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An important feature of the role of IgA in protection 
against infection and disease at the level of the mucosal 
surfaces might be the elimination of pathogens without 
induction of a strong inflammatory reaction. In the present 
study we addressed the question whether IgA has a regu- 
latory effect on the generation of reactive oxygen interme- 
diates in human neutrophils and monocytes (i.e. the respi- 
ratory burst). Cells were stimulated with heat-inactivated 
Haemophilus infl~cenzae type b or  phorbol myristate acc- 
tate, stimuli known to use different recognition structures 
o r  signal transduction pathways. Concentrations of IgA as 
low a s  10 mg,L  significantly inhibited the receptor- 
dependent Haemophil~is infl~ienzae-induced respiratory 
burst in granulocytes, as  assessed by measuring luminol- 
enhanced chemiluminescence. Furthermore, IgA had a 
dose-dependent inhibitory effect on the rcccptor-indepen- 
dent induction of the respiratory burst, as  examined by 
flow cytometry in monocytes and granulocytes activated 
with phorbol myristate acetate. Our results therefore indi- 
cate that inhibition of receptor-ligand interaction is not a 
sufficient explanation for the IgA-mediated modulation of 
the respiratory burst in human phagocytic cells. In addi- 
tion, IgA might directly regulate the activation of the res- 
piratory burst at the level o r  downstream of protein kinase 

IgA is the predominant antibody isotype in secretory 
fluids such as saliva, gastrointestinal fluids, bile, nasal 
and bronchial secretions, and colostrum. IgA in the se- 
cretions is predominantly dimeric and bound to the se- 
cretory piece, whereas in the serum IgA monomers pre- 
vail. Secretory IgA plays a key role in the elimination of 
a variety of ingested or inhaled environmental antigens 
and is important for the protection of the host against 
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C activation. By modulating the release of mediators of 
inflammation such as  reactive oxygen intermediates, the 
inflammatory response could be down-regulated at the 
level of the mucosal surfaces, thereby preventing the de- 
velopment of scquelae of an exaggerated inflammatory 
response potentially leading to local or systemic pathology. 
(Pediatr Res 36: 235-243, 1994) 

Abbreviations 
ROI, reactive oxygen intermediates 
Hib, Huemophihis itzfl~iet~zae type b 
Fc-aR, F c  receptor for IgA 
MNC, mononuclear cells 
DPBS, Dulbecco's PBS 
PMN, polymorphonuclear leucocytes 
CL, chemiluminescence 
DCFH-DA, 2'7'dichlorofluorescin diacetatc 
DCFH, 2'7'-dichlorofluorescin 
DCF, 2'7' dichlorofluorescein 
PMA, phorbol 12-myristate 13-acetate 
MFI, mean fluorescence intensity 
PKC, protein kinase C 
fMLP, n-formyl-methionyl-leucyl-phenylalanine 

microbial pathogens invading by the respiratory, gastro- 
intestinal, and urogenital tracts. IgA antibodies partici- 
pate in the protection of mucosal surfaces by neutralizing 
bacterial toxins and viral particles and inhibiting the 
adherence of microbial pathogens to the epithelial cells, 
thus preventing colonization and penetration of mucosal 
surfaces by pathogenic microorganisms ( 1 ,  2). 

Although the antiinfectious properties of IgA antibod- 
ies are widely documented, the whole spectrum of mech- 
anisms whereby IgA might protect against disease is still 
unclear. Fc-aR have been identified on a variety of cell 
types, including lymphocytes (3, 4), monocytes and mac- 
rophages (5-9), neutrophils (5, 6), and eosinophils (10). 
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Recent studies have concentrated on the induction of 
leukocyte effector function by triggering of Fc-aR. Inter- 
action of IgA-coated particles with Fc-aR can trigger 
phagocytosis (8, 11-13) and antibody-dependent cell cy- 
totoxicity (14). Cross-linking of Fc-aR by IgA or Fc-aR- 
MAb induces the release of leukotrienes C4 and B4 and 
prostaglandin E2 (15) and elicits the generation of an 
oxidative burst (9, 1618). 

