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Ionic regulation of human basophil releasability
II. Non-releasing basophils are converted into
releasing basophils in a low-Na+ medium
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Summary

The effects of different extracellular Na+ and Ca-^ concentrations on histamine release
from human basophils were investigated. Isosmotic replacement of extracellular Na"*"
either with choline^, a non-permeant Na^ analogue, or glucose significantly increased
spontaneous and anti-IgE-induced histamine release. Basophils from 12 of 49 normal
subjects, which were found not to release histamine upon challenge with an optimal dose
of anii-IgE in a 135 mM NaCI buffer, were converted into releasing basophils when
stimulation with anti-IgE was performed in a low-Na' medium. The increase in Na +
concentration in the extracellular medium was accompanied by a reduction in the
magnitude of basophil response to anti-lgE, which was significantly more pronounced
in non-releasers than in releasers (per cent inhibition by 70 mM NaCI 75-5 ±3-2 vs
43-5 + 9 0, P<OQ\). At higher Na^ concentrations a progressive and almost complete
abrogation of histamine release was observed in non-releasers, but not in releasers
(maximal per cent inhibition at 140 mM NaCl 97 3± 1 3 vs 50-4±8-6). The Na+/H +
exchanger monensin had a dose-dependent inhibitory effect on anti-IgE-induced
histamine release, and the concentration inhibiting 50'>o of histamine release was
1-5 X 10"^ M. When basophils were challenged in the presence of different Na * andCa'"*"
concentrations, it was shown that the two cations have antagonistic effects, which is to
say that they down-regulate and upregulate histamine release, respectively. Moreover,
the requirement of extracellular Ca-+ was lowered in a low-Na+ medium. These results
suggest that Na"^ and Ca-"^ ions contribute with opposite effects to the modulation of
basophil response to anti-IgE and that non-releasing basophils are converted into
releasing basophils in a low-Na ^ medium.
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Introduction

Basophils and mast cells can release preformed (as
histamine) and newly generated (as peptide-leukotrienes)
inflammatory mediators following interaction of mem-
brane-bound IgE antibodies with specific antigen or anti-
IgE [I]. IgE-mediated histamine release from human
basophils is not strictly related to IgE density on cell
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membrane [2], since several intracellular factors may
influence the response to activating signals. One of the
most Intriguing observations is that 10% to 20% of
donors have basophils which do not release histamine
upon stimulation with anti-IgE in spite of the presence of
cell-bound IgE [3]. It has also been reported that baso-
phils from a few patients with a type I allergy do not
respond following challenge with a specific antigen [4].
Recent work has elucidated some biochemical events
involved in histamine release. Membrane phospholipid
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methylation., Ca^^ transmembrane flux, cyclic AMP
generation, intracellular Câ "̂  mobilization via inosilol
1.4,5-triphospbate, and protein kinase C and calmodulin
activation seem to be important steps involved in the
histamine release process [5]. Tt has been recognized that
Ca-^ ions play an important role in basophil activation,
which is to say that they potentiate histamine release [6,7].
However, other ions, as, Sr^+, Na"*̂  and Cv'^^, can
interfere with histamine release [8-13].

To investigate the role of Na*̂  and Ca^+ ions in the
control of histamine release, we have evaluated the effects
of difl"erent Na^ and Oer'' concentrations on histamine
release from human basophils showing a different res-
ponse to anti-lgE. We conclude that Na+ and Ca^+ ions
can regulate anti-lgE-induced histamine release from
human basophils, and that non-releasing or low-releasing
basophils respond to anti-lgE when stimulated in the
presence of a low-Na^ medium.

Materials and methods

Blood sample collection and preparation of leucocyte
suspensions

Peripheral venous blood (60-80 ml) was obtained from
normal adult subjects belonging to the hospital stafl'(ages
ranging from 18 to 40 years). All subjects were defined as
normal and non-atopic on the basis of a detailed clinical
history and physical examination. Informed consent was
obtained from each subject prior to the blood collection.

Leucocyte suspensions were prepared by dextran sedi-
mentation of peripheral venous blood, anticoagulated
with 01 M NaiEDTA and mixed with 6% dextran in
saline solution (Solplex 70, Sifra, Verona, Italy) and
30 mM dextrose. The cells were allowed to sediment for
60-90 min at room temperature, according to Lichten-
stein and Osier [14]. The leucocyte-rich plasma was
centrifuged at 300;? for 15 min at 4 C, and the cell button
was washed twice in Tyrode's butter, pH 7 4, containing
(mM): NaCI 135; dextrose 5 5; KCI 2-7; NaH:PO4 0-36;
NaHCOi 12. The cells were then suspended in Tyrode's
buffer with 1-8 mM CaCl: and 0 5 mM MgCh. These
suspensions in Tyrode's buffer were utilized to evaluate
histamine release in control conditions. To investigate the
effects of Na^ on histamine release, NaCI was replaced
with the chloride salt of choline, a non-permeant Na +
analogue (Sigma Chemical, St. Louis, MO, USA), in a
manner that when NaCI concentration was reduced, the
concentration of choline chloride was increased corres-
pondingly to maintain a constant 140 mM of the two
cations together. Therefore, leucocytes were suspended in
choline chloride solutions (140, 105, 70, 35 mM) with
I 8 mM CaCl;, in the presence of different NaCI (0, 35, 70,
105 mMj concentrations. Leucocyte suspensions were

also prepared with isotonic glucose solutions (278 mM)
(Monico, Venice, Italy) containing 18 mM CaCN. The
osmolarity of the solutions employed was checked with
an osmometer, and ranged between 270 and 300 mOsm/l.

Basophil concentration in leucocyte suspensions was
evaluated by alcian blue staining [151 and subsequent
counting in a Fuchs-Rosenthal chamber (Firma Walter
Schrenck GmbH, HotThcim am Taunus. Germany).
Basophil concentration ranged between 0-5 and 2%;
other contaminating cells were polymorphonuciear
leucocytes, with eosinophils, lymphocytes, monocytes
and platelets. The preparation obtained is referred to as
'basophils' in this paper. When cell viability was assessed
by trypan blue exclusion, all leucocyte suspensions were
greater than 95% viable.

Purification of human hasophils

The basophils were purifed from buffy coats of blood
from healthy donors, according to the method described
by De Boer and Roos [16], with minor moditications.
Briefly, the butt"y coat obtained from 500 ml of blood was
divided in aliquots, layered over a Percoil gradient
(Pharmacia, Uppsala, Sweden) obtained by two Percoil
solutions with a specific gravity of 1078 and 1070 g/cm-,
and centrifuged (20 min, 2000 r.p.m., 20 C). The fraction
at the interface between the two Percoil solutions was
harvested, suspended in Tyrode's buifer without Cj""* and
Mg- + , and containing 5 g/1 human serum albumin,
and injected into an elutriator centrifugation system
(Beckman J"^' centrifuge with a JE-6 elutriation rotor)
(Beckman Instruments, Palo Alto. CA, USA). The
clutriution medium was Tyrode's buffer without Na ^ and
Mg-'^ and containing 13 mM trisodium citrate and 5 g/1
human serum albumin. After celt injection, the centrifuge
was started (400 r.p.m.). To separate the busuphils the
flow rate was maintained at 20 ml/min, while the rotor
speed was reduced progressively. Fraction I, with a
volume of 120 ml, was collected between 4000 and 3700
r.p.m.; fraction 2, with a volume of 100 ml, was collected
between 3700 and 2600 r.p.m. This fraction contained
mainly lymphocytes and erythrocytes. Fraction 3 (100 ml,
which was collected between 2600 and 1000 r.p.m.)
contained the monocytes. The fourth fraction {100 ml.
collected at 0 r.p.m.) contained mainly basophils, con-
taminated with monocytes and some lymphocytes. The
last fraction was centrifuged at 1000 r.p.m, for 5 min at
20"C, and resuspended in Tyrode's buffer without Ca^+
with 13 mM trisodium citrate and 5 g/1 human serum
albumin. The cell suspension was layered on two Percoil
solutions with a specific gravity of 1075 and 1068 g/cm^
respectively, and centrifuged. The basophils contained in
the lower interface were resuspended in Tyrode's buffer
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and counted in a Fuchs-Rosenthal chamber after alcian
blue staining. Two aliquots of each celt suspension were
cytocentrifuged (Cytospin Shandon Ltd., Runcorn. UK,
10 min 500 r.p.m.), stained with May Grunwald Giemsa
and examined under light microscope (400 x ) for differ-
ential cell count. Average per cent purification of the
basophils was 71 ±6-2% (mean-|-SEM; rt = 3. Purified
basophils were suspended in Tyrode's buffer or in choline
chloride solutions and stimulated as described. Basophil
stimulation was carried out no more than 2 h after
elutriation.

