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Abstract. Patch clamp experiments were performed onthe calcium-activated maxi-K channel in 2n€a Ringer
two human osteosarcoma cell lines (MG-63 and SaOS-th 60% of patches studied, in Ca-free Ringer bath solu-
cells) that show an osteoblasticlike phenotype to identifytion, PGE did not open any channela = 10 patches)
and characterize the specific K channels present in thessor did cAMP + forskolin 6 = 3 patches), although K
cells. In case of MG-63 cells, in the cell-attached patchchannels were present under the patch upon excision
configuration (CAP) no channel activity was observed inln addition, in the presence of 2urCa Ringer and 1Q.m
2 mv Ca Ringer (control condition) at resting potential. Nitrendipine in CAP configuration, PGE(n = 5
In contrast, a maxi-K channel was observed in previouslypatches) and cAMP + forskolim(= 2 patches) failed to
silent CAP upon addition of 50mparathyroid hormone open K channels present under the patch. As channe
(PTH), 5 v prostaglandin E(PGE) or 0.1 nm dibu-  activation by phosphorylation with the catalytic subunit
tyryl cAMP + 1 pm forskolin to the bath solution. How- of PKA was not observed, and Nitrendipine addition to
ever, maxi-K channels were present in excised patchethe bath or the absence of calcium prevented the openinc
from both stimulated and nonstimulated cells in 50% ofof this channel, it is concluded that activation of this
total patches tested. A similar K channel was also ob-channel by PTH, PGEor dibutyryl cAMP + forskolin is
served in Sa0S-2 cells. Characterization of this maxi-Kdue to an increase in intracellular calcium concentration
channel showed that in symmetrical solutions (140 m via Ca influx.
K) the channel has a conductance of 246 £ 4.5pS=(
7 patches) and, when Na was added to the bath Solutiolkey words: Patch C|amp — Calcium activated K chan-
the permeability ratio (R¥Py,) was 10 and 11 for MG-63  ne| — Osteoblast — PTH — PGE
and Sa0S-2 cells respectively. In excised patches from
MG-63 cells, the channel open probability f is both
voltage- (channel opening with depolarization) and Ca-ntroduction
dependent; the presence of Ca shifts Bevs. voltage
curve toward negative membrane potential. DirectBone is a dynamic organ that undergoes continuous re-
modulation of this maxi-K channel via protein kinase A newal. Under normal conditions bone resorption by os-
(PKA) is very unlikely since in excised patches the ac-teoclasts is finely balanced to the amount of bone that is
tivity of this channel is not sensitive to the addition of 1 made by osteoblasts, such that total bone mass is con
mm ATP + 20 U/ml catalytic subunit of PKA. We next served. In a pathological situation like osteoporosis, an
evaluated the possibility that PGBr PTH stimulated imbalance between these two processes results in ne
the channel through a rise in intracellular calcium. First,bone loss. The mechanisms that underlie this condition
calcium uptake°Ca™) by MG-63 cells was stimulated are still debated, but may stem from disorders of cell-to-
in the presence of PTH and PGEan effect inhibited by  cell communication or signal transmission. One of the
Nitrendipine (10wm). Second, whereas PGEtimulated  most important hormones in the control of bone resorp-
tion is parathyroid hormone (PTH). Although osteoclast
cells resorb the bone, it was found that the receptors for
I PTH were located exclusively on the bone-forming os-
Correspondence tdD. Lajeunesse teoblast cells [44]. Thus, it was hypothesized that osteo-
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blast cells are the main targets for PTH and that theynodified Eagle media (Sigma, St. Louis, MO) supplemented with 10%
regulate osteoclastic activity, and hence resorption, videtal bovine serum (FBS), 100 U/ml penicillin and 13@/ml strepto-
cell-to-cell communication. Likely candidates for sec- Mycin, while Sa0S-2 cells were grown in McCoy’s medium (Sigma,
. p t. Louis, MO) supplemented with 10% FBS. Cells were harvested by

Ond.messenger.s to transmit the PTH resppnse within Typsin-EDTA treatment (0.025% trypsin, 0.05% EDTA in phosphate
cell !nC|Ude CyClIC AMP [27{ 28, 30, 48] and intracellular buffered saline, Gibco, NY) and passaged at a ratio of 1:9 once a week
calcium [301 407 48, 51], since PTH has befen ShOWn tGor MG-63 cells and a ratio of 1:4 for Sa0S-2 cells. Cells were pas-
cause a rise in both of these messengers in a variety aghged no more than 12 times and experiments were performed on cells
osteoblast cells. between the 4th and 10th passage. Forty-eight hours before an experi

