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SUMMARY

Defined immune complexes (IC) were used to compare the effect of antibodies of different classes
and subclasses on neutrophil respiratory burst and degranulation. IC were made from 5-iodo-4-
hydroxy-3-nitrophenacetyl (NIP) conjugated to bovine serum albumin (BSA) and chimaeric
mouse—human anti-NIP monoclonal antibodies including IgA2, IgE and all four IgG subclasses.
The activation of neutrophils by IC depended on antibody class and subclass, on antigen epitope
density, on antigen : antibody ratio and on the medium used. The ability to generate the respiratory
burst showed a different pattern to the ability to give rise to degranulation. Compared with other
IC, IgA2 IC provided the strongest stimulus for neutrophil activation. IgG1 IC, IgG2 IC and 1gG4
IC activated neutrophils moderately or weakly. IgG3 IC were unable to stimulate the respiratory
burst, but could cause strong degranulation. IgE IC could hardly cause any neutrophil response.
Neutrophil degranulation in response to IgG3 IC in serum-free medium or heat-inactivated serum
was fast, and it quickly reached maximum. Degranulation caused by IgA IC was relatively slow,
but gradually increased during incubation. The activity of IgGl IC, IgG2 IC and IgG4 IC
generated a respiratory burst increased with antibody excess and decreased with antigen excess.
The activity of IgA2 IC, however, was not affected by change of antigen and antibody ratio. A
specific role of serum, possibly due to complement, was found in enhancing degranulation, both

temporally and quantitatively, by IgA2 IC.
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INTRODUCTION

Immune complexes (IC) are constantly formed and cleared in
the human body as a normal part of antibody formation.
Nevertheless, IC can accumulate in the body under patholo-
gical conditions and can be deposited at certain sites, causing
inflammatory reactions and tissue damage [1].

It is well known that neutrophils can be activated by IC or
aggregated immunoglobulins. However, little information is
available about the effect of an individual immunoglobulin of a
certain class or subclass on the activation of neutrophils. The
difficulty lies in making comparable IC of different classes.
Several methods have been tried to solve this problem, such as
using heat or chemically aggregated myeloma immunoglobu-
lins, using complexes formed by cross-linking F(ab'), frag-
ments of anti-IgG MoAb to human IgG subclasses or using
immunoglobulin-coated Sepharose beads or microtitre plates
[2—-6]. However, the extent to which these artificial complexes
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can represent natural IC is questionable. The ‘packing’ of
immunoglobulin molecules in IC depends critically on the
epitope distribution in the antigen, and this cannot be imitated
by artificially aggregated immunoglobulins.

The direct binding of IC to neutrophils can occur either
through neutrophil Fc receptors or complement receptors.
Some Fc receptors (FcyRII, FcyRIII) may directly associate
with complement receptors (CR1, CR3) on the cell membrane
[7-10]. However, most neutrophil functional tests have been
done in serum-free medium, which neglects the influence of
other serum proteins, such as complement, in the activation of
neutrophils by IC.

We have used a well defined IC system to study neutrophil
activation in the presence or absence of complement. The IC
was made from 5-iodo-4-hydroxy-3-nitrophenacetyl (NIP) con-
jugated to bovine serum albumin (BSA) and chimaeric anti-
NIP MoAbs with the same mouse variable regions and different
human constant regions [11]. The data show that neutrophil
activation by IC varies according to the antibody class or
subclass, the antigen epitope densities as well as the antigen
and antibody ratio. Activation can be also influenced by
complement.
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MATERIALS AND METHODS

NIP-BSA

NIP-caproate-o-succinimide (10 mg/ml; Cambridge Research
Biochemicals, Northwich, UK) was mixed with an equal
volume of BSA from 1 mg/ml to 10 mg/ml in 50 mM carbonate-
bicarbonate buffer containing 0-5m NaCl pH 9-6 at 4°C over-
night. NIP-substituted BSA was separated from free NIP by gel
filtration. The molar ratio of NIP to BSA was 8:9-1, 12:9-1,
15:6-1 and 24-6-1 as determined by measurement of optical
density (OD) at 430 nm for NIP with a molar extinction
coefficient of 4900. BSA concentration was measured by the
Folin method.

