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Abstract

Background: Clinical and experimental analyses have identified a central role for
IgE/FceRI/mast cells in promoting IgE-mediated anaphylaxis. Recent data from human

studies suggest that bacterial infections can alter susceptibility to anaphylaxis.

Objective: We examined the effect of LPS exposure on the induction of IgE-mast cell-(MC)

mediated reactions in mice.

Methods: C57BL/6 WT, TLR-4"" and IL10" mice were exposed to LPS and serum cytokines
(TNF and IL-10) were measured. Mice were subsequently treated with anti-IgE and the
symptoms of passive IgE-mediated anaphylaxis, MC activation, Ca**-mobilization and

expression of FceRI on peritoneal MCs were quantitated.

Results: We show that LPS exposure of C57BL/6 WT mice constrains IgeE-MC mediated
reactions. LPS-induced suppression of IgE-MC mediated responses was TLR-4-dependent
and associated with increased systemic IL-10 levels, decreased surface expression of FceRI
on MCs and loss of sensitivity to IgE activation. Notably, LPS-induced desensitization of
MCs was short-term with MC sensitivity to IgE reconstituted within 48 hours which was
associated with recapitulation of FceRI expression on the MCs. Mechanistic analyses

revealed a requirement for IL-10 in LPS-mediated decrease in MC FceRI surface expression.

Conclusions & Clinical Relevance: Collectively, these studies suggest that LPS-induced
IL-10 promotes the down regulation of MC surface FceRI expression and leads to
desensitization of mice to IgE-mediated reactions. These studies indicate that targeting of
the LPS-TLR-4-IL-10-pathway maybe used as a therapeutic approach to prevent adverse

IgE-mediated reactions.
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Introduction

Anaphylaxis is a severe, life-threatening allergic reaction that affects both children and
adults in the United States (1). The most common inciting agents (33.2% of reactions) are
foods, particularly peanuts and nuts, and food-induced anaphylaxis (FIA) hospitalization
rates for children in the US have more than doubled from 2000 to 2009 (2). An anaphylactic
reaction encompasses a variety of symptoms that may affect one or more target organs
including gastrointestinal (Gl), cutaneous, respiratory and cardiovascular systems (3, 4).
Clinical and experimental analyses have identified a central role for IgE / FceRI / mast cell
(MC) s and MC-derived mediators, including histamine, platelet-activating factor (PAF),
serotonin, proteases (tryptase and chymase) and lipid-derived mediators (prostaglandins
[PGD,] and leukotrienes [LTC, LTD, and LTE,]), in promoting the clinical manifestations

associated with food-triggered anaphylaxis (5-11).

Recent studies have revealed the presence of co- or augmentation factors including
exercise, alcohol consumption, non-steroidal anti-inflammatory drugs (NSAID) and infection
that can increase susceptibility to anaphylaxis (12). Epidemiological studies suggest that
cofactors contribute to ~ 1.5 — 30% of all anaphylactic reactions in adults (12). One cofactor
that seems to be important in anaphylaxis is infection where it is reported to be a relevant
cofactor in 2.5-3% of anaphylactic reactions in children and in 1.3-11% in adults (12-14).
Indeed, current guidelines for specific immunotherapy (SIT) with pollen or Hymeoptera

venoms advise to discontinue SIT in case of infection (12, 15).

The underlying molecular basis of how infection can act as a cofactor and exacerbate
anaphylaxis is not well understood. The primary means by which cofactors are thought to
alter the likelihood of an anaphylactic reaction following allergen exposure through
modulating allergen bioavailability and threshold for cellular activation (12). Infectious agents
(e.g. viruses and bacteria) upon penetration of epithelial surfaces immediately encounter
innate immune cells such as dendritic cells, macrophages and through recognition of distinct
evolutionarily conserved structures on pathogens, termed pathogen-associated molecular

patterns (PAMPS) via pattern recognition receptors (PRRs) e.g. Toll like receptors (TLRs)
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leads to the onset of an innate immune response (16-20). Activation of TLRs on
mononuclear cells, including dendritic cells (DCs), monocytes, and macrophages (M®s) (21)
stimulates a NFkB-responsive pro-inflammatory cytokine (e.g. IL-1, IL-6, IL-10, Type |

interferons and TNF) response (22-27).

MCs also express a number of different pattern-recognition receptors, including Toll-like
receptors (TLRs) (28, 29). TLR-ligands can directly activate MCs by stimulating mitogen-
activated protein kinases (MAPKs)- NFKB- and phosphatidylinositol-4,5-biphosphate 3-
kinase (PI3K)/Akt signaling cascades causing release of MC mediators (30-33). The impact
of TLR activation on MC degranulation and effector function is controversial. Evidence
suggests that TLR-ligands (e.g. TLR-2) can suppress MC activation and degranulation via
modulation of FceRI expression and cellular compartmentalization (34-36). Alternatively,
prolonged TLR-ligand exposure promotes IgE-mediated MC activation (37, 38) stimulating
cytokine release without affecting degranulation or synthesis of eicosanoids (33).

In this study, we used a reductionist approach to directly examine the impact of innate
immune activation on IgE-FceRI-mediated mast cell reaction in vivo and in vitro. We show
that treatment of mice with the classical innate TLR-4 antigen LPS, inhibited IgE-MC-
mediated anaphylactic reactions. We show that LPS-induced temporal suppression of IgE-
MC-mediated response was associated with decreased surface expression of FceRI on MCs
and subsequent loss of sensitivity to IgE activation. Notably, LPS enhances systemic IL-10
levels and the LPS-mediated decrease of surface expression of FceRlI on MCs was IL-10-
dependent. Collectively, our studies reveal that LPS can desensitize mice to IgE-mediated
MC activation by downregulation of FceRI via an IL-10-mediated process. These studies
suggest that treatment of mice with TLR-4 agonists can induce MC desensitization to IgE

activation and prevent IgE-mediated responses.
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Methods and Materials
Animals

WT C57BL/6 and 1110™ (C57BL/6) mice were originally obtained from Jackson Laboratory
and Charles River Laboratories but continual breeding was then performed in house. All
mice were maintained in a barrier facility, and animals were handled under approved
protocols of the Institutional Animal Care and Use Committee from Cincinnati Children’ s
Hospital Medical Center. Experiments were performed on litter mate- and strain- and age-

matched mice (6-12 weeks old).

Reagents

LPS derived from Escherichia coli (055:B5) (Sigma, St. Louis, MO,USA), EM-95 (rat IgG2a
anti-mouse IgE mAb (38), (kind gift of Professor Fred Finkelman at Cincinnati Children’s
Hospital Medical Center) were diluted in normal saline to a final volume of 200ul per mouse.
CD16/CD32, FceRI-APC, ST2-PerCP-Cy5.5, and cKit-PECy7 were purchased from BD
Biosciences (San Jose, CA, USA) and Biolegend (San Diego, CA, USA). RPMI complete
media (Invitrogen, Carlsbad, CA, USA), IL-3 (Peprotech, Inc. Rocky Hill, NJ, USA), SCF
(Peprotech, Inc. Rocky Hill, NJ, USA), anti-TNP-BSA /TNP-BSA (BD Biosciences San Jose,
CA USA), Fluo-4, AM (Molecular Probes, Eugene OR, USA) and PNAD (4-Nitrophenyl N-

acetyl- 8 -D-glucosaminide) and probenecid (Sigma-Aldrich, St.Louis, MO, USA) were used

according to instructions.

This article is protected by copyright. All rights reserved.



Acute systemic inflammation and endotoxic shock

Six to twelve-week-old C57BL/6 WT and 110" mice were intraperitoneal i.p. injected with
different doses of LPS (0.01, 0.1, 1 and 10 mg/kg). Rectal temperatures were monitored
every 30 min for 2 - 4 hrs with a rectal probe following the LPS challenge (Physitemp Model

BAT-12) to assess for evidence of hypothermia.

Passive systemic anaphylaxis

Six- to twelve-week-old C57BL/6 WT and 110" mice were injected intravenously (i.v.) 20 pg
anti-lgg (Clone: EM-95), as we have previously described (39-41). Systemic anaphylaxis
was monitored by measuring changes in rectal temperature at 0, 15, 30, 45 and 60 minutes

after anti-IgE injection using a rectal probe (Physitemp Model BAT-12) (39-41).

Hematocrit measurement

60 min following anti-lgE challenge blood was collected from the orbital sinus into
heparinized capillary tubes and centrifuged for 5 min at 10,000 rpm. Hematocrit (percentage
of packed red blood cell volume) was calculated as the length of packed RBCs divided by
the total length of serum and red cells in the capillary tube and multiplied by 100% as

previously described (11).