PTH has been shown to cause multiphasic Change@ent, cells were harvested and laid on gla_ss coverslips at a density of
in the cell membrane potential resulting in a Sustainele,OOO cells/crh and after 24 hr the medium was changed to one
h larizati 10. 12. 131. Th h . containing 2% FBS, to reduce cell growth and synchronize the cells at

yperpo aI‘IZ(.:l lon [ T ] es.e. c ?nges In memfhe same point in the cell cycle.

brane potential possibly involve modification of currents
through ionic channels. However, the ionic basis for
these changes in membrane potential is not clear. Ther@atcH CLavp Stubies
is indirect evidence for the existence of calcium-acti-
vated K channels in osteoblast cell models [8, 10], andrhe glass coverslips on which the cells adhered were transferred to a
embryonic chick osteoblast cell cultures [39 53]_ chamber on the stage of an inverted microscope for the patch clamp

Other agents that cause bone resorp,tion includgxperiments [21]. Patch pipettes (resistance 5 to bhm when filled

landi 7 261 th landin. i with 140 mv KCI and placed in control Ringer solutiosgesolutions)
prostaglandins [ ’ ]’ the most potent prostaglandin, Myere fabricated from hematocrit glass tubing (Fisher, Ottawa, Ontario)

terms of bone resorption, being PGE]. Itis believed  ysing a vertical two-stage patch pipette puller (Narishige, Japan). Cur-
that prostaglandins act as paracrine rather than circulatent records were amplified with a patch clamp amplifier (L/M-EPC7,
ing hormones, and many circulating hormones [46, 52]List, F.R.G.) and stored on videotape, following pulse code modulation
including PTH [33], have been found to stimulate the (Neurodata DR-384, New York, NY). .

production and secretion of prostaglandins by osteo- Channel current records were analyzed using pClamp (Axon In-

. . . struments, version 5.5.1). The data were filtered at 500 Hz using an
blasts. Prostaglandins have been shown to increase i -pole Bessel filter (Frequency devices, MA) and sampled at 1 KHz

tracellula_lr CAMF? content in osteoblast cells [9' 49, 50'into computer memory (a 386 IBM-compatible PC) via a TL-1 DMA
54] and indeed in the human MG-63 osteosarcoma celbpmaster interface (Axon Instruments, Foster City, CA). Channel con-
line intracellular cAMP is increased by PGR7]. The  ductances were estimated by linear regression over the voltage range
effect of prostaglandins on intracellular calcium contentindicated in the results section. The applied transpatch voltager-

is less well studied, however, they appear to cause a ris€sponds tdvbath - Vpipette, wherevbath is always equal to zero.
in intracellular calcium concentration [49’ 50]' In cell-attached patches the potential across the patch is equal to the

. . . ! . .. applied potentialV, plus the cell membrane potential, whereas in ex-
The aims of this StUdy were, first to dlreCtly ldentlfy cised patches the potential across the patch is directly the applied

by patch clamp recordings the potassium channels Pr&sotential,V. The channel open probabilitPP() was determined using
sent in the human osteosarcoma cell lines MG-63 anehe equation described by Marunaka and Tohda [35].

Sa0sS-2, that display osteoblastlike properties [27, 28,

41], and second to see if PTH and PGtave any effects

on these channels. Our results indicate the presence ofP-UTIONS

calcium-activated, maxi-K channel in these cells. This ) ) ) ) ]

channel is activated from otherwise silent patches b)}n all the experiments, the pipette solution contained (inni40 KCl,

. . - 2 CaCl,, 1 MgCl,, 5 glucose, 5 HEPES adjusted to pH 7.4 with KOH,
PTH and PGE This effect is mimicked by cAMP + and the cells were initially bathed in control Ringer solution (2 Ga

forskolin, yet it is not the direct target of protein kinase ringer) containing (in m): 140 NaCl, 5 KCI, 2 CaGl 1 MgCl,, 5

A phosphorylation. Indeed, our data suggest that PTHylucose, 5 HEPES adjusted to pH 7.4 with NaOH. Some experiments
and PGE-dependent calcium influx into these cells is were performed in 0 m Ca Ringer containing also 1.5MMEGTA.
necessary for the activation of this channel. A possible  For cell-attached patch experiments (CAP) the effect of the fol-
role of this channel in the mediation of PTH and PGE lowing drugs was studied: 50vnparathyroid hormone (human PTH