Histamine release from leucocyte suspensions

Basophil stimulation was performed in 12 by 75 mm
polyethylene tubes (LP Italiana, Milan. Italy). Briefly.
2 4x10"* basophils. suspended in 0 5 ml Tyrode's buffer,
choline chloride or glucose solution, were added to
prewarnied tubes (37 C) containing 0 5 ml of the same
solution with anli-lgE (Sigma Chemical, fmal dilutions:
1/500 000. 1/50 000, 1/5000). After mixing and incubating
for 30 min al 37'C, the reaction was stopped by
centrifugation at lOOOxĵ  for 20 min at 4 C. The
supernatants were aspirated, mixed with an equal volume
of 6% HCIO4 and centrifuged at 2000 x^ for 15 min at
4 C. Histamine concentration in the supernatants was
measured by an automated fluorometric method [17].
Spontaneous histamine release was evaluated by measur-
ing histamine concentration in the supernatant of unsti-
mulated cells; total histamine content was obtained
Lidding 0 5 ml 6"<> HCIO4 to 0 5 ml cell suspension. Mean
spontaneous histamine release was 21 ± 0 1 % in Tyrode's
butter and it never exceeded 5"Ai of total histamine
content.

Net histamine release was calculated as per cent of total
histamine content after subtraction of spontaneous
release. Every experiment was carried out in duplicate,
and Ihe average difference between replicate determina-
tions was less than 5%. None of the reagents employed in
ihis study, including monensin, interfered with the fluoro-
metric determination of histamine concentration or
modified cell viability, as assessed by trypan blue exclu-
sion.

Effect of monensin on .stimulated histamine relea.se from
human hasophils

Basophils from 10 subjects, suspended in standard Tyr-
ode's bulTer with 1-8 mM CaCh, were incubated for 30 min
at 37 C with ditt"erent concentrations of the Na^/H^
exchanger monensin (Sigma Chemical. 10 ''-10"'' M) [18]
and subsequently stimulated with an optimal dose of anti-
IgE (dilution 1/5000). Histamine release in the supcr-
natants was then measured as described.

Evaluation of Na'^-Ca "^ interactions

To assess the effects of Na+ and Ca-+ ions on histamine
release, basophi! stimulation with anti-IgE (n = l) was
carried out in the presence of different NaCl and CaCU
concentrations in the extracellular medium (0,70, 140 niM
and 0, 0 45, 0 9, 18. 3-6 and 7.2 mM, respectively).

Statistical analysis

Results were expressed as mean + SEM. Two-tailed Stu-
dent's r-test for paired data and Mann-Whitney (/-test
for unpaired data were used for statistical analysis.

Results

Histamine release is enhanced in a low-Na^ medium

Basophils of 12 of 49 normal adult donors showed no
response (i.e. a histamine release < 5 % of total histamine
content) to anti-IgE. These cells failed to respond to an
optimal dose of anti-IgE (1 /500()) and even challenge with
higher doses did not evoke any significant histamine
release.

When leucocytes were suspended in a low-Na'
medium (140 mM choline chloride solution), containing
!-8 mM CaCli. a significant enhancement of anti-IgE-
induced histamine release was observed in releasers (Fig.
1); moreover, non-releasing basophils showed a response
to anti-IgE (Fig. 2). Histamine release induced by an
optimal dose of anti-IgE (dilution 1/5000) in releasing

801-
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Reciprocal anii-lgE dilution

