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Abstract
Background—Studies using c-kit mutant mast cell (MC)-deficient mice and antibody-mediated
depletion of basophils suggest that both MCs and basophils can contribute to peanut-induced
anaphylaxis (PIA). However, interpretation of data obtained using such approaches is complicated
because c-kit mutant mice have several phenotypic abnormalities in addition to MC deficiency and
basophil-depleting antibodies can also react with MCs.

Objective—We analyzed: (1) the changes in the features of PIA in mice after the selective and
inducible ablation of MCs or basophils, and (2) the possible importance of effector cells other than
MCs and basophils in the PIA response.

Methods—Wild-type (WT) and various mutant mice were orally sensitized with peanut extract
and cholera toxin weekly for 4 weeks and challenged intraperitoneally with peanut extract 2 weeks
later.

Results—Peanut-challenged MC-deficient KitW-sh/W-sh mice developed reduced immediate
hypothermia, as well as a late phase drop in body temperature that was abrogated by antibody-
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mediated depletion of neutrophils. Diphtheria toxin-mediated selective depletion of MCs or
basophils in Mcpt5-Cre; iDTR and Mcpt8DTR mice, respectively, and treatment of WT mice with
the basophil-depleting antibody Ba103, significantly reduced peanut-induced hypothermia. Non-c-
kit mutant MC- and basophil-deficient Cpa3-Cre; Mcl-1fl/fl mice developed reduced, but still
significant, responses to peanut.

Conclusion—Inducible and selective ablation of MCs or basophils in non-c-kit mutant mice can
significantly reduce PIA, but partial responses to peanut can still be observed in the virtual
absence of both cell types. The neutrophilia in KitW-sh/W-sh mice may influence the responses of
these mice in this PIA model.
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Peanut; allergy; neutrophils; diphtheria toxin; KitW-sh/W-sh; mast cells; anaphylaxis; basophils;
carboxypeptidase A3 (CPA3); mast cell protease 5 (MCPT5)

INTRODUCTION
Food allergies are adverse acquired immune responses to food constituents, in most cases,
proteins.1 Their prevalence has recently increased and food allergies now affect ~6% of
children and 3–4% of adults in developed countries.1 In the U.S.A., the majority of cases of
food-induced fatal or near-fatal anaphylaxis are caused by peanuts or tree nuts.2, 3 It is
estimated that peanut allergy affects 0.5–1% of the general population in Westernized
countries4 and in the U.S.A. peanut allergy increased ~2 fold from 1997 to 20025 and now
affects ~1% of children.1

Basophils and mast cells (MCs) are regarded as major effector cells in allergic disorders and
in anti-helminth immunity.6–12 Several lines of evidence suggest that both MCs and
basophils can contribute to systemic anaphylaxis in humans13–15 and multiple pathways of
anaphylaxis have been described in mice. Previous work has provided evidence that MCs
can make major contributions to IgE-dependent passive systemic anaphylaxis (PSA) in mice
but are not necessary for IgG1-dependent PSA.16–18 However, studies by Finkelman et al
have characterized two pathways of anaphylaxis in mice: a classical pathway consisting of
antigens, IgE, FcεRI, MCs and histamine, and an alternative pathway consisting of IgG1-
antigen immune complexes, FcγRIII, macrophages and platelet-activating factor (PAF).19

Tsujimura et al have identified yet a third pathway that is mediated by IgG, basophils, and
basophil-derived PAF.18 More recently, Jönsson and collaborators showed that neutrophils
also can contribute to certain models of anaphylaxis in mice through an IgG-FcγRIV-
mediated pathway.20