. . . . 1-34, Peninsula, CA), 5wmprostaglandin E(PGE,, Sigma, St. Louis,
action in bone cells is discussed. MO) and 0.1 nw dibutyryl cAMP + 1 um forskolin (Sigma, St. Louis,

MO). In some assays, 1@m Nitrendipine was used in combination
. with PTH, PGE or cAMP + forskolin. The drugs were dissolved in
Materials and Methods control Ringer solution just prior to use, and during the recordings the
cells were continually superfused.
Excised patch experiments were performed in symmetrical K
CeLr CuLTure solutions where the bath solution was identical to that of the pipette
(240 mv K) or in Ringer solution (5 m K), or in a solution containing
Two human osteosarcoma cell lines (MG-63 and SaOS-2) presenting0 mv K and 70 nm Na. The low calcium Ringer solutions contained
an osteoblastlike phenotype were purchased from the American Typ&.5 mv EGTA and the free calcium concentration was adjusted to 10
Culture Collection (Rockville, Maryland). MG-63 cells were grown on pM, 2 um or 1 um by the addition of 1.49, 1.39 and 1.3wntotal
impermeable supports in a 1:1 mixture of Ham F12 and Dulbecco’scalcium. The free calcium concentration was calculated according to
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Fabiato and Fabiato [11]. In some excised patch experiments, the folfable 1. Single channel open probability?{) measurements in the
lowing were added to the Ringer solution (imn 1 BaCl, 1 or 5 ATP, presence of PTH, PGEand dibutyryl cAMP + forskolin
1 ATP + 20 U/ml catalytic subunit of protein kinase A (Sigma, St.

Louis, MO), and 10um Nitrendipine (Sigma, St. Louis, MO). Care Single channel open Response
was taken to adjust the pH of the solutions containing either EGTA or probability P,) frequency
ATP to 7.4 with NaOH. + Drug
Control +Drug
CaLcium UpPTAKE PTH 0 0.69+0.13 (3) N.D.*
PGE 0 0.62+0.1 (3) 60% (7/12)
Cells grown to 80% confluency in 35 mm petri dishes were incubatedcAMP + F 0 0.74+ 0.04 (5) 53% (9/17)

in a 1:1 mixture of Ham F12 and Dulbecco’s modified Eagle media
without serum for 10 min at 37°C, before Im°CaCl, and either 50  The numbers in parenthesis are the number of experiments performec
nv PTH or 5 m PGE, were added to the medium either in the presenceto calculate the open probability and, for the response frequency, the
or absence of 1Qum Nitrendipine (Sigma, St. Louis, MO). After a number of experiments in which a maxi-K channel was observed per
15-min incubation the cells were washed three times with ice-cold stoptotal experiments performed. *N.D.: not determined since only three

solution (150 nw KCl and 15 mu Hepes-Tris pH 7.4) containing 2nm experiments were performed.

EGTA and 1um La®*, solubilized in 1N NaOH for 1 hr at 4°C and

counted on a LKB counter. In individual experiments, triplicate dishes

were used per conditions tested, and the results pooled for each ex- . . . .
periment. rents are carried by potassium ions flowing from the