Although the immunomodulatory properties of IgG 
antibodies and their capacity to modulate inflammation 
are well documented (19), much less is known about a 
possible modulation of the inflammatory response by 
IgA. The elimination of pathogens without induction of a 
strong inflammatory reaction might be an important fea- 
ture of the protective role of IgA against both infection 
and disease because an exaggerated local or systemic 
inflammatory reaction or immune response against anti- 
gen encountered at the level of the mucosal surfaces 
might be potentially harmful for the host. The production 
of ROI through activation of the NADPH oxidase ( i . ~ .  
the respiratory burst) has long been known to play an 
important role in the bactericidal activity of phagocytic 
cells such as granulocytes and monocytes (20). However, 
increasing experience is accumulating that implicates hu- 
man neutrophils or the generation of ROI as a mediator of 
tissue-destructive events in inflammatory diseases of the 
mucosal surfaces such as asthma bronchiale or inflam- 
matory bowel disease (21-23). Excessive generation of 
ROI has also been associated with the pathophysiology of 
neonatal necrotizing enterocolitis, a severe inflammatory 
disease in low-birth-weight neonates of multifactorial 
cause (24, 25). In the present study, we addressed the 
question whether IgA might have a regulatory effect on 
the generation of ROI in human neutrophils and mono- 
cytes activated by stimuli known to use different recog- 
nition structures or signal transduction pathways. Our 
results suggest that human serum IgA not only inhibits 
receptor-dependent phagocyte activation but in addition 
might have the capacity to down-regulate the respiratory 
burst in human phagocytes at the level or downstream of 
PKC activation. 

METHODS 

IgA preparation. The IgA preparation was kindly pro- 
vided by Dr. Y. Linnau (Immuno AG, Vienna, Austria). 
IgA was purified from serum Cohn fraction I1 of large 
plasma pools in the same way as a commercially available 
IgA-IgG preparation (IGABULIN, Immuno AG). The 
IgA-enriched preparation underwent further purification 
steps to obtain a final IgA product that contained more 
than 95% IgA and no detectable IgG or IgM as examined 
by single radial immunodiffusion. The lyophilized Ig 
preparation was stored at 4°C until use and was dissolved 
in DPBS (Dulbecco's PBS with c a 2 +  and M ~ ' + ,  Flow 
Laboratories, Irvine, UK), or C L  buffer (minimum es- 
sential medium-Dulbecco for CL, Boehringer-Mannheim 
GmbH, Mannheim, Germany) immediately before use. 

Isolation of granulocytes and mononuclear leukocytes and 
puriJication of T-enriched cells. Human MNC were iso- 
lated from heparinized peripheral blood (7.5 IU of pre- 
servative-free heparin/mL) of healthy adult volunteers 
(ages 18 to 65 years) of both sexes by buoyant density 
gradient centrifugation on Lymphoprep (Nyegaard & 
Co., Oslo, Norway) (26) at 4°C. The MNC contained in 
the interphase were aspirated and were washed three 
times in 0.9% NaCl before the cells were adjusted to a 
concentration of 5 x 10' cells/mL in DPBS. 

Human PMN were isolated from heparinized venous 
blood by dextran sedimentation. The cells contained in 
the pellet after separation of the MNC were cleared of 
contaminating erythrocytes by dextran sedimentation 
(2% dextran 500, Pharmacia, Uppsala, Sweden) at 4°C. 
The remaining red blood cells were removed by hypo- 
tonic lysis by resuspending the pellet in cold NH,CI- 
hemolysis buffer for 10 min at 4°C. After repeated wash- 
ing steps the granulocytes were resuspended in DPBS at 
a concentration of 3.5 x 10h PMN/mL. Granulocytes 
prepared by dextran sedimentation were 92 2 4% pure 
(mean 5 SD, n = 7), as determined by reading differential 
counts from smears. 

For C L  assays, human neutrophils were isolated from 
the buffy coat of healthy volunteer blood donors by 
countercurrent centrifugal elutriation with a Beckman 
52/21 M E  centrifuge (Beckman Instruments, Fullerton, 
CA). After repeated washings the granulocytes were re- 
suspended in CL buffer at a concentration of 1 x 10' 
cells/mL. The resulting cell preparation contained 93 2 

5% granulocytes (mean 2 SD, n = 4) as assessed by 
reading differential counts from smears. Preliminary ex- 
periments indicated that human granulocytes prepared 
by dextran sedimentation and granulocytes obtained by 
countercurrent centrifugal elutriation produced compara- 
ble levels of ROI after PMA (Sigma, St. Louis, MO) 
stimulation (as examined by measuring luminol-enhanced 
CL, data not shown). 