Evidence for many MC functions in innate and acquired immunity, including in models of
food allergy and anaphylaxis, has been obtained by studying such responses using c-kit
mutant MC-deficient mice, mainly WBB6F1-KitW/W-v (KitW/W-v) and C57BL/6-
KitW-sh/W-sh (KitW-sh/W-sh) mice.12, 15, 21–25 Both KitW/W-v mice and KitW-sh/W-sh mice are
profoundly deficient in MCs but also have several other phenotypic abnormalities, including
some affecting hematopoietic cells that contribute to innate or adaptive immune
responses.23–29 For example, KitW-sh/W-sh mice have increased numbers of neutrophils27–29

and basophils.29

Because of the potential complexities and caveats inherent in interpreting findings based on
work employing c-kit mutant MC-deficient mice, several groups have sought to develop c-
kit-independent MC-deficient mice,30–33 and the relative merits of these newer MC-
deficient mice to the older models have been discussed in three recent reviews.23–25 The
severely MC-deficient Cpa3-Cre; Mcl-1fl/fl mice, which we recently generated, also have a
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marked deficiency in basophils under steady-state conditions; by contrast, except for a mild
anemia, the numbers of other major hematopoietic cell populations exhibit no significant
differences versus those in WT mice.33

A common limitation affecting all strains of mice with a constitutive deficiency in MCs is
that the effects of a constitutive deficiency of MCs on certain biological responses may be
different than those observed when the MCs are ablated just before or during the response.
Such inducible ablation of MCs is now possible, using Mcpt5-Cre; iDTR mice.31 These
mice express the Cre recombinase under the control of the MC protease 5 (Mcpt5) promoter
that is specific for connective tissue-type MCs (CTMCs)34, and a Cre-inducible floxed
diphtheria toxin (DT) receptor transgene. As a result, the DTR transgene is expressed in
CTMCs only in Mcpt5-Cre+; iDTR+ mice and injection of DT in these mice results in
selective and marked reductions in numbers of CTMCs.31

The functions of basophils in vivo have long been difficult to characterize due to the lack of
basophil-deficient animals. Antibody-based approaches have been used to deplete basophils
in mice.35–38 However, these antibodies have been shown to react with MCs also.35–37

Thus, this approach can give results that are difficult to interpret in the case of food allergy
models or other biological responses in which MCs are likely to contribute to the pathology.
An alternative and more definitive model for identifying basophil functions has been
introduced recently by Wada et al, who generated the first inducible basophil-deficient mice,
which express the DT receptor under the control of the MC protease 8 (Mcpt8) promoter,
which is specific for the basophil lineage.39

In this study, we tested the potential benefit of selectively targeting MCs or basophils in
food anaphylaxis by assessing the effects of DT-induced selective ablation of MCs or
basophils in a mouse model of peanut-induced anaphylaxis (PIA). We also compared the
results obtained with these mice to those obtained in c-kit mutant MC-deficient animals or
using antibodies to deplete basophils. Finally, we analyzed the possible roles of other
effector cells in this PIA model using non-c-kit mutant MC- and basophil-deficient Cpa3-
Cre; Mcl-1fl/fl mice.

METHODS
Mice

C57BL/6J mice and iDTR mice (C57BL/6-Gt(ROSA)26Sortm1(HBEGF)Awai/J) were
purchased from Jackson Laboratories (Bar Harbor, Me). C57BL/6-KitW-sh/W-sh mice were
originally provided by Peter Besmer (Molecular Biology Program, Memorial Sloan-
Kettering Cancer Center, New York, NY, USA); we then backcrossed these mice to C57BL/
6J mice for more than 11 generations.29 Mcpt8DTR mice, 39 Mcpt5-Cre mice, 31, 34 and
Cpa3-Cre; Mcl-1fl/fl mice (and the corresponding control Cpa3-Cre; Mcl-1+/+ mice)33 on the
C57BL/6 background, like all of the other mice used in our experiments, were bred and
maintained at the Stanford University Research Animal Facility. See Online Repository for
additional details.

