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Summary. Sera from 20 cystic fibrosis patients, whose lungs were colonised by Pseudomonas 
aeruginosa, were examined in a 3-5-year prospective study for any relationship between IgG 
subclass antibody levels to P. aeruginosa a- and b-type flagellins and pulmonary function 
(FEV, and radiological score). Patients were divided into two groups according to their 
pulmonary status: group 1 comprised 11 patients with poor pulmonary status; group 2 
comprised nine patients with relatively good pulmonary status. High concentrations of IgG 1, 
IgG2 and IgG3 antibodies to flagellins, particularly to the b-type, were found in most 
patients. IgG4 reactivity was observed in only a few patients. Comparison of the two groups 
of patients showed that those with poor pulmonary status (group 1) had a significantly higher 
concentration (p < 0.05) of IgG3 for two of the three periods studied and of IgG2 for the last 
period studied. Moreover, IgG3 and IgGl reactivities to b-type flagellin and IgG3 to a-type 
flagellin were also increased significantly (p < 0.05) in group 1 patients between the first and 
the last period studied. These patients also showed a significant (p < 0.05) time-dependent 
increase in IgG3 and IgGl antibody concentrations. These data demonstrate that cystic 
fibrosis patients with poorer pulmonary status have higher IgG3 levels to flagellin than other 
cystic fibrosis patients. High concentrations of strong opsonic IgG3 and, to a lesser degree, of 
IgG 1 antibodies may increase pulmonary inflammation and induce heightened pulmonary 
deterioration. 

Introduction 

Pseudovlionas aeruginosa is a major cause of noso- 
comial infections and morbidity and mortality in 
patients with cystic fibrosis (CF).'.2 The pathogenesis 
of P. arruyinosa infection in C F  patients presents 
several particular features. The infection remains 
localised in the lung and, despite a heightened immuno- 
logical response to P. aeruginosa antigens, the 
organism is rarely eradicated from the lungs. No 
primary immune deficiency appears to be associated 
with CF.3 The immune response includes a high 
prevalence of IgG antibodies to P. aeruginosa which 
are associated with a poor prognos i~ .~-~  

P. ueruginosa infections take a highly variable course 
in individual CF patients as demonstrated by the 
broad range of clinical features that occur following 
many years of colonisation. Such differences may be a 
function of the way the immune system reacts to 
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bacterial colonisation. In an attempt to identify those 
immune responses that correlate with preservation or 
loss of good clinical status, IgG subclass reactions to 
different P. aeruginosa antigens were examined in CF 
patients. These included reactions to outer-membrane 
proteins F, H and I,' alginate' and mixtures of 
bacterial 

The pathogenesis of P. aeruginosa infection involves 
many products or structures that contribute to ad- 
herence, colonisation or invasion during the early 
phase of the infection. Among them, P. aeruginosa 
flagella were shown to be an invasive virulence factor'' 
and a possible source of a vaccine.12 The single polar 
flagellum exhibited by P. aeruginosa contains flagellins 
as subunits. Flagellins are denoted "a" or " b" on the 
basis of subunit molecular mass.13 The b-type com- 
prises a homogeneous group with a flagellin of 53 kDa. 
The a-type comprises a heterogeneous group with a 
flagellin of 43-52 kDa and of one-to-three antigen 
subtypes, and a cross-reactive, dominant antigen 
designated ao.l49 l 5  Cross-protection in animals was 
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demonstrated among the heterogeneous a-types, sup- 
porting evidence for the cross-reactivity of antigen 

The flagellar antigens resolved in the typing scheme 
of Ansorg15 are of clinical relevance as they were 
detected in 98 YO of all motile P. aeruginosa strains in a 
study of 300 clinical isolates.“ High titres of antibody 
to P. ueruginosa flagellin “ a ”  and “ b ”  have been 
detected in CF patients infected intermittently or 
chronically with P. aeruginosa.”. l7 

The aim of this work was to identify IgG subclass 
responses to P. aeruginosa flagellar antigens type a and 
b in two groups of C F  adolescents and young adults 
who had been infected for many years by this bac- 
terium, but who varied in their clinical status. 

