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Abstract. Electrophysiological properties of mouse bone 
marrow-derived mast cells (BMMC) were studied under 
the whole-cell clamp configuration. About one third of 
the cells were quiescent, but others expressed either in- 
ward or outward currents. Inwardly rectifying (IR) cur- 
rents were predominant in 14% of the cells, and out- 
wardly rectifying (OR) currents in 24%. The rest (22%) 
of the cells exhibited both inward and outward currents. 
The IR currents were eliminated by 1 rnM Ba 2+, and were 
partially inhibited by 100 ~tM quinidine. The reversal 
potential was dependent on extracellular K +, thereby in- 
dicating that K § mediated the IR currents. The negative 
conductance region was seen at potentials positive to E K. 
The OR currents did not apparently depend on the ex- 
tracellular K § concentration, but were reduced by low- 
ering the extracellular C1- concentration. The OR cur- 
rents were partially blocked by 1 rnM Ba 2§ and were 
further blocked by a C1- channel blocker,  4,4'- 
diisothiocyano-2,2'-stilbenedisulfonate (DIDS). In addi- 
tion, the reversal potential of the OR currents was posi- 
tively shifted by decreasing the ratio of external and 
internal C1- concentrations, suggesting that C1- was a 
major ion carrier. In cells exhibiting IR currents, the 
membrane potential varied among cells and tended to 
depolarize by elevating the external K § concentration. 
In cells with OR currents, the resting potential was hy- 
perpolarized in association with an increase in conduc- 
tance. These results suggest that BMMC have a hetero- 
geneous electrophysiological profile that may underlie a 
variety of ion channels expressed in different phenotypes 
of mast cells. Activities of both the inwardly rectifying 
K § channel and the outwardly rectifying C1- channel 
seem to contribute to the regulation of the membrane 
potential. 
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Introduction 

Mast cells originate from multipotential hematopoietic 
stem cells (Kitamura et al., 1981; Nakahata et al., 1982) 
and differentiate into different phenotypes, the mucosal 
and connective tissue types, in the peripheral tissues (Na- 
kano et al., 1985). Responsiveness to antigen and secre- 
tagogues, size of secretory granules and patterns of exo- 
cytosis are different in the two types (Enerb~ick, 1986). 
Recent electrophysiological studies noted that ion chan- 
nels in rat peritoneal mast cells (the connective tissue 
type) and a tumor analogue of mucosal type mast cells, 
rat basophilic leukemia cells (RBL-2H3), were quite dif- 
ferent: In the resting state, the inwardly rectifying K 
(IRK) channels were predominant in RBL-2H3 cells 
(Lindau & Fernandez, 1986), but all currents were neg- 
ligible in rat peritoneal mast cells (Lindau & Fernandez, 
1986; Kuno et al., 1989). In the latter cells, however, 
secretagogues activated a variety of channels, such as 
Ca2+-permeable channels (Kuno, Okada & Shibata, 
1989; Kuno et al., 1990; Kuno & Kimura, 1992), cation- 
selective channels (Penner et al., 1988; Kuno et al., 
1989) and an outwardly rectifying C1- channel (Penner, 
Matthews & Neher, 1988; Matthews, Neher & Penner, 
1989), via actions of second messengers. 

Bone marrow-derived mast cells (BMMC) obtained 
by an in vitro culture of mouse bone marrow stem cells 
in the presence of mast cell growth factors (lhle et al., 
1983; Razin et al., 1984; Fujita et al., 1988) have the 
potency to differentiate into the different phenotypes in 
appropriate microenvironments (Nakano et al., 1985; Fu- 
jita et al., 1988). Thus, electrophysiological studies of 
BMMC are intriguing in understanding the significance 
of ion channel expression in either proliferation or dif- 
ferentiation of mast ceils. Here we report that BMMC 
have a heterogeneous electrophysiological profile: either 
an inwardly rectifying K + channel or an outwardly rec- 
tifying C1- channel is expressed in subpopulations of 
BMMC. A preliminary account has been made (Kuno, 
Kyogoku & Kawawaki, 1993). 
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Materials and Methods 