pipette to the cell.
In addition to channel activation in the presence of
StaTisTICS PTH or PGE, we also observed a stimulation of a chan-
_ _ _ nel when a cocktail of 0.1 mndibutyryl CAMP + 1 um
ﬁroups of paired and unpaired data were analyzed using StUdemforskolin (Fig. 1, Table 1: 53% of 17 patches) was added
-test and are presented as measett. Mean values were assumed to . . . .
be significantly different from each other when tRevalue was less to the bath solution while recqrdlng from a silent cell-
than 0.05. attached patchM, = 0 mV). This channel seemed to be
similar to the channel activated with PTH and PGE
A sustained channel activation was observed after an
Results average time delay of 57 £ 10 sec following the addition
of PTH, PGE or dibutyryl cAMP + forskolin, which is
The rate of seal formation on cells from the human os-only slightly longer than the delay required to completely
teosarcoma cell line MG-63 with 140MrK in the patch  exchange the bath solution (approximately 30 sec). The
pipette and 2 m Ca Ringer in the bath was very high 1I/V relations for the channel activated in CAP after ac-
(83%,n = 496 total patches). Within these experiments,tivation with PTH, PGE or dibutyryl cAMP + forskolin
a maxi-K channel was observed under the pipette patchre strikingly similar (Fig. 2). The channel has an in-
in about 50% of cases (= 210). When a maxi-K chan- ward conductance of 156 pS (determined between —40
nel was observed in the excised configuration, thesend 40 mV), and it appears that the channel also displays
patches were used for the characterization of this channalome degree of inward rectification at higher imposed
(conductance, selectivity, calcium and barium sensitivvoltages. The currents reverse at a pipette potential of
ity, modulation of channel activity by hormones, etc.), =51 mV suggesting a high selectivity for potassium in
and the individual number of patches) used for each the CAP configuration.
different analysis is indicated where appropriate. Characterization of the channel observed in stimu-
In cell-attached patches (CAP) we did not observelated cells was performed in excised patches. A single
any channel currents when the cells were perfused witlthannel type was observed on excision of patches from
2 mm Ca Ringer. In rare cases, depolarization of theboth stimulated and nonstimulated MG-63 cells and it
patch by approximately 100 mV lead to brief openings ofappeared that the channel characteristics were indepen
a large conductance channel. However, upon addition oflent of whether or not the cell had been prestimulated,
50 v PTH or 5 m PGE, to the bath solution while therefore the data were pooled.
recording from a silent cell-attached patch at ¥p 0 Typical current records in symmetrical K solutions,
mV, a sustained activation of a large conductance chanand the current-voltage relations for this channel in so-
nel was frequently observed (50 to 60% of total assaysutions with different K concentrations are depicted in
when a maxi-K channel was present under the patch aftdfig. 3 for MG-63 cells. Table 2 shows the conductance
excision, Table 1). From Fig. 1 steady state single chanand reversal potential of the channel in the different K
nel inward currents of 8.4 + 0.9 pA(= 8 patches) can solutions for both MG-63 and Sa0S-2 cells. Conduc-
be observed upon stimulation of the cells with eithertance measurements were taken between —40 and +4
PTH or PGE. Assuming the cells have a negative mem-mV in symmetrical 140 m K solutions, between -40
brane potential, it is likely that the observed inward cur-and 0 mV in 70 K and between —-20 and +20 mV in B m
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Fig. 1. Representative traces showing channel
activation in cell-attached patches after the
addition of; top: 50 m PTH; middle: 5 m PGE,;

db cAMP + forskolin bottom: 0.1 nw dibutyryl cAMP + 1 um forskolin

to the bathing solution. The recordings were taken
between 40-80 sec after the addition of the drugs.
The pipette solution was 140ambuffered KCI
solution and the solution bathing the cells was
Ringer. Upward deflections represent current flow
from the pipette to the cell.

5 secs

20 pA

I (pA) 97 - the Goldman-Hodgkin-Katz equation usingPa:Py, ra-
tio of 11 and 10 for MG-63 and SaOS-2 cells respec-
tively. Thus, this channel is clearly selective for K over
X Na in both cell lines.
— In excised patches the channel is exquisitely sensi-
—40 80 120 tive to the calcium concentration bathing the cytosolic
V (mV) face of the patch (Fig. 4). In 2 mcalcium, between
transpatch potentials of —40 and 40 mV the channel is
open for around 70% of the time and as seen from Fig. 3
(left) over this voltage range the channel open probabil-
ity is not voltage-dependent under symmetrical K con-
v PTH centration conditions, whereas when the bath K concen-
s PGE, tration is lower, the current decreasesvgthigher than
40 mV. Lowering bath calcium concentration to {L®
= cAMP reduced slightly theP, over the same voltage range.
+ F However, with 1um calcium bathing the intracellular
face of the patch the channel was completely closed at
negative pipette potentials, y&t, could be increased by
large depolarizations of the patch of up to +80 mV as
shown in Fig. 4.
The channel was blocked in a voltage-dependent
—20- manner by addition of 1 m barium to the bath solution
) ) in excised patches. From Fig. 5 it can be seen that at
Fig. 2. Current-voltage relations from cell attached patches after . . . .
stimulation of channel activity by PTH, PGEr dibutyryl cAMP + positive pipette potgnt|al$/( = _Vp) where one mlght
forskolin. The solid line is a second order polynomial fit to the dita. €XPect external barium to be repelled from the channel,
is the applied voltage and corresponds to minus the potential applied & iS only slightly reduced. However, the barium block
the pipette. is complete at negative pipette potentials where the posi-
tively charged barium would be expected to be drawn
into the channel.
K. The K to Na selectivity of this channel was studied To test whether the activation of this channel in
by replacing K by Na in the bathing solution with 140 cell-attached patches was via an increase in intracellular
mm K in the patch pipette. In symmetrical solutions the cAMP leading to activation of protein kinase A (PKA)
I/V relation is Ohmic and the reversal potential for theand phosphorylation of the channel, we performed ex-
channel is, as expectedrfa K channel, around 0 mV. periments in excised patches where &1 TP and 20
Lowering bath K concentration shifts the reversal poten-U/ml catalytic subunit of PKA were added to the bath
tial towardsE, and the rectification displayed is due to Ringer which contained 2 m calcium. TheP, under
the asymmetric ion concentration on either side of thecontrol conditions was 0.63 + 0.08 & 4 patches) and
patch, as predicted by Goldman, since both thé  addition of catalytic subunit of PK+ 1 mm ATP did not
curves (where bath K was 5 or 70mnwere fitted with  significantly changé®, (0.74 £ 0.09n = 4 patchesP >

