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STI571 (Glivec1) Affects Histamine Release and
Intracellular pH After Alkalinisation in HMC-1560, 816
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Abstract The human mast cell line (HMC-1560, 816) was used to study the effect of the tyrosine kinase inhibitor
STI571 (Glivec1) on exocytosis, intracellular Ca2þ and pH changes, because STI571 inhibits the proliferation of HMC-
1560 and induces its apoptosis. This drug does not have these effects on HMC-1560, 816. Exocytosis in HMC-1560, 816 cells
can be stimulated by alkalinisation with NH4Cl as well as with ionomycin. Surprisingly 24-h pre-incubation with STI571
decreases spontaneous histamine release of HMC-1560, 816 cells, but increases the histamine response after alkalinisation
and not after ionomycin-stimulation. After addition of NH4Cl, pHi has a higher increase in STI571 pre-incubated cells,
without changing intracellular Ca2þ concentration. Activation of PKC in combination with tyrosine kinase inhibition
increases also histamine release in HMC-1560, 816 cells. Strangely, STI571 pre-incubated cells with PKC inhibited by
rottlerin show the same effects. In these cells, cytosolic pH increases more than in control cells. This is the first report of
STI571 effect in HMC-1560, 816 cells. It seems that different pathways modulate signals for proliferation and exocytosis.
STI571does not only inhibit KIT TyrK, butmay also influence cytosolic pHafter alkalinisation in both cell lines,HMC-1560

and HMC-1560, 816, and this ends in induced histamine release. This work is important since HMC-1560, 816 cells are
reported in 80%of aggressive systemicmastocytosis cases and the understanding of some signalling pathways involved in
mast cell response could facilitate drug targeting. J. Cell. Biochem. 103: 865–876, 2008. � 2007 Wiley-Liss, Inc.
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Human mast cells (HMC-1560 and HMC-
1560, 816) can be found in patients with different
kinds of mastocytosis. Both cell lines express
the receptor TyrK KIT in their membrane.

KIT is composed of an extracellular and an
intracellular part. In the extracellular part the
ligand-binding site is situated with five immu-
noglobulin likes regions, three of them are
involved in ligand binding. The natural ligand
of the KIT receptor is the stem cell factor (SCF).
SCF binding results in proliferation and in
inhibition of apoptosis [Linnekin, 1999]. The
intracellular part of the receptor TyrK KIT
consists of a juxtamembrane region and twoTyr
kinases separated by a kinase insert. In HMC-1
cells KIT is constitutive activated [Sundstrom
et al., 2003]. This activation is caused by muta-
tions in the proto-oncogene c-kit, what encodes
the KIT protein. These lead to an amino acid
exchange in the protein, on the one hand in
Gly-560!Val (HMC-1560), and on the other
Asp-816!Val (HMC-1560, 816). The change in
the position 560 occurs in the juxtamembrane
region of KIT and results in the permanent
ligand independent activation of KIT in both
cell lines. The mutation is common in various
human malignant diseases, including gastro-
intestinal stromal tumour and cutaneous
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mastocytosis [Shah et al., 2006]. HMC-1560, 816

cells carry both mutations. The Asp-816!Val
change occurs in the intracellular part of KIT
and modifies the conformation of the TyrK [Ma
et al., 2002; Yavuz et al., 2002; Akin et al., 2003].

Mastocytosis is a mast cell disease charac-
terized by an abnormal growth and accumula-
tion in one or more tissues [Valent et al., 2001].
Systemic mastocytosis almost only occurs in
adults and is associated with an activating
mutation in codon 816 of c-kit. The diagnosis is
based on multifocal histological lesions in the
bone marrow or other extra-cutaneous organs.
The detection of the activating c-kit point
mutation at codon 816 is one diagnostic crite-
rion of systemic mastocytosis. The mutation
could be identified inmore than 80% of systemic
mastocytosis cases [Akin and Metcalfe, 2004;
Garcia-Montero et al., 2006]. Especially in its
aggressive variants and inmast cell leukaemia,
the 816 mutation of KIT seems to play an
important role [Valent et al., 2001]. Even if this
mutation appears in grave diseases, there is not
much known about activating routes in HMC-
1560, 816 cells.