T-enriched cells were prepared by resetting of MNC 
with 2-aminoethylisothiouronium bromide-treated sheep 
erythrocytes after depletion of the monocytes by adher- 
ence to plastic (27). As determined by flow cytometry, 
T-enriched cells contained 91 2 11% CD3+ T cells, 1 2 

0.4% CD19+ B cells, 14 2 9% CD56+ natural killer cells 
(mean 2 SD, n = 6), and no CD14+ monocytes. Cell 
viability was routinely greater than 98% as determined by 
trypan blue dye exclusion. 

Luminol-enhanced CL assay. The generation of ROI in 
human PMN after stimulation with Hib was assessed by 
measuring luminol-enhanced C L  according to the method 
of Trush er al. (28). Luminol-enhanced C L  has been 
shown to depend on the generation of ROI such as 
superoxide anion and H,O, and on the granule enzyme 
myeloperoxidase that is released into the phagosome and 
into the extracellular environment during phagocyte ac- 
tivation (29). Briefly, 1 x 10' PMN in 100 FL of C L  buffer 
(minimum essential medium-Dulbecco for CL, Boehring- 
er-Mannheim GmbH) were added to 100 FL of luminol 
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(Lumanol-100, Lumac, Medical Products Division/3M, 
St. Paul, MN; final concentration, 63 pM), 200 p L  of a 
mixture of Hib (final concentration, 3 x 106/mL) and IgA 
(final concentration ranging from 1 mg/L to 10 g/L), and 
100 p L  of minimum essential medium-Dulbecco. The 
final volume per plastic cuvette (Luma Cuvette) was 0.5 
mL, and the ratio of bacteria to PMN was 15:l. Before 
addition to the cells, Hib and IgA were preincubated for 
30 min at 37°C. All substances and cells were diluted in 
minimum essential medium-Dulbecco. Controls included 
samples containing PMN and HIB, PMN and IgA, or 
PMN only. The resulting C L  was measured over a period 
of 40 min in a bioluminescence counter (Biolumat LB 
9505 C, Berthold, Wildbad, Germany). Results are given 
as cpm peak response or as percent inhibition of C L  
relative to the HIB-induced C L  observed in samples 
containing no IgA. 

Flow cytometric assay of respiratory burst. The formation 
of ROI in the course of the respiratory burst was assessed 
in human monocytes and granulocytes after stimulation 
with PMA or  Hib by measuring the oxidation of 
DCFH-DA (Molecular Probes, Inc., Eugene, OR) by 
flow cytometry, as originally described by Bass e t  al. 
(30). This method allows for the estimation of the cumu- 
lative formation of ROI such as H,O, in activated phago- 
cytes (30). The nonfluorescent compound DCFH-DA dif- 
fuses across cell membranes and is trapped within the cell 
after deacetylation. In the presence of cellular peroxi- 
dases, the production of H,O, by stimulated cells then 
oxidizes the intracellular DCFH, a nonfluorescent fluo- 
rescein analogue, to the highly fluorescent DCF. 

Human MNC (5 x 1@ MNCImL in DPBS) or granulo- 
cytes isolated by dextran sedimentation (3.5 x 1 0 6 / m ~  in 
DPBS) were preloaded with DCFH-DA by adding 10 p L  of 
DCFH-DA working dilution to 1 mL of the cell suspension 
[final concentration, 2.05 pmol/L (1 p,g/mL)]. The cells were 
incubated for 15 min at 37°C in the dark. One hundred p L  of 
IgA (final concentration, 1 m g L  to 10 g k )  and 200 p L  of 
PMA [final concentration of 1.62 pmol/L (1 pg/mL) and 48.6 
nrnoVL (30 ng/mL) diluted in DPBS] were then added to 300 
p L  of DCFH-DA-preloaded cells. The mixture of PMA, 
IgA, and cells was further incubated in siliconized glass tubes 
for 25 min at 3TC in the dark before the respiratory burst 
was examined by flow cytometry. Preliminary experiments 
confirmed that the DCF-specific fluorescence of PMA- 
stimulated monocytes increased nearly linearly during the 
first 20-25 min after addition of stimulus and remained es- 
sentially constant thereafter (data not shown), as has also 
been described for neutrophils (30). DCFH-loaded cells in- 
cubated with DPBS alone, IgA alone, or PMA alone served 
as controls. In some experiments, PMA and IgA were pre- 
incubated for 30 min at 3TC before addition to DCFH- 
loaded MNC. To examine the Hib-induced respiratory burst 
in granulocytes by flow cytometry, we carried out the assay 
as described above except that 200 p L  of Hib (final concen- 
tration, 1 x 10'1m~) were added to the cells instead of PMA. 

