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1 Introduction 

Antibodies of the IgG and IgM 

Anti-inflammatory activity of human IgA 
antibodies and their Faba fragments: inhibition of 
IgG-mediated complement activation* 

The interaction of human IgA antibodies with the classical pathway of 
complement activation was investigated in a homologous human system, by 
means of two IgAl and three IgGl myeloma proteins having antibody activity 
against a defined antigen, staphylococcal a-toxin. In a solid-phase antigen- 
dependent C3b-binding ELISA system, the monoclonal IgG antibodies were 
previously shown to activate the classical complement pathway synergistically, 
resembling polyclonal IgG antibodies, whereas IgA antibodies were unable to 
activate complement by either pathway. In the present study, IgA antibodies were 
found to inhibit significantly the activation of complement initiated by antigen- 
bound polyclonal or mixed monoclonal IgG antibodies, in relation to the amount 
of IgA antibodies applied and bound to antigen. IgAl myeloma proteins devoid 
of antigen-binding activity were without effect. Inhibition was independent of the 
ability of the IgA antibodies to compete against the IgG antibodies in binding to 
antigen, and was demonstrable with physiological concentrations of antibodies. 
Similar results were obtained with polyclonal serum IgA having antigen-binding 
activity. However, the binding of C l q  to antigen-complexed IgG was inhibited 
only by a monoclonal IgA antibody that could compete against one of the three 
monoclonal IgG antibodies that bound Clq synergistically. This observation 
implied that at least two mechanisms were involved in the inhibition of C3b 
fixation. Faba fragments of monoclonal IgA antibodies, obtained by cleavage 
with IgAl protease from Haemophilus influenzae type b, were found to have a 
similar inhibitory effect on C3b fixation to the intact IgAl antibodies. This 
observation supports the hypothesis that IgAl proteases contribute to the 
invasive pathogenicity of certain mucosal bacteria, by cleaving secretory IgAl 
antibodies to  antigen-binding Faba fragments, which are not only defective in 
mucosal defense properties, but which also protect the organisms from other 
immune effector systems, such as complement activation. 

isotypes exert their - - 
protective functions largely by interacting, through struc- 
tures located in their Fc regions, with powerful effector 
systems principally represented by C and phagocytosis. 
Circulating IgA antibodies by comparison, are generally 
unable to engage these systems [l, 21, and consequently 
appear to lack a major role in defense against infection. 
However, secretory IgA (S-IgA) antibodies, which are 
predominant at mucosal surfaces where the majority of 
infectious diseases arise, are credited with a major protec- 
tive function at those sites, which is probably due to several 
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properties. These include neutralization of viruses, toxins 
and enzymes [3-51, inhibition of adherence of organisms to 
mucosal surfaces [6,7], and interaction with nonspecific 
factors such as lactoferrin, peroxidases, and mucin [8, 91. 
Several of these properties are known to depend on the 
integrity of the S-IgA molecule and, in particular, on the 
presence of the Fc region with the attached secretory 
component (SC) [2]. The production by several significant 
human mucosal pathogens of proteases that uniquely 
cleave human IgA and S-IgA of subclass 1 ,  yielding intact 
Faba and Fca [or (Fca),-SC] fragments, is therefore 
considered an important virulence attribute, that serves to 
diminish the effectiveness of S-IgA antibodies [2,10-121. A 
novel hypothesis concerning the role of IgAl proteases in 
facilitating invasive infections, by such organisms as Hae- 
mophilus influenzae type b, Neisseria meningitidis, and 
Streptococcuspneumoniae (the principal causes of bacterial 
meningitis), predicts that Faba fragments derived from 
S-IgA1 antibodies bound to the surface of the organism also 
interfere with other immune defense mechanisms [2, 131. 
Our previous studies have shown that native human 
monoclonal IgAl antibodies fail to activate C by either 
pathway, when bound to specific antigen [14]. The present 
report concerns investigations on the ability of these IgAl 
antibodies and their Faba fragments, obtained by cleavage 
with IgAl protease, to inhibit complement activation 
mediated by IgG antibodies to the same antigen. 
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2 Materials and methods 
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0.075 M NaCl, 0.05% Tween-20 [17], for 4 h at room 
temperature. Bound Clq was developed with anti-Clq 
(Dakopatts) conjugated to horseradish peroxidase 
(type VI; Sigma Chemical Corp., St. Louis, MO) by the 
two-step glutaraldehyde method [ 181. 