CELLS 

Bone marrow cells were obtained from the femoral and tibial bones of 
male, 10-week-old mice (Balb/ca). Pokeweed mitogen-stirnulated 
spleen cell-conditioned medium (PWM-SCM) was prepared as de- 
scribed elsewhere (Nakahata et al., 1982). Briefly, mouse spleen cells 
were incubated at 37~ in a 95% air-5% CO a atmosphere with poke- 
weed mitogen (1:300 dilution, GIBCO) in c~-MEM (Flow Laboratories) 
supplemented with 10% fetal calf serum (FCS) (Flow Laboratories), 
10 -4 M 2-mercaptoethanol (Sigma), streptomycin (0.1 mg/ml, Sigma), 
penicillin (100 U/ml, Sigma) and amphotericin B (0.25 gg/ml, Sigma). 
After five days of incubation, the supernatant (PWM-SCM) was fil- 
tered with a Millipore filter (0.22 gm) and stored at -85~ Bone 
marrow cells were plated at 106/ml in 35 mm petri dishes containing a 
few cover glasses (Matsunami #1) and incubated at 37~ in a 95% 
air-5% CO 2. The culture medium contained ot-MEM, 10 -4 M 2-mer- 
captoethanol, 20% horse serum (Flow Laboratories) and 10% PWM- 
SCM. In later experiments, 10% FCS was added as a substitute for 
horse serum. Half of the medium was changed every week. Cells cul- 
tured for more than four weeks were used in the experiments. 

RECORDINGS 

Current signals were recorded from the whole-cell voltage clamp con- 
figuration and the membrane potential was measured under the current 
clamp mode (Hamill et al., 1981) at room temperature (20-24~ 
The reference electrode was an Ag-AgC1 wire connected to the bath 
solution through a Ringer-agar bridge. Pipette resistance ranged be- 
tween 5-20 MfL The zero-current potential before formation of the 
gigaseal was taken as 0 mV. Pipettes contained (rnM): 150 K-gluta- 
mate, 7 MgCI 2, 1 EGTA, 10 HEPES-KOH (pH, 7.3). In most exper- 
iments, 1 mM Na2ATP was added to the internal medium. Similar 
results were obtained both with and without ATP. Several solutions 
were used as the external medium. Standard Ringer solution contained 
(mM): 145 NaC1, 5 KC1, 1 CaC12, 1 MgCI2, 10 HEPES, 10 glucose, 
0.1% bovine serum albumin (pFI = 7.3). NaC1 was replaced by KC1 in 
some experiments to make K-rich (30 and 150 raM) solutions. A low 
C1- s o l u t i o n  was  p r e p a r e d  by r e p l a c i n g  NaC1 wi th  Na-  
isethionate. When cells were perfused with external solutions contain- 
ing different ionic compositions, the liquid junction potentials were 
measured after the seal was broken, and the membrane potential was 
corrected to compensate for the difference. The difference between the 
junction potentials measured before the gigaseal was formed and after 
it was broken in the same solution was within a few millivolts, as far 
as the pipette resistance remained in the similar range. A further cor- 
rection was not made in each experiment. 

The current signals, led into a patch clamp amplifier (EPC7, 
LIST) without series resistance compensation, were filtered at 1 kHz by 
a low-pass filter with Bessel characteristics with 48 dB/octave slope 
attenuation (P-84, NF), digitized at 1-4 kHz with an analog-digital 
converter (MacLab/4, Analogue Digital Instruments) and stored on a 
personal computer. Sampling rate at 1 kHz reduced capacitance tran- 
sients but did not apparently distort the results described herein. Cell 
capacitance was estimated with capacitive cancellation circuitry on the 
amplifier. Capacitance transients evoked by a - 5  mV voltage pulse 
were sampled at 4 kHz during the cancellation. To obtain conduc- 
tances of IR and OR currents, a linear leak current estimated from the 
current-voltage (l-V) curve negative to EK in the presence of Ba 2+ was 
subtracted. All data were expressed as mean + SD. 
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Fig. 1. Bone marrow-derived mast cells (BMMC) with different cur- 
rent patterns. The current patterns are classified into four types: no 
current activity (none), inwardly rectifying (IR) currents, outwardly 
rectifying (OR) currents, and inward plus outward currents (In + out) 
(from left to fight). 