DCF-specific fluorescence resulting from oxidation of 
DCFH during the respiratory burst was assessed by flow 

cytometry using a FACScan interfaced to a Hewlett 
Packard computer running LYSIS software (Becton 
Dickinson, San Jose, CA). Monocytes within the total 
mononuclear leukocyte population and granulocytes iso- 
lated by dextran sedimentation were identified with a gate 
on the forward-scatter versus 90-degree side-scatter dot 
plot. Analysis of samples stained with CD14 MAb con- 
firmed that the monocyte gate contained >90% mono- 
cytes, and the granulocyte gate was confirmed by Leu- 
coGate-staining (Becton Dickinson). For each flow 
cytometry histogram, the MFI of 5 000 to 10 000 cells 
was measured with logarithmic amplification. Because 
the two PMA concentrations used had a comparable 
effect, the results of the two concentrations were com- 
bined for statistical evaluation. Results are reported as 
MFI, as percent inhibition relative to the MFI of PMA- 
stimulated samples containing no IgA, or as a stimulation 
index (SI) [i.e. the ratio of the MFI of cells stimulated 
with Hib or PMA 2 IgA (MFI experimental) to that of 
cells incubated in the presence of medium + IgA alone 
(MFI control)], calculated according to the following 
formula: 

T-cell proliferation afer stimulation with PMA plus iono- 
mycin. T-enriched cells were suspended at a concentra- 
tion of 1 x 10' cells/mL in RPMI 1640 medium (Flow 
Laboratories, Irvine, UK) supplemented with penicillin 
(100 IUImL), streptomycin (100 pg/mL) and L-glutamine 
(2 mM, Gibco, Paisley, Scotland), and 10% heat- 
inactivated human AB serum (complete medium). Cell 
cultures were set up in triplicate in flat-bottomed micro- 
titer plates (Falcon 3070 Microtest 111 Tissue Culture 
Plate; Becton Dickinson Labware, Lincoln Park, NJ). 
Each well contained 1 x 10" T-enriched cells in 0.1 mL of 
complete medium; 0.1 mL of complete medium contain- 
ing the diacylglycerol analogue PMA (final concentra- 
tion, 10 ng/mL) and the calcium ionophore ionomycin 
(Calbiochem, San Diego, CA; final concentration, 500 
ng/mL) were added to the cells. Cells cultured in the 
presence of PMA alone, ionomycin alone, or medium 
alone were included as controls. The cells were cultured 
for 5 d at 37°C in a CO, incubator (5% CO, in humidified 
air). The resulting cell proliferation was assessed by 
measuring "-thymidine uptake. For the last 16 h of the 
5-d incubation period, the cell cultures were pulsed with 
0.2 pCi %-thymidine (5 Ci/mM, The Radiochemical Cen- 
tre, Amersham, Buckinghamshire, UK). Then the cells 
were harvested onto glass fiber filter strips with a semi- 
automatic cell harvester (Skatron, Lier, Norway), and 
incorporation of radioactivity was measured with a Tri- 
Carb 4640 liquid scintillation counter (Packard Instru- 
ments Corp., Downers Grove, IL). Results are presented 
as mean dpm + SEM of the average dpm of individual 
experiments set up in triplicate. 

Statistics. The statistical significance of differences be- 
tween experimental and control samples was assessed by 
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t test for unpaired samples, the t test for paired samples 
if appropriate, or the Mann-Whitney U test (one-tailed) if 
the values were considered to be not normally distrib- 
uted. A difference between the means of two groups was 
considered statistically significant at a level of p < 0.05. 

