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Application of 10 nM Epidermal Growth Factor (EGF) to single EGFR-T17 fibroblasts induced a marked
hyperpolarization that could last for tens of minutes; in many cases the first transient was followed by & series of
osclllltinns of the b ial. The current for the could he
to an i in the i il calcium as d with the
indicator fura-2. The conductance was nearly lincar in the voitage range from —100 to +50 mV. Whiie the
EGF-induced current had many characteristics of a K * current and was strongly reduced hy 50 nM charybdotoxin
(ChTx), its reversal ial was ly more ive ilian tie equilibrium poiential (Vy). The
application of 2 M ouabain prior to EGF d: that were similar to those obtained
without ouabain; however, under these conditions the EGF-induced current showed & seversal potential of
=96.6 + 3.2 mV, very close to V. Simultancous application of both 2 uM ouabain and 50 nM ChTx completely

the 1t can be that the to EGF in EGFR-T17 cells consists of two
components: the first is a current carried through Ca’*-activated K+ Is; the second is due to the

acceleration of the operation of the Na*/K *-ATPase.

Introduction

Among the early events mggereu by the binding of
growth factors w their rcceplors, an mcrease in[Ca?*],,
mainly diated by lysis, is a
common finding in many cell types {1-4], This pathway
may lead not only to a single transient calcium rise, but
to a train of oscillations in [Ca?*);, for which a role in
fi coding of i ion relevant to the control
of cell growth has been proposed [3].

Another class of mitogen-induced early events that
has becn the object uf considerable interest is repre-
sented by the activation of pumps and antiports [2];
more recently, it has beecn shown that mitogens and
growth factors can also directiy stimulate ionic fluxes
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through membrane channels and thus induce clectrical
responses. Although the role of the iatter cvents as
intracellular signals in the transduction of mitogenic
agonist action has not yet been claritied, thcy appear to
be quite ubiquitous. Early experiments reported depo-
larizations induced by epithelial growth factor (EGF)
or serum in an epithelia! cell line [S] and by serum in
human fibroblasts [6]); in contrast. in neuroblastoma
cells a more complex response to dialyzed serum and
other mitogens was 0bserved [7, 8], part of whlch wm;
attributed to a Ca?*-acti of K*

Single-ctannel recordings of curreets flowing
through Na* [9] and Ca** conducting channels {10,11]
in fibrobiasts stimulated by growth factors have aiso
been reported. That the {Ca®*), increase may be due
not only to intracellular release but also to inflow
through cation channels of the plasma membrane has
been suggested by several experimental findings at
least in some cell types [3,12,13].

Recently, Peres and co-workers [14-16] have re-
ported that, in human fibroblasts. foetal calf serum,
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platelet-derived growth factor (PDGF) dnd bmdykmm

clicit a series of transicnt rises in

meiits. Under such conditions more than 95% of the

tance, due to the vpening of K* channels induced by
an increase in internal Ca®*. Combining fluorometric

lation is in the GU/GI state (as measured by
DNA flow cytometry).

cxperiments in cuvette with patch clamp dings on
singiz cells, we have pieviously reported that, among
the carly cffects of EGF stlmu‘auon in a NiH-3T3
mose fibroblast line g the d
human EGF receptor, namcd I:GI-R "T17 (19], and in
other cell lines, a fast hyperpolarization can be ob-
served, followed in some cases by voltage oscillations
that can last for tens of minutes [17). On the | Mﬂs of

Electrophysiolc

Cells used in most electrophysiological experiments
were flat and firimly attached to the dish (35-mm dishes,
Nunc, Denmark). Some experiments were performed
on ded cells ob d from the |
Briefly, monolayers were first washed with phmpha!c-
buffered saline (PBS) 0.5 mM EDTA, then
wnh PBS containing 0.1¢% trypsin and 0.5 mM EDTA,

fluorometric cuvette experiments, and of

results with simultancous patch clamp recordings and

fura-2 measurements on single cells [4), the ionic cur-

rent that causes these cffects was labeled as a Ca®*-

activated K* current. A causal relationship between

lhc [Cd"] risc and the ionic fluxes seen ir response to
lation scems therefore to be a

fndmg in different cell types. Bowever. the fonic chan-

: n.ms,n 71 mechanisms in addi-
tion o passive ionic channcls has not been fully ex-
plored.

