-in mice expressing human lofinay 1gG receptors.
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DISCUSSION

We demonstrate here that VG1543 mice, which exg#iiuine expression of all
human low-affinity FgRs, are susceptible to IgG-dependant anaphylaxzl543, but
not VG1505, mice experienced severe hypothermivihg transfer of aggregated
human IgG or following immunisation and challengéhvihe same antigen. These data
show for the first time that, in a cognate contektactivating and inhibitory human
FcyR signalling, immune complexes formed by either sgar human IgG can trigger

cell activation, mediator release, and severe aayis.

Several transgenic mouse models have been devetopeidusly to investigate
thein vivo functions of human RRs (reviewed in'* *3. Transgenic approaches have
their inherent flaws, however, in terms of repradility of human FgR expression,
heterogeneity of transgene expression betweenithdils of the same genotype, and
instability between generations, as a result ofloam transgene integration into the
genome. hPRIIA(R13)® micé?, hFgRIIB(I23)9 %, hFgRINA(F159° and
hFeyRINIB'Y (unknown polymorphic variart) mice each employ their respective
genuine human promoter to drive transgene expmes€b these, it appears that only
hFeyRIIA(R132)' mice recapitulate the corresponding human exmressattern® 4
whereas hF®RIIB(l23)" mice exhibit abnormally high expression on cirtinig
monocytes and granulocytes, and ¥RHIA(F 159" hFe/RIIIBY mice have aberrant
expression on DCs and eosinopfiil§> Furthermore, the study of hfR-transgenic
strains necessitates genetic backgrounds lackidggemous mRdRs, because mouse
and human Rd&s cross-bind human and mouse 1gG, respectivelpl€¢Th). hF¢R-

transgenic mice have been studied on a backgroefidieht in the FcRy-chain
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signalling subunit (FcR‘O), that lacks functional expression of mRt¢, mFgRIII,
mFe/RIV and mFeRI*. Unfortunately FCR© mice have deficiencies in signalling
through several non-FCR molecules, including integcytokine and growth factor
receptors, affecting leukocyte recruitment and uEschaemostasis; and these mice
maintain inhibitory mFgRIIB expression that can modulate hReinduced signalling”
47T A mFyR™ background, lacking all mouse IgG receptor expjoessbut
maintaining FcRy-chain expression, is a preferable approach, ampg¥ed in the
generation of hRRICIAIB9IIA 9B mFeyR™" mice by intercrossing of the five

single hFgR-transgenic strains described atfdve

To circumvent the inherent issues of randomly irdegl transgenics, we
employed gene knoekn technology to generate a mouse model deficientie low-
affinity mouse IgG receptor locus (m@RIIB/II/IV “°; VG1505), and to insert the
human low-affinity IgG receptor locus in its ste@tFoyRIIA(H 131)-hFoyRIIB(1232)-
hFoyRIIC(Stops)-hFoRINA(V 159-hFoyRINIB(NA2)';  VG1543).  Consequently,
VG1543 mice demonstrate hft expression consistent with that observed in hisffian
% with some minor differences: eosinophils lack J/HEtA expression and basophils
lack hFgRIIB expression. In addition, hiRIIIA and hFgRIIB expression is higher
on blood monocytes compared to humans; neverthélEgRIIB on these cells in
VG1543 remains very much closer to that observelduimans, when compared to the
expression reported in hfRIYIIA 9B 9IIIA 9N1IB ' mFeyR™" mice®®. Of note, VG1543
represent the first mouse model of YRBA(H13;) and hFgRIIIA(V 159 expression,
which is particularly advantageous for the studpwian IgG2. Indeed hifRIIA(H 137)
binds significantly better human 1gG2 than the pudyphic variant hFRIIA(R131),

which is expressed in hifRIIA transgenic animafé *® and hFgRIIA(V 159 binds
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human IgG2 whereas polymorphic variant YRGIA(F 155, expressed in hgRIIA 'Y
mice, does ndt ** 48

Here we identify for the first time that, within ghcontext of native co-
expression with other activating and inhibitory ¥Rs, hFgRIIA drives IgG-
anaphylaxis induction. hiRIIA blockade indeed protected VG1543 mice against
systemic anaphylaxis induced by aggregated humd@.IMhe transfer of IVIG
aggregate@x vivomimics the formation of polyclonal higG immune qaexesin vivo,
since the subclass composition reflects that ofdruserum: 63% IgG1, 29% IgG2, 5%
IgG3 and 3% IgG4. All human Rs expressed in VG1543 mice bind human IgG1 and
IgG3, only hFgRIIA(H131) and hFgRIIIA(V 1599 bind human 1gG2, and all except
hFo/RINB(NA2) bind human 1gG4. Yet hRRIIA(H13;) binds 1gG2 with >7-fold
higher affinity than hFgRIIA(V 159, and therefore the IgG2 component of aggregated
IVIG may bias towards h&II1A(H131) engagement over the other Re expressed in
VG1543 mice. hRRIIA blockade also protected VG1543 mice from syste
anaphylaxis and death following immunisation andllemge with the same antigen.
This is a less physiological model, as it relieshoman hFgRs cross-binding mouse
IgGs. Among the activating receptors expressed@i’43 mice, only hR&RIIA binds
mouse IgG1l (Table 1) - the predominant IgG isotym®duced during ASA
immunisation - and logically therefore predomingntontributes to anaphylaxis

induction.

While the protective effect of hi#RIIA blockade in IVIG-PSA suggests that
hFoRINIA and hFgRIIIB are not individually capable of triggering sgmic
anaphylaxis, we cannot formally exclude a coopegatiole of these receptors in

anaphylaxis induction via higIIA in VG1543 mice. Indeed, we could not efficignt
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block hFgRIIIA and/or hFgRIIIB in vivo using available anti-hFRIIl antibodies
(data not shown). We did observe significant yildA/B down-regulation on
circulating neutrophils and monocytes after IVIGAR®ut not after injection of non-
aggregated IVIG (Figure 6), supporting the notiblattthese receptors are actively
engaging with IgG immune complexes, despite najgé&ring a systemic reaction.
Indeed, in models of autoantibody-induced inflamorat hFgRIIA and hFgRIIIB
expressed on neutrophils were found to individualig cooperatively promote immune
complex-induced reactions; however fRUA alone promoted associated injury and
inflammation, whereas hiRIIIB rather mediated homeostatic clearance of imenu
complexe¥ * suggesting that hi§RIIA, but not hFgRIIB, is able to induce
detrimental reactionsn vivo. Anaphylaxis induced by aggregated IVIG was also
demonstrated in the hRICIACIBOINA 9B mFeyR™ mouse modéf, but the

contributing hFgRs were not identified.

