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ABSTRACT

Effect of influenza virus on luminol-enhanced chemiluminescent response of guinea pig
polymorphonuclear leukocytes (PMNL) was investigated in order to elucidate a possible
mechanism by which influenza virus modified the oxidative metabolism of PMNL.

Influenza viruses, strains A/USSR/92/77(H1N1) and B/Kanagawa/3/76(B), rapidly stimu-
lated oxidative burst of resting PMNL and the peak chemiluminescence initiated by them
was 5 to 15 times as high as that induced by PBS(—), while the peak chemiluminescent
response induced by phorbol myristate acetate (PMA) delayed and the values were counted
to be approximately 40% of that of PBS(—)-incubated cells. No significant changes were
observed in both activities to enhance chemiluminescent response of resting PMNL and
to depress PMA-induced chemiluminescent response when influenza virus with heat-
inactivated neuraminidase activity at 56°C for 20 min was used. Moreover, neither initi-
ation of oxidative burst of PMNL nor depression of PMA-induced chemiluminescent
response was observed with purified neuraminidase extracted from influenza virus.

It seems likely that viral neuraminidase is at least not a critical component to modify
the oxidative metabolism of guinea pig PMNL.

Influenza virus infection is associated, as is
well known, with secondary infections by bac-
teria and fungi'®"®, which are attributed to
decreased defence mechanism of the host, main-
ly depression of polymorphonuclear leukocytes
(PMNL) functions such as chemotaxis'?,
phagocytosis or intracellular killing of
microorganisms™'®. As the oxygen-dependent
antimicrobial system is the most potent microbi-
cidal mechanism of PMNL*'™ it seems most
probable that the decrease of defence mechan-
ism associated with influenza virus infection is
due to dysfunction in processes of oxidative
metabolism of PMNL.

Faden et al” demonstrated that newcastle
disease virus, herpes simplex virus, vaccinia vi-
rus and reovirus depressed luminol-enhanced
chemiluminescence of human PMNL induced
with opsonized zymosan. On the other hand,
Mills et al'® reported that influenza virus rapid-
ly stimulated the respiratory burst and enhanced
chemiluminescence of PMNL. Abramson et al*?
observed that influenza virus strongly depressed
luminol-enhanced chemiluminescence of human
PMNL induced with phorbol myristate acetate
(PMA) or opsonized zymosan, in spite of a rapid
enhancement of oxidative metabolism of resting
PMNL?,
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However, no appreciable information is avail-
able as to the mechanisms by which influenza
virus causes oxidative burst or depresses PMNL
function.

MATERIALS AND METHODS

1. Preparation of guinea pig PMNL

The peritoneal exudate cells from female
guinea pigs of the Hartley strain, weighing ap-
proximately 400g, were collected 18 hr after
peritoneal injection of 12% purified casein (Dif-
co Laboratories, USA) in PBS(—), pH 7.4 at a
dose of 20 ml/kg. The cells were washed with
and suspended in Eagle MEM (3)(Nissui Seiyaku
Co, Japan) buffered at pH 7.4 with 10 mM
N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic
acid (HEPES: Dojindo Laboratories,
Japan)MEM-HEPES). Red blood cells contami-
nated were thoroughly treated with hypotonic ly-
sis with distilled water.
2. Preparation of influenza virus suspensions

Influenza virus A/USSR/92/77 (HIN1) and
B/Kanagawa/3/76(B) strains were propagated in
MDCK cells according to the method described
by Tobita et al*® at 84°C for 8 to 4 days. Af-
ter centrifugation of each culture fluid at 1,500
x g for 30 min, the supernatant was ultracen-
trifugated at 100,000 xg for 60 min. The
precipitate was washed once with PBS(—) at
100,000 xg for 60 min. The resultant precipi-
tate was resuspended in approximately 1 : 50
volume of PBS(—) and stored at 4°C overnight
in a refrigerator. The cell debris was removed
by centrifugation at 1,500 xg for 30 min and
the supernatant fluid was used throughout the
experiments.
3. Measurement of neuraminidase activity