2.1 immunoglobulins 

Human monoclonal IgAl protein Fug (monomeric; x light 
chain) and Tin (polymeric; h light chain), and 1gGl.x. 
proteins Fug, JJF and Kal, which all bind staphylococcal 
a-toxin (SAT) [ 151, were purified chromatographically to 
> 99.9% from myeloma sera, as described previously [ 141. 
Polyclonal IgA and IgG having relatively high anti-SAT 
antibody activity were similarly purified from normal 
human serum. Concentrations of Ig and antibodies were 
determined by ELISA as described [14]. SATcoated on 
plastic in the conventional manner failed to bind anti-SAT 
antibodies adequately, but this was overcome satisfactorily 
by coating plates first with 2 yg/ml of avidin and then with 
5 yg/ml of biotinylated SAT [ 141. Purified proteins were 
also assayed by absorbance at 280 nm (a28,) for 
1 mg/ml = 1.35). ELISA to investigate mutual inhibition of 
binding between IgA and IgG mAb was performed on 
plates coated with 2 yglml of avidin and 2 pg/ml of 
biotinylated SAT, by first incubating paired plates over- 
night with serial twofold dilutions of IgA antibodies, 
starting at 500 ng/ml, and then for 4 h with 50 ng/ml of IgG 
antibodies. One plate of each pair was developed with 
peroxidase-conjugated anti-IgA (Dakopatts, Glostrup, 
Denmark), and the other with peroxidase-conjugated 
anti-IgG (Dakopatts), followed by o-phenylenedia- 
mine/H202 substrate. The converse experiment was also 
performed. 

2.2 C-fixation (CF) assays 

The CFELISA of Baatrup et al. [16] was used, as described 
previously [14].To examine inhibition of CF by IgA or Faba 
fragments, plates coated with 5-10 yg/ml of avidin and 
10-20 yglml of biotinylated SAT [ 141 (hereafter referred to 
as SAT-coated plates) were incubated overnight first with 
serial twofold dilutions of IgA or Faba, starting at 10 yg/ml 
of monoclonal IgAl or Fab, or at 40 pg/ml of polyclonal 
IgA. The plates were then treated with either polyclonal 
IgG at 10 yg/ml of anti-SAT antibody, or with an equal 
mixtureof IgGl anti-SATmAb at 3.3-5 yg/ml each, for4 h. 
As an alternative procedure, the IgA antibodies (or Faba 
fragments) were serially diluted in a constant concentration 
of IgG antibody, and added to the plates overnight. Fresh 
(frozen at -70°C) human serum diluted 1:25 in PBS, 
pH 7.4,with 0.15 mM Ca2+ and 0.5 mM Mg2+ [16] was then 
added as a source of C, and incubated for 20 min at 37 "C. 
Bound C3b was detected by developing with peroxidase- 
conjugated anti-C3c (Dakopatts), which gave essentially 
similar results to the use of an anti-C3d reagent [ 141. These 
conditions were found to be suitable for the detection of the 
classical complement pathway (CCP) [ 14, 161, and the use 
of 10 mM Mg-ethylene glycol-bis((3-aminoethyl ether) 
tetraacetate in the complement serum diluent abrogated 
C3b fixation under these conditions. 

To assay Clq binding, SAT-coated plates were treated first 
with serial dilutions of IgA antibodies, and then with 
10 yg/ml of polyclonal IgG anti-SAT, or with a mixture of 
10 yglml each of the three monoclonal IgG antibodies. 
Purified Clq (Cytotech, San Diego, CA) was then applied 
at a concentration of 2.5 yglml in 0.125 M borate, pH 8.3, 