Importantly, VG1505 and VG1543 mice still exprebe high-affinity mouse
receptor mFgRI, which is expressed on monocytes, tissue resia@mocyte-derived
cells and specific macrophage populatfri¥’ °* (Supplementary Figure 1). Even so,
VG1505 mice were resistant to IVIG-PSA (and actimaaphylaxis) induction,
demonstrating that migRI alone cannot trigger anaphylaxis, and that aylagtic
reactions in VG1543 mice rely exclusively on kiRdriggering. We previously reported
that the human counterpart of nyRd, hFo/RI (CD64) was sufficient to induce
systemic anaphylaxis in transgenic mice lacking seofgRs”’. We used for this
former study the only reported hfRI-transgenic mouse: it expresses this receptor on
monocytes and macrophages as in humans, but alsstitatively on neutrophils,

contrarily to humar® 2 Anaphylaxis in these mice relied on both neutiispand
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monocytes/macrophagésHuman FgRI is not expressed in the VG1543 background,
and the question remains open whether yRFccan participate in lgG-induced
anaphylaxis in a context of native WRc expression. We have developed a novel
hFcyRI knock-in mouse strain that does not present diserepant expression of
existing hFgRI-transgenic modef® °2 hFoRI is expressed on monocytes,
macrophages and dendritic cells, but not constelition neutrophils (data not shown).
We are currently crossing this mouse strain to VA&z1Bice, to create a fully hiAg-
humanized knock-in mouse model, which should enable the future to address the

relative contribution of hR&RI in a model recapitulating all hi/R expression.

Anaphylaxis is driven by the release of anaphylgetic mediators from
myeloid cell§ > The contribution of any given cell populationtierefore determined
by the requisite expression of activating/iRcthe capacity of the cells to release active
mediators, and a cells’ potential for negative lnition of Fo/R signalling by expression
of inhibitory FgRIIB®%. In wild-type (wt) mice, pathways of active system
anaphylaxis and passive IgG anaphylaxis rely preédantly on monocyte and/or
neutrophil activation via mR®lll, with a minor contribution of mR&RIV, and
subsequent PAF reled&e® > Considering genetic evolution, the functional fodog
of mFeyRINl is hFeyRIIA, and that of mFgRIV is hFoRIIIA (H. Watier, personal
communicationy. It is therefore consistent that WRiIA, which exhibits prominent
expression on all circulating myeloid cells, liké-ogRlIll, may be the predominant IgG
receptor contributing to anaphylaxis in VG1543 mMé&e previously demonstrated that
transgenic expression of hfRIIA(R13;) was sufficient to induce passive active
systemic anaphylaxis, and that IgG-induced PSAFo/RIIA(R131)'® mFoyRI/NIB/II K©

mice required monocytes and neutrogfils
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Here, we identify that neutrophils are mandatory doaphylaxis in VG1543
mice, whereas we could not identify a contributitov monocytes/macrophages,
although they express RIIA. This discrepancy between mouse models magiuse
to expression of inhibitory hFRIIB, absent in hRgRIIA(R 131)" mFoyRI/1B/1I1 *© mice,
but elevated on VG1543 blood monocytes comparetiutmans. Blood monocytes
express consistently hfRIIB in VG1543 mice but we and others have ideetdifi
variable hFgRIIB on monocytes, particularly CD®4lood monocytes, and prominent
expression on only a fraction of human dofb(Supplementary Figure 2). Spleen
monocytes, however, significantly express yitB in humang® and VG1543 mice.
Indeed, hFgRIIB binds to all subclasses of human f§@nd therefore may inhibit
monocyte activation following engagement by 1VIGgeggates in VG1543 mice. On
one hand, we observed down-regulation of inhibitoFgyRIIB on circulating Ly6¢'
and Ly6C°" monocytes following IVIG-PSA suggesting its engaget by IVIG-
immune complexes and potential inhibitory signalliny this receptor; on the other
hand blockade of higRIIB did not modulate anaphylactic symptoms in V@35nice.
hFcyRIIB, and the inhibitory signals it can induce, miat appear to regulate this model
of anaphylaxis. These data do not favour a cortiohuwf monocytes to anaphylaxis in
VG1543 mice. We cannot, however, exclude a poterdantribution of blood

monocytes (mostly hiRIIB negative) to human anaphylaxis.

The contribution of basophils to anaphylaxis modéahs mice remains
controversial: mlgG1l-induced P$Aand mlgG2a-induced PSA were inhibited
following antibody-mediated basophil depletion, buatlgGl-induced PSA was
unaffected in Mcpt8-cre mice that exhibit >90% hasb deficiency®. In an active

model of peanut-induced anaphylaxis, involving bk and IgG, both antibody- or
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diphtheria toxin-mediated basophil depletion sigaifitly reduced hypotherntia

Human basophils express variable levels ofyRHA and high levels of hR&RIIB, yet
could not be activated by hlgG immune complexesgitro, suggesting that hiRIIB-
dependent negative regulation is dominant over yRHA-dependent basophil
activatior?”. VG1543 mice express hfRIIA at low levels on circulating basophils, but
within the range of that observed on peripherabbloells from healthy donors (Figure
2A-B). Unlike human basophils, however, VG1543 Ipdsls do not express hiAlIB:
that we do not identify a major contribution of bphkils to anaphylaxis in VG1543
mice cannot be due to hRIIB inhibition of hFgRIIA-mediated signalling.

We reported previously that neutrophils predomilyacontribute to ASA in wt
mice and that the transfer of human neutrophils emtore anaphylaxis in resistant
mice’* *° Neutrophils were mandatory for IVIG-PSA (and ASik) VG1543 mice,
since neutrophil depletion abolished hypothermid protected from death. Both of
these anaphylaxis models were dependent opRiF&, which is expressed at very high
levels on both human and VG1543 mouse neutropiifereas inhibitory hRdRIIB
expression is found only on a small subset of w@hifs. This low or absent hi#RlIIB
expression implies that, unlike monocytes, neutitopttivation is not, or marginally,
regulated by inhibitory hE®IIB. Neutrophils also contributed to hfRIIA-dependent
PSA in hFgRIIA(R13)"® mFoRINIB/INKC mice® in the absence of other hit
expression. We demonstrate now that the contribudioneutrophils to 1gG-induced
anaphylaxis is also predominant in the contextaifvie hFgR expression in VG1543
mice. Such an observation is of crucial consideratiwvhen we acknowledge that

neutrophils comprise >60% of circulating blood sefl humans.
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Finally, we identified that the soluble mediator PAvas responsible for a
significant proportion of IVIG-PSA-induced hypoth@a (and ASA-associated death),
a finding concurrent with a dominant pathway ing@h by hFgRIIA on neutrophils.
Neutrophils are indeed the major producers of PAFhiman®. Among the three
Histamine receptor antagonists tested, two (Pyrilanand Tripolidine) significantly
inhibited IVIG-induced anaphylaxis by themselvesd ane (Cetirizine) only had an
effect when combined with PAF-R antagonists. THes#ings suggest that both PAF
and histamine contribute to hypothermia and maytah the VG1543 model. These
results are in agreement with the inefficacy of d&htihistamine treatment alone on
systemic anaphylactic symptoms in patients. Repmyrt¥adas and colleagues indicate
a correlation between levels of circulating PARhea than histamine, with anaphylaxis
severity?, and identified PAF as a central mediator of humanaphylaxis
pathogenests, which aligns with our findings reported hereinings locus-swapped

human low-affinity hFgR' mice.

