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It is shown that ganglioside GM1 in picomolar concentrations stimulates the phorbol-
12-myristate-13-acetate (PMA)-induced generation of active forms of oxygen by neu-
trophils and peritoneal macrophages. GM1 (10-'! M) is found to enhance the luminol-
dependent chemiluminescence induced by 10 M PMA in mouse macrophages in com-
parison with the effect of PMA alone.
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Until recently, the involvement of the signal trans-
duction systems in the regulation of free radical
reactions has been shown solely for phagocytes [1].
Previously we found that gangliosides and phorbol-
12-myristate-13-acetate (PMA) are capable of in-
hibiting lipid peroxidation (LPO) in brain synap-
tosomes, whereas a penetrating cAMP analog re-
duces and polymyxin B almost completely abol-
ishes the inhibiting effect of these compounds [2].
These data suggest that, since these compounds act
as transmitters in the signal transduction systems,
the effect of gangliosides on free-radical processes
is mediated through these systems. Gangliosides are
membrane constituents not only in nervous but
also in other tissues. They may be released from
immune cells and affect the functional activity of
lymphocytes [3-5]. However, there are no data on
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the regulatory effect of gangliosides on the func-
tion of phagocyting cells.

The objective of the present investigation was
to study the effect of nmano- and picomolar gan-
glioside concentrations on the generation of active
forms of oxygen by mouse macrophages and hu-
man neutrophils in response to low concentrations
of phorbol esters. Such data are of great interest
for understanding the mechanism of the immuno-
modulatory effect of gangliosides and, probably, the
mechanism of their neurotrophic effects [2].

MATERIALS AND METHODS

The experiments were carried out on primed peri-
toneal macrophages of BALB/c mice. The mice
were injected intraperitoneally with 1 ml sterile
10% peptone in physiological saline. Forty-eight
hours later the animals were killed, and the peri-
toneal cavity was washed with medium 199 con-
taining 15% bovine serum, 5 U/ml heparin, 1000
U/ml penicillin, and 100 pg/ml streptomycin. The
obtained exudate was placed in special measuring
cuvettes (2x10¢ cells per cuvette). After a 2-hour
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Fig. 1. Effect of different concentrations of ganglioside GM1
on luminol—dependent CL in PMA —activated human
neutrophils. Neutrophils (5310° cells) in a volume of 1 ml were
preincubated for 30 min at 37°C with varying concen-trations
of GM1 (in control samples GM1 was omitted), after which
the CL response was induced by PMA (10-% M). ) without
GM1 or PMA; 2-9) 1078 M PMA; 3) 3.3X10"?* M GM1; 4}
1.65X10-7 M GM1; 5) 3.3X107% M GM1; 6) 3.3X10~°* M GMI;
7} 1.65X10-° M GM1; 8) 3.3X10°® M GM1; 9) 3.3X10"" M
GM1.

incubation at 37°C the medium was replaced with
a heparin-free medium. Ganglioside GM1 in final
concentrations of 10-3- 10 M was added to the
medium 4 hours after seeding the cells. After a
40-min incubation the medium was replaced with
Hanks solution, containing 50 pM luminol, 1 g/ml
serum albumin, and 20 uM HEPES (pH 7.4).
Spontaneous chemiluminescence (CL) was recorded
during 5 min, after which phorbol ester (10-* M)
was added to the cuvette and the maximal level of
induced CL was recorded. The CL response of
GM1-preincubated cells was recorded in the pres-
ence of the test concentration of GM1 in Hanks
solution. Statistical processing of the results was
carried out using the Student ?¢ test. Neutrophils
were isolated from heparinized blood of healthy
volunteers as described earlier [6]. Production of
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active forms of oxygen by neutrophils (5x103 cells
per vial) was measured with an L-1251 luminom-
eter (Wallac, Finland) in the presence of luminol,
as described elsewhere [6]. After recording of the
spontaneous CL, 10 pl ganglioside GM1 were
added to the samples to final concentrations of
3.3%x10-11-3.3x107 M, the samples were incubated
for 30 min at 37°C, and the CL response of the
cells was induced by adding PMA in a final con-
centration of 10* M. Gangliosides were isolated
after Folch from bovine brain tissue [7]; GMI
ganglioside as well as other individual gangliosides

~ were isolated by preparative column chromatogra-

phy on silica gel, as described previously [2]. The
purity of GM1 and other isolated gangliosides as-
sayed by HPLC was no less than 98-99%.

