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The role of cationic transport in the
respiratory burst activation in granulocytes
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The neutrophil responds to a single
stimulus at its surface by undergoing
a series of events such as aggregation,
superoxide anion generation and de-
granulation fl, 6, 7]. It is widely ac-
cepted that the cell surface and the
plasma membrane play a key role in
these responses. A number of mole-
cular and functional changes in the
surface membrane are associated with
phagocytosis, stimulated movement,
secretion and respiration. These inclu-
de alteration in Na+ and K + fluxes,
changes of transmembrane potential,
modifications of Ca++ fluxes, mobi-
lization of Ca++ from intramembra-
nous stores, changes in phospholipid
turnover, protein phosphorilation and
arachidonic acid cascade [1, 6, 7, 9,
11, 12, 14, 15].

Previous studies on membrane tran-
sport mechanism showed that the
chemotactic factor N-Formyl-Met-
hionyl-Leucyl-Phenylalanine (FMLP)
induces a rapid and dramatic increase
in the rate of Na+ influx across the
neutrophil plasma membrane [6].
This selectively increased permeabi-
lity to Na+ leads to a depolarization
of the membrane which is followed by
an enhancement of K+ influx and
Na+ efflux. These ionic changes are

drived by the activation of the Na+—
K+ pump fl, 3—7, 9, 11, 15]. Beside
the effect on the Na+—K+ pump
FMLP influences Ca++ movement
across neutrophil membrane, enhan-
ces membrane permeability to Ca++

and some time later increases the
intracellular exchangeable calcium
pool [8].

The consequent cationic membrane
transport precedes the onset of OF
generation by several seconds [4, 9,
11, 13, 15]. However, despite many
investigations it is not clear whether
a direct correlation exists between
cationic membrane transport and su-
peroxide generation.

In this study we present data on the
effect of Na+—K + pump inhibition
by Ouabain and changes of external
cationic concentrations on the respi-
ratory burst activation of human
blood neutrophils.

Materials and Methods

Cell suspensions containig 98% neu-
trophils were prepared from heparinized
venous blood of healthy donors using
standard separation techniques [2]. The
cells were suspended in Krebs-Ringer
Phosphate-dextrose (KRPD) buffer (pH =
= 7.28). After seperation more than 95%
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Fig. 1.
nyl-Leucyl-Phenylalanine, 10

Krebs-Ringer Phosphate-dextrose buffer, pH =

Fig. 2. OQuabain 10

of the cells remained viable as checked by
Tripan blue exclusion. Production of 0:
was assayed by recording ferricytochrome
¢ (0.08 mM) reduction monitored conti-
nously at 550 nm in Specord model 40
spectrophotometer. All experiment were
carried out at 37 °C with cell count of
2 million.

R esults and Discussion

In Fig. 1. a representative experi-
ment of the time course of ()2 gene-
ration of neutrophils stimulated with
FMLP is shown. After 10 min equi-
libration 10-7 M FMLP was added
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I’MXs: Polymorfonuclear granulocytes, 2x10* cells; FMLP: N-Formyl-Methio-
7 M; CYTO G: Ferricytochrome ¢, Sx 10

5 M; KRPD:

7.28
NO K

Contr.
AOMMK'

OUAB.

4 M. For details and abréviations see 1. fig.

to the cell suspension which resulted
in a rapid reduction of the cytochro-
me c reaching a platé after 5 min.
The second stimulus caused no more
increase of the concentration of ferro-
cytochrome ¢ suggesting that the
reaction proceeds according to all-
-or-nothing principle. No change was
observed by adding more ferricyto-
chrome ¢ which indicated that the
substrate was not consumed comple-
tely in the reaction mixture.

There is evidence for the existence
of Ouabain sensitive Na+-K+ pump
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in the granulocyte membrane [4, 9,
11]. In our previous studies a comple-
te inhibition of Na+-K +-ATPase ac-
tivity could be reached with Quabain
using 10~4 M concentration.

Fig. 2. shows that when experi-
ments were performed with granulo-
cytes preincubated with 10-4 M
Ouabain for 10 min a decrease in the
OT generation could be observed.
This indicated the possible role of the
Na+-K+ pump in the respiratory
burst activation. However, when all
of the K + was removed from the sus-
pension no significant change was
observed in generation of the OT
compared to the control. In absence
of the external K + not only the pump
activity is inhibited but membrane
hyperpolarization also develops [4].

The effect of membrane depolariza-
tion induced by high external K +
concentration on OT production has
extensively been studied but results
are contradicting [1, 3—5, 9, 11, 15].
The membrane depolarization induced
by 40 mM K + in our system did not
result in a respiratory burst activation
or increased OT generation to FMLP,

FMLP

indicating that activation of the res-
piratory burst in granulocytes does
not relate directly to changes of mem-
brane potential.

Among cations Car+ plays a key
role in most of the leukocyte func-
tions. To investigate whether this re-
gulatory function relates to extracel-
lular or membrane bound Ca++ pool
all the Ca++ was removed from the
suspending medium. We found that,
in the absence of extracellular Ca++
the OT generation did not differ sig-
nificantly from the control (Fig. 3).