Fig. 1. Anti-IgE-induced histamine release from releasing
basophils (« = 37) in the presence of Na*-containing bulTer
(Tyrode's buffer with 135 niM NaCI) (O) or in the presence of
140 mM choline chloride solution (•) . A significant enhance-
ment of histamine release was found when challenge wilh anti-
lgE was performed in a low-Na ' medium. Results are expressed
as the mean +.SI;M. Statistical analysis was by Student's r-tcst lor
paired data. *P<005. **/'<OOOOI.
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Fig. 2. Anti-IgE-induced histamine release from non-releasing
basophils («^ 12) in ihe presence ofI35 mM NaCI buffer (n) or
in the presence of 140 mM choline chloride solution (•). Non-
releasing basophils were defined by the inability to release more
than 5'%i of total histamine content after stimulation with an
optimal dose of anti-IgE in a Na*-containing buffer. All the
non-releasing basophiis released >10% of total histamine
content when challenge with an optimal dose of anli-lgE was
carried out in a low-Na* medium. Results are expressed as the
mean+SEM. Statistical analysis was by Student's /-test for
paired data. •/*<005. **/*<OOOOI.

basophils was 291 ± 2 4% in a 135 mM NaCl buffer and
60 0 ± 2 7% in a 140 mM choline chloride solution {n ^ 37,
/*<0000l). All the non-releasing basophils were con-
verted into releasing basophils in the presence of a low-
Na+ medium (mean release induced by anti-IgE diluted
1/5000 was 1-3+04% in 135 mM NaCl buffer and
311 ±5 8% in 140 mM chofine chloride solution; «= 12,
P < 0 OOOOi). Similar results were obtained with purified
basophiis (mean anti-IgE-induced histamine release was
26 3 + 6 3% in Tyrode's buffer and 43 7+10 2% in
140 mM eholine chloride solution, « = 3).

Spontaneous histamine release was enhanced when
the ceils were suspended in 140 mM choline chloride
solution (mean + SEM 3 8 + 0 3% vs 21 ± 0 1 % ; ^ = 49,
P < 0 006). A significant enhancement of spontaneous
and stimulated histamine release was also observed when
leucocytes were suspended in a 278 mM glucose solution
(Table 1).

hurea.sing extracellular Na^' concentrations reduce anti-
IgE-evoked histamine release

The increase in Na+ concentration in the extracellular
medium was accompanied by a dose-dependent inhibi-
tion of anti-IgE-induced histamine release. As shown in
Fig. 3. the inhibitory effect of Na+ was more pronounced
in non-releasing (n = 6) than in releasing basophils (« = 8).
At 70 mM NaCl., per cent inhibition of anti-IgE-induced

Table I. Basophil relcasability is enhanced when leucocytes are
suspended in a glucose solution

Per cent histamine release

Extracellular medium Spontaneous
Anti-IgE

NaCI buffer
Glucose solution

2-0+ 0-2 2l-6±30

* / ' < 0 0 1 .
**/ '<00001.
Spontaneous and stimulated histamine release from human
basophils suspended in 1.15 niM NaCl buffer and in an isolonic
(278 mM) glucose solution containing 1-8 mM CaCI:. A signifi-
cant enhancement of spontaneous and siimulatcd histamine
release was observed when the cells were suspended in a glucose
solution. Results represent the mean+SEM of 19 experiments.
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Fig. 3. Hislaminc release induced hy an optimal dose of anti-IgE
(1/5000) as a funclion of extracellular NaCl coTicentralion. A
significant dose-depcndenl inhihilion of histamine release was
found, both in releasers (•;« = 8) and in non-rclcasers (•;/; = 8).
The data obtained at 0 mM Na ' were considered as the control
(histamine release was 553±6 6% in releasers and 43-6 ±6-6%
in non-releasers). All other groups were compared statistically
with the 0 mM Na' group (Student's /-test for paired data). The
inhibitory effect of Na+ was more pronounced in non-releasers
Ihan in releasers (per cent inhibition al 70 ITIM NaCl 75 5 ± 3-2
and 435 + 90, respectively; P <Q{)\ with Mann-Whitney
t/-test for unpaired data). * / '<00I .
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Hg. 4. Histamine release induced by an optimal dose of anti-lgE
(1,'5000) as il function ofmonensinconcenlralion. This Na ^/H *
exchanger exerted a dose-dcpcndcnt inhibitory effect, with an
IC50 of l-5x 10"^ M. Results represent the mean + SEM of 10
different experiments. Statistical analysis was hy Student's /-test
for paired data. *P<0001 . **/'<OO0OI.