This paper analyzes in detail the main properties of
the ciectrical response induced by EGF in EGFR-T17
cclls, The cascade of intracellular events that mediates
e carly effects of the growth factor is rather well
understood for thn: EGF molecule; the tyrosinc kinase
activity of the activated EGF-receptor phosphorylates
various substrates, among them phaspholipase Cy, thus
inducing phosphoincsitide hydrolysis and the genera-
fion of two well-known second miessengers: inositol
1.4,5-trisphosphate (that in turn induces reicase of
Ca** from intraceilular stores) and diacylglycerol, that
dc(l\'dlc\ the protein kinase C pathway [18]. Moreover,
GFR-T17 cell linc the response 1n EGE stimu-
Jation is particularly streng and reproduci!

Experimental evidence is given here that this re-
sponse is due to two components, a Ca* *-activated K*
eurrent, that has properlics that are diffcrent from
those reported for human fibrobl (14-16), and a
current due to the activation of the Na*/K* pump.

Materials and Methods

(‘ui culture and incubation protocols
FR-T17 cells (mouse NIH 3T3 fibroblasts over-
2 the human EGF ieceptor cloned from A43!
{19]) were maintained in Duibecco’s modified
medium (DMEM) supplemented with 10%
activated foctal calf serum (FCS), 100 units/ml
in and 100 pg/ml streptomycin, at 37°C, in a
humidificd atmosphere of 5% CO -air. Expo'\cmially
growing cells were shifted to l)MEM com«umng 19
FCS 48-72 h hefore the clectrophysiologi cxpcrx-

hed by gentle g with a rubber policemun
and ded in the ditioned di Cells
were then incubated at 57°C in an vscillating bath for
2-3 h before the experiment.

The external solutions are listed in Table 1. Unless
otherwise indicated, dard Tyrode sol (Soln. A,
Table 1) was superfused at a velocity of 3 ml/min. It
was then switched (o a Tyrode solution containing 10
nM EGF (Coilaborative Research, USA). Since the
dish contained about 1 ml of solution, the change of
solution was complete in about 1 min. When ion chan-
nel or pump blockers were used, the celis were equili-
brated for sevaral minates in the solution containing
the blockers before switching to a solution of the same
composition with EC!* added.

‘Temperature was 31-33°C. The compositicn of the
intracellular solution used in most experiments was the
following (in mM): KCI, 133; MgCl,, 2: EGTA, 0.1;
Hepes-KOH, 5; NaGTP, 0.4; Na,ATP, 5; Ma,PC, 5.
pH was 7.3. In some experiments 1 mM EGTA was
used, in ovder to increase the Ca®* buffering capacity;
in others, KCl and KOH were replaced equimolarly
with CsCl and CsOH.

Whole cell patch clamp recordings were performed
using clecirodes of 3-8 MOhm impedance connccied
tc a Bio-fogic RK 300 patch clamp amplifier. Data
weye digitized and recoracd on a VCR video recorder.
Off-line analysis of the datz was peiformed on a
Hewlctt Packard 9816A computer. Stimulation roio-
cols {square waves and ramps) were generated hy a

dified C VIC 20

TABLE 1
Composition of external solutions (mid)

All solutions were buffered io pH 74,

Solu- NaCl KCI CaCl,

Mgll; TEA- Na-  Glucose
tion (e} iHepes
A 154 4 2 1 - 5 55
B iS4 - ! s
c 18 1o 2 1 - 5 3
D 134 4 2 1 20 5 83
E 4 4 2 i 150 3 5.5




Capacitance memurcmcr;ts were performed by
means of analog compenstion.

Chary'wdotoxin was from *.atoxan (France).

Values are given as mean = 8.D.