2.3 IgAl protease and cleavage of IgA 

IgAl protease was prepared from cultures of H. influenzae 
strain HK50 (ATCC 35891, American Type Culture Collec- 
tion, Rockville, MD) as described [19]. IgA preparations 
(approximately 100 pg in 1 ml of PBS) were treated with 
10 yl of the IgAl protease overnight at 37 "C, and fraction- 
ated by HPLC on a 60cm x0.75cm TSK-G3000SW 
column [ 19].The fractions containing Faba fragments were 
pooled, and tested by ELISA on SAT-coated plates, using 
peroxidase-conjugated anti-x or anti-h light chain reagents 
(Dakopatts), and with a mAb specific for the C H ~  domain 
of human IgA (clone BE2C1, kindly donated by Dako- 
patts) followed by peroxidase-conjugated anti-mouse IgG 
(Dakopatts). Protein concentration of the Faba fragments 
was determined by absorbance at 280 nm. For control 
purposes, PBS alone was incubated with IgAl protease and 
subjected to HPLC in the same way. Fractions correspond- 
ing to the elution volume of Faba fragments were 
pooled. 

2.4 Preparation of Faby 

Polyclonal human IgG having anti-SAT antibody activity 
was treated with papain [20] and fractionated by FPLC on a 
Superose 12 HR16/50 column (Pharmacia LKB Biotechno- 
logy Inc., Uppsala, Sweden). The product was tested by 
ELISA on SAT-coated plates developed with peroxidase- 
conjugated anti-Fcy (Dakopatts), and peroxidase-conju- 
gated anti-x. plus anti-h light chain reagents. Although the 
preparation undoubtedly contained Fc, only the Fab frag- 
ment was able to bind to antigen-coated plates, as shown in 
this test. Its protein concentration was determined by 
absorbance at 280 nm, and its anti-SAT content was esti- 
mated by reference to the proportion of specific antibody in 
the parent IgG preparation. A control preparation, consist- 
ing of buffer treated with papain and chromatographed in 
the same way, was also made. 

3 Results 

3.1 Inhibition of polyclonal IgG-mediated CF 

Purified normal human IgG at 10 pglml of anti-SAT 
antibody applied to SAT-coated plates activated the classi- 
cal complement pathway (CCP) as assessed by fixation of 
C3b [14]. When either of two IgAl anti-SAT mAb was 
titrated into this, CCP activation was inhibited in relation to 
the dose of IgAl antibody applied and the amount of IgA 
bound (Fig. 1). Binding of IgG antibodies was not notice- 
ably affected, since the concentration of IgG antibody 
applied effectively saturated the binding assay. The poly- 
meric IgAl-Tin revealed a greater inhibitory effect than the 
monomeric IgAl-Fug, and > 50% inhibition was achieved 
by 1 yg/ml of IgAl-Tin. The addition of both IgAl mAb 
together to polyclonal IgG resulted in a small additive 
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inhibitory effect, compared with either IgAl protein alone 
(Fig. 1). IgAl myeloma proteins Kah (polymeric) and Mor 
(monomeric), which do not bind to  SAT, did not show any 
inhibitory effect. Polyclonal IgA having anti-SAT activity 
also exerted a small inhibitory effect on IgG-mediated CCP 
activation, in relation to the amount of IgA antibody bound 
(Fig. 1). It should be noted that out of the total polyclonal 
IgA applied only a very small proportion was specific 
antibody. 

3.2 Competition between IgA and IgG mAb in CF 

IgAl-Fug was derived from the same serum as IgG1-Fug, 
and they shared the same idiotype [ 141. Consequently, they 
probably have the same epitope specificity. This was 
demonstrated by mutual inhibition of binding to SAT in 
ELISA (Fig. 2), which showed reduction of IgG1-Fug 
binding in proportion to IgAl-Fug binding. The converse 
experiment revealed that IgAl-Fug binding was inhibited 
by IgG1-Fug (not shown). In contrast, the binding of 
IgG1-Fug was not inhibited by IgAl-Tin (Fig. 2), and the 
binding of other IgGl proteins JJF and Kal was not 
inhibited by either IgAl-Fug or IgAl-Tin and vice versa 
(not shown). 