Fluorometric determination of neuraminidase
activity by the use of 4-methylumbelliferyl-N-Ac-
a-D-neuraminide (Koch Light Laboratories, En-
gland) as a substrate was performed according
to the method described previously'. Colori-
metric determination of the activity was per-
formed according to the method described by
Aymard-Henry et al” using fetuin as a sub-
strate. Enzyme activities were expressed as
pmol of 4-methylumbelliferone or N-Ac-a-
neuraminic acid liberated per 100 ul of sample
per hr. As controls, purified neuraminidase from
influenza virus (Calbiochem-Behring for Research
Biochemicals and Immunochemicals, USA) and

We investigated the effect of viral neuramini-
dase on luminol-enhanced chemiluminescence of
guinea pig PMNL.

that from Clostridium perfringens (Boehringer
Manheim GmbH, W-Germany) were used.

4. Chemiluminescence assay in luminol-enhanced
system

Both luminol (3-aminophthaloylhydrazine:
Tokyo Kasei Co., Japan) and phorbol
12-mrystate 13-acetate (PMA : LC Service Cor-
poration, USA) were dissolved in dimethyl sul-
foxide (DMSO : Wako Junyaku Co., Japan) and
stock solutions of 10 mg/ml and 2 mg/ml, respec-
tively, were stored at —80°C. When they were
actually used, these stock solutions were dilut-
ed with MEM-HEPES to obtain appropriate con-
centrations.

Chemiluminescence was measured with Lumi-
countor ATP-237 (Toyo Kagaku Sangyo Co.,
Japan) at the ambient temperature.

After pre-incubation of 5x10° cells of
PMNL/0.7 ml with 1 umol/0.1 ml of luminol in
siliconized cuvette (55x16.5 mm : Pyrex) at
37°C in a water bath for 5 min, 0.1 ml of in-
fluenza virus preparation was added. The
chemiluminescence intensity was measured ev-
ery 15 sec and the effect of the virus on the ox-
idative metabolism of resting PMNL was
monitored. Then, the mixture was stimulated
with 0.5 ug/0.1 ml of PMA and the PMA-induced
chemilumunescence was monitored.

RESULTS
1. Effect of influenza virus on luminol-enhanced
chemiluminescent response of guinea pig PMNL

Hemagglutination and neuraminidase activities
of the influenza virus preparations or purified
neuraminidases employed were summarized in
Table 1.

Effects of influenza viruses on luminol-
enhanced chemiluminescent responses of guinea
pig PMNL were shown in Fig. 1. Both
A/USSR/92/77 and B/Kanagawa/3/76 viruses
rapidly stimulated oxidative burst of resting
PMNL and the peak chemiluminescence initiat-
ed by them was 5 and 15 times as high as that
induced by PBS(—), respectively. However, the
peak chemiluminescent response induced by
PMA delayed and the values were counted to
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Table 1. Hemagglutination and neuraminidase activities of influenza viruses and pure neuramini-

dases employed

Neuraminidase activity*

HA titer
1) 2

Influenza virus

A/USSR/92/77 2,048 189,000 414,750

B/Kanagawa/3/76 2,048 83,800 1,112,678
Pure neuraminidase

Influenza virus 4 176,300 135,200

Cl. perfringens 4 308,000 4,080,000

*Neuraminidase activity was determined fluorometrically using 4-methylumbelliferyl-N-Ac-a-D-
neuraminide(1) or colorimetrically using fetuin as substrate (2). The activities were shown as

pmol/hr/100 ul of sample.