SUBSTANCES 

Condensed stock solution of Na2ATP (Sigma, 500 mM) was prepared 
in 1 M Tris C1, stored in a freezer, and added to the internal medium 
before use. Condensed stock solutions of quinidine (Sigma), BaC12 
and 4,4'-diisothiocyano-2,2'-stilbenedisulfonate (DIDS, Sigma) were 
dissolved in distilled water. 

STAINING OF CELLS 

Bone marrow cells cultivated on a coverslip (15 mm in diameter) were 
fixed in Carnoy's solution and stained with alcian blue as described 
elsewhere (Worthington, 1962). Densely stained cells identified as 
BMMC appeared within 2-4 weeks in the presence of PWM-SCM. 

Results 

WHOLE-CELL CURRENTS OF BONE MARROW-DERIVED MAST 

CELLS (BMMC) 

Within 2-4 weeks of culture of bone marrow cells with 
PWM-SCM, homogeneous nonadherent cells with a di- 
ameter of 7-11 gm proliferated and were maintained for 
more than 10 weeks. Since the cells were stained with 
alcian blue, they were identified as bone marrow-derived 
mast cells (BMMC) (Nakano et al., 1985). We recorded 
whole-cell membrane currents from BMMC cultured for 
more than four weeks. Although about one-third of the 
cells were quiescent, other cells showed inwardly recti- 
fying (IR; in 14% of the cells), outwardly rectifying (OR; 
24%), or both inward and outward currents (22%) (Fig. 
1). Figure 2 shows examples of whole-cell currents re- 
corded from three cells bathed in a K-rich (150 rnu K § 
medium: IR (A), inward plus outward (B) and OR cur- 
rents (C). A part of currents with both inward and out- 
ward directions may be the sum of the OR and IR cur- 
rents, while currents without apparent rectification were 
seen in some cells. Those currents were seen in subpop- 
ulations over the culture period up to 15 weeks. 
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Fig. 2. Whole-cell currents recorded in the K-rich (150 mM KC1) medium. Superimposed currents evoked by step voltage pulses in three ceils. (A) 
Inwardly rectifying (IR) currents. (B) Both inward and outward rectifying currents. (C) Outwardly rectifying currents. Command voltage pulses were 
applied from the holding potential (+13 mV in A, 0 mV in B and C) in +10 mV increments. Leak currents were not subtracted. 

INWARDLY RECTIFYING (IR) CURP,~NTS 

Figure 3 shows current-voltage (I-V) relations of IR cur- 
rents obtained by applying voltage ramps in the K§ 
(150 raM) medium. IR currents were eliminated by the 
addition of 1 rnM BaC12 into the external medium (Fig. 
3A) and were reduced to 30-50% of the controls by 0.1 
rnM Ba 2§ (data not shown). Quinidine (100 gM) partially 
inhibited the IR currents (Fig. 3B). Representative I-V 
relations of the Ba2§ currents, obtained by sub- 
tracting the currents after addition of Ba 2+ from that be- 
fore, are shown in Fig. 4A. When the concentration of 
external K § was increased from 2.8 to 150 mu, the re- 
versal potential of the current-voltage relation was pos- 
itively shifted with an enhancement of the inward cur- 
rents (Fig. 4A). The right figure is the I-Vcurve at higher 
gain in the presence of 2.8 rnM K +, indicating a slightly 
negative slope region positive to the reversal potential, 
similar to that reported in the RBL-2H3 cell line (Lindau 
& Fernandez, 1986). The reversal potentials of the IR 
currents were -89.6 + 9.8 mV (mean + SD, n = 4) with 2.8 
m g  K +, -73.6 + 16.4 mV (n = 7) with 5 rnM K +, -34.6 + 
8.3 mV (n = 4) with 30 mM K + and 6.9 + 6.2 mV (n = 10) 
with 150 rr~ K § (Fig. 4B). A linear fit of the mean 
reversal potentials to extracellular K + on a semilogarith- 
mic scale (a line in Fig. 4B) had a slope of 55 mV per 
tenfold change in the extracellular K +, indicating that the 
IR currents were mediated by K + (IR~:). 