Ca®* measurements
Single-cefl Ca** mc¢ with

electrophysioiogy viere performed as previously de-
scribed [15]. Briefly, suspended cells were loaded with
fura-2 penia-potassium salt through the patch pipette
by replacing the EGTA with the dye (106 xM) in the
pipette solution; dual excitation (350 and 330 nm) was
performed by means of a filter wheel aiiowing the
determination of intraccllular Ca®* every 50 ms. A
special } cr (Cairn h Ltd., UK)
provided synchronization and decoding of the emitted
light and generation of the F350,/F380 ratio, accord-
ing to Grynkicvicz et al. [20). The backgrourd fluores-
cence of each ceil was electronically subtracted while
in cell-attached conditions. Calibration of the fluores-
ceacc ratio in terms of Ca®* concentration was per-
formed as indicated by Almers & Neher [21]. In these
experiments the perfusion was halted and EGF was
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Fig. 1. Examples of different time courses oi t!
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voltage responses recorded in current clanp ninde. (C and D) Outward current responses recorded in volmge clamp mudg at V,
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applied focally, i.e. as a sma'} oncentrated drop giving,
after mixing with the &nowa be'n volume, the desira
final concentration.

Results

Resting potential and current-rvoltage <ui. es of “GFR-
117 cells

in 118 EGFR-T17 cells studied in the whole cell
contiguration with high K* intracellular solutwn the
resiing membrane potential was —37.2 + 1343 mV,
This vulue is consistently more negative than the ove
reported for human fibroblasts [14], Swiss 312 cells
and L ccils [23]. even if it is less negative than the
wsting potentiai of Baib/c 3T3 celis [24].

n most cells, the resting potential was rather stable:
a decrease of a few mY was observed in some cases
Juring the time (5-10 min} in which the cells were
observed under control conditions, bzfore addition of
EGF to the bath. In 12 cclls the resting potential
showed oscillatiors of a few mV; in threc cells these
oscillations were ot ereater amplitude, 29 to 40 mV,

PA/pF <

Horizontal bar is 2 min in A, | min in B, C and L. In B and D oscillations are supzr mposed 0is the res overy phase. Large, rapid t.dkmuns are

voltage ramps applied in order to monitor the [/ V relationship. Small deflections it. C indicatc rapid shifts te the current clamp mede, it order

to read the membrane voltage. The first arrow indicates time of application of EGF the second arrow (when present) indicates time of return to
Tyrode solution without E¢3F.
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and after appiication of EGF no definite response
could be sbserved.

Current-voltage (i/1") curves obtained in control
conditions by application of voltage rarmps from a hold-
ing leve! of —100 (or —50) mV to +50 mV were
nearly linear in all cells investigated (see below).

The response to EGF with high internal K *

‘ine eiiccts of EGF on membrane voltage and cur-
rents were studied by switching from the control solu-
tion (Soln. A, Table D) to a soluiion of the same
composition to which 10 nM EGF was added.

In 29 EGFR-T17 cells investigated in the whoie cell
current clamp mode with the 133 mM KCl internal
solution, application 7 10 nM EGF caused, within 1
min from the change of solution (see Methods). a
rather fast hyperpolarization (time to pesk. 37,2 4: 14.6
s) from 2 resting valuc of —30.5 +9.14 mV to —69.76
+ 1021 mV, followed by a slower decay; the voltage
returned 10 the control [evel in a time that varied from
few minutes to 20-30 min (Fig. 1A). The maximal
hyperpolarization observed was to —95 mV. In 15 of
L cells, repeated voltage oscillations, that could
also Tast for tens of minutes, were superimposed on the
decay piiase. Differently from those observed in human
fibroblast stimulated with scrum or bradykinin [14-16],
these oscillations did not have a spike-like appearance,
but were in most cases of sinusoidal shape, with ampli-
tudes ranging from few mV to 20-30 mV (Fig. 1B).