+

100

t

M 1st \
S | stimulus K y
o O \
(S
ST L
2 = IS o\
= L ~a,
= 50 / ~a RN o
g X N ()
= A S, N
= » & A N '~ Y
= s - V4 [N N,
£ £ & / N
2 3 V. )
58 | A A\A\ \.
| &
a —o—0— b /. A\A
I o--*"° 0=0-0_o. o
//,, S
r e
7/
0 8-g-o-p-0-p-o-9-o-q-0—g-0-0—0-0 | | , , | |
0 5 10 15

Time (min)

Fig. 1. Luminol-enhanced chemiluminescent response of guinea pig PMNL
which were initially stimulated with influenza virus A/USSR/92/77 (—e—),
B/Kanagawa/3/76 (—A—) strains and PBS (—) (— o —), and subsequently

stimulated with PMA.

be approximately 40% of that of PBS(—)-
incubated cells. Such responses were viral dose-
dependent (Table 2). No direct correlation was
observed between the enhance and/or depression
of luminol-enhanced chemiluminescence and viral
hemagglutination and/or neuraminidase activity.
2. Effect of the neuraminidase on Iluminol-
enhanced chemiluminescent response of guinea
pig PMNL

Effects of the commercially available purified
neuraminidases on luminol-enhanced chemi-

luminescent response of guinea pig PMNL were
shown in Fig. 2. No effect was observed on rest-
ing PMNL. However, PMA-induced chemilumi-
nescent response was slightly inhibited by the
neuraminidase from influenza virus, while it was
somewhat enhanced by the bacterial neuramini-
dase. These phenomena are unlikely to depend
upon enzymatic activity of the purified neu-
raminidases employed, because the chemilumi-
nescent response was not significantly affected
even after incubation of PMNL with the
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Table 2. Effect of influenza virus on luminol-enhanced chemiluminescent responses of guinea
pig PMNL in resting state and induced by PMA

Chemiluminescent intensity*

Influenza virus Resting PMA-induced
Peak CL % Peak CL %
A/USSR/92/T7
x1 21.2 558 49.5 42.7
2 16.3 429 60.9 52.6
4 10.6 279 62.3 52.9
8 7.9 208 73.4 63.4
B/Kanagawa/3/76
x1 58.2 1,532 45.8 39.6
2 36.3 955 62.6 54.1
4 23.3 613 70.9 61.2
PBS(—)-control 3.8 100 115.8 100
*Chemiluminescent intensity was expressed as counts x10* per 15 sec.
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Fig. 2. Luminol-enhanced chemiluminescent
response of guinea pig PMNL which were stimu-
lated with purified neuraminidase extracted from
influenza virus (— o—) and Clostridium perfringens
(—w—), and subsequently stimulated with PMA.

enzymes at 37°C for 60 min prior to stimula-
tion with PMA (Data not shown).

The viruses were exposed to a temperature of
56°C for various lengths of time, and their ac-
tivities of hemagglutination, neuraminidase and
inhibition of PMA-induced chemiluminescence
were investigated. As shown in Fig. 3, neu-
raminidase activities of both virus strains were
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Fig. 3. Heat-inactivated pattern of influenza virus
hemagglutination (— o —), neuraminidase (—e—)
and chemiluminescence inhibition activities (—A—)
at 56°C for the time indicated.

almost completely inactivated within 5 min.
Hemagglutinating activity of A/USSR/92/77 vi-
rus remained intact for over 20 min, while that
of B/Kanagawa/3/76 virus was rapidly inactivat-
ed. The inhibitory activities of these viruses thus
treated against PMA-induced chemiluminescence
was correlated with hemagglutinating activities,
although no effect on enhancement of
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chemiluminescence of resting PMNL was ob-
served.

DISCUSSION

The oxygen-dependent antimicrobial system,
especially the myeloperoxidase-hydrogen
peroxide-halide system, is the most potent
microbicidal property of PMNL“. It seems
most probable that the PMNL dysfunction as-
sociated with influenza virus infection is based
on the depression of a part of processes of the
oxidative metabolism of PMNL. Although it is
generally known that influenza virus infection
suppresses chemotaxic or phagocytic activity of
host cells, reports are scanty regarding the
relevance of influenza virus to the oxidative
metabolism of PMNL"**",

Fisher and Ginsberg®® first proposed the pos-
sibility that influenza virus affects the oxidative
metabolism of guinea pig PMNL. They demon-
strated reduction in phagocytosis and glycolysis
of PMNL by influenza virus A/PR8 and
B/Lee/40 viruses as well as receptor destroying
enzyme (RDE). the reduction was not observed
with heat-inactivated influenza viruses and RDE.
They assumed that the reductive activity might
be mediated by viral neuraminidase, since the
activity was dependent on calcium ion.

