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Activation of human basophils by combined toll-like
receptor- and FcεRI-triggering can promote Th2
skewing of naive T helper cells
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Basophils are mostly known for their involvement in allergic reactions. Recent studies
in mice indicate a role for basophils in the induction of adaptive immunity, especially
T helper 2 (Th2) responses. Therefore, it would be highly important to understand how
basophils respond to pathogen-associated molecules, such as ligands for toll-like recep-
tors (TLRs), and if the basophils could promote Th2 responses via these stimuli. To this
end, the activation of basophils via TLRs in combination with activation via IgE was stud-
ied, as well as its effect on T helper cell skewing. Using quantitative PCR, we demonstrated
the presence of mRNA for TLRs 1–8 in human basophils. Basophils responded to TLR trig-
gering with differential cytokine production, but not with degranulation. Simultaneous
triggering of TLRs and IgE led to synergy in production of IL-4, IL-8, IL-13, and RANTES.
Furthermore, the synergistic effects on basophils mediated by IgE and TLR-4 triggering
allowed robust Th2 skewing upon activation of naı̈ve human CD4+ T cells. Our data show
that human basophils respond to TLR ligands in synergy with IgE-mediated activation
and that the cytokines produced can promote Th2 differentiation. These results indicate
a role for basophils in the regulation of T-cell responses in humans.
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Introduction

Basophils are circulating granulocytes that can migrate to tissues
when inflammation or other triggers are present locally. Activa-
tion of basophils through crosslinking of FcεRI via antigen-specific
IgE causes the release of granule contents (histamine, proteogly-
cans), lipid-derived mediators (leukotrienes), and cytokines. Due
to their potent activation via IgE-bound antigens and their pro-
duction of T helper 2 (Th2) type cytokines such as IL-4 and IL-13,
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basophils are often considered important innate effector cells in
IgE-mediated immune responses. Besides activation through IgE,
several other pathways have been described to activate basophils,
including activation through complement receptors and toll-like
receptors (TLR). Although information about TLR protein expres-
sion and the response of basophils to TLR ligands is scarce, human
basophils express mRNA of several TLRs, and protein of TLR-2
and -4. However, the functional response of basophils to ligation
of most TLRs is unknown [1–4].

Basophil responses to TLR ligands may be important, as it is not
understood how pathogens and allergens may lead to induction
of Th2 responses. As TLR ligation of dendritic cells most often
induces type 1 responses through production of IL-12, it is not
understood whether and how Th2 cells can be induced via TLR.
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IL-4 production is known to be an important factor for induction
of Th2 responses [5], and therefore, the notion has arisen that Th2
induction would be driven by the combination of DCs that present
antigen in the context of MHC class II and accessory cells that
provide an early source of IL-4 in the LN [6]. Additional cytokines
able to enhance Th2 responses have been identified, including
IL-25, IL-33, and thymic stromal lymphopoietin, which may either
act directly on the T cells or change the maturation of APCs to
drive Th2 responses [7].

Since basophils are a known early source of IL-4 and other
cytokines associated with Th2 responses, they have been proposed
to play a prominent role in the induction of such responses [8].
In mice, it was suggested that basophils play a crucial role in
responses against Th2-associated helminth parasites and in pro-
tease allergens [9–11]. Basophils were proposed to function as
APCs in these studies and were also shown to be present in LNs
in models of allergy and helminth infection [12–14]. However,
the function of basophils as APCs during the priming phase of
Th2 responses in mice has been challenged by others [13,15,16],
and human basophils could not present antigens to CD4+ T cells
[17, 18]. Therefore, it seems unlikely that human basophils func-
tion as APCs. However, by providing an early IL-4 signal that
facilitates Th2 skewing after T-cell activation by APCs, basophils
could play an important role in skewing of Th2 responses as
accessory cells. Indeed, in a mouse model for papain-induced
Th2 responses, both DCs and basophils were important for Th2
skewing [19].

Since several allergens and helminth parasites can activate
TLRs [20–22], it would be of high importance to know whether
human basophils can be activated via TLR triggering, and if so,
which cytokines are released. Until now, little information on these
aspects is available for human basophils. Furthermore, as allergic
responses and helminth infections may induce IgE responses [23],
it would be important to know whether these pathways would
interact and promote the establishment of a Th2 cytokine milieu.
Therefore, in this study, we aimed to understand the activation of
basophils by TLR ligands, and to subsequently determine whether
this activation could influence Th2 responses.

Results

Expression of TLRs

To determine the expression of TLR1 to TLR10 and other
molecules involved in TLR signaling pathways, a real-time PCR
array was performed on mRNA of basophils isolated from peri-
pheral blood of three different donors. Isolated basophils were
defined by expression of CD123, FcεRI and CD203c (Fig. 1A).
mRNA encoding TLR1 to TLR8 was found in the basophil popu-
lations from all three donors (Fig. 1B). TLR9 and TLR10 mRNA
were only detected in one of the three donors, but were read-
ily detected in PBMCs and the monocytic cell-line THP-1 (data
not shown). Basophils also expressed mRNA for several molecules
associated with TLR signaling, such as MyD88, TICAM1 (TRIF),

Figure 1. Expression of TLRs by human basophils. (A) Basophils
were isolated from peripheral blood leukocytes by negative magnetic
isolation. Representative examples of leukocytes before isolation of
basophils and the isolated basophil population are shown on the top
and bottom, respectively, as analyzed by flow cytometric staining for
either CD123 or CD203c with FcεRI. The plots show cells from a live gate
based on FSC/SSC characteristics. (B) Total mRNA was isolated from
peripheral blood basophils of three different donors. Relative mRNA
expression of TLRs (left) and molecules involved in TLR signaling (right),
normalized to HPRT1 expression as housekeeping gene, is shown. Data
are shown as the mean +SEM pooled from three independent basophil
donors. The dotted line indicates the detection limit of the PCR assay. #:
mRNA for TLR-9 and -10 was only detected in one out of three donors.
(C) Flow cytometric staining of PBMCs for TLR-2 (top) and TLR-4 (bot-
tom). Basophils were gated as shown in (A) and monocytes were gated
based on FSC/SSC characteristics. A representative example from three
experiments with n = 5 independent donors is shown.

TICAM2, and BTK and MD-2. Expression of TLRs by basophils
was confirmed on the protein level by flow cytometric staining
for TLR-2 and TLR-4 (Fig. 1C). Expression of TLR-2 by basophils
was comparable to the expression by monocytes, expression of
TLR-4 by basophils was slightly less than monocytes, but was
clearly higher than the isotype control, and higher than other cells
in the total PBMC population, confirming the specificity of the
stainings.

These data indicate that human basophils can express TLRs as
well as the downstream signaling molecules needed for TLR signal
transduction.
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Figure 2. Cytokine production by human basophils in response to TLR ligands. (A) Isolated basophils were stimulated with TLR ligands for 24 h,
after which cytokines were measured in supernatant by Luminex assay. Stimulation index was calculated by dividing the amount of cytokine
produced after stimulation by the amount of cytokine in the supernatant of unstimulated basophils. Results are shown as a summary of ten
experiments performed with basophils from ten different donors. The boxplots show the mean (line), 25–75 percentile (box) and minimum-
maximum (whiskers). *p < 0.05, increase in stimulation index (above 1), one-sample t-test. (B) Intracellular flow cytometry staining for IL-8 and
matching isotype control after overnight stimulation of isolated basophils with anti-IgE and LPS in the presence of brefeldin A. Basophils were
gated as FcεRI+CD203c+ cells, as shown in Fig. 1. A representative example from three experiments with n = 4 independent donors.

Cytokine production after basophil activation with
TLR ligands

To examine whether the mRNA expression of TLRs could be
related to functional responses, cytokine production by basophils
was measured 24 h after stimulation with TLR ligands. Basophils
respond to TLR ligands with production of various cytokines
(Fig. 2A, Supporting Information Fig. 1 and Supporting Infor-
mation Table 1). Although IL-8 was produced in response to
most of the TLR ligands (except TLR-3), production of IL-4 and
IL-13 was mainly restricted to ligands for TLR-2/2, -4, and -6/2,
and production of RANTES was restricted to the virus-associated
TLR ligands PolyI:C (TLR-3) and CpG (TLR-9). These results
suggest that the response to TLR ligands was different depend-
ing on the TLR that was being triggered. IL-10 production was
only observed after ligation of TLR-2 and -4, and had p values
>0.005 (not significant after correction for multiple testing). As no
ligands are known for TLR-10, the absence of mRNA expression

for this TLR could not be confirmed by functional assays. The dif-
ferences in cytokines produced with different TLR ligands were
confirmed by a titration of the TLR ligands (data not shown), indi-
cating that the differential response that was seen was not merely
a result of different degrees of activation with the TLR ligands.

Intracellular cytokine staining confirmed that IL-8 production
in response to TLR ligands was derived from basophils (Fig. 2B).
Altogether, these results indicate that basophils respond to all
TLR triggers with cytokine production and interestingly, that
basophils produce different cytokines depending on the TLR that
is triggered.

Degranulation and leukotriene release after basophil
activation with TLR ligands

Besides cytokine production, one of the main effector functions
of basophils is mediated via release of granules containing several
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proinflammatory mediators. Therefore, degranulation of basophils
in response to TLR triggering was analyzed by determination
of histamine release in supernatant and flow cytometric stain-
ing for CD63, which is upregulated on the surface of degranu-
lated basophils (Fig. 3A and B). As expected, basophils released
histamine in response to the positive controls anti-IgE and fMLP
within 1 h. Likewise, CD63 was upregulated on the surface
of degranulated basophils. Although activation of basophils by
ligands for TLR-7 and TLR-8 led to small increases in CD63 upreg-
ulation and histamine release (TLR-7 only), these responses were
low compared with anti-IgE and fMLP and were statistically not
significant. No degranulation of basophils was observed following
activation by other TLR ligands. Furthermore, no CD63 upregu-
lation was found in response to TLR ligands after 24 h of incu-
bation (data not shown). To further examine basophil responses
to TLR ligands, we analyzed the release of lipid-derived medi-
ators of basophils by measuring leukotriene C4 in supernatant.
Basophils only responded with leukotriene C4 release after activa-
tion with anti-IgE and fMLP and not after activation with TLR
ligands (Fig. 3C). Therefore, TLR ligands induce a different
response compared with IgE-mediated activation, characterized by
production of cytokines and chemokines in the absence of degran-
ulation or release of lipid-derived molecules.

Synergy between TLR- and FcεRI-mediated activation

It has been described that certain cytokines such as IL-3
can enhance the response of basophils upon IgE-mediated
stimulation. However, it is not known whether a similar inter-
action is present between TLR- and IgE-mediated triggering of
basophils. Therefore, we next studied the effects of combined TLR-
and FcεRI-triggering by combining the different TLR ligands with
anti-IgE.

No influence of TLR ligands on IgE-mediated degranulation
(CD63 upregulation) was found. A representative example is
shown for LPS (TLR-4 ligand) in Figure 4C. Although only additive
effects on cytokine production were observed when TLR-1/2, -2/2,
-3, -5, -6/2, and -7 ligands were combined with anti-IgE (Fig. 4A
and B), combination of ligands for TLR-4 and -9 led to a fivefold
increase in IL-4/IL-13 production and IL-4/RANTES production,
respectively (Fig. 4C–I), as compared with the combined amounts
of cytokines found after separate TLR and FcεRI triggering.

These results indicate that the combined stimulation of
basophils with ligands for TLR-4 and -9 and anti-IgE induce a
synergy in cytokine production by basophils.

Synergy with allergen-mediated activation
of basophils

As simultaneous activation of basophils from allergic individuals
through allergen-specific IgE and TLRs could possibly underlie
exacerbations of asthma symptoms during pulmonary infection,
for example, we next evaluated whether the synergy is also present

Figure 3. Basophil degranulation and leukotriene production in
response to TLR ligands. (A–D) Isolated basophils were stimulated for
1 h with anti-IgE, fMLP, or TLR ligands, after which cells were stained for
flow cytometry to determine expression of (A and B) CD63, and super-
natant was assayed by ELISA to determine the release of (C) histamine
and (D) leukotriene C4. (A) Representative data for CD63 expression in
unstimulated basophils (dotted line) or basophils stimulated with anti-
IgE (shaded histogram) or LPS (straight line) are shown. Basophils were
gated as CD123+FcεRI++CD203c+ cells, as shown in Figure 1. (B) The
delta percentage of CD63 that is shown was determined by subtracting
the percentage of PE+ cells in the isotype control from the percentage
of CD63-PE+ cells for each indicated ligand. (B–D) *p < 0.05 compared
with unstimulated basophils, repeated measures ANOVA with Bonfer-
roni’s posthoc test. Results are shown as a summary of five independent
experiments, with the line across the dots representing the median, and
each symbol representing an individual donor.
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Figure 4. Synergy in cytokine production after combined TLR- and IgE-mediated stimulation. Basophils were stimulated with TLR ligands alone or
in combination with anti-IgE for 24 h, after which degranulation was measured by flow cytometric staining of CD63 and cytokines were measured
in supernatant by Luminex assay. (A and B) Examples of additive effects on IL-8 production in response to stimulation with anti-IgE and either
TLR-2 or -5 ligands. (C and D) Examples of synergistic effects on cytokine production in response to stimulation with anti-IgE and either TLR-4 or
-9 ligands. Percentage of CD63+ basophils on gated CD123+FcεRI++CD203c+ cells, as shown in Fig. 1. The delta percentage of CD63 that is shown
was determined by subtracting the percentage of PE+ cells in the isotype control from the percentage of CD63-PE+ cells for each indicated ligand.
(A–D) Data are shown as mean + SEM pooled from four independent experiments with basophils from four donors. (E–I) Summaries of CD63
expression and cytokine production for all TLR ligands in combination with anti-IgE are shown as ratio of percentage of CD63+ cells or cytokine
production in response to combined triggering divided by the sum of CD63+ cells or cytokine production following stimulation with anti-IgE
and TLR ligands separately, with each symbol representing an independent experiment and basophil donor. *p<0.05 compared with the additive
cytokine production, one-sample t-tests.
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Figure 5. Synergy in cytokine production after combined TLR- and
allergen-specific IgE-mediated stimulation. Basophils isolated from two
allergic individuals were stimulated with TLR ligands alone or in com-
bination with allergens for 24 h, after which degranulation was mea-
sured by CD63 upregulation and cytokines were measured in super-
natant by ELISA. House dust mite. (A) CD63 upregulation when allergen-
induced stimulation was combined with LPS. Basophils were gated as
CD123+FcεRI++CD203c+ cells. (B) Production of IL-4 and IL-8 after stim-
ulation of basophils with allergen and LPS. Data are shown as individual
experiments with basophils from two donors.

when basophils of allergic individuals are activated via LPS and
allergens. Although LPS only led to a small increase in degran-
ulation of basophils (Fig. 5A), cytokine production was greatly
enhanced when the basophils were stimulated by both LPS and
allergen (Fig. 5B), indicating that synergy in cytokine production
is also present when TLR triggering is combined with activation
via allergen-specific IgE.

Synergy in basophil activation can enhance T helper
2 (Th2) responses via IL-4

As basophils respond to combined triggering via TLR-4 and anti-
IgE with greatly enhanced cytokine production, we next analyzed
the relevance of this synergistic response by evaluating the influ-
ence of the cytokine production by basophils on the skewing of
naive Th cells. To this end, naive CD4+ T cells were stimulated with

anti-CD3 and -CD28 in the presence or absence of basophil super-
natant for 5 days, after which cytokine production by T cells was
analyzed. When T cells were cultured in the presence of super-
natant from basophils triggered by the combination of anti-IgE
and LPS, the percentage of IL-13+ cells was greatly enhanced
(Fig. 6A and B). In contrast, only a relatively small increase in the
percentage of IFN-γ+ cells was found, indicating that basophils
preferentially skewed toward a Th2 phenotype.

To confirm that the intracellular staining of IL-13 reflected
enhanced skewing toward Th2 cells, we also measured T-cell
cytokines in supernatant (Fig. 6C). Enhanced release of the typ-
ical Th2 cytokines IL-4, IL-5, and IL-13 was found when T cells
were cultured in the presence of basophil supernatant stimulated
with LPS and anti-IgE. Only a relatively slight increase in the
production of IFN-γ was found in two out of three donors when
supernatant of activated basophils was used. Together, our results
indicate that basophils activated by anti-IgE in combination with
the TLR-4 ligand LPS can promote the skewing toward Th2 cells.

As IL-4 is able to induce skewing of naive T cells toward Th2
cells and basophils were shown to produce relatively high amounts
of IL-4 in response to anti-IgE and LPS, we investigated whether
the effects of basophils on Th2 skewing were mediated via IL-4 by
using blocking antibodies. Blocking IL-4 in basophil supernatant
diminished the percentage of IL-13+ T cells, and the effect of
basophil supernatant on Th2 induction was completely reversed
(Fig. 6D). These results indicate that synergy in IL-4 production by
basophils in response to anti-IgE and LPS can promote the skewing
toward Th2 cells.

Discussion

In this study, we extensively analyzed basophil responses to TLR
ligands. Although a few studies report cytokine production by
basophils in response to TLR-2 and -4 ligands [2–4], functional
responses toward other TLR ligands have not been reported. Fur-
thermore, the effect of the TLR-4 ligand LPS on basophil activation
showed inconsistent results among the different studies. Whereas
two studies reported absence of CD11b upregulation and cytokine
production [2, 3], one study reported production of cytokines in
response to LPS [4], which is in agreement with our findings. We
found that mRNA expression of TLR-4 was relatively high com-
pared with the other TLRs. Furthermore, LPS induced the broad-
est cytokine production profile among the TLR ligands studied,
and we were able to show a large shift in intracellular IL-8 in
basophils treated with LPS, suggesting that basophils can indeed
respond functionally to the TLR-4 ligand LPS.

By using sensitive multiplex assays, we detected cytokine
production by basophils in response to ligands for TLR-1 to
-9. There was a very small amount of BDCA-2 positive cells in
the isolated basophil fraction in some donors (maximally 0.3%),
whereas in other donors, no BDCA-2 positive cells were detected
at all (data not shown). However, typical DC cytokines were not
detected in response to TLR ligation, suggesting that the cytokine
production we observed was not derived from contaminating DCs.
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Figure 6. Influence of basophil activation by LPS and anti-IgE on Th-cell skewing. Naive CD4+ T cells were cultured for 5 days in the presence of anti-
CD3 and anti-CD28, with or without basophil supernatant, indicated as “basophil sup” or “stimuli only”, respectively. T cells were restimulated with
PMA/ionomycin to evaluate cytokine production by intracellular staining and by Luminex assay. (A) Representative example from five independent
experiments of intracellular flow cytometric staining for IL-13 in the absence or presence of basophil supernatant from unstimulated or LPS- and
anti-IgE-stimulated cells. Gating strategy is shown (top). (B) Percentages of IL-13+ and IFN-γ+ T cells derived from intracellular flow cytometry
from five independent experiments performed using supernatants from six independent basophil donors and five independent T-cell donors.
The delta percentage of cytokines was calculated by subtracting the percentage of positive cells in the isotype control from the percentage of
cytokine-positive cells for each condition. *p < 0.05 increase in percentage of IL-13+ T cells when supernatant from LPS- and anti-IgE-stimulated
basophils was compared with that of basophils stimulated with only anti-IgE, paired samples t-test. (C) T-cell cytokine production as measured
in supernatant. Data were pooled from three experiments with three independent basophil and T-cell donors. n.d.: not detected. (D) Intracellular
staining of IL-13 in cultured naive CD4+ T cells stimulated with basophil supernatant incubated with either an IL-4-blocking antibody or matching
isotype control. Summary pooled from three experiments with three independent basophil and T-cell donors. *p < 0.05 decrease when basophil
supernatant was treated with anti-IL-4 blocking antibody compared with the isotype control, paired samples t-test. The boxplots show the mean
(line), 25–75 percentile (box) and minimum-maximum (whiskers).
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We observed different patterns of cytokine production depend-
ing on the TLR that was being triggered. Interestingly, the virus-
associated TLRs induced different responses than the bacterial-
associated TLRs, indicating that basophils can respond in diverse
ways to these different types of pathogens. Such different cytokine
production profiles have previously been reported for dendritic
cells, where different cytokines produced in response to bacterial-
or viral-associated TLR ligands were shown to induce different
types of immune responses [24, 25]. Therefore, the different
cytokines produced by basophils in response to TLR ligands may
also alter the immune response that is elicited upon infection by
viruses or parasites.

The synergy we observed when both TLR-4 or -9 and FcεRI
were triggered indicates that TLR triggering could enhance IgE-
mediated responses, such as in allergy or parasitic infection. The
effects of TLR ligands are somewhat comparable to the effects that
cytokines have on the priming of basophil responses. For exam-
ple, IL-3 and IL-33 have both been shown to enhance degranu-
lation and IL-4 and IL-13 production by basophils in response to
anti-IgE [26, 27]. TLR triggering did not influence IgE-mediated
degranulation, indicating that the effects of TLR triggering and
priming by cytokines on IgE-mediated basophil activation are
distinct.

In mice, synergy in TNF-α production by mast cells upon TLR
and FcεRI triggering has been shown to depend on synergistic acti-
vation of protein kinases [28]. Although TLRs and FcεRI use dif-
ferent molecules for their intracellular signaling (e.g. MyD88 and
Syk), they can activate similar transcription factors via mitogen-
activated protein kinases, such as p38, Erk, and JNK [29]. There-
fore, the synergy in cytokine production by basophils in our system
may have been induced via a similar mechanism.

This synergy in cytokine production of basophils might occur
in vivo when both specific IgE and TLR ligands are present,
such as during parasitic infections, autoimmune diseases, and
allergic reactions [30]. Although parasites can induce specific
IgE and activate TLRs through pathogen-associated molecular
patterns, chronic allergic inflammation may lead to activation of
TLR by damage-associated molecular patterns [30, 31]. In addi-
tion, certain viral and bacterial infections have been associated
with asthma exacerbations [32,33], and the presence of endotoxin
(TLR-4 ligand) was demonstrated in house dust, and was related
to severity of allergic reactions against house dust mite [21], Our
data indicate that activation of basophils may contribute to these
processes by enhanced cytokine production when both specific IgE
and TLR ligands are present.

The fact that basophil responses to TLR ligands could greatly
enhance the IgE-mediated activation suggests that these responses
mainly play a role in memory or chronic immune responses,
when specific IgE has already been generated. However, since cer-
tain allergen and helminth antigens may directly crosslink FcεRI
on basophils without the need for specific IgE [34–36], these
responses may also be enhanced by the presence of TLR ligands at
the same time, and TLR activation of basophils may thus contribute
to enhanced cytokine production in primary immune responses
against helminths as well.

Our results indicate that TLR ligation of basophils may induce
IL-4 production as well as other Th2-like cytokines, and may
therefore provide an early IL-4 signal when specific IgE is not
(yet) present. As such, basophils may function as accessory cell
providing IL-4 signals to näıve T cells in the presence of APCs.
Two recent studies reported that human basophils could enhance
Th2 and Th17 memory responses, through TCR-independent path-
ways [37]. Furthermore, in mice, IL-4-producing basophils were
shown to enhance DC-driven antigen-specific induction of Th2
cells in the LN, suggesting that basophils can indeed function as
accessory cells to provide the IL-4 signal to naive T cells in vivo
[37]. Our results showed that TLR triggering of human basophils
may contribute to the induction or expansion of Th2 responses in
a similar way.

In this study, we chose to evaluate the effect of synergis-
tic cytokine production by basophils on T-cell skewing, but
similar effects may be observed when evaluating the effect
of basophil-derived cytokines on other immune cells or on
tissue-resident cells, as, for example, IL-4 and IL-13 have been
shown to induce mucus production and parasite expulsion, two
important processes in parasite infection and allergic responses
[38, 39]. In addition, release of IL-4 and IL-13 by basophils
may induce alternatively activated macrophages, which in turn
play a role in tissue homeostasis and repair [40, 41]. Therefore,
synergy in cytokine production by basophils may amplify Th2-
type immune responses via T cell-dependent and -independent
mechanisms.

In conclusion, we found cytokine production by basophils
in response to ligands for TLR-1 to -9. The type of TLR lig-
and determined the cytokine profile being produced, which sug-
gests that basophils could play different roles in the immune
response depending on the pathogens present. Furthermore,
increased cytokine production by basophils in response to
ligation of TLR and FcεRI at the same time could have impor-
tant implications for their role in Th2 responses. Altogether
these results suggest nonredundant roles for basophils in the
immune response against pathogens via TLRs, and for the first
time suggest that TLR-activated basophils can enhance Th2
responses.

Materials and methods

Cell isolation

Buffy coats from healthy volunteers were obtained from the blood
bank (Sanquin, The Netherlands). For isolation of basophils, total
leukocytes were first isolated using HetaSep (StemCell). Basophils
were then isolated by negative magnetic bead isolation using
the Basophil Enrichment Kit (StemCell), using the manufacturer’s
instructions. The purity of isolated basophils was determined by
flow cytometric analysis of FcεRI, CD203c, and CD123. The purity
of isolated basophils was above 95% in each experiment.
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For isolation of CD4+ T cells, naive (CD45RO-negative) CD4+

T cells were isolated from PBMCs by negative magnetic bead iso-
lation (Miltenyi Biotec). The purity of isolated naive CD4+ T cells
was determined as CD14− CD3+CD4+CD45RA+CD45RO− cells.
The purity of isolated naive CD4+ T cells was above 95% in each
experiment.

Real-time polymerase chain reaction (PCR)

Basophil lysate was prepared using TRIzol reagent (Invitrogen).
RNA isolation was performed using TRIzol following manufac-
turer’s instructions, including removal of proteoglycans using a
high-salt buffer.

A cDNA library was constructed using the RT2 first strand kit
(SA Biosciences) following manufacturer’s instructions.

Expression of TLRs by basophils was assessed by real-time
PCR. The toll-like receptor signaling pathway PCR Array (SA
Biosciences) was performed to assess the expression of the
several genes, including the following: TLR1, TLR2, TLR3,
TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR10, BTK, MD-2,
MYD88, TICAM1, and TICAM2. Relative expression of these genes
was normalized toward expression of the housekeeping gene
HPRT1.

Basophil activation

Basophils were cultured in Iscove’s Modified Dulbecco’s Media
containing 10% FCS at a cell concentration of 1 × 106 cells/mL
in all experiments, unless indicated otherwise. For TLR-mediated
activation, basophils were stimulated using 1 μg/mL Pam3csk, 108

cells/mL heat killed Listeria monocytogenes (HKLM), 10 μg/mL
Poly I:C, 10 μg/mL LPS, 1 μg/mL Flagellin, 1 μg/mL FSL-1,
10 μg/mL Imiquimod, 10 μg/mL ssRNA40, and 5 uM CpG (all
from InVivoGen). IgE- or fMLP-mediated activation of basophils
was induced using 10 μg/mL goat-anti-human IgE (Nordic) or
1 μg/mL fMLP (Sigma), respectively. For combined activation
with TLR ligands and anti-IgE, basophils were stimulated with
0.1 μg/mL Pam3csk, 107 cells/mL HKLM, 2.5 μg/mL Poly I:C,
50 ng/mL LPS, 0.2 μg/mL Flagellin, 0.05 μg/mL FSL-1, 0.5 μg/mL
Imiquimod, 5 μg/mL ssRNA40, and 5 uM CpG with or without
0.2 μg/mL anti-IgE.

After 24 h, basophil activation was measured using flow cytom-
etry, multiplex assays, and ELISA. For analysis of degranulation by
FACS and release of histamine and leukotrienes, basophils were
stimulated for 1 h in Tyrode’s buffer (137 mM NaCl, 2.7 mM KCl,
0.4 mM NaH2PO4, 1.4 mM CaCl2, 0.5 mM MgCl2, 5.6 mM glu-
cose, 100 mM Hepes, and 0.1% BSA in 50% H2O and 50% D2O).
To assess the total histamine content of basophils to calculate the
percentage of release, basophils were lysed with 1% Triton X-100
in Tyrode’s buffer.

For intracellular cytokine staining, basophils were cultured in
the presence of 3 μg/mL brefeldin A for 18 h, after which cells
were used for flow cytometry.

Allergen-induced basophil activation

Heparinized peripheral blood was obtained from individuals
allergic to house-dust mite allergen or cat epithelia. Leuko-
cytes and basophils were isolated as described above. Basophils
were incubated with 0.25 U/mL Dermatophagoides pteronissy-
mus (HAL Allergy) or 25 U/mL Epithelia Felis catus (HAL Allergy),
respectively, with or without LPS (5 ng/mL). After 24 h, basophil
activation was measured using flow cytometry and ELISA.

Effect of basophil supernatant on Th-cell skewing

Basophil supernatant was collected after culture as described
above in the presence of anti-IgE and/or LPS. As control, medium
with the same concentration of anti-IgE and/or LPS was used.
Naive CD4+ T cells were activated using 5 μg/mL plate-bound
anti-CD3 (eBioscience; clone: OKT3) and 1 μg/mL soluble anti-
CD28 (Sanquin; clone: CLB-CD28/1, 15E8) in the presence
of absence of basophil supernatant that was diluted twice in
the culture medium. After 5 days of incubation, T cells were
harvested, washed, and split over two wells. One well of each
condition was left unstimulated, whereas the other well was res-
timulated using 50 ng/mL PMA (Sigma) and 500 ng/mL iono-
mycin (Sigma). Cells were restimulated for 5 h in the presence of
10 μg/mL brefeldin A (Sigma) for intracellular cytokine staining of
IFN-γ and IL-13, or left overnight without brefeldin A to determine
cytokine levels in supernatant. For blocking experiments, basophil
supernatant was incubated with 10 μg/mL anti-IL-4 (clone MP4–
25D2, eBioscience) or rat IgG1 isotype control (eBRG1, eBio-
science), for 1 h at 37◦C before adding the supernatant to the
T cells.

Flow cytometry

The following antibodies were obtained from BD Biosciences:
CD123-PerCpCy5.5 (clone 7G3), CD63-PE (H5C6), CD14-
PECy7 (M5E2), CD3-Pacific Blue (UCHT1), CD45RA-FITC
(L48), CD45RO-PE (UCHL1), IL-8-PE (G265–8), IFN-γ-FITC
(25723.11), IFN-γ-PE (4S.B3), IL-13-allophycocyanin (JES10–
6A2), mIgG1-APC (MOPC-21), mIgG2b-FITC (27–35), rIgG1-
allophycocyanin (R3-R4), streptavidin-allophycocyanin. The fol-
lowing were obtained from eBioscience: FcεRI-FITC (AER-
37), TLR-2-biotin (TL2.1), TLR-4-biotin (HTA125), mIgG1-PE
(P3.6.2.8.1), mIgG2b-PE (eBMG2b), mIgG2a-biotin (eBM2a),
and the following were obtained from Miltenyi: CD203c-
allophycocyanin and -PE (FR3–16A11), BDCA-2-allophycocyanin
(AC144), and Biolegend: CD4-AlexaFluor700 (OKT4). For sur-
face staining, cells were incubated with fluorochrome-conjugated
antibodies diluted in PBS 0.5% BSA at 4◦C for 30 min.
For staining of TLR-2 and -4, cells were incubated for
15 min with 50 ug/mL human IgG (Jackson Immunore-
search) to block Fc receptors, prior to addition of the pri-
mary antibodies. After washing, cells were incubated with
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strep-allophycocyanin at 4◦C for 30 min. For intracellular cytokine
staining, basophils and T cells were incubated with anti-
bodies against surface antigens as described above, after which
they were permeabilized using CytoFix CytoPerm Kit (BD Bio-
sciences). After washing, basophils were incubated with anti-
bodies against intracellular cytokines and incubated at 4◦C for
30 min.

After washing, cells were suspended in 1% paraformaldehyde
until flow cytometric aquisition on an FACS Calibur (BD) or LSR-II
(BD). Analysis was performed using FACS Diva (BD) and FlowJo
software.

Cytokine, histamine, and leukotriene C4 production

Quantitative immunoassays for EGF, Eotaxin, FGF-2, Flt-3 Lig-
and, Fractalkine, G-CSF, GM-CSF, GRO, IFN-α2, IFN-γ, IL-1ra,
IL-1α, IL-1β, IL-2, sIL-2Rα, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8,
IL-9, IL-10, IL-12(p40), IL-12(p70), IL-13, IL-15, IL-17, IP-10,
MCP-1, MCP-3, MDC, MIP-1α, MIP-1β, PDGF-AA, PDGF-AB/BB,
RANTES, sCD40L, TGF-α, TNF-α, TNF-β, and VEGF in basophil
culture supernatants were performed using Milliplex assays
(Millipore).

Quantitative immunoassays for GM-CSF, IFN-γ, IL-1β, IL-2,
IL-4, IL-5, IL-6, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17A,
IL-17E/IL-25, IL-17F, IL-21, IL-22, IL-23, IL-27, IL-28A, IL-31, IL-
33, MIP-3α/CCL20, TNF-α, TNF-β in T-cell culture supernatants
were performed using Milliplex assays (Millipore).

Additionally, IL-4, IL-8, and IL-13 production was evalu-
ated using ELISA (from Sanquin and eBioscience). Histamine
and Leukotriene C4 were analyzed using competitive ELISA kits
(Neogen).

Statistical analysis

Results are expressed as mean ± SEM. For detection of TLR
mRNA expression, one-sample t-test was performed. For differ-
ences between multiple groups, a repeated measures ANOVA
was performed, with Bonferroni’s posthoc test. Paired-sample
t-test was performed to analyze differences between two groups.
Synergy was calculated as a ratio dividing the cytokine produc-
tion induced by combined TLR and anti-IgE stimulation by the
sum of the cytokine production induced by the separate stim-
uli (value(TLR + a-IgE)/(value(TLR) + value(a-IgE), after which
one-sample t-test was performed. Statistical analysis was per-
formed using SPSS PASW 17.0 and GraphPad Prism 4. P values of
<0.05 were considered statistically significant.
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Figure 1. Cytokine production by human basophils in 

response to TLR ligands. 
(A-D) Isolated basophils were stimulated with TLR ligands for 
24 hours, after which cytokines were measured in supernatant 
by Luminex assay. Paired graphs showing cytokine production 
by basophils left unstimulated (ctr) or stimulated with 
ligands for the indicated TLR ligands or anti-IgE (aIgE).Results 
are shown as a summary of 10 experiments performed with 
basophils from 10 different donors, with each line indicating 
an individual donor. P values, paired samples T-test. 
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1.5 (ns) 

 
1.0 (ns) 

 
2.0 (*) 

11 ± 3 pg/ml 

6.3 (**) 
116 ± 44 

pg/ml 

IL-6 
3.8 (ns) 

 
28.2 (*) 

44 ± 7 pg/ml 
0.8 (ns) 

 
33.2 (**) 

85 ± 48 pg/ml 
3.9 (ns) 

 
2.8 (*) 

4 ± 2 pg/ml 
0.8 (ns) 

 
1.0 (ns) 

 
0.8 (ns) 

 
2.5 (ns) 

 

IL-7 
4.4 (#) 

4 ± 3 pg/ml 
11.9 (**) 

8 ± 2 pg/ml 
1.0 (ns) 

 
10.1 (*) 

8 ± 4 pg/ml 
3.0 (#) 

±  pg/ml 
3.2 (*) 

2 ± 1 pg/ml 
1.1 (ns) 

 
1.0 (ns) 

 
1.8 (ns) 

 
2.2 (#) 

2 ± 1 pg/ml 

IL-8 
7.1 (**) 

0.70 ± 0.26 
ng/ml 

17.3 (**) 
1.3 ± 0.36 

ng/ml 

1.1 (ns) 
 

10.9 (**) 
0.83 ± 0.25 

ng/ml 

5.8 (**) 
0.52 ± 0.18 

ng/ml 

6.0 (**) 
0.35 ± 0.10 

ng/ml 

2.1 (**) 
80 ± 32 pg/ml 

1.6 (#) 
64 ± 55 pg/ml 

2.2 (*) 
66 ± 15 pg/ml 

5.3 (**) 
0.44 ± 0.19 

ng/ml 

IL-10 
2.1 (ns) 

 
20.4 (*) 

11 ± 3 pg/ml 
2.0 (ns) 

 
13.7 (*) 

18 ± 10 pg/ml 
4.4 (ns) 

 

2.1 (#) 
1.0 ± 0.5 

pg/ml 

0.7 (ns) 
 

0.7 (ns) 
 

0.7 (ns) 
 

2.4 (ns) 
 

IL-13 
1.0 (ns) 

 
1.2 (ns) 

 
1.0 (ns) 

 
13.2 (**) 

15 ± 3 pg/ml 
1.1 (ns) 

 
6.1 (**) 

67 ± 2 pg/ml 
2.1 (*) 

1 ± 1 pg/ml 
0.9 (ns) 

 
1.1 (ns) 

 
4.0 (*) 

10 ± 5 pg/ml 

MCP-1 
5.3 (#) 

82 ± 46 pg/ml 

27.7 (*) 
183 ± 54 

pg/ml 

1.3 (ns) 
 

2.8 (#) 
13 ± 5 pg/ml 

2.9 (ns) 
 

3.1 (#) 
23 ± 12 pg/ml 

1.9 (*) 
6 ± 2 pg/ml 

2.3 (ns) 
 

2.5 (ns) 
 

2.9 (*) 
21 ± 14 pg/ml 

MDC 
1.8 (*) 

9 ± 5 pg/ml 
1.4 (ns) 

 
2.0 (#) 

14 ± 6 pg/ml 
1.6 (*) 

10 ± 6 pg/ml 
1.5 (ns) 

 
2.2 (*) 

18 ± 10 pg/ml 
1.5 (*) 

4 ± 2 pg/ml 
1.0 (ns) 

 
0.8 (ns) 

 
1.0 (ns) 

 

MIP-1alpha 
2.9 (ns) 

 

22.8 (*) 
184 ± 32 

pg/ml 

0.7 (ns) 
 

14.3 (*) 
196 ± 98 

pg/ml 

3.0 (ns) 
 

3.0 (ns) 
 

0.4 (ns) 
 

0.9 (ns) 
 

0.4 (ns) 
 

3.5 (#) 
47 ± 25 pg/ml 

MIP-1beta 
2.7 (ns) 

 
13.5 (**) 

49 ± 5 pg/ml 
1.9 (#) 

2 ± 1 pg/ml 
11.6 (**) 

43 ± 17 pg/ml 
2.9 (ns) 

 
3.0 (*) 

9 ± 4 pg/ml 
1.0 (ns) 

 
1.0 (ns) 

 
0.9 (ns) 

 
4.6 (*) 

18 ± 8 pg/ml 

RANTES 
1.0 (ns) 

 
1.2 (ns) 

 
1.8 (**) 

16 ± 7 pg/ml 
1.2 (ns) 

 
1.0 (ns) 

 
1.0 (ns) 

 
1.5 (ns) 

 
0.9 (ns) 

 
5.6 (**) 

68 ± 23 pg/ml 
2.8 (**) 

34 ± 15 pg/ml 

sIL-2R 
alpha 

0.6 (ns) 
 

1.3 (ns) 
 

3.8 (*) 
6 ± 2 pg/ml 

1.8 (#) 
1.3 ± 0.5 

pg/ml 

0.6 (ns) 
 

0.8 (ns) 
 

0.7 (ns) 
 

0.7 (ns) 
 

2.1 (ns) 
 

1.8 (ns) 
 

TNF-alpha 
3.5 (ns) 

 
28.9 (**) 

23 ± 3 pg/ml 
2.4 (ns) 

 
5.3 (ns) 

 
4.2 (ns) 

 
5.8 (*) 

3 ± 1 pg/ml 
0.6 (ns) 

 
3.7 (#) 

3 ± 2 pg/ml 
1.1 (ns) 

 
4.1 (ns) 

 

VEGF 
3.0 (ns) 

 

13.8 (*) 
171 ± 37 

pg/ml 

1.0 (ns) 
 

6.2 (#) 
187 ± 101 

pg/ml 

3.4 (#) 
60 ± 31 pg/ml 

1.9 (ns) 
 

1.0 (ns) 
 

1.0 (ns) 
 

1.0 (ns) 
 

3.1 (#) 
48 ± 22 pg/ml 

 
Supporting Information Table 1 
This table shows the production of cytokines which were significantly induced in basophils by the indicated TLR ligands or anti-IgE. The following 
cytokines/chemokines were not increased: EGF, Eotaxin, Flt-3ligand, G-CSF, IFN-alpha2, IL-1alpha, IL-2, IL-3, IL-5, IL-9, IL-12p40, IL-12p70, IL-15, 
IL-17, IP-10, MCP-3, PDGF-AA, PDGF-AB/BB, sCD40L, TGF-alpha or TNF-beta. 
Top of each cell shows the mean stimulation index (production of cytokine with TLR ligands or anti-IgE divided by the production by unstimulated 
cells).  
Bottom of cells in which significant differences were found shows mean ± standard error of the mean (SEM) of the absolute production of the particular 
cytokine in response to the TLR ligand. Cells with bold text showed a significantly increased cytokine production when corrected for multiple testing; n 
= 10 stimulations; p value <0.005).  
* indicates p value <0.05 and ** indicates p value <0.005 using One-Sample T test for stimulation index higher than 1. # indicates a trend (p value <0.1) 
for an increased stimulation index. 
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preparation and submission of revised manuscripts, only the scientific revisions requested and addressed.  

 

 

First Editorial Decision – 21 May 2013 

 

Dear Mrs. Suurmond,  

 

My apologies for the delay in processing the review of your manuscript ID eji.201343617 entitled 

"Activation of human basophils by combined Toll-Like Receptor- and Fc-epsilon RI-triggering can promote 

Th2 skewing of naive Thelper cells" which you submitted to the European Journal of Immunology. One 

reviewer report was severely delayed; however all reviews are in and the comments of the referees are 

included at the bottom of this letter.  

 

A revised version of your manuscript that takes into account the comments of the referees will be 

reconsidered for publication.  

 

You should also pay close attention to the editorial comments included below.  

 

Please note that submitting a revision of your manuscript does not guarantee eventual acceptance, and 

that your revision will be re-reviewed by the referees before a decision is rendered.  
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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 both the original and new referees to ensure 

the relevance and timeliness of the data.  

 

 

Once again, thank you for submitting your manuscript to European Journal of Immunology and we look 

forward to receiving your revision.  

 

Yours sincerely,  

Karen Chu  

 

On behalf of Prof. Caetano Reis e Sousa 

 

Dr. Karen Chu  

Editorial Office  

European Journal of Immunology  

e-mail: ejied@wiley.com  

 

******************************************************  

 

Reviewer: 1  

Comments to the Author  

Review for ms eji.201343617 titled „Activation of human basophils by combined Toll-like Receptor- and 

Fc-epsilon RI-triggering can promote Th2 skewing of naive T helper cells” by Suurmond et al.  

 

This manuscripts addresses the question whether triggering of TLRs on basophils freshly isolated from the 

peripheral blood of human subjects can induce degranulation or secretion of a variety of effector 

molecules. The authors determined the mRNA expression of TLRs and proteins associated with TLR 

signaling using a commercially available PCR array. Basophils were then stimulated with different TLR 

ligands in the presence or absence of anti-IgE or allergens to determine the secretion of effector 

molecules by ELISA and Milliplex assays. Finally, basophils stimulated with LPS and anti-IgE were found 

to produce IL-4 that promotes Th2 polarization in vitro. The authors propose a model where stimulation of 

basophils by TLR ligands serves to promote Th2 responses especially during the memory phase when 

allergen-specific IgE is available. Although this model seems attractive the manuscript does not provide 

convincing evidence for this assumption as indicated below.  

 

Major comments  
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The authors report that purification of basophils from peripheral blood resulted in a population with >95% 

pure basophils. It is important to note that plasmacytoid DCs have a very similar expression of surface 

markers and could contaminate the basophil population (Foster et al., J. Allergy Clin Immunol 112:1132; 

Dzionek et al., J. Immunol 165:6037; Dijkstra et al., Nature Med 18:488). Even a very small contamination 

with pDCs in the purified basophil population could explain the very low mRNA expression level of all 

TLRs except TLR4 which has been described to be expressed and functional on human basophils by 

others before. The authors should therefore use electronic sorting and ideally compare the TLR 

expression in highly purified basophils and pDCs.  

 

Given the potential contamination with pDCs it is also not clear whether pDCs may actually be the source 

of some of the effector molecules measured in response to TLR ligands. The concentration for most of 

these effector molecules with exception of IL-8 is in the lower pg range (as shown in the supplementary 

table 1). The authors should indicate for all experiments how many cells were stimulated and in what 

volume of medium so that the readers get a sense on the amount of factor produced per cell.  

 

The final experiment to show that IL-4 from activated basophils promotes Th2 polarization in vitro is rather 

trivial and mainly confirms previous reports. The sample size is too small to convincingly show that LPS 

has a synergistic effect for Th2 polarization.  

 

Further comments  

 

Figure 2 shows combined results from 10 experiments. The authors should also indicate how many 

different donors were used.  

 

In Figure 3B what does the (delta) mean? Is it the difference in % CD63+ cells between unstimulated and 

TLR stimulated samples?  

 

In Figure 3C how was the 100% value for histamine release determined?  

 

The Figure legend for Figure 4 describes that the values show “percentage of additive cytokine 

production” while the y-axis reads “% increase (from additive)”. This is difficult to understand. A better way 

to present the data would be to divide the value from the combined stimulation by the sum of the values 

from the separate stimulations: value(TLR+a-IgE)/(value(TLR)+value(a-IgE))  

 

The authors should give the company and clone name of each antibody that they used.  
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Reviewer: 2  

Comments to the Author  

The aim of the paper was to study basophil activation carried out by TLRs in combination with an IgE-

dependent one and their effect on Th2 skewing. They found that human basophils respond to TLR ligands 

in synergy with IgE and that the resulting production of cytokines promotes Th2 differenentiation. The aim 

is interesting and the data shed additional light into basophil contribution to Th2 responses.  

 

The paper is a highly descriptive and comprehensive study of the results of basophil activation by TLRs 

and IgE-dependent activation in terms of cytokines and also of LTC4 release. There are several 

experiments and clear-cut data.  

 

I have one main point that was missing and should be addressed.  

mRNA of different TLRs and TLR signalling molecules is shown. However there is no result on the actual 

protein presence of the receptors screened by the various ligands. It can be that receptors other than 

TLRs or in addition to TLRs respond to the agonists. The optimal way to check this would be to perform 

specific TLRs antibody binding and staining (to be then analysed by FACS or microscopy). Alternatively 

the authors could check if selective blocking of the TLRs blocks or attenuates the assessed cytokine 

release.  

 

Minor Point:  

Discuss IL-10 production induced by TLRs activation.  

 

 

 

First Revision – authors’ response – 5 September 2013 

 

Reviewer: 1 

Question 1 from reviewer 1: 

The authors report that purification of basophils from peripheral blood resulted in a population with >95% 

pure basophils. It is important to note that plasmacytoid DCs have a very similar expression of surface 

markers and could contaminate the basophil population (Foster et al., J. Allergy Clin Immunol 112:1132; 

Dzionek et al., J. Immunol 165:6037; Dijkstra et al., Nature Med 18:488). Even a very small contamination 

with pDCs in the purified basophil population could explain the very low mRNA expression level of all 

TLRs except TLR4 which has been described to be expressed and functional on human basophils by 

others before. The authors should therefore use electronic sorting and ideally compare the TLR 

expression in highly purified basophils and pDCs. 

Answer to question 1: 
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We agree with the reviewer that CD123 present on basophils is also expressed by pDC and that 

contamination of pDC could affect the outcome of our studies. Therefore, we have been very cautious in 

excluding this possibility by several measures and controls: 

 The antibody mix that is used for depletion of non-basophils during the basophil isolation procedure 
includes antibodies against CD36 and CD45RA, which are expressed by pDCs (3), allowing for 
depletion of this cell type during isolation. 

 Furthermore, as described in Supplementary table 1, typical DC products such as type I interferon 
and IL-12 were not detected or were only present at very low concentrations in supernatant and were 
not upregulated upon stimulation with TLR ligands (please see Table R1 below for actual values), 
indicating that the cytokine production we observed was not derived from pDCs. 

 As mentioned, pDCs may have a similar expression of some surface markers as basophils, 
especially CD123. However, we have not only used CD123 to identify basophils, but used the 
combination of three markers, CD123, FcɛRI and CD203c, which has previously been shown to 
uniquely identify basophils (1-2). This combination of markers is not expressed by pDC. Moreover, to 
further show that our gating strategy for basophils did not include pDCs, we have combined flow 
cytometric staining of basophil markers together with BDCA-2, a marker for pDCs (Figure R1A). The 
pDCs (gated as CD123+ FcɛRI low) express BDCA-2+ but not CD203c. The pDCs are not present in 
the basophil gate (CD123+FcɛRI++) that we used, and the basophils (gated as CD123+FcɛRI++) do 
not express BDCA-2, but do express CD203c. These results show that the combination of markers 
used to assess the purity of isolated basophils does specifically allow the detection of pDCs. 

 Importantly, this staining was also performed on the isolated basophil fractions obtained from 7 
different donors (Figure R1B). These stainings revealed a minute presence of BDCA-2 positive cells 
in the isolated basophil fraction in some donors (maximally 0,3%), whereas in other donors, no 
BDCA-2 positive cells were detected at all (Figure R1B). This is now specifically mentioned in the 
revised manuscript. 

 

References: 

1. Dijkstra D, Hennig C, Witte T, Hansen G. Basophils from humans with systemic lupus erythematosus 
do not express MHC-II. Nat Med. 2012. 18(4):488-9. 

2. Charles N, Dema B, Rivera J. Reply to: Basophils from humans with systemic lupus erythematosus 
do not express MHC-II. Nat Med. 2012. 18(4):489-90. 

3. Dzionek A, Fuchs A, Schmidt P, Cremer S, Zysk M, Miltenyi S, Buck DW, Schmitz J. BDCA-2, BDCA-
3, and BDCA-4: three markers for distinct subsets of dendritic cells in human peripheral blood. J 
Immunol. 2000. 165(11):6037-46. 

 

Table R1: 

 

 

ctr 
TLR-

1/2 

TLR-

2/2 

TLR-

3 

TLR-

4 

TLR-

5 

TLR-

6/2 

TLR-

7 

TLR-

8 

TLR-

9 

Anti-

IgE 

IFN-

alpha2 

1.3 ± 

0.8 

pg/mL 

3.4 ± 

3.4 

pg/mL 

4.7 ± 

2.4 

pg/mL 

0.9 ± 

0.9 

pg/mL 

4.6 ± 

3.9 

pg/mL 

2.5 ± 

2.1 

pg/mL 

1.7 ± 

1.0 

pg/mL 

1.4 ± 

1.2 

pg/mL 

1.1 ± 

0.9 

pg/mL 

2.1 ± 

1.3 

pg/mL 

2.7 ± 

3.9 

pg/mL 

IL-

12p70 

0.7 ± 

1.1 

pg/mL 

1.2 ± 

1.2 

pg/mL 

2.4 ± 

0.6 

pg/mL 

0.8 ± 

1.2 

pg/mL 

1.4 ± 

1.4 

pg/mL 

1.3 ± 

1.1 

pg/mL 

0.8 ± 

1.2 

pg/mL 

0.8 ± 

1.2 

pg/mL 

0.9 ± 

1.1 

pg/mL 

0.8 ± 

1.2 

pg/mL 

1.1 ± 

1.2 

pg/mL 
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Table R1 (for reviewers): This table shows that typical DC cytokines are not upregulated in response to 

TLR ligands. Mean (± StDev) of the production in pg/mL of the particular cytokine in response to the TLR 

ligand, anti-IgE or control medium is shown. None of these cytokines were significantly increased in a 

paired samples T test, compared to unstimulated (ctr).  

Figure R1: 
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Figure R1 (for reviewers):  

Staining of total leukocytes and isolated basophils for CD123, FcɛRI, CD203c, and BDCA-2. 

(A) Expression of CD123, FcERI, CD203c and BDCA-2 on total leukocytes. Top right: expression of 

BDCA-2-APC and CD203c-PE by gated pDCs (CD123+ FcɛRI low; green) and basophils 

(CD123+FcɛRI++; red). Histograms show expression of BDCA-2 by gated pDCs (left) and basophils (right) 

(B) Expression of CD123, FcɛRI, BDCA-2 and matching isotype control for BDCA-2 on isolated basophils.  

 

Question 2 from reviewer 1: 

Given the potential contamination with pDCs it is also not clear whether pDCs may actually be the source 

of some of the effector molecules measured in response to TLR ligands. The concentration for most of 

these effector molecules with exception of IL-8 is in the lower pg range (as shown in the supplementary 

table 1). The authors should indicate for all experiments how many cells were stimulated and in what 

volume of medium so that the readers get a sense on the amount of factor produced per cell. 

Answer to Question 2: 

We thank the reviewers for pointing out that we should provide more details on the numbers of cells that 

were used for the stimulations. We have now included this information in the methods section of our 

manuscript. As mentioned above, typical DC products such as type I interferons and IL-12 were not 

detected or only present at very low concentrations in supernatant and were not upregulated upon 

stimulation with TLR ligands (Table R1 above), suggesting that the cytokine production we observed was 

not derived from pDCs or other DC subsets. 

 

Question 3 from reviewer 1: 

The final experiment to show that IL-4 from activated basophils promotes Th2 polarization in vitro is rather 

trivial and mainly confirms previous reports. The sample size is too small to convincingly show that LPS 

has a synergistic effect for Th2 polarization. 

Answer to question 3: 

Although it is quite well-established that IL-4 can enhance Th2 responses both in human and mouse and 

that basophils can be a source of IL-4, it is not yet clear whether the induction of Th2 responses from 

naive CD4+ T cells by activated basophils - which has been shown in the mouse (4-6) - can be translated 

to the human as well. We therefore feel that it is important to formally show this aspect. Furthermore, the 

stimuli that are required to induce such a response from human basophils are not established. We now 

show that triggering with, anti-IgE alone is not sufficient to generate a robust Th2 skewing in most donors, 

but that the combined stimulation with LPS can greatly enhances this effect mediated by basophils. This 

aspect has, to the best of our knowledge, not been described previously using either mouse or human 

basophils. 

We have now also performed additional experiments using cells from 2 donors to increase sample size 

showing that LPS has a synergistic effect on Th2 polarization.  The combined data are shown in the 
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revised Figure 6 of the manuscript and also shown in Figure R2 below. Furthermore, we have changed 

the graph into lines showing the paired data, to better depict that LPS stimulation of basophils enhances 

the IL-13 production by T cells compared to anti-IgE alone in each individual donor. 

References: 

1. Sokol CL, Chu NQ, Yu S, Nish SA, Laufer TM, Medzhitov R. Basophils function as antigen-
presenting cells for an allergen-induced T helper type 2 response. Nat Immunol. 2009. 10(7):713-
20. 

2. Perrigoue JG, Saenz SA, Siracusa MC, Allenspach EJ, Taylor BC, Giacomin PR, Nair MG, Du Y, 
Zaph C, van Rooijen N, Comeau MR, Pearce EJ, Laufer TM, Artis D. MHC class II-dependent 
basophil-CD4+ T cell interactions promote T(H)2 cytokine-dependent immunity. Nat Immunol. 
2009. 10(7):697-705. 

3. Yoshimoto T, Yasuda K, Tanaka H, Nakahira M, Imai Y, Fujimori Y, Nakanishi K. Basophils 
contribute to T(H)2-IgE responses in vivo via IL-4 production and presentation of peptide-MHC 
class II complexes to CD4+ T cells. Nat Immunol. 2009. 10(7):706-12.  

 

Figure R2: 
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Figure R2 (for reviewers): Enhanced skewing of IL-13+ T cells by combined TLR and IgE-mediated 

activation of basophils. 

Naive CD4+ T cells were cultured for 5 days in the presence of anti-CD3 and anti-CD28 with or without 

basophil supernatant, indicated as basophil sup or stimuli only, respectively. T cells were restimulated with 

PMA/ionomycin to evaluate intracellular cytokines and cytokines in supernatant. Percentages of IL-13+ 

and IFNgamma+ T cells derived from intracellular flow cytometry from 4 independent experiments. 

Asterisk indicates significant increase in percentage of IL-13+ T cells when supernatant of LPS- and anti-

IgE-stimulated basophils was compared to basophils stimulated with only anti-IgE. Data shown are from 

n=6 independent basophil and n=5 independent T cell donors.  

 

Question 4 from reviewer 1: 

Figure 2 shows combined results from 10 experiments. The authors should also indicate how many 

different donors were used. 

Answer to question 4: 

We have indicated in the legend of Figure 2 that the results shown are from 10 experiments using 

basophils from 10 independent donors. 
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Question 5 from reviewer 1: 

In Figure 3B what does the (delta) mean? Is it the difference in % CD63+ cells between unstimulated and 

TLR stimulated samples? 

Answer to question 5: 

The delta in Figure 3 is the difference between the percentage of CD63+ cells subtracted by the 

percentage in the isotype control. We have now indicated this in the figure legends of Figure 3 and 6. 

 

Question 6 from reviewer 1: 

In Figure 3C how was the 100% value for histamine release determined? 

Answer to question 6: 

The 100% value for histamine release was determined by lysing the cells with 1% Triton X. We have now 

added an explanation regarding this in the methods section. 

 

Question 7 from reviewer 1: 

The Figure legend for Figure 4 describes that the values show “percentage of additive cytokine 

production” while the y-axis reads “% increase (from additive)”. This is difficult to understand. A better way 

to present the data would be to divide the value from the combined stimulation by the sum of the values 

from the separate stimulations: value(TLR+a-IgE)/(value(TLR)+value(a-IgE)). 

Answer to question 7: 

We thank the reviewer for pointing out that our calculations are unclear. In Figure 4, the percentage that is 

shown is the calculated ratio suggested by the reviewer, shown as a percentage. In this way, 100% 

means that the cytokine production upon combined stimulation is exactly the same as the additive effect of 

both stimulations separately. We have now added a more thorough explanation of this calculation in the 

figure legend and methods, and changed the y-axis title accordingly. 

 

Question 8 from reviewer 1: 

The authors should give the company and clone name of each antibody that they used. 

Answer to question 8: 

We have provided the company and clone name of each antibody that was used in the methods section. 
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Reviewer: 2 

 

Question 1 from reviewer 2: 

mRNA of different TLRs and TLR signaling molecules is shown. However there is no result on the actual 

protein presence of the receptors screened by the various ligands. It can be that receptors other than 

TLRs or in addition to TLRs respond to the agonists. The optimal way to check this would be to perform 

specific TLRs antibody binding and staining (to be then analysed by FACS or microscopy). Alternatively 

the authors could check if selective blocking of the TLRs blocks or attenuates the assessed cytokine 

release. 

Answer to question 1: 

We thank the reviewer for this suggestion. We have now further expanded our studies and used flow 

cytometry to analyse protein levels of TLR-2 and TLR-4 on basophils. The data obtained are included in 

Figure 1 of the revised manuscript (please see also below in Figure R3). The results indicate that 

basophils express TLR-2 at levels comparable to monocytes, and TLR-4 at slightly lower levels than 

monocytes. These results are described in the results section of the manuscript as well. 

 

Figure R3: 

 

 

Figure R3 (for reviewers): Flow cytometric staining of PBMCs for TLR-2 (top) and TLR-4 (bottom). 

Basophils were gated as CD123+FcɛRI++CD203c+, and monocytes were gated based on FSC/SSC 

characteristics. Representative example from n=5 independent donors. 

 

Question 2 from reviewer 2: 
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Discuss IL-10 production induced by TLRs activation. 

 

Answer to question 2: 

We now also specifically mention the production of IL-10 in the Results section of the revised manuscript. 

 

 

Second Editorial Decision – 23 September 2013  

 

Dear Mrs. Suurmond,  

 

It is a pleasure to provisionally accept your manuscript entitled "Activation of human basophils by 

combined Toll-Like Receptor- and Fc-epsilon RI-triggering can promote Th2 skewing of naive Thelper 

cells" 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 (copyright forms etc.) are dealt with.  

 

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