H
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Fig. 3. Left: Excised patch recordings of channel currents at different applied potentials with symmetricaM1KGsafution, containing 2 m
calcium on either side of the patch. Right: Current-voltage relations in excised patches where the K concentration in the bathing solution is rec
(in mm): from 140 K to 70 K b 5 K with 140 K in the patch pipette. In symmetrical solutions the unbroken line is a linear regression fit to the dat
In the asymmetric solutions (5 and 70unK in the bath) the solid lines represent the best fit to the data using the Goldman-Hodgkin-Katz equatic
with a B¢:Py, of 10 in both cases. The error bars are $b®, some of which fall within the symbol itself/ is the applied voltage and corresponds
to minus the potential applied to the pipette.

Table 2. Conductance and reversal potential for channel in excised patches withM &0imthe patch pipette
and (in mv): 140 K, 70 K or 5 K in thebathing solution

Bath solution () g (pS) Erev (MV)
MG-63 Sa0s-2 MG-63 Sa0S-2
140 K 246+ 4.5 (7) 223+ 21 (3) 0.4+ 0.4 (7) 3.7¢2.1(3)
70 K 210+ 7.3 (3) 191+ 39 (3) 15.2¢ 2.0 (3) 17 +7 (3)
5K 112+ 7.4 (4) 132+ 6 (5) 48.2+ 1.6 (4) 49 6 (5)

g is the channel conductandg,, is the reversal potential and the number between parenthesis is the number
of experiments performed.

0.2). Repeating the same experiment withiid calcium  uptake by MG-63 cells was measured in the presence anc
in the bath solution, where the channel was initially absence of either PTH or PGRvith or without 10 um
closed under control condition®{ = 0 mV), did not Nitrendipine. “°Ca*™ uptake increased from 2.74 + 0.31
lead to an increase iR, either @ata not showh In  to 4.82 + 0.45 nmol/mg protein/15 mim (= 6 experi-
excised patches bathed in Ringer solution the channel iments,P < 0.01) after preincubation with PTH and from
also insensitive to high concentrations of ATP. In con-2.93 + 0.32 to 5.20 + 0.80 nmol/mg protein/15 mm=£
trol conditionsP, was 0.86 = 0.02, and this was not 7 experimentsP < 0.02) after preincubation with PGE
significantly altered by the addition of S5MmATP to the  In the presence of Nitrendipine aloféCa'™* uptake was
bath solution (0.84 £ 0.0 = 5 patchesP > 0.09). not significantly different from control. However, Ni-
To assess whether calcium influx is involved in the trendipine inhibited the PTH- and PGistimulated
PTH or PGE-dependent K channel activatiofiCa™*  “°Ca"™ uptake (PTH + Nitrendipine, 3.58 + 0.5, = 5
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Fig. 4. Relationship between channel open probabilRy) (and volt-

age in symmetrical K solutions (140mhupon changes in bath calcium Fig. 5. Voltage-dependent barium block. Oneirbarium was added to
concentration (2 m, 10 um and 1pm). The data are from 4 patches in  the bath solution in excised patches with symmetrical K solution bath-
which the effect of each different calcium concentration was assessedng the patch (140 m K). Each point is the mean of 6 paired experi-
The error bars are theem, some of which fall within the symbol itself. ments. The error bars are thew, some of which fall within the symbol
Vis the applied voltage and corresponds to minus the potential appliedtself.

