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The capacity of monocytes obtained from patients with bronchial asthma for a “respi-
ratory burst” in response to phorbol myristate acetate and arachidonic acid was stud-
ied, the level of lipid peroxidation in the monocytes of asthmatic patients during the
disease onset in comparison with healthy donors was determined, and lipid peroxidation
activation in the plasma membranes in response to phorbol myristate acetate and arachi-
donic acid was studied. The generation of 052 by the bronchial asthma patients’ and
healthy donors’ monocytes after stimulation with phorbol myristate acetate was simi-
lar. Arachidonic acid induced no generation of Oé by donor monocytes; however, upon
incubation of patient monocytes with arachidonic acid the respiratory burst was mark-
edly enhanced, and the quantity of Oé generated during 15 min was almost 6-fold
greater than upon stimulation with phorbol myristate acetate. The lipid peroxidation
level in donor and patient monocytes differed significantly. A similar potentiation of
lipid peroxidation in response to phorbol myristate acetate was observed in both groups;
incubation of cells with arachidonic acid induced a greater increase in lipid peroxidation,
which was similar for both groups, the increase in lipid peroxidation products in re-
sponse to arachidonic acid being significantly higher than in response to phorbol
myristate acetate. It can be assumed that the considerable enhancement of the oxygen
response of the monocytes of the bronchial asthma patients indicates the activation of
mononuclear macrophages and their participation in the pathogenesis of the disease.
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Different cell types are involved in the pathogen-
esis of bronchial asthma (BA), and the eventual
manifestations of this pathology depend on their
interaction [11,13]. Numerous studies have shown
that local inflammation in asthma is accompanied
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by activation of the alveolar macrophages [5], in-
filtration of the inflammation focus by granulocytes,
and their activation [11], which leads to the de-
velopment of hypersensitivity of the respiratory
pathways. The role of mononuclear phagocytes in
the pathogenesis of BA has received much less
attention. An increase in the aggregation activity of
monocytes obtained from BA patients in response
to arachidonic acid (AA) was demonstrated in our
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laboratory and a correlation between the severity of
the allergic reaction and the aggregation parameters
was also established [1]. The objective of this work
was to study other parameters of the functional
activity of monocytes from BA patients. The ca-
pacity of monocytes for a respiratory burst in re-
sponse to phorbol myristate acetate (PMA) and AA
- soluble activators of protein kinase C (PKC) -
was investigated. Since there is a relationship be-
tween the functional activity of phagocytizing cells
and the lipid peroxidation (LPO) level in their
plasma membrane [15], the LPO level was deter-
mined in the monocytes of patients during the
disease onset in comparison with healthy donors,
and LPO activation in the plasma membrane in
response to PMA and AA was also studied.

MATERIALS AND METHODS

Five male patients with BA aged 28-47 years were
included in the study. The disease was exacerbated
in all the patients. Three of them had infectious-
allergic BA and two had atopic BA with hypersen-
sitivity to common allergens and positive skin tests.
Seven healthy volunteers (men aged 20-40 years)
served as the control.

Monocytes were isolated by the method of
Boyum [3]. The respiratory burst was assessed by
the generation of the superoxide anion radial O,
which was measured by the superoxide dismutase-
inhibited reduction of ferrocytochrome C [8]. The
cells were stimulated with PMA (Sigma) in a fi-
nal concentration of 1 pug/ml and AA (40 uM,
Fluka). Monocytes were incubated in Hanks’ solu-
tion with the stimulators for 15 min at 37°C, and
the reaction was then stopped in an ice-cold bath.
The cytochrome absorbance (550 nm) with (50 ug)
and without superoxide dismutase (Sigma) was me-
asured after centrifugation (10 min at 800 g). The
amount of generated superoxide anion was calcu-
lated from the amount of reduced cytochrome C,
using the extinction coefficient 21.0 M-1-secl.

The baseline LPO in the monocytes was de-
termined in a cell suspension (300 pl) which was
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frozen at -20°C immediately after cell isolation
until use. For the measurements of induced LPO
15 pl of the stimulator (PMA or AA to the same
final concentration as in the previous experiment)
was added to 300 ul of the cell suspension, incu-
bated for 15 min at 37°C, and rapidly frozen.
LPO was assessed by the amount of TBA-active
products (interaction with 2-thiobarbituric acid) by
the modified spectrofluorimetric method of Yagi
[19]. The LPO level was expressed in arbitrary
fluorescence units calculated per 10° monocytes.

RESULTS

The generation of O3 by monocytes of BA pa-
tients and donors was similar after stimulation with
PMA. We did not detect O; generation by donor
monocytes in response to AA, but when patient
monocytes were incubated with AA, the respiratory
burst rapidly manifested itself: the quantity of O3
generated over 15 min was almost 6-fold greater
than that during stimulation with PMA (Table 1).
There were no statistically significant differences in
the LPO levels in patients and donors. A similar
LPO enhancement in response to PMA was ob-
served in the monocytes of both groups: 64% in
donor and 56% in patient monocytes (p<0.05).
Incubation of cells with AA induced a still greater
increase in the LPO intensity, which was similar
in both groups: 179% in donors and 144% in
patients, the increase in LPO products in response
to AA being significantly higher than in response
to PMA (1.5-fold, p<0.05, Table 1).