RESULTS

Preincubation of human neutrophils with ganglio-
side GM1 markedly stimulated PMA-induced gen-
eration of active forms of oxygen. Figure 1 shows
the results of one of three experiments studying
the effect of the GM1 concentration in the
samples on the intensity of luminol-dependent CL
in human neutrophils induced by 10* M PMA. As
is seen from the figure, the lowest concentrations
of GM1 (3.3x10-1-3.3x10-*® M) increased the
maximal magnitude of the PMA-induced cell re-
sponse 5-7 fold in comparison with the same con-
centration of PMA alone (10%), while at higher
concentrations the effect was less pronounced. In-
cubation of the neutrophils with GM1 alone
(3.3%10-1! - 3,3x107 M) did not enhance the lu-
minol-dependent CL. Synergism in the action of
ganglioside and phorbol esters on the production of
active forms of oxygen by neutrophils and the
inverse concentration-response dependence for a
GM1 concentration within 3.3x10-11-3.3x107 M
were evaluated by measuring the integral CL over
a 30-min period (data not shown).

TABLE 1. Effect of Different Concentrations of GM1 on Luminol — Dependent CL in PMA —Stimulated Mouse Peritoneal

Macrophages (M=*m)

Concentration of GM1, M Intensity of CL, cpm Number of
control experiment experiments

108 1467+318 1033%291 3

10-¢ 2475=758 1325384 4

10~ 2700545 1120=%=185 5

10~ 3083+961" 900163 (§]

10-12 3100=771" 1050=206 4

10-13 2550==236" 1350==366 4

10~ 2567+491 2500608 3

10718 2367+578 2500=608 3

Note. Control — incubation without ganglioside, * denotes reliable differences (p<0.05) in comparison with the control.
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The maximal effect of GM1 on mouse peri-
toneal macrophages was attained with concentra-
tions of 10-12-10-! M, while at both higher (10-1°
M) and lower (10-%* M) concentrations this effect
was less pronounced but still reliable, but ulti-
mately it was virtually absent at concentrations of
10-5-10-* M (Table 1).

For instance, the luminol-dependent CL in-
duced by 10 M PMA was 3.4-fold stronger in
mouse macrophages preincubated with 10-'* M
GM1 in comparison with the cells incubated with
PMA alone (3083+961 vs. 900+163 cpm, n=6,
p<0.05).

It has previously been shown that individual
gangliosides in nanomolar concentrations are ca-
pable of inhibiting LPO induced in synaptosome
membranes and of preserving lipid fatty acids, re-
ceptors, and enzymes from oxidative destruction
[2,8]. The data reported here provide additional
evidence that low concentrations of gangliosides
exert a modulatory effect on the free-radical pro-
cesses. Gangliosides apparently can affect the pro-
cesses of extracellular cytotoxicity and phagocyto-
sis which play a crucial role in the nonspecific
resistance of the organism, by stimulating the pro-
duction of superoxide anion and other active forms
of oxygen.

It is now thought that gangliosides possess
immunomodulatory properties [3-5]. The data ob-
tained by us suggest that, in very low concentra-
tions (which, for instance, may arise in the blood
due to a loss of membrane fragments by lympho-
cytes or other blood cells [4]), gangliosides can
modulate the metabolic processes and functional
activity of phagocytes. Since the effect of ganglio-
side GM1 on free-radical reactions was similar in
human neutrophils and mouse macrophages, it may
be assumed that the ability of gangliosides to acti-
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vate free-radical processes in mammalian phagocytes
is independent of the type of cells and of their
species specificity.

Activation of protein kinase C is a key step
in the activation of the NADPH-oxidase complex
in neutrophils and macrophages; however, other
protein kinases seem to affect these processes as
well. It should be noted that gangliosides are
modulators of specific ganglioside-dependent [9,10]
and other protein kinases, and, in particular, they
exert a calmodulin-like effect [11]. Since phago-
cytes are the only cells where the role of signal
transduction systems in the regulation of the pro-
duction of active forms of oxygen has been sys-
tematically studied, they represent the most prom-
ising model for elucidating the mechanism of the
effect of gangliosides on free-radical reactions.
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