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Growth stimulation by bombesin does not involve activation of
Na*/H* exchange in chick embryo otic vesicles in vitro
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The effect of the mitogen bombesin on pH; in cells of the chick otic vesicle was studied using dual wavelength micro-

spectrofluorimetric techniques. The results show that the bombesin did nol produce an immediate alkalinization in quies-

cent otic vesicle cells nor a long-term change in pH; in vesicles reactivated to grow in culture. The recovery of pH; from

an acid load, caused by an NH, pulse, involved both Na*/H"* exchange and Na":HCO, influx mechanisms, neither of

which was influenced by bombesin. These observations do not fit with a general model whereby pH; is a universal signal
for DNA replication and cell proliferation.

pH, intracellular; Cell proliferation; Development; Na*/H* antiport; Na*:HCO, symport

1. INTRODUCTION

Current models to describe the mechanisms
which activate cell proliferation involve a stimula-
tion of Na*/H" exchange and cytoplasmic
alkalinisation [1-6]. In the sea urchin embryo an
increase in intracellular pH (pH;) has been shown
to be an important step leading to replicative DNA
synthesis and cell division [7]. However, in quies-
cent cultured cells the evidence for a direct link be-
tween the observed stimulation of Na*/H*, the
resulting increase in pH; and cell division is less
clear [6)].

Cell division, in the epithelium forming the
developing inner ear of the 2-day-old avian em-
bryo, can be arrested in vitro by incubation in
serum free media and reactivated by serum,
growth factors or mitogens [8]. This process re-
quires protein kinase C activation and can be
blocked by amiloride [9], suggesting a role for the
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Na*/H* exchanger in cell activation of these cells.
The present experiments use the potent mitogen
bombesin to examine directly the involvement of
pH; and the Na®™/H™* antiport in the stimulation of
cell proliferation in cells of the isolated otic vesicle.

No difference in resting pH; could be detected
nor any stimulation of Na™/H* exchange. These
results question the universal nature of pH; as a
signal for stimulating DNA replication and cell
division.

2. MATERIALS AND METHODS

Intact otic vesicles, free of surrounding mesenchyme, were
isolated from chick embryos at stage 18 [10} as described [11].
Vesicles were used immediately on dissection, after culture in
serum free, antibiotic free medium (M-199 medium with
Hank's salts; Flow Laboratories} or after culture in media con-
taining 200 nM bombesin + 10 U insulin [8]. Tissues were
maintained at 37°C in an atmosphere with 5% CO;.

Experiments were done on small epithelial segments
(100 zm*) micro-dissected from the otic vesicle epithelium and
placed in a perfusion chamber (200 41) on the stage of a dual
emission micro-spectrofluorimeter [12]. Cells were lcaded with
the fluorescent pH sensitive dual emission dye di-
cyanohydroquinone (DCH) [13] by incubation with the
esterified form diacetoxythalonitrile (ADB: Molecular Probes,
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Oregon, USA, or Paesel, FRG) for 5§ min. The experiments
were done in Balanced Salt Solutions containing 140 mM NaCl,
10 mM KCI, 2 mM CaCl;, 2 mM MgCl;, 10 mM glucose,
10 mM Hepes buffer at pH 7.4. Na* free solutions were made
using potassium or N-methylglutamine as substitute, HCO3 was
added where needed. Nominally HCQO; free solutions were
measured to contain 1 mM and nominally 5§ mM HCQO; con-
tained 6§ mM as measured using a blood gas analyser (ABL3:
Radiometer, Copenhagen, Denmark). Vesicular growth was
assessed by inspection at x40 magnification. In some ex-
periments images were recorded on video. Results are expressed
as means + 1 SE and the difference between means was deter-
mined using Student’s /-test with a level of significance set at P
< 0.05. Experiments were done at 30-35°C.

3. RESULTS AND DISCUSSION

The pH; of freshly dissected cells was 7.28 &
0.03 (n = 9). In restricted cells, cultured in serum
free media for 24 h, pH; was 7.36 + 0.06 (n = 19),
not significantly different from fresh tissue. In
cells, restricted for 24 h and re-activated by cultur-
ing for a further 24 or 48 h in media containing
bombesin, pH; was 7.41 + 0.06 (n = 13) again not
significantly different from fresh or restricted
tissue. These observations suggest that depression
of cell proliferation and subsequent reactivation
does not, with prolonged exposure, lead to altera-
tions in pH;.

The possibility that the action of bombesin may
activate a transient change in pH; was investigated
by applying 100 nM bombesin + insulin to cells
that were arrested by culturing in serum free
medium for 24 h. Two experiments are shown in
fig.1A on cells bathed in nominally HCO; free
medium. In (a) there was small sustained acidifica-
tion of approx. 0.2 pH units and in (b) there was
a transient acidification of 0.1 pH units followed
by a slow acidification. It is interesting to note that
in these experiments {and 5 others) we never
observed an alkalinisation, even if cells were
acidified prior to bombesin by an exposure to low
external pH.