ao*12* l 6  

Materials and methods 

Putient selection and serum collection 

Twenty C F  patients of both sexes born between 
1969 and 1977 were selected. They were followed at the 
CF  Clinic at St Justine’s Hospital, Montreal. All had 
been chronically colonised with P. aeruginosa for at 
least 3 years since 1987. At the time of blood collection, 
the patients were scored clinically for the forced 
expiratory volume (FEV, ; percentage predicted) based 
on a perfect score of 100 points (excellent = 86-100; 
good = 71-85; mild = 56-70; moderate = 41-55; 
severe < 40 or below). Chest radiology scores 
(CRXSc) were determined independently by radio- 
logists following the Brasfield systemls (perfect = 25, 
good = 20, midpoint = 15, feeble = 10). None of 
the patients had acute exacerbation of respiratory 
symptoms. 

Sera were separated at room temperature within 6 h 
of blood collection and stored in divided small volumes 
at -70°C. The CF  patients were divided into two 
groups based on the sum of the FEV, and the CRXSc 
scores for 1987-1992. Group 1 comprised 11 patients 
(three males and eight females; mean age 13.2 SD 2.4 
years in 1987, range 10-18 years) who had poor 
pulmonary status as demonstrated by a score mean of 
61.7 SD 15.6 (range 94-41) in 1987 and a score mean of 
59.0 SD 12.0 (range 78-31) in 1990-1992. Group 2 
comprised nine patients (two males, seven females; 
mean age 13-Of 1-8 years in 1987; range 10-17 years) 
who had a relatively good clinical status determined by 
a score mean of 105-7 SD 16.4 (range 131-79) in 1987 
and a score mean of 104.1 SD 13.7 (range 123-87) in 
1990-1992. Sera from 24 normal adolescents and 
young adults (mean age 20-3 SD 4.9 years, range 14-27 
years) were collected and used to evaluate the normal 
IgG subclass distribution as determined by the re- 
agents employed in this study. 

Isolation and purijcation of a- and 6-type flagellins 

Common laboratory strains of P. aeruginosa, PA01 
and PAK, were used for preparation of b- and a-type 

flagella, respectively. Flagellins were isolated and 
purified by the method of Montie et ul.,’’ with 
modifications.20 Quantitative evaluation of purified 
flagellin preparation was based on dry weight. 

Monoclonal antibodies against human lyG sirbclasses 

Mouse hybridomas to human IgGl (clone HP- 
6001), IgG2 (clone HP-60 14), IgG3 (clone HP-6050) 
and IgG4 (clone HP-6025) were purchased from the 
American Type Culture Collection (ATCC). The IgG 
monoclonal antibodies (MAbs) from these clones are 
of World Health Organization reference quality and 
displayed the desired specificity in immunoassays. 
MAbs were produced in 75-cm2 tissue culture flasks in 
RPMI 1640 medium (Gibco), supplemented with fetal 
calf serum (Intergen, Co) 10% and gentamicin 
50 pg/ml. In preliminary studies, each MAb super- 
nate was tested by ELISA against the four human 
myelomas (IgGl-IgG4; Sigma) to confirm that each 
was specific for its respective IgG subclass, and did not 
cross-react with heterologous human myeloma cells in 
the dilution ranges used. Appropriate dilution factors 
for each of the four subclass-specific antibodies were 
determined so as to cover a broad range of reactivities. 
The reactivity of the mouse MAbs to human IgG 
subclasses in the sera of the 24 normal adolescents and 
young adults was tested by ELISA.21 

ELISA 

Purified a- or b-type flagellins (0.8 pg/ml in 0.5 M 

sodium carbonate buffer, pH 9.6) were adsorbed over- 
night at 4°C to the wells of polystyrene plates (Nunc, 
Denmark) (80 ng/well) and processed as described 
previously’ with slight modifications. Briefly, the 
plates were blocked with PBS containing Tween-20 
0.05% v/v and skimmed milk 1 % wfv (PBS-M). In 
preliminary experiments, serum samples were diluted 
1 in 100 and 1 in 1000. It was found that these gave 
comparable results and in later experiments, only the 1 
in 1000 dilution was used. After incubation of sera for 
1 h at 37”C, the wells were washed and incubated with 
MAbs to IgGl, IgG2, IgG3 or IgG4 for 1 h at 37°C. 
Optimal dilutions of MAbs were determined by the 
preliminary experiments as cited above. The plates 
were developed with goat anti-mouse IgG conjugated 
to horseradish peroxidase (Dimension Zymed, San 
Francisco, CA, USA) for 1 h at 37°C. The colour 
reaction was allowed to develop for 30 min in the 
presence of 0-phenylenediamine (Sigma) 0.4 mg/ml 
and then read in a microplate reader (Dynatech MR 
7000, Fisher Co.). Tests were performed in quadru- 
plicate. Two sera, negative for antibodies to P. 
aeruginosa antigens, were used as controls. To quantify 
the ELISA reactivity of each IgG subclass of CF  serum 
against purified flagellar antigens, parallel ELISAs 
were performed as follows. Serial dilutions of human 
myelomas IgGl-IgG4 at 0.01 5-2 pg/ml were coated 
on polystyrene microtitration plates and allowed to 
react with the same preparation of MAb supernates 
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used in the first series of ELISA described above. 
From standard curves of ELISA value reactivity of 
MAb supernates against different concentrations of 
IgG subclass myeloma, the quantity of equivalent IgG 
subclass immunoglobulins ( pg/ml) was determined by 
multiplying the values obtained on standard curves by 
1000, the dilution factor of sera. 

S D S- P A G E and imm un o b lo t t ing 

Separating gels (acrylamide 10 YO : NN'methylene 
bis acrylamide 0.27 "/o) with a stacking gel (acrylamide 
4 '10 : NN'methylene bis acrylamide 0.1 1 YO) were used 
for SDS-PAGE as described by Laemmli.22 Purified 
flagellar antigens (0-5 mg/ml) were suspended in 
62.5 mnM Tris-HCl buffer, pH 6.8, containing SDS 2 YO 
w/v, P-mercaptoethanol 5 Yo v/v, glycerol 10 YO v/v 
and bromophenol blue 0.001 Yo v/v (BioRad Labora- 
tories, Richmond, CA, USA), were heated (1 min, 
95°C) and electrophoresed together with protein 
mo1.-wt standards at 25 mA/gel at room temperature 
for 2 h. Subsequently, the gels were either stained with 
silver23 or the proteins were transferred electro- 
ph~retically'~ to polyvinylidene difluoride membranes 
(PVDF; DuPont) at 330mA for 1 h at room tem- 
perature. The membranes containing the separated 
antigens were cut into strips and were blocked by 
incubation for 30min at 37°C in PBS-M. The strips 
were washed with PBS-Tween 20 (PBS-T) and incu- 
bated overnight at 4°C with a 1 in 200 dilution of 
patient serum in PBS-M buffer. They were then washed 
three times with PBS-T, each time for 5 min, and 
further incubated with MAbs to IgGl, IgG2, IgG3 or 
IgG4 for 1 h at 37°C. After incubation, the strips were 
washed again with PBS-T, and then incubated with a 
1 in 1000 solution of goat anti-mouse IgG antibody 
labelled with alkaline phosphatase (Gibco-BRL) in 
PBS-M buffer for 1 h at 37°C. Afterwards, the strips 
were washed three times with PBS-T, each time for 
10 min, and developed with nitroblue tetrazolium 
chloride and 5-bromo-4-chloro-3-indolylphosphate 
p-toluidine salt in 0.1 M Tris buffer (Gibco-BRL). 

Analysis of data 

Analyses were made of ELISA measurements of 
IgG subclass responses to the a- and the b-type flagella 
in sera collected over three periods (1987, 1988-1989 
and 1 9 9 ~ 9 9 2 ) .  The quantities of equivalent human 
IgG subclass (pglml) that had reacted with flagellar 
antigens in sera of group 1 and 2 patients were 
compared statistically by analysis of variance followed 
by Student's t test. Reactivities between the three 
periods in each group were also compared statistically. 

Results 

The IgG subclass mean values found in the 24 
normal control sera (IgG1, 60.3 SD 24.7 % ; IgG2, 32 

Fig. 1. Immunoblot of purified P. aeruginosa flagellins with a 
negative control serum (lane 1) and representative sera from CF 
patients (2 and 3). A: reactions of the 43-kDa a-type flagellin; B :  
b-type flagellins. The multiple bands in panel B of 53-36kDa 
correspond to commonly observed b-type flagellin degradation 
products visible only on Western blots. 

SD 3 1 YO ; IgG3,6*7 SD 8 O h  ; IgG4, 1 SD 2.9 YO) were in 
conformity with reference value distributions : IgG 1, 
60.3-7 1.5 YO ; IgG2, 194-3 1 YO ; IgG3,5*0-8*4 Yo ; IgG4, 
0.7-4.2 Yo .25 

The purified a- and b-type flagellins analysed by 
SDS-PAGE and stained with silver showed a 53-kDa 
protein (b-type flagellin) and a protein of c. 43 kDa (a- 
type flagellin) (data not shown). Specific reactivities of 
patients' sera to a- and b-type flagellins were analysed 
by immunoblotting. As shown in fig. 1, negative 
control sera did not react with either flagellar antigen, 
and sera with a positive reaction in ELISA to a-type 
flagellin showed reactivity only against the corre- 
sponding blotted 43-kDa antigen (fig. 1 A). Patients' 
sera exhibiting a positive reaction against b-type 
flagellin showed two possible patterns-reactivity 
either with one band of 53 kDa, or additionally with 
multiple minor bands from 53 kDa to 36 kDa (fig. 2B). 
These bands co-reacted with a murine MAb to b-type 
flagellin further verifying the identification of flagellar 
b-type antigen represented by one band of 53 kDa and 
other bands of commonly observed flagellin degrada- 
tion products visible only on immunoblots (data not 
shown) . 

By quantitative ELISA, the levels of IgG1, IgG2, 
IgG3 and IgG4 antibodies to a- and b-type flagellins 
were assessed in the sera of 20 CF  adolescents and 
young adults who had been colonised with P. aeru- 
ginosa for long periods. The profiles of subclass- 
specific flagellin binding were analysed with respect to 
the patients' clinical characteristics : group 1 comprised 
11 patients with poor pulmonary functions and group 
2 comprised nine patients with relatively good pul- 
monary functions. Three sera from each patient 
collected at different times between 1987 and 1992 
were analysed. Sera from two normal individuals of 
similar ages that were negative for antibodies to P. 
aeruginosa antigens were used as negative controls. 
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Fig. 2. Comparison of IgG subclass antibody concentrations to a-type flagellin (a-f) and b-type flagellin (b-f) as measured by a quantitative 
ELISA in P .  aeruginosa CF patients with poor (group 1) and relatively good (group 2) pulmonary status. a, 1987; b, 1988-89; c, 1990-92. 

Table I. Subclass reactivity of anti-P. aeruginosa a-type flagellin IgG determined by ELISA in relation to clinical status in CF 
patients 

Mean (YO)* of equivalent IgG subclass antibodies (pg/ml) 
Year 

of serum IgG 1 IgG2 IgG3 
collection 

Group 1 Group 2 p value Group 1 Group 2 p value Group 1 Group 2 p value 

1987 169 (49) 99 (59) NS 173 (50) 61 (36) NS 6 (2)t 8 ( 5 )  NS 

1988-1989 161 (52) 145 (63) NS 138 (45) 73 (3 1) NS 1 1  (3) 14 (6) NS 

1990-1992 232 (61) 186 (70) NS 137 (36) 66 (25) NS 12 (3)t 13 ( 5 )  NS 
~~ 

NS. not significant. 
* Relative concentrations (YO) of each IgG subclass immunoglobulin in the total IgG. 
t The difference between 1987 and 199C1992 values were significant (p < 0.05). 

Absorbance values for each serum sample were subs- 
tracted from the absorbance of the control test. 

Analysis of the ELISA results revealed that more 
patients’ sera reacted with b-type than with a-type 
flagellin (fig. 2). Indeed, for 1987 and 1990-1992, IgGl 
and IgG2 responses were positive, respectively, in 60 

and 75 O/O, and 50 and 65 YO of the patients to a-type 
flagellin, compared with positive responses of 80 and 
95 %, and 85 and 100 O/O to the b-type flagellin. 

IgGl and IgG2 specific antibodies to flagellar 
antigens showed changing reactivity with time in the 
two groups of CF patients (tables I and 11, fig. 2). 
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Table 11. Subclass reactivity of anti-P. aeruginosa b-type flagellin IgG determined by ELISA in relation to clinical status in 
CF patients 

Mean (%)* of equivalent IgG subclass antibodies (pg/ml) 
Year - 

of serum IgG 1 IgG2 lgG3 
collection 

Group 1 Group 2 p value Group 1 Group 2 p value Group I Group 2 p value 

1987 214(50)t 181 (61) NS 197(46) 1 1 1  (37) NS 14 (3)t 5 (2) 0.0 1 
1988-1989 256(50) 191 (53)  NS 236146) 157 (44) NS 19 (4) 9 ( 3 )  0.05 
1990-1992 319 (53)t 272 (63) NS 262 (43) 142 (33) 0.05 22 (4)t 17 (4) NS  

NS, not significant. 
* Relative concentrations ( O h )  of each IgG subclass immunoglobulin in the total IgG. 
?- The difference between 1987 and 1990-1992 values were significant (p < 005). 

Relative concentrations of specific IgG 1 to flagellins in 
group 1, compared with the IgG subclass distribution 
in normal individuals, were relatively low with a mean 
of 49 YO to a-type and 50 YO to b-type for sera collected 
in 1987; afterwards, the reactivity of group 1 reached 
a mean of 61 YO to a-type and 53% to b-type for sera 
collected in 1990-1992 (tables I and 11). On the other 
hand, concentrations of IgG2 antibodies of group 1 
against flagellin antigens were relatively elevated with 
a mean value of 50 YO to a-type and 46 YO to b-type for 
sera collected in 1987; subsequently, the mean values 
of IgG2 dropped to 36 O h  for a-type and to 43 YO for 
b-type in sera collected in 1990-1 992. Proportional 
values of IgG3 reactivity of group 1 were near the 
normal percentage (tables I and 11). In group 2, relative 
concentrations of IgGl, IgG2 and IgG3 to flagellar 
antigens stayed in the normal distribution in spite of 
increased values of IgGl concentration with time. 
Detection of IgG4 subclass reactivity to flagellar 
antigens was uncommon. Serum from only one patient 
from group 1 reacted against type-a flagellum (1987 : 
962pg/ml; 1988-1989: 111.2pg/ml; 1990-1992: 
47.5 pg/ml) and serum from one other patient of the 
same group reacted to type-b flagellum (1987: 
21.8 pg/ml; 1988-1989: 14-3 pglml; 1990-1992: 
8-7 pglml) (fig. 2). 

The IgG subclass reactivities to a-type flagellin for 
groups 1 and 2 are shown in fig. 2 and table I. Higher 
levels of IgGl and IgG2 responses for the three periods 
studied were observed in group 1 compared with 
group 2 but the differences were not significant. The 
IgG3 subclass immunoglobulin G reactivities to a-type 
flagellin were similar in the two groups. 

The IgG subclass reactivities to b-type flagellin in 
groups 1 and 2 are shown in fig. 2 and table 11. The 
IgG1, IgG2 and IgG3 subclass immunoglobulin G 
reactivities to b-type flagellin were higher in group 1. 
Moreover, the analysis of the paired differences be- 
tween the two' groups showed that IgG2 concen- 
trations for the period 1990-1992 (p < 0.05), and IgG3 
concentrations for the period 1987 (p < 0-01) and 
1988-1989 (p < 0.05) were significantly higher in 
group 1. 