The conductance of IRK was greater with higher 
concentrations of extracellular K + in the same cell (Fig. 
4A) similar to IR K in RBL-2H3 cells (Lindau & Fernan- 
dez, 1986),  but  va r i ed  among  d i f f e ren t  cel ls .  
Mean and so of the conductance was 0.26 + 0.17 nS (n 
= 12) with 5 rnM K +, 0.62 + 1.05 nS (n = 6) with 30 1riM 
K + and 1.66 + 2.07 nS (n = 12) with 150 rnM K +. Larger 
cells tended to possess IR of larger conductance, but 
factors other than the cell membrane area also seemed to 

cause this variation as the conductance in cells with sim- 
ilar cell capacitance greatly varied (Fig. 4C). 

OUTWARDLY RECTIFYING (OR) CURRENTS 

Outwardly rectifying (OR) currents were more fre- 
quently seen than IR currents. Lowering the external K + 
concentration from 150 to 5 mM did not always change 
the OR (Fig. 5A), although reduction to some extent was 
observed in some cells. In the BaZ+-free K+-rich (150 
n ~ )  medium, the conductance was 1.43 + 1.27 :aS (n = 
12), and 1 rnM Ba e§ partially blocked the OR currents 
(Fig. 5A) by 14 + 23% (n = 4). OR currents, however, 
still remained (0.62 + 0.28 nS, n = 7) even in the pres- 
ence of 50 rnM BaC12 (Fig. 5B, control). Addition of 20 
gM of DIDS, a CI- channel blocker, further reduced the 
OR currents (Fig. 5B). With pipettes containing Cs (150 
rnM CsC1 or 150 mM Cs-methanesulfonate), the conduc- 
tance was 0.35 + 0.22 nS (n = 3) in the presence of 50 mM 
BaC12 and 1.71 + 0.37 nS (n = 3) in the Bae+-free me- 
dium. 

The reversal potential of the OR currents recorded in 
a K§ (150 mM KC1) medium was --41.7 + 13.2 mV 
(n = 11), which estimated the permeability ratio of CI- 
to K § as 7.8 from the Goldmann-Hodgkin-Katz equation. 
The OR currents were markedly reduced when the 
external CI- was substituted by an impermeant anion, 
isethionate in five cells examined (Fig. 6A). The con- 
ductance in the low CI- medium was 0.16 nS in one cell 
and negligible in four cells. Figure 6B shows the rever- 
sal potential of the OR currents plotted against the semi- 
logarithmic scale of the ratio of the external and internal 
CI- concentrations ([Cl-]e/[Cl-]i). Squares and circles 
represent data recorded in the presence and absence of 
Ba 2§ and data recorded with Cs in pipettes are shown as 
filled symbols. The difference of reversal potential 
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Fig. 3. Effects of K § channel blockers on the IR 
currents. Current-voltage relations obtained by ap- 
plying voltage ramps at the holding potential of 0 
inV. IR currents (controls) were eliminated by 1 mM 
BaC12 (A) and partially blocked by 100 gM quinidine 
(B). The external medium contained 150 mM KC1. 
Leak currents were not subtracted. 
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Fig. 4. IR currents and extracellular K + concentrations. (A) Current- 
voltage relations of Ba-sensitive IR currents in a cell when the external 
K + concentration was increased from 2.8 to 150 raM. Currents after 
addition of 1 mM BaC12 were subtracted. The inset figure is the relation 
with 2.8 mM K + at an expanded scale along the vertical axis. (B) 
Reversal potentials (mean + SD) for the IR currents plotted against the 
external K § concentrations in logarithmic scale. The regression line 
indicates a least squares fit for data with 2.8 mM (n = 4), 5 mM (n = 7), 
30 mM (n = 4) and 150 mM (n = 10) K § obtained from 23 cells. The 
internal K + concentration was 150 mM. (C) Relation between the cell 
capacitance and the IR conductance recorded in 150 mM K +. Data were 
obtained from nine cells. 