Although each IgGl mAb alone was not able to activate the 
CCP, mixtures of any two or preferably all three together 
showed synergistic CCP activation [14]. Both IgAl-Tin and 
IgAl-Fug were able to inhibit CCP activation mediated by a 
mixture of all three IgGl mAb (Fig. 3), and the effect was 
greater with polymeric IgAl-Tin than with monomeric 
IgAl-Fug, even though IgAl-Tin could not compete 
against any of the IgG mAb in binding to  SAT. The 
experiment illustrated in Fig. 3 was performed by pre- 
incubating the SAT-coated plates with the IgAl antibodies, 
and then adding the mixture of IgGl antibodies. Similar 
though slightly less pronounced results were obtained when 

Figure I .  IgA antibody-mediated inhibition of 
the CCP initiated by polyclonal IgG antibody to 
SAT. SAT-coated plates were incubated over- 
night with monoclonal IgA-Tin. IgA-Fug, or 
both together, or with normal polyclonal IgA 
(IgA-Nor), each serially diluted in 10 pg/ml of 
polyclonal IgG anti-SAT. Bound IgA (0) and 
IgG (0) were developed in replicate plates by 
means of peroxidase-conjugated anti-IgA or 
anti-IgG, respectively. CCP (A) was activated 
by adding fresh normal serum diluted 1 : 25 in 
PBS with Ca2+ and Mg2+ for 20 min at 37°C. 
and bound C3b was revealed by dcveloping 
with peroxidase-conjugated anti-C3c. Each 
point shows the mean (k SE, which is too small 
to show) of triplicate values less background 
given in control wells not treatcd with IgG 
anti-SAT antibody. 
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Figure2. Competitive inhibition of the binding of IgG-Fug by 
IgA-Fug or IgA-Tin anti-SATantibodies. SAT-coated plates werc 
incubated overnight with serially diluted IgA-Fug or IgA-Tin, and 
then for 4 h with 50 ng/ml of IgG-Fug. Replicate plates werc then 
developed with peroxidase-conjugated anti-IgA or anti-IgG. Each 
point shows the mean of duplicate values calculated as the 
percentage of maximum binding, for IgA antibodies at the highest 
dose applied, and for IgG antibodies in the absence of IgA. (M). 
IgA-Fug bound; (A), IgG-Fug bound after IgA-Fug; (0). IgA-Tin 
bound; (A), IgG-Fug bound after IgA-Tin. 

the IgAl antibodies were titrated into a constant amount of 
mixed IgGl antibodies. 

3.3 Inhibition of CF by Fab fragments 

When IgAl-Tin and IgAl-Fug were treated with IgAl 
protease, fractionated by molecular sieve HPLC, and 
tested in ELISA, the Faba fragments retained binding to 
SATas revealed by means of anti-light chain reagents, but 
were devoid of detectable Fc regions as determined by 
means of an a n t i - C ~ 3  reagent (Table 1). In CF-ELISA, the 
Faba fragments showed almost the same capacity to inhibit 
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Figure 3. IgA antibody-mediated inhibition o f  the CCP initiatcd 
by mixed IgG mAb to SAT. SAT-coated plates were incubated 
overnight with serial dilutions of monoclonal IgA-Tin or IgA-Fug. 
and then for 4 h with a mixture of 3.3 @ml each of  monoclonal 
IgG-Fug, IgG-JJFand IgG-Kal. Bound IgA (0) and IgG (0) were 
developed in replicate plates by means of peroxidase-conjugated 
anti-IgA or anti-IgG. respectively. The CCP was activated by 
adding fresh normal serum diluted 1 : 2.5 in PBS with Ca? '  and 
Mg'+ for 20 min at 37"C, and bound C3b (A) was revealed by 
developing with peroxidase-conjugated anti-C3c. Each point 
shows the mean (k SE, which is usually too small to show) of 
triplicate valucs lcss background givcn in control wclls not trcatcd 
with IgG anti-SAT antibody. 