MMCPT-1 Enzyme Linked Immunosorbent Assay

Mouse serum was collected 1 h after EM-95 i.v. injection, and MCPT-1 in serum was
measured by means of mouse MCPT-1 (mMCP-1) ELISA Ready-SET-Go!, according to the
manufacturer's instructions (eBioscience, San Diego, CA, USA). In short, after the 96 well

plate was coated with capture antibody and blocked with ELISA diluent, serial standard or
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serum sample dilutions, detection antibody, Avidin-HRP and TMB Solution were added to
the wells, respectively and developed at room temperature. Afterwards, the stop solution
was added to each well, and the optical density (O.D) was read with an ELISA plate reader
at 450 and 570 nm. To determine concentration, the O.D value (570 nm) was subtracted
from O.D value (450 nm) and the calculated concentration of mMMCPT-1 was derived from

O.D. of known concentrations of mMMCPT-1 according to the standard curve.

Peritoneal mast cell analyses

Peritoneal wash, lymph node (LN) and MC analyses were performed as previously
described (42). In brief, mice were euthanized and a hypodermic needle was inserted into
the abdominal cavity (18 gauge). Sterile saline + 10% Fetal Bovine Serum (FBS) (10 ml)
was injected into the peritoneal cavity, the abdominal region was gently massaged for 1 min
and the fluid removed. The peritoneal lavage was centrifuged at 1200 rpm for 5 min at room
temperature. The supernatant was poured off and Red Cell Lysis Buffer (RCLB) (Sigma-
Aldrich, St.Louis, MO, USA) was added. After RCLB, cells were counted and re-suspended
in FACS buffer (PBS/ 0.5% BSA or 1% FCS). The single-cell suspensions were washed with
FACS buffer (PBS/ 1% BSA or FCS) and incubated with combinations of the following Abs:
CD16/CD32 combinations of the mAb-fluorochrome conjugates (100 pl PBS/BSA, 1 ul
FceRI-APC, 1 pl ST2-PerCP-Cy5.5, 0.5 pl cKit-PE-Cy7, 1ul CD19-APC, 1ul B220-PerCP-
Cy5.5 or CD5-PE) at 4° C for 30 min in the dark. The cells were measured on a BD LSR

Fortessa | or FACS Canto following the manufacturer's instructions (BD Biosciences, San
Jose, CA, USA) and analyzed using the FlowJo 10 software (FlowJo LLC, Ashland, OR,

USA). Data were expressed as mean fluorescence intensities (MFI) of labeled cells.
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Calcium (Ca®") mobilization assay by flow cytometry

C57BL/6 mice were i.p. injected with vehicle (saline) or 1mg/kg LPS, and 24 hrs later
peritoneal cells were harvested by lavage as described above. Cells were treated with
RBC lysis buffer, washed with Ca?'-free buffer (HBSS, 0.1% BSA, 2mM Probenecid), then
stained for 30 min with FceRI, CD117, ST2, and Fluo-4 in Ca**-free buffer. Cells were
washed and resuspended in Ca**-containing buffer (HBSS, 0.1% BSA, 2mM probenecid,
1.8mM CacCl,) prior to flow cytometry analyses. MCs were identified as FceRI", cKit" and
ST2*, and MFI of Fluo-4 was measured 5 mins following mock stimulant (Ca*-containing
buffer alone) or anti-IgE stimulation. The % change in Fluo-4 MFI was determined by
Fluo-4 MFI of FceRI®, cKit" and ST2" cells (mock stimulant) divided by Fluo-4 MFI of

FceRI", cKit" and ST2" cells (anti-IgE stimulation) multiplied by 100.

Bone marrow (BM) mast cell culture

BM cells were isolated from 6- to 12-week-old C57BL/6 mice, which were cultured as
previously described (43, 44). Briefly, C57BL/6 mice femurs and tibias were harvested, and
marrow was collected and suspended in RPMI complete media consisting of RPMI
supplemented with 10% fetal bovine serum (Atlanta Biologicals Lawrenceville, GA, USA),
penicillin (100 U/ml), streptomycin (100 mg/ml), sodium pyruvate (1 mM), nonessential
amino acids (0.1 mM), Hepes (25 mM), and 2-B-mercaptoethanol (50 x M). BM cells were
cultured in the presence of IL-3 and SCF (20 ng/ml) for four weeks. Bone marrow-derived

mast cells (BMMCs) were examined for Fc « RI, and c-Kit expressions by flow cytometry,

when >95% of the cells were Fc ¢« Rl and c-Kit double positive.
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B-Hexosaminidase release assay

BMMC degranulation was measured by p-hexosaminidase release as described previously
(42). BMMCs were incubated with 0.5 pg/ml anti-TNP-BSA at 37° C, 5% CO, for 18 h, and
the sensitized BMMCs were challenged with TNP-BSA (10 ng/ml or 100 ng/ml) by incubation
at 37° C, 5% CO, for 30 min. For measurement of B-hexosaminidase activity, supernatants
were incubated with PNAG (4-Nitrophenyl N-acetyl- 3 -D-glucosaminide) in p-
hexosaminidase buffer (0.1M Citric acid + 0.1M trisodium citrate) for 1 hr, followed by
guenching of the enzymatic reaction by addition of 2 M NaOH and absorbance was
measured at 405 nm using an ELISA plate reader. Cell lysates were used to estimate total 3-
hexosaminidase activity as a positive control. BMMCs incubated only with anti-TNP-BSA
were used as negative control. Degranulation was expressed using the percentage of total

B-hexosaminidase activity.

Peritoneal M®s.

Peritoneal wash and macrophage (M®) analyses were performed as previously described
(45). Mice were intraperitoneally injected with 1 mL 3.85% thioglycolate as previously
described (45). Three days after the i.p. injection, a peritoneal lavage was performed, and
cells were centrifuged and suspended in 25 mL 10% FBS complete DMEM and plated for 4
h for adherence. Cells were then washed with PBS and detached with trypsin/EDTA (Life
Technologies; Carlsbad, CA) at 37°C for 5 min and suspended in 10% FBS complete
DMEM. Cells were then gently scraped off and suspended in 10% FBS complete DMEM and
LPS stimulation analyses and IL-10 analyses of supernatants was performed as described

(45).
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Statistical analysis

Data are expressed as mean = SD, unless otherwise stated. In experiments comparing

multiple experimental groups, statistical differences between groups were analysed using
the one-way ANOVA parametric and a Tukey's multiple comparison post-test. In
experiments comparing two experimental groups, statistical differences between groups

were determined using a Student’ s t-test. P<0.05 was considered significant. While

repeated-measures two-way ANOVA was performed for rectal temperature data. All
analyses were performed with Prism 6.0 software (GraphPad Software Inc., San Diego, CA,

USA).

RESULTS

LPS pretreatment abrogates IgE-MC mediated responses in C57BL/6 mice. To test the
impact of LPS on IgE-MC-dependent reactions, C57BL/6 WT mice received an
intraperitoneal (i.p.) injection of LPS (0.01, 0.1 and 1 mg/kg) and twenty-four hours later
received i.v. injection of anti-lgg mAb (EM-95) and evidence of anaphylactic shock
(hypothermia) was examined (Fig. 1 A). Low dose (0.01 and 0.1 mg/kg) LPS exposure of
C57BL/6 WT mice did not induce a significant endotoxic-induced shock response as
evidenced by the lack of observed temperature loss within two hours of LPS exposure or rise
in serum TNF levels (Fig. 1 B and results not shown). In contrast, i.p. injection of 1 mg/kg
LPS did promote endotoxic shock as evidenced by >1°C loss in body temperature and rapid
rise in serum TNF levels (Figs. 1 B and 1 C). Murine-based evidence suggests that MCs are
involved in the LPS-induced shock response (46). We examined evidence of MC
degranulation and observed no significant increase in serum mMCPT-1 within two hours of
LPS treatment (Figure 1 D) suggesting no significant mucosal MC activation following LPS

exposure.

This article is protected by copyright. All rights reserved.



To test whether LPS pretreatment modified IgE-mediated anaphylactic responses, twenty-
four hours following LPS challenge, mice were i.v. injected with anti-IgE mAb and evidence
of IgE-induced shock (hypothermia) and mast cell activation were examined. Anti-IgE
treatment of WT C57BL/6 mice induced a rapid shock response characterized by significant
temperature loss (> -4°C) at thirty minutes following antibody treatment (Fig. 1 E). The shock
response was associated with MC activation as evidenced by increased mMCPT-1 (Fig. 1 F).
Pretreatment of mice with LPS (0.01, 0.1 and 1 mg/kg) suppressed the IgE-MC-induced
hypothermia in a dose-dependent manner (Fig. 1 E). Notably, the reduction in anaphylaxis
symptoms was associated with decreased MC activation (Fig. 1 F). Examination of FceRI
expression on peritoneal mast cells (pMCs) (c-Kit" FceRI* ST2%) revealed a reduction in
FceRI on the surface of MCs in LPS-treated mice compared with vehicle-treated mice (Fig. 1
G-1). Moreover, we show that the mean fluorescence intensity (MFI) of FceRI on pMC’s was
reduced in LPS treated compared with the untreated group (Fig. 1 G - I). Based upon these
observations we concluded that LPS exposure suppresses IgE-MC-mediated anaphylaxis

and that this was associated with decreased FceRI expression on MCs.