The TyrK inhibitor STI571 (Glivec1) is very
successfully used in cells that carry the 560
mutation. The drug binds with a high affinity to
the inactive conformation of the intracellular
kinase of the receptor and keeps it in this
condition. STI571 acts as a competitive inhib-
itor of adenosine triphosphate (ATP) on its
binding site [Shah et al., 2006]. Thereby it is
able to inhibit proliferation and to induce
apoptosis of the permanent activated cells
[Heinrich et al., 2000]. Unfortunately, it is
ineffective in cells with Asp816Val mutation
that are in the majority of aggressive systemic
mastocytosis and mast cell leukaemia [Valent
et al., 2001; Ma et al., 2002]. This behaviour
towards STI571 is due to its confirmation
change that prevents drug binding on the TyrK
receptor.

In both cell lines, it is demonstrated that
the constitutive KIT phosphorylation activat-
ed other transduction pathways like that of
phosphatidylinositol-30-kinase (PI3K)andmito-
gene activated protein kinase (MAPK). JAK/
STAT and Scr signalling pathways are also
associated with KIT and thereby involved in
cell survival and proliferation. They are consid-
ered to be as well permanent activated in both
HMC-1 lines [Linnekin, 1999; Sundstrom et al.,
2003].

We have previously observed that long-term
pre-incubation of HMC-1560 cells with STI571
affects histamine release (manuscript in press).
Non-stimulated cells released less histamine,
which is attributable to the inhibition of sub-
sequent pathways that are connected with KIT.
Cells stimulated by alkalinisation increased
their transmitter release. We concluded that
STI571 could act as well on other tyrosine
kinases than KIT and that proliferation and
exocytotic processes have different transduc-
tion pathways.

To evidence our thesis, in this work we
performed histamine assays with STI571 in
HMC-1560, 816 cells that different authors have
described to be resistant to this drug. We
stimulated them with NH4Cl and the Ca2þ

ionophore ionomycin and compared the results
with those of HMC-1560.

The aim of this work was to study the
influence of the KIT mutation in signalling
pathways in two HMC-1 sublines. This is
important since these cells appear in different
kinds of mastocytosis. Therefore, a better
understanding of both cellular lines and the
knowledge of signalling pathways involved in
their activation could lead to a more efficient
drug targeting.

METHODS

Chemicals

Ammonium chloride (NH4Cl) was from Pan-
reac (Barcelona, Spain); rottlerin, ionomycin,
Gö6976, GF109203X, genistein and lavendustin
A were from Alexis Corporation (Läufelfingen,
Switzerland); 2,7-bis (carboxyethyl)-5(6)carboxy-
fluorescein-acetoxymethylester (BCECF AM)
and FURA-2 AM were from Molecular Probes
(Leiden, The Netherlands). Phorbol 12-myris-
tate 13-acetate (PMA), Cromoglycic acid and
MTT (3-[4,5-dimethyldiazol-2-yl]-2,5-diphenyl-
tetrazoliumbromide)were fromSigma–Aldrich
(Madrid, Spain). STI571 was provided by Dr. Luis
Escribano Mora (Servicio de Hematologı́a,
Hospital Ramón y Cajal, Madrid).

Cell Cultures

HMC-1560 cells were kindly provided byDr. J.
Butterfield (Mayo Clinic, Rochester, MN) and
HMC-1560, 816 cells were kindly provided by
Dr. Luis Escribano Mora with permission from
Dr. J. Butterfield. They were maintained in

866 Löber et al.



Iscove’s modified Dulbecco’s medium (IMDM)
supplemented with 10% fetal bovine serum
(FBS), 100 IU/ml penicillin and 100 mg/ml
streptomycin. Cells were expanded weekly.

Cell Preparation

For histamine release assays, cells were
centrifuged (1,500 rpm, 5min, 48C) and washed
twice with saline solution (1,000 rpm, 5 min,
48C). The composition of this solutionwas (mM):
Naþ 142.3; Kþ 5.94; Ca2þ 1;Mg2þ 1.2; Cl� 126.2;
HCO3

� 22.85; HPO4
2� 1.2, SO4

2� 1.2; glucose
1 g/l.
For Ca2þ and pH measurements cells were

treated in the same conditions, but washed in
saline solution plus 0.1% bovine serum albumin
(BSA).
The incubation medium was equilibrated

with CO2 prior to use. During the experiments,
pH (7.20) was maintained constant by bubbling
CO2. Experiments were carried out at least
three times, by duplicate, both for histamine
release assays andCa2þ and pHmeasurements.

Cell Incubation

6.2 ml of a freshly prepared concentrated
solution of each drug were added to the incu-
bationmedium to attain a final volume of 150 ml
and pre-incubated. When the medium reached
378C, 100 ml of a cell suspension with an
approximate density of 1.5–2� 106 cells/ml
were added to each tube. Incubations were
carried out in a bath at 378C for 10 min.
The incubations were stopped by immersing

the tubes in a cold bath. After centrifugation at
2,300 rpm for 10 min, the supernatants were
collected and decanted into other tubes for
histamine determination. Appropriate controls
to determine spontaneous histamine release in
the absence of stimuli were executed in every
experiment.

Histamine Release Assays

Histamine release was tested with a spectro-
fluorometer, (Fluoroskan II, Labsystems, Bar-
celona, Spain) in both pellet (non-released
histamine) and supernatant (released hista-
mine) according to Shore’s method [Shore,
1971]. To form the fluorescent complex 0.04%
orthophthaldialdehydewasused, also trichloro-
acetic acid (14%) to avoid protein interferences
in the histamine release determination. To
ensure total histamine, pellets were sonicated

for 60 s in 0.2 ml of 0.1 N HCl. In NH4Cl
experiments, histamine release was measured
only in pellets, since this compound interferes
with the fluorescent complex. Results shown
were expressed as the percentage of released
histamine from the total histamine content.

Cell Viability

After exposure to different concentrations of
STI571 during 24 h in culture medium, cells
were centrifuged (1,500 rpm, 5 min, 48C). The
pelletswere resuspended in saline solutionwith
MTT (250 mg/ml) and incubated at 378C for
30 min in darkness.

After washing twice with saline solution cells
were sonicated in water for 60 s. The coloured
formazan salt was measured at 595 nm in a
spectrophotometer plate reader.

Measurement of Cytosolic Free Ca2þ

and Intracellular pH

HMC-1 cells were loaded with FURA-2 AM
(0.2 mM) and BCECF AM (0.05 mM) in a bath at
378C, for 10 min. After this time, loaded cells
were washed with saline solution (1,000 rpm,
10 min, 48C). Cells were attached to glass
coverslips treated with poly-L-lysine, and these
were inserted into a thermostated chamber
(Life Sciences Resources, UK). Cells were
viewed using a Nikon Diaphot 200 microscope
equipped with epifluorescence optics (Nikon
40�—immersion UV—Fluor objective). Addi-
tion of drugs was made by aspiration and
addition of fresh bathing solution to the cham-
ber. Intracellular pH and cytosolic Ca2þ con-
centration were obtained from the images
collected by fluorescence equipment (Life Sci-
ences Resources). The light source was a 175 W
xenon lamp, and the wavelengths were selected
with filters. For FURA-2 AM, the excitation
wavelengths were 340 and 380 nm, with emis-
sion at 505 nm; for BCECF AM the excitation
was performed at 440 and 490 nm, with 530 nm
for emission. The calibration of the fluorescence
values versus intracellular Ca2þ was made ac-
cording to the method of Grynkiewicz et al.
[1985] and the calibration of fluorescence values
versus pHas per Thomas et al. [1979]. In brief, a
calibration curvewas obtainedwith four known
values of pH, measuring the fluorescence ratio
obtained in the presence of nigericin, in a Kþ

solution, for each pH value.
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Statistical Analysis

Results were analysed using the Student’s
t-test for unpaired data. A probability level of
0.05 or smaller was used for statistical signifi-
cance. Results were expressed as the mean�
SEM.