These findings were contradicted by Nosewor-
thy et al'”. According to Tsan et al*”, removal
of 20% of total sialic acid of human PMNL by
bacterial neuraminidase showed no effect on
phagocytosis of latex particles and activation of
hexose monophosphate shunt, whereas such
treatment prevented superoxide production as-
sociated with either phagocytosis or concanava-
lin A-stimulation. Recently, Mills et al'® and
Abramson et al® demonstrated by luminol-
enhanced chemiluminescence assay method that
influenza virus rapidly stimulated respiratory
burst of resting human PMNL but strongly in-
hibited PMA- or opsonized zymosan-induced
chemiluminescent response. Nonetheless, no
clear explanation has been offered about
mechanisms by which influenza virus causes ox-
idative burst on the one hand and disturbs
PMNL function such as PMA- or opsonized
zymosan-induced superoxide production on the
other.

Initiation of respiratory burst of resting
PMNL by influenza virus occurs rapidly in the

absence of serum so that the response is likely
to be attributed to direct stimulation of NADPH-
oxidase in PMNL membrane. Mills et al'® pre-
sumed that heat-labile factors on the virus enve-
lope may be involved in oxidative stimulation of
PMNL, because no response was observed when
the virus treated at 80°C for 30 min was used
in luminol-enhanced chemiluminescence assay,
whereas it occurred when the live or ultravio-
let irradiated virus was added. Abramson et
al” reported that respiratory burst of PMNL
was activated by stimulation of viral
glycoproteins formed as a liposome (i.e., mem-
brane structure) but not by glycoproteins as
rosettes (i.e., glycoprotein aggregates), and sug-
gested that membrane structure of influenza vi-
rus was necessary for the induction of
respiratory burst of PMNL.

Since influenza virus bounds to the specific
receptor on cell surface, it seems more likely
that the virus would modify the oxidative
metabolism of PMNL by hemagglutinin spike
rather than by neuraminidase spike. In the
present study, however, a significant difference
was observed in the degree of inhibition of
respiratory burst of resting PMNL between
A/USSR/92/77 and B/Kanagawa/3/76 virus
strains with almost the same hemagglutination
activity. Furthermore, the activity of virus
preparations exposed to heating of 56°C for 20
min for the initiation of respiratory burst of
PMNL was not affected and the activity of pu-
rified neuraminidase extracted from influenza vi-
rus was not demonstrated. From the results, the
participation of either viral hemagglutinin or
neuraminidase in respiratory burst of PMNL
was contradictory.

The inhibitory mechanism of influenza virus to
chemiluminescence of PMNL induced by PMA
remains unclear like that of initiation of respira-
tory burst. Mills et al'® and Abramson et al®
indicated that both virus infectivity and hemag-
glutination activity were not critical in PMNL
dysfunction. Faden et al” suggested that viral
neuraminidase might play an important role in
PMNL dysfunction. However, our results rev-
ealed that no participation of viral neuraminidase
was observed in the PMNL dysfunction irrespec-
tive of difference between the two virus strains
in calcium ion-dependency and substrate
specificity’® (Table 1). A/USSR/92/77 virus with
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lost neuraminidase activity after heating showed
almost the same degree of depression of PMA-
induced chemiluminescence as the non-heated
control. PMA-induced chemiluminescence was
not significantly affected by purified neuramini-
dase from influenza virus. These findings sug-
gest that viral neuraminidase is not at least a
critical component for induction of respiratory
burst and subsequent depressed function of
PMNL.

Another interesting problem in modification of
PMNL oxidative metabolism by influenza virus
is whether or not any interaction exists between
initiation of respiratory burst of resting PMNL
and depression of PMA-induced chemilumines-
cence. Although Abramson et al® stated a
negative opinion, this is a matter to be solved
in future research.
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