The analysis of IgG subclass reactivities against a- 
and b-type flagellar antigens within each group showed 

a general and progressive increase with time for IgG 1 
and IgG3 antibody concentrations (fig. 2, tables I and 
11). However, the increase in reactivity between sera 
collected in 1987 and 1990-1992 was significant only in 
sera of group 1 for IgG3 response to a-type flagellin 
(p < 0.05) (table I) and for IgGl and IgG3 responses 
to b-type flagellin (p < 0.05) in sera of group 1 
collected between 1987 and 1990-1992 (table 11). The 
serum concentration of IgG2 subclass to a-type flagel- 
lin remained relatively constant in the two groups, 
and also was not significantly increased against b-type 
flagellin in group 1. 

One striking observation was that the two patients 
with the poorest clinical scores (sc = 41 ; one of them is 
now deceased), showed the highest IgGl responses to 
a-type flagellin: 495 and 480 pg/ml (1987), 487 and 
465 pg/ml (1988-1989), and 615 and 617 pg/ml 
(1990-1992). At the same time, they showed no IgG2 
reactivity (five of six negative values and one border- 
line value) against this same type of flagellin. On 
the other hand, their IgGl reactivity against b-type 
flagellin increased from 380 and 352 pg/ml (1987) to 
525 and 427pg/ml (1990-1992) while their IgG2 
response to this antigen decreased from 270 and 
240 pglml(l987) to 180 and 187 pg/ml(l990-1992). 

Discussion 

Every C F  patient in this study had suffered from 
chronic recurrent pulmonary infection with P. UPTU- 

ginosa for at least 3 years in 1987. In an attempt to 
understand why some C F  patients maintained a good 
clinical status in spite of prolonged P. aeruginosu 
colonisation, IgG subclass reactions to P. aeruyinosa 
flagellar antigens in C F  patients with good or poor 
clinical status were examined. Sera from normal 
adolescents, negative for IgG to P. aeruginosa antigens, 
served as controls. 

The data showed that, in both groups, more 
patients' sera reacted to the b-type than to the a-type 
flagellin (fig. 2). For the last period studied 
(1990-1992), IgG1, IgG2 and IgG3 antibodies to the 
b-type flagellin were detected, respectively, in 95 O/O, 

85 YO and 90 YO of patients compared with 75 YO, 66 YO 
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and 50 YO of patients to the a-type flagellin. The more 
restricted response to a-type antigen in C F  sera may be 
due to the heterogeneous nature of the a-type flagella. 
This may reduce the detection of serum reactivity to 
the common a, antigen." It is also very likely that, as 
seen in a previous study," some C F  patients have 
harboured organisms with only one flagellin type. 

The reason most patients exhibit an increased serum 
reactivity to flagellar antigens with time is somewhat 
controversial. It was found that in C F  patients 
chronically colonised by P. aeruginosa, 70% of the 
rough isolates lacked flagella.26 However, analysis of 
CF patjents' sera suggested that colonisation with 
flagellate strains had occurred and that at least a 
certain number of bacteria continued to express 
flagellar antigens in chronically colonised C F  
patients." It is likely that resurgenceoftheinfectionand 
spreading of P. aeruginosa in the lung from time to 
time may enhance expression of virulence factors such 
as flagella. 

The results of this study show that the IgG3 immune 
response against b-type flagellin was significantly 
different (p < 0.05) between C F  patients with poor 
(group 1) and good (group 2) pulmonary function for 
two of the three periods studied (table 11). The 
concentration of IgG2 antibodies to b-type flagellin 
was also higher in group 1 than group 2. However, the 
difference between the two groups was only significant 
(p < 0.05) for sera collected in 1990-1992. In the past, 
significant increases of IgG2 have been shown to 
correlate with poor pulmonary status in C F  patients 
colonised by P. a e r ~ g i n o s a . ~ * ~  We also observed 
that IgG3 and IgGl responses to b-type flagellin 
were increased significantly (p < 0.05) as a function 
of time, in group 1 only. It appears from these data 
that poor pulmonary function is correlated with a 
more rapid augmentation of IgG3 and IgGl antibodies 
to this flagellin type. The finding that an elevated 
IgG3 response is associated in C F  with poor pul- 
monary function is in general agreement with previous 
observations regarding antibodies to P. aeruginosa 
antigens. 7-  O 