to the pipette.

served by raising intracellular cyclic AMP with the ex-
ternal application of dibutyryl cAMP + forskolin. Pos-
sible mechanisms for the activation of this channel in
silent CAP were investigated in the excised patch con-
figuration. Interestingly, excision of either nonstimu-
lated or stimulated patches yielded identical results, in
that, a large conductance calcium-sensitive K channel
was observed. This suggests that PTH, P@kd dibu-
tyryl cAMP + forskolin activate silent channels already
present in the membrane rather than inducing the addi-
tion of new channels to the membrane.

In our experiments, since it is known that PTH and
PGE, increase intracellular cyclic AMP in human de-
rived osteoblast cells (MG-63) [27] as well as in other

pecies [9, 30, 41, 48-50, 54], and since we observed &

imilar channel activation by artificially raising cell cy-
clic AMP with dibutyryl cAMP + forskolin, we investi-
ated the possibility that the activation of the calcium-

experimentsP < 0.05vs. PTH alone; PGE + Nitren-
dipine, 3.44 £ 0.42n = 6 experimentsP < 0.05vs.
PGE, alone; both not significantly different from con-
trols).

The effect of these PTH- and PGEtimulated Ca
influx on K channel activity were also tested using the
patch clamp technique. In Ca Ringer, PGipened the
K channel in 60% of the cases (7 out of 12 patches, Fig
6), whereas in Ca-free Ringer this stimulation by BGE
was totally prevented (10 out of 10 patches). Similar
results were also obtained for PTH and cAMP + forsko-
lin (3 patches per conditiomot show). The presence of
10 wm Nitrendipine in the bath in combination with 2vm
Ca Ringer also prevented the opening of the channel b
PGE, (5 out of 5 patches, Fig. 6) or cAMP + forskolin (2
patchesnot showi. The presencef@ K channel under g
:Ezgag (\év ; ;}/negrglresd oIIEt?oarf. h s:tscigz ;);Izliggntgtesﬁi;?/a_ctivated K channel was due to channel phosphorylation

a maxi-K channel activity upon excision were discarded”'? activation of CYC”C AMP-dependent protein "if‘ase
from this last analysis A. Such a mechanism has been shown to operate in pan

creatic duct cells upon stimulation of the cells with a
secretagogue [17]. In excised patches, either in low or
Discussion high bath calcium, the catalytic subunit of PKA in the
presence of ATP had no effect on chanRgl Moreover,
This study shows that similar maxi-K channels are pre{previous stimulation of the channel via PTH or PGi&
sent on the plasma membrane of both MG-63 andCAP had no subsequent effect on tRg in excised
Sa0S-2 osteoblastlike cell lines. In MG-63 cells, thispatches whether these were treated or not with the cata
channel is activated in CAP upon stimulation of the cellslytic subunit of PKA + ATP in the presence of either low
with either PTH or PGE but only when extracellular or high calcium. This also suggests that previous phos-
calcium was present. A similar activation was also ob-phorylation via hormonal stimulation does not modify
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g 401
g_ Fig. 6. The effect of calcium influx on K channel
@ activation by PGE The cell-attached patch
% 30 1 recordings were taken after 2 min following
2 addition of the different agents tested. At the end
8. of the experiments, excision of the patch was
8 20 performed to determine the presence of K
& channel under the patch. PG#was used at 5w
in the presence or the absence of 8 @a in
bath Ringer or in the presence of Ca andpl@
n=10 n=s Nitrendipine (Nitren). The total number of
experiments is noted on top of the bars for
v a— 4 individual assays.
PGE2 PGE2 + 0 Ca++ PGE?2 + Nitren