Peanut-induced anaphylaxis (PIA) model
Mice were sensitized with 10 mg peanut extract (clinical-grade preparations used for skin
testing; Greer Laboratories) along with 20 µg of cholera toxin (Sigma-Aldrich) in 100 µL of
water by oral gavage once a week for 4 weeks. Before each gavage, mice were deprived of
food for 3 h. Two weeks after the last sensitization with peanut extract, mice were
challenged by the intraperitoneal (i.p.) injection of 5 mg of crude peanut extract (Greer
Laboratories) in 200 µL of PBS. Rectal temperature measurements were performed
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immediately before (time 0) and at different time points for up to 24 h after challenge with
peanut.

Other methods
Please see this article's Online Repository at www.jacionline.org for the methods for
depletion of MCs, basophils, and neutrophils, flow cytometry, evaluation of MC numbers in
the peritoneal cavity, histologic analysis, and measurement of peanut-specific IgE and IgG1
antibodies in sera.

Statistical analyses
Results represent mean ± SEM or mean + SEM. An unpaired Student t test was used to
assess the significance of differences between two sets of data. P values < 0.05 are
considered statistically significant.

RESULTS
Peanut-induced anaphylaxis (PIA) in ckit mutant MC-deficient mice

We first assessed the response of c-kit mutant MC-deficient C57BL/6J-KitW-sh/W-sh

(KitW-sh/W-sh) mice in this PIA model. PN-sensitized WT and KitW-sh/W-sh mice exhibited
similar levels of PN-specific IgE and IgG1 antibodies in the serum (see Fig E1 in the Online
Repository). KitW-sh/W-sh mice developed reduced (although still significant) hypothermia as
compared to WT mice during the first hour after PN challenge and none of the mice died
(3/18 WT mice died in this set of experiments) (Fig 1, A). Surprisingly however, the
KitW-sh/W-sh mice developed a ‘late phase’ of hypothermia (between 3–6 hours post
challenge) (Fig 1, A).

Neutrophils contribute to the ‘late phase’ component of PIA in KitW-sh/W-sh mice
Because KitW-sh/W-sh mice have a neutrophilia at baseline27–29 (Fig 1, B and C) and
neutrophils have recently been implicated in certain active systemic anaphylaxis models in
mice,20 we assessed the effect of neutrophil depletion using anti-Ly6G antibodies in WT and
KitW-sh/W-sh mice in this PIA model. We first confirmed that anti-Ly6G injections markedly
depleted blood neutrophils (Fig 1, B and C). Treatment with anti-Ly6G antibodies increased
the percentage of blood monocytes without significantly affecting levels of blood
eosinophils or basophils (see Fig E2 in the Online Repository). Neutrophil depletion had no
significant effect on PN-induced hypothermia in WT mice (Fig 1, D) but significantly
reduced the ‘late phase’ hypothermia (with no significant effect on the immediate
hypothermia) in KitW-sh/W-sh mice (Fig 1, E). Our results support the conclusion that the
neutrophilia in KitW-sh/W-sh mice can contribute to the development of their ‘late phase’
hypothermia response in this PIA model.

Diphtheria toxin-mediated ablation of connective tissue type MCs reduces PIA in Mcpt5-
Cre; iDTR+ mice

We then attempted to confirm a role for MCs in this PIA model using inducible c-kit-
independent MC-deficient Mcpt5-Cre; iDTR+ mice which express the diphtheria toxin (DT)
receptor (DTR) in connective tissue type MCs (CTMCs) but not mucosal MCs (MMCs).31

Mice were treated with DT once a week starting at the first sensitization with PN. As
expected, when we assessed MC populations in mice killed at the end of the experiment, we
found that treatment with DT had depleted MCs in the peritoneal cavity, skin, and
forestomach (CTMCs) in Mcpt5-Cre+; iDTR+ (Cre+) mice but not in Mcpt5-Cre−; iDTR+

(Cre−) mice and had had no effect on numbers of MMCs in the glandular stomach (Fig 2, A,
B and C). Moreover, we found that DT treatment had no detectable effect on levels of blood
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basophils, neutrophils, eosinophils, or monocytes, as measured 1 h before PN challenge (see
Fig E3 in the Online Repository), and that PN-sensitized Cre− and Cre+ mice developed
similar serum levels of PN-specific IgE and IgG1 antibodies (see Fig E4 in the Online
Repository). Treatment with DT significantly reduced but did not abrogate PN-induced
hypothermia in PN-sensitized Cre+ mice as compared to Cre− mice (Fig 2, D). These results
demonstrate that selective depletion of CTMCs in a non-c-kit mutant mouse strain can
significantly reduce hypothermia in this PIA model.

Depletion of basophils reduces PIA
We next investigated the role of basophils in this PIA model. Treatment of PN-sensitized
mice with the basophil-depleting antibody Ba10336 2 days before PN challenge reduced but
did not fully eliminate PN-induced hypothermia and death as compared to treatment with an
isotype control antibody (Fig 3, A). We confirmed that Ba103 treatment depleted blood
basophils (Fig 3, B and C) without significantly affecting numbers of peritoneal MCs (Fig 3,
D) or levels of blood neutrophils, eosinophils and monocytes (see Fig E5 in the Online
Repository).

Because we observed an unusually high mortality rate in the isotype control antibody-treated
group (~57%) (Fig 3, A) and Ba103 was previously reported also to react with MCs35, 36,
we decided to test the PIA model using Mcpt8DTR mice, which express DTR only in
basophils and in which basophils can be selectively depleted after a single i.p. injection of
DT39. Treatment with DT 2 days before PN challenge reduced but did not fully eliminate
PN-induced hypothermia in Mcpt8DTR/+ (DTR+) mice as compared to Mcpt8+/+ (DTR−)
mice (Fig 4, A). We confirmed that DT injection depleted blood basophils in PN-sensitized
DTR+ mice (Fig 4, B and C), as compared to DTR− mice, without significantly affecting
numbers of peritoneal MCs (Fig 4, D) or levels of blood neutrophils, eosinophils and
monocytes (see Fig E6 in the Online Repository).

The simplest interpretation of our results is that both basophil-dependent and basophil-
independent pathways can contribute to hypothermia in this PIA model.

Reduced but significant PIA in MC- and basophil-deficient Cpa3-Cre; Mcl-1fl/fl mice
Because we observed that significant hypothermia can still develop in mice with markedly
reduced numbers of MCs (Fig 1 and 2) or basophils (Fig 3 and 4), we decided to assess PIA
in Cpa3-Cre+; Mcl-1fl/fl mice which are severely deficient in MCs and also have a marked
deficiency in basophils under steady-state conditions.33 PN-sensitized MC- and basophil-
deficient Cpa3-Cre+; Mcl-1fl/fl mice and Cpa3-Cre+; Mcl-1+/+ (control) mice developed
similar serum levels of PN-specific IgE and IgG1 antibodies (see Fig E7 in the Online
Repository). We found that PN-induced hypothermia was significantly reduced but not fully
eliminated in Cpa3-Cre+; Mcl-1fl/fl mice as compared to Cpa3-Cre+; Mcl-1+/+ mice (Fig 5,
A). Importantly, Cpa3-Cre+; Mcl-1fl/fl mice remained deficient in both MCs (Fig 5, B, C and
D) and basophils (Fig 5, E and F) after repeated sensitizations with peanut and peanut
challenge. Compared to levels in control Cpa3-Cre+; Mcl-1+/+ mice which had been mock-
sensitized only with cholera toxin and then challenged with PN, elevated levels of histamine
were detected 20 min after PN challenge in the plasma and peritoneal cavity of PN-
sensitized Cpa3-Cre+; Mcl-1+/+ mice but not in PN-sensitized Cpa3-Cre+; Mcl-1fl/fl mice
(Fig 5, G and H). By contrast, we found elevated levels of PAF in plasma and spleen
samples at 20 min after PN challenge in PN-sensitized Cpa3-Cre+; Mcl-1fl/fl mice, as well as
in PN-sensitized Cpa3-Cre+; Mcl-1+/+ mice, although higher levels of PAF were observed in
the Cpa3-Cre+; Mcl-1+/+ mice (Fig 5, I and J).
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Taken together, our results support the conclusion that both MCs and basophils can
contribute to this PIA model but that significant PN-induced hypothermia can still develop
in mice markedly deficient in both cell types, perhaps reflecting, at least in part, PN-induced
production of PAF in MC- and basophil-deficient mice.

