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Basophils have been shown to contribute to anaphylaxis through either an IgE–FcεRI-
dependent pathway or an IgG–FcγR pathway. However, it remains largely unclear
whether basophils can be activated to promote anaphylaxis via a non-FcR pathway as
well. The glycolipid receptor ASGM1 (Asialoganglioside gangliotetraosylceramide), which
has an exposed GalNAcβ1–4Gal moiety and serves as a receptor for pathogen associated
molecular patterns such as flagellin, was recently found to be expressed on basophils.
Here, we demonstrate that stimulation of basophils with anti-ASGM1 antibodies
promotes platelet-activating factor (PAF) secretion in vitro and in vivo. Moreover, we found
that ASGM1 stimulation triggers basophil- and PAF-dependent anaphylactic shock in
pertussis toxin (PTX)-pretreated mice. Thus, ASGM1 has a crucial role in basophil activa-
tion and basophil-mediated anaphylaxis-like shock in mice, especially when the vascular
permeability is increased by PTX treatment. Our findings describe a novel anaphylaxis-
associated pathway that is antigen-, antibody-, and FcR-independent.
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Introduction

Anaphylaxis is a serious life-threatening allergic reaction
characterized by rapid onset and potentially fatal outcomes [1].
The major manifestations of anaphylaxis include bronchoconstric-
tion, pulmonary hypertension, systemic hypotension, and vascular
leakage. A classical IgE- and FcεRI-dependent pathway has long
been recognized to be associated with anaphylaxis. Binding of
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antigens to IgE and high-affinity cross-linking with FcεRI trigger
the release of histamines from mast cells, resulting in anaphy-
laxis. Recently, various human and animal studies have indicated
that IgG- and FcγR-involving pathways also mediate anaphylaxis
in an IgE-independent fashion [2–4]. IgG antibodies, FcγRIIIA
and FcγRIV, macrophages and neutrophils, as well as platelet-
activating factor (PAF) are the main players in IgG-induced
passive and active systemic anaphylaxis, in which IgE anti-
bodies, FcεRI, mast cells, and histamine play a minor role [5].
It has been reported that in the absence of a specific allergen and
antibodies, treatment with two injections of the cytokine IL-33
can trigger a third pathway for anaphylaxis in mice [6]. Kojima
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et al. also reported that in mice the anti-CD200R3 antibody Ba91
induced systemic and local anaphylaxis via an IgE- and IgG1-
independent pathway that involved CD200R3 receptor activation
[7]. Currently, it is largely unclear whether and how non-FcR
receptors activate immune cells and trigger anaphylaxis.

Basophils represent less than 1% of peripheral blood leuko-
cytes. They are thought to contribute to anaphylaxis by releas-
ing histamine and PAF. It has long been recognized that antigen
binding to IgE and high-affinity cross-linking with FcεRI trigger
the release of histamines from basophils, resulting in anaphylactic
shock. Recently, compelling evidence supports that basophils are
dispensable for IgE-mediated anaphylactic shock but are respon-
sible for a fatal outcome in IgG1-mediated anaphylaxis in mice
through the release of PAF rather than histamine [2]. Serum PAF
levels were directly correlated with the severity of anaphylaxis
[8].

Asialoganglioside gangliotetraosylceramide (asialo GM1,
ASGM1) is a glycolipid receptor with an exposed GalNAcβ1–4Gal
moiety that serves as a receptor for pathogen associated molecular
pattern such as flagellin from a large number of pathogens [9–11].
ASGM1 also acts as a coreceptor for TLR5 [12–16]. Anti-ASGM1
antibodies can mimic the interaction of flagellin with ASGM1 [17]
and have long been used in mice for in vivo depletion of NK
cells, which express high levels of ASGM1 [18–21]. Recent stud-
ies have revealed that, in addition to NK cells, basophils express
ASGM1 whereas anti-ASGM1 antibody (αASGM1) treatment tar-
gets basophils and abolishes IgE-mediated chronic cutaneous aller-
gic inflammation regardless of the presence or absence of NK cells
in mice [22]. Although these findings have suggested the crucial
role of basophil in allergic responses and the depleting effect of
αASGM1 on basophil, it remains largely unclear whether and how
ASGM1-mediated activation of basophil contributes to the devel-
opment of anaphylactic shock.

In this study, we found that ASGM1 stimulation using anti-
ASGM1 antibodies activates basophils to produce and secrete
PAF in vitro and in vivo. Moreover, we observed that ASGM1
stimulation triggers anaphylactic shock in pertussis toxin (PTX)-
pretreated mice. The basophil and PAF were identified as the
pivotal mediators in anti-ASGM1-induced anaphylactic shock.
Interestingly, PTX was shown to augment the susceptibility of
mice to PAF-mediated anaphylaxis via enhancing vascular perme-
ability and upregulating FcεRI expression on basophils. Thus, this
study indicates a critical role for ASGM1 in basophil activation
and PAF-mediated anaphylaxis-like shock in mice.

Results

Anti-ASGM1 antibody induces basophil activation and
PAF release in vitro

The effects of ASGM1-mediated stimulation on basophil were
detected by treating basophils derived from bone marrow (BMBs)
cultured in vitro with αASGM1. BMBs (DX5+FcεRI+c-kit−) were
obtained with more than 90% purification (Fig. 1A) and expressed

Figure 1. Basophil activation through ASGM1 stimulation in vitro.
(A) Basophil purification. DX5+ cells were purified from mice bone mar-
row cells that had been cultured for 10 days with IL-3 using a MACS
column and magnetically labeled DX5-specific antibody. Next, the
purity of DX5+ bone marrow-derived basophils (BMBs) was deter-
mined by flow cytometry using FcεRI- and c-Kit-specific antibodies.
The mean value of the percentages of FcεRI+c-Kit− cells in the three
independent experiments was 91.7%. (B) ASGM1 (left) and TLR5 (right)
are both expressed on BMBs. The expression of ASGM1 and TLR5 on
the cell surface of DX5+FcεRI+c-Kit− BMBs was determined by flow
cytometry using specific antibodies and isotype controls. (C) Calcium
mobilization in ASGM1-stimulated BMBs. Fluo-3-AM (5 μM)-loaded
BMBs were assessed for calcium influx by flow cytometry. Changes in
fluorescence of Fluo-3/Ca2+ were determined after cell treatment with
αASGM1 (10 μg/mL) or control-IgG (IgG) (10 μg/mL) at the time point
that the arrows indicate. (D–E) Activation of ERK1/2 MAPK in ASGM1-
stimulated BMBs. αASGM1 (10 μg/mL)-treated BMBs (1 × 106 cells) were
lysed and phosphorylated ERK1/2, total ERK1/2, and control GAPDH
levels were detected by Western blotting using specific antibodies at a
dilution of 1:1000. (D) A blot that is representative of three independent
experiments is shown. (E) The band densities were assessed using scan-
ning densitometry. Data are shown as mean + SEM of three samples.
(F) Increased mRNA expression of Lysophosphatidylocholine acetyl-
transferase 2 (LPCAT2) in ASGM1-stimulated BMBs. LPCAT2 mRNA
levels were assessed in BMBs using real-time PCR after treatment with
αASGM1 (10 μg/mL) or PBS. Data from real-time PCR were normalized
to GAPDH mRNA levels and are presented as fold increase vs. untreated
BMBs. Data are shown as mean + SEM of five samples. (G) Increased
secretion of platelet-activating factor (PAF) by ASGM1-stimulated BMBs.
The supernatant of BMBs that had been treated with αASGM1 (10 μg/mL)
or PBS for 30 min was collected and PAF levels were measured using
LC/MS. Data are shown as mean + SEM of six samples. (A–C) Data
shown are representative of three independent experiments. (E–G) Data
shown are pooled and calculated from three independent experiments.
*p < 0.05, **p < 0.01, ***p < 0.001 in two-tailed Student’s t-test.

high level of ASGM1 and TLR5 (Fig. 1B). αASGM1 treatment
induced an immediate and a rapid transient rise of [Ca2+]i which
then returned to baseline values within 150 s (Fig. 1C) and strong
ERK1/2 phosphorylation within 5 min (Fig. 1D and E). In addi-
tion, αASGM1 treatment upregulated LysoPAFAT/LPCAT2 (a PAF
biosynthetic enzyme) mRNA expression (Fig. 1F) and PAF release
(Fig. 1G) within 30 min. These results suggest that stimulation
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with αASGM1 can activate basophil and promote the synthesis
and release of PAF.

Anti-ASGM1 antibody triggers PAF-mediated shock in
PTX-pretreated mice

The in vivo effects of ASGM1-mediated stimulation were assayed
by injection of αASGM1 into mice. The procedure is schemed
(Fig. 2A). C57BL/6 mice were intraperitoneally (i.p.) injected with
PTX (200 ng) or PBS on day 0 and 2, then were i.v. injected with
αASGM1 (35 μg) on day 7 (Fig. 2A). αASGM1 treatment had
no significant effects on body temperature and activity in PBS-
pretreated mice (Fig. 2B). However, αASGM1 treatment resulted
in anaphylaxis-like shocks in PTX-pretreated mice, with salient fea-
tures of rapid drops in body temperature, altered mouse behavior,
to such an extent that death occurred within 60 min (Fig. 2B). In
contrast, neither isotype IgG treatment nor PTX treatment again
affected the body temperature, activity, and survival of the PTX-
pretreated mice (Fig. 2B), which indicated that the anaphylaxis-
like shock is not antibody dependent and PTX actions are biological
in nature and do not act as allergen. Anti-NK1.1 antibody PK136
treatment that activates complement in vivo, also had no signif-
icant effect on the PTX-pretreated mice (Fig. 2B), which suggest
complement activation was not involved in the above anaphylaxis-
like shock.

PAF and histamine are two major mediators of human and
murine anaphylaxis, either of which can directly cause shock if
injected into rodents in sufficient quantities. In this study, pretreat-
ment with the PAF antagonist CV-3988 almost completely pre-
vented the anaphylaxis-like shock triggered by αASGM1 in PTX-
pretreated mice (Fig. 2C), however pretreatment with triprolidine,
a histamine H1 receptor antagonist, had no significant effect on the
shock (Fig. 2D). Fifteen minutes after αASGM1 injection, mRNA
levels of LysoPAFAT/LPCAT2 in the pulmonary tissue were signif-
icantly upregulated (Fig. 2E). PTX pretreatment had no significant
effect on the mRNA levels of LysoPAFAT/LPCAT2 (Fig. 2E). These
results suggest that αASGM1 triggers PAF, rather than histamine,
mediated shock in PTX-pretreated mice.

ASGM1 expressed on basophil contributes to
PAF-mediated shock

ASGM1 expression on some immune cells was detected. It was
found that high levels of ASGM1 expressed on NK cells, basophils,
and a subpopulation of monocytes and macrophages whereas very
low levels of ASGM1 were expressed on mast cells. No expres-
sion of ASGM1 was detected on neutrophils (Fig. 3A). Further,
specific antibodies or reagents were used for depleting ASGM1+

cell populations in vivo. Only MAR-1 pretreatment and Ba103
pretreatment, both for basophil depletion, abrogated αASGM1-
induced temperature drops in PTX-pretreated mice (Fig. 3B).
Treatment of mice with either gadolinium chloride (GdCl3) for
monocytes/macrophages depletion or PK136 for NK cells and NKT

cells elimination had no significant effects on drops in body tem-
perature (Fig. 3B). MAR-1 pretreatment did not change the count
of intact or degranulated mast cells (Fig. 3C and D). These obser-
vations indicate that ASGM1-expressing basophil contributes to
the PAF-mediated shock triggered by anti-ASGM1 antibodies in
PTX-pretreated mice.

Increased vascular permeability and susceptibility to
PAF-induced anaphylaxis in PTX-treated mice

The effects of PTX on murine endothelial cells were measured in
vitro. PTX treatment resulted in the retraction of the SVEC4–10
murine endothelial cells. The cell–cell contact was also lost with
diminished stress fibers detected (Fig. 4A). In contrast, PTX plus
PAF treatment induced more severe retracement of cells and dis-
ruption of cell–cell contacts, even cell losses (Fig. 4A). Not only
PTX or PAF treatment alone reduced the average size of cells
significantly, but also PTX plus PAF minimized the size of the
cells (Fig. 4B). In vivo, mice treated with PTX displayed sub-
stantially increased Evans Blue leakage in the lungs, heart, and
esophagus (Fig. 4C). The results indicate that PTX itself or coop-
erating with PAF acts on endothelial cells to promote vascular
permeability.

Next, the cooperation of PTX and PAF was detected in vivo. PAF
at a dose of 100 ng triggered slight temperature drops with no sig-
nificant activity changes and no death in mice (Fig. 4D). Although
PTX treatment alone did not induce shock, injection of 100 ng
PAF in PTX-pretreated mice resulted in severe hypothermia, lower
activity, and higher mortality rates (Fig. 4D), suggesting that PTX
can increase the susceptibility of mice to PAF-induced anaphylaxis.

FcεRI expression on basophil and levels of serum IgE
are upregulated in PTX-pretreated mice

The effects of PTX on basophil in vivo were further assayed. PTX
pretreatment for 7 days not only significantly increased the fre-
quency of basophil in the spleen (Fig. 5A), but also upregulated the
expression of high-affinity IgE receptor (FcεRI) on splenic basophil
(Fig. 5A). Meanwhile, in the bone marrow, the percentage of
basophil was not changed but FcεRI level on them was increased by
PTX pretreatment (Fig. 5B). Moreover, elevated levels of serum
IgE were also detected in PTX pretreated mice (Fig. 5C), while
serum IgG1 and IgG2 levels were not influenced (Fig. 5D and E).

Discussion

In 2011, Nishikado et al. firstly reported that the entire popu-
lation of basophil in mice homogeneously expresses high levels
of ASGM1 and that in vivo administration of anti-ASGM1 read-
ily ablates most of basophils, in addition to NK cells, in a variety
of mouse strains [22]. At the same time, we used αASGM1 to
investigate the effects of NK cells on EAE development in vivo.
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Figure 2. ASGM1 stimulation induces manifestations of anaphylactic shock in PTX-pretreated mice. (A) Scheme of PTX and αASGM1 administra-
tion. C57BL/6 mice were i.p. injected with PTX (200 ng in 200 μL PBS) on days 0 and 2, then were i.v. injected with αASGM1 (35 μg in 200 μL PBS) or
other reagents on day 7. (B) Manifestations of anaphylactic shock following injection of αASGM1. C57BL/6 mice pretreated with PTX or PBS were
intravenously (i.v.) injected with αASGM1 (35 μg), rabbit isotype IgG (35 μg), PTX (200 ng), or the NK-cell depleting antibody PK136 (200 μg) in 200 μL
PBS on day 7. Rectal temperature (left), levels of activity (middle), and survival rate (right) were recorded. (C) PAF antagonist ameliorates αASGM1-
induced anaphylactic shock. The PAF antagonist CV-3988 (80 μg in 200 μL PBS) or PBS were injected i.v. in mice 10 min before αASGM1 injection.
(D) Histamine antagonist has no effect on αASGM1-induced anaphylactic shock. Mice were injected i.p. with the histamine antagonist triprolidine
(200 μg in 200 μL PBS) or PBS 30 min before the αASGM1 injection. (E) LPCAT2 mRNA expression is upregulated in the lungs of αASGM1-injected
mice. Total RNA was extracted from the lungs of PTX-pretreated or nonpretreated mice 15 min after αASGM1 injection. LPCAT2 mRNA levels were
examined by real-time PCR (RT-PCR). Data from real-time PCR were normalized to GAPDH and presented as fold increase vs. uninjected mice. Data
are shown as mean + SEM of five mice per group (two tailed Student’s t-test). (B–D) Data shown as mean ± SEM (temperature and activity rates)
or as a survival curve (survival rates) of initially (B and C) 15 or (D) 10 mice per group and are pooled from three experiments. *p < 0.05, **p < 0.01,
***p < 0.001. ns: no significance, two way ANOVA test was used for temperature and activity data, Log-rank (Mantel–Cox) test for survival data.

We performed i.p. injection of anti-ASGM1 antibodies to deplete
NK cells on day 7, following the active induction of EAE accord-
ing to the general protocol (the mice were firstly treated with
PTX for two consecutive days and then actively immunized with
MOG35–55 and CFA). Unexpectedly, αASGM1 treatment resulted
in anaphylaxis-like shock in mice with salient features of respi-
ratory distress, rapid drop in body temperature and high mor-
tality within 180 min (Supporting Information Fig. 1A). Inter-
estingly, anti-ASGM1 antibodies induced anaphylaxis-like shock
only in PTX-pretreated mice but not in myelin oliogodendrocyte
glycoprotein (MOG)- and CFA-pretreated or PBS-pretreated mice
(Supporting Information Fig. 1A and B). Notably, i.v. injection of
αASGM1 induced decrease of body temperature and altered ani-
mal behavior, to such an extent that death occurred within 60 min
in PTX-pretreated mice group just as illustrated in Figure 2, more
rapidly than i.p. injection and similar in induction speed to the
typical experimental anaphylaxis. In this study, we clearly demon-
strate that αASGM1 activates basophil to synthetize and release
PAF in vitro and in vivo, as well as induces shock in PTX-pretreated
mice.

Although basophil was first described more than 100 years ago,
their precise biological functions are still unclear. Because basophil
expressed the high-affinity IgE receptor (FcεRI) and release his-
tamine in response to FcεRI-mediated stimulation, they have long
been considered to contribute to the IgE-mediated anaphylac-
tic shock [23]. However, recent compelling evidence shows that

basophils are dispensable for IgE-mediated anaphylaxis but shown
to be responsible for a fatal outcome in IgG1-mediated anaphy-
laxis in mice through the release of PAF rather than histamine [2].
In our findings, although the shock triggered by αASGM1 involves
activation of basophil and PAF release, it is allergen and antibody
receptor independent. Here αASGM1 mimics the interaction of
flagellin with ASGM1 [17]. αASGM1 acts rather as an agonist of
basophil, but not as a blocker or the ligand of FcγR on the basophil.

In the present study, in untreated mice, ASGM1 mediated stim-
ulation can activate basophil to release PAF, but has no signif-
icant effects on the general manifestations, such as body tem-
perature and activity and so on. While in PTX-pretreated mice,
the same ASGM1-mediated stimulation induces lethal shock. It
suggests that PTX treatment increases the response of mice to
αASGM1 mediated stimulation. PTX, a noncovalently linked het-
erohexameric protein, is the major toxic secretion of Bordetella
pertussis, which can increase vascular permeability and open up
the blood–brain barrier to inflammatory leukocytes [24]. It has
been reported that PTX increases the susceptibility to anaphylaxis
in other experimental conditions. Mice for EAE induction without
PTX need a fivefold dosage of self-peptide to induce anaphylaxis
as compared to EAE mice treated with PTX [25, 26]. Anti-very
late appearing antigen-4 antibody induced anaphylaxis is cor-
related with high levels of mortality in PTX-injected EAE mice,
but not in PTX-untreated mice [27]. Here, we show that PTX
can increase the vascular permeability, which is consistent with
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Figure 3. Basophils are indispensable for αASGM1-induced anaphylaxis. (A) ASGM1 expression profile in innate immune cells. ASGM1 expression
was assessed by flow cytometry in following splenic cell populations: NK cells (gated on CD3−, NK1.1+); basophils (gated on c-Kit−, DX5+, FcεRI+);
monocytes (gated on CD11b+, Gr1−); macrophage (gated on F4/80+); neutrophils (gated on CD11b+, Gr1high). In addition, mast cells (gated on
c-Kit+, FcεRI+) obtained from the peritoneal cavity were analyzed. Data are representative of results obtained from six mice. (B) Dynamics of body
temperature following depletion of ASGM1-expressing cells. Three days before injection of PTX-pretreated mice with αASGM1, basophils were
deleted through the daily administration of MAR-1 twice (5 μg in each time) or the daily treatment with Ba103 once (10 μg). Alternatively, one day
before injection of PTX-pretreated mice with αASGM1, NK, and NKT cells were deleted using a single PK136 (200 μg) injection, or monocytes and
macrophages were deleted following GdCl3 (1 mg) administration. IgG (200 μg) or PBS (200 μL) was administered in the control groups one day
before αASGM1 injection. The rectal temperature was measured after αASGM1 injection. Data are shown as mean ± SEM of 10 mice per group
pooled from three experiments performed are shown. ***p < 0.001, two way ANOVA. (C) Mast cells staining with Toluidine blue. Paraffin sections
at 5 μm of skin samples from MAR-1- or control IgG-treated mice were stained with 0.1% Toluidine blue at pH 2.3 for 3 min. Scale bar, 25 μm.
(D) The number of mast cells per fields was determined under a light microscope at a 400× magnification. Data are shown as mean + SEM of 14
fields assessed, ns: no significance (two tailed Student’s t-test).

previous findings that lack sphingosine-1-phosphate in plasma or
PI3K-C2α knockdown in endothelial cells or treatment with IL-4/
IL-13 or IL-33 exhibit higher vascular permeability that result in
susceptibility to anaphylaxis [28–32]. Furthermore, our results
reveal that PTX can increase FcεRI expression on basophil and
elevate serum IgE. It has been reported that IgE can bind FcεRI
to prolong basophil survival whereas the exposure of basophil to
IgE leads to the upregulated expression of FcεRIα [33, 34]. IgE-
dependent enhancement of mast cell FcεRI expression results in
enhancement of IgE-dependent mast cell mediator release [33].
Thus, our current findings support the notion that PTX promotes
anaphylactic reactions triggered by the activation of basophil, no
matter it is IgE-dependent or IgE-independent.

Our data indicated that an individual with increased vascu-
lar permeability is more likely to be susceptible to anaphylaxis
when exposed to even low dosage of PAF. It may help to explain
types of allergic reactions such as exercise-induced anaphylaxis

that have hitherto been without a known allergen, but conclusive
evidence for this theory is still far away. Accordingly, endothe-
lial cells must play an important role in anaphylactic responses.
Some situations such as oxidative stress, trauma, infection, and
inflammation can damage endothelium to increase the vascular
permeability directly [35]. Ideally, vascular permeability and dys-
function of endothelial cells might be valuable tools for future
evaluation in understanding susceptibility to anaphylaxis. As one
of the bacterial components, flagellin is a ligand to ASGM1 [11].
Basophil activation and anaphylactic shock may be triggered upon
bacterial infection. As shown in Supporting Information Figure 2A,
purified recombinant flagellin treatment promoted ERK1/2 phos-
phorylation in basophils in dose dependent in vitro. As illus-
trated in Supporting Information Fig. 2B, i.v. injection of puri-
fied recombinant flagellin induced a moderate decrease in rectal
temperature in PTX-pretreated mice as compared with control
mice. Targeting endothelium and the activated receptors on the
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Figure 4. PTX increases vascular permeability and susceptibility to
PAF-mediated anaphylaxis. (A and B) Murine endothelial cell mono-
layers are disturbed by PTX, PAF, or their combination. The SVEC4–10
murine endothelial cells were incubated with 100 ng/mL PTX or PBS for
24 h and then incubated with 100 ng/mL PAF or PBS for 30 min. (A) PTX-
and PAF-induced morphological changes were assessed by microscopy
after staining F-actin with 50 μg/mL of FITC-Phalloidin. Data shown
are representative of five independent experiments. Scale bar, 5 μm.
(B) Mean area of SVEC4–10 cells was calculated using ImageJ 1.47
software in each group and normalized with mean area of PBS group
as relative area. Data are shown as mean + SEM of 25 assessed fields.
(C) PTX increases vascular permeability in mice. Mice with or without
PTX pretreatment were i.v. injected with 100 μL of 1% Evans blue dye.
Thirty minutes later, the mice were perfused with saline to remove the
intravascular Evans blue dye. Whole lung, heart, and esophagal tissues
were excised and the extravasated dye was extracted from the organs
and measured by spectrophotometry. Data are shown as mean + SEM
of five mice. (D) PTX promotes manifestations associated with PAF-
mediated anaphylactic shock. Mice were i.v. injected with 100 ng PAF or
PBS 7 days after the PTX or PBS pretreatment. Then the dynamic of rec-
tal temperature, activity level, and survival rate was recorded. Temper-
ature and activity data are shown as mean ± SEM from 10 mice in each
group. Survival data are shown as survival curve. (B and C) Data shown
are pooled from four independent experiments and were evaluated
using two-tailed Student’s t-test. (D) Data shown are pooled from two
independent experiments. Temperature and activity data were evalu-
ated using two-way ANOVA. Survival data were evaluated using Long
rank (Mantel Cox) test. *p < 0.05, **p < 0.01, ***p < 0.001.

basophil might well be a way to find a treatment method for
anaphylaxis.

In conclusion, our results show that ASGM1-mediated stim-
ulation can trigger basophil activation and PAF-mediated shock
in PTX-pretreated mice, which provide new insights in under-
standing the mechanisms of anaphylactic shock. Further studies
may facilitate the potential development of targeting ASGM1
and endothelia cells as therapeutic intervention for anaphylactic
shock.

Figure 5. Influence of PTX on basophils and serum antibody levels in
vivo. C57BL/6 mice were treated with PTX (200 ng) on day 0 and 2 and
the measurements were performed on day 7. (A and B) The percentages
of basophil and FcεRI expression in the spleen and bone marrow. Spleen
and bone marrow cells were separated and stained with specific anti-
bodies for analysis with flow cytometry. Basophils were gated on DX5+,
FcεRI+ cells (left). Expression of FcεRI on basophils (middle and right)
was analyzed. MFI: mean fluorescence intensity. (C) Antibody levels in
the sera of PTX-pretreated mice. The sera of mice were collected and
total IgE (left), IgG1 (middle), and IgG2a (right) were measured using
ELISA. (A–C) Data are shown as mean + SEM of (A) 15, (B) 5, or (C) 10
mice per group and are pooled from three independent experiments.
* p < 0.05, ** p < 0.01, ns no significance, two tailed Student’s t-test.

Materials and methods

Cell cultures

Bone marrow from the femurs and tibias of adult female C57BL/6
mice was flushed with RPMI 1640 medium using a Syringe with a
0.45 mm diameter needle. Clusters within the marrow suspension
were disintegrated via pipetting. Bone marrow-derived basophils
(BMBs) were derived from bone marrow cultures at a density
of 1 × 106 cells/mL and medium was changed every 3 days for
10 days in RPMI-1640 medium supplemented with 10% FBS and
20 ng/mL IL-3 (Peprotech). For purification of BMBs, DX5+ cell
were separated by a MACS (Miltenyi Biotec). SVEC4–10 cells were
maintained in DMEM supplemented with 10% fetal bovine serum.
All cells were cultured in a humidified 5% CO2 incubator at 37°C.
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Mice

Female C57BL/6 mice (6–8 weeks) were purchased from SLAC
Laboratory Animal Co. Ltd. (Shanghai, China). All mice were
maintained in our specific pathogen-free facilities. All animal
studies were performed in accordance with the Guidelines and
permission of Tongji Medical College Animal Care and Use
Committee.

Antibodies and reagents

αASGM1, a polyclonal rabbit IgG antibody (Wako), PTX (Sigma-
Aldrich), PAF (Sigma-Aldrich) was purchased.

Intracellular calcium measurement

Purified BMBs were loaded with a final concentration of 5 μM
Fluo-3-AM (Beyotime) for 45 min at 37°C and changes in dye
fluorescence after stimulation with αASGM1 (10 μg/mL) were
analyzed using a LSR II flow cytometer. Kinetic changes of Fluo-3
fluorescence were then plotted versus time using FlowJo software
[36, 37].

Western blotting

Fifty micrograms of cellular protein were subjected to elec-
trophoresis on a 12% SDS–PAGE and transferred onto PVDF
membranes (Hybond). Specific antibodies to Phospho-ERK1/2
(Thr202/Tyr204), ERK1/2 (Cell Signaling), GAPDH (Santa Cruz)
were used to detect the indicated proteins. Quantitative assess-
ment of band densities was performed by scanning densitometry
using ImageJ 1.47 (NIH, USA).

Real-time quantitative PCR

Total RNA was extracted using Trizol reagents (Invitrogen). The
first-strand was synthesized with First-Strand cDNA Synthesis
SuperMix kit. Real-time PCR was performed using SYBR Green
Real-time PCR Master Mix (TOYOBO) and ABI PRISM 7000
sequence detection system. The primer sequences used in PCR
were as follows: GAPDH (sense, 5′ -TTCACCACCATGGAGAAGGC-
3′ and anti-sense, 5′-GGCATGGACTGTGGTCATGA-3′), acetyl-
CoA: 1-O-alkyl-sn-glycero-3-phosphocholine acetyltransferase
(LysoPAFAT)/lysophosphatidylcholine acyltransferase 2
(LPCAT2); (sense, 5′-GTCCAGCAGACTACGATCAGTG-3′ and
anti-sense 5′-CTTATTGGATGGGTCAGCTTTTC-3′). The relative
expression levels for the target gene were normalized to GAPDH,
calculated using the 2−��Ct method and presented as fold
increases versus control.

Measurement of PAF

Purified BMBs (1 × 105 in 100 μL) were incubated with αASGM1
(10 μg/mL) at 37°C. Culture supernatants were collected after

30 min and mixed with an equal volume of 20% acetic acid
immediately. Purification of PAF-containing lipids was performed
by the method of Bligh and Dyer with a mixture of chloroform-
methanol-water (1:1:0.9) [8, 38]. The concentration of PAF was
measured using the 6460 Triple Quadrupole Liquid Chromatog-
raphy/Mass Spectrometry (6460 QQQ LC/MS; Agilent Technolo-
gies) system. Chromatographic separation was performed on a
HPLC Symmetry R© C18 column (4.6 mm × 250 mm, 5 μm)
(Waters Corporation, USA) at 46°C with a flow rate of 1 mL/min.
Mobile phases A and B are water and acetonitrile/formic acid
(100:0.1), respectively. The detection was under the negative
electrospray ionization and selected reaction monitoring mode.
Fragment ions 568.1–59 m/z were monitored for PAF [39]. Data
were processed using Masshunter Qualitative Analysis software
(Agilent Technologies).

Observation of the shock

The rectal temperature was measured with a Digital Thermocouple
Thermometer (Model BAT-12) before tests and then every 10 min
for a maximum of 120 min. At the same time, mouse activity was
assessed and quantitated on a 4-point scale as described by Strait
et al. [3].

In vivo blocking and depletion

Eighty micrograms of PAF receptor antagonist CV-3988 (Enzo
life science) was i.v. injected 10 min before the αASGM1 injec-
tion. Two hundred micrograms of histamine H1 receptor antago-
nist triprolidine (Sigma-Aldrich) were i.p. injected 30 min before
the αASGM1 injection. For basophil depletion, mice were given
twice-daily i.p. injections of 5 μg of anti-mouse-FcεRI (MAR-1;
eBioscience) or Anti-CD200R3 (Ba103; Hycult biotech) on day 4,
5, and 6 [40, 41]. For NK-cell or/and NKT-cell depletion, mice
were injected i.p. with 200 μg of anti-NK1.1 (PK136) on day 6.
For monocyte/macrophage function inhibition, mice were given
i.p. injection of 1 mg gadolinium chloride (GdCl3; Sigma-Aldrich)
on day 6 [3].

Mast cell staining

Skin samples were fixed in 4% paraformaldehyde and paraffin
sections at 5 μm were stained with 0.1% Toluidine blue (Sigma)
at pH 2.3. The number of mast cells per view at 40 × objective
lenses was determined under a light microscope. A “degranulated”
mast cell was defined as a cell showing extrusion of 10% cell
granules [42].

Flow cytometry

FITC-anti-mouse-CD3e (145–2C11), PE-anti-mouse-CD49b
(DX5), allophycocyanin-anti-mouse-FcεRI (MAR-1), PE/Cy7-anti-
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mouse-c-Kit (CD117; 2B8), PerCP/Cy5.5-anti-mouse-NK1.1
(PK136), and Alexa Fluor 488-asialo GM1 (Polyclonal) were
purchased from eBioscience. PerCP/Cy5.5-anti-mouse-CD11b
(M1/70), allophycocyanin-anti-mouse-Gr1 (RB6–8C5), and
allophycocyanin-F4/80 (BM8) were purchased from BioLe-
gend. Cells that from spleens or cultures were stained with
fluorescence-conjugated antibodies in staining buffer (PBS,
1% FBS) and analyzed either on a LSR II or a FACSCalibur
flow cytometers (Becton Dickinson). Data were acquired using
FACSDiva and analyzed using FlowJo software (TreeStar).

Measurement of vascular leakage

PTX-pretreated or untreated mice were i.v. injected with 100 μL of
a 1% solution of Evans blue dye (Sigma-Aldrich) in saline. Thirty
minutes later, the mice were perfused with saline in the right ven-
tricle to remove the intravascular Evans blue dye. The whole lung,
heart, and esophagus tissues were excised and extravasated dye
was extracted in 1 mL of formamide at 55°C overnight. Evans blue
content was measured by spectrophotometry and determined as
absorbent density at 620 nm wavelength (OD620) minus absorbent
density at 492 nm wavelength (OD492) of the formamide extract
[29, 30].

Confocal fluorescence microscopy

SVEC4–10 cells were grown as a monolayer on sterile coverslips.
After incubation with 200 ng/mL PTX for 24 h, or 100 ng/mL PAF
for 30 min cells, or both together, the cells were fixed, permeabi-
lized and incubated with 50 μg/mL of FITC-phalloidin (Sigma-
Aldrich, St Louis, MO, USA) for 45 min at 37°C to label actin
filaments and stained with 0.1 μg/mL of DAPI (Sigma-Aldrich, St
Louis, MO, USA) for 2 min at room temperature. Cells were exam-
ined with confocal laser scanning biological microscope (FV-500,
Olympus Inc., Japan) with a 40× objective lens and images were
acquired using Fluoview software [43]. Mean area of cells was
calculated using ImageJ 1.47 (NIH, USA) and normalized with
mean area of PBS group as relative area [44].

Enzyme-linked immunosorbent assays

Blood samples were collected for serum preparation. For measure-
ment of serum IgE levels, mouse IgE, IgG1, and IgG2a Ready-SET-
Go ELISA kit (eBioscience) was used. The detection range limits of
IgE, IgG1, and IgG2a measurement kits are 4–250 ng/mL, 3.13–
200 ng/mL, and 3.90–250 ng/mL, respectively.

Statistical analysis

Experimental data were expressed as means ± SEM or means +
SEM. The statistical significance of differences was determined

using a two-tailed unpaired Student t test or a two-way ANOVA.
Survival data were analyzed by using a Mental–Cox test. Values
of p < 0.05 were considered significant.
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Figure 1. PTX and anti-ASGM1 antibody, but not MOG and CFA, accounted for 

anaphylaxis-like shock. (A) C57BL/6 mice were immunized with MOG35-55 and CFA on day 0 

and treated with PTX on day 0 and 2, and control mice were under the immunization without 

the treatment of PTX. Anti-ASGM1 antibody was intraperitoneally injected in mice on day 7. 

(B) Mice treated with PTX or PBS were injected intraperitoneally with anti-ASGM1 antibody. 

Changes in rectal temperature with time were shown. (A,B) Data are shown as mean±

SEM from 5 mice in each group. ***P < 0.001, two way ANOVA. Data are 

representative of three independent experiments. 

 



 

Figure 2. Flagellin treatment increased the phophorylation of ERK in basophils and 

decreased the body temperature of PTX-pretreated mice. (A) BMBs were treated with 

flagellin from S. typhimurium (Invivogen) in indicated concentration for 10 min. Cells 

were lysed and indicated proteins were detected with specific primary antibodies at 

dilution of 1:1000 by western blotting. Data are representative of three independent 

experiments. (B) C57BL/6 mice were treated with PTX (200ng) on days 0 and 2, and 

intravenously injected with 1 g flagellin on day 7. Changes in rectal temperature 

were shown. Data are shown as mean±SEM from 5 mice in each group. ***P < 0.001, 

two way ANOVA. Data are representative of three independent experiments. 
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independent anaphylaxis in mice (Kojima et al. J Immunol 179:7093).  

 

2. Figure 1. Could the authors also show quantification of released PAF in the supernatant in addition to 

the RT-PCR data?  

 

3. Figure 3. As MAR-1 can also modulate the activity of mast cells it would be more convincing to include 
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subject, the work is well planned and shows clear, nice data, it is not presented well due to a number of 
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1. In the introduction part, what is the relation of IL-33 with this study? If related, it should be better 

defined. (page 3, line 36, 37)  

2. In introduction page 8, Line 50 Figure 4C must be 4D.  

3. It is mentioned that ASGM1 is a co-receptor for TLR5, which is known to be responsible from flagellin 

recognition. Did the authors investigate effects of TLR5-triggering by flagellin? Is TLR5 expressed in mice 

basophils?  
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4. Authors demonstrate roles of ASGM-1 together with pertussis toxin. PTX is known to increase 

permeability, however, in general it is known to be an immune-inhibitory substance. Authors should also 

consider investigating roles of other bacterial toxins with similar effects on permeability together with 

ASGM-1. What is the authors opinion about cholera toxin?  

5. Compare to ASGM1 (Figure 2A) response the flagellin is completely different. Authors should discuss 

this discrepancy. Also, Flagellin is claimed to activate basophils, but this data is presented in the 

supplementary figures, it might be better to move this data into Figure 1.  

6. Results should be more definitive, it is very difficult to follow. For example Figure-2 related results 

should be edited as 2A, B, C, D. Fig 2D should be discuss in last order not first for better understanding. 

Last result session, Figure 5 contains only for lines, even figure has many data to discuss.  

7. Some abbreviations lack definitions, like i.p., MOG, CFA, anti-VLA-4 as seen in discussion. It may be 

good to define these, for better understanding of the manuscript.  

8. In methods, generally needs definitely more explanation, for example  

totally how many mice were studied in the experiments?  

Why was female mice specifically selected?  

Completely, lack isolation of bone-marrow cells, and purification of basophils. The procedures should be 

added to the methods.  

Give all details (Company, State, etc..) for the substances and antibodies used in the study. For example 

page 14, line 14 (Peprotech, ??.) or same page line 44 (Beyotime ??)  

What is the sensitivity and specifity for IgE?  

9. Can the measurement of rectal temperature and determination of mouse activities reveal shock status 

of mice perfectly?  

10. On page 16 and line 49, what is a FACSCalibur machine? It should better be written as “..... and 

analysed either on a LSR II or a FACSCalibur flow cytometry running ...... software. What was the 

software used for data acquisition?  

11. What is OD620 minus OD492 on page 17 line 14? Determination of evans blue content should be 

better defined. By which method? What do these numbers mean,..etc.  

12. On page 22, line 46, how was the mice treated with PTX? Why was the dose 200ng selected? For all 

doses used, were dose-response experiments converted? It is better to define volumes of the doses 

injected to mice.  

13. On figure 1A, filled and solid lines should be defined in the legend. Is the filled one an isotype control? 

It is claimed that purity of basophils were 90%, did the authors characterize the contaminating cells in 

remaining 10%?  

14. What does “general performance” mean on page 11, line 31?  

15. Is it possible to analyse band strengths in Western Blots so that objective comparison in between 

different time points or doses can be made?  

16. In supplement figure 1B CFA + aAGM1 condition is missing should be presented.  
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17. Although authors evaluated statistical significance by unpaired T test, it is better to investigate by 

paired-T test or non-parametric Wilcoxon test, according to sample numbers. Same cells or animals under 

different stimulations and time points were investigated, which requires paired tests for proper statistical 

analysis.  

18. In general text definitely needs intensive editing.  

 

 

Reviewer: 3  

 

Comments to the Author  

The authors describe a basophil d-dependent model of anaphylaxis in mice. Anti-ASGM1 antibodies 

administered in PTX-pretreated mice induce anaphylaxis through PAF release from basophils. The 

authors show in vitro and in vivo data that both PTX and PAF can alter the integrity of endothelial 

monolayers that PTX increases the susceptibility of the mice to PAF-mediated anaphylaxis. They then 

propose that this is the mechanism of anaphylaxis in their animal model.  

 

There are a few issues that need to be addressed:  

1. The model used for these experiments is not well described. It is nt clear to me how much of the anti-

ASGM-1 antibody was administered, how much PTX and what was the timing f the administrations.  

2. The supplemental data are only discussed in the “Discussion” section. They should be inserted at the 

appropriate area in the “Results” section.  

3. The experiments are well performed and the conclusions are very clear and well supported. However, I 

am not convinced about the biological significance of the observation. The authors propose that flagellin 

may use this system to induce anaphylaxis, but what is the evidence that flagellin does that and what does 

it mean physiologically? Inclusion of more data on the ability of flagellin to induce a similar anaphylactic-

type reaction would be helpful.  

4. It is not clear to me what do the data shown in Figure 5 contribute to the point the authors try to make 

with this manuscript. The authors state in the abstract: “PTX augments the susceptibility of mice to PAF-

mediated shock by enhancing the vascular permeability and upregulating FcepsilonRI expression on 

basophils”. What is the evidence that the results they describe are FcepsilonRI dependent?  

5. On page 7, lines 9-15 the authors state that “complement activation was not involved in the 

anaphylaxis-like shock. I am not convinced that this is an appropriate conclusion. The data presented in 

Fig 2C only indicate that complement activation following PTX treatment is not sufficient to cause 

anaphylaxis.  
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First Revision – authors’ response –11 January 2014 

 

To Reviewer 1  

 

1. The authors should mention in the introduction that also anti-CD200R3 induces an IgE- and IgG1-

independent anaphylaxis in mice (Kojima et al. J Immunol 179:7093).  

 

Answer: The paper (Kojima et al. J Immunol 179:7093) has been cited (ref. 7) and mentioned in the 

introduction of revised manuscript.  

 

2. Figure 1. Could the authors also show quantification of released PAF in the supernatant in addition to 

the RT-PCR data?  

 

Answer: The quantification of released PAF has been performed using the 6460 Triple Quadrupole Liquid 

Chromatography/Mass Spectrometry system. The data are illustrated in the revised figure 1G and 

described in the revised main text. Anti-ASGM1 antibody stimulation increased the release of PAF from 

basophils in vitro. Because the blood extraction from shocked mouse is almost impossible, released PAF 

data in vivo were not shown.  

 

3. Figure 3. As MAR-1 can also modulate the activity of mast cells it would be more convincing to include 

either mast cell deficient mice in which this type of anaphylaxis should still occur and/or basophil-deficient 

mice in which the response should be ablated.  

 

Answer: We absolutely support the reviewer. We tried our best to purchase the mast cells or basophils 

deficient mice in the previous and present study, however unfortunately we could not obtain them so far. 

In the revised manuscript, we detected the modulation of MAR-1 on the activity of mast cells (fig 3C and 

3D), and found that the numbers of intact and degranulated mast cells were not significantly affected. In 

addition, we used Ba103, another basophils depletion antibody, and observed the similar result with MAR-

1 (fig 3E). In the future, we will continuously look for mast cell-deficient mice and basophils-deficient mice.  

 

4. Figure 5. The link between PTX treatment, basophilia, FceRI upregulation and IgE production is not 

worked out very well. PTX has many effects in vivo including blockade of chemokine receptors which 

might explain basophil-accumulation in the blood. Are basophils also increased in other organs including 

bone marrow? Does PTX directly act on basophils to promote upregulation of FceRI? Are other antibody 

isotypes also increased in PTX treated mice or is it selective for IgE?  

 

Answer: As shown in revised fig 5B, PTX treatment did not increase basophils in bone marrow, but 
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not significantly affected in PTX treated mice. It has been reported that IgE can bind FcεRI to prolong 

basophil survival whereas the exposure of basophils to IgE leads to the upregulated expression of FcεRIα 

(J Exp Med 1997. 185: 663-672. J Allergy Clin Immunol 2000. 106: 514-520). We conclude that PTX not 

only increase the vascular permeability, but also prime basophils. We will carry out further study next.  

 

5. Please specify in the Materials and Methods that anti-ASGM1 is a polyclonal rabbit antibody.  

 

Answer: “ASGM1 is a polyclonal rabbit IgG antibody” has been added in the Materials and Methods.  

 

To Reviewer 2  

 

1. In the introduction part, what is the relation of IL-33 with this study? If related, it should be better 

defined. (page 3, line 36, 37)  

 

Answer: In the present study, IL-33 is not related with our results. In the introduction part, we would like to 

show there are some reports about non-antibody-antibody receptor dependent pathways for anaphylaxis. 

IL33 pathway is one of them.  

 

2. In introduction page 8, Line 50 Figure 4C must be 4D.  

 

Answer: Yes, Figure 4C should be 4D. We have re-edited intensively all of the figures number in the 

revised manuscript.  

 

3. It is mentioned that ASGM1 is a co-receptor for TLR5, which is known to be responsible from flagellin 

recognition. Did the authors investigate effects of TLR5-triggering by flagellin? Is TLR5 expressed in mice 

basophils?  

 

Answer: Both of ASGM1 and TLR5 recognize flagellin. Mice basophils express TLR5, as shown in revised 

fig 1B. Although we did not investigate the downstream signal molecules of TLR5-triggering by flagellin in 

vitro, such as TRAF6, NK-

supportting information fig 2 right panel. We conclude that the change of body temperature is the overlap 

of both signals from ASGM1 and TLR5 triggering by flagellin.  

 

4. Authors demonstrate roles of ASGM-1 together with pertussis toxin. PTX is known to increase 

permeability, however, in general it is known to be an immune-inhibitory substance. Authors should also 

consider investigating roles of other bacterial toxins with similar effects on permeability together with 

ASGM-1. What is the authors opinion about cholera toxin?  
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Answer: We absolutely support the reviewer. We will try cholera toxin in the next study. As we discussed 

in Discussion part, the materials or toxins, which increase the permeability of vessels will increase the 

sensitivity to PAF. In the present study, the anaphylaxis like shock is not induced by immune response, so 

we do not discuss the immune-inhibitory role of PTX.  

 

5. Compare to ASGM1 (Figure 2A) response the flagellin is completely different. Authors should discuss 

this discrepancy. Also, Flagellin is claimed to activate basophils, but this data is presented in the 

supplementary figures, it might be better to move this data into Figure 1.  

 

Answer: Flagellin has the similar effects with that of anti-ASGM1 antibody, such as inducing the 

phosphorylation of ERK in vitro and body temperature decrease in vivo. The bioactivities of flagellin are 

more than anti-ASGM1 antibody, because flagellin can bind ASGM1, TLR5 and other receptors and 

produce multiple effects. We have discussed it in Discussion part. Because most of data are from anti-

ASGM1 antibody treatment and this antibody is an artificial reagent not a nature molecule, we will 

research the effects of some nature molecules such as flagellin on the activation of basophils and 

anaphylaxis in the next project. In the present study, we put the data of flagellin in the supplementary 

figures to display the physiological significance of non-antibody-antibody receptor pathway in natural 

condition.  

 

6. Results should be more definitive, it is very difficult to follow. For example Figure-2 related results 

should be edited as 2A, B, C, D. Fig 2D should be discuss in last order not first for better understanding. 

Last result session, Figure 5 contains only for lines, even figure has many data to discuss.  

 

Answer: All of figures including Fig 2 and Fig 5 have been re-edited carefully. We added the labels or keys 

in the revised figures to let the results more definitive. Meanwhile, the interpretation of data and figure 

legends have been re-edited in the revised manuscript.  

 

7. Some abbreviations lack definitions, like i.p., MOG, CFA, anti-VLA-4 as seen in discussion. It may be 

good to define these, for better understanding of the manuscript.  

 

Answer: All abbreviations have been given full name or definition in the revised manuscript.  

 

8. In methods, generally needs definitely more explanation, for example totally how many mice were 

studied in the experiments?  

 

Answer: The number of mice studied in the experiments has been defined in the figure legends in the 

revised manuscript.  
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Why was female mice specifically selected?  

 

Answer: Female mice were selected to induce EAE according to nature protocol. Because in the present 

study, anaphylaxis-like shock was observed in EAE induced mice, we used female mice.  

 

Completely, lack isolation of bone-marrow cells, and purification of basophils. The procedures should be 

added to the methods.  

 

Answer: The procedures about isolation of bone marrow cells and purification of basophils have been 

added to the Materials and methods part.  

 

Give all details (Company, State, etc..) for the substances and antibodies used in the study. For example 

page 14, line 14 (Peprotech, ??.) or same page line 44 (Beyotime ??)  

 

Answer: The details for the substances and antibodies used in the study have been given in the revised 

manuscript following EJI standards.  

 

What is the sensitivity and specificity for IgE?  

Answer: In the present study, we detected the total IgE level in the serum. We did not characterize their 

sensitivity and specificity.  

 

9. Can the measurement of rectal temperature and determination of mouse activities reveal shock status 

of mice perfectly?  

 

Answer: The best parameter displaying shock status is blood pressure, however, it is very difficult to be 

measured. So far, the rectal temperature and mouse activities are still most popular parameters to reveal 

shock status or systemic anaphylaxis. (Kojima et al. J Immunol 179:7093)  

 

10. On page 16 and line 49, what is a FACSCalibur machine? It should better be written as “..... and 

analysed either on a LSR II or a FACSCalibur flow cytometry running ...... software. What was the 

software used for data acquisition?  

 

Answer: It has been changed to “Cells that from spleens or cultures were stained with fluorescence-

conjugated antibodies in staining buffer (PBS, 1% FBS) and analyzed either on a LSR II or a FACSCalibur 

flow cytometers (Becton Dickinson). Data were acquired using FACSDiva software and analyzed using 

FlowJo software (TreeStar).”  
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11. What is OD620 minus OD492 on page 17 line 14? Determination of evans blue content should be 

better defined. By which method? What do these numbers mean,..etc.  

 

Answer: It has been changed to “The whole lung, heart and esophagus tissues were excised and 

extravasated dye was extracted in 1 ml of formamide at 55 °C overnight. Evans blue content was 

measured by spectrophoyometry and determined as obsorbent density at 620nm wavelength (OD620) 

minus obsorbent density at 492nm wavelength (OD492) of the formamide extract.”  

 

12. On page 22, line 46, how was the mice treated with PTX? Why was the dose 200ng selected? For all 

doses used, were dose-response experiments converted? It is better to define volumes of the doses 

injected to mice.  

 

Answer: The scheme indicating PTX treatment has been added as fig 2A. In brief, C57BL/6 mice were 

intraperitoneal cavity injected (i.p.) with PTX (200ng/volume) on day 0 and day 2. 200ng of PTX was 

selected to induce EAE actively via preliminary experiment. As mentioned above and in the manuscript, 

the anaphylaxis-like shock was observed when we carried out the study about EAE. In this study, via 

preliminary experiments, we found that 200ng indeed was appropriate dose. All of doses used in the 

experiments were determined by preliminary experiments. The volumes of the doses were added in the 

revised figure legends.  

 

13. On figure 1A, filled and solid lines should be defined in the legend. Is the filled one an isotype control? 

It is claimed that purity of basophils were 90%, did the authors characterize the contaminating cells in 

remaining 10%?  

 

Answer: All lines have been defined in the figures and figure legends. The filled one is an isotype control. 

We did not characterize the contaminating cells in remaining 10% excluding basophils. The phenotype of 

-c-kit- -kit+.  

 

14. What does “general performance” mean on page 11, line 31?  

 

Answer: Here “general performance” means body temperature, activities et al outward performance. We 

have changed it to “outward manifestation”.  

 

15. Is it possible to analyse band strengths in Western Blots so that objective comparison in between 

different time points or doses can be made?  

 

Answer: Yes, we have analyzed bands strengths using grayscale scanning. The data have been added in 

the fig 1E.  
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16. In supplement figure 1B CFA + aAGM1 condition is missing should be presented.  

 

Answer: Because supplement figure 1A has illustrated that CFA+MOG+αASGM1 condition could not elicit 

shock, CFA+αASGM1 condition is not necessary to be presented in supplement figure 1B.  

 

17. Although authors evaluated statistical significance by unpaired T test, it is better to investigate by 

paired-T test or non-parametric Wilcoxon test, according to sample numbers. Same cells or animals under 

different stimulations and time points were investigated, which requires paired tests for proper statistical 

analysis.  

 

Answer: We absolutely support the reviewer. Full statistical analysis has been performed and detailed in 

each figure legend in revised manuscript. Proper statistical analysis is selected according to the 

stimulation and time points.  

 

18. In general text definitely needs intensive editing.  

 

Answer: The text has been intensively edited according to the comments of editors and reviewers.  

 

To Reviewer 3  

 

1. The model used for these experiments is not well described. It is not clear to me how much of the anti-

ASGM-1 antibody was administered, how much PTX and what was the timing of the administrations.  

 

Answer: The scheme of the model used in the study was added in the fig 2A. The dosage of anti-ASGM1 

re legends.  

 

2. The supplemental data are only discussed in the “Discussion” section. They should be inserted at the 

appropriate area in the “Results” section.  

 

Answer: I worry about putting the supplemental data in the “Results” section will distribute the topic of the 

study. The supplemental figure 1 illustrates that the cooperation of PTX and anti-ASGM1 antibody on 

anaphylaxis-like shock in the presented study was found unexpectedly when we focused on EAE 

research. It is actually a part of background. Supplemental figure 2 shows the effects of flagellin on the 

basophils activation and anaphylaxis like shock in mice. We put the data to display the physiological 

significance of non-antibody-antibody receptor pathway in natural condition. Because most of data in the 

present study are from anti-ASGM1 antibody treatment and this antibody is an artificial reagent not a 
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nature molecule, we will research the effects of some nature molecules such as flagellin on the activation 

of basophils and anaphylaxis in the next project.  

 

3. The experiments are well performed and the conclusions are very clear and well supported. However, I 

am not convinced about the biological significance of the observation. The authors propose that flagellin 

may use this system to induce anaphylaxis, but what is the evidence that flagellin does that and what does 

it mean physiologically? Inclusion of more data on the ability of flagellin to induce a similar anaphylactic-

type reaction would be helpful.  

 

Answer: We absolutely support the reviewer. More data on the ability of flagellin to induce a similar 

anaphylactic-type reaction would be helpful. We will try it in the following research. We propose that 

flagellin-ASGM1-basophils-PAF pathway would be involved in some infection shocks.  

 

4. It is not clear to me what do the data shown in Figure 5 contribute to the point the authors try to make 

with this manuscript. The authors state in the abstract: “PTX augments the susceptibility of mice to PAF-

mediated shock by enhancing the vascular permeability and upregulating FcepsilonRI expression on 

basophils”. What is the evidence that the results they describe are FcepsilonRI dependent?  

 

Answer: It has been reported that IgE can bind FcεRI to prolong basophil survival whereas the exposure 

of basophils to IgE leads to the upregulated expression of FcεRIα (J Exp Med 1997. 185: 663-672. J 

Allergy Clin Immunol 2000. 106: 514-520). We tried to use this evidence to support the roles of PTX in this 

anaphylactic-like shock. The results we described in the m

 

 

5. On page 7, lines 9-15 the authors state that “complement activation was not involved in the 

anaphylaxis-like shock. I am not convinced that this is an appropriate conclusion. The data presented in 

Fig 2C only indicate that complement activation following PTX treatment is not sufficient to cause 

anaphylaxis.  

 

Answer: Antibody PK136 can activate complement and delete NK cells at the same time. As shown in 

revised fig 2B and fig 3B, PK136 treatment did not change the body temperatures and activities of mice, 

so we concluded that complement activation was not involved in the anaphylaxis-like shock.  
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Second Editorial Decision – 30 January 2014  

 

Dear Dr. Zheng,  

 

Thank you for submitting your revised manuscript ID eji.201344144.R1 entitled "ASGM1-mediated 

stimulation triggers anaphylaxis-like shock via activating basophils to release PAF in mice" to the 

European Journal of Immunology. Your manuscript has been re-reviewed and the comments of the 

referees are included at the bottom of this letter.  

 

Although the referees have recommended publication, some revisions to your manuscript have been 

requested. Therefore, I invite you to respond to the comments of referees 2 and 3 and revise your 

manuscript accordingly. **We also strongly encourage you to have your revised manuscript proofread by a 

native English speaker before re-submission to improve the language.**  

 

You should also pay close attention to the editorial comments included below. *In particular, please edit 

your figure legends to follow Journal standards as outlined in the editorial comments. Failure to do this will 

result in delays in the re-review process.*  

 

If the revision of the paper is expected to take more than three months, please inform the editorial office. 

Revisions taking longer than six months may be assessed by new referees to ensure the relevance and 

timeliness of the data.  

 

Once again, thank you for submitting your manuscript to European Journal of Immunology. We look 

forward to receiving your revision.  

 

Yours sincerely,  

Karen Chu  

 

on behalf of Dr. Rikard Holmdahl  

 

Dr. Karen Chu  

Editorial Office  

European Journal of Immunology  

e-mail: ejied@wiley.com  

 

www.eji-journal.eu  
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*******************************************************  

 

Reviewer: 1  

 

Comments to the Author  

The authors addressed my questions and improved the quality of the manuscript  

 

 

Reviewer: 2  

 

Comments to the Author  

After answering the requried questions manuscript is enhanced, become more clear and publishable.  

1."sensitivity and specifity for IgE measurement" means the detection range limits of IgE measurement 

kits, please give this detail regarding IgE measurement.  

2. Still there are some typographic errors, text may be spell-checked once more to clear these errors.  

a. Last line of abstract, instead of suggest use suggesting  

b. In the results part “[Ca2+]i”, is this correctly written?  

c. Page 14: line 14; After aASGM1 injection 15 minutes, .... should be corrected as Fifteen minutes after 

aASGM1 injection,......  

d. Several times, basophil / basophils are written erroneously singular or plural, which should be 

corrected. Example: basophils depletion should be basophil depletion.  

e. Page 15 line 5, “GdCl3” definition of this abbreviation should be here instead of being in the methods 

part.  

f. Page 18, line 8, basophiles should be corrected as basophils.  

g. Page 18 line 9, anit-ASGM1 should be corrected as anti-ASGM1  

h. Page 22, line 12, (Invitrogen,) should be corrected as (Invitrogen)  

i. Page 22, line 15, Primer sequences used in PCR was should be corrected as were.  

j. Page 25, line 3 data were or data was ?  

k. Page 25, line 10: correct as spectrophotometry, absorbent, also line 11 as absorbent.  

 

 

 

Reviewer: 3  

 

Comments to the Author  

I believe that in general the authors have replied well to the reviewers questions.  
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I still would like to see the supplemental data discussed also in the results section and would like to see a 

more clear discussion of the fact that the increased FceRI expression on basophils and increased IgE in 

the serum is not the mechanism of the presented results.  

 

 

Second Revision – authors’ response –20 March 2014 

 

To review 2:  

1."sensitivity and specificity for IgE measurement" means the detection range limits of IgE measurement 

kits, please give this detail regarding IgE measurement.  

Answer: The detection range limits of IgE measurement kits are 4 ng/mL-250 ng/mL. This detail is added 

in the “methods”.  

 

2. Still there are some typographic errors, text may be spell-checked once more to clear these errors.  

a. Last line of abstract, instead of suggest use suggesting  

Answer: The abstract has been revised.  

 

b. In the results part “[Ca2+]i”, is this correctly written?  

Answer: [Ca2+]i is correctly written.  

 

c. Page 14: line 14; After aASGM1 injection 15 minutes, .... should be corrected as Fifteen minutes after 

aASGM1 injection,......  

Answer: It has been corrected as “Fifteen minutes after aASGM1 injection……”  

 

d. Several times, basophil / basophils are written erroneously singular or plural, which should be 

corrected. Example: basophils depletion should be basophil depletion.  

Answer: They have been corrected.  

 

e. Page 15 line 5, “GdCl3” definition of this abbreviation should be here instead of being in the methods 

part.  

Answer: “GdCl3” has been defined in the “results”.  

 

f. Page 18, line 8, basophiles should be corrected as basophils.  

Answer: It has been corrected as “basophils”.  

 

g. Page 18 line 9, anit-ASGM1 should be corrected as anti-ASGM1  

Answer: It has been corrected as “anti-ASGM1”.  
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h. Page 22, line 12, (Invitrogen,) should be corrected as (Invitrogen)  

Answer: The comma has been removed.  

 

i. Page 22, line 15, Primer sequences used in PCR was should be corrected as were.  

Answer: “was” has been corrected as “were”.  

 

j. Page 25, line 3 data were or data was ?  

Answer: It should be “data were”.  

 

k. Page 25, line 10: correct as spectrophotometry, absorbent, also line 11 as absorbent.  

Answer: They have been corrected as “spectrophotometry” and “absorbent”.  

 

To review 3:  

I still would like to see the supplemental data discussed also in the results section and would like to see a 

more clear discussion of the fact that the increased FceRI expression on basophils and increased IgE in 

the serum is not the mechanism of the presented results.  

Answer: The supplemental data are help to understand the findings of the study. They are not the critical 

results, so we do not put them in the “results” section.  

It has been reported that IgE can bind FcεRI to prolong basophil survival whereas the exposure of 

basophils to IgE leads to the upregulated expression of FcεRIα (Yamaguchi M et al. JEM.1997.17:663; 

Saini SS et al. J Allergy Clin Immunol.2000.106: 514). IgE-

expression results in enhancement of IgE-dependent mast cell mediator release (Yamaguchi M et al. 

JEM.1997.17:6

sensitivity of basophil activation, no matter it is IgE-dependent or IgE-independent. 

 

 

Third Editorial Decision – 1 April 2014  

 

Dear Dr. Zheng,  

 

It is a pleasure to provisionally accept your manuscript entitled "Basophil activation through ASGM1 

stimulation triggers PAF release and anaphylaxis-like shock in mice" for publication in the European 

Journal of Immunology. For final acceptance, please follow the instructions below and return the 

requested items as soon as possible as we cannot process your manuscript further until all items listed 

below are dealt with.  

 

Please note that EJI articles are now published online a few days after final acceptance (see Accepted 

Articles: http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1521-4141/accepted). The files used for the 

Accepted Articles are the final files and information supplied by you in Manuscript Central. You should 

therefore check that all the information (including author names) is correct as changes will NOT be 

permitted until the proofs stage.  
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We look forward to hearing from you and thank you for submitting your manuscript to the European 

Journal of Immunology.  

 

Yours sincerely,  

Laura Soto Vazquez  

 

on behalf of  

Dr. Rikard Holmdahl  

 

Editorial Office  

European Journal of Immunology  

e-mail: ejied@wiley.com  

www.eji-journal.eu  
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