The two CF patients exhibiting the poorest pul- 
monary status had a disproportionately large reac- 
tivity between IgGl and IgG2 to a-type flagellin: 
500-600 pg/ml of serum IgG 1 and an absence of IgG2 
to this protein. A low level of IgG2 may be the result of 
selective overproduction of IgGl in response to a 
particular antigen, similar to that seen in multiple 
myeloma, where one monoclonal immunoglobulin 
dominates. However, the significance of this observ- 
ation is not clear, because the two patients developed 
IgG2 responses to b-type flagellin. 

These data and other work7-'' suggest that the 
nature of the inducing antigen influences TgG isotype 
expression. It has been suggested previously that IgG2 
production is induced predominantly in response to 
carbohydrate antigens, whereas IgGl and IgG3 pro- 
duction is generally in response to protein antigens." 
However, in various studies2i as well as in our results, 

this general rule is not always followed.' For example, 
Likavcanova and Lagac? showed that proteins F. H 
and I of P. aeruginosa induced high IgG2 and IgG3 
antibody levels in C F  patients with poor pulmonary 
status. Predominant high levels of IgG4 antibodies to 
protein H in one group of C F  patients exhibiting a 
good pulmonary status were also observed. High levels 
of IgG4 antibodies to different P. aerugiizosa antigens, 
including exotoxin A and alginate (polysaccharide), 
have also been observed.28 In the present study, high 
IgG4 responses to P. aeruginosa flagellar proteins may 
be considered as an epiphenomenon because these 
responses were seen in only two patients of group I 
against one type of flagellin. Finally, the fact that two 
patients reacted very differently to a- and b-type 
flagellins (two similar proteins) as mentioned above (a 
very strong IgGl response and absence of IgG2 
response to a-type flagellin concomitant with a high 
IgGl and IgG2 response to b-type flagellin) indicates 
our limited understanding of IgG subclass roles at 
present. 

All these observations concerning the variability of 
isotype expression suggest that isotype control may be 
more complex than expected. In the same way, the 
nature of the subclass response may have important 
implications concerning the role of serum antibodies 
in the disease process. The reason that poor pulmonary 
function is specifically associated with IgG3 antibody 
concentration and with high increase of IgGl with 
time may lie in the biological properties of the Fc 
portion of IgG3 and IgGl. The abilities of IgG3, and 
to a smaller extent IgGl, to activate the classical com- 
plement pathway, and to bind to FcR of monocytes 
and neutrophils, are many times greater than those of 
IgG2 and IgG4.25329 In CF  lung, high IgGl and IgG3 
concentrations may increase complement activation. 
Such activation induces production of anaphylatoxins 
(C3a, C4a and C5a) that would increase chemotaxis of 
neutrophils contributing to pulmonary inflammation, 
complement-mediated tissue damage and worsened 
lung condition. The inability of neutrophils to clear 
infection in C F  patients probably does not result from 
an opsonic defect in the immune response of colonised 
patients affecting neutrophil function" but may be due 
to neutrophil elastase that can cleave the Fc portion of 
IgG or C3bi on opsonised P. aeruginosa as well as CRI 
on neutrophil~.~'*~'  Physical factors such as thick 
mucus secretion in C F  lungs and the protective biofilm 
environment of P. aeruginosa microc010nies~~ may 
contribute to resistance, leading to a chronically 
overstimulated immune response. Thus, one approach 
to the control of P. aeruyinosa infections in C F  patients 
is to determine which antigens are most useful in 
provoking an antibody response of appropriate sub- 
class in order to render a high degree of protection 
against infections caused by this organism, and to 
provide a safe and effective means of delivering a 
potent vaccine. 
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