‘The amplitude of the voltage response was also
determined in 22 of the cells studied in the voltage
clamp mode (sce betow) by switching for a few seconds
to ihe current ¢lamp mode at the peak of the current
response (Fig. 1C). In these ceiis the average hyper-
polarization was from ~35.6 + 12.3d mV to —66.8 +
108 mV,

Thirty cells were studied in the voltage clamp mode,
at ¥y, = ~50 mV. Some other cells were kept at ¥, =
—20, +20 and +350 mV. In all these experiments, the
iggered rusponse appeared as an cutward cur-
rent, with ronghly the same time course of the voltage
response (Fig. 10).

As with voltage resporses, in 13 cells nscillations in
the recovery phasc of the current respoase were ob-
served (Fig. 1D).

ln d of the cells recorded at ¥, = —50 mV the cell

was also d; the current density of
the response  (pcak — control level) was 289 4. 16.6
PA/pF.

When the externa! solution was changed back to
normél Tyrode during the recovery phase, no change in
the time course of the response could be observed
(Figs, 1A,C).

Except for the three cells that showed large resting
voltage oscillations (sce abovz), the responsi- to EGF
was observed in i00% of the celis investigated,
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Fig. 2. Simultaneous recording of cytosolic Ca** and membrane

current. In these experiments EGE was applied directly to the bath

as a small drop giving a final concentration of 10 nM. In this case,

the drop was apluzd 50 s before the beginning of the tri.ces, Upper

trace: eytosols Ca®” concentration; lower trace: outward current at

Vi, = +20 mV; rapid deflections in this trace indicate the responses
1o applications of voltage ramps.

The role of cytosolic Ca?* in mediating the re-
sponse to EGF was directly verified in some experi-
ments in which the electrophysiviogical recording was
coupled to fura-2 mlcroﬂuomme(ry on the same cell.
¥ig, 2 one such as d, in
addition to the outward current rise, EGF stimulation
elicits a simultaneous Ca* elevation. The same result
was observed in four other cells; the average basal
Ca®* level was 178 +43 nM and the peak level was
1.93 £ 6.76 M.

Two cells were tested in 0 external Ca®* (Soln. B,
Table I). In these cells EGF application induced nor-
mal hyperpolarizing responscs from ~20 to --65 mV
and from —12to —77 mV, respectively.

The oscillations in the recovery phase were obscrved
both with ! mM (17 cclis) and 0.1 mM EGTA {41 cells)
in the intraceliular soiution.

in some cells, 1/V relationships at the peak of the
response to EGF were obtained by applying ramp
voltages from - 100 (or --50) mV to +50 mV in th.
voltage clamp experiments, or, in current clamped cells,
by temporary switching to voltage clamp, with V, =
=100 mV, and applying ramps from —100 to -+50
mV, before and at the peak of the response to EGF.
As can be seen in Fig. 3A, also the EGF-induced
current is nearly linear over this voltage range.

The 1/V curves in control conditions and at the
peak of the response shown in Fig. 3A do not cross
wnhm the vollage range tested. This happened in the

jority of the ceiis igeted: only in two cells, out
of 18 in which ramps from —100 to +50 mV were
applied, the curves did vross at voltages between —90




200
/’[cr
150
pa/pr 1%
s [
- =12 40 -

o

e
LL

n

tha: of the outward current respenses described above
in standard Tyrode solution.

This observation is qualitatively in agreement with
:he hypothesis of a respons: due to a K* current (in
these conditions V), is more negative than Vi) and
seems to exclude the involvement of = €17 current,
since the clecirochemical gradient for C1™ 15 the same
as in the experiments with ¥y, = =50 mV in Tyrode
soluticn.