Anti-NIP antibodies

The chimaeric anti-NIP MoAbs were originally raised by
Briiggemann et al. [11] and were produced by several cell
lines (European Collection of Animal Cell Cultures, Salisbury,
UK). They were I1gG1 (THG1-24), IgG2 (JW183/5/1), IgG3
(TH3-MP-2-19-3-8), IgG4 (JW184/2/1), IgA2 (JW393/A) and
IgE (JW8/5/13). The cells were grown in Dulbecco’s modified
Eagle’s medium (Sigma, Poole, UK) containing 10% heat-
inactivated fetal calf serum (FCS; Sigma, Poole, UK) until
saturated. The supernatants were affinity purified through
a NIP-caproate-o-succinimide cross-linked AH-Sepharose
(Pharmacia, St Albans, UK) column. The purity of the anti-
bodies was checked by ELISA using NIP-BSA-coated plates
and alkaline phosphatase-conjugated goat anti-human IgG (y-
chain-specific) (Sigma), goat anti-human IgA (a-chain-specific)
(Sigma) and goat anti-human IgE (e-chain-specific) (Sigma) as
detection antibodies. The purity of the IgG subclasses was
checked by MoAbs against IgGl, IgG2, IgG3 and IgG4
(Sigma) followed by alkaline phosphatase-conjugated goat
anti-mouse IgG antibody (Fc-specific) (Sigma).

Affinity of anti-NIP antibodies
The affinity of anti-NIP antibodies was measured by Farr assay
as described previously [12].

Antigen and antibody ratio

The antigen and antibody ratio at equivalence was determined
by the precipitin method. NIP-BSA was serially diluted x 4/5.
Anti-NIP antibodies with trace amounts of '*I-labelled anti-
body was used as a 200 pug/ml constant concentration. NIP—
BSA (40 ul) and 40 ul of anti-NIP antibodies were mixed. The
mixtures were left at 4°C overnight and centrifuged for 15 min.
The supernatant was aspirated and the precipitate counted. The
highest point of IC precipitation occurred at the equivalence
ratio for the antigen and the antibody.

Serum

AB-positive normal human serum (NHS) was obtained from
healthy donors from the blood bank. The classical complement
pathway activity of NHS was determined using the ‘Mayer’
technique [13]. Two-hundred microlitres of the 500-fold-diluted
serum gave 50% lysis of 100l 1% sheep erythrocytes (E)
coated with anti-sheep E antibody. The alternative complement
pathway activity of NHS was determined using the method of
Platts-Mills [14]. Two-hundred microlitres of the 28-fold
diluted serum gave 50% lysis of 40 ul 1% rabbit E. Heat-
inactivated normal human serum (HINHS) was made from

NHS treated at 56°C for 35 min. It did not have any detectable
complement activity.

Solubility and size of IC

Anti-NIP antibodies (20 xg) and 15-6 NIP-BSA at equivalence,
containing trace amounts of '*’I-labelled NIP-BSA, were
incubated in 150 ul Hanks’ balanced saline solution (HBSS;
containing 1 mm CaCl, and 1-5mm MgCl,), HBSS containing
16% HINHS or 16% or 50% NHS at 37°C for 1 h. They were
then centrifuged in a bench centrifuge for 10 min. The pellets
were washed once with PBS and counted. The supernatant was
loaded onto a 5-25% sucrose gradient and centrifuged at
27000 rev/min using a TST 28.38/17 swinging bucket rotor
(Kontron Instruments, Watford, UK) for 16 h. The fractions
were collected and counted.

Isolation of human neutrophils

Neutrophils were isolated from buffy coat from healthy donors
by Dextran T500 (Pharmacia) sedimentation followed by den-
sity centrifugation using discontinuous Percoll gradients (Phar-
macia). After the final wash, neutrophils were resuspended in
HBSS. They were normally >95% pure and >99% viable
when tested by trypan blue exclusion.