Our data indicate that IgG-dependant anaphylaxiéGii543 mice proceeds via
an activating pathway dependent on A and neutrophils, with a contribution of
basophils, and driven by the mediators PAF andaimste. Although expressed in this
novel knock-in mouse model, hfRIlIA and hFgRIIIB were not sufficient to trigger
anaphylaxis. That such drastic anaphylaxis indaaggoossible in the context of native
inhibitory and activating hR&R expression suggests a similar pathway may occur i
humans. VG1543 mice represent an attractive knoakedel for the study of human
low-affinity 19G receptors, in which the encodingrgs remain expressed in their
cognate genetic environment, including intergerequences; and consequently cell

surface expression largely reflects that of humaki$hough the polymorphisms
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expressed in the VG1543 mouse represent a sedtindiaiduals within the population,
other people express alternate and/or heterozygmymorphisms, some of which have
been demonstrated to predispose to immunologicatesuibility or resistancé It
would be clinically relevant to extend studies FcyR-knock in mice to understand the
effect of hF@R polymorphisms on cell activation and subsequesibgical responses,
and therefore on sensitivity to anaphylaxis or othkergic diseases involving IgG

antibodies.
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650 FIGURE LEGENDS

651

652  Figure 1. Humanization of the mouse low-affinity reeptor locus. Representations
653 are not drawn to scale. (A) Deletion of mouse FogRtgr4 and Fcgr3 genes in a single
654  targeting step, deleting mouse sequences from B38F70 to 1:171,063,353 on
655 mouse Chrl H3 (based on mouse GRCh38). (B) Insedfohuman FCGR3A and
656 FCGRZ2A genes and (C) insertion of FCGR2B, FCGR3BROGR2C genes. The total
657 human sequence inserted in VG1543 ranges from Q6441 to 1:161,679,348 on
658 human Chrl_q23.3, based on human GRCh38. Mousemgeicoordinates are in black,
659 human genomic coordinates are in grey, light glegkbarrow indicates Hygromycin
660 selection cassettes, dark grey block arrows indibetomycin selection cassettes, black
661 triangles represent Loxp sites, empty trianglesesgnt Frt sites and grey triangles
662 represent Lox2372 sites.

663

664 Figure 2: Human FcyR expression on immune cell populations from VG1548ice
665 recapitulates expression patterns in humans

666  (A) hFoRIIA, hFeyRIIB, hFoyRINA and hFgRIIIB staining on immune cells from
667 human peripheral blood, assessed by fluoresceitioahytlabelling and flow cytometric
668 analysis. Shaded histograms indicate staining vath isotype control antibody,
669 excepting hFgRIIB where shaded histograms indicate a fluoresseninus-one
670 (FMO) control. (B) hFgR staining on immune cells isolated from differéssues of
671 VG1543 mice, as indicated. Shaded histograms itelibackground staining from
672 VG1505 mice. Data are representative of at leasti@pendent experiments; total n>3.

673 BAL: bronchoalveolar lavage. Numbers indicate freraey of cells positive for R
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staining. (C) Individual variation in hiyRIIA expression on basophils isolated from 4

different blood donors (upper panels) or from 4ettégnt1543 mice (lower panels).

Figure 3: VG1543 mice are susceptible to active dgsnic anaphylaxis, dominantly
mediated by hFgRIIA, neutrophils and PAF.

Indicated mice were immunised and challenged wiBtABand central temperatures and
survival rates were monitored. (A) Change in bodgperature (upper panel) and
survival (lower panel) during BSA-ASA in VG1505 ¢ssed circles) and VG1543
(squares) mice. (B-D) BSA-ASA in VG1505 and VG154ke, and VG1543 mice
treated with (B) anti-hRd&RIIA blocking mAbs or isotype control, (C) anti-L¢GmADbs

or isotype control, (D) vehicle (NaCl) or PAF-R agonist ABT-491. Data are
represented as mean + SEM and are representatatdezfst 2 independent experiments.
Numbers indicate mortality per experimental groXprepresents 100% mortality. (#
p<0.05 ; ### p<0.001, Log-rank (Mantel-Cox) test $arvival; * p<0.05, ** p<0.01,

Student’s t-test of individual time points from t040min)

Figure 4: Aggregated human IVIG triggers passive sstemic anaphylaxis in
VG1543 mice, mediated by hRgRIIA and neutrophils.

VG1505 (circles) and VG1543 (squares) mice werected with (A) 1mg or (B)
indicated amounts of heat-aggregated IVIG and aktemperatures monitored. (C-F)
IVIG-PSA (1mg) in VG1543 mice injected with (C) ahEcyRIIA blocking mAbs, (D)
toxin-containing liposomes, (E) anti-CD200R3 mAb&;) anti-Ly6G mAbs, or
corresponding isotype or PBS controls, prior topduy#axis induction. (G) IVIG-PSA
(250ug) in VG1543 mice injected with indicated amountsaati-hFg/RIIB blocking

mADbs. White or grey squares indicate treated nmitack squares indicate isotype or
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vehicle controls. (A-F) Data are represented asmmeBEM and are representative of at
least 2 independent experiments. (G) Data are septed as mean values of

independent experiments. (*p<0.05, **p<0.01; 2-viRdy-ANOVA).

Figure 5: Reduction in hFo/R expression on circulating myeloid cell populatioa
after IVIG-PSA. hFoRIIA, hFcyRIIB and hFgRIIl expression on (A) blood
neutrophils, (B) Ly6® and (C) Ly6¢" monocytes from VG1543 mice; 1 hour after
injection of vehicle (NaCl), non-aggregated IVIGofhagg) or heat aggregated-IVIG
and PSA induction (HA-IVIG). Background staining cerlls from VG1505 mice is
shown 1 hour after injection of heat aggregatedslVValues represemiGeoMean
between specific staining and corresponding isotypeMO control, pooled from three
independent experiments. Representative histog@amsshown in (D); background
staining of isotype control is indicated by shadestograms; VG1505 mice by grey

histograms. (***p<0.001, *p<0.05, unpaired t testhmiVelch’s correction)

Figure 6: The anaphylactic mediators PAF and histanme are responsible for
IVIG-PSA in VG1543 mice. PSA was induced by 1mg heat-aggregated IVIG and
central temperatures monitored: indicated mice weme-treated,with PAF-R
antagonists (A) ABT-491 or (B) CV-6209, H1-R antampts (C) pyrilamine maleate or
(D) triprolidine hydrochloride, or with vehicle (IId). Data are represented as mean *
SEM and are representative of at least 2 indeperedgreriments (*p<0.05, **p<0.01,

V(G1543 treated vs controls, 2-way RM-ANOVA)
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723 TABLES

724

725 Table 1 Binding and crossbinding of human and mouse lgkkkasses to human and
726  mouse F¢gRs

727 -, no binding; +/-, very-low binding; +, low-bindyp ++, medium binding; +++, high

728  binding. Adapted from data reported'th?®® ® ®and unpublished data.

HUMAN MOUSE
IgG1l | 1gG2 | 1gG3| IgG4] IgGl | IgG2a/c | 1gG2b | 1gG3
hFcyRI +4++ - +++ | 4+ - +45 +++ +/-
hFcyRIIA(H131) ++ + + + + + + -
hFcyRIIA(R131) ++ + + + ++ + + -
hFcyRIIB + +/- + + - - +/- -
hFcyRIIC + +/- + + - - +/- -
HUMAN
hFcyRINA(V158) + +H- | 4+ + - +/- - -
hFcyRINA(F158) + +/- ++ + - - - -
hFcyRIIB(NAL) + - ++ - - - - -
hFcyRIIIB(NA2) + - ++ - - - - -
hFcyRIIIB(SH) + - ++ - - - - -
mFcyRI +++ - ++ ++ - +++ + +/-
mFcyRIIB - +/- - - ++ + ++ -
MOUSE
mFcyRIII ++ ++ +/- - + + + -
mFcyRIV ++ + ++ +/- - +++ +++ -

729

730
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SUPPLEMENTAL METHODS

Generation of mFcyRIIB, mFcyRI11 and mFcyRIV knock-out mice.