CCP activation as the intact IgAl antibodies, when exam- 
ined on a basis of comparable protein concentration 
(Fig. 4). For control purposes, Fabu fragments similarly 
prepared from IgAl-Mor which does not bind to  SAT, and 
the enzyme blank preparation were also tested in CF- 
ELISA. Both of these showed a similar small degree of CCP 
inhibition at high dose (Fig. 4), suggesting that substances 
derived from the IgAl protease preparation interfered with 
C activation. However, at dilutions equivalent to concen- 
trations of anti-SAT Faba fragments that showed complete 
inhibition of CCP activation (- 1 yglml), the effects of the 
non-specific Fabu-Mor fragment or enzyme blank were 
negligible. 
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Figure 4. Inhibition o f  the CCP by Fabcc fragments o f  IgA 
antibodies to  SAT. SAT-coatcd plates were incubated overnight 
with serial dilutions o f  Fabtx from IgA-Tin or  IgA-Fug. o r  with 
intact parent IgA antibodies. and then for 4 h with a mixture o f  
5 kg/ml each of monoclonal IgG-Fug. IgG-JJF and IgG-Kal. 
Bound Fabu (0 )  was developed in replicate plates by means of 
peroxidase-conjugated anti-x plus anti-h light chain reagent. The 
CCP was activated by adding fresh normal serum diluted 1 : 2.5 in 
PBS with Ca?+ and Mg2+ for 20 min at 3 7 T ,  and bound C3b was 
revealed by developing with peroxidase-conjugated anti-C3c. (0) 
Inhibition of CCP activation by Fabu fragments: (0) inhibition o f  
CCP activation by intact IgA antibodies: (A) inhibition of CCP 
activation by Fabu from IgA-Mor which does not bind to SAT 
(upper panel), or by similarly diluted enzyme control (lower 
panel). Each point shows the mean of duplicate values (+ SE) less 
background givcn in control wells not treated with IgG anti-SAT 
antibody. 

Table 1. Absence of the FCCI region in Faba fragments of IgA 
antibodies bound to SAT-coated plates 

Intact IgA Faba fragment Protein Conc. 
(Fg/ml) Anti-xlh. Anti-Fca Anti-xll Anti-Fca 

IgA1,x 1.0 1.452a' 1.903 1.143 0 
Fug 
1gAl.h. 1.0 1.768 1.831 1.451 0 
Tin 

Since Fab fragments of IgG lack the C l q  binding site found 
in the FCY region, these also might be expected to inhibit 
CCP activation mediated by intact IgG antibodies. When 
Faby fragmcnts o f  polyclonal IgG having antibody activity 

a) Mean absorbance at  402 nrn (less background) in triplicate wells 
developed with peroxidasc-conjugated anti-x plus anti-h light 
chain reagents or anti-Fcu reagent. as shown. 
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Figure5. Inhibition of the CCP by Faby fragments of IgG 
polyclonal antibody to SAT. SAT-coated plates were incubated 
overnight with serial dilutions of Faby having antibody activity to  
SAT, or with similarly diluted cnzyme blank, and then for 4 h with 
10 yg/ml of polyclonal IgG anti-SAT. Bound Faby (0) and Fcy (W)  
were developed. in rcplicate plates not exposed to intact IgG, by 
means of peroxidase-conjugated anti-x plus anti-h light chain, or 
anti-Fcy reagents, respectively. The CCP was activated by adding 
fresh normal serum diluted 1 : 25 in PBS with Ca2+ and Mgz+ for 
20 rnin at 37°C. and bound C3b was revealed by developing with 
peroxidase-conjugated anti-C3c. (0) Inhibition of CCP activation 
by Faby fragments; (A) inhibition of CCP activation by similarly 
diluted enzyme blank control. Each point shows the mean of 
triplicate values (f SE) less background given in control wells not 
treated with IgG anti-SAT antibody. 

against SAT were tested in CF-ELISA for inhibition of 
polyclonal IgG antibody-mediated CCP activation, C3b 
fixation was inhibited in relation to the amount of Faby 
bound (Fig. 5) .  A similarly diluted enzyme control prepa- 
ration had no effect on the CCl? These results were similar 
to those obtained with Faba fragments, except that Faby 
fragments appeared to  be less inhibitory, relative to the 
dose applied and the amount bound, than Faba frag- 
ments. 

3.4 Inhibition of Clq binding 

It seemed possible that inhibition of IgG-mediated CCP 
activation by IgA antibodies might be due to disruption of 
the matrix of Fcy regions that constitutes the receptor for 
C l q  [21]. A C l q  binding ELISA showed that C l q  was 
bound by polyclonal or mixed IgG mAb to SAT in a 
dose-dependent manner, but not by IgA antibodies 
(Fig. 6A). However, neither IgA mAb nor polyclonal IgA 
having anti-SAT activity significantly inhibited the binding 
of Clq  to polyclonal IgG antibodies (Fig. 6B). In  contrast, 
IgA-Fug, which could compete against IgG-Fug for binding 
to SAT (see above), was able to inhibit C l q  binding 
mediated by an equal mixture of IgG-JJF, IgG-Kal, and 
IgG-Fug applied to SAT-coated plates (Fig. 6C). Neither 
IgA-Tin, which does not  compete against any of the IgG 
mAb, nor IgAl-Car, which lacks anti-SATactivity, was able 
to inhibit C l q  binding. 