RESULTS

In this work, we checked the release of
histamine, intracellular Ca2þ and pH changes
in HMC-1560, 816 in the presence of stimuli.

We have previously described that alkalin-
isation induces histamine release in HMC-1560

in a dose-dependent manner [Pernas-Sueiras

et al., 2005]. We showed that intracellular
pH increases after NH4Cl addition without
changing cytosolic Ca2þ concentrations. Now
we treated HMC-1560, 816 cells in the same way
and could observe a dose-dependent activation
of exocytosis (Fig. 1A). Histamine release
increased with increasing NH4Cl concentra-
tions. Further, we observed intracellular pH
and Ca2þ after adding different concentrations
of NH4Cl. As Figure 1B shows, pH increases
immediately after drug addition, where at the
highest concentration (100 mM) induced the
highest alkalinisation (pH 8.2) and the lowest
(20 mM) caused a more slightly increase
(pH 7.9). After an initial peak, cytosolic pH

Fig. 1. Effect of NH4Cl in HMC-1560, 816 cells. A: Dose–response of histamine released in HMC-1560, 816

cells in presence of NH4Cl. Different concentrations of NH4Cl were added and histamine release was
measuredafter 10minof incubation in saline solution.B: Variation of cytosolicCa2þ levels in thepresenceof
20, 50, 100 mM NH4Cl. The first arrow indicates the addition of NH4Cl and second that Ca2þ (1 mM) was
added. C: Intracellular pH profile in cells subject to the protocol described in (B). Mean� SEM of four
experiments.
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slowly decreased. The experiments were initi-
ated in Ca2þ freemedium and later onCa2þwas
restored to the extracellularmedium. Figure 1C
shows that Ca2þ addition did not affect the
declining pH.None of theNH4Cl concentrations
modified intracellular Ca2þ levels. During the
whole experiment, cytosolic Ca2þ concentration
remained constant at a baseline.
The Ca2þ ionophore ionomycin is another

reported stimulus for histamine release in
HMC-1560. The stimulation is based on a dose-
dependent intracellular Ca2þ-increase com-
bined with pH-increase. In HMC-1560, 816 we
found as well a release of histamine depending
on the dose of ionomycin that was added
(Fig. 2A). At the point where ionomycin was

added (Fig. 2B), intracellular Ca2þ concentra-
tion increased rapidly due to the release of
the cation from intracellular reservoirs. Sub-
sequent, cytosolic Ca2þdropped down fast to the
baseline concentration. The following addition
of Ca2þ (1 mM) to the medium induced a second
intracellular Ca2þ increase, due to the influx of
the ion fromextracellular. Figure 2B shows that
intracellular Ca2þ reached higher levels with
higher concentrations of ionomycin, both in
the depletion of intracellular reservoirs (first
peak), and in a similar trend when Ca2þ enters
from the extracellular medium (second peak).
Observing pH levels, Figure 2C, in the same
experiments, pHbaselinemovedaround7.2 and
increased after adding Ca2þ.

Fig. 2. Effect of ionomycin in HMC-1560, 816 cells. A: Dose–response of histamine released in HMC-1560,
816 cells in presence of ionomycin.Different concentrations of ionomycinwere added and histamine release
was measured after 10 min of incubation in saline solution. B: Variation of cytosolic Ca2þ levels in the
presence of 0.1, 1, 2 mM ionomycin. The first arrow indicates the addition of NH4Cl and second that Ca2þ

(1mM)was added.C: Intracellular pHprofile in cells subject to the protocol described in (B).Mean� SEMof
four experiments.
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We examined also the influence of STI571
after long-time incubation inHMC-1560, 816 cells.
Up to now, it is reported that this drug does not
have effects in this cell line.