Hydrogen peroxide production

The respiratory burst was measured by hydrogen peroxide
production according to the method of Pick [15] with some
modifications. IC (25 pl), which were preformed at 37°C for 3h
in HBSS containing 2% BSA, 20% HINHS or 20% NHS with
ImM sodium azide, were added to 75ul of a neutrophil
suspension containing 4 x 10° cells, 2 ul horseradish peroxidase
(HRP; 1000 U/ml; Sigma), 2 ul of 1% phenol red (Sigma) and
1 mm sodium azide in 96-well plates. Hydrogen peroxide with a
molar extinction coefficient of 81mM~! cm™ at 230 nm was
diluted in 2% BSA, 20% HINHS and 20% NHS containing
1 mM sodium azide to make a standard curve. After incubation
at 37°C, 25 ul of 0-4 M NaOH were added to each well. OD was
read at 595 nm against the wells in which neutrophils were
incubated in the absence of IC.

Degranulation assay

IC at equivalence were formed in HBSS containing 3% BSA,
50% HINHS or 50% NHS at 37°C for 3 h. A neutrophil
suspension (100 ul) containing 7-5pug/ml cytochalasin B
(Sigma) at 4 x 10° cells/ml was added to 96-well plates and
incubated at 37°C for 10 min. Then 50 ul of IC were added.
After incubation at 37°C, the supernatant was taken out and
used for the degranulation assay.

B-glucuronidase was used as an indication of primary
granule release. The method was similar to that described
before [16] but adapted for microtitre plates. In brief, 77 ul of
0-04 M sodium acetate pH 4-5 and 23 ul of 0-01 M phenolph-
thalein glucuronic acid (Sigma) were added to 96-well plates.
Then 25 ul of neutrophil supernatant were added. The standard
was 25 ul of phenolphthalein (Sigma) which was double diluted
from 250 pug/ml in 1% BSA, 16% HINHS or 16% NHS. After
incubation at 37°C in a moist box for 18h, the plates were
centrifuged and 90 ul of supernatant were transferred into
another set of 96-well plates containing 90 ul of 0-4M glycine
pH 10-5. OD was read at 550 nm.

Lactoferrin was used as an indication of secondary granule

© 1995 Blackwell Science Ltd, Clinical and Experimental Immunology, 101:507-514



Neutrophil activation by defined immune complexes 509

100 —
80
60
40

(a)

I

I

20

T

4 i

101

100 —
80

40 -
20
oL Crzam :

(b)

Per cent precipitation

e

1gG11C 1gG2 IC

IgG3IC

IgG4 IC IgA2 IC IgE IC

Fig. 1. Antigen epitope density and immune complex (IC) solubility. IC were formed at equivalence (a) or three times antigen excess (b)

using %1

-labelled antibodies as tracers. Antibodies (40 ul; 100 ug/ml) in PBS were mixed with 40 ul 5-iodo-4-hydroxy-3-nitrophe-

nacetyl (NIP)-bovine serum albumin (BSA) at 4°C overnight. Then the mixture was centrifuged and the percentage precipitation was
calculated from the counts of the pellets divided by the total counts offered. O, 8-9 NIP-BSA; @, 12-9 NIP-BSA; B, 24-6 NIP-BSA.

release. It was quantified by sandwich ELISA. The IgG fraction
of rabbit anti-lactoferrin serum (Dako Ltd, High Wycombe,
UK) was further affinity-purified through a lactoferrin
(Calbiochem, Nottingham, UK)-coupled CL-4B column.
Ninety-six-well plates were coated with anti-lactoferrin
antibody. The bound lactoferrin was detected by alkaline
phosphatase-conjugated anti-lactoferrin antibody. The stan-
dard curve was determined using lactoferrin (Calbiochem).