DISCUSSION
Several studies using c-kit mutant KitW/W-v and KitW-sh/W-sh MC-deficient mice have
suggested that MCs can significantly contribute to PIA.21, 22, 41 In this report, we confirmed
these findings by showing that KitW-sh/W-sh mice developed reduced immediate hypothermia
in this PIA model. However, we found that KitW-sh/W-sh mice also exhibited a previously
unreported late drop in body temperature that occurred between 3 and 6 h after peanut
challenge, after the hypothermia induced acutely by peanut challenge had fully resolved.
Notably, we were able to essentially eliminate this second phase of peanut-induced
hypothermia by using anti-Ly6G antibodies to markedly reduce neutrophils in the
KitW-sh/W-sh mice before challenging them with peanut. Such neutrophil ablation had no
detectable effect on the hypothermia response induced by peanut challenge in WT mice.
These results indicate that neutrophils may contribute to the PIA response in KitW-sh/W-sh

mice, which are known to have a neutrophilia at baseline,27–29 but that any contributions of
neutrophils are redundant with those of other effector cells in the corresponding WT mice.

Because of the many phenotypic abnormalities of c-kit mutant mice, we recommend
investigating the roles of MCs in biological responses by attempting to confirm results using
two different types of MC-deficient mice, such as c-kit mutant mice and one of the newly
described non-c-kit mutant MC-deficient strains.25 In the present study, we showed that the
selective reduction in the numbers of CTMCs induced by DT injection in Mcpt5-Cre; iDTR
mice significantly reduced (but did not eliminate) the hypothermia these mice developed in
this PIA model. The residual hypothermia response to peanut observed in the Mcpt5-Cre;
iDTR mice might have reflected contributions of MMCs (or other MC populations not
depleted by DT treatment in these mice), basophils, and/or other effector cell types.

Several lines of evidence suggest that basophils, in addition to MCs, can play a significant
role in food allergy and food allergy-induced anaphylaxis. For example, changes in human
basophil cell surface markers, such as CD203c or CD63, whose levels are elevated upon
immunological activation of basophils, can be used to diagnose or confirm sensitization to
peanut and other food allergens and to monitor the effects of efforts to treat these conditions
with immunotherapy.4, 42–48 However, in humans, it is difficult to ascertain how important a
contribution basophil activation makes to the pathology of food-allergy-induced
anaphylaxis.

Even in mice, the role of basophils in anaphylaxis is controversial. Tsujimura and
collaborators first showed that depletion of basophils via injection of the basophil-depleting
antibody Ba103 rescued mice from IgG1-mediated but not IgE-mediated PSA and also
rescued c-kit mutant MC-deficient mice (but not WT mice) from active anaphylaxis.18

However, Ohnmacht et al. subsequently observed no involvement of basophils in IgG1-
mediated PSA and active anaphylaxis using Mcpt8-Cre mice in which Cre-mediated
cytotoxicity leads to more than 90% depletion of basophils.49

In our study, we observed that depletion of basophils using Ba103 resulted in a partial but
significant reduction of hypothermia following peanut challenge. These results contrast with
a previous report showing no significant effect of Ba103 in hypothermia in a PIA model.41