the channel behavior nor its sensitivity to calcium. From42]. There is evidence for [40, 51] and against [30, 48]
this it was concluded that the mechanism of activation isa rise in intracellular calcium upon increases in intracel-
not via direct channel phosphorylation by PKA. How- lular cyclic AMP in osteoblast cells elicited by either
ever, this does not exclude the possibility of phosphor{forskolin or dibutyryl cAMP.
ylation of a soluble intermediary protein leading to chan- In CAP, we obtained hormonal (PTH and PGE
nel activation, which is lost upon patch excision. activation of K channels in about 50 to 60% of assays
Another possible mediator of the PTH and PGE where a channel was detected under the patch. This
response leading to channel activation is intracellularcould either be due to the absence of receptors for PTH
calcium. In excised patches, the channel is sensitive tor PGE, in certain cells, the absence of Ca channels to
calcium within the range of 1 to 1w, but the calcium permit Ca influx in these cells or the regulation of the
sensitivity when the channel is exposed to normal cyto-above with the cell cycle. Recent data suggest that not
plasmic solutions is not known. Both PTH and PGle  all osteoblastlike cells possess receptors for PTH and
able to increase intracellular calcium concentration in aPGE,, and can increase intracellular calcium in response
rat osteoblast cell line (UMR cells) [30, 40, 48-51]. If to these effectors [5, 31]. Indeed, intracellular free cal-
the same increase in intracellular calcium can be obeium responses to PTH and PSEere noted in only 20
served in our cells, then this could account for channeto 30% of UMR-106 cells, a rat osteosarcoma cell line
activation. Indeed, we show th&iCa'* uptake by MG-  [5]. In primary osteoblastlike fetal rat calvaria cell cul-
63 cells increased 1.8-fold in the presence of either PTHures, voltage-activated calcium channels were observec
or PGE. In addition, this channel could not open in the in 30% of the cells after 7 to 8 days in the presence of
absence of external calcium in the presence of RPGE 10% FBS, whereas the presence of 2% FBS induced the
PTH or cAMP + forskolin, nor if Nitrendipine was added expression of these channels within two days in 45% of
in the bath solution containing 2wmCa. Hence, it is the cells. Moreover, in UMR-106 cells the response to
tempting to conclude from these results and from thePTH is regulated differently throughout the cell cycle, as
available data in other osteoblast cells, that the activatiosynchronization of these cells by a thymidine-aphidicolin
of calcium-activated K channels in cell-attached patchedlock show variable intracellular free calcium response
by PTH and PGEwas due to an increase in intracellular to this hormonal challenge in G1 and in S phase [2].
calcium concentration, via an influx of calcium, as sug-Hence, under our experimental conditions (2% FBS for
gested in another cell system [47]. 24 to 48 hr), the opening of large conductance K chan-
The activation of the calcium-activated K channel nels (via Ca influx) upon PTH or PGEtimulation in 50
with dibutyryl cAMP and forskolin is now puzzling, to 60% of the cells possessing K channels (and thus in
since we would have to hypothesize that these agentsbout 25 to 30% of total cells) is very plausible. This
directly increase intracellular calcium by activating a cal-would also indicate that maxi-K channels are activated
cium channel [32, 51] or that cyclic AMP is able to only under certain conditions during the cell cycle as
mobilize calcium from intracellular stores [35, well.