RESULTS

Anti-NIP antibodies

Purified anti-NIP antibodies showed the same band patterns on
SDS-PAGE under either non-reducing or reducing conditions
as reported before [11]. All of them reacted with anti-mouse
IgG (Fab specific) antibody and each of them reacted in ELISA
only with the appropriate antibody which was restricted to a
specific immunoglobulin class or subclass (data not shown). No
cross-reactions were found between them. The affinity con-
stants of the antibodies in their reaction with NIP were
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Fig. 2. Precipitation of immune complexes (IC) in different media. IC
were formed at equivalence using '2°I-labelled 15-6 5-iodo-4-hydroxy-3-
nitrophenacetyl (NIP)-bovine serum albumin (BSA) as a tracer and
incubated at 37°C for 1h in different media (see Materials and
Methods). The percentage precipitation was calculated from the
counts of the pellets divided by the total counts offered. O, HBSS; @,
16% heat-inactivated normal human serum (HINHS); N, 16% NHS;
B, 50% NHS.

21x10°M™! (IgGl), 2:5x10°'M~' (IgG2), 24 x10'M™!
(IgG3), 2-6 x 10’ M~! (IgG4) and 2:7 x 10’ M ™! (IgA2).

IC size and solubility

The solubility of IC at equivalence varied according to the
epitope density, the antibody class and subclass as well as the
medium used. All IC formed at high epitope density were less
soluble than those formed at low epitope density (Fig. 1). IC
were generally more soluble in three-fold antigen excess than at
equivalence. However, the solubility of IgA2 IC was less
affected by antigen excess (Fig. 1).

When 15-6 NIP-BSA was used at equivalence, most IgA2
IC were insoluble in HBSS, whereas IgG3 IC were very soluble
(Fig. 2). Most IC formed in 16% HINHS had solubility similar
to those formed in HBSS. When IC were formed in 16% or
50% NHS, they generally became more soluble, presumably
due to the complement-mediated prevention of immune pre-
cipitation and solubilization of IC [17,18]. The solubility of
IgA2 IC was least affected by NHS, as has also been observed
by others [19]. IgG3 IC were an interesting exception. They
were less soluble in NHS than in HBSS.

The supernatants of IC made with 156 NIP-BSA were
analysed by centrifugation through a 5-25% sucrose gradient.
Supernantants from IgA2 IC had the radiolabelled NIP-BSA
at the same peak position as free NIP-BSA, indicating that
most IgA2 IC had precipitated (Fig. 3). The soluble IC formed
by the other antibodies in HBSS and 16% HINHS were all of
similar size with a peak position around fraction 33, with only
one fraction variation, corresponding to a sedimentation
coefficient about 10S. When NHS was used, some curves
shifted to a lower fraction position indicating increase of IC
size, presumably due to deposition of complement components
on IC. However, IgG3 IC, although they fix C well, did not
have any obvious curve shift.

Respiratory burst
The production of hydrogen peroxide as a consequence of
neutrophil stimulation by IC varied according to antibody

© 1995 Blackwell Science Ltd, Clinical and Experimental Immunology, 101:507-514
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Fig. 3. Sucrose gradient (5-25%) centrifugation of soluble immune complexes (IC) from the supernatant of anti-5-iodo-4-hydroxy-3-
nitrophenacetyl (NIP) antibody and 15-6 NIP-bovine serum albumin (BSA). Each IC had the same amount of '2°I-labelled 15-6 NIP—
BSA as a tracer. Fractions of equal volume were collected and numbered from 1 (bottom of the centrifuge tube, 25% sucrose) to 52
(top of the centrifuge tube, 5% sucrose). @, Incubated in HBSS; A, incubated in 16% heat-inactivated normal human serum (HINHS);

O, incubated in 16% NHS.

class and subclass as well as antigen epitope density. Of all the
IC tested at equivalence, IgA2 IC stimulated neutrophils the
most. The differences were greatest when the antigen had a low
epitope density of 8-9 NIP-BSA (Fig. 4). When 24-6 NIP-
BSA, the antigen with high epitope density, was used, IgG1 IC,
IgG2 IC, IgG4 IC but not IgG3 IC caused a neutrophil
respiratory burst. The responses to IgG2 IC and IgG4 IC
were rather strong, whereas those to IgG1 IC were weaker.
When 8-9 NIP-BSA was used, the activities of IgG1 IC, IgG2
IC and IgG4 IC were much decreased, whereas the activity of
IgA2 IC remained at the same level (Fig. 4). IgE IC did not
stimulate neutrophils in any media with either high epitope
density or low epitope density antigens. No stimulation was
observed when neutrophils were incubated with free antibody
and free antigen (data not shown). IC formed in 20% NHS did
not have obvious differences in the activity to those IC formed
in 2% BSA or 20% HINHS. Higher concentration of NHS was
not used, as the sensitivity of the assay decreased while the
serum concentration increased. .