First, we tested the viability of the cells in the
presence of different concentrations of STI571.
As Figure 3 shows, in contrast to HMC-1560,
HMC-1560, 816 cells did not die when they were
exposed to the TyrK inhibitor in concentrations
between 0.1 nM and 10 mM.

Furthermore, we incubated HMC-1560, 816

cells with 25 nM during 24 h in culture medium
and performed afterwards histamine assays.
We selected this concentration from previous
experiences in HMC-1560 cells. Surprisingly,
spontaneous histamine release was signifi-
cantly decreased in STI571 24 h pre-incubated
HMC-1560, 816 cells (Fig. 4). This result gave us
reason to investigate more the behaviour of
these cells concerning to long-time incubation
with STI571 and release of histamine. We
stimulated them with NH4Cl (50 mM) after 24-
h pre-incubation with STI571 (25 nM). As
Figure 5A shows, pre-treated cells released
more histamine than control cells after alkalin-
isation. In contrast, HMC-1560, 816 cells did not
change their histamine response when they
were pre-incubated with STI571 and further
stimulated with ionomycin (2 mM), compared to
ionomycin treated cells (Fig. 5B).

In HMC-1560, the effect of NH4Cl was due to a
higher increase of pH in cells pre-incubated
with the TyrK inhibitor after alkalinisation. To
investigate this in HMC-1560, 816, intracellular
was measured after 24 h STI571 (25 nM) pre-
treatment. In Figure 6A, it is shown that pHi

reached higher values in STI571 pre-incubated
HMC-1560, 816 cells, whereas intracellular Ca2þ

did not change at any moment of the experi-
ments (Fig. 6B).

From previous studies, we know that PKC
stimulation by the phorbol ester PMA increases
the release of histamine after NH4Cl stimula-
tion in STI571 pre-incubated HMC-1560 cells
(manuscript in press). As Figure 7A shows,
STI571 increased significantly alkalinisation-
induced histamine release after treatment with
PMA (100 ng/ml) in HMC-1560, 816. However,
we could not observe any differences neither
in cytosolic Ca2þ, nor in pH levels comparing
STI571 pre-incubated cells with control cells

Fig. 3. HMC-1560 andHMC-1560, 816 viabilities after 24 h incubationwith STI571.Different concentrations
of STI571 were added in culture medium and cells were incubated for 24 h at 378C. Cell viability was
checked by MTT test. Control cells with non-STI571 treatment, were used as 100% viability and ethanol
treatment as 100% dead, in each experiment. Mean� SEM of four experiments.

Fig. 4. Effect of STI571 on HMC-1560, 816 spontaneous
histamine release after 24 h of incubation. Cells were pre-
incubated for 24 h in the presence of STI571 (25 nM) in culture
medium. Histamine release was checked after 10 min of
incubation in saline solution at 378C. Mean� SEM of four
experiments. (*) Significant differences betweencontrol anddrug
pre-incubated cells.
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(data not shown). There was no effect when
STI571 pre-treated cells were stimulated
with ionomycin (2 mM) in combination with
PMA (100 ng/ ml) (Fig. 7B).
When PKC was inhibited by GF109203X

(500 nM), 24-h pre-incubation with STI571 did
not modify histamine release neither in cells
stimulated by NH4Cl (50 mM) (Fig. 8A), nor by
ionomycin (0.1 mM) (Fig. 8B).HMC-1560, 816 cells
with PKC inhibited byGö6976 (100 nM) showed
the same behaviour (Fig. 8C,D). In contrast, as
Figure 9A shows, when PKC was inhibited by
rottlerin (10 mM) and subsequently NH4Cl
(50 mM) stimulation took place, surprisingly