4 Discussion 

IgG initiates the CCP by binding C l q  through receptors in 
the CH2 domain, which have recently been identified with 
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Figure 6. (A) Binding of C l q  by IgG but not by IgA antibodies 
bound to  SAT-coated plates. (0) polyclonal IgG; ( W )  mixed 
monoclonal IgG; (0) polyclonal IgA; (e) IgA-Tin. (B) Lack of 
inhibition by IgA anti-SATantibodies of Clq  binding to polyclonal 
IgG anti-SAT antibodies. (0) polyclonal IgA; (0) IgA-Tin; (A) 
IgA-Car, which does not recognize SAT. (C) Inhibition by IgA 
anti-SAT antibodies of C l q  binding to a mixture of three IgG 
anti-SAT mAb. (0) IgA-Tin; (A) IgA-Fug; (A) IgA-Car, which 
does not recognize SAT. SAT-coated plates were incubated over- 
night with serial dilutions of IgG or IgA (A), or with serial dilutions 
of IgA followed by a constant concentration of IgG (B. C). Clq 
(2.5 pg/ml) was applied for 4 h, and bound Clq was developed with 
peroxidase-conjugated anti-Clq. Each point shows the mean of 
duplicate or triplicate values (k SE), less appropriate back- 
ground. 

three highly conserved amino acid residues [22] that are not 
present in IgA. As activation of C1 requires multivalent 
binding of the globular heads of Clq ,  the spatial arrange- 
ment of IgG molecules and their Fc regions is held to be 
important for this interaction [21].This presumbly accounts 
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for the observation that mixtures of two or more individual 
IgGl mAb bound to SATare necessary for effective CCP 
activation [14], and for Clq  binding, as seen in these 
studies. The insertion of IgA into the matrix of IgG 
molecules on an antigen surface might therefore be 
expected to disrupt the multivalent array of Fcy that 
constitutes the receptor for Clq ,  and so lead to inhibition of 
CCP activation. However, polyclonal and two IgA mAb 
were found to inhibit the activation and deposition of C3b 
onto solid-phase IgG antibody-antigen complexes, without 
necessarily inhibiting Clq  binding, which was shown only 
by a monoclonal IgA that was able to  compete against 
monoclonal IgG in binding to antigen. Presumably, poly- 
clonal IgA antibodies should have the same effect against 
polyclonal IgG antibodies, but we were unable to obtain a 
high enough concentration of polyclonal IgA antibodies to 
test this prediction.These findings imply that there must be 
at least two mechanisms whereby IgA antibodies can 
inhibit IgG-mediated C activation: by competitive displace- 
ment of IgG antibodies, resulting in diminished C l q  
binding; and by other mechanisms not dependent on 
competition for binding to antigen. Possibly the insertion of 
IgA among IgG molecules in an antigen-antibody complex 
permits Clq to bind to IgG in such a manner (for example, 
univalently) that it does not become activated. 
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also function to protect the internalmilieu from the adverse 
effects of other immune effector mechanisms [24]. 