Since the antigen/antibody ratio also affects the activity of
IC, neutrophil stimulation was tested with high epitope density

© 1995 Blackwell Science Ltd, Clinical and Experii tal I

(24-6 NIP-BSA) IC made with three times antigen excess or
three times antibody excess. Compared with IC at equivalence,
the activity of IgG1 IC and IgG4 IC in antigen excess decreased
by 65-75% and the activity of IgG2 IC decreased by about
35%. On the other hand, in antibody excess the activity of IgG1
IC, IgG2 IC and IgG4 IC increased at least two-fold (Fig. 5).
The activity of IgA2 IC did not change greatly in either anti-
body excess or antigen excess. IgG3 IC and IgE IC did not
cause a neutrophil respiratory burst in either antigen excess or
antibody excess. When 8-9 NIP-BSA was used, IgG1 IC, IgG2
IC and IgG4 IC gave a slight increase of activity in three times
antibody excess; whereas IgA2 IC kept the same level of activity
as at equivalence, even at four times antigen or antibody excess
(data not shown).

Degranulation
The primary (azurophilic) granule release and the secondary
(specific) granule release showed similar dose response and time
course patterns in neutrophil degranulation. Only the second-
ary granule release results are shown here.

The dose response profiles of neutrophil degranulation

logy, 101:507-514
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Fig. 4. The dose response of neutrophil respiratory burst induced by
immune complexes (IC) with different antigen epitope density and
different immunoglobulin class and subclass. IC were preformed at
equivalence with 89 S-iodo-4-hydroxy-3-nitrophenacetyl (NIP)-
bovine serum albumin (BSA) or 24-6 NIP-BSA in the indicated
media at 37°C for 3 h. Neutrophils (4 x 10°) were then incubated
with IC in 96-well plates at 37°C for 1 h and the hydrogen peroxide
concentration in each well was measured (see Materials and Methods).
Samples were tested in duplicates. HINHS, Heat-inactivated normal
human serum. @, IgG1 IC; O, IgG2 IC; B, 1gG3 IC; O, IgG4 IC; A,
IgA2 IC; A, IgE IC.
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differed with the antibody class and subclass of the IC (Fig. 6).
After neutrophils were incubated with preformed IC at 37°C
for 60 min, IgA2 IC again proved to be the best stimulus,
especially in the presence of serum. All IgG IC could activate
neutrophils moderately or weakly. IgG3 IC, which did not
stimulate neutrophils to undergo a respiratory burst, caused the
highest level of degranulation of the IgG subclasses. IgG4 IC,
which were quite strong in inducing neutrophil respiratory
burst, were weak in inducing neutrophil degranulation. IC
with 24-6 NIP-BSA as the antigen in general gave a higher
activity than the IC with 8-9 NIP-BSA as the antigen, although
with IgG1 IC the reverse was found. IgA2 IC, IgG2 IC and
IgG4 IC formed in 50% NHS were more active than those
formed in 3% BSA or 50% HINHS. The activities of IgG1 IC
and IgG3 IC, even though they are strong classical complement
pathway activators, were not substantially different when
formed either in the presence or in the absence of complement.
Neutrophils did not give a significant degranulation response to
IgE IC. Free antibodies and free NIP-BSA did not cause
neutrophil degranulation (data not shown).