Other workers have demonstrated
that the absence of or decrease in
extracellular Na+ cause a decrease in
effector leukocyte functions [1, 7, 9].
The replacement of extracellular NaCl
with choline chloride induced no al-
teration in OT generation of neutro-
phil stimulated with FMLP but sub-
stitution with equimolar saccharose
the ()T production was markedly
depressed.

Our data suggest that changes in
the concentration of extracellular ca-
tions have no direct influence on OT
generation of leukocytes stimulated

No Ca"
Contr.
Choline chi
(NO NaCl)

Saccharose
(NO NaCl)

F kj. 3. Saccharose and Choline chloride 120 mM. For details and abréviations see 1. fig.
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Effect of Ouabain and various extracellular ionic composition on O7 generation by
FMLP stimulated PMNs

Experimental conditions

Control

10-4 M Ouabain

NO K+

40 mM K +

NO Ca++

Saccharose (NaCl substitution)
Choline chloride (NaCl Subst.)

with FMLP (Table I.) [1, 6, 7]. The

moderate inhibition caused by Oua-
bain may have been due to a non-

specific membrane effect.
replacement
with saccharose decreased significant-

ly

. Bianca VU, Bellavite P,

.Boyum A:

. Gallin EK, Gallin JI:

.Johnston RB,

However,
of extracellular NacCl

the O-I' generation in granulocytes

suggesting the role of extra and/or
intracellular
activity of phagocytic cells.

C1“ in the metabolic

References

DeTogni P,
Fumarulo R, Rossi F: Studies on sti-
mulus — response coupling in human
neutrophils. Biochim Biophys Acta
755: 497, 1989

Isolation of mononuclear
cells and granulocytes from human
blood. Scand J Clin Lab Invest 21
(Suppl 97), 77, 1968

. Castranova V, Jones GS, Phillips RM,

Peden D, Vandyke K: Abnormal res-
ponses of granulocytes in chronic
granulomatous disease. Biochim Bio-
phys Acta 645: 49, 1981

. Clausen T: Regulation of active Na+—

K> transport in skeletal muscle. Phys
Rev s6: 542, 1986

. Curnutte JT, Babior, BM: Chronic gra-

nulomatous disease. In Advances in
Human Genetics, Vol. 16., ed. by Har-
ris, H. and Hirschhorn, K., Plenum
Publishing Corporation, 1987, p. 229
Interaction of
chemotactic factors with human macro-
phages. J Cell Biol 75: 277, 1977

Jr.: Current concepts:
immunology-monocytes and macro-
phages. N Engl J Med 218: 747, 1988.

Acta Pacdiatrica Huvffarica 20, 1088 —89

10.

11.

12.

13.

14.

15.

16.

Ol generation (%)
ean 4; S.E.

=1

100

72.9+5 23
101+ 6.8 15

97.1+3.6 9

107+16 5
17+0.5 8

96.6+ 18 7

.Lew PD, Stossel TP: Effect of calcium

on superoxide production by phago-
cytic vesicle from rabbit alveolar
macrophages. J Clin Invest 67: 1, 1981

. Naccache PH, Showei HJ, Becker EL,

Sha’afi R1: Transport of sodium, potas-
sium, and calcium across rabbit poly-
morphonuclear leukocyte membranes.
J Cell Biol 73: 428, 1977

Seligmann BE, Gallin EK, Martin DL,
Shain W, Gallin JI: Interaction ofche-
motactic factors with human polymor-
phonuclear leukocytes: Studies using a
membrane potential-sensitive cyanine
dye. J Membrane Biol 52: 257, 1980
Seligmann BE, Gallin JI: Use of lipo-
philic probes of membrane potential to
asses human neutrophil activation. J
Clin Invest 66: 493, 1980

Simchowitz L, Atkinson JP, Spilberg
I:  Stimulus-specific deactivation of
chemotactic factor-induced cyclic AMP
response and superoxide generation by
human neutrophils. J Clin Invest 66:
736, 1980

Skiai* LA, Jesaitis AJ, Painter RG,
Cochrane CG: The kinetics of neutro-
phil activation. J Biol Chem 256: 9909,
1981

Van Oss CJ: Phagocytosis: An over-
view. In Methods in enzymology, Vol.
132., ed. Di Sabato, G. and Everse, J.,
Academic Press, Inc. Orlando, Florida
1986, p. 3.

W hitin JC, Chapman CE, Simons ER,
Chovaniec ME, Cohen HJ: Correlation
between membrane potential changes
and superoxide production in human
granulocytes stimulated by Phorbol
Myristate Acetate. J Biol Chem 255:
1874, 1980

Wright J, Schwartz J, Olson R, Ko-
sowsky JM, Tauber Al: Proton sec-
retion by the sodium/hydrogen ion
antiporter in the human neutrophil. J
Clin Invest 77: 782, 1986



	1-2. szám
	I. PATHOPHYSIOLOGY OF PHAGOCYTIC CELL DISORDERS
	B: Garnuloytes
	I. Szabó-L. Karmazsin-L. Maródi: The role of cationic transport in the respiratory burst activation in granulocytes



	Oldalszámok������������������
	93���������
	94���������
	95���������
	96���������


