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RELEASE OF SUPEROXIDE ANION FROM POLYMORPHONUCLEAR
LEUKOCYTES STIMULATED BY RUBELILA VIRAL
ANTIGEN-ANTIBODY COMPLEX IN VITRO
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Summary. — Using a highly sensitive and specific chemiluminescence (CL) method, we detected the re-
lease of superoxide anion (O,") from human polymorphonuclear leukocytes (PMNLs) stimulated by rubella
viral antigen-antibody complex (VAAC) adsorbed on latex particles. The amount of superoxide anion pro-
duced by PMNLs was proportional to the amount of VAAC. Neither rubella virus alone nor antibody alone,
adsorbed on latex particles, stimulated production of superoxide anion by PMNLs. It is likely that rubella
virus requires the presence of antibody in order to be recognized by PMNLS, and that the superoxide anion is

somehow involved in the discase process of rubella.
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Introduction

The reaction of phagocytic cells (PMNLs, monocytes and

macrophages) with certain viruses leads to the release of

active oxygen species. Influenza viruses are capable of ac-
tivating the production of active oxygen species in phago-
cytic cells in the absence of a specific antibody (Peterhans,
1980; Mills et al., 1981). In contrast, herpesviruses, e.g.
respiratory syneytial virus and canine distemper virus re-
quire, serum containing a specific antibody for activation
of production of active oxygen species in phagocytic cells
(Weber and Peterhans, 1983; Faden er al., 1983; Bingham

Abbreviations: CL = chemiluminescence; DMSO = dimethylsul-

methionyl-leucyl-phenylalanine; HBSS = Hanks’ balanced salt
solution; MCLA = 2-methyl-6-(p-methoxyphenyl)-3,7-dihydroim-
idazo[1,2-a] pyrazin-3-one; PBS = phosphate-buffered saline;
VAAC = viral antigen-antibody complex; PMNL = polymorpho-
nuclear leukocyte

et al., 1985; Burge ef al., 1989). However, it is not known
whether rubella virus stimulates phagocytic cells to pro-
duce active oxygen species directly in the absence of
a specific antibody.

We have developed a highly sensitive and specific CL meth-
od for detecting small amounts of superoxide anion (Nishida
et al., 1989; Kato et al., 1991a; Kimura et al., 1995). We con-
ducted this study to determine whether superoxide anion is
released during the reaction between PMNLs and rubella vi-
rus in the absence or presence of a specific antibody.

Materials and Methods

Reagents. A 10% (v/v) suspension of latex (polystyrene) parti-
cles (mean diameter of 0.78 pum) was obtained from Sekisui Chem-
icals (Tokyo). Phosphate-buffered saline (PBS) without calcium
and magnesium (PBS) and Hanks™ balanced salt solution (HRSS)
were purchased from Nissui Pharmaceutical Co. (Tokyo) and dis-
solved in bidistilled water. HBSS was adjusted to pH 7.4 with
disodium phosphate (Nishida et al., 1989). Dimethylsulfoxide
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for 3 mins at 37°C. CL was measured with BLR-2 a Luminescence
Reader (Aloka Co., Tokyo). During the measurement of CL., the
incubation mixture was agitated by rotation at 37°C. The maxi-
mum light intensity of MCLA-dependent CL was corrected for
each control.

Results

The addition of the latex coated with VAAC to a mixture
containing PMNLs promptly elicited MCLA-dependent
light emission (Fig. 1, curve 1). The CL was completely
abolished by the addition of 0.5 pmol/l superoxide dis-
mutase, suggesting that the CL was produced by superox-
ide anion (Fig. 1, curve 5). The latex coated with the virus
only, the antibody only, or both the virus and non-specific
antibody, did not affect the production of superoxide anion
(Fig. 1, curves 2,3, 4). When the relationship of maximum
CL to VAAC concentration was investigated (Fig. 2), max-
imum CL was enhanced by an increasing VAAC concentra-
tion. The intensity of maximum CL elicited by 0.1% VAAC
corresponded to approximately one-eighth of the CL elicit-
ed by 10 mol/l FMLP (data not shown). A nen-specific
metal-catalyzed CL of MCLA did not influence the super-
oxide anton-dependent CL.

Discussion

We demonstrated that PMNLs released superoxide ani-
on after reacting with latex particles coated with rubella
VAAC, but not with latex particles coated with rubella vi-
rus only, the antibody only, or both the virus and non-spe-
cific antibody.

Latex particles made of polystyrene can themselves stim-
ulate PMNLs (Babior, 1978). Indeed, untreated latex parti-
cles used in the present study stimulated PMNLs (data not
shown). However, the latex used in this study was not effec-
tive in inducing the release of superoxide anion from PMNLs
when it had been pretreated with rubella virus alone, rubel-
la antibody-rich serum alone, or both rubella virus and ru-
bella antibody-poor serum. It is unlikely that the latex pre-
treated with both rubella virus and rubella antibody-rich
serum regained its original ability to stimulate PMNLs. The
enhanced superoxide anion release from PMNLs after the
addition of latex treated with both rubella virus and rubella
antibody-rich serum should be ascribed to VAAC butnot to
the latex particles themselves, suggesting that rubella virus
requires the presence of the (rubella) antibody in order to
be recognized by PMNLs.

An antigen-antibody complex activates phagocytic
cells by binding to Fc receptors expressed on the cell

surface (Unkeless et al., 1981). Bovine PMNLs generate

active oxygen species in the presence of both herpes vi-
rus and anti-herpesvirus antibody by a mechanism de-
pendent on the antibody Fc portion, as F(ab”), fragments
bound to antigen are unable to stimulate PMNLs (Weber
and Peterhang, 1983). The superoxide anion release from
PMNLs stimulated by VAAC observed in the present
PMNLs surface.

Active oxygen species, including superoxide anion re-
leased from phagocytic cells, play a pivotal role in bacteri-
cidal mechanisms (Babior, 1978). Although viruses bound
to a specific antibody are considered to be non-infective
(Roitt, 1991), studies on viruses suggest that active oxygen
species, produced through an interaction between viral an-
tigen and phagocytic cells in the presence or absence of an
antibody, are involved in the pathogenesis of viruses (Faden
etal., 1983; Burge et al., 1989; Oda et al., 1989; Akaike et
al., 1996). In the antibody-dependent cytotoxicity mediat-
ed by mouse macrophages, active oxygen species are known
to contribute to target cell killing (Nathan and Cohn, 1980)
and to toxic effects on bystander cells exposed to human
macrophages (Sagone and Rinehart, 1984). To be patho-
genic, some viruses apparently require the presence of spe-
cific antibodies.

At present it 1s not known whether rubella-induced tis-
sue injuries seen in clinical rubella are associated with an
antibody-dependent superoxide anion production by
PMNLs. Additional studies are needed to define mecha-
nisms of cytotoxicity of rubella virus.
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