A targeting construct (Figure 1A) for deleting thmuse Fcgr2b, Fcgr3 and FcgR4
genes (encoding migRIIB, mFoyRIIl, and mFgRIV respectively) in a single targeting step
was constructed by usingELOCIGENE technology. Mouse sequences were obtained from
bacterial artificial chromosome (BAC) clone RP2%B86. A donor fragment was constructed
by cloning a lox’d neomycin cassette flanked bye-specific recombination sites. More
specifically, 3 mouse homology arm, corresponding to 270bp of m@exquence located
3796 bp downstream of Fcgr2b, was PCR’ed usingsl{@upplemental Tables 1 and 2) and
cloned upstream of a mutant lox’d neomycin selectiassette followed by a mousé 3
homology arm corresponding to 342 bp of mouse semp¢PCR using oligos noted in
Supplemental Tables 1 and 2) located 4001 bp wmtief the ATG of Fcgr3. This donor
fragment was inserted into Escherichia coli staii10B containing the mouse BAC clone
RP23-395F6 and a recombination enzyme vector. Ge#iee grown in drug selection
medium. Upon homologous recombination (BHR) at lbeus, a drug selection cassette
replaces the Fcgr2b, Fcgr3 and Fcgrd genes. Indvidones were grown, and the targeted
BAC DNA that contains a lox’d drug cassette in plad the Fcgr2b, Fcgr3 and Fcgr4 genes
was extracted. Targeted cells were identified BRRusing up detect primer set and down
detect primer set (Supplemental Tables 1 and 2).dP¢he vector was sequenced to confirm
proper mouse-cassette junctions and pulsed fielcelgetrophoresis was used to establish
insert size and expected restriction fragment lkengt

The targeting vector (LTVEC) VG1505 was linearizadd used to electroporate
VGF1 mouse embryonic stem (ES) cells. Upon homalegecombination at the locus 106kb

of the endogenous Fcgr2b, Fcgr3 and Fcgrd locubeseby deleted & replaced by lox’d



Supplemental Methods Gillis et al. JACI 2016 2

neomycin cassette resulting in an ES cell that do¢express endogenous Fcgr2b, Fcgr3 and
Fcgrd genes. Correctly targeted ES cells were doited into an eight cell stage mouse
embryo by theVELOCIMOUSE method. VELOCIMICE (FO mice fully derived from the
donor ES cell) bearing the deleted Fcgr2b, Fcgr8 Bogr4d genes were identified by
genotyping for loss of mouse allele using a moditfan of allele assay (Supplemental Table

3).

Generation of knock-in hFcyRI1A(H131)-hFeyRIB(l 232)-hFeyRI T C(Stopis)-
hFcyRITA(V1sg)-hFeyRITIB(NA2) mice

Targeting constructs (Figure 1B-C) for subsequemidmization of mouse miRs by
two sequential targeting steps, were constructedsiygVELOCIGENE technology. For the
first targeting construct, VG1528, human sequemngere obtained from bacterial artificial
chromosome (BAC) clone CTD-2514J12. BACvec VG1528 wonstructed in four steps as
described in Supplemental Tables 1 and 2. In step donor fragment was constructed by
cloning a frttd hygromycin cassette flanked by specific recombination sites. More
specifically, 3 BAC backbone homology arm, corresponding to 384fopBeloBAC11, was
PCR’ed using oligos (Supplemental Table 1) and edonpstream of a frt'd hygromycin
selection cassette followed by a humarm@mology arm corresponding to 342bp of human
sequence (PCR’d using oligos in Supplemental Tablasd 2) located 19kb upstream of the
human FCGR3A gene (encoding fRHIA). BHR with this donor fragment deleted 41kb
from the 5’ end of CTD-2514J12, replacing it with BCeul site and the frt'd hygromycin
cassette to make VI209. In step 2, VI209 was medifiy BHR to insert a PI-Scel site and
spec cassette at the 3’ end to make VI212 (Supplah&ables 1 and 2). In step 3, RP23-
395F6 was modified by BHR to delete the entire 06kouse low-affinity mF@R locus

(Fcgr2b, Fcgr3 and Fcgrd genes), replacing it witbx’d neomycin cassette flanked by a 5’
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I-Ceul site and a 3’ PI-Scel site. The extra Pt in the backbone was then deleted by
Ascl digestion and ligation to make VI208. In st#¢pthe 69kb human hiRs-encoding
fragment from V1212 was ligated into the I-Ceul addScel sites of VI208, replacing the
lox’d neomycin cassette to make the final LTVEC \B38&.

For the second targeting construct VG1543, humauesees were obtained from
bacterial artificial chromosome (BAC) clone RP11768. BACvec VG1543 was constructed
in three steps as described in Supplemental Tdbsesl 2. In step 1, a donor fragment was
constructed by cloning a spectinomycin cassettekéld by site-specific recombination sites.
More specifically, 5 homology arm, corresponding to 59bp of human secpieand BAC
backbone sequence that is 4558 bp downstream oRBB(Gwas ligated to a spectinomycin
selection cassette followed by & IBomology arm corresponding to 333bp of backbone
sequence in pBACe3.6. BHR with this donor fragntemimed the human hkR locus on
the proximal end of RP11-697ES5, deleting the PlFSte, to make VI217. In step 2, VI217
was modified by BHR using a donor fragment consgsbf 5’ homology arm corresponding
to 258bp of BAC backbone sequence in pBACe3.6t'a@ lfiygromycin cassette flanked by a
5’ Notl site and a 3’ PI-Scel site, and 3' homologiyn corresponding to 274bp of human
sequence 1188bp upstream of FCGR2B to make VI223tdp 3, the 47kb mouse distal
homology arm with lox’d neomycin cassette from \82@as ligated into the Notl and PI-
Scel sites of VI222, replacing the frt'd hygromyomassette to make the final LTVEC
VG1543.

The targeting vectors were linearized and usedetireporate mouse embryonic stem
(ES) cells®. Upon homologous recombination at the locus 108kthe endogenous mouse
low-affinity FcyR locus (Fcgr2b, Fcgr3 and Fcgrd genes) is thedsdgted & replaced by

human FCGR2B, FCGR3B, FCGR2C, FCGR3A and FCGR2Aegdancoding hR&RIIB

variant bs,, hFo/RIIIB variant NA2, hF@RIIC variant stops, hFo/RIIIA variant Visg, and
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hFo/RIIA variant Hi3) by sequential targeting of VG1528 and VG1543yltesy in an ES
cell that expresses low-affinity human fRcgenes instead of endogenous low-affinity mouse
mFo/R genes. Correctly targeted ES cells were introdiinog an eight cell stage mouse
embryo by theVELOCIMOUSE method? VELOCIMICE (FO mice fully derived from the
donor ES cell) bearing the human FCGR2B, FCGR3BGRE2C, FCGR3A and FCGR2A
genes were identified by genotyping for loss of seallele & gain of human allele using a

modification of allele assay (Supplemental Table 3)

Antibodies and reagents

Bovine serum albumin (BSA), complete and incompleteund’s adjuvant (CFA, IFA) and
ABT-491 were from Sigma-Aldrich; Cetirizine DiHClag from Selleck Chemicals; TNP-
BSA was from Santa Cruz. Fluorescently labelled-auatuse CD11b, CD43, CD49b, CD115,
CD335 (NKp46), Ly6C, Ly6G, Gr-1, B220, IgD and %igF were from BD Biosciences;
anti-mouse CD19 and IgM from Biolegend; and antus® IgE from eBioscience.
Fluorescently labelled anti-human CD3, CD11b, CDCRQ15, CD19, CD56 were from
Miltenyi Biotec; anti-human CD61 and CD16 (3G8)rfrdBD Biosciences; anti-hFRIIA
(IV.3) from Stem Cell Technologies. Fluorescentbbélled anti-hFRIIB (2B6) in a
chimeric mouse-human IgGLNA form was prepared in-house.