However, in that prior report, Smit and collaborators challenged the mice with five-times
less peanut extract than we used, which may have resulted in a more pronounced
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dependency of the response on IgE and MCs.50, 51 The high dependence of the model tested
by Smit et al. on MCs also is suggested by the complete protection observed in KitW-sh/W-sh

mice in their model;41 by contrast, in our model, small but significant hypothermia
responses were induced by peanut challenge in KitW-sh/W-sh mice. Arias et al also observed
no significant effect of basophil depletion using Ba103 on the hypothermia in another PIA
model.22 However, that group reported that treatment with Ba103 protected mice from death
in their model, suggesting a critical role for basophils in the development of that biologically
important endpoint.22

Because we observed an unusually high mortality rate in the isotype control antibody-treated
group (~57% vs 0–16% in all other experiments), and Ba103 was previously reported also to
react with MCs,35, 36 we decided to attempt to confirm our results using Mcpt8DTR mice in
which basophils can be selectively depleted by a single injection of DT.39 Basophil deficient
DT-treated Mcpt8DTR/+ mice developed significantly reduced hypothermia as compared to
DT-treated Mcpt8+/+ mice, providing additional evidence that basophils contribute
significantly to anaphylaxis in this PIA model.

Beside MCs and basophils, other effector cells such as neutrophils20 and
macrophages22, 41, 52 have been shown to contribute to certain models of IgG-mediated
anaphylaxis in mice. We used Cpa3-Cre+; Mcl-1fl/fl mice, which are severely deficient in
MCs and also have a marked deficiency in basophils under steady-state conditions,33 to
assess whether other effector cells might contribute to the hypothermia in this PIA model.
We previously reported that Cpa3-Cre+; Mcl-1fl/fl mice developed markedly attenuated MC-
dependent IgE-mediated PCA and PSA reactions33, 53, 54 and also essentially fail to express
a basophil-dependent IgE-mediated chronic allergic skin reaction (CAI).33, 55 In this report,
we found that Cpa3-Cre+; Mcl-1fl/fl mice developed reduced but still significant
hypothermia in our PIA model. We found no elevation in histamine levels after challenge
with peanut in peanut-sensitized Cpa3-Cre+; Mcl-1fl/fl mice, indicating that MCs and/or
basophils are the main source of histamine in this model. We also observed reduced levels
of PAF after peanut challenge in peanut-sensitized Cpa3-Cre+; Mcl-1fl/fl mice, as compared
to peanut-sensitized Cpa3-Cre+; Mcl-1+/+ mice. However, small but significant increases in
PAF were still detected in spleen specimens derived from peanut-sensitized, peanut
challenged Cpa3-Cre+; Mcl-1fl/fl mice. Altogether, these results suggest that either the small
numbers of MCs and basophils in Cpa3-Cre+; Mcl-1fl/fl mice are sufficient to mediate the
weak hypothermia response and small increases in PAF observed in these mice in this
model, or that other effector cells, such as macrophages and/or neutrophils, can do so. These
results also strongly suggest that the weak hypothermia observed in peanut-sensitized,
peanut challenged Cpa3-Cre+; Mcl-1fl/fl mice is independent of histamine.

Because anaphylaxis can occur after ingestion of low doses of allergen in food allergic
patients, we also assessed the respective contribution of MCs versus basophils in a more
moderate model of PIA (using two-fold less adjuvant during the sensitization phase and two-
fold less peanut for the challenge). As reported previously21, KitW-sh/W-sh mice were
essentially protected from the immediate hypothermia induced by challenge with peanut in
this moderate PIA model (see Fig E8 in the Online Repository). However, these mice still
developed a late drop in body temperature, occurring 3 to 6 h post challenge with peanut as
in the more severe model (see Fig E8 in the Online Repository).

We obtained additional evidence for an important contribution of MCs in the acute response
to peanut in this model by showing that engraftment of Kit W-sh/W-sh mice with bone
marrow-derived cultured MCs (BMCMCs→KitW-sh/W-sh mice) partially restored the
immediate hypothermia but had no significant effect on the late phase drop in body
temperature in this model (see Fig E8 in the Online Repository). We think that technical
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limitations of such systemic MC engraftment experiments may have contributed to the
‘intermediate’ temperature response seen in MC-engrafted Kit W-sh/W-sh mice, as compared
to WT or MC-deficient Kit W-sh/W-sh mice. Specifically, WT mice and
BMCMCs→KitW-sh/W-s mice had similar levels of MCs in the peritoneal cavity, mesenteric
windows, lungs and stomach, and BMCMCs→KitW-sh/W-sh mice higher than WT numbers
of MCs in the spleen, but the MC-engrafted KitW-sh/W-sh mice had no detectable MCs in the
skin, thus eliminating skin MCs as a potential source of mediators in such mice (see Fig E8
in the Online Repository). In sharp contrast with the observed important role for MCs in this
moderate PIA model, depletion of basophils (either by use of the basophil-depleting
antibody Ba103 or by injection of DT to deplete basophils in Mcpt8DTR/+ mice) did not
significantly diminish the hypothermia induced by challenge with peanut in this model (see
Fig E9 in the Online Repository).

In conclusion, we demonstrate that MCs, rather than basophils, contribute significantly to
anaphylaxis in response to challenge with low doses of peanut in peanut-sensitized mice in a
moderately severe model of PIA. By contrast, selective and inducible ablation of either MCs
or basophils in non-c-kit mutant mice is sufficient to reduce significantly the hypothermia
which develops in a more severe PIA model. However, in this severe model of PIA,
significant hypothermia can still develop in the virtual absence of MCs or basophils, and in
mice that are markedly deficient in both effector cell types. Taken together, these results
suggest that effector cells beside MCs and basophils also can contribute to anaphylaxis in
this mouse model. Although care must be taken when attempting to extrapolate findings
from animal models of a disease to their human counterparts, our results suggest that
targeted inhibition of MCs and basophils could have significant therapeutic benefit in peanut
allergies and anaphylaxis, but that other effector elements may also contribute to the
pathology in such settings.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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PN Peanut

WT Wild-type
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Key messages

• Selective and inducible ablation of MCs or basophils can significantly reduce
features of a severe model of peanut-induced anaphylaxis (PIA) in non-c-kit
mutant mice.

• Reduced, but still significant, PIA develops in the virtual absence of both MCs
and basophils in non-c-kit mutant mice.

• The neutrophilia of c-kit mutant MC-deficient KitW-sh/W-sh mice can influence
responses of this strain of mice in this PIA model.
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FIG 1. Effect of treatment with anti-Ly6G antibodies on peanut-induced anaphylaxis in WT and
KitW-sh/W-sh mice
(A) PN-induced hypothermia in PN-sensitized C57BL/6J (WT; n=19) and MC-deficient
C57BL/6J-KitW-sh/W-sh mice (KitW-sh/W-sh; n=18). (B–E) PN-sensitized WT (n=5) and MC-
deficient KitW-sh/W-sh mice (n=12–15) were treated i.p. with 500 µg of neutrophil-depleting
anti-Ly6G (α-Ly6G) or isotype control antibodies 24 h before the challenge. (B)
Representative flow cytometry plots showing blood neutrophils (Siglec-F− (not shown);
Gr-1high; CD11b+). (C) Percentage of blood neutrophils. (D–E) PN-induced hypothermia in
WT mice (D) and KitW-sh/W-sh mice (E) treated with an anti-Ly6G antibody (α-Ly6G) or
isotype control antibody. Data are mean ± SEM or mean + SEM; * ** or *** = P < 0.05, <
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0.01 or < 0.001 vs. corresponding WT group (in A) or isotype control antibody-treated
group (in C and E); # = P < 0.05 vs. indicated group (in C); Each crossbones symbol
indicates death of one WT mouse.
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FIG 2. Effect of diphtheria toxin-mediated connective-tissue mast cell depletion on peanut-
induced anaphylaxis in Mcpt5-Cre; iDTR mice
(A) Numbers of MCs in the peritoneal lavage fluid from DT-treated Mcpt5-Cre−; iDTRfl/+

mice (n=9) and Mcpt5-Cre+; iDTRfl/+ mice (n=5). (B–C) Toluidine blue staining for MCs
(B) and MC numbers (C) in sections of ear skin, back skin, forestomach and glandular
stomach in DT-treated Mcpt5-Cre−; iDTRfl/+ mice (n=6–9) and Mcpt5-Cre+; iDTRfl/+ mice
(n=5). (D) PN-induced hypothermia in DT-treated PN-sensitized Mcpt5-Cre−; iDTRfl/+ mice
(n=15) and Mcpt5-Cre+; iDTRfl/+ mice (n=13). Data are mean ± SEM or mean + SEM; *, **
or *** = < 0.05, 0.01 or 0.001 vs. corresponding Mcpt5-Cre−; iDTRfl/+ group; Crossbones
symbol indicates death of one mouse.
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FIG 3. Effect of antibodies-mediated basophil depletion on peanut-induced anaphylaxis
PN-sensitized C57BL/6J mice treated i.p. with 50 µg of basophil-depleting antibodies Ba103
(n=9) or isotype control antibodies (n=7) 48 h before PN challenge. (A) PN-induced
hypothermia. (B–C) Representative flow cytometry plots (B) and percentage (C) of blood
basophils (CD49b+; IgE+). (D) Numbers of MCs in the peritoneal lavage fluid. Data are
mean ± SEM or mean + SEM; * or *** = P < 0.05 or < 0.001 vs. isotype control antibody-
treated group; Each crossbones symbol indicates death of one mouse.
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FIG 4. Effect of diphtheria toxin-mediated basophil depletion on peanut-induced anaphylaxis in
Mcpt8DTR mice
PN-sensitized Mcpt8+/+ (n=10) and Mcpt8DTR/+ (n=10) mice were treated with DT 48 h
before challenge with PN. (A) PN-induced hypothermia. (B–C) Representative flow
cytometry plots (B) and percentage (C) of blood basophils (CD49b+; IgE+). (D) Numbers of
MCs in the peritoneal lavage fluid. Data are mean ± SEM or mean + SEM; * ** or *** = P
< 0.05, < 0.01 or < 0.001 vs. corresponding Mcpt8+/+ group; Crossbones symbol indicates
death of one mouse.
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FIG 5. Peanut-induced anaphylaxis in Cpa3-Cre+; Mcl-1fl/fl mast cell- and basophil-deficient
mice
(A) PN-induced hypothermia in PN-sensitized Cpa3-Cre+; Mcl-1+/+(n=6) and Cpa3-Cre+;
Mcl-1fl/fl (n=7) mice. (B–C) Toluidine blue staining for MCs (B) and numbers of MCs (C)
in sections of ear skin, forestomach and glandular stomach. (D) Numbers of MCs in the
peritoneal lavage fluid. (E–F) Representative flow cytometry plots (E) and percentage (F) of
blood basophils (CD49b+; IgE+). (G–J) Mice were sensitized with cholera toxin (CT) and
PN (PN; n=5–7) or CT only for control mice (Ctr; n=3–4), and sacrificed 20 min after
challenge with PN to measure levels of histamine and PAF. (G–H) levels of histamine in
plasma (G) and peritoneal lavage fluid (H). (I–J) levels of PAF in plasma (I) and spleen
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samples (J). Data are mean ± SEM or mean + SEM; *, ** or *** = P < 0.05, 0.01 or 0.001
vs. corresponding control group.
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