RESULTS 

Eflect of ZgA on receptor-mediated respiratory burst in 
human granulocytes stimulated with unopsonized Hib. Hu- 
man neutrophils isolated by counterflow elutriation were 
stimulated with unopsonized heat-inactivated Hib. As 
assessed by measuring the luminol-enhanced CL, unop- 
sonized Hib induced a significant release of ROI (CL, 
peak cpm x lo6: medium, 12.5 k 2.0; Hib, 78.6 k 8.7; 
mean & SEM; n = 7). Addition of human serum IgA to 
the system resulted in a dose-dependent inhibition of the 
Hib-induced generation of ROI (Fig. L4). This inhibitory 
effect of IgA became statistically significant at concen- 
trations as low as 10 mg/L (percent inhibition, 43 k 9%; 

human serum IgA (g/L) 
Figure 1. Human serum IgA inhibits the respiratory burst in human 
neutrophils activated with unopsonized Hib. Human neutrophils (PMN) 
isolated by counterflow elutriation (A)  or dextran sedimentation (B) 
were stimulated with unopsonized heat-inactivated Hib in the presence 
of varying concentrations of IgA. PMN stimulated with Hib in the 
absence of IgA and PMN incubated with IgA or medium (Med) alone 
served as controls. A, Examination of the respiratory burst by measur- 
ing luminol-enhanced CL. Results are given as peak cpm x loh (mean 
2 SEM of seven experiments). B, Assessment of the production of ROI 
by flow cytometric measurement of DCFH oxidation. Results are given 
as stimulation index calculated as described in Methods (mean and 
range of two experiments). *, Statistically significant difference @ < 
0.05) compared with cells activated in the absence of IgA. 

mean k SEM; n = 6, t test, p = 0.003). Increasing the 
concentration of IgA up to 10 g/L further augmented the 
inhibitory effect (percent inhibition at 10 g/L of IgA, 65 2 

5%; mean k SEM; n = 7, t test,p < 0.001). As examined 
by measuring luminol-enhanced CL, IgA alone induced 
no significant respiratory burst in neutrophils (Fig. L4). 
An inhibitory effect of IgA on the Hib-induced respira- 
tory burst activity in granulocytes could also be observed 
when the generation of ROI was examined by flow cyto- 
metric measurement of DCFH oxidation (Fig. 1B). Hu- 
man granulocytes were purified from heparinized whole 
blood by dextran sedimentation. As estimated by calcu- 
lating a stimulation index as described in the Methods 
section, the dose response curve of the IgA-mediated 
inhibition was comparable to the results obtained using 
the C L  assay (Fig. 1). 

Eflect of ZgA on membrane receptor-independent PMA- 
induced respiratory burst in human monocytes and granulo- 
cytes. The next logical question to ask was whether the 
inhibitory effect of IgA on the respiratory burst was 
restricted to receptor-dependent cell activation. Further- 
more, we were interested whether IgA-mediated regula- 
tion of the respiratory burst observed in the granulocyte 
could also be found in another type of phagocytic cell, 
peripheral blood monocytes. C L  assay of the respiratory 
burst in monocytes requires the preparation of a pure cell 
population. Multiple isolation steps (e.g. buoyant density 
gradient centrifugation followed by counterflow elutria- 
tion or isolation by adherence to plastic) that activate the 
cells to a certain extent are required to obtain a pure 
monocyte preparation. To minimize cellular activation 
associated with monocyte purification, flow cytometric 
assay of single monocytes within the total peripheral 
blood MNC presents an attractive alternative. 