PBS-liposomes and Clodronate-liposomes were prdpase publishetd The hybridoma
producing mAbs anti-hRRIIA (IV.3) was provided by C.L. Anderson (Heart Bung
Research Institute, Columbus, OH, USA), anti-GrB§RBC4) by R. Coffman (DNAX
Research Institute, Palo Alto, California,USA), amti—Ly-6G (NIMP-R14) by C. Leclerc
(Institut Pasteur, Paris, France). mAbs were pdifrom hybridoma supernatants by Protein
G-affinity purification. Purified mAbs anti-Bal03ene provided by H. Karasuyama (Tokyo

Medical and Dental University Graduate School, Tmklapan).
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Tissue processing

Cells were isolated from the blood and organs ofi§@ and VG1543 mice as follows.
Spleens were dissociated through aumOcell strainer into MACS buffer (PBS /0.5%BSA
/2mM EDTA) and RBC lysis was performed using an ammm chloride-based buffer. For
isolation of skin cells, ears were split into déraad ventral halves and roughly chopped
before digestion with 0.25mg/mL Liberase TL Resk@m@de (Roche) + 0.1mg/mL DNase
(Sigma) for 1h at 3T (800rpm; Eppendorf Thermomixer), washed with #6kume of PBS/
10%FBS /2mM EDTA and processed through apb@Qell strainer. Livers were perfused
with cold PBS before dissection, and processedgusia GentleMACS liver dissociation kit
and the Octo Dissociator (Miltenyi Biotec). Cellens isolated from the peritoneum by
lavage with 6mL cold PBS; BALs were performed 3xhamimL PBS. For blood leukocyte
analysis, a precise volume of heparinised blood sudgected to RBC lysis and washed with

MACS buffer.

Flow cytometry

Human EDTA-collected blood was obtained from thmoll bank « Etablissement Francais du
Sang ». After red blood cell lysis, leukocytes wst@ned with fluorescently labelled mAbs
for 30min at 4C. Human cell populations were distinguished as:1&DD193"¢
neutrophils; CD193.D15°" eosinophils; CD3 T cells; CD19 B cells; CD56 NK cells;
CD123CD203¢"FceRI" basophils; CD1%monocytes; CDIACD16°" classical monocytes
and CD1#%“CD16" patrolling monocytes; CD6Jplatelets.

Isolated single cell suspensions from mouse blowbargans were stained with fluorescently
labelled mAbs for 30-40min at'@. Mouse cell populations were distinguished by IS8T

characteristics and by surface markers as follavesitrophils (CD11b Ly6C°" Ly6G"),
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monocytes (classical CD11bLy6G™ Ly6C" or patrolling CD11bH Ly6G™? CD115
Ly6C"°"), peritoneal macrophages (CDI16r1°"), alveolar macrophages (CDI)¢ liver
and bone marrow macrophages (CO116r1°“F4/80), eosinophils (CD11b SiglecF
SSC", basophils (CD4%" mIigE" CD49b), mast cells (mIigECD49K'CD117), platelets
(CD4T"), T cells (CD3; CD4/CD8"), B cells (CD19/B220", subpopulations as in
Supplemental Figure 1), and NK cells (NKP@&®490).

hFcy RIIA was identified by the specific mAb clone IV.BFcy RIIB was identified by the
clone 2B6, expressed as a chimeric mouse-human Ig@}ANvariant to inhibit unspecific
binding via the Fc portion of the antibody. We usedanti-CD16 antibody (clone 3G8) to
characterise jointly hFg RIIIA and hFcy RIIIB expression, because we could not identify,
using a series of commercially available anti-C@h@bodies, an antibody able to distinguish

surface expression of hi@RIIA(V 1s9) from hFcy RIIIB(NA2). In supplemental figure 7:

anti-CD32 clone FLI8.26 defines hRIIA+B expression; anti-CD32(R131) clone 3D3
defines hFgRIIB expression only, because VG1543 mice expréss H131 variant of
hFoRIIA; anti-CD16 clone MEM-154 defines h¥RIIIA+B expression.mFo/RI was
identified using the specific clone X54-5/7.1 (Bp&ciences).

Forex vivo binding of cells with human IgG, blood cell susgiens were incubated first with
aggregated IVIG (20 g/mL) for 1 hour on ice, and then stained withuofescently labelled
antibody cocktail, including anti-human IgG Fab-gfie goat F(ab’)} fragment (Jackson
Immunoresearch). Cells isolated from VG1543 mideralVIG-PSA were stained with the
secondary antibody alone.

Samples were run on a MACSQuant flow cytometer t@iyi) and data analysed using

FlowJo Software (Treestar Inc.).
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Specificity and efficiency of cell depletion strategies:

Appropriate antibody-mediated cell depletion usiagti-Ly6G (NIMP-R14) and anti-
CD200R3 (Bal103) was examined by flow cytometry gsial NIMP-R14 treatment (3QQ)
efficiently depleted neutrophils in the blood, grleand peritoneum. The percentage of total
CD115CD115 monocytes in the blood and CDIGr1™ monocytes in the spleen were
unaffected, while the percentage of CDIR4/80" macrophages in the peritoneum increased
slightly. The percentage of blood basophils waghsly increased, but total numbers were
unaffected and spleen basophils and peritoneal cetistwere not affected. We did, however
observe that the frequency of LyB@onocytes decreased while the frequency of I%6C
monocytes increased following NIMP-R14 treatmentplenomenon which may reflect
epitope masking by NIMP-R14 due to a low-level sroscognition. NIMP-R14 therefore
efficiently depletes neutrophils with some effeat® other cell populations. BalO3
administration at 30g per mouse induced basophil depletion in the blutispleen, without
affecting circulating neutrophils and monocytestddaot shown), or peritoneal mast cells.
Yet the depletion of basophils was incomplete @@d@%), and not uniformly efficient across
individuals (Supplementary Figure 5A). We theref@@ministered Bal03 at a two-fold
greater dose (§@/mouse). Although we could not detect a signifidacrease in depletion
compared to the 3@ dose (data not shown), this increased dose itedica minor
contribution of basophils to anaphylaxis severiiig(re 4E).

We have previously demonstrated efficient monoayéetophage depletion in the blood and
spleen following intravenous liposome injection @Ber et al 2016. JACIn press); whereas
peritoneal macrophages remained intact. In efforechieve complete monocyte/macrophage
depletion, we combined multiple injections of clodate liposomes with different routes of
administration, resulting in higher total liposohoad: these approaches were inconclusive,

however, and while we were efficiently able to @plresident macrophages, we observed
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increases in numbers of circulating inflammatory nooytes, and wildly inconsistent
responses during IVIG-PSA. Indeed, toxic liposonemn affect all phagocytic cell
populations, and approaches to increase theiragffi@lso augment non-specific effectsor
this study, we confirmed that the ability of madrages to mediate thrombocytopenia
(reflecting capacity to engage and engulf antibbdynd cells, and by logical extension,
immune complexes) remains intact following antibodgdiated depletion strategies.of
NIMP-R14 or Bal03), but is blocked following intexwous clodronate liposome injection at

the doses used herein.