Growth factors, although not affecting pH;i,
may have effects on the kinetics of the pH;
regulating mechanisms [2]. Examination of the pH
regulatory mechanism in the otic vesicle cells, by
studying the recovery of pH; after an acid loading,
revealed two regulatory mechanisms. A detailed
study of these will be the subject of a subsequent
paper. Briefly, the recavery of pHi, in the absence
of HCOj3; was not complete, Na dependent and in-
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Fig.l. (A) Effect of bombesin on pH; in cells from guiescent
otic vesicles. The two traces correspond to different
experiments. The arrows indicate the times at which the
solutions were changed from the standard solution to one
containing 200 nM bombesin + 10 [U insulin, Vesicles were
made quiescent by incubation in serum free media for 24 h. (B)
Recovery of pH; after an acid load in cells from a quiescent otic
vesicle. The cells were superfused with the standard solution
and acidified with a pulse of 30 mM NH.Cl for the time
indicated. Where shown bombesin (200 nM) + insulin (10 1U)
and HCO1 were added to the superfusion solutions.

hibited by amiloride suggesting the involvement of
Na*/H* exchange. Full recovery was HCO;
dependent, required extracellular Na and was not
affected by Cl removal or amiloride, suggesting the
operation of an Na*: HCOj; influx mechanism of
the type described by Boron and Boulpaep [14].
Recently, the latter mechanism was also found in
chick embryonic somitic cells [15] and neural tube
cells [16].

The effect of bombesin on the Na*/H* antiport
was then examined by measuring the rate of extru-
sion of protons after an acid load in HCO; free
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solutions. An experiment of this kind, where the
cells were acidified using an NH4Cl prepulse, is
shown in fig.1B. Ii can be seen that bombesin did
not accelerate the rate of recovery from the acid
foad in the absence of HCO; where the Na‘/H"*
exchange is most likely to be operating. The failure
of pH; to recover to the resting pH, in the absence
of HCOs, suggests that the set point for the
Na*/H™* exchange, after a short-term exposure to
bombesin, remains more acid than the resting pH.

Measurements of pH; were also performed on
cells which were reactivated by incubation in media
containing 100 nM bombesin + insulin for 24 h
and the steady state and the pattern of pH regula-
tion compared with quiescent vesicles. As mention-
ed above, no clear shift of the resting pH could be
detected after reactivation with bombesin despite a
clear effect on vesicular growth. The pattern of
pH; regulation in bombesin treated vesicles is il-
lustrated in fig.2. The recovery of an induced
NH4Cl acid load was again incomplete in nominal-
ly HCO; free solution (fig.2A), full recovery oc-
curred in the presence of HCO» and was insensitive
to amiloride (fig.2B). The latter experiment is of
special relevance because it shows that, in vesicles
stimulated to grow by bombesin, the full capacity
to regulate pH;, in the absence of the Na*/H* an-
tiport remains intact. Although the resting pH; ap-
peared not to be dependent on the Na*/H™
antiport, the possibility still remained that a
stimulation of the Na®/H* antiport was masked
by the HCO; dependent mechanism. This is,
however, unlikely since the steady state pH; in
bombesin stimulated vesicles on recovery from an
acid load and in the absence of HCOj; was 7.03 +
0.021 (n = 3) and not significantly different from
fresh or restricted tissue (6.88 + 0.09; n = 5). This
would suggest that there is no alteration in the set
point of the Na*/H™ exchanger after long-term
stimulation with bombesin. Furthermore, there
was no apparent change in the value to which pH;
relaxed in the presence of HCO; suggesting that
the set point for this mechanism was also
unaltered. Values for the steady state pH recovered
in the presence of 10 mM HCO; were 7.25 + 0.17
{(n = 4) and 7.20 + 0.19 (n = 5) for quiescent and
bombesin treated vesicles, respectively.

In summary, the results show that bombesin did
not produce an immediate or long-term stimula-
tion of the Na*/H™* exchanger judged by its effect
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Fig.2. Recovery from an acid load in cells from an otic vesicle
reactivated by incubation with bombesin for 22 h. (A) The
tissue was acidified by a pulse of 30 mM NH.CI for the time
indicated. The cells were then allowed to recover in standard
solution in the nominal absence of HCQs:. (B) A similar
experiment as in A but the cells were exposed to amiloride
(10~* M) during the recovery. Where shown 10 mM HCO; was
added to the standard solution.

on the resting pH; and the rate of recovery from an
acid load. Similarly, we could not detect any
change in the functions of the Na*:HCOs influx
mechanism by bombesin. In our view, these abser-
vations limit the model of a pH shift as a universal
signal for DNA proliferative replication.
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