182 R. Moreau et al.: K Channels in Human Osteoblast Cells

Large conductance calcium activated K channelsn turn would activate the calcium activated K channels,
have been described in several types of cell preparationisyperpolarizing the cell membrane and inactivating the
[1, 3, 4, 17, 20, 23, 24, 29, 34, 37-39, 43]. In the pres-calcium channels. Thus these K channels could act as ¢
ence of physiological cytosolic calcium concentrations,brake to calcium entry in these cells. Calcium-activated
these channels are almost always closed and are therk-channels in MG-63 and SaOS-2 cells could also be
fore thought not to contribute to the cell resting mem-associated with one of the three types of mechanosensi
brane potential. However, calcium-activated K channeldive channels identified by Davidson et al. [6]. These
are activated by membrane depolarization and elevationhannels show a slope conductance of 160 pS and are k
of intracellular calcium concentration into the micromo- selective in control conditions, whereas the conductances
lar or millimolar range [22, 29, 38]. Indeed, the K chan- were 112 + 7.4 and B8+ 6 pS inMG-63 and Sa0S-2
nel present in MG-63 cells was activated by micromolarcells respectively under similar conditions. Furthermore,
calcium concentrations. In both MG-63 and SaOS-2in thick ascending limb renal epithelial cells [45], mem-
cells, this maxi-K channel has a slope conductance obrane stretch is a physiological stimulation of calcium-
246 £ 4.5 and 223 £ 21 pS respectively, well within the activated K channels via a mechanism involving intra-
measured conductances obtained for a number of differeellular calcium variations. Hence, the presence of this
ent cell types [1, 29, 34, 38]. Most importantly, the char-calcium-activated maxi-K channel in MG-63 and
acteristic slope conductance of the maxi-K channel inSaOS-2 cells may also be involved in this type of signal
both MG-63 and SaOS-2 cellsdeTable 2) is strikingly  transduction.
similar to those reported in the literature for chick pri- In conclusion, we have shown the presence of a
mary osteoblastlike cell cultures [39] and pig primary calcium-activated K channel in human osteoblast cells
chondrocyte cell cultures [15, 16]. Indeed, conductance$MG-63) which can be activated in cell-attached patches
of 114 and 112 pS were reported in asymmetrical bath (by PTH, PGE and dibutyryl cAMP + forskolin. This
mv K) to pipette (140 mn K) conditions in excised channel is inhibited in a voltage-dependent manner by
patches for chick osteoblasts and pig chondrocytes rebarium, sensitive to fluctuations in cytosolic calcium
spectively, whereas under symmetrical conditions (14@oncentration, but insensitive to changes in cytosolic
mm K in bath and pipette), conductances of 222 and 252ATP or catalytic subunit of PKA. We propose that this
pS were noted in these cells [16, 39]. In addition, sincechannel is activated by an increase in intracellular cal-
the reversal potential was near zero in the excised coreium concentration upon stimulation by PTH and BRGE
figuration, in both MG-63 and SaOS-2 cells under sym-and suggest that it could be responsible for the long term
metrical K conditions (140 m) in the pipette and in the hyperpolarization seen in other osteoblast cell types, thus
bath, and since the reversal potential was around =50 m¥dcting to regulate, via changes in membrane potential,
in the presence of 5 mK in the bath, this suggests that the intracellular calcium concentration.
the intracellular K concentration in these cells is elevated
and near 140 m, as suggested in other osteoblastlike This work was funded by Le Fonds Interne de Recherche de la Faculte
cells [10, 39, 53]. de Madecine de I'Universitele Montreal and by the Kidney Founda-

The role of the maxi-K channel in MG-63 and tion of Canada. A.M.H. was a British SERC-NATO postdoctoral fel-
Sa0S-2 cells is still speculative. In MG-63 cells there!oW when these studies were undertaken.
are no data available as to the profile of membrane po-
ten_tial changes on addit?on of any of the agents th_aheferences
activated the calcium-activated K channel. Multiphasic
membrane potential responses have been documented in Barrett, J.N., Magleby, K.L., Pallotta, B.S. 1982. Properties of
different osteoblastlike cells in response to PTH [10, 12— single calcium-activated potassium channels in cultured rat
14]. A common feature of this multiphasic response ap-  muscle.J. Physiol.331211-230
pears to be that PTH causes a long term hyperpolariza-z' Bizzari, C., Civitelli, R. 1994. Activation of the €& message

tion which can be mimicked by dibutyryl cAMP [12-14]. SEﬁE?rir%o%?ﬁZ}gif f(;mone 's dependent on the cell cycle.

This hyperpolarization is thought to be caused by the 3 g,,yn pD. Loo, D.D.F., Wright, E.M. 1988. Calcium-activated
opening of calcium-activated K channels in response to  potassium channels in the apical membranéletturuschoroid

an increase in intracellular calcium concentration pro- plexus.J. Membrane Biol105:2207-219

duced either by cAMP mediated activation of calcium 4. Christensen, O., Zeuthen, T. 1987. Maxi-potassium channels in
channels [32' 51] or by cAMP mediated release of cal- leaky epithelia are regulated by intracellular calcium, pH and
cium from intracellular stores. If this hyperpolarization _ Membrane potentiabfluegers Arch408249-259

occurs in MG-63 cells, it could serve as a negative feed- 5. Civitelli, R., Fujimori, A., Bernier, S.M., Warlow, P.M., Goltzman,

back controling a cvclic calcium movement across the D., Hruska, K.A., Avioli, L.V. 1992. Heterogeneous intracellular
g y free calcium responses to parathyroid hormone correlate with mor-

membrane. Opening of VOlta_ge'_dependent calcium  ppology and receptor distribution in osteogenic sarcoma d&tis.
channels by membrane depolarization, shown to be pre- docrinology130:22392-2400

sent in osteoblast cells [18, 19, 25] would increase in- 6. Davidson, R.M., Tatakis, D.W., Auerbach, A.L. 1990. Multiple
tracellular calcium which
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