Statistics

Statistical analyses were performed using Prisntvi®l was analysed by a log-rank
(Mantel-Cox) test to compare test subjects androtmtTemperature loss during ASA was
compared using a Student’s t-test of individualetippints. Temperature loss during PSA was
compared by 2-way repeated measures ANOVA (RM-ANQVExcept in Supplementary
Figure 8E in which groups were compared using ad&ttls t-test at 30min. hiR
expression in Figure 5 and Supplementary Figurea @ompared using an unpaired t-test

with Welch’s correction for unequal variances.
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SUPPLEMENTAL FIGURE LEGENDS

Supplemental Figure 1. VG1505 and VG1543 mice demonstrate normal immune cell composition of major
compartments, and compar able expression of mFceRlI mFcyRI.

(A) Spleens taken from VG1505 mice and VG1543 meee comparable in size. (B) Leukocyte counts ialtbbbod were
enumerated using an automatic blood cell analysér(@; see also supplementary table 4) frequendyoafd immune cell
populations was determined by flow cytometry. (DfF@aRI| expression on peritoneal mast cells from VG1508enand
VG1543 mice: representative histograms are showhvaiues represemtGeoMean between specific staining and isotype
control. (E) Anti-IgE staining on basophils in théod, spleen and bone marrow, as a surrogate measunFeRI
expression. (F) Representative histograms showingyRiFexpression on various monocyte and macrophagelaiigns

isolated from VG1505 mice and VG1543 mice.

Supplemental Figure 2: Variability in hFcyR expression on monocytes and eosinophils from different human blood
donors. B cells and monocytes exhibit subpopulation-distinct variation in hFcyR expression.

Cells were isolated from the (A, E, F) blood of ti@ahuman donors, or (B) bone marrow, (C) peritoneon{D) blood of
VG1543 mice, for flow cytometry analysis. (A) Vdrla expression hFRIIB on monocytes from the blood of 4 different
human donors; numbers indicate frequency of calltipe for FgR staining. (B, C) Representative histograms showing
hFRIIB expression on VG1543 B cell subpopulations: (B) neatBrcells (B220 CD43™%1gM* I1gD") and (B226"
CD43*Y immature (IgM), pro (IgM™9 and pre (IgM*gD™9 B cells from the bone marrow, and (C) peritoneal Balis
(IgM* CD11B IgD"*") and B2 cells (IgM CD118®%gD"). Numbers indicataGeoMean between specific staining and FMO
controls. Data is representative of at least 2pedédent experiments, n>3. (D, E) Discriminatiorciaissical vs patrolling
monocyte subsets in the blood of VG1543 mice (Dhwman donors (E); differential hfRIIA, hFo/RIIB and hFgRIII
expression on monocyte subsets is shown by refets@nhistograms. Shaded grey histograms indigat&ground staining
from VG1505 mice; shaded blue histograms indicatekground staining with an isotype control antibqtifFo/RIIA,
hFo/RIIl), or an FMO control (hR&RIIB). (F) Variable expression of hifRlll on eosinophils from the blood of 4 different

human donors

Supplemental Figure 3: Immunisation with BSA in CFA/IFA induces BSA-specific 1gG1 and 1gG2 in VG1505 and
VG1543 mice. (A) Anti-lgG1 and (B) anti-lgG2a/b/c BSA-specific EBA results from two independent experiments are
represented as serial dilution curves of individualuse sera, and as average curve (insets). VQta85ed black line) and
VG1543 (solid black line) mice exhibit comparabigibody titres; excl** (blue line) indicates micleat were excluded from
challenge due to low antibody titres; positive (posd line) and negative (neg: dotted black linéJFA controls are

indicated.
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Supplemental Figure 4. Antibody clone NIMP-R14 specifically targets Ly-6G antigen and efficiently depletes

neutrophilsin vivo.

(A-C) Blood sampled from naive mice (pool of n=4) wsained with FITC-conjugated NIMP-R14 in combinatiwith

fluorescent antibody clones 1A8 (anti-Ly-6G; A), RB65 (anti-GR1: binds Ly-6C and Ly-6G; B), or anti-Ly-@@onts 1;

C) with or without pre-blocking with an excess ofonjugated NIMP-R14 or 1A8. Staining was assessditbiaycytometry,
and representative plots are shown pre-gated ajlesitive CD11B cells. (D-F) VG1543 mice were treated with 860
NIMP-R14 or rat isotype control antibody (rlgG2hjdablood and tissues were sampled 24 hours lattfraquencies of
specific cell populations determined by flow cytdnge gating strategies are shown and frequencieseaftrophils and
monocyte/macrophages in the (D) blood, (E) splewh (&) peritoneum; and percentage of basophilfén(6) blood and

(H) spleen, and (l) mast cells in the peritoneuiF] Data is pooled from 2 independent experiments.

Supplemental Figure 5: Basophils, monocyte/macrophages and histamine were not found to contribute to BSA-ASA

in VG1543 mice. (A) VG1543 mice were treated with 3 anti-CD200R3 (Bal103) or rat isotype control antip@iigG2b)
and blood and tissues sampled 24 hours later: septative gating strategy and percentage of basojhthe blood and
spleen; and percentage of mast cells in the petiton (B-G) Change in body temperature and surviveihg BSA-ASA in
VG1505 and VG1543 mice, and VG1543 mice treatetl (8 anti-GR1 mAbs, (C&E) toxic liposomes, (D) anti-2IDR3
mADbs, (F) H1-receptor antagonist Cetirizine, (G) PRRntagonist ABT-491, or respective controls. Catarepresented as
mean + SEM and are representative of at least @pendent experiments. (E) BSA-ASA with high monalit VG1543
mice treated with PBS or toxin-containing liposorbefore challenge: repeat of panel 5C. (G) BSA-ASAwio mortality

in VG1543 mice treated or not with PAF-R antagob&fore challenge: repeat of Figure 3D.

Supplemental Figure 6: PSA-induced hypother mia of VG1543 mice after injection of high-dose heat-aggregated 1VIG,
or basophil depletion (A) VG1543 mice were injected with indicated ameumf heat-aggregated IVIG and central
temperatures monitored. Data are represented addundl replicates of each dose. (B) VG1543 micated with 3Q,g anti-

CD200R3 (Bal103) or isotype control 24 hours befojection of 1mg heat aggregated IVIG and PSA indurcti

Supplemental Figure 7: Observed reduction in hFcyR expression on circulating myeloid cell populations after 1VIG-
PSA is not due to binding inhibition by surface bound hlgG. hFo/R expression on blood (A) neutrophils, (B) Ly6&nd
(C) Ly6C°" monocytes from VG1543 mice 1 hour after injectimfrnon-aggregated IVIG (non-agg) or heat aggregated
IVIG (HA-IVIG, leading to PSA). Only non-blockingnsibodies were used for detecting hFcgR expresdioravoid
competition with ligandi(e. IVIG) binding: anti-CD32 clone FLI8.26 defines hRIIA+B expression, anti-CD32(R131)

clone 3D3 defines hRIIB expression, and anti-CD16 clone MEM-154 defin€syRIIIA+B expression. Background



Supplemental Methods Gillis et al. JACI 2016 11

staining on cells from VG1505 mice is shown 1 hafter injection of heat aggregated-1VIG. Valuesresgnt GeoMean of
specific staining, pooled from three independenteeixnents. (***p<0.001, **p<0.01, Student’s t tes{D) Staining of
surface hlgG bouneéx vivo by incubating blood neutrophils and monocytesam from (left histograms) naive VG1543
mice or (central histograms) PAF-injected VG1542an{0.3ig PAF injected i.v. to induce PAF-dependent anagptig)
with HA-IVIG (20pg/mL). These histograms were compared to histogr@ight) representing staining of surface hlgG
boundin vivo to blood cell populations, isolated 1 hour aftéiG-PSA. Representative histograms are shown frogn 2-
independent experimentsz31 Shaded histograms represent labelling with stexgnantibody alone (left and central panels)

or FMO control (right panels).