A time course of neutrophil degranulation in response to IC
was tested. The speed of degranulation differed according to
antibody class and subclass (Fig. 7). IgG3 IC and IgG1 89
NIP-BSA IC triggered neutrophils to undergo rapid degranu-
lation in HBSS containing BSA or HINHS. Maximal degra-
nulation was reached within the first 15 min. However, the
degranulation caused by IgA2 IC, IgG2 IC and IgG4 IC was
rather slow, but steadily increased over a 120-min incubation
time. Although the level of neutrophil degranulation in
response to IgA2 IC was initially less than the response to
IgG3 IC, it eventually exceeded the degranulation caused by
IgG3 IC, with IgA2 IC becoming the strongest stimulus after
longer periods of incubation. The neutrophil response to IgA2
IC formed in the presence of NHS was at least twice as fast as
their response to IgA2 IC formed in the absence of NHS.
However, NHS seemed to slow the neutrophil response to IgG3
IC. Neutrophils did not show any response to IgE IC over the
180-min incubation.

DISCUSSION

IgA constitutes about 20% of the immunoglobulin pool in
human serum and it is the most abundant immunoglobulin in

(c)

12 15 18

Antibody (ng/well)

Fig. 5. The effect of antigen:antibody ratio on neutrophil respiratory burst. Antibodies with different immunoglobulin class and
subclass were incubated with 24-6 5-iodo-4-hydroxy-3-nitrophenacetyl (NIP)—bovine serum albumin (BSA) at equivalence (b), three
times antigen excess (a), or three times antibody excess (c) in 2% BSA at 37°C for 3 h. They were then incubated with 4 x 10°
neutrophils at 37°C for 1 h and the hydrogen peroxide concentration in each well was measured (see Materials and Methods). Samples
were tested in duplicates. @, IgG1 IC; O, IgG2 IC; B, 1gG3 IC; O, 1gG4 IC; A, IgA2 IC; A, IgE IC.
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Fig. 6. The dose response of neutrophil degranulation induced by
immune complexes (IC) with different antigen epitope density and
different immunoglobulin class and subclass. IC were preformed at
equivalence with 89 S5-iodo-4-hydroxy-3-nitrophenacetyl (NIP)—
bovine serum albumin (BSA) or 24-6 NIP-BSA in the indicated
media at 37°C for 3h. Neutrophils (4 x 10°) were then incubated with
IC in 96-well plates at 37°C for 1 h and the lactoferrin concentration
from the supernatant in each well was measured (see Materials and
Methods). Samples were tested in duplicates. @, IgG1 IC; O, IgG2 IC;
B, [gG3IC; O, IgG4 IC; A, IgA2 IC; A, IgE IC; ¥, medium. HINHS,
Heat-inactivated normal human serum.

secretions. It has a faster turnover rate than other immuno-
globulins. The role of IgA in the inflammatory response is
controversial. It used to be thought that IgA had anti-
inflammatory functions [20-22]. It has also been reported
that IgA IC do not stimulate a rat neutrophil respiratory
burst or lysosomal enzyme release [23]. However, some reports
showed that aggregated IgA or IgA-opsonized bacteria or
beads are able to stimulate human neutrophils to degranulate,
phagocytose and induce a respiratory burst [2,5,6,24]. It has
also been reported that IgA is able to induce eosinophil
degranulation and to mediate the killing of schistosomula by
eosinophils [25,26]. In our study, the results showed that IgA2
IC were the best stimulus for inducing neutrophil degranulation
and respiratory burst. We have not measured the ability of
IgA1 IC in activation of neutrophils since there is no IgA1 anti-

© 1995 Blackwell Science Ltd, Clinical and Experimental I
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Fig. 7. The time course of neutrophil degranulation. Antibodies with
different immunoglobulin class and subclass were incubated with 8-9 5-
iodo-4-hydroxy-3-nitrophenacetyl (NIP)—bovine serum albumin (BSA)
or 24-6 NIP-BSA at equivalence at 37°C for 3 h in the indicated media.
Then IC with 10 ug/well antibody concentration was incubated with
4 x 10° neutrophils at 37°C from 5—180 min. The released lactoferrin in
the supernatant was measured (see Materials and Methods). Samples
were tested in duplicates. @, IgG1 IC; O, IgG2 IC; B, IgG3 IC; O, IgG4
IC; A, IgA2 IC; A, IgE IC; ¥, medium. HINHS, Heat-inactivated
normal human serum.