Complete substitution of internal K* with Cs* did
not abolish the voltage response recorded in current
clamp mode (one ceil), nor the cutward current re-
sponse seen in voltage-clamped ceils (15 cells; ¥, =
—50 mV: Fig. 4B). In nine of the latter cells, the
current deasity was meastned and the average peak
vaiue of the response to EGF was 16.0 1 10.4 pA/pF.
This valve was compared with that obtained in the
same experimcental conditions from cells irternaily per-
fused with high K* (Soln. F): 289 + 16.6 pA/pF (21
cells, see above). ‘The reduction in the amplitude of the

20 30 5

Fig. 3. The apparent reversai poicniis: of the EGF-induced current

is more negative than V. (A) 1/V curves for the control current

and the current seen at the peak of the response to EGF application

in the cell of Fig. 1C (firsi and second ramp of Fig. 1C). The twe

curves dn nct cross at all in the voltage range tesicd. (B) The

response to EGF stimulation observed at b7, 100 mV. The mee-
ing of the d=flections is the same .s in Fig. 1

and — 100 mV; in all other cases the crossing point was
apparently muck more negative than —100 mV. Since
the crossing point of the two curves indicates the
reversal ial for the EGF-induced current, the
above finding apparently does not support the hypoth-
esis that this current is carried by R* ions, since the
caiculated Vy in these cxperiments is. —93 mV.

This finding was also confirmed by three additional
experiments performer! at ¥, = — 100 mV: in all cases
an vwward cuiient was still observed in response to
EGF stimulation, as si:own in Fig. 38.

Effects of ion substitutions and of blockers

In order o clarify the ionic nature of the EGF-in-
duced cun’em. \‘.xpenments were performed in which
the dient for K* was d. and
the CI™ nraduent was unchnnged In three experiments
the standard external Tyrode solution was substituted
with a solution contairing 140 mM KCl (Soln. C, Table
1). After the membrane potential had reached a value
of about 0 mV. a ¥, of —50 mV was imposed and
Sota. B with 10 nM EGF added was applied. In aii
three cases, the response appeared in the form of an
inward current (Fig. 4A), with a time course similar to

D observed in the Cs*-perfused cells was statis-
tically significant (¢-test, F < 0.05). The effect of Cs*
on this current is less marked than the effect observed
on serum-induced K* currents in human fibroblasts

(14} and in other Ca®*-activated K* channels {25,26).

-20 1 mis

Fig. 4. Effect> of ion subsitutions. (A) Inward currcat seen in

respense to EGF stimulation a1 ¥, = ~>0 mV in a celi pathed in a

solution containing 140 1M KCl (Soin. C, Table 1). (B) The current

response obseived at ¥, = - 50 mV in a cell ratched with a pipette

in which all K* was substituted with Cs*. Def.ections are responses
to ramps from ~ 50 to +50 mV.
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Some putative K'-channel blockers ‘werc tested.
Substitution of the standard Tyrode solution with 2
solution containing 20 mM TEA-C! (Soln. D, Table 1)
had no effect on the response: in two celis tested
(V,, = —~58 mV) the current densities were of the same
order of magnitude of those recorded in normal solu-
tion (Fig. 3A). In one ceii bathed in 150 mM TEA-CI,
however (Soln. E. Table 1), the response was com-
pietely aboiishe (not shown), in accordance with pre-
vious observations in cuvette experiments [17).

Chn.,bdotoxm (ChTx), a sclective blocker of some
types of high d Ca®* dK* 1
{271, had a blocking effect on the EGF-induced electric
evcats. Application of 50 nM ChTx strongly reduced
thz tespanse o FGF (3-6 pA/pF at V) = —50 mV;
five cells, Fig. 5B). Accordingly, in current-clamp mode,
a hyperpularization of only few mV was observed (not
shown).

The response to EGF stimulation recorded from sus-
pended cells
The data presented above, while being in qualitative
accordance with the hypothesis that EGF elicits a
Caz'-acnvawd K* current in EGFR-T17 cells, show,
several di ies from this
Two possible ways of solving this problem were tested.

|
!
20 \
b
)

pispF O

' 1 min

-40 T

Fig. 5. Eftects of B.° channei blockers, (A) Outward EGF-induced
current scen at My, = - 50 mV with 20 mM TEA-Ci in the external
sotution. (B) The response to FGF application obseriid at Vy = ~50
mV in the presence of 5¢ nM charybdotoxir (Chlz) . the external
solution Deflertions: responses to ramps from —5010 +50 My in A,
to ramps from - 100 to +50 mV in B.
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Fin. 6. The sesponse to EGF stimulation re-orded from a suspended
cell. (A) Hyperpolarization ohserved in current clamp mode. (B)
17V curves from the first two ramps of A (under resting conditions
and at the peak of the response).