With flow cytometry and DCFH-DA, we investigated 
the effect of IgA on the respiratory burst triggered by a 
membrane receptor-independent stimulus, PMA, in hu- 
man granulocytes and monocytes. Granulocytes en- 
riched by dextran sedimentation and monocytes within 
the total MNC population were identified by their char- 
acteristic scatter profile. A representative flow cytometry 
histogram is depicted in Figure 2, showing that addition 
of 10 g/L of IgA significantly decreased the PMA-induced 
DCF-specific fluorescence intensity in human mono- 
cytes, indicating that IgA down-modulates the PMA- 
induced generation of ROI during the respiratory burst. 
Estimation of the PMA-induced formation of ROI in 
monocytes by calculating a stimulation index (as de- 
scribed in the Methods section) indicated that an inhibi- 
tory effect of IgA could be observed at a concentration of 
100 mg/L of IgA (data not shown). IgA also down- 
regulated the PMA-induced respiratory burst in granulo- 
cytes, and the effect was dose dependent in both cell 
types (Fig. 3). A statistically significant inhibition of DCF 
fluorescence intensity was observed at 3 g/L [percent 
inhibition, mean k SEM of three experiments with two 
PMA concentrations (n = 6): granulocytes, 36 2 5, p = 
0.021; monocytes, 51 k 5, p = 0.0331. At 10 g/L, IgA 
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Figure 2. IgA down-regulates the PMA-induced generation of the respiratory burst in human monocytes. Human peripheral blood M N C  preloaded 
with DCFH-DA were incubated for 25 min at 37'C in the presence of PMA (1.62 pmol/L), PMA and IgA (10 gIL), DPBS alone (medium), o r  IgA 
alone. The resulting D C F  fluorescence of monocytes (5000 cells as  identified by forward scatter vs 90" side-scatter gating) is shown on  the 
horizontal axis vs relative cell number on the vertical axis. 

inhibited the PMA-induced generation of ROI in granu- 
locytes by 52 2 5%, whereas the inhibitory effect of IgA 
at this concentration was even more pronounced in 
monocytes because 10 g/L of IgA inhibited the PMA- 
induced respiratory burst by 73 2 4% (t test, p = 0.006). 

High concentrations of IgA alone induced no increase 
in DCF-specific MFI as compared with medium (Fig. 3). 
Low concentrations of IgA induced only a slight increase 
in DCF-specific MFI in monocytes. The increase in DCF- 
specific MFI induced by low concentrations of IgA in 
granulocytes was more pronounced, although the values 
did not reach statistical significance. 

Eflect of IgA on PMA plus ionomycin-induced T-cell 
activclrion. PMA directly activates the intracellular sec- 
ond messenger PKC without prior triggering of a surface 
membrane receptor (31). IgA could have a general inhib- 
itory effect on PMA-induced cell activation (e.g. by bind- 
ing to PMA, thereby limiting the amount of free PMA 
available for PKC activation). However, the observed 
IgA-mediated inhibition of the PMA-induced respiratory 
burst in monocytes could not be augmented by facilitat- 
ing the binding of IgA to PMA. When IgA and PMA were 
preincubated together for 30 min at 37°C before addition 
of the mixture to the MNC, the extent of inhibition of 
DCFH oxidation in the monocytes was comparable to 
that observed when IgA and PMA were added directly to 
the cells without preincubation [percent inhibition of 
PMA-induced generation of ROI (DCF-specific MFI) in 
the presence of 10 fi of IgA, mean 2 SEM, n = 5: with 
preincubation of PMA and IgA, 63 2 4%; without prein- 
cubation, 68 2 4%]. 

To further exclude that binding of PMA to extracellular 
IgA leads to a decreased activation of PKC, we examined 
the effect of IgA on PMA plus ionomycin-induced T-cell 
activation. Isolated T cells were activated with a subop- 
timal concentration of PMA [16.2 nmol/L (10 nglml)] plus 
an optimal concentration of the calcium ionophore iono- 
mycin [668.7 nmol/L (500 nglml)], and T-cell proliferation 
was assessed after an incubation period of 5 d by mea- 
suring ' ~ - t h ~ m i d i n e  incorporation. As has been shown 
previously (32), ionomycin alone or PMA alone induced 
no T-cell activation, whereas simultaneous stimulation of 
the cells with PMA plus ionomycin resulted in substantial 
T-cell proliferation (Fig. 4). Addition of IgA (10 g/L) to 
the system had no effect on lymphoproliferative re- 
sponses, indicating that IgA has no general inhibitory 
effect on PMA-mediated PKC activation (Fig. 4). As 
depicted in the inset of Figure 4, the assay system was 
very sensitive to detect inhibition of PMA-mediated PKC 
activation because a 50% reduction of the PMA concen- 
tration reduced PMA plus ionomycin-induced T-cell pro- 
liferation to background levels. 