LPS decreases surface FceRl expression and abrogates peritoneal mast cell (pMC)

sensitivity to IgE activation.

In our previous studies, we have demonstrated that the IgE-MC-mediated shock response
requires IgE, FceRI on the surface of mast cells, mast cell activation and histamine-induced
hypovolemic shock (6, 42). LPS pretreatment of WT mice had no impact on total serum IgE
(Total serum IgE levels ((ng/ml): 87.7 + 28.6 vs. 121.1 + 48.2; Vehicle- vs. LPS-treated + i.v.
WT C57BL6 challenged mice respectively, mean + SEM; n = 7 mice per group). Further,
LPS pretreatment did not impact histamine-induced hypovolemic shock in WT C57BL6 mice
(Maximum Temperature loss (°C): -2.3 + 0.5 vs. -1.9 + 0.3; Hemacrit (%) 54.0 + 0.8 vs. 52.8

+ 1.4; Vehicle- vs. LPS-treated + i.v. histamine (2 mg) challenged mice respectively, n = 7
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and 10 mice per group). Examination of FceRI expression on pMCs twenty-four hours
following LPS exposure and prior to anti-IgE treatment revealed that that 0.01-1 mg/kg LPS
exposure reduced the level of FceRI mean fluorescence intensity (MFI) on pMCs (Fig. 2 A
and B). Notably the level of FceRI expression on pMCs was reduced by ~40% compared
with pMC’s from vehicle-treated C57BL6 mice (Fig. 2 C). To determine whether the MC
population in LPS-treated mice were responsive to IgE, we examined intracellular calcium
[Ca*'i release in LPS-exposed pMCs following anti-IgE activation. Anti-IgE stimulation of
pMC’s (c-Kit*, FceRI®™ ST2") from vehicle-treated WT C57BL6 mice led to increase
intracellular Fluo-4 indicating IgE-induced Ca®"-mobilization (Fig 3). In contrast, addition of
anti-lgg to pMC’s from LPS-treated mice did not change Fluo-4 MFI indicating that LPS-

pretreatment prevented IgE-induced Ca?*-mobilization.

LPS-induced suppression of IgE-mediated anaphylaxis is TLR-4-dependent.

Previous studies have revealed a TLR2- and TLR4-dependent dysregulation of IgE-FceRI
mast cell-responses via synergistic production of cytokines (47). To determine the danger-
associated signal that mediated down regulation of FceRI and IgE-mediated responses, we
examined the requirement of TLR-4 on LPS-mediated suppression of IgE-mediated
reactions. The LPS used in our experiments was extracted from Escherichia coli (O55:B5)
which predominantly consists of TLR-4-specific agonists. Notably, we show that the LPS-
induced protection against IgE-mediated responses was lost in TIr4” mice (Fig. 4) as the
level of shock (hypothermia) (Fig. 4 A), hematocrit (Fig. 4 B) and serum MCPT-1 (Fig. 4C)
were comparable to that of vehicle-treated TLR4” mice and LPS-treated WT mice
challenged with anti-IgE (Fig. 4A-C). Based upon these observations we concluded that

LPS-induced suppression of IgE-mediated passive anaphylaxis was TLR4-dependent.
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LPS-attenuation of IgE-mediated anaphylaxis is short term.

To determine the kinetics of LPS-induced protection from IgE-mediated reactions, C57BL/6
mice were treated with LPS (1 mg/kg) and challenged with anti-IgE between 24-72 hr
following LPS treatment. We show that LPS-induced protection was diminishing by 48 hrs
and was lost by 72 h following LPS challenge (Figure 5A and B). Notably, the loss in
protection of IgE-mediated reactions was associated with the return of FceRI expression on
pMCs (Fig. 5 E - G) and increased MC activation (Figure 5 D). We concluded that LPS
induced protection from IgE-mediated reactions is short term and associated with decreased

FceRI expression levels.

Direct effect of LPS on BMMC FceRI expression and degranulation.

Previous studies have revealed that BMMCs derived from WT C57BL6 mice express
TLR4/MD2 (48, 49). Furthermore, LPS stimulation of BMMCs promotes a pro-inflammatory
cytokine response (IL-6 and TNF) (48, 49). To ascertain if LPS directly decreased FceRI
expression on MCs, we examined FceRI expression on BMMCs following twenty-four hours
LPS exposure. Four-week culture of BM cells from WT C57BL6 mice in the presence of IL-3
and SCF led to the generation of BMMCs (c-Kit" FceRI" ST2%) (Supplemental Figure S1A).
Stimulation of BMMCs with LPS for twenty-four hours led to a dose-dependent decrease in
FceRI expression on BMMCs (Supplemental Figure S1A-C). Notably, the reduction in FceRI
MFI on BMMCs while statistically significant was reduced by ~10% and did not inhibit IgE-
activation of BMMCs (Supplemental Figure S1D). Collectively, these studies suggest that
LPS can directly decrease FceRI expression on MC populations, however the level of

reduction is small and insufficient to prevent IgE-mediated MC activation.
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LPS-attenuation of pMC FceRI expression is in part IL-10-dependent.

Previous studies have reported that the cytokine IL-10 can reduce FceRI expression on
human and mouse MCs (50, 51). I.p. injection of LPS to WT C57BL/6 mice induced a 10-fold
increase in systemic IL-10 levels (Figure 6A). Examination of FceRI expression on pMCs (c-
Kit" FceRI" ST2") revealed that the LPS-induced reduction of FceRI on the surface of MCs
was abrogated in LPS-treated 110" mice (Fig. 6 B). Moreover, we show that the reduction in
MFI of FceRI on pMC'’s from LPS treated 1110 mice was significantly less than that observed
in WT mice (Fig. 6B). Based upon these observations we concluded that LPS-induced down

regulation of FceRI on MCs was in part dependent on IL-10.

Discussion

Herein, we demonstrate that LPS challenge of C57BL/6 WT mice inhibits IgE-MC mediated
reactions via TLR-4-dependent mechanism and that this was associated with decreased
mast cell activation and decreased surface expression of FceRI on mast cells. Notably, we
show that LPS-induced desensitization of mast cells to IgE was short-term with mast cell
sensitivity reconstituted within 48 hours which was associated with recapitulation of FceRI
expression on the mast cells. Studies in 1110 mice revealed that LPS-induced reduction
FceRI expression on the mast cells was in part dependent on IL-10. These studies indicate

that LPS desensitizes mice to IgE-MC mediated reactions via IL-10.

MCs express TLR receptors, including TLR-4 and expression and function is thought to be
influenced by maturation and mast cell type (30) (29) (52). Murine MCs patrticularly mature
MCs such as peritoneal cell-derived MCs respond more potently to TLR receptor
activation(52). Human MCs express similar pattern of TLR receptors, however in contrast to

murine MCs, expression of TLR receptors is somewhat more variable and require cytokine

This article is protected by copyright. All rights reserved.



priming(53, 54). Moreover, pretreatment of human MCs with IFNy stimulates TLR-4
expression and leads to a more sustained LPS-induced MC-derived cytokine response(54).
Furthermore, IL-4 and serum sCD14 priming of cord blood MCs is required for LPS-induced

but not proteoglycan (PGN)-induced TNF response (53).

In vivo studies revealed that LPS reduced FceRI expression on MCs and decreased
sensitivity to IgE activation and this was in part dependent on IL-10. Notably, we show that
LPS treatment of WT C57BL6 mice increased systemic IL-10 levels. Previous studies have
reported a biphasic increase in IL-10 following LPS treatment of mice (55). LPS through
activation of TLR-4 on myeloid cell compartment (monocytes and macrophages) promotes
an early increase in IL-10 within ninety minutes following challenge, followed by a second
increase between 8 - 12 hrs (19, 55). IL-10 being a potent immunosuppressive cytokine is
thought to down regulate proinflammatory cytokine production and promote the development
of LPS tolerance (56, 57). MCs express TLR receptors, including TLR-4 and expression and
function is thought to be influenced by maturation and mast cell type (29, 30, 52). Both
murine MCs and human MCs express similar pattern of TLR receptors, however in contrast
to murine MCs, human expression of TLR receptors is somewhat more variable and require
cytokine priming (52-54). As TLR activation of MC promotes pro-inflammatory cytokine

production (TNF, IL-13, IL-6 and IL-13) (46, 58, 59), our observation that LPS-induced IL-10

decreased MC FceRI expression is consistent with the immunosuppressive role of IL-10.