NIP antibody available to us at present. We expect that IgAl
IC will have similar effects, since the binding of FcaR to both
IgA subclasses is equal [27,28].

Freshly isolated neutrophils express two kinds of Fc recep-
tors for IgG, FcyRII and FcyRIII. FcyRII is capable of
mediating both degranulation and respiratory burst [29-32].
FcyRIII is capable of mediating only degranulation and not
respiratory burst [29,30,33] and neutrophils do not generate
hydrogen peroxide by anti-FcyRIII MoAb which is coated on
solid surface [34]. The affinity of Fcy receptors to IgG differs
according to the immunoglobulin subclass. FcyRIII has rela-
tively high affinity to IgG3 and FcyRII can have relatively high
or very low affinity to IgG3 [35,36]. Although both FcyRII and
FcyRIII can bind IC or immunoglobulin-coated particles, the
binding of neutrophils to small IC is FcyRIII-dependent [29]. A
preliminary result in our laboratory showed that the binding of
neutrophils to our IgG3 IC was through FcyRIII rather than
FcyRII, which could be due either to a very low affinity of

logy, 101:507-514
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FcHyRII to this particular antibody or to the exceptional
solubility (indicating the IC were small) of the IC. In this
study we have shown that IgG3 IC do not induce a neutrophil
respiratory burst, although they provide a strong stimulus for
inducing neutrophil degranulation. Our explanation for this
phenomenon is that the binding of neutrophils to the IgG3 IC is
through FcyRIII and this receptor does not mediate respira-
tory burst. However, FcyRIII functions are rather contro-
versial. It has been observed that neutrophils can genzsrate O3
by cross-linking their FcyRIII [37]. IC-induced neutrophil
respiratory burst can be inhibited by anti-FcyRIII antibodies
[31]. In addition, it has also been reported that Sepharose beads
and sheep erythrocytes coated with IgG3 can induce neutrophil
respiratory burst [38,39]. We will investigate further why our
IgG3 IC did not cause a respiratory burst.

Neutrophils express neither a high-affinity IgE receptor
(FceRI) nor a low-affinity IgE receptor (FceRII). However,
an IgE binding protein (Mac-2) expressed on neutrophils has
recently been reported [40]. The authors have observed an
induced respiratory burst using anti-IgE antibody cross-
linking IgE which is prebound on the neutrophils. It is
difficult to judge whether the activation is caused by IgE or
by anti-IgE antibody if the Fc part of anti-IgE antibody has
not been removed. In our study, we were unable to detect any
respiratory burst or degranulation when neutrophils were
incubated with IgE IC.

It has been reported that C3b and C3bi alone are unable to
stimulate production of hydrogen peroxide and degranulation
[41,42). Deposition of C3 on IC can slightly increase the
neutrophil respiratory burst and degranulation [42,43). How-
ever, no increased generation of hydrogen peroxide or even
decreased release of myeloperoxidase caused by C3 deposition
on IC has been observed [44]. In our study, NHS did not
obviously enhance neutrophil respiratory butst and degranula-
tion for IgG1l and IgG3 IC, which were good complement
activators [45]. NHS, however, enhanced neutrophil degranu-
lation caused by IgA2 IC. At present, we do not know if this
enhancement is caused by complement. It has been reported
that the expression of both FcaR and CR3 are up-regulated but
FcyRII remains unchanged when neutrophils are exposed to
zymosan-activated serum (a source of C5a) [46]. It would be
interesting to investigate if there are any associations between
complement receptors and Fca receptor.

Our results showed that different IC had a different kinetic
process for neutrophil degranulation. IgG3 IC caused quick
degranulation which only increased slightly during longer
incubation, whereas IgA2 IC caused slow degranulation
which increased greatly during incubation. The kinetic differ-
ence may be due to different signal transduction pathways. The
level of Fc receptor expression and recycling during neutrophil
incubation with IC may also play a part in the kinetics of
neutrophil activation.
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