The respiratory burst in phagocytizing cells
results from activation of the electron transport
chain termed NADPH-oxidase. Although NADPH-
oxidase has been intensely studied in many labo-
ratories, the regulation of its activity is not under-
stood completely. Undoubtedly, the stimulus-medi-
ated conversion of phosphoinositides with the
formation of diacylglycerol, a physiological activa-
tor of PKC, and inositol triphosphate, which
stimulates the mobilization of intracellular Ca?*
from the endoplasmic reticulum, is involved in the

TABLE 1. Production of Oé and LPO Products by Monocytes of Patients with BA

Parameter, experimental conditions

z > (nmol/15 min/10°%)
O | nmol/lS ‘min/10
LPO, rel units:

mducer PMA (1 pg/ml)

T AA ac1d (40'”p.M)

baselme level
inducer PMA
inducer AA

Patients with BA (#»=5)| Control group (#=7)
50.34%2.23 50.28+5.30

28905191 0
7.97%2.73 14.80=4.31
12.43%2,05 24.40%6.34"
19.46+2.89" 41.35%7.05™

Note. One asterisk indicates p<0.05, two asterisks p<0.01 compared with the baseline level of LPO in this group. A circle

indicates p<0.05 compared with the PMA —induced LPO.
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regulation of NADPH-oxidase [2]. PKC participates
in the phosphorylation of the cytosolic component
of NADPH-oxidase and translocation of cyto-
chrome B, from specific granules in the plasma
membrane, where the association of the compo-
nents of the electron transport chain and its acti-
vation occur [2,10]. However, the activation of
PKC is only part of the process of signal trans-
duction from the receptor with subsequent activa-
tion of NADPH-oxidase. There exists a Ca**-in-
dependent pathway of signal transduction and ac-
tivation of the respiratory burst [18]. It is believed
that activation of NADPH-oxidase requires both
pathways of signal transduction, which are initiated
by the agonists of the corresponding receptors. In
both cases G-proteins are necessary, these subse-
quently dividing into Ca?*-dependent and Ca**-in-
dependent pathways. The second pathway is in-
stantaneous, which may be due to the changes
occurring in the properties of the plasma mem-
brane [7].

As a PKC ligand, PMA activates the first
pathway of signal transduction from the receptor in
the zone below the diacylglycerol and inositol
triphosphate formation. The absence of differences
between the intensity of the respiratory burst in
the monocytes of donors and patients in response
to PMA suggests that the first PKC-dependent
pathway of NADPH activation does not change in
BA patients. However, the manifold increase in the
respiratory burst in response to AA attests to
marked activation of NADPH-oxidase of patient
monocytes. The mechanism of activation of
NADPH -oxidase is not fully understood, but it is
commonly believed that AA (like all other fatty
acids and the detergent sodium dodecyl sulfate,
SDS) induces structural transformations of the
membrane-bound components of NADPH-oxidase
and can interact with its hydrophobic zone, acti-
vating the enzyme “assembled” on the plasma
membrane [4,6,17]. In contrast to other activators,
AA has no induction period. Therefore, it is
thought that AA acts at the most distal point,
probably by affecting the lipid-protein interactions,
changing the conformation or charge of the
NADPH-oxidase components, and reducing the
microviscosity of the microenvironment, which fa-
cilitates the entry of NADPH, into the electron
transport chain of NADPH-oxidase [4]; the deter-
gent-mediated activation occurs without the partici-
pation of PKC [17]. There is evidence that AA
and other unsaturated fatty acids can directly acti-
vate PKC in a dose- and Ca?*-dependent manner,
though, in much higher concentrations (100-200
uM) than those used in our experiments. The in-
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vestigation of the PKC subtypes showed that type
Il enzyme is activated by diacyiglycerol even in
the absence of Ca?* but is weakly activated by AA,
type I enzyme is activated by micromolar concen-
trations of AA, and type III respond to high con-
centrations of AA but only at an increased intra-
cellular Ca?* concentration [12]. Most of the
above-mentioned data were obtained in experiments
with leukocytes, but they can be used to interpret
the processes occurring in monocytes, since the
generation of O by monocytes is similar to,
though sometimes higher than, that in leukocytes.
NADPH-oxidase of monocytes has the same struc-
ture but a lower specific activity [16].

In BA, the products secreted by activated al-
veolar macrophages and granulocytes (leukotriene
B4 and platelet activation factor) activate monocytes
[10,13]. Leukotriene B, and platelet activation fac-
tor, being the most important activators in BA
[13], induce an increase in the intracellular Ca?*
in phagocytes. The increase in the Ca?* concen-
tration cannot by itself induce a functional response
of the cells to these simulators; however, it is a
promotor of subsequent activation. An increase in
the- intracellular Ca?* in the monocytes of BA
patients has been demonstrated [8]. It can be as-
sumed that translocation of the cytosolic compo-
nent of NADPH-oxidase and “assembly” of the
electron transport chain in the plasma membrane
occur upon activation in the monocytes of BA
patients. Subsequent addition of AA in vitro in-
duces activation of NADPH-oxidase and the gen-
eration of considerable quantities of Ozl. In donor
monocytes a concentration of 40 pM AA does not
induce an oxidative response, since it is 2-2.5-fold
lower than the optimal concentration required for
respiratory burst activation in resting monocytes
[4,6]. It can be assumed that at an increased con-
centration of the intracellular Ca?* type I PKC in
monocytes can be activated by the Ca?*-dependent
neutral protease calpain.