Our demonstration that the LPS-mediated decrease in MC FCeRI expression was
predominantly mediated by IL-10 is also consistent with previous studies showing IL-10
alone is sufficient to directly reduce FceRI expression on human and mouse MCs and IgE-
mediated anaphylaxis (50, 51). Norton and colleagues have previously demonstrated that IL-

10 stimulation of BMMCs leads to decreased FceRI expression. Consistent with this
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observation, they reported that administration of recombinant IL-10 or genetic
overexpression of IL-10 inhibited MC FceRI expression and suppressed the production of
IgE-mediated MC-derived cytokine and anaphylaxis (60). Notably, in their studies, rIL-10
suppressed pMC FceRI expression by ~50% which is in line with our observed ~45%
reduction of FceRI expression on pMCs from LPS-treated mice supporting the argument of a
major contribution for IL-10 in the LPS-induced response. Our demonstration that direct in
vitro stimulation of BMMC’s with LPS led to a modest decrease in FceRI, a reduction that
was significantly smaller than that observed in vivo (~10% vs 45% reduction [Supplemental
Figure S1 and Figure 2E]) and insufficient to abrogate IgE-mediated activation is also
consistent with the requirement of an indirect effect of LPS on MCs likely through activation

of the myeloid cell-derived IL-10 compartment.

The cellular source of IL-10 that suppresses FceRI on MCs is not yet delineated. A recent
series of elegant in vitro and in vivo studies by Kim and colleagues identified IL-10 producing
CD5" B cells as a potent suppressor of IgE-MC responses (61, 62). Notably, CD5" B cell-
derived IL-10 dependent reduction in IgeE-MC responses was through reduction of the
abundance of the Src family kinases (Syk, Fyn and Fgr) and subsequent FceRI-mediated
signaling (62). Examination of the presence of peritoneal CD5" B cells following LPS
challenge revealed a dramatic reduction in the frequency of peritoneal CD5" CD19" B220"
cells (> 75% reduction) in the LPS-treated vs Vehicle-treated group (Supplemental Figure
S2A). Notably, this was specific to the peritoneal cavity as the levels of CD5" CD19" B220"
cells in the mesenteric LN were comparable between groups (Supplemental Figure S2B).
These data would be consistent with Xu et al.,, showing that LPS downregulates CD5
expression on B cells and suggest that CD5" B cells are not the likely source of IL-10(63).
We have recently demonstrated that i.p. LPS administration to WT mice stimulates an

increase in inflammatory cell populations including resident macrophages (F4/80° CD11b*
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Ly6G,, Ly6C°) and inflammatory macrophages (F4/80° CD11lb* Ly6G,, Ly6C"9")(45).
Examination of the thioglycolate-elicited peritoneal macrophages from naive WT mice
revealed a significant increase in IL-10 production following LPS stimulation (Supplemental
Figure S2C). These data suggest that LPS stimulation of peritoneal macrophages leads to
IL-10 production and suggests that in this model system, peritoneal macrophages are a

likely source of IL-10.

In contrast to our observations, recent reports indicate that IL-10 can enhance IgE-mediated
mast cell responses in vivo (64). However, the requirement of IL-10 in the induction of IgE-
MC-dependent food allergic response appeared to be related to the capability of IL-10 to
alter MC proliferation and numbers (64). Previous studies by us and others have reported a
requirement for small intestine (SI) MC expansion in IgE-mediated MC-dependent food
allergic responses in mice. While IL-10 alone is not sufficient to promote MC expansion, in
combination with SCF and IL-3, IL-10 amplifies IL-3 and SC-mediated MC development (65,
66). Deletion of IL-10 in mice diminishes the level of mast cell expansion and thus ablates
IgE-dependent food allergic response (67). Our studies have primarily focused on the acute
effect of LPS-induced IL-10 responses (< 48 hours) on IgE-MC function independent of the
effect on total mast cell numbers. Consistent with this we did not observe any effect of LPS

on peritoneal MC numbers (results not shown).

A number of studies have previously examined the effect of LPS on antigen-induced
anaphylaxis in mice, however these studies have primarily focused on IgG-mediated
reactions (68, 69). Systemic antigen challenge in mice can induce anaphylaxis via IgE- and
IgG-dependent pathways (70). Furthermore, at high systemic antigen dose, anaphylaxis is
predominantly mediated by the IgG-pathway (6). Thus, the previous studies describing LPS-

mediated suppression of systemic antigen-induced anaphylactic responses in mice is likely
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inhibiting 1gG-dependent responses, not IgE-reactions. In our studies, we utilize anti-IgE
monoclonal antibody to specifically examine the effect of LPS on IgE-MC mediated

anaphylactic response.

There are several limitations with respect to our studies employing 110” mice related to LPS
responsiveness and immune dysfunction. We were unable to challenge LPS-treated 110"
mice with anti-IgE to show that the LPS-mediated decrease in MC FCeRI expression was IL-
10-dependent owing to the exaggerated LPS-induced shock response in 110" mice.
However, we did show that LPS-induced reduction of FceRl on the surface of MCs was
abrogated in LPS-treated 110" mice compared with WT mice. Furthermore, anti-IgE
treatment of 1110”" mice induced a similar anaphylactic response to what is observed in WT
mice (Maximum Temperature loss (°C): WT vs 110" mice; - 5.8 + 2.0 vs. - 5.4 + 1.4; Anti-IgE
(EM-95) (20ug/200ul i.v.) challenged WT vs 11107 mice respectively, n = 10 and 4 mice per
group) indicating that the absence of IL-10 does not impact IgE-MC responses. However,
given the considerable immune dysfunction in the 110" mice it is possible that these mice
possess altered hematopoietic and non-hematopoietic responsiveness to IgE-MC responses.
Despite these limitations our data suggests that LPS-induced down regulation of FceRI on

mast cells was in part dependent on IL-10.

Our in vivo studies reveal that LPS was sufficient to decrease MC FceRI expression and
decrease sensitivity to IgE activation. We currently do not know whether the
unresponsiveness of MCs to IgE activation is exclusively due to the down regulated FceRI
on MC populations and/or induction of MC desensitization. TLR-2 and TLR-4 activation of
MCs is not sufficient to promote a Ca** signal (33) and our in vitro BMMC analyses revealing
decreased FceRI expression in the absence of any impact on MC degranulation suggest that

the LPS predominantly acts through down regulation of FceRI. However, the effect of LPS on
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FceRI expression on BMMCs was greatly diminished compared with in vitro pMC
populations and the level of reduction maybe insufficient to decrease sensitivity to IgE
activation. Previous in vitro BMMC studies have revealed that IL-10 while decreasing surface
FceRI expression, can also down-regulate expression of critical IgE-FceRIl down-stream
signaling molecules Syk, Fyn, Akt and STAT-5 (60, 62). It is possible that a combinatory
effect of decreased surface expression of FceRI and reduced IgE-FceRI signaling machinery

maybe required to drive the lack of responsiveness to IgE.

The potential clinical significance of LPS-induced suppression of MC responsiveness to IgE
activation relates to the possible utilization of this pathway to prevent the onset of IgE-
mediated reactions during allergen exposure. Allergen immunotherapy is a therapeutic
approach to desensitize individuals to environmental and food antigens by manipulation of
the immune system by administering increasing doses of allergen over time (71). The
administration of increasing doses of specific allergens through a subcutaneous, oral, rectal
or sublingual route over a period of weeks to months has been shown to be efficacious and
prevent reactions upon accidental exposure (71-74). Unfortunately, subjects undergoing
allergen immunotherapy such as oral Immunotherapy (OIT) to foods experience allergic
reactions during desensitization, with approximately 20% having severe reactions requiring
injection of epinephrine (75, 76) Recently, studies have revealed that usage of adjunctive
therapy with Omalizumab (Xolair) decreased the number of adverse reactions during
desensitization protocols (77-79). We speculate that usage of TLR4 agonists maybe an
additional safe adjunctive therapeutic approach to prevent adverse reactions during
desensitization protocols. Indeed, there is the recent development of TLR-4 agonists
clinically either alone or in combination with antigens to enhance immune response and
allergen immunotherapy approaches efficacy (80, 81). Moreover, clinical trials employing
TLR4 agonists (Pollinex Quattro) were shown to be safe and in combination with allergen

immunotherapy capable of decreasing reaction rates (80). Notably, experimental-based

This article is protected by copyright. All rights reserved.



studies have previously demonstrated that TLR4 agonists can suppress allergic disease;
however, this was through alteration of the adaptive T-cell response and generation of
inhibitory 1gG (82-84). We identify an additional pathway by which LPS can suppress allergic

inflammation suppression through down regulation of FceRI on MCs.

In summary, we show that LPS exposure of C57BL/6 WT mice transiently suppressed the
development of IgE-MC mediated anaphylactic reactions and that LPS-induced suppression
was associated with decreased mast cell activation and decreased surface expression of
FceRI. These studies suggest that TLR-4 agonists maybe used as an adjunctive therapeutic
approach to prevent adverse IgE-mediated reactions alone or in combination with allergen

immunotherapy approaches.
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Figure Legends

Figurel. LPS suppresses IgE-mediated reactions in C57BL/6 mice. (A) The
experimental protocol is shown. Mice were i.p. injected with 0, 0.01, 0.1 or 1 mg/kg LPS, and
24 h later, were i.v. injected with 20 ug EM-95, and every mouse was subjected to peritoneal
wash 1 h after EM-95 injection. The peritoneal cells were measured and analyzed by flow
cytometry. MC were identified as c-Kit", FceRI" and ST2". (B) Rectal temperature change
from O to 2 h after LPS i.p. injection. Serum TNF (C) and MCPT1 (D) concentration at 1 or 2
h after i.p. injection. Rectal temperature change from 0 to 60 min (F) and serum MCPT-1
levels in Vehicle- and LPS-treated WT C57BL6 mice following after EM-95 i.v. injection. (G).
Representative dodt plot and histogram of FceRI expression on FSC™ SSC™" C-Kit" ST2+
peritoneal mast cells from Vehicle- (Upper panel) and LPS-treated (Lower panel) C57BL6
mice. Representative overlay histogram (H). and quantification of FceRI MFI on FSC"
SSCMI" C-Kit* ST2" peritoneal mast cells from Vehicle- and LPS-treated C57BL6 mice. Data
represent mean + SEM. n=4-10 per group; Data were analyzed by one-way or two-way
ANOVA and Tukey's multiple comparison post-test. *P<0.05, *P<0.01, ***P<0.001.

Figure 2. LPS decreased surface expression of FceR1 on peritoneal mast cells. (A)
Overlay histogram and (B) quantification of MFI of FceRI on FSC" SSCM" c-Kit" ST2*
peritoneal MC cells from Vehicle- and LPS-treated C57BL6 mice. (C). Quantification of MFI
of FceRl on FSC" SSC"" c-Kit" ST2* peritoneal MC cells from Vehicle- and LPS-treated
C57BL6 mice before and after anti-IgE treatment. Data represent mean + SEM. n=4 mice
per group; Data were analyzed by one-way or two-way ANOVA and Tukey's multiple
comparison post-test *P<0.05, **P<0.01.

Figure 3. pMCs are unresponsive to IgE activation following LPS exposure.
Quantification of percentage (%) induction of Fluo-4 MFI in FSC"" SSC"" ¢-Kit" FceRI" ST2*
peritoneal MC cells following anti-IgE activation from Vehicle- and LPS-treated C57BL6 mice.
Peritoneal cells from Vehicle- and LPS-treated C57BL6 mice were loaded with Fluo-4 and
stained for MC markers (c-Kit" FceRI® ST2") and analyzed for Fluo-4 MFI prior to and
following anti-IgE treatment. % Increase MFI Fluo-4 was calculated by Fluo-4 MFI of FSC""
SSCM" c-Kit" FceRI* ST2" peritoneal MC cells (mock stimulant) divided by Fluo-4 MFI of
FSC"" SSC"" c-Kit" FceRI* ST2' peritoneal MC cells (following anti-IgE stimulation)
multiplied by 100. Data represent mean + SEM. n= 6 and 9 mice per group; Data were
analyzed by Student’s T-test *P<0.05.

Figure 4. LPS-mediated suppression of IgE-mediated reactions in C57BL/6 mice is
TLR4-dependent. (A) Rectal temperature change from 0 to 60 min, (B) hemacrit and (C)
serum MCPT-1 levels 1 h following anti-IgE stimulation in from Vehicle- and LPS-treated WT
and Tlr4-deficient (TIr4™) C57BL6 mice. Data represent mean + SEM. N = 5 and 7 per group;
Data were analyzed by Student’s T-test.

Figure 5. Temporal suppression of IgE-mediated reactions in C57BL/6 mice by LPS. (A)
experimental regime (B) Rectal temperature change from 0 to 60 min, (C) Hematocrit and (D)
serum MCPT-1 levels at 60 min in LPS-treated WT C57BL6 mice following anti-lgE
challenge. C57BL6 mice were i.p. injected with vehicle (+) or 1 mg/kg LPS and 24, 48 or 72
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hours later received an i.v. injection of anti-IgE (20 ug) and evidence of shock response was
assessed. Data shown for Vehicle (+) is of the 24-hour time point. Data represent mean +
SEM. N = 4-8 per group; Data were analyzed by one-way ANOVA and Tukey's multiple
comparison post-test *P<0.05, **P<0.01, **P<0.001. (E) Representative dot plot and
histogram of FceRl expression of FSC" SSCM" c-Kit* ST2* peritoneal MC cells from
C57BL6 mice following 24 (Upper panels), 48 (middle panels) and 72h (lower panels) LPS-
treatment. (F) Overlay histogram and (G) quantification of MFI of FceRI on FSC" SSCM" C-
Kit" ST2" peritoneal MC cells from 24-72 h LPS-treated C57BL6 mice. Data represent mean
+ SEM. N = 7 — 10 mice per group; Data were analyzed by one-way or two-way ANOVA and
Tukey's multiple comparison post-test *P<0.05, **P<0.01.

Figure 6. LPS-induced down regulation of pMC FceRI expression is IL-10-dependent.

(A). Peripheral blood IL-10 levels in Vehicle and LPS-treated C57BL6 mice. Mice were i.p.
injected with 0 or 1 mg/kg LPS, and 24 h later sera were taken and IL-10 levels measured by
ELISA. (B). Quantification of % reduction of FceRl MFI of FSC"" SSC™" ¢c-Kit* FceRI™ ST2*
peritoneal MC cells was calculated by dividing the mean MFI of FceRI of FSC™ SSC"" ¢-
Kit" FceRI* ST2" peritoneal MC cells from LPS-treated mice by mean MFI of FceRI of FSC™
SSC"" c-Kit" FceRIT ST2* peritoneal MC cells from Vehicle-treated mice multiplied by 100.
Data represent mean + SEM. n= 7 and 3 mice per group; Data were analyzed by Student’s
T-test *P<0.05.

Supplemental Figure S1. The effect of LPS on BMMCs surface FceRI expression and
degranulation. Representative dot plot and histogram of FceRI expression of FSCv
SSCM" c-Kit* ST2" BMMCs following Vehicle- (A) and LPS-treated (B) C57BL6 mice. (C)
Overlay histogram and quantification of MFI of FceRI on FSC SSC™" C-kit* ST2* BMMC
from Vehicle- and LPS-treated C57BL6 mice. (D) IgE-mediated BMMC degranulation in
Vehicle- and LPS-treated C67BL6 BMMCs. (a) B-hexosaminidase activity at 15 minutes
following IgE-mediated degranulation of Vehicle- and LPS-stimulated C57BL6 BMMCs. 4
week-cultured C57BL6 BMMCs (5 x 10%/ml) were treated with LPS (0-1 pg/ml) and 24 h later
sensitized with IgE anti-TNP (0.5 yg/ml) and challenged with TNP-BSA (100ng/ml) for 15
min and supernatant was assayed for 3-hexosaminidase activity as described in materials
and methods. Lysates was used to estimate total 3-hexosaminidase activity as a positive
control. BMMCs only incubated with anti-TNP-BSA were used as negative control.
Degranulation was expressed as the percentage of total B-hexosaminidase activity. Data
represent mean + SEM. n= 3 per group. Data were analyzed by one-way or two-way
ANOVA and Tukey's multiple comparison post-test * P<0.05 **P<0.01,***P<0.001,****P <
0.0001.

Supplemental Figure S2. The effect of LPS on peritoneal B220" CD19" CD5" B cells
and thioglycolate-elicited macrophages. Quantification of the total number of B220"
CD19" CD5" B cells in the (A) peritoneal cavity and (B) mesenteric lymph node of vehicle-
and LPS-treated C57BL6 mice. Data represent mean + SEM. n = 6 per group; Data were
analyzed by one-way ANOVA and Tukey's multiple comparison post-test *** P <0.001. (C)
IL-10 secretion in thioglycolate-elicited macrophages pretreated for 6 hours with 0 or 10
ng/mL ultra-pure (U-LPS) followed by 1 hour 2mM ATP stimulation. Data represent the mean
+ SEM of n = 3-5 mice per group. Significant differences (***p < 0.005) between groups.

This article is protected by copyright. All rights reserved.



References:

10.

11.

12.

13.

14.

15.

16.

Sicherer S. H., H. A. Sampson. 2014. Food allergy: Epidemiology, pathogenesis, diagnosis,
and treatment. J Allergy Clin Immunol 133: 291-307; quiz 308

Rudders S. A., S. A. Arias, C. A. Camargo, Jr. 2014. Trends in hospitalizations for food-induced
anaphylaxis in US children, 2000-2009. J Allergy Clin Immunol 134: 960-962 €963

Sampson H. A. 1999. Food allergy. Part 2: diagnosis and management. J Allergy Clin Immunol
103:981-989

Sampson H. A. 1999. Food allergy. Part 1: immunopathogenesis and clinical disorders. J
Allergy Clin Immunol 103: 717-728

Galli S. J., J. Kalesnikoff, M. A. Grimbaldeston, A. M. Piliponsky, C. M. M. Williams, M. Tsai.
2005. Mast cells as "tunable" effector and immunoregulatory cells: recent advances. Annu.
Rev. Immunol. 23: 749-786

Strait R. T., S. C. Morris, M. Yang, X. W. Qu, F. D. Finkelman. 2002. Pathways of anaphylaxis in
the mouse. J Allergy Clin Immunol 109: 658-668.