STI571 pre-treated cells enhanced histamine
release. That meant that when TyrK and PKC
were inhibited the effect on histamine release
was potentiated. We could not observe any
difference comparing STI571 and control cells,
when they were treated with rottlerin (10 mM)
and afterwards stimulated with ionomycin
(Fig. 9B). In continuation, we performed rot-
tlerin experiments in the fluorescent micro-
scope, shown in Figure 10. HMC-1560, 816 cells
were pre-incubatedwith STI571 (25 nM) during
24 h like in histamine assay. We began the
experiments inCa2þ-freemedium.After obtain-
ing a baseline, we added NH4Cl (50 mM). As

Fig. 5. Effect of STI571on alkalinisation- and ionomycin-inducedhistamine release inHMC-1560, 816 cells.
STI571 (25 nM) 24 h pre-incubated cells were stimulated with NH4Cl (50 mM) (A) or ionomycin (2 mM)
(B) during 10 min in saline solution at 378C and histamine release was measured. Mean� SEM of four
experiments. (*) Significant differences between control and drug pre-incubated cells.

Fig. 6. Effect of STI571on intracellularCa2þ andpH levels inHMC-1560, 816 cells.Cellswerepre-incubated
for 24 h in the presence of STI571 (25 nM) in culture medium. Cytosolic pH (A) and Ca2þ (B) changes were
observed. The first arrow indicates the addition of NH4Cl (50mM) and second that Ca2þ (1 mM)was added.
Mean� SEM of four experiments.
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Fig. 7. Effect of PKC activation and STI571 on alkalinisation- and ionomycin-induced histamine release in
HMC-1560, 816. Cells pre-incubatedwith STI571 (25 nM) during 24 hwere pre-treatedwith PMA (100 ng/ml)
10 min and afterwards stimulated with NH4Cl (50 mM) (A) or ionomycin (2 mM) (B) during 10 min in saline
solution at 378C and histamine release was measured. Mean� SEM of four experiments. (*) Significant
differences between control and drug pre-incubated cells.

Fig. 8. Effect of PKC inhibition and STI571 on alkalinisation- or ionomycin-induced histamine release in
HMC-1560, 816. Cells pre-incubatedwith STI571 (25nM) during24hwerepre-treatedwithGö6976 (100nM)
and GF109203X (500 nM) 10 min and afterwards stimulated with NH4Cl (50 mM) (A,C) or with ionomycin
(2 mM) (B,D) during 10 min in saline solution at 378C and histamine release was measured. Mean� SEM of
four experiments.
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Figure 10 shows, pH increased significantly
more in STI571 pre-treated cells at the point
of NH4Cl addition than in control cells. After
adding Ca2þ (1 mM) to the medium, pH seemed
to elevate lightly again.

DISCUSSION

It is described in previous reports that NH4Cl
induces alkalinisation and no Ca2þ increase in
rat mast cells [Alfonso et al., 2000]. In these

cells, it was suggested for the first time that pH
increase by itself could be an enough signal to
induce histamine release. Studies in HMC-1
have clearly demonstrated that they also show
this behaviour after alkalinisation. Exocytotic
process takes place without affecting intra-
cellular Ca2þ concentrations [Pernas-Sueiras
et al., 2005, 2006a,b]. In those studies, we used
HMC-1560 cells that carry a mutation in the
proto-oncogene c-kit that leads to a Glycin!
Valin amino acid exchange in position 560 of the
receptor TyrK KIT.

In the present work, the HMC-1560, 816 sub-
line with one amino acid change more in
position 816 was used to check if its behaviour
is similar regarding release of histamine after
stimulation. This is important since there are
already differences reported between both sub-
lines [Sundstrom et al., 2003; Gleixner et al.,
2005].