The novel finding that Faba fragments generated by IgAl 
protease cleavage of human IgAl antibodies also inhibited 
IgG-mediated CCP activation suggests that bacterial IgAl 
proteases may have at least two effects related to the 
virulence of mucosal pathogens. Removal of the (Fca),-SC 
part of S-IgA diminishes its protective properties, including 
its ability to inhibit the adherence of microorganisms to  
mucosal surfaces [56]. In addition, the residual Faba 
fragments, which retain antigen-binding activity [57], may 
still bind to the bacterial surface and either block the 
binding of intact antibodies of the same or different isotype, 
or interfere with their secondary effector functions. The 
present results demonstrate the latter possibility. Faby 
fragments from IgG antibody also inhibited CCP activa- 
tion, but this effect was smaller than that of IgA antibodies 
or their Faba fragments, and may even be due to a different 
mechanism, because C3b-binding sites on IgG have been 
located in the Fab region [58]. However, this is probably of 
little biological significance at mucosal surfaces, where IgG 
is less abundant than S-IgA. Furthermore, S-IgA is espe- 
cially resistant to most proteases other than the uniquely 
specific IgAl proteases [l], whereas IgG is readily cleaved 
to Faby, Fcy, and even smaller fragments by many mam- 
malian and bacterial proteases of broad specificity. The 
exquisite specificity of IgAl proteases limits their effect to 
the generation of intact Faba and Fca fragments. Further- 
more, these enzymes are not inhibited by mammalian 
protease inhibitors other than specific antibodies [lo, 121, 
and, unlike other less specific proteases, their action is not 
dissipated by  competition between different protein sub- 
strates. Although our experiments were performed with 
serum-type monomeric a n d  polymcric IgA I .  the secretory 
form of IgA I prevalent at mucosal surfaces is also suscepti- 
ble to cleavage by IgA1 proteases [lo, 121, and the Faba 
fragments generated are the same in either case. Evidence 
of cleavage of S-IgA at mucosal surfaces in vivo is provided 
by the finding of typical cleavage fragments in secretions of 
individuals colonized by IgAl protease-producing bacteria 
[59]. These considerations have led to a hypothesis regard- 
ing the significance of IgAl proteases in an invasive disease, 
bacterial meningitis, which is principally caused by IgAl 
protease-producing H .  influenzae type b,  N .  meningitidis 
and S. pneumoniar [13]. According to this hypothesis, 
binding of Faba antibody fragments by these organisms at 
mucosal surfaces protects them from other immune defense 
mechanisms and, together with other virulence factors, 
enables them to penetrate mucosal tissues. The present 
results show that one major anti-bacterial defense mecha- 
nism, IgG-mediated C activation, which is important for 
resistance to N .  meningitidis [60] and H .  influenzae [61], 
and probably enhances opsonophagocytosis of S. pneu- 
moniae [62], is inhibited by both intact IgA antibodies and 
their Faba fragments. 

Regardless of the mechanism involved, significant inhibi- 
tion of CCP activation mediated by 10 pg/ml of polyclonal 
IgG antibody was achieved by 1 pg/ml of IgA mAb,which is 
well within physiological range. Although polymeric IgA- 
Tin was more inhibitory than monomeric IgA-Fug, it is 
unlikely that its polymeric form was responsible for this 
because their respective Faba fragments, which are univa- 
lent, displayed the same difference in inhibitory activity. 
This finding also demonstrates that the Fc region of IgA is 
not necessary for inhibition of C activation. 

In humans, serum IgA is produced in quantities compara- 
ble with IgG [l, 24, 251, yet its biological function has 
remained largely obscure. Soon after its initial discovery, 
IgA was fund to lack the C-activating and opsonic proper- 
ties associated with IgG and IgM antibodies [ l ,  2, 261. 
Although aggregated, chemically cross-linked, or dena- 
tured human serum and secretory IgA [27-291, as well as 
native rat or mouse IgA antibodies [30-331, have been 
shown to activate the alternative C pathway, native human 
IgA antibodies bound to antigen do  not activate either C 
pathway [14,23,34-361. Our experiments, utilizing unique 
competing and noncompeting human IgA and IgG mAb to 
SAT, elucidate the observations that IgA antibodies inter- 
fere with C-mediated bacteriolysis [37], hemolysis (381, and 
Arthus reactions [39]. In other systems, IgA antibodies or 
myeloma proteins have been shown to inhibit cutaneous 
anaphylaxis [39,40], various forms of cell-mediated cyto- 
toxicity [41-431, and chemotaxis [44,45] or phagocytosis 
[46, 471 by neutrophils. On the other hand, under certain 
conditions, IgA may enhance the chemotactic effect of 
other attractants 1481, or promote C-independent phagocy- 
tosis [49-531. However, since bound C3b functions as an 
opsonin [54], and C5a has chemotactic properties for 
phagocytes [55], it may be expected that IgA antibodies 
would also inhibit C-dependent phagocytosis and related 
phenomena.Thus, our results support the concept that IgA 
is anti-inflammatory, and while this may be undesirable in 
the context of infectious diseases or neoplasia, IgA may 
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