Dombrowicz D., V. Flamand, K. K. Brigman, B. H. Koller, J. P. Kinet. 1993. Abolition of
anaphylaxis by targeted disruption of the high affinity immunoglobulin E receptor alpha
chain gene. Cell 75: 969-976

Lorentz A., S. Schwengberg, C. Mierke, M. P. Manns, S. C. Bischoff. 1999. Human intestinal
mast cells produce IL-5 in vitro upon IgE receptor cross-linking and in vivo in the course of
intestinal inflammatory disease. Eur J Immunol 29: 1496-1503

Santos J., M. Benjamin, P. C. Yang, T. Prior, M. H. Perdue. 2000. Chronic stress impairs rat
growth and jejunal epithelial barrier function: role of mast cells. Am J Physiol Gastrointest
Liver Physiol 278: G847-854

Kelefiotis D., C. Vakirtzi-Lemonias. 1993. In vivo responses of mouse blood cells to platelet-
activating factor (PAF): role of the mediators of anaphylaxis. Agents Actions 40: 150-156

Strait R. T., S. C. Morris, K. Smiley, J. F. Urban, Jr., F. D. Finkelman. 2003. IL-4 exacerbates
anaphylaxis. J Immunol 170: 3835-3842

Wolbing F., J. Fischer, M. Koberle, S. Kaesler, T. Biedermann. 2013. About the role and
underlying mechanisms of cofactors in anaphylaxis. Allergy 68: 1085-1092

Mullins R. J. 2003. Anaphylaxis: risk factors for recurrence. Clin Exp Allergy 33: 1033-1040

De Swert L. F., D. Bullens, M. Raes, A. M. Dermaux. 2008. Anaphylaxis in referred pediatric
patients: demographic and clinical features, triggers, and therapeutic approach. Eur J Pediatr
167:1251-1261

Simons F. E., L. R. Ardusso, M. B. Bilo, Y. M. El-Gamal, D. K. Ledford, J. Ring, M. Sanchez-
Borges, G. E. Senna, A. Sheikh, B. Y. Thong. 2011. World Allergy Organization anaphylaxis
guidelines: summary. J Allergy Clin Immunol 127: 587-593.e581-522

Kumar H., T. Kawai, S. Akira. 2009. Pathogen recognition in the innate immune response.
Biochem J 420: 1-16

This article is protected by copyright. All rights reserved.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kumar H., T. Kawai, S. Akira. 2011. Pathogen recognition by the innate immune system. Int
Rev Immunol 30: 16-34

Akira S. 2001. Toll-like receptors and innate immunity. Adv Immunol 78: 1-56

Medzhitov R. 2001. Toll-like receptors and innate immunity. Nat Rev Immunol 1: 135-145
Medzhitov R., C. Janeway, Jr. 2000. Innate immunity. N Engl J Med 343: 338-344

Cohen J. 2002. The immunopathogenesis of sepsis. Nature 420: 885-891

Kopp E. B., S. Ghosh. 1995. NF-kappa B and rel proteins in innate immunity. Adv Immunol 58:
1-27

Karin M. 2009. NF-kappaB as a critical link between inflammation and cancer. Cold Spring
Harb Perspect Biol 1: a000141

Bonizzi G., M. Karin. 2004. The two NF-kappaB activation pathways and their role in innate
and adaptive immunity. Trends Immunol 25: 280-288

Kawai T., S. Akira. 2007. Signaling to NF-kappaB by Toll-like receptors. Trends Mol Med 13:
460-469

Akira S., K. Takeda. 2004. Toll-like receptor signalling. Nat Rev Immunol 4: 499-511

Barton G. M., R. Medzhitov. 2003. Toll-like receptor signaling pathways. Science 300: 1524-
1525

Abraham S. N., A. L. St John. 2010. Mast cell-orchestrated immunity to pathogens. Nat Rev
Immunol 10: 440-452

Sandig H., S. Bulfone-Paus. 2012. TLR signaling in mast cells: common and unique features.
Front Immunol 3: 185

Matsushima H., N. Yamada, H. Matsue, S. Shimada. 2004. TLR3-, TLR7-, and TLR9-mediated
production of proinflammatory cytokines and chemokines from murine connective tissue
type skin-derived mast cells but not from bone marrow-derived mast cells. J Immunol 173:
531-541

McCurdy J. D., T. J. Olynych, L. H. Maher, J. S. Marshall. 2003. Cutting edge: distinct Toll-like
receptor 2 activators selectively induce different classes of mediator production from human
mast cells. J Immunol 170: 1625-1629

Kulka M., L. Alexopoulou, R. A. Flavell, D. D. Metcalfe. 2004. Activation of mast cells by
double-stranded RNA: evidence for activation through Toll-like receptor 3. J Allergy Clin
Immunol 114: 174-182

Qiao H., M. V. Andrade, F. A. Lisboa, K. Morgan, M. A. Beaven. 2006. FcepsilonR1 and toll-
like receptors mediate synergistic signals to markedly augment production of inflammatory
cytokines in murine mast cells. Blood 107: 610-618

Fehrenbach K., F. Port, G. Grochowy, C. Kalis, W. Bessler, C. Galanos, G. Krystal, M.
Freudenberg, M. Huber. 2007. Stimulation of mast cells via FcvarepsilonR1 and TLR2: the
type of ligand determines the outcome. Mol Immunol 44: 2087-2094

This article is protected by copyright. All rights reserved.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Kasakura K., K. Takahashi, T. Aizawa, A. Hosono, S. Kaminogawa. 2009. A TLR2 ligand
suppresses allergic inflammatory reactions by acting directly on mast cells. Int Arch Allergy
Immunol 150: 359-369

Yoshioka M., N. Fukuishi, S. Iriguchi, K. Ohsaki, H. Yamanobe, A. Inukai, D. Kurihara, N. Imajo,
Y. Yasui, N. Matsui, T. Tsujita, A. Ishii, T. Seya, M. Takahama, M. Akagi. 2007. Lipoteichoic
acid downregulates FcepsilonRI expression on human mast cells through Toll-like receptor 2.
J Allergy Clin Immunol 120: 452-461

Saluja R., I. Delin, G. P. Nilsson, M. Adner. 2012. FcepsilonR1-mediated mast cell reactivity is
amplified through prolonged Toll-like receptor-ligand treatment. PLoS One 7: e43547

Yang C., X. Mo, J. Lv, X. Liu, M. Yuan, M. Dong, L. Li, X. Luo, X. Fan, Z. Jin, Z. Liu, J. Liu. 2012.
Lipopolysaccharide enhances FcepsilonRI-mediated mast cell degranulation by increasing
Ca2+ entry through store-operated Ca2+ channels: implications for lipopolysaccharide
exacerbating allergic asthma. Exp Physiol 97: 1315-1327

Sledd J., D. Wu, R. Ahrens, J. Lee, L. Waggoner, Y. T. Tsai, Y. Wang, S. P. Hogan. 2015. Loss of
IL-4Ra-mediated PI3K signaling accelerates the progression of IgE/mast cell-mediated
reactions. Immunity, Inflammation and Disease. Infection, Inflammation and Disease
accepted.

Osterfeld H., R. Ahrens, R. Strait, F. D. Finkelman, J. C. Renauld, S. P. Hogan. 2010.
Differential roles for the IL-9/IL-9 receptor alpha-chain pathway in systemic and oral antigen-
induced anaphylaxis. J Allergy Clin Immunol 125: 469-476 e462

Ahrens R., H. Osterfeld, D. Wu, C. Y. Chen, M. Arumugam, K. Groschwitz, R. Strait, Y. H.
Wang, F. D. Finkelman, S. P. Hogan. 2012. Intestinal mast cell levels control severity of oral
antigen-induced anaphylaxis in mice. Am J Pathol 180: 1535-1546

Arumugam M., R. Ahrens, H. Osterfeld, L. C. Kottyan, X. Shang, J. A. Maclennan, N.
Zimmermann, Y. Zheng, F. D. Finkelman, S. P. Hogan. 2011. Increased susceptibility of
129SvEvVBrd mice to IgE-Mast cell mediated anaphylaxis. BMC Immunol 12: 14

Groschwitz K. R., R. Ahrens, H. Osterfeld, M. F. Gurish, X. Han, M. Abrink, F. D. Finkelman, G.
Pejler, S. P. Hogan. 2009. Mast cells regulate homeostatic intestinal epithelial migration and
barrier function by a chymase/Mcpt4-dependent mechanism. Proc Nat! Acad Sci U S A 106:
22381-22386

Groschwitz K. R., D. Wu, H. Osterfeld, R. Ahrens, S. P. Hogan. 2013. Chymase-mediated
intestinal epithelial permeability is regulated by a protease-activating receptor/matrix
metalloproteinase-2-dependent mechanism. Am J Physiol Gastrointest Liver Physiol 304:
G479-489

Vanoni S., Y. T. Tsai, A. Waddell, L. Waggoner, J. Klarquist, S. Divanovic, K. Hoebe, K. A.
Steinbrecher, S. P. Hogan. 2017. Myeloid-derived NF-kappaB negative regulation of PU.1 and
c/EBP-beta-driven pro-inflammatory cytokine production restrains LPS-induced shock.
Innate Immun 23: 175-187

Nautiyal K. M., H. McKellar, A. J. Silverman, R. Silver. 2009. Mast cells are necessary for the
hypothermic response to LPS-induced sepsis. Am J Physiol Regul Integr Comp Physiol 296:
R595-602

This article is protected by copyright. All rights reserved.