histamine release was 43-5 ± 90 in rcleasers and 75-5 ± 3-2
in non-releasers (/'<OOI between the two groups). At
higher NaCI concentrations a progressive and almost
complete abrogation ofhistamine release was observed in
non-rcleasers, but not in releasers (maximal per cent
inhibition at 140 mM NaCI 97-3±l-3 vs 50-4 + 8-6,

monensin was observed also with purified human baso-
phils (mean anti-lgE-induced histamine release was
33-6 ± 1 5 3 % in control conditions and 171 ± 8 7% after
incubation with 10~^ M monensin; n = 3).

Evaluation of the effects of Na^ and O r ^

Figure 5 shows anti-lgE-induced histamine release from
human basophils as a function of extracellular Ca-+
concentration. IgE-mediated histamine release was
potentiated by increasing extracellular Ca'^ concentra-

The Na'*'jH'^ exchanger monensin inhibits anti-lgE-
induced histamine release

The Na^/H *' exchanger monensin, in the concentration
range of 10 "* lO"** M., displayed a significant inhibitory
effect on anti-IgE-mediated histamine release from releas-
ing basophils (rt=10) (Fig. 4): the IC50, estimated
graphically., was l-5x 10"^ M. The inhibitory efTect of Discussion

Extroceliular CaCl;, concentration

Fig. 5. The efTect of different CaC!; concentrations on the
inhibitory activity of Na ' . Leucocytes were washed twice in ice-
cold Tyrode's buffer and resuspended in Tyrode's buff"er with
different CuCI: (0. 045. 0-9. I'S. 3-6. 1-2 mM) and NaCI <O—O,
0; A—A. 70; D—D. 140 niM) concentrations. In low-Na'
solutions, NaCI was replaced by choline chloride. Anti-lgE was
then added and the cells were incubated for 30 min. Histamine
release was measured as described in materials and methods.
Resuhs are expressed as the mean±si;M of seven different
experiments. I

tion; by contrast. Na^ had a down-regulating activity,
since the increase in extracellular Na* concentration
produced a shift to the right ofthe dose-response curves.
Removal of extracellular Na^ lowered the requirement of
extracellular Ca"̂ ^ for histamine release. For example,
mean anti-lgE-induced histamine release in low Na^
(140 mM choline chloride solution) and low Ca'^
(0 45 mM CaCi:) overlapped with the value obtained in
the presence of high Na^ (140 mM) and high Ca-^
(7-2 mM) (45-3±7-7% and 46±9-0%, respectively).

Theresultsof this study indicate that Na * andCa^"^ ions
have opposite effects on anti-lgE-induced basophil hista-
mine release, that is to say they down-regulate and up-
regulate histamine release, respectively. Non-releasing
basophils are converted into releasing basophils in a low-
Na* medium (choline chloride or glucose solution), and
the increase in Na •̂  concentration in the extracellular
medium is accompanied by a decrease in the magnitude of
basophi! response to anti-lgE. Accordingly, the Na * /H +
exchanger monensin, which elevates intraceilular Na*
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concentration, has an inhibitory activity on anti-IgE-
induced histamine release.

