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Fcy receptor IIA genotype and susceptibility to
P. aeruginosa infection in patients with cystic fibrosis
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It has been suggested that genes other than CFTR could modulate the severity of lung disease in cystic
fibrosis (CF). Neutrophil Fcy receptor Il (FcyRIl) is involved in host defense against microorganisms and in
inflammatory response. We evaluated the association between genetic variability of this gene and both
airway infection with Pseudomonas aeruginosa and severity of lung disease in patients with CF. We studied
167 Italian unrelated patients with CF and 50 control subjects. The distribution of FcyRIIA genotypes in CF
patients was compared with that in control subjects and the different genotypes were related with the
presence or absence of P. aeruginosa infection and markers of disease severity in CF patients. The
distribution of FcyRIIA genotypes was not significantly different between CF patients and controls. We
observed that in CF patients with the same CFTR genotype (AF508/AF508), those carrying the R allele of
FcyRIIA had an increased risk of acquiring chronic P. aeruginosa infection (P=0.042, R.R.: 4.38; 95% ClI:
1.17 - 22.4). Moreover, the frequency of R/R genotype in patients with chronic P. aeruginosa infection
seems to be higher than that of control subjects and patients without chronic infection. The observation
that CF patients carrying the R allele of FcyRIIA are at higher risk of acquiring chronic P. aeruginosa infection
suggests that the FcyRIl loci genetic variation is contributing to this infection susceptibility.
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Introduction protein, the CF transmembrane conductance regulator

Cystic fibrosis (CF), the most common genetic disease in
the white population, results from mutations in a single
gene encoding for a 1480 residue transmembrane glyco-
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(CFTR), that regulates cAMP-mediated chloride conduc-
tance at the apical surface of secretory epithelia.'? CF is
characterized, in the classic form, by male infertility,
pancreatic insufficiency and progressive obstructive lung
disease. Lung disease accounts for most of the morbidity
and mortality in patients with CF. Chronic airway infec-
tion with a specific flora, particularly Pseudomonas aerugi-
nosa, and a marked and persistent inflammatory response
in the airways are mainly responsible for progressive lung



damage.' 3 There is, however, a remarkable heterogeneity
in disease severity among patients with CF; whereas CFTR
genotype is closely correlated with pancreatic status, the
course of lung disease often differs considerably among
patients, even in those carrying the same CFTR mutations,
including siblings.*® Recent studies indeed indicate that,
besides environmental factors, genes other than CFTR
could modulate the severity of lung disease.®~'¢

Receptors for the Fc region of IgG (FcyR) mediate
multiple cell type specific functions including phagocyto-
sis, release of inflammatory mediators, and clearance of
immune complexes. Three major classes of FcyR exist in
humans: FcyRI, FcyRIT and FeyRIIL. Human FcyR genes have
been mapped to Chromosome 1q21 (FcyRI) and Chromo-
some 1q23-24 (FcyRII-III).'"'2 FcyRII, constitutively ex-
pressed on neutrophils, is a low affinity receptor that
interact only with complexed aggregated IgG and fulfils an
important role in neutrophil defence against invading
microorganisms.'® This receptor exhibits genetically deter-
mined structural and functional polymorphisms. A poly-
morphism of the gene for FcyRIla has been reported, in
which a single-nucleotide change results in either arginine
(R) or histidine (H) at amino acid 131 of the mature
protein.'* ' This change affects the ability of the receptor
to bind certain IgG subclasses. In particular, only FcyRIIA-H
binds human IgG2 effectively. Conversely, FcyRIIA-R binds
murine IgG1l, but FcyRIIA-H does so poorly.'®!” The
FcyRITA-H/R genotype has been associated to the risk of
infection by encapsulated organisms.'®'® In studies using
IgG2-opsonized encapsulated bacteria, phagocytosis by
FcyRIIA-HH PMN was significantly higher than in
FcyRIIA-RR PMN, which poorly ingested 1gG2 opsonized
bacteria.'®~2° FcyRII has also been shown to play a role in
the pathophysiology of autoimmune diseases and poly-
morphisms within this gene have been reported to be
associated with the risk or severity of autoimmune
disorders. 321 -2

In this study, we evaluated whether there was an
association between the different allotypes of FcyRIIA and
both airway infection with P. aeruginosa and severity of
lung disease in patients with CF.