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Suurmond J., A. L. Dorjee, E. F. Knol, T. W. Huizinga, R. E. Toes. 2015. Differential TLR-
induced cytokine production by human mast cells is amplified by FcvarepsilonRI triggering.
Clin Exp Allergy 45: 788-796

McCurdy J. D., T. J. Lin, J. S. Marshall. 2001. Toll-like receptor 4-mediated activation of
murine mast cells. J Leukoc Biol 70: 977-984

Keck S., I. Muller, G. Fejer, I. Savic, S. Tchaptchet, P. J. Nielsen, C. Galanos, M. Huber, M. A.
Freudenberg. 2011. Absence of TRIF signaling in lipopolysaccharide-stimulated murine mast
cells. J Immunol 186: 5478-5488

Gillespie S. R., R. R. DeMartino, J. Zhu, H. J. Chong, C. Ramirez, C. P. Shelburne, L. A. Bouton,
D. P. Bailey, A. Gharse, P. Mirmonsef, S. Odom, G. Gomez, J. Rivera, K. Fischer-Stenger, J. J.
Ryan. 2004. IL-10 inhibits Fc epsilon Rl expression in mouse mast cells. J Immunol 172: 3181-
3188

Gomez G., C. Gonzalez-Espinosa, S. Odom, G. Baez, M. E. Cid, J. J. Ryan, J. Rivera. 2005.
Impaired FcepsilonRI-dependent gene expression and defective eicosanoid and cytokine
production as a consequence of Fyn deficiency in mast cells. J Immunol 175: 7602-7610

Mrabet-Dahbi S., M. Metz, A. Dudeck, T. Zuberbier, M. Maurer. 2009. Murine mast cells
secrete a unique profile of cytokines and prostaglandins in response to distinct TLR2 ligands.
Exp Dermatol 18: 437-444

Varadaradjalou S., F. Feger, N. Thieblemont, N. B. Hamouda, J. M. Pleau, M. Dy, M. Arock.
2003. Toll-like receptor 2 (TLR2) and TLR4 differentially activate human mast cells. Eur J
Immunol 33: 899-906

Okumura S., J. Kashiwakura, H. Tomita, K. Matsumoto, T. Nakajima, H. Saito, Y. Okayama.
2003. Identification of specific gene expression profiles in human mast cells mediated by
Toll-like receptor 4 and FcepsilonRI. Blood 102: 2547-2554

Barsig J., S. Kusters, K. Vogt, H. D. Volk, G. Tiegs, A. Wendel. 1995. Lipopolysaccharide-
induced interleukin-10 in mice: role of endogenous tumor necrosis factor-alpha. Eur J
Immunol 25: 2888-2893

Fiorentino D. F., A. Zlotnik, T. R. Mosmann, M. Howard, A. O'Garra. 1991. IL-10 inhibits
cytokine production by activated macrophages. J Immunol 147: 3815-3822

Grutz G. 2005. New insights into the molecular mechanism of interleukin-10-mediated
immunosuppression. J Leukoc Biol 77: 3-15

Supajatura V., H. Ushio, A. Nakao, S. Akira, K. Okumura, C. Ra, H. Ogawa. 2002. Differential
responses of mast cell Toll-like receptors 2 and 4 in allergy and innate immunity. J Clin Invest
109: 1351-1359

Vosskuhl K., T. F. Greten, M. P. Manns, F. Korangy, J. Wedemeyer. 2010. Lipopolysaccharide-
mediated mast cell activation induces IFN-gamma secretion by NK cells. J Immunol 185: 119-
125

Kennedy Norton S., B. Barnstein, J. Brenzovich, D. P. Bailey, M. Kashyap, K. Speiran, J. Ford,
D. Conrad, S. Watowich, M. R. Moralle, C. L. Kepley, P. J. Murray, J. J. Ryan. 2008. IL-10
suppresses mast cell IgE receptor expression and signaling in vitro and in vivo. J Immunol
180: 2848-2854

This article is protected by copyright. All rights reserved.



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Kim A. R., H. S. Kim, D. K. Kim, S. T. Nam, H. W. Kim, Y. H. Park, D. Lee, M. B. Lee, J. H. Lee, B.
Kim, M. A. Beaven, H. S. Kim, Y. M. Kim, W. S. Choi. 2016. Mesenteric IL-10-producing CD5+
regulatory B cells suppress cow's milk casein-induced allergic responses in mice. Sci Rep 6:
19685

Kim H. S., A. R. Kim, D. K. Kim, H. W. Kim, Y. H. Park, G. H. Jang, B. Kim, Y. M. Park, J. S. You,
H. S. Kim, M. A. Beaven, Y. M. Kim, W. S. Choi. 2015. Interleukin-10-producing CD5+ B cells
inhibit mast cells during immunoglobulin E-mediated allergic responses. Sci Signal 8: ra28

Xu H., L. N. Liew, I. C. Kuo, C. H. Huang, D. L. Goh, K. Y. Chua. 2008. The modulatory effects of
lipopolysaccharide-stimulated B cells on differential T-cell polarization. Immunology 125:
218-228

Polukort S. H., J. Rovatti, L. Carlson, C. Thompson, J. Ser-Dolansky, S. R. Kinney, S. S.
Schneider, C. B. Mathias. 2016. IL-10 Enhances IgE-Mediated Mast Cell Responses and Is
Essential for the Development of Experimental Food Allergy in IL-10-Deficient Mice. J
Immunol 196: 4865-4876

Thompson-Snipes L., V. Dhar, M. W. Bond, T. R. Mosmann, K. W. Moore, D. M. Rennick.
1991. Interleukin 10: a novel stimulatory factor for mast cells and their progenitors. J Exp
Med 173: 507-510

Murakami M., K. F. Austen, C. O. Bingham, 3rd, D. S. Friend, J. F. Penrose, J. P. Arm. 1995.
Interleukin-3 regulates development of the 5-lipoxygenase/leukotriene C4 synthase pathway
in mouse mast cells. J Biol Chem 270: 22653-22656

Forbes E. E., K. Groschwitz, J. P. Abonia, E. B. Brandt, E. Cohen, C. Blanchard, R. Ahrens, L.
Seidu, A. McKenzie, R. Strait, F. D. Finkelman, P. S. Foster, K. I. Matthaei, M. E. Rothenberg,
S. P. Hogan. 2008. IL-9— and mast cell-mediated intestinal permeability predisposes to oral
antigen hypersensitivity. J Exp Med 205: 897-913

Shiva D., T. Matsumoto, M. J. Kremenik, Y. Kato, H. Yano. 2008. High dose of
lipopolysaccharide pre-treatment prevents OVA-induced anaphylactic decreases in rectal
temperature in the immunized mice. Immunol Lett 118: 59-64

Yoshida A., X. Deng, T. Sasano, H. Takada, S. Sugawara, Y. Endo. 2007. Oral bacterial
lipopolysaccharide acts in mice to promote sensitisation to ovalbumin and to augment
anaphylaxis via platelets. Arch Oral Biol 52: 990-994

Finkelman F. D. 2007. Anaphylaxis: lessons from mouse models. J. Allergy Clin. Immunol.
120: 506-515

Bousquet J., R. Lockey, H. J. Malling, E. Alvarez-Cuesta, G. W. Canonica, M. D. Chapman, P. J.
Creticos, J. M. Dayer, S. R. Durham, P. Demoly, R. J. Goldstein, T. Ishikawa, K. Ito, D. Kraft, P.
H. Lambert, H. Lowenstein, U. Muller, P. S. Norman, R. E. Reisman, R. Valenta, E. Valovirta, H.
Yssel. 1998. Allergen immunotherapy: therapeutic vaccines for allergic diseases. World
Health Organization. American academy of Allergy, Asthma and Immunology. Ann Allergy
Asthma Immunol 81: 401-405

Durham S. R., V. A. Varney, M. Gaga, M. R. Jacobson, E. M. Varga, A. J. Frew, A. B. Kay. 1999.
Grass pollen immunotherapy decreases the number of mast cells in the skin. Clin Exp Allergy
29: 1490-1496

This article is protected by copyright. All rights reserved.