DISCUSSION 

Interaction of certain receptors on phagocytic cells with 
their ligands (e.g. interaction of complement receptor type 3 
with opsonized bacteria or certain unopsonized particulate 
stimuli such as zymosan or Hib) leads to phagocytosis of the 
particle and to a sudden and marked activation of the oxida- 
tive metabolism, the respiratory burst (20, 33). Receptor- 
mediated signaling (e.g. after interaction of the chemotactic 
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Figure 3. Human serum IgA has a dose-dependent inhibitory effect on the PMA-induced respiratory burst in human monocytes (Mo) and 
granulocytes (PMN). Human granulocytes or MNC were stimulated with PMA (48.6 nmol/L or 1.62 pmol/L) in the presence of varying 
concentrations of IgA. Cells incubated in the presence of PMA, IgA, or DPBS (medium) alone served as controls. The resulting DCF-specific 
fluorescence is given as MFI [mean + SEM of three experiments, each performed with two PMA concentrations (n = h)]. Both and * *  denote 
statistically significant differences compared with cells activated in the absence of IgA. 

peptide fMLP with its receptor) involves the generation of 
second messengers such as inositol phosphates and diacyl- 
glycerol and an increase in the levels of intracellular free 
Ca++ before PKC is activated, which in turn is followed by 
activation of the NADPH oxidase complex (33). In the 
course of the respiratory burst, phagocytic cells generate 
superoxide anion (reactive oxygen radical, 02 - )  and derived 
reactive oxygen products such as H202 and the hydroxyl 
radical, collectively termed ROI. Together with the release 
of the contents of cytoplasmic granules (e.g. myeloperoxi- 
dase) into the endosomal vacuole (containing the engulfed 
bacterium), the respiratory burst results in the killing and 
digestion of the phagocytosed bacteria. In addition, the re- 
lease of ROI also participates in the development of the 
inflammatory reaction by mediating tissue-destructive events 
at the site of inflammation (21-23). 

The results presented in this article show that human 
IgA (in concentrations as low as 10 mg&) significantly 
inhibits the respiratory burst in human granulocytes 
(PMN) activated by a particulate stimulus, unopsonized 

heat-inactivated Hib. The inhibitory effect of IgA on 
Hib-induced PMN activation was demonstrated by ex- 
amination of luminol-enhanced C L  (dependent on the 
production of ROI and degranulation) and measurement 
of DCFH oxidation with flow cytometry (a method that 
allows for measurement of the cumulative production of 
ROI such as H20z). Activation of PMN with Hib is 
mediated through triggering of surface membrane recep- 
tors such as the complement receptor type 3, which has 
a binding site for lipopolysaccharide expressed on gram- 
negative bacteria such as Hib (34). Several previous 
articles reported that interaction of IgA with human gran- 
ulocytes can result in inhibition of receptor-dependent 
activation of cell functions such as chemotaxis, phago- 
cytosis, and generation of the respiratory burst (35-38). 
However, the mechanism of this suppression is still un- 
clear. Previous studies showed that inhibition of recep- 
tor-dependent PMN activation was primarily mediated 
by IgA polymers, was dependent on the Fc portion of 
IgA, and was dependent on binding of IgA to the cell but 
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not to the stimulus, suggesting that interaction of IgA 
with the Fc-(YR was involved in inhibition of cell activa- 
tion (35, 37, 38). It has been proposed that the cell-bound 
IgA might interfere with stimulus-receptor interaction. In 
fact, binding of ligand to the Fc-yR could be inhibited by 
IgA bound to the PMN surface (35, 36), and IgA also 
blocked the binding of MAb to the neutrophil comple- 
ment receptor type 1 (36). However, blockade of ligand- 
receptor interaction might not be a sufficient explanation 
for the capacity of IgA to down-modulate neutrophil 
activation. Inhibition of PMN chemotaxis by IgA was 
independent of the type of receptor triggered to stimulate 
the cells because IgA paraproteins have been shown to 
inhibit human neutrophil activation by a variety of 
chemotactic stimuli, including casein, Escherichia coli- 
derived chemotactic factors, complement component 
C5a, serum chemotactic components, and fMLP (37, 38). 
Furthermore, IgA paraproteins inhibited the C L  re- 
sponse of neutrophils to fMLP (38), whereas more recent 
studies showed that IgA does not significantly interfere 
with binding of fMLP to neutrophils (39). These findings 
suggested to us that IgA might inhibit leukocyte activa- 
tion without influencing receptor-ligand interaction. 