Supplemental Figure 8: Role of mediatorsin PSA. (A-C) Antihistamine treatment inhibits IgE-PSA: V&5 mice were
sensitised by transfer of anti-TNP specific IgE ah@llenged with TNP-BSA. Indicated mice were itgeci.p. with H1
receptor antagonists (A) cetirizine 3@Dor (B) pyrilamine 30Qg 30min prior, or (C) triprolidine 2Q@® 20min prior to
challengeNB triprolidine was injected at 2Q@/mouse in (C): this dose was increased tqugdor IVIG-PSA pretreatment
(Figure 6D). (D-E) VG1543 were treated (D) withideine alone or (E) in combination with PAF-R antagst ABT-491
prior to IVIG-PSA. Data is (D) representative o)) (®llated from 6 independent experiments. *p<@LOVG1543 controls
vs VG1543 + PAF-R antagonist and VG1543 control¥@4543 + PAF-R antagonist + antihistamine, ** p<O\51543 +
PAF-R antagonist vs VG1543 + PAF-R antagonist + @&@ttimine, Student’s t-test at 30min. (F) Administna of PAF-R
antagonist ABT-491 at an increased dose does nd¢rcotreased protection from IVIG-PSA: VG1543 wangcted i.v.

with 25 or 10@g of PAF-R antagonist ABT-491 15 min before the intgucof IVIG-PSA.



Supplementary Table 1: Bacvec description

BAC Step Description Cassette Recipient Process Product Drug primers for
vec BAC name selection detection
1505 1 Deletion of the mouse low | [mFcR 5' up (1)/mFcR 3' up RP23-395f6 BHR 1505 kan cm mFcR 5'up
FCGRs, deleting106kb (fig | Xbal (1a)]-ICeul-PGKp-em7- detect(3),
1). neoR-pA-lox2372-[5' down mFcR 3'down
Sacl/mFcR 3' down] detect
1528 1 Trim human FCGR locus on | [5' down loxp pbelo/3' del loxp | CTD2514j1 BHR VI-209 hyg cm 5'pbelo loxp
the distal end of human (KpnI)]-ICeul-frt-UbCp-em7- 2 detect,
BAC CTD2514j12, insert a | hyg-pA-[5' down primer-Sacl 3' down detect
ICeul site at the distal (h14)/3" down primer (h15)] (h1e6)
end, deleting 41kb.

2 Insert PI-Scel site into the | [5' up primer (h4)/3' up primer VI-209 BHR VI-212 hyg spec | 5'up detect (h6),
proximal end human BAC Xhol (h5)]-PI-Scel-Spec-[del 3' pbelo-cm
construct VI-209. cm (Avrll)/3"' up homology CM detect

pbelo]

3 Deletion of the mouse low | [mFcR 5' up (1)/3"' up mFcgR- RP23-395f6 BHR, VI207 kan cm mFcR 5'up
FCGRs (106kb) and 2b Nhel primer (2) [Rev]]- and VI207 | Digsetion and detect(3),
inserted ICeul and PI- ICeul-loxp-PGKp-em7-neoR- /ligation VvI208 mFcR 3'down
Secl sites flanking neoR pA-loxp-PIScel[mFcR 5' down detect
(VI207), and then Apal(7) [Rev]/mFcR 3' down]
removed the extra PI-Scel
site by Ascl, digestion and
ligation to make VI208.

4 Ligate human FCGR VI212: ICeul-hygR-72.3 kb of VI208 ligation 1528 cm hyg mFcR 5'up detect
fragment 72.3kb from human FCGRs-PI-Scel (3), mFcR 3'
VI212 into VI208 replacing down detect(9)
neoR.

1543 1 Trim human FCGR locus on | [5'up-(h40)/3'up-Avrii(h42)]- RP11- BHR VI-217 spec cm | 5'up detect
the proximal end of human | specR-[5' kpn del loxp bac3.6 697e5 (h41),
BAC RP11-697e5, deleting | (B10a)1[Rev]/5' down loxp 5'del loxp detect
PI-Scel site (fig 3). pbelol[Rev]] (b14)1[Rev]

2 Insert Notl and PI-Secl [3" up homology CM VI-217 BHR VI-222 hyg spec | 3'pbelo del cm
sites flanking hygR at the pbelol[Rev]/5' pbelo del cm detectl[Rev],
distal end of VI217. Nsil w/Not11[Rev]]-Notl-Pgk- 3'down detect

hygR-PI Scel[5' down Sall (h12)1[Rev]
(h10)1[Rev]/3' down
(h11)1[Rev]]

3 Ligate mouse distal Not1-PGKp-em7-neoR-pA- VI-222 ligation 1543 neo spec | 3' pbelo del cm

homology arm 47kb from
VI-208 into VI222
replacing hygR.

lox2372-47 kb of human
FCGRs-PI Scel

detect, 3'down
detect (h12)




Supplementary Table 2: List of primers

Primer name

mFcR 5" up (1)

mFcR 3' up Xbal (1a)

mFcR 5' up detect(3)

5' down Sac PI Sce

mFcR 3' down

mFcR 3' down detect

5' down loxp pbelo

3' del loxp (KpnI)

5'pbelo loxp detect

3' down detect (h16)

5' down primer-Sacl (h14)

3' down primer (h15)

5' up detect (h6)

3' pbelo-cm detect

5' up primer (h4)

3" up primer Xhol (h5)
5'up-(h40)

5'up detect (h41)

5' kpn del loxp bac3.6 (B10a)2[Rev]
5' down loxp pbelo2[Rev]

5' del loxp detect (b14)2[Rev]
3' up homology CM pbelo2[RevV]
5' pbelo del cm nsi w/notii2[Rev]
3' pbelo del cm detect2[Rev]

5' down Sall (h10)2[Rev]

3' down (h11)2[Rev]

3'down detect (h12)2[Rev]
mFcR 3' down detect(9)

mFcR 5' down Apal(7) [Rev]

3' up mFcgR-2b Nhel primer (2) [Rev]

Sequence (5'-3")
ACCAGGATATGACCTGTAGAG
TGTTTCTACTTACCCATGGAC
ATCCTGAGTATACTATGACAAGA

CATGCATCTATGTCGGGTGCGGAGAAAGAGGTAATGCATTCTTGCCCAATACTTAC

CCCTCTAGCTAGGTTATTAGG
GGAGCCTCAACAGGACTCCAT
ATCCGATGCAAGTGTGTCGCT
CTCGCTTTCAGCACCTGTCGT
CTGTAGAACGGAGTAACCTCG

CCCAGGTAAGTCGTGATGAAACAG

GCCAGCCACAAAGGAGATAATC
GCAACATTTAGGACAACTCGGG
CACACATCTCCTGGTGACTTG
ACAGCATGTGCATCGCATAGG
GATTTCCTAACCACCTACCCC
CAACTGCCATTGGAAAAGA