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Calderon M. A., T. B. Casale, A. Togias, J. Bousquet, S. R. Durham, P. Demoly. 2011. Allergen-
specific immunotherapy for respiratory allergies: from meta-analysis to registration and
beyond. J Allergy Clin Immunol 127: 30-38

Burks A. W., M. A. Calderon, T. Casale, L. Cox, P. Demoly, M. Jutel, H. Nelson, C. A. Akdis.
2013. Update on allergy immunotherapy: American Academy of Allergy, Asthma &
Immunology/European Academy of Allergy and Clinical Immunology/PRACTALL consensus
report. J Allergy Clin Immunol 131: 1288-1296 1283

Jones S. M., A. W. Burks, C. Dupont. 2014. State of the art on food allergen immunotherapy:
oral, sublingual, and epicutaneous. J Allergy Clin Immunol 133: 318-323

Wood R. A., H. A. Sampson. 2014. Oral immunotherapy for the treatment of peanut allergy:
is it ready for prime time? J Allergy Clin Immunol Pract 2: 97-98

Schneider L. C., R. Rachid, J. LeBovidge, E. Blood, M. Mittal, D. T. Umetsu. 2013. A pilot study
of omalizumab to facilitate rapid oral desensitization in high-risk peanut-allergic patients. J
Allergy Clin Immunol 132: 1368-1374

MacGinnitie A. J., R. Rachid, H. Gragg, S. V. Little, P. Lakin, A. Cianferoni, J. Heimall, M.
Makhija, R. Robison, R. S. Chinthrajah, J. Lee, J. Lebovidge, T. Dominguez, C. Rooney, M. O.
Lewis, J. Koss, E. Burke-Roberts, K. Chin, T. Logvinenko, J. A. Pongracic, D. T. Umetsu, J.
Spergel, K. C. Nadeau, L. C. Schneider. 2016. Omalizumab facilitates rapid oral
desensitization for peanut allergy. J Allergy Clin Immunol

Nadeau K. C., L. C. Schneider, L. Hoyte, I. Borras, D. T. Umetsu. 2011. Rapid oral
desensitization in combination with omalizumab therapy in patients with cow's milk allergy.
J Allergy Clin Immunol 127: 1622-1624

Aryan Z., N. Rezaei. 2015. Toll-like receptors as targets for allergen immunotherapy. Curr
Opin Allergy Clin Immunol 15: 568-574

Connolly D. J,, L. A. O'Neill. 2012. New developments in Toll-like receptor targeted
therapeutics. Curr Opin Pharmacol 12: 510-518

Kirsten T. B., B. P. de Oliveira, A. P. de Oliveira, K. Kieling, W. T. de Lima, J. Palermo-Neto, M.
M. Bernardi. 2011. Single early prenatal lipopolysaccharide exposure prevents subsequent
airway inflammation response in an experimental model of asthma. Life Sci 89: 15-19

Gerhold K., K. Bluemchen, A. Franke, P. Stock, E. Hamelmann. 2003. Exposure to endotoxin
and allergen in early life and its effect on allergen sensitization in mice. J Allergy Clin
Immunol 112: 389-396

Gerhold K., K. Blumchen, A. Bock, C. Seib, P. Stock, T. Kallinich, M. Lohning, U. Wahn, E.
Hamelmann. 2002. Endotoxins prevent murine IgE production, T(H)2 immune responses,
and development of airway eosinophilia but not airway hyperreactivity. J Allergy Clin
Immunol 110: 110-116

This article is protected by copyright. All rights reserved.



(A) Experimental Regime

f@ Day 0 Day 1
C57BL/6 i.p. LPS i.v. anti-IgE (EM-95)
mice 0-1mg/kg / 200ul 20ug /200ul
B) (C) (D)
. 0.0+ 800+ 64
(éJ «
o o=
= = 600 £
s} a =
o = 400 [l
- 2 5
T 10 = g 2
a 200 [5
£
L= A
1.5 0 + 0-
LPS (mg/kg) 00.0101 1 LPS(mgkg) 0 1 LPS (mg/kg) 0 0.010.1 1
(E) (F)
o~ 29 60 E———
9 T -
3 0 T
c o
g 24 :?40'
9 =
5 -4 -+ LPS Omg/kg 5
© o LPS 0.01mg/kg = 20
g .6 = LPS 0.1mg/kg £
£ = LPS 1mg/kg
R s e e 0-
0 15304560 LPS (mg/kg) 0 0.01 0.1 1

Time (minutes)

(G)

Ar oo A 50
» “1
—
< e
104 S
E Q
o 4 O =]
m’-: 382 "
C-Kit FceRI
200k "
—
1sox = «
]
oot ] Q «
@) N O
N =1 o
w " 167 m.m’- "
(H) FSC (1) FceRI
N
LPS 0 mg/kg x
%0 "
k2] LPS 1 mg/kg 53
€ or Y
2
o .J ;5 4
O = 4!7-
20 = o 2.
5

Figure 1 Wang,et al

0
LPS(mg/kg) 0 0.01 0.1 1

This article is protected by copyright. All rights reserved.



Z
C
G

100 7] 10— — 104

LPS 0 matkg - —_— &
@] LPS 1 maykg = ? < 8 —I”
4 x ]
1 = v 2 =% [ saline
% 60 E S 4 ﬁ_)g 61 I B LPS 1malkg
= - & B E
S S5 o
40 = T 44 =+ 44
=+ 2
] = &
] [=]
0] // -
i M, IR T2 i 7 0 T T T o 4 X i
o 10 0 LPS (mgkg) ¢ 0.01 01 1 Pre Post  (anti-IlgE}
Figure 2 Wang et al.,
+ i+t +
FceRI* C-kit* ST2
120+
i
S *
TH
o 1104
=
)
72}
@©
& 1004
£
< T
90 -
&
AR
N A
AQ’

This article is protected by copyright. All rights reserved.



(A) (B) (©)

0 803 40
o 704 *
2 -2 =30 :
g 60 T % 1
| = —_
ES -4 g °% =
E® = 403 K 20
85 Q o
= B -61 T 303 %
[
3 € 104
= 10§ |1|
-10 0l r 0= ' Figure 4 Wang,et al
LPS(mgkg) O 1 _ 1 LPS(mgkg) 0 1 _ 1 LPS(mgkg) 0 1 _1 g 9,
Tre | WT Tha” WT Tr" WT

This article is protected by copyright. All rights reserved.



(A) Experimental Regime

(D)
%* %
601
* %
———
*
E 409
=]
£
i
S
s 201
=
0-
24 48 72 (%)
Hours
(&)
*
10000+ 2
@ 8000
©
o
& 6000
%)
.;?‘
© 40004
(=4
S
20004
0 T
24 48 72
Time (hrs)

Hours (.) 2_4 4.8 7‘2
. i.p. Vehicle (+')orLPS iv. anti-l'gE (EM-85) i.v. anti-?gE (EM-85) i.v. anti~|g'E (EM-95)
.o 1 mg/kg (200pl) 20ug/200ul 20ug/200ul 20pg/200ul
C57BL/6 mice
(B) ©
21 —s s axe [ 1
24hrs o o
ke ke gkk “I.
| & 2 s xs [ 48hrs
o 01 1 H 72hrs
E,C", | (+) 401
£ -2 €
o =
® I3
S L
& 47 :
g § 20-
£ T
L
-8 T T T T 0 T T
15 30 45 60 24 48 72 (%)
(E) minutes Hours
[22)
e i
5
A Ar ; o .
o4 O
C-Kit FceRI £
200 “6
™
@2 ' =
[=p
" 32
[e]
. S
C-Kit FceRl
o™
10t E i)
o o~ =1
o - = o
o . o 4 [&
(F) FSC C-Kit FceRI
; 24 hours
14
c 48 hours
>
[e] 72 hours
O y
//
FceRlI Figure 5 Wang et al.,

This article is protected by copyright. All rights reserved.



(A) (B)

301 601
* % *
E [T
g =3 |
2 204 X O 401
: 2
= w—
o o N
i 5
=+
£ 0O =
104 3 ¥ 204
5 go
(%] o\og
0 0

Saline LPS WT 1o

Figure 6. Wang et al.,

This article is protected by copyright. All rights reserved.



(A)

ST2

i =

|

e |

/

Counts

Supplemental Figure 51 Wang et al.

-
ki = 4
1 ] _‘.-\_____1. 5
o = [=] o
i A - i u
1 4 LE R -
-kit FcERI
£
=
[~ T
[
7 L] et T ITh
FcERI
(D).
—_— WA
15y = F 100
B H
= g 004
2 i
3 ¥ e 60
[ E B
= o
£z E an
= 5 §
o 20
]
A o

ptl. L,
LPSugml] D O0DIDT 1

LPE ugemly B 00161 A
antl -THR-BSA + + + +
TNPRSA + + + +



(lwys)e9) w80 0229 .61a0
JBQLIAL |E10]

s W
- £
=
=
. A
o
e
m-. 1 1 1 1
T o o o =
[+a] o =r [T |
(wiBd) gL-T1
_‘ L o
@ 1 1 1 1 1
[ [ [ [ [} [
[Ty - [xa] (a1} - km
(Jw/sI193) &S0 0729 +61a0 =
Jaguinu [210] E
A
o
—
3
_| L o
< I e & a
[ [ [
[ [ [
i} ~r [ 1]

LPS {mg/kg)

Supplemental Figure S2. Wang et al.,



	20170823-WangN.pdf
	01.pdf
	2(1).pdf