In a previous paper. Hook and Siraganian [9] reported
that replacement of extracellular Na^ with choline
enhanced histamine release, but this effect was not further
investigated. More recently, Beauvais et al. [10] have
demonstrated that anti-IgE-induced histamine release
from human basophils is inhibited by Na"* influx and
potentiated by K+ efflux. A working hypothesis is that
these effects are related to the modulation of membrane
potential, which in turn could influence transmembrane
Ca'̂ '̂  flow. In human basophiis membrane IgE cross
linking by antigen or anti-IgE leads to an increase in
cytoplasmic Ca-+ concentration [6]. which is due to Ca- +
mobilization from intracellular stores and to Ca^+ entry
from the extracellular to the intracellular medium. Pre-
vious results are not consistent with the presence of
voltage-operated Ca-+ channels in human basophils.
since the Ga^^ antagonists verapamil and nifedipine. at
concentrations specific for voltage-operated Ca'*^ chan-
nels, have no significant effects on histamine release
[19-21]. Moreover, K + -rich solutions, alone or in combi-
nation with the K * ionophore valinomycin, do not evoke
histamine release from human basophils, indicating that
membrane depolarization is not a sufficient signal for
initiating histamine release [22]. Although human baso-
phils seem not to bear true voltage-operated Ca'+
channels, it is conceivable that the intracellular concen-
trations of Na^ could influence Ca-' entry via modula-
tion of membrane potential. In keeping with this hypothe-
sis it stands the observation that the requirement of
extracellular Ca"+ was much lowered in a low-Na^
medium. According to this hypothesis. Na^ influx and
membrane depolarization would hamper Ga^+ entry,
whereas Na * efflux and membrane hyperpolarization
would facilitate it. Of course, this hypothesis needs
further investigations and direct measurements of mem-
brane potential.

An alternative mechanism of action of Na"*" on hista-
mine release could be the modulation of intraceliular pH.
The Na^/H+ exchanger monensin, which elevates intra-
cellular Na ^ concentration and causes cytoplasmic alka-
linization [18], inhibits anti-IgE-induced histamine
release from human basophils. This suggests that the
inhibitory effect of Na"̂  is related to its cytosolic level and,
possibly, to cytoplasmic pH. Alterations in Na"*"/H"*"
exchange could in fact lead to changes in intracellular pH.
Smith et al. [11] observed that amiloride derivatives that
block Na^/H+ exchange and Na'^/Ga-"^ exchange can
modulate histamine release, which is enhanced when
intracellular pH is reduced or when intracellular Ga'^
concentration is increased.

One interesting feature which emerged from our study

is that non-responding basophils release histamine when
challenge with anti-IgE is carried out in a low-Na^
medium. Up to now. it has not been elucidated why
basophils of about 10-20% of normal donors fail lo
respond to anti-IgE [3]. Also, basophils from a few
patients (6-7%) with a documented type I allergy do not
release histamine upon in vitro simulation wilh anli-lgE
or antigen, in spite of the presence of circulating and
membrane-bo und IgE [4]. The failure to respond to IgE-
mediated stimulation in these subjects was supposed to be
related to an impaired protein kinase G (PKC) activation:
non-releasing basophils were in fact demonstrated to
release significant amounts of histamine when challenge
with anti-IgE was preceded by incubation with the PKG
activator 2-0-tetradecanoylphorbol-I3-acctate(TPA) [4].
More recently, Nguyen et al. [23] suggested that non-
releasing basophils have a defect in early signal transduc-
tion. possibly involving the influx of G a - \ Warner and
MaeGlashan [24] found no elevation in cytosolic Ga*"̂
following challenge wilh anti-IgE in non-releasing baso-
phils, whereas a small, but significant increase in PKC
activity was detected. According to these authors, ihe
main defect in non-releasing basophils would be the
inability to elevate cytosolic Ga'+ concentration. Our
experimental data show that non-releasing basophils
release significant amounts of histamine when challenge
with anti-IgE is carried out in a low Na + medium. That is,
in the absence of the inhibitory effect of Na ^, anti-IgE can
trigger the biochemical pathways leading to histamine
release. The inhibitory efiect of Na+ seems to be particu-
larly efficient in non-releasing vs releasing basophils; at
70 mM NaGl per cent inhibition of anti-IgE-induced
histamine release was significantly higher in non-releasing
than in releasing basophils. Moreover, at higher NaGl
concentrations a progressive and ulmost complete inhibi-
tion of histamine release was found in non-releasers. but
not in releasers. Gonversely, the inhibitory effect of Na*
on IgE-mediated hisUimine release has been shown to be
impaired in allergic patients [25]: this impairment could
account for the enhanced basophils releasability ofthese
subjects. Our results confirm that Na+ has an inhibitory
effect on IgE-mediated hislamine release and demon-
strate that non-releasing basophils respond to anti-IgE
stimulation in a low-Na* medium. Therefore, the inhibi-
tory effect of Na ' seems to be an important factor
influencing the ability of human basophils to respond to
IgE-mediated stimulation.
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