for the OR currents by a tenfold change in the ratio was 
45 mV from the least squares fit for all data (indicated by 
a continuous line). The reversal potential was also mea- 
sured from tail currents with prepulse of +100 mV. The 
reversal potentials obtained by the two methods did not 
apparently change. These results suggest that most of 
the OR currents seen in the presence of Ba 2+, and at least 

a part of those in the absence of Ba 2+, were mediated by 
C1-. 

THE MEMBRANE POTENTIAL AND CURRENT ACTIVITIES 

In cells without any appreciable currents, the resting 
membrane potential recorded under the current clamp 
mode in the standard Ringer solution containing 5 n ~  K § 
was close to 0 mV (3.3 + 7.7; n = 5). Cells exhibiting IR 
currents tended to depolarize with an increase in the 
concentration of external K + in association with an in- 
crease in the conductance measured by injecting constant 
currents (+10 pA) (Figure 7A and data linked by lines in 
Fig. 7B). The resting potential in the standard Ringer 
solution containing 5 mu K § ranged from -62 to 6.4 mV 
(-23 + 25 mV, n = 11) (Fig. 7B). Addition of 1 rnM 
BaC12 produced depolarization with a decrease in the 
input conductance (data not shown). Spontaneous fluc- 
tuations of the membrane potential, reported in macro- 
phages with an IR K channel (Gallin & Livengood, 1981), 
were not apparent. 

In cells exhibiting OR currents, the resting potentials 
ranged from -66 to -10 mV (-28 + 19 mV, n = 5) in 
standard Ringer solution. A spontaneous hyperpolariza- 
tion was occasionally seen, in association with a devel- 
opment of OR currents even in the K+-rich (150 ~ K) 
medium (Fig. 8A). Voltage responses to injected cur- 
rents were rectified and the slope resistance in the I-V 
curve was decreased by outward-going current pulses 
(Fig. 8B). 

These findings suggest that both IR K and ORcl 
channel activities more or less contribute to set the mem- 
brane potential. Low resting membrane potentials, com- 
pared with EK or Ec~, might be explained by the rela- 
tively small conductance compared to leak conductance. 
Leak currents may shift cells to more depolarized levels 
and real resting potentials without leakage may be more 
negative. 

D i s c u s s i o n  

Ion channels of mast cells have been investigated using 
rat peritoneal mast cells and a tumor analogue of mu- 
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Fig. 5. The outwardly rectifying (OR) currents 
evoked by voltage ramps applied at the holding po- 
tential of 0 inV. (A) OR currents in K-rich (150 mM 
K) and standard Ringer (5 mM K) solutions. One 
millimolar BaC12 was added into the standard 
Ringer. (B) Effects of DIDS (20 gM) on the OR 
currents remained in the presence of 50 mM Ba 2+. 
The bath contained 50 mM BaC12 and 78 mM glu- 
camine. Leak currents were subtracted. 