Changes of the membrane properties during
the activation of phagocytizing cells have been re-
ported by numerous researchers [11]. It cannot be
ruled out that these changes reflect the second
Ca?*-independent pathway of intracellular signal
transduction. We did not find any changes in the
LPO level in patient and donor monocytes, which
can affect plasma membrane fluidity. Moreover,
stimulation of the functional activity of the cells
by different inducers leads to an equal augmenta-
tion of the LPO products in donor and patient
monocytes. The enhancement of LPO in response
to PMA may be associated with the activation of
phospholipase A,. This enzyme is activated by
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PKC [2,12], and the subsequent synthesis of AA
metabolites is lipid peroxidation of AA catalyzed
by lipoxygenase. The considerable augmentation of
the TBA-active products upon stimulation with AA
indicates that AA induces greater changes in the
plasma membrane of phagocytizing cells than does
PMA. This may confirm the detergent-like role of
AA in the activation of NADPH-oxidase. The
membrane transformations induced by exogenous
AA occur to an equal degree in the monocytes of
donors and BA patients, whereas a potent respira-
tory burst was observed only in patient monocytes.
This finding confirms the assumption that the “as-
sembly” of the NADPH-oxidase electron transport
chain components occurs in the plasma membrane
upon activation in patient monocytes and refutes
the hypothesis of the activation of AA-sensitive
PKC. In the latter case, the increase of LPO prod-
ucts would have been greater, since activation of
PKC is accompanied by LPO enhancement in an
activated cell. In addition, it should be noted that
the LPO potentiation in the membrane of phago-
cytizing cells dose not result from the influence of
generated free radicals, as it has been assumed by
some researchers [9], but rather reflects the final
step of intracellular signal transduction, the PKC-
dependent pathway inducing 1.5- to 2-fold lesser
changes in the membrane structure than the de-
tergent effect of exogenous AA.

Undoubtedly, such a marked potentiation of
the oxidative response in the monocytes of BA
patients indicates activation of mononuclear mac-
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rophages and their involvement in the pathogen-
esis of BA.

REFERENCES

1. E. V. Gembitskii, O. V. Fesenko, and A. A. Kubatiev,
Klin. Med., Ne 4, 45-47 (1993).

2. M. Baggilioni and P. Kemen, NIPS, 7, 215-219 (1992).

3. A. Boyum, Scand. J. Immunol., 17, 429 (1983).

4. R. A. Clark, K. G. Leidal, D. W. Pearson, and W. M.
Nauseef, J. Biol. Chem., 262, 4065-4074 (1987).

5. M. Cluzel, M. Daman, P. Chaner, and J. Bousquet, J.
Allergy Clin. Immunol., 80, 195-201 (1987).

6. 3. T. Curnutte, J. Clin. Invest., 75, 1740-1743 (1985).

7. 1. M. Goldstein, D. Roos, H. B. Kaplan, and G.
Weissmann, Ibid., 56, 1155-1162 (1975).

8. A. B. Kay, L. A. Boxer, and R. L. Bachner, Europ. Respir.
J., 13, 855-958 (1991).

9, M. Masuda, Y. Komiyma, T. Murakami, and K. Murata,
J. Leukoc. Biol., 47, 105-110 (1990).

10. L. C. McPhail, C. C. Clayton, and N. Snydermann, J.
Biol. Chem., 259, 5768-5775 (1984).

11. S. Meltzer, B. Goldberg, P. Lad, and J. Easton, J. 4I-
lergy Clin. Immunol., 83, 960-966 (1989).

12. Y. Nisshizuka, Nature, 344, 661-665 (1988).

13. T. Radean, C. Chavis, M. Damon, and F. B. Michel,
Prostaglandins Leukot. Essent. Fatty Acids, 41, 131-138
(1990).

14. J. Schmidt, B. Kaufmann, R. Linstaedt, and I. Szelenyi,
Agents Actions, 31, 229-236 (1990).

15.T. P. Stossel, R. J. Mason, and A. L. Smith, J. Clin.
Invest., 54, 638-645 (1974).

16. M. Thelen and M. Baggilioni, Blood, 75, 2223-2228
(1990).

17.A. E. Traynor, P. J. Scott, A. L. Harris, and J. A.
Badwey, Ibid., 73, 296-300 (1989).

18. M. P. Wymann, V. von Tschamer, D. A. Deranleau, and
M. Baggilioni, J. Biol. Chem., 262, 12048-12053 (1987).

19. K. Yagi, Biochem. Med., 15, 212-216 (1976).