GAATGAATTCCGCGGATCCTTCTATAGTGTCACCTAAATGTCGACGGCCAGGCAGCCGC

GAGCAGCCATCTATAGACCTAC
CTTATCGATGATAAGCTGTCA
ATCCGATGCAAGTGTGTCGCT
TCGTGTTGTCGGTCTGATTAT
CAATCCAGGTCCTGACCGTTC
GCCCGGTAGTGATCTTATTTC
ACAGCATGTGCATCGCATAGG
AAATACACACTGCCACAGACAG
CACAGGAAACTCACAAAAGAGG
CTTTTTATGGTCCCACAATCAG
ACTCATGGAGCCTCAACAGGA
GCATTCTTGCCCAATACTTAC
GTTTCTACTTACCCATGGAC



Supplementary Table 3:

Description

Tagman probe

Fcgr4
Fcgr2b-U

Neo

1528 hT1
1528 hT1

Hyg

1543hD
1543hU

1543 AS 129
1543 AS B6
1543 AS2 129
1543 AS2 B6
1543 AS3 129
1543 AS3 B6

Fcgr2b
Fcgr2b
Neo gene
Fcgr2b
Fcgr2b
Hyg
Fcgrzb
Fcgr2b
Fcgr2b
Fcgr2b
Fcar4
Fcgra
Fcar4
Fcgrd

list of tagman probes

Forward primer (5'-3") Taq Man probe (5'-3")
CCAGGGTCTCCATCCATGTT CCACCGTGGCATCA
AGCAGTGCTGCCTCCTTCC TGACCATCGTGGAAGCCAGCCT

GGTGGAGAGGCTATTCGGC
TCATCACGACTTACCTGGGTTC
TCCTTCCTGGTCCTGTTCTATG
TGCGGCCGATCTTAGCC
GTTCTGGTAATTGGGCTCTTTGTTC
GGGAGAATAGCAGAGCAGGAC
TTTCTTGCCCCAAATTGAAGA
TTTCTTGCCCCAAATTGAAGA
TTCTTGTGTCTCCTTTGCCTCTAA
TTCTTGTGTCTCCTTTGCCTCTAA
GGCAGGACAGTGATAAATTCTGAGA
GGCAGGACAGTGATAAATTCTGAGA

TGGGCACAACAGACAATCGGCTG
CCCTCCTGGTGTCCCTCTGATGAC
TCCCTTGCCAGACTTCAGACTGAGA
ACGAGCGGGTTCGGCCCATTC
TCTGGAGCTTCCGACTGCATAAGCAG
TCAGCAATCTCCACTCAGGGCTCA
CTCCCAAATGAATG
CTCCCAAATGAGTGGAG
ATCCACTTAGACTGCAC
TATCCACCTAGACTGC
TGGCCCTTGCTGTGA
TGGCCCTTGCTATGA

Reverse Promer (5'-3")

TCCTATCAGCAGGCAGAATGTG
GGTTTGTTTCCCTTTGCCAGTATG
GAACACGGCGGCATCAG
GGACAGGTGAAGACAGAGGAG
CTCTGTCACCCACCAATTTCC
TTGACCGATTCCTTGCGG
ACTGCTGGTTTCTGCCTTCTC
ACACAAGTTCACGGGAAGTCAAAC
TCAGGCAGTCGATCTCTGTTTC
TCAGGCAGTCGATCTCTGTTTC
TTGAAGCTCTGCACAGTGAGATC
TTGAAGCTCTGCACAGTGAGATC
GGCCAAGAATGGAACATGACTT
GGCCAAGAATGGAACATGACTT

Probe copy
Mod

P P RPRPRPPOOOOCORFROODO

numbers
WT

O O OO OO0 00000 OoORFr P~ P



Supplementary Table 4: Immu ne cell composition in VG1505 and VG1543 mice, by
flow cytometry analysis

VG1505 VG1543
Blood
CD19+ 31,09 + 2,012, n=7 36,48 + 3,342, n=5 n.s.
CD4+ 23,47 + 2,489, n=7 28,24 + 1,620, n=5 n.s.
CD8+ 14,89 + 0,9485, n=7 14,46 + 1,006, n=5 n.s.
(N;g‘iti‘éﬁh&& 14,97 + 2,550, n=7 8,306 £ 0,9350, n=9 | * p=0,0412
Monocytes
ggﬂg: (L%Sglgff’) 2,544+0,2942,n=7 | 1947+0,2914,n=9 | n.s.
int
Monocytes
CD11b+ (Ly6G neg) | 1,981 + 0,4293, n=7 1,284 +0,1263, n=9
CD115+ Ly6C hi
ggsé”;pgi'ésle%glm 1,299 +0,1207, n=7 1,266 £0,1527,n=5 | n.s.
Basophils
CD45 low IgE+ 0,2900 + 0,03281, =6 | 0,1894 + 0,01816, n=9 | * p=0,0123
DX5+
Bone Marrow
gg‘f{%ﬁhl'_';% oni | 56213956, n=7 45,80 + 1,382, n=5 ns.
Monocytes
CD11b+ (Ly6G neg) | 8,803 £1,020, n=7 9,512 +0,6939, n=5 n.s.
Ly6C hi
Monocytes
CD11b+ (Ly6G neg) | 1,419 £0,2171, n=7 1,696 £ 0,1661, n=5 n.s.
Ly6C int
Macrophages
CD11b+ (Ly6G neg) | 1,494 £ 0,3950, n=7 1,706 +0,1856, n=5 n.s.
Ly6C low F4/80+
Basophils
CD45 low IgE+ 0,5009 + 0,03961, n=7 | 0,6222 + 0,05160, n=5 | n.s.
DX5+
Spleen
CD19+ 37,57 + 1,717, n=7 39,50 + 3,019, n=5 n.s.
CD4+ 15,60 + 1,780, n=7 27,88 + 1,423, n=5 **+ p=0,0005
CD8+ 9,601 + 1,060, n=7 11,18 +0,6511,n=5 | n.s.
(N:g‘iti‘éﬁht'iee eh | 7:900 £2,492, n=7 1,466 0,1149,n=5 | n.s.
Monocytes
ggﬂg: (L%Sglgff’) 1,028 +0,1689,n=7 | 0,7142+0,07172,n=5 | n.s.
int
Monocytes
CD11b+ (Ly6G neg) | 1,662 £ 0,5531, n=7 0,6308 +0,1815,n=5 | n.s.
CD115+ Ly6C hi
Egﬂnﬁp&'ﬁiglm 1,146 +0,1922, n=7 0,4212 + 0,05560, n=5 | * p=0,0116
Basophils
CD45pIOW IgE+ 0,2484 +0,02648, n=7 | 2:1325+0,005172, * p=0,0106
DX5+ n=4
Peritoneum
CDL17+HgES 3,751+0,3780,n=7  |3958%1,133,n=5  |ns.
Mast Cells
CDLIbhiF480+ | 45 5743,675,n=7 | 20,1842,848,n=5 | ***p=0,0005

Macrophages
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Supplementary Figure 2
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Supplementary Figure 4
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Supplementary Figure 5
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Supplementary Figure 6
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Supplementary Figure 7
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Supplemental Figure 8
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