Fig. 6. The OR currents and C1- concentrations. (A) 
A family of currents evoked by voltage steps applied 
at the holding potential of 0 mV in standard Ringer 
(upper) and the low C1- (lower) solutions. ]En the low 
C1- solution, 145 mM NaC1 was replaced by 145 mM 
Na-isethionate. (B) Semi-logarithmic plot of the re- 
versal potential of OR currents against the ratio be- 
tween extracellular and intracellular C1- concentra- 
tions. Squares and circles represent data recorded in 
the presence and absence of Ba 2+, respectively, and 
filled symbols, data recorded with Cs in the pipette. 
Data were obtained from 17 cells. The continuous 
line indicates a least squares fit for data, and the 
dashed line, the theoretical line for the C1- selective 
channel. 
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cosal type mast cells, RBL-2H3 cells. Since peritoneal 
mast cells and RBL-2H3 cells differ not only in the phe- 
notype but also in the functional state, it is not surprising 
that their electrophysiological properties are different as 
reported previously (Lindau & Fernandez, 1986; Penner 
et al., 1988; Kuno et al., 1989, 1990; Matthews et al., 

1989; Kuno & Kimura, 1992). BMMC have been ex- 
pected to exhibit an IR K channel similar to RBL-2H3 
cells (Lindau & Fernandez, 1986) as BMMC are classi- 
fied as a mucosal type from their biochemical character- 
istics (Haig et al., 1982; Razin et al., 1982; Sredni et al., 
1983). IR K currents found in BMMC had a negative 
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currents. (A) A spontaneous hyperpolarizing shift in 
the resting potential (lower) was accompanied by 
appearance of OR currents (upper); a and b are I -V 

relations obtained by applying voltage ramps in the 
voltage clamp mode. This cell was suspended in 
K+-rich (150 mM) solution. (B) Voltage responses 
(upper) and a 1-V relation (lower) of a cell suspended 
in the standard Ringer solution under the current 
clamp mode. Current steps in +10 pA increments 
were applied at the resting potential (-25.3 mV). 
Membrane potentials were measured at the end of 
each 500 msec current step. The curve is a least 
squares fit for data. 

conductance region at membrane potentials positive to 
E K and were blocked by Ba 2+, similar to IR K in RBL- 
2H3 cells. We report here, however, that apparent IR K 
channels are seen only in a subpopulation of  BMMC and 
that an electrophysiologial profile of  BMMC in the rest- 
ing state is heterogeneous. 

Outwardly rectifying currents were more often seen 
in BMMC than in IR currents. C1- seemed to be a major 
current cartier, since the current amplitude depended on 
the extracellular C1- concentration and the reversal po- 
tential was positively shifted by decreasing the ratio be- 
tween extracellular and intracellular C1- concentrations 
([C1-]J[C1-]i). In addition, the OR currents were inhib- 
ited by a C1- channel blocker, DIDS. Outwardly recti- 
fying C1- currents have yet to be identified in the resting 
state of  both mucosal and connective tissue types of  mast 
cells, although a small conductance (-1 pS) ORcl chan- 
nel was found in rat peritoneal mast cells when activated 
by secretagogues (Penner et at., 1988; Matthews et al., 
1989). In RBL cells, crosslinking of  type I FC, receptors 
activated a C1- channel that had a conductance of  32 pS 
and no strict outward rectification (Romanin et al., 
1991). Thus, various types of  C1- channels may exist in 
activated mast cells. 

The OR currents were more or less reduced by 1 mM 
Ba 2+. In RBL-2H3 cells, an outwardly rectifying K + 
channel, partially blocked by Ba 2+, was activated by the 
introduction of  a nonhydrolyzable GTP analogue into the 
cells (McCloskey & Cahalan, 1990). In the absence of  
K + channel blockers, the reversal potential of  the OR 
currents of  BMMC with the K + rich (150 mM) external 
medium was -41.7 _+ 13.2 mV (n = 11), negative to E K 
(0 mV). When the external K + concentration was de- 
creased from 150 to 5 raM, the OR currents remained 
constant or decreased without appreciable changes in the 
reversal potential. These results suggest that contribu- 

tion of  K + currents to OR currents in the resting state of 
BMMC is minor if any. 