The first arises from the fact that, in flat attached
cells like the ones used in the above experiments, the
control of membrane voltage in voltage clarap mode
and the degree of internal perfusion may not be com-
plete: this could account for the residual outward cur-
rent observed at ¥, around —100 mV, and for the
relatively weuak blocking effect of internal Cs™.

To test this possibility, three experiments were per-
formed with suspended cells; in these conditions, a
better voltage control can be achieved. Fig. 6A shows
the hyperpolarizing response observed in one of these
experiments, while in Fig. 6B the 1/V curves in control
conditions 2nd at the peak of the response are plotted;
in this case, too, they do not cross within the spanned
voltage range. Similar results were obtained from the
other (wo cells. They do not differ from lhmc obtmned
with flat cells; theref the
reversul potential of the EGF-induced current is not an
artifedt arising from poor voltage control,

The second possible explanation assumes that the
ionic current elicitcd in EGFR-T17 cells in response to
EGF is made of twi» components; a Ca®*-activated X*
current and a secord ore, with a more negative rever-
sal potential,




Effects of ouahain on the response to EGF

1t is known that one of the early cvents triggered by
growth factors in mary cells types is the activation of
the Na*/K* pump [2,6], and that thc reveisal poten-
tial of this pump is tc be placed at voltages markedly
moie negative than ¥y [28]. Therefore, in a series of
experiments 2 pM ouvabain was added to the standard
Tyrode soluticn.

In five cells kept at }, = —50 mV, an outward
current was observed after application of EGF (Fig.
7A), with amplitude and time course similar to those
seen in the absence of ouahain; in these conditions,
however, the I/V curves obtained from ramps from
—100 to +50 mV crossed at vcltages between ~90

WO o
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i =) 2] [ w© me
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1 min
Fig. 7. The cffect of 2 xM ouabnin in the exiernal medium. (A)
Outward current recorded at ¥y = =50 mV in response to EGF
stimulation. Large deflections are responses to ramps from — 100 to
+50 mV. (B) I/ V curves from A under control conditions and at
the pcuk oi the re,ponse (first two ramps ir A). The reversal
Eoicadiui of the ESF-induced current (given by the crossing poizt of
the two curves) is ~ 95 mV. (C) The recording from one experiment
at ¥y, ~ —50 mV i which EGF was added after 30 aM ChTx+2 uM
ouabain. Note th= bsence of a detectable response in terms of an
outward current.

»

and — 100 mV (Fig. "B). Average reversal pote 1tial for
the five cells investigated was ~96.6 + 3.2 mV

1 five experiments performed with the addition of 2
1M ouabain together with 50 nM ChTx, no response
could he observed after appiication of EGF (Fig. 7C),
differently from the finding of a small residual re-
sponse in 50 nM ChTx zlce.

Discussion

The dota presented i» this paper, obtained from
single ccll recordings combined with fura-2 measure-
merts of [Ca>*}; clrunges, while contirming the previ-
ous cbservations {17] that EGF stimalation induces a
strong Lyperpolarizing response in EGFR-T17 fibro-
b!asls. show that this response can be ascribed to0 the

ion ui two a Ca®*: d K* cur-
rent, and a second component, carricd by the
Na*/K*-ATPase, whose activity is known to b ele-
vated, as a dory effect of
through the activation of the Na*/H* antiporter [2}.
This is the first direct experimental evidence, at feast
at the single cell level, of thc involvement of a carrier-
mediated current in the electrical res nse of fibro-
blasiz and other cell types to giowth factor stimulation.
The conductance changes can be observed at voltages
{e.g. —50 mV) that are close to the resting potential of
these cells.