Results shown confirmed the same dose-
dependent histamine release in presence of
NH4Cl in HMC-1560, 816 like in cells with one
mutation. We also demonstrated that intra-
cellular alkalinisation took place without
changing Ca2þ concentrations. However, pH
increased much more in HMC-1560, 816 than in
HMC-1560 after alkalinisation. When HMC-
1560, 816 cellswere treatedwith 50mMofNH4Cl,
pH increased about 0.8 units; in contrast,
treating HMC-1560 with the same concentra-
tion, pH rose only about 0.3 units higher,
whereas histamine release was almost the
same. We suggest that pH control has a larger
importance in HMC-1560, 816 than in HMC-1560,

Fig. 9. Effect of rottlerin and STI571 on alkalinisation- or ionomycin-induced histamine release in
HMC-1560, 816. Cells pre-incubated with STI571 (25 nM) during 24 hwere pre-treated with rottlerin (10 mM)
10 min and afterwards stimulated with NH4Cl (50 mM) (A) or with ionomycin (2 mM) (B) during 10 min in
saline solution at 378C and histamine release was measured. Mean� SEM of four experiments.

Fig. 10. Effect of rottlerin and STI571 on alkalinisation-
modulated intracellular pH levels in HMC-1560, 816 cells. Cells
were pre-incubated for 24 h in the presence of STI571 (25 nM) in
culture medium. Cytosolic pH changes were observed. The first
arrow indicates the addition of rottlerin (10 mM), the second of
NH4Cl (50 mM) and the third that Ca2þ (1 mM) was added.
Mean� SEM of three experiments.
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but more studies have to be addressed in this
context.

The Ca2þ ionophore ionomycin is another
stimulus reported to induce exocytosis in HMC-
1560 [Pernas-Sueiras et al., 2005] and other
mast cells [Teofoli et al., 1999]. InHMC-1560 the
stimulation is due to an increase of intracellular
Ca2þ concentration in combination with an
alkalinisation in presence of extracellular
Ca2þ. We could demonstrate that histamine
release can be stimulated with ionomycin in a
dose-dependent manner, also in HMC-1560, 816.
We saw that HMC-1560, 816 cells did not reach a
plateau at concentrations up to 10 mM of
ionomycin as HMC-1560, comparing both hista-
mine release profiles [Pernas-Sueiras et al.,
2005]. Other differences were shown in intra-
cellular Ca2þ observations. After ionomycin
addition, cytosolic Ca2þ concentration increas-
ed due to the release of the cation from intra-
cellular reservoirs. This raise was more steeply
but reached lower values in HMC-1560, 816 than
in HMC-1560. When Ca2þ entered from the
extracellular medium, intracellular Ca2þ con-
centration increased less and more slowly in
cells with two mutations. The presence of
the second mutation modifies the regulatory
mechanisms for calcium.

Differences in the two sublines apart from
the mutations have been already described.
HMC-1560, 816 has a higher proliferation rate in
culture, whereas the cells are smaller and more
homogenous.HMC-1560 cells are heterogeneous
in size and showed homotypic aggregation.
HMC-1560, 816 has a normal diploid DNA profile
but HMC-1560 indicate an increased DNA
content [Sundstrom et al., 2003]. However,
one of the most interesting differences is the
response of the two cell lines in presence of KIT
TyrK inhibitor STI571. Whereas STI571 indu-
ces apoptosis and inhibits proliferation inHMC-
1560 cells, it does not affect HMC-1560, 816 cells
due to the conformation change in the kinase
of KIT, that avoids drug binding [Heinrich
et al., 2000; Ma et al., 2002; Akin et al., 2003;
Roskoski, 2003].