The resting potential of  rat peritoneal mast cells, 
which do not exhibit current activities, was - 2 0  to 
around - 3 0  mV or more positive (Lindan & Fernandez, 
1986; Kuno et al., 1989). On the other hand, in RBL- 
2H3, the membrane potential was around - 9 0  mV in the 
resting state and was determined by the IR K channel 
(Lindan & Fernandez, 1986). IR K channels were ex- 
pressed in other peripheral blood cells originated from 
hematopoietic stem cells, like granulocytes (Kawa, 
1989) and macrophages (Gallin & McKinney, 1988), to 
set the membrane potential. In BMMC without any ap- 
parent current activities, the resting potential was near 0 
mV in standard Ringer solution. B M M C  with IR K 
tended to depolarize by elevating the external K + con- 
centration and by adding Ba 2+, a blocker of IR K, al- 
though the membrane potential greatly varied over a 
wide range in the standard Ringer solution. High resis- 
tance transitional region of  the membrane potential was 
reported in several cell types which possess IR K conduc- 
tance with a negative conductance region (Miyazaki, 
Ohmori & Sasaki, 1975; Gallin, 1981). The membrane 
potential of  most of  BMMC with IR K seemed to be in the 
high resistance region, at positive to E K, and may shift to 
either depolarized or hyperpolarized state by a small 
change in the current activity as reported in other cells 
(Miyazaki et al., 1975; Gallin, 1981; Gallin & Liven- 
good, 1981). However, spontaneous fluctuations of  the 
membrane potential between the two states were not ap- 
parent in the present study. The IR K channel may be 
stable in either open or closed state and may need some 
unknown factors to change its activity. In BMMC ex- 
hibiting OR currents, the resting potential ranged from 
-66  to - 1 0  mV and an increase in OR conductance was 
accompanied by hyperpolarization. Thus, both IR and 
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O R  conductances  are l ikely to contr ibute  to setting of  the 

m e m b r a n e  potential ,  a l though the extent  o f  regula ted  

m e m b r a n e  potent ia l  may  be l imi ted by the magni tude  o f  

the conductances .  It is also no tewor thy  that the real  

m e m b r a n e  potent ial  may  be more  negat ive,  i f  the leakage  
is compara t ive ly  negl igible .  

In the present  study, B M M C  were  current ly classi-  

f ied into four  subpopulat ions  according to the electro-  
phys io logica l  profi le:  cells  wi th  no current  activity,  IR  

currents,  O R  currents and inward plus ou tward  currents. 

Currents  in both direct ions remain  to be character ized.  

He te rogeneous  channel  express ion was also repor ted  in 

bone  mar row-de r ived  macrophages  (Banati  et al., 1991). 

Macrophages  have  different  e lec t rophys io logica l  proper-  

ties in different  phenotypes  (Ket tenmann et al., 1990; Ba-  
nati et  al., 1991). The  he te rogenei ty  in B M M C  m a y  un- 

derl ie  express ion o f  var ious ion channels  in different  

phenotypes  o f  mast  cei ls  or  ref lec t  d i f ferences  in the 

funct ional  state. In rat per i toneal  mast  cells  and R B L -  

2H3 cells,  a var ie ty  o f  ion channels  are act ivated during 
s t imulus-secre t ion coupl ings  (Penner  et al., 1988; Kuno  

et al., 1989; Roman in  et al., 1991). A lack o f  appropriate  

s t imulat ing signals migh t  expla in  the exis tence o f  quies-  

cent  B M M C .  As has been  sugges ted  in per i toneal  mast  

cells  and R B L - 2 H 3  cells  (Penner  et al., 1988; Kuno  et 

al., 1989; Roman in  et al., 1991), openings o f  both K § and 

C1- channels  could  support  Ca 2+ influx by increas ing the 
e lec t romot ive  force  for  Ca  2+ currents due to hyperpolar-  

ization, a l though further studies are needed  to clar ify 

phys io logica l  s ignif icance o f  the channels  in B M M C .  
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