currents through Ca?*-activated K* channels, have
been obscrved in several cell lines sumulated with

different mi the Ca®* yise
due to recep diated hoinositi ysi:
and the inositul  trisphosphate-induced

Ca®* release from internal stores. In some cases
[4,14,15,17] these responses were the only electrical
event that could be recorde ! following mitogen stimu-
laticn. In others, howsver, [7,8,29] ihey were associated
with other electrical evints (a depolarizing response or
an inward onrrent). In our cese, 100, 1 ¥0 components
can be separated: however, differently from the obser-
vations ieported above, the two components converge
in pruducing 2 hyperpolarizing response.

The first component, that cii be isolated by block-
ing the second one witi ouabain, can be ascvibed to a
Ca?*-activated K* current on the basis of the fcllowving
evidence: (i) a conspicuous {Ca?*}; rise can be ob-
served simultaneously to the current: (ii) it is blocked
by ChTx, a potent blocker of several types of Ca?*-
activated K* channeis {25,27}; (iii) its reversal potential
is very close to ¥; (iv) revessing the K* eiectrochemi-
cal gradient a: ¥, = —50 mV (without modifying the
ClI~ gradient) causes the cuisent to change disection,
from outward to inward.

An unexpected finding of our investigation is that
this enrrent has propertics that are quite ditferent from
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the current, induced by several agonists, observed in
human fibroblasts [i4-16]: while the current observed
in thesc cclls shows a high degree of outward rectifica-
tion, in our case the I/V relationship for the EGF-in-
duced K* current s nearly linear in the voltage range
tested. - 100 mV to +50 mV. Moreover, its reversal
potential is very close to V., ditferestiy from the
reversal potential of the current feporicd in human
fibroblasts {14], that appears to ke less well defined,
and in any casc more positive, imnlying axn involvement
of other ions in ~ddition to K*. Complete subsmuuon
of K* \vnh Cs* in tl‘c intraceliular solution
bolished the mi d resf in human fi-
broblasts [14], but only _rcduccd it in our evperiments.
It is known that Ca’*-activated K* channels show
different dcgrees of permeability to Cs™ ions [25]:
alternatively, this differcnce could be due to the fact
that our oxperiments with high [Cs*]; have teen per-
formed on very flat, dish-attached cells, in which sub-
stitution of cytosolic K* with pipette Cs* aiay not be
complete. It must be noted that this possibility should
not impair the cstimation of the reversal potential
abtained ir high internal K*, since the K* concenira-
tion of the intracelular solution (sce Materials and
Methods) is very close 1o the normal {K*), of many
fibroblast cells [30).
M is known (’5] that high-conductance Ca**-
ivated K* cf (BK ch Is) show voltage
while di (IK)
chkznnels may be voltage-insensitive. Moreover, ChTx
sensitivity is different in the two classes: a 50% block
can be obtained in some BK channcls with 3 aM ChTx,
while a 10-fold higher concentration is needed to ob
tain the same efiect on 1K channels [25). On the &
of these observitions, th:z current described in this
paper can be ascribed to the activation of a class of
IK-type Ca*-aclivated K* channels. The EGF-in-
duced Ca®* activated K current cescribed in our ex-
periments appears therefore 16 flow through an ionic
channel quite diffcrent from the PDGF- and
bradykinin-activated channel of human fibroblasts {14~
16]. Yhis difference could be duz to the dificrent
mitogens used, or, more likely. reflect a diffurence in
membrane conductance properties between human and
mouse fibroblasts. A more detaiicd comparative analy-
sis on different cell fines could help 1< Sla i
The second component of the hypergolarizing re-
sponse appears to be due to the activation of the
a' /K pump. It has been known for a long time,
since the experiments of Rozengurt and Heppel {31,
that grewth factors accelerate the operaticn of this
pump. This activation is an indirect one, in response to
the Na' influx carried by the Na*/H* sntiporter,
activated by growth faciors through the diacylglycerol-
-protein kinase C pathway [2]. In our experiments, 2
#M ouabain blocks the outward current that is still