The respiratory burst can be induced by activation of 
phagocytes with membrane receptor-independent stimuli 
such as PMA. Phorbol diesters such as PMA mimic the 
action of the intracellular second messenger diacylglyc- 
erol, a physiologic activator of PKC, by binding directly 
to PKC with high affinity, resulting in the activation of the 

respiratory burst without triggering a surface membrane 
receptor (31, 33). Our data show that in addition to 
inhibition of receptor-dependent neutrophil activation, 
IgA also has the capacity to inhibit the generation of ROI 
such as H,O, (as examined by flow cytometric measure- 
ment of DCFH oxidation) in human neutrophils and 
monocytes activated with PMA. A possible explanation 
for this inhibitory effect could be competitive blockade of 
PKC activation by binding of PMA to IgA. However, our 
data provide the following evidence that makes this hy- 
pothesis unlikely. Preincubation of IgA with PMA before 
addition to the monocytes, which would facilitate binding 
of PMA to IgA, did not augment the inhibitory effect of 
IgA. Furthermore, IgA did not inhibit PMA-induced ac- 
tivation of PKC in isolated human T cells. The synergistic 
combination of PKC activation by phorbol esters and 
elevation of cytosolic calcium by calcium ionophores is 
required to induce receptor-independent activation and 
proliferation of isolated T lymphocytes (32). Even at high 
concentrations (10 g/L), which clearly inhibited the PMA- 
induced respiratory burst in monocytes and granulo- 
cytes, IgA had no suppressive effect on T-cell prolifera- 
tion after stimulation with PMA plus ionomycin. 
Although an optimal concentration of ionomycin was 
used in our system, the concentration of PMA used was 
clearly suboptimal because reduction of the PMA con- 
centration by 50% completely abrogated PMA plus ion- 
omycin-induced T-cell proliferation. Thus, we think that 
our system should have been sensitive enough to detect 

16.2 8.1 3.2 0 

PMA (nmol/L) 

medium Lo* 
medium IM PMA PMA+IM 

Figure 4. IgA does not inhibit interaction of PMA with PKC because i t  has no effect on PMA plus ionomycin-induced T-cell activation. Human 
T cells were stimulated for 5 d with PMA (16.2 nmolIL) plus ionomycin (668.7 nmolk)  in the presence or absence (medium control) of IgA (10 g/L). 
The resulting T-cell proliferation was assessed by measuring 'H-thymidine incorporation, and the results are given as dpm (mean ? SEM of seven 
individual experiments). Inset shows stimulation of T cells with ionomycin (668.7 nmolk)  plus varying concentrations of PMA. 
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any extracellular binding of PMA to IgA that would result 
in decreased PKC activation. 

The results presented in this article therefore suggest 
that inhibition at the level of receptor-ligand interaction 
may not be the only explanation for a suppressive effect 
of IgA on phagocyte activation. More likely, IgA may 
directly modulate signaling in the course of phagocyte 
activation, probably at the level or downstream of PKC 
activation by induction of a negative signal. Several stud- 
ies have demonstrated that triggering of Fc-aR on phago- 
cytic cells by IgA-coated particles, polymeric IgA, or 
Fc-aR-MAb can induce a positive signal in the cells that 
triggers phagocytosis (8, 11-13), antibody-dependent cell 
cytotoxicity (14), the release of leukotrienes C4 and B4, 
prostaglandin E2 release (15), and the generation of an 
oxidative burst (9, 16-18). In our experiments, low con- 
centrations of serum IgA alone induced a slight increase 
in DCFH oxidation in granulocytes and also slightly 

has demonstrated that oral IgA-IgG treatment is an ef- 
fective prophylaxis of necrotizing enterocolitis in low- 
birth-weight infants (43). Recent studies performed in our 
laboratory showed that human IgA down-regulates both 
the induction and the release of inflammatory cytokines 
(tumor necrosis factor-a, interleukin-6) in human mono- 
cytes (44). By modulating the release of inflammatory 
mediators such as ROI or inflammatory cytokines, IgA 
could interfere with the development of sequelae of acute 
or chronic inflammation initiated by microbial pathogens 
or their toxins at the level of the mucosal surfaces, 
thereby preventing local and systemic pathology. 
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