Materials and methods

Sample

In total, 167 patients with CF (88 males and 79 females)
7-54years of age (mean+SD:24.6+8.9) were studied. All
were from Italy and unrelated. CF patients attended two CF
Centres, in Turin and in Milan, Italy. The diagnosis of CF
was based on a typical clinical profile with a positive sweat
test and/or identification of mutations in both alleles of
the CFTIR gene. Control subjects were 50 unrelated Italian
healthy subjects (26 males and 24 females, mean age:
34.2+49.5).
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Clinical assessment

CF patients were seen on a regularly monthly basis at the
two CF Centres. Clinical data recorded at the time of
recruitment included age, sex, age at diagnosis, the
presence or absence of pancreatic insufficiency, the
presence or absence of chronic infection with P. aeruginosa,
age at infection with P. aeruginosa, lung function para-
meters (FEV{,FVC).

Chronic infection was defined as persistent growth of
bacteria for 6 months or more, continuously.>® Pulmonary
function tests for FEV; and FVC were performed using a
computer-assisted spirometer (MasterLab; Jaeger, Wurz-
burg, Germany) and results were expressed as percentage
of predicted values.?® The best values for FVC and FEV,
measured at clinical stability over the previous 6 months
were used.

Of the 167 patients, 69 were homozygous for the AFS08
mutation; 61 were heterozygous for the AFS08 mutation,
with the other CF mutation being identified in 40 patients;
37 patients carried two non-AF508 mutations.

The study conformed to the declaration of Helsinky and
all subjects provided written informed consent.

DNA extraction and analysis

Genomic DNA was isolated from peripheral blood samples
by conventional methods for the purpose of molecular
analysis of CFTR. A sample of whole blood was drawn from
each patient and stored at —20°C until DNA was extracted
using a standard method. The mutations most common
in Italy were identified by oligonucleotide ligation assay
(CF-OLA, Perkin-Elmer, Monza, Italy).

Screening for unknown mutations was carried out in all
patients using Denaturant Gradient Gel Electrophoresis
(DGGE) of all 27 exons as described by Fanen et al*’ and
samples presenting band shifts were directly sequenced
(ABI PRISM 377, Perkin-Elmer).

Polymorphism analysis for the FcyRIIA gene was per-
formed according to previously reported assays.'%2%2°

Statistical analysis

Data were expressed as the median (range) for age at
diagnosis and age at infection with P. aeruginosa and were
compared using the unpaired Mann-Whitney U-test,
because these variables were not normally distributed. All
other continuous variables were expressed as mean+SD
and were compared using the Student’s t-test, while
proportions were compared by means of y>-statistics with
the Yates correction, where applicable. The 95% confidence
interval (95% CI) was reported where appropriate. A two-
sided P-value <0.05 was considered to be statistically
significant. Multivariate analysis by the stepwise logistic
regression and by the log-linear models was used to adjust
for some potentially confounding factors (age, sex, the
presence or absence of pancreatic insufficiency, pulmonary
function values) and to estimate possible interactions
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between these factors. Univariate and multivariate analyses
were performed by BMDP Statistical Software (release 7,
1992; University of California).

Results

In all, 167 patients with CF were studied. The distribution
of the FcyRIIA genotypes H/H, H/R and R/R is reported in
Table 1. The frequencies for the FcyRIIA-H allele (0.58) and
for the FcyRIIA-R allele (0.42) were not significantly
different from those in healthy control subjects (0.64 and
0.36, respectively) and the distribution of the genotypes
agrees with the Hardy—Weinberg equilibrium.

The clinical characteristics of the CF patients according
to their FcyRIIA genotype (absence/presence of the R allele)
are reported in Table 2. Overall, 35 out of 53 patients with
the H/H genotype (66%) and 74 out of 114 patients with H/
R or R/R genotype (64.9%) were infected with P. aeruginosa,
the difference between the two groups being not statisti-
cally significant. No significant differences were observed
either in age at diagnosis, age at onset of Pseudomonas
infection, or lung function between patients with the H/H
genotype and those carrying at least one R allele.

To avoid any phenotypical heterogeneity resulting from
allelic heterogeneity in the CFTR gene, we then analysed
the association of the different FcyRIIA genotypes and
markers of disease severity in a subgroup of patients with
the same CFTR genotype, that is, patients homozygous for
the AF508 mutation (n=69). The frequency of P. aeruginosa
infection was higher in patients with the R/R genotype of
FcyRIIA gene (90%) as compared with patients with the

Table 1 Frequencