
Original article

IgE-receptor activation induces survival and Bfl-1 expression in

human mast cells but not basophils

Mast cells and basophils share certain similarities in
structure, function and activation (1, 2). They store
histamine in their granules and are positive for metach-
romatic staining. Both cell types express on their
surfaces the high-affinity immunoglobulin E (IgE) recep-
tor, FceRI, which can be cross-linked by multivalent
allergen binding to IgE. Upon FceRI cross-linking, both
populations of cells are activated and immediately
degranulate and secrete their granular constituents that
are stored in the cytoplasmic granules of the cell, as well
as synthesize and release lipid mediators, cytokines and
chemokines on a slower basis. All these features define
the two cell types as effector cells in IgE-associated
immune responses, such as those that contribute to
asthma and allergic disorders.
One of the biological characteristics of mast cells in

allergic pathology is that these cells have the capacity to
recover and regranulate after IgE-receptor mediated
activation (3, 4). We have previously demonstrated that

the antiapoptotic protein A1, a member of the Bcl-2
family, is required for mouse mast cells to survive IgE-
mediated activation (5), which provides a possible
explanation, among other suggestions (6), for the
observed survival promotion.

The A1 gene was identified to possess structural
homology to Bcl-2 (7) and to be an early-response gene
expressed in hematopoietic tissues and cell lineages
under various pro-inflammatory stimulations (7, 8). In
contrast to other hematopoietic cells, A1 is constitutively
expressed in neutrophils (9). The human homologue of
the mouse A1 is Bfl-1 (10, 11). Bfl-1 and A1 share 72%
amino acid identity and function through similar mech-
anisms. Expression of the Bfl-1 gene is induced in
cultured endothelial cells by phorbol ester, endothelial
growth factor and inflammatory cytokines such as tumor
necrosis factor-a (TNF-a) and interleukin-4 (IL-4) sug-
gesting a possible role for Bfl-1 during inflammation
(11–13). In contrast, A1 is induced in mast cells by
FceRI-mediated activation but not by treatment with
TNF-a, stem cell factor (SCF), nerve growth factor
(NGF), IL-4 or granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) (5). A similar finding is reported
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for naive, activated and posteffector T cells that express
A1 upon TCR engagement, but not by cytokine treat-
ment (14). A1 can interact with and thereby probably
neutralize several proapoptotic proteins, including Bax
and Bim (15, 16), which are proteins reported to
promote apoptosis in mast cells both in vitro and in
vivo (17, 18). Bfl-1 functions at the mitochondria to
delay endothelial apoptosis in response to tumor necro-
sis factor (19) and is indicated to sequester truncated Bid
(tBid) thereby blocking collaboration between tBid and
Bax or Bak (20).
Several publications have linked a physiological role of

A1 or Bfl-1 to protecting certain types of cells against
death stimuli. For example, A1 protects myeloid cells and
lymphocytes from apoptosis (21, 22). Enhanced expres-
sion of A1 in myeloid cells is critical for the BCR/ABL-
mediated cell protection from apoptosis induced by
growth factor withdrawal (23). Furthermore, Bfl-1 sup-
presses p53-induced apoptosis and permits cell prolifer-
ation in vitro (24, 25).
Here we describe that Bfl-1, the human homologue of

the mouse A1 gene, is upregulated after IgE-receptor
activation in human mast cells but not basophils and
provide evidence that implicates Bfl-1 as a mediator of
activation-induced mast cell survival.

Materials and methods

Mast cell cultures

Cord blood cultured human mast cells (CBCMCs) were differenti-
ated from cord blood cells as described by Saito et al. (26). The cells
were cultured for 8–10 weeks in PRMI 1640 (Sigma, St Louis, MO,
USA) supplemented with 10% fetal calf serum (FCS) (Gibco,
Paisley, UK), 50 ng/ml SCF, 10 ng/ml IL-6 (PeproTech, London,
UK), 2 mM l-glutamine, 100 IU/ml penicillin and 50 lg/ml strep-
tomycin (Sigma). The purity of human mast cells was >90% by
tryptase staining. The growth factor independent human mast cell
line HMC-1.1 was maintained in IMDM (Sigma) supplemented
with 10% FCS (Gibco), glutamine, antibiotics and 1.2 mM alpha-
thioglycerol (Sigma).

Basophil isolation

Peripheral blood basophils were isolated using a basophil isolation
kit from Miltenyi Biotec (Surrey, UK).

Activation of mast cells and basophils in vitro

Human myeloma IgE (ND) and mouse anti-human IgE (clone
346) (kindly provided by Dr Torbjörn Karlsson, Pharmacia
Diagnostics, Uppsala, Sweden) were used to activate CBCMCs as
well as primary basophils. Cells were incubated at 1 · 106 cells/ml
with 1 lg/ml IgE overnight, washed twice with PBS, plated at
1 · 106 cells/ml, and challenged with 2 lg/ml anti-IgE for various
time points at 37�C. The IgE overnight incubation was carried out
in normal culture medium for the respective cells and the anti-IgE
cross-linking challenge was carried out in RPMI medium supple-
mented with 0.2% BSA (Sigma) at 37�C. Alternatively, cells were

activated by ionomycin (Sigma) treatment. Cells were washed,
resuspended at 106 cells/ml in the same activation medium as
mentioned above, and stimulated for 2 h with 1 lM of ionomycin.
After activation, cells were examined for survival rates or cell
pellets were harvested for RNA preparation. For inhibition stud-
ies, cells were activated for 2 h in medium containing piceatannol
(50 lg/ml), wortmannin (100 nM), or EDTA (1 mM) (Calbio-
chem, Nottingham, UK).

Cell survival assay

For cell viability assays, the cell suspension was mixed with the vital
dye, trypan blue, and the number of living cells was enumerated.
Cell apoptosis was measured by Cell Death Detection ELISA
(Roche Diagnostics, Mannheim, Germany), quantitatively detecting
the mono- and oligo-nucleosomes released into culture supernatant.

Bfl-1 mRNA expression analysis

Total cellular RNA was isolated using the TriPure isolation reagent
(Roche Diagnostics). To quantitatively measure the expression of
Bfl-1, ribonuclease protection assay (RPA) was performed using the
hAPO-2c multi-probe set from the RiboQuant System (PharMin-
gen, San Diego, CA, USA) following the supplier’s recommended
protocol. Quantification of mRNA expression was determined
using a phosphoimaging device, and levels of each gene transcript
were quantified by MacBas V2.2 (Fuji Photo Film Co. Ltd, Tokyo,
Japan). In some experiments, reverse-transcriptase polymerase
chain reaction (RT-PCR) was performed. RNA was reverse-tran-
scribed by oligo-p(dT)15 priming using AMV reverse transcriptase
(first strand cDNA synthesis kit for RT-PCR; Roche Diagnostics)
according to the manufacturer’s instruction. PCR was performed
for 30 cycles, each consisting of 30 s of denaturation at 94�C, 45 s of
annealing at 52�C and 1 min of polymerization at 72�C by a DNA
thermal cycler (Perkin Elmer 2400, Norwalk, CT, USA). The PCR
primers used for fragment amplification of both human Bfl-1 and
Bfl-1S were 5¢-TCCACCAGGCAGAAGATGAC-3¢ (upper) and
5¢-TCTGGAAGGTCAAGTTACAT-3¢ (lower) spanning a region
of 665 bp. For glyceraldehyde-3-phosphate dehydrogenase ampli-
fication (GAPDH), as a control for the integrity of cDNA, a 452-bp
fragment was generated with primers as described (27). PCR
products were electrophoresed at 100 V/15 cm for 1 h in a 2%
agarose gel (Fig. 5), or at 30 V/15 cm overnight in a 3% agarose gel
so as to identify the Bfl-1S band (Fig. 3) which is only 56 bp longer
than Bfl-1. Ethidium bromide staining was used to visualize the
DNA bands.

Sequencing

PCR fragments derived from Bfl-1 and Bfl-1S amplification were
extracted from agarose gels (Qiagen, Hilden, Germany) and inserted
into pGEM-T Easy Vector (Promega, Madison, WI, USA), which
were subsequently transformed into competent RapidTransTM

bacteria (Active motif, Carlsbad, CA, USA). Sequencing was per-
formed using M13 forward and reverse primers.

Statistics

Statistics were calculated using an analysis of variance (anova),
followed by multiple comparison using Fisher’s method:
*P < 0.05; **P < 0.01; ***P < 0.001. Values presented are the
means ± SD or otherwise as indicated.
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Results

Survival promotion of CBCMC by FceRI cross-linking

Human mast cells, e.g. CBCMCs, are growth factor
dependent and in the absence of exogenous growth factors
in the culture medium they will die. However, upon IgE
receptor cross-linking, they survive better than unstimu-
lated control cells in the absence of SCF, IL-6 and serum
as demonstrated in Fig. 1A. Survival of activated
CBCMCs increased by 80% compared with resting
control cells measured 24 h after the initiation of the
activation when growth factors were withdrawn. At 48 h,
the increase in survival of activated CBCMCs over resting
control cells reached as high as about 250%. Consistent
with the trypan blue exclusion measurement, nucleosome
release assay also indicated that the activated cells were
substantially less apoptotic than control cells as shown in
Fig. 1B. Nucleosome release from activated cells could be
inhibited by 50% compared with resting cells.

The pro-survival gene Bfl-1 is upregulated upon FceRI activation

Since we have previously shown that the antiapoptotic
Bcl-2 family protein A1 is required for mouse mast cells

to survive IgE-mediated allergic activation (5), we hypo-
thesized that the human homologue of mouse A1, Bfl-1,
might be regulated in human mast cells after FceRI cross-
linking, which might provide a possible explanation for
the survival promotion seen in Fig. 1. Therefore, we
analyzed by RPA the transcript expression levels of some
of the Bcl-2 family members including Bfl-1. Upon IgE
receptor cross-linking, a clear upregulation of Bfl-1 and
Mcl-1 could be observed (Fig. 2A). Quantification of the
induction revealed a prominent expression of Bfl-1 and to
a lesser extent Mcl-1 after 2 h of FceRI cross-linking
(Fig. 2B). After 2 h of FceRI cross-linking, the Bfl-1
expression was at its maximal at about 100-fold, com-
pared with resting cells, then the expression was reduced
after 6 h, and returned to background level after 12 h
(Fig. 2C). For Mcl-1, the peak induction was also seen
after 2 h, which represented about four to fivefold
upregulation (Fig. 2B).

Recently, Ko et al. reported on an alternative splicing
variant of Bfl-1, i.e. Bfl-1S (28). Bfl-1S was found to be
predominately expressed in lymphoid tissues. However,
the expression of Bfl-1S in mast cells was not investigated.
We were, therefore, interested in investigating whether
human mast cells also express the Bfl-1 splicing variant.
As shown in Fig. 3, resting CBCMCs expressed only the
long-form of Bfl-1 whereas activated CBCMCs expressed
both Bfl-1 and Bfl-1S. Sequencing of the PCR bands
confirmed the identity of both Bfl-1 and Bfl-1S. Similarly
to resting CBCMCs, the human mast cell line HMC-1.1
expressed only Bfl-1 (Fig. 3).

Regulation of Bfl-1 expression and cell survival is dependent on
PI3-kinase activity

To investigate down-stream signaling pathways involved
in the regulation of Bfl-1 expression upon FceRI activa-
tion, we used piceatannol to block Syk and wortmannin
to block PI-3 kinase. The upregulation of Bfl-1 triggered
by FceRI cross-linking for 2 h was inhibited by both
piceatannol and wortmannin (Fig. 4A,B), suggesting that
the regulation of Bfl-1 is via Syk- and PI-3 kinase-
dependent pathways. To address whether Bfl-1 upregu-
lation is dependent on calcium influx, we cross-linked the
IgE receptors in the presence of EDTA, which is a
chelating agent that blocks calcium influx. Our result
showed that EDTA could significantly block the induc-
tion of Bfl-1 (Fig. 4A,B).

We also investigated whether Bfl-1 could be upregu-
lated by signals other than IgE receptor cross-linking. As
shown in Fig. 4A, incubation with ionomycin, a calcium
ionophore, could also upregulate Bfl-1, thus further
suggesting that Bfl-1 induction is calcium dependent.

We also investigated the effect of wortmannin, picea-
tannol and EDTA on the activation-induced mast cell
survival. Similarly to its inhibitory effect on Bfl-1 expres-
sion, wortmannin totally inhibited the FceRI-induced
survival promotion (Fig. 4C). EDTA and piceatannol

Figure 1. Survival promotion in human mast cells by cross-
linking of FceRI (IgE CL). Human CBCMCs were either sti-
mulated through FceRI cross-linking or left untreated (resting)
in starvation medium deprived of serum and growth factors. (A)
Viability was determined by trypan blue exclusion and presented
as the percentage of input cells still alive when examined at the
indicated time points. One experiment done in triplicate is pre-
sented which is representative of at least five similar experi-
ments. (B) Apoptosis was measured by detecting the
nucleosomes released into the culture supernatant 10 h after
activation. One experiment done in triplicate is shown which is
representative of three similar experiments.

Bfl-1 expression in human mast cells



were toxic at longer exposure and, therefore, it was not
possible to evaluate their effects on activation-induced
survival (data not shown).

Absence of Bfl-1 expression in human basophils

Besides mast cells, basophils also express the FceRI
receptor and can thus be activated through IgE-receptor
cross-linking similarly as mast cells. It is generally
accepted that basophils, compared with mast cells, are
short-lived. In contrast to CBCMCs, peripheral blood
basophils lack activation-induced survival enhancement

in starvation medium (Fig. 5A). Nucleosome release
analysis indicated that resting and activated basophils
underwent apoptosis at the same rate (data not shown).
We, therefore, examined whether basophils upregulated
the Bf-1 gene upon activation of FceRI. In contrast to
CBCMCs purified basophils expressed no Bfl-1 after IgE
receptor cross-linking (Fig. 5B). These peripheral blood
basophils released histamine upon FceRI activation (data
not shown), thus confirming that they were properly
activated.

Discussion

We and others have previously reported the ability of
allergic stimulus, FceRI aggregation, to enhance mouse
mast cell survival (5, 6, 29). We have also identified a
crucial role for the Bcl-2 family gene A1 in this survival
enhancement (5). Considering the fact that there exist
certain significant discrepancies between human and
mouse mast cells, it is of interest to compare the survival
and A1/Bfl-1 expression patterns in the two species. This
study shows that cross-linking of FceRI on human mast
cells leads to an upregulation of the human homologue of
the mouse A1 gene, Bfl-1, which is concomitant of
activation-induced survival (Figs 1 and 2). However, for
the other Bcl-2 family members, the patterns of regula-
tion following IgE-mediated activation are different in the
two species. Most noticeably, besides A1 upregulation,
transcript levels of Bcl-XL is also increased in activated
mouse mast cells (5), whereas in human mast cells the
Bcl-XL level is not affected by IgE-receptor cross-linking
(Fig. 2A). Instead, Mcl-1 is upregulated in activated
human mast cells (Fig. 2A). Both Bcl-XL and Mcl-1 are
pro-survival members of the Bcl-2 family, but the role of
these proteins in mast cell biology remains to be
investigated.

In contrast to the mouse where there exist three
functional genes encoding A1-a, A1-b and A1-c, only
one gene exists for human Bfl-1 (30). Instead the human
Bfl-1 exists in two splicing variants, i.e. Bfl-1 and its

A

B

C

Figure 2. Bfl-1 gene expression by human mast cells. (A) RNA
was isolated from CBCMCs either untreated (resting; time point
0) or activated through FceRI cross-linking (IgE CL) for the time
points as indicated and RPA was performed to demonstrate the
kinetics of Bcl-2 family gene transcript levels. (B) Phospho-
imaging signals presented in A are shown as the ratio of Bcl-2
family members to L32, a house keeping gene, after 2 h of IgE
CL (C) and Bfl-1 to L32 after indicated time points. The figures
are based on one representative experiment out of at least three.

Figure 3. Bfl-1 and Bfl-1S expression in mast cells. The splice
variants were examined by RT-PCR. CBCMC were activated by
FceRI cross-linking and HMC-1.1 is a human mast cell line.
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shorter splicing form Bfl-1S (28). It has been documented
that Bfl-1S protects T-leukemia cells treated by staurosp-
orine (28). We hypothesize that Bfl-1S might also have a
protective role in human mast cells, e.g. CBCMCs since
Bfl-1S is strongly induced in FceRI-activated CBCMCs.
It is interesting that HMC-1.1, despite its autoactivated
Kit receptor, does not express Bfl-1S, but only Bfl-1,
indicating that Bfl-1 is not regulated by SCF-Kit inter-
action. Similarly, A1 is not induced by SCF-treatment
(5).

In our inhibition studies, we observed that 2 h expo-
sure of CBCMCs to piceatannol, wortmannin and EDTA
inhibited the expression of Bfl-1. Wortmannin also
inhibited activation-induced survival in CBCMCs
(Fig. 4), whereas the effect of EDTA and piceatannol
on activation-induced survival could not be evaluated due
to their toxic effect on mast cells during longer exposure
(data not shown). However, our data suggest a correla-
tion between survival retardation and inhibition of Bfl-1
expression in human mast cells. Therefore, similar to the
murine model (5), there may be a possible role for Bfl-1 in
human mast cell survival in allergy. These data also
suggest that signals via Syk and PI-3 kinase as well as
calcium influx are critical for the induction of Bfl-1. We

A

B

Figure 5. Bfl-1 expression by basophils and basophil survival
after activation. (A) Survival rates of human peripheral blood
basophils and CBCMCs were measured as explained in Fig. 1A.
One experiment done in triplicate is presented which is repre-
sentative of three similar experiments. (B) Peripheral blood
basophils and CBCMCs were compared by RT-PCR for their
expression of Bfl-1 after activation through FceRI cross-linking
(IgE CL).

A

B

C

Figure 4. Effects of inhibitors on Bfl-1 induction and mast cell
survival. (A) RPA was performed on RNA derived from un-
stimulated CBCMCs or CBCMCs activated by FceRI cross-
linking (IgE CL) for 2 h in the presence of various inhibitors as
indicated. PICT, piceatannol; WTN, wortmannin and EDTA.
CBCMCs were also treated with 1 lM of ionomycin (IOM) for
2 h. (B) Densitometric analyses in arbitrary units are shown as
the Bfl-1/L32 ratio. Bfl-1 constitutive expression was taken as 1.
Although the left, middle and right panels in (A) were based on
experiments using cells from different donors, the fold induction
of Bfl-1 after IgE-mediated activation was similar. The error bar
on the second column in (B) indicates mean ± SEM of the
three measurements.

Bfl-1 expression in human mast cells



have previously shown that PI-3 kinase pathway and
calcium influx are also critical for A1 induction in mouse
mast cells after activation by IgE (5).
Both mast cells and basophils are known to be capable

of initiating and perpetuating immunological and inflam-
matory responses. Basophils are thought to be the
circulating counterpart of mast cells, since they, like mast
cells, express FceRI and release histamine upon coaggre-
gation of FceRI (2). Mast cells not only survive the
activation, but can be activated repeatedly (4). Mast cells
are long lived, where the half-life of rat mucosal mast cells
has been calculated to be about 40 days (31). Mouse
connective tissue mast cells may have even longer life-
span (32). In humans, mast cells survive in tissues for
several months (33). This stands in contrast to basophils,
which in similarity to other granulocytes have a relatively
short life-span (1). Other cell types that play a role in
inflammation including neutrophils, T cells and macro-
phages undergo apoptosis during the inflammation (34,
35). In this study, we compared the Bfl-1 gene expression
in human mast cells and basophils. The result clearly
demonstrated that human basophils, in contrast to mast
cells, do not express Bfl-1 at the transcript level after IgE

receptor aggregation (Fig. 5). The lack of Bfl-1 expression
in basophils after allergic stimulation might provide an
explanation for the short life span of these cells compared
to their long-lived tissue counterpart, mast cells.

Our study suggests that activation-induced mast cell
survival during allergic reaction is regulated by the pro-
survival gene Bfl-1. Blockade of Bfl-1 function may be
beneficial in the long-term management of mast cell-
mediated inflammations such as asthma and allergy.
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