present at ¥, = — 100 mV, i.e. at voltages slightly more
ncgative than Vi, and cannot therefore be attributed
to ouiward charge flux through K* chinnels. The
contribution of tkis mechanism to the hyperpolarizing
response, albeit small, may be relevant to its mainte-
nance for rather long times (see below). No cleur
evidence for the presence of such a current has been
found in wholc-cell recordings from human fibroblasts
{14-16): it must be remembered that EGFR-T17 cells
Liave a high density of recepiors (3 - 10° /cell; [19]) for
the specific growth factor used in these 2xperiments,
EGF, and that all the responses in these cells ([Ca™*];
rise, amplitude of the hyperpolarizing response) appcar
to be quite strong.

In our experiments, no evidence has been obtained
that EGF stimulation induces an inward, depolarizing
current in addition w the ouiward current, carried by
K* ions, even when the iatter is parually or totally
abolished by ChTx or ChTx plus ouabain. This finding
differs from the observations by Magni et al. [29],
obtained in cell suspension experiments with voltage-
sensitive dyes on the same cell line. In those experi-
menis, wien e hyperpolarizing component was abnl-
ished or greatly reduced, @ stable depolarization could
be reveaied. On the basis of ion substitution experi-
ments it was concluded that this depolanzatmn was

due to the op:ning of cation ble to
both Na* and Ca*. It has been shown by several
authors using clectrophysi 1 techni (e. 2

Refs. 3, 12 and 13) chat the [Ca?¥]; rise seen in
response to mitogen stimulation is also caused by Ca?*
influx through membrane cihannels, in addition to re-
lease from internal stores; on the other hand, the
opening of Na ‘- and Ca?*-permeable cation channels
in response to mitogen stirulation has been reported
in several cell iines [9-11]. One possible explanation of
the discrepancies between our data and the findings of
Mzgni ct al. [29] is that some unknown internal mes-
nger may be involved in the activation of the depolar-
curreni: in whole-cell patch clamp experiments,
interral perfusion of the cells with the pipette solution
may wash away this substance.

As reported beiore [4.17], the hyperpolarizing re-
sponse, aid the ivnic currents that generate it, can last
as long as the longest rc'm’dihgs that have been per-
Iormcd {irom 26 to 30 min, in our conditions), and
2 behavior. These
oscillations ar> linked to o..cnl'atmns of [Ca?*], in
anatogy with what has teen reported for human f' bro-
blasts [15]. The data presented in thiz paper, obtained
from a much larger number of cefls, provide clear
experimental evidence for a heterogeneity in the re-
sponsc: only about 50% of the cells tested showed an
oscillating response. This finding conld be due t the
presence of subpopulations of cells, or to other un-
known factors; further investigatior is negded to solve




this issue. It must be noted that, differently from the
chservation by Berridge [32], calcium oscillations in
non excitable cells are usually spike-like, while those
observed in excitable cells have a sinusoidal behavior,
in our expesiments the voltage or current oscillations
observed in response to EGF stimulation are usually of
sinusoidal shape.

in scine cells we have observed oscillations in mem-
brane voltage (or current) in control, unstimulated
conditions. Generally, these oscillations were of small
amplitude (a few mV), but in three cases they were of
the same order of magnitude as the risponse te EGF,
even it slower. The observation that iibroblast cells “
culture may show spontaneous voltage oscillation
rot new [33), and it has been the object of controvei
sies (e.g. Refs. 34 and 35). Qur data, together with
previous experiments on Balb/c 3T3 cells [24] irdicate
that in the grea: majority of the cells investigated the
membrane potential in control conditions is rather
stable; the voltaze oscillations seen in some cells may
from sponianeous oscillations in [Caz*],, due to
some unknown mechanism. This finding points again
to the blem of the ible h ity of cell
populations in culture. Usually, data obiained from
experiinents on the whole dish or cuvette are consid-
ered as arising from an uniform cell ion; how-
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