Long-time incubation of HMC-1560 cells
with STI571 modifies histamine release, spon-
taneous release decreases and alkalinisation-
induced histamine release increased, caused
by a pHi increase to higher values after NH4Cl
addition (manuscript in press). STI571 could
inhibit other Tyr kinases, and in this study, we
showed that STI571 affected histamine release

in HMC-1560, 816 similarly after long-time
incubation. This suggests that STI571 might
have other binding sites. STI571 is reported to
bind the ATP binding site of the KIT kinase in
HMC-1560 [Roskoski, 2003]. The drug is not able
to ligate the same site in HMC-1560, 816, because
of the conformation change in the KIT kinase
caused by the amino acid exchange in position
816 [Ma et al., 2002; Sundstrom et al., 2003]. If
the drugwould selectively inhibit KIT TyrK, we
could not observe similar effects in HMC-1560

andHMC-1560, 816 cells.We have suggested that
inhibition takes place in other Tyr kinases,
since we found that lavendustin A and genis-
tein, two unselective TyrK, were also able to
reduce spontaneous histamine release after
long-time incubation HMC-1560 (manuscript in
press). The two drugs induced also an increase
in alkalinisation-induced exocytosis. This
might be through Src Tyr kinases, since it is
reported that their inhibition by genistein
avoids intracellular pH increase by inhibiting
an anion Cl�/HCO3

� exchanger in cardiomyo-
cytes [Puceat et al., 1998].

Our cell viability test and studies of other
pharmacological groups demonstrate clearly
that KIT TyrK inhibition takes place in HMC-
1560 but not in HMC-1560, 816 [Heinrich et al.,
2000; Akin et al., 2003]. Therefore proliferation
and histamine release might have completely
unconnected signalling pathways. This agrees
with other studies that have reported that Ras-
MAPK-ERK and PI3K pathways do not seem
to be essential for exocytosis in this cell line
[Kempna et al., 2004]. These pathways are
directly connected with KIT and essential for
proliferation [Linnekin, 1999]. In contrast,
regarding histamine release, pH seems to play
amayor role in HMC-1, as it was reported in rat
mast cells [Vilarino et al., 1999; Alfonso et al.,
2000]. Modulation of pH can be due to the
activity of anionCl�/HCO3

� [Puceat et al., 1998]
or cation Hþ/Naþ [Alfonso et al., 1994, 1998;
Friis and Johansen, 1996] exchanger.

It has been described that STI571 act very
selective on KIT TyrK [Heinrich et al., 2000].
The selectivity of the compound should be
studied in other enzymes and ion exchangers,
since pH is influenced after long-term drug
incubation. It should also be bear in mind that
HMC-1560, 816 are more sensitive to extracellu-
lar pH changes.

Our results show that STI571 does notmodify
ionomycin-induced histamine release in cells
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with one or two mutations. It seems that the
pathway that ismodifiedbySTI571 is not linked
to that of ionomycin and probably not to intra-
cellular Ca2þ concentrations. Until now, we
could never observe that cytosolic Ca2þ has a
different profile in STI571 pre-incubated cells.
Finally, we checked the influence of PKC

modulation on STI571 effects in HMC-1560, 816

since we had earlier reported that activation
of PKC by PMA increased histamine response
after alkalinisation in STI571 pre-treated
HMC-1560cells (manuscript in press). We found
the same behaviour of HMC-1560, 816 cells.
Surprisingly, STI571 pre-incubated HMC-

1560, 816 cells with rottlerin inhibited PKC,
released more histamine after alkalinisation.
This effect might be linked to the fact that pH
rose to higher values in STI571 cells. Since the
TyrK inhibitor was discovered by testing of
compounds for inhibition of PKC [Shah et al.,
2006]. Maybe this potentiated effect is due to a
common binding site of the two inhibitors that
modify pH regulation in HMC-1560, 816. Never-
theless, as far as we know, it has not been
reported that PKC inhibition induced hista-
mine release inmast cells. In contrast, we could
not observe an effect of PKC inhibition in HMC-
1560. The difference could be due to the higher
pH sensitivity of HMC-1560, 816.
More studies should bemade inHMC-1560, 816

concerning to activating processes and the
influence of the mutations in this context
especially in pH modulation. Much work is
already done in HMC-1560 and this is a good
starting point to compare the two sublines in the
future. This is important because both lines
appear in different diseases and drug targeting
could be more efficient with a better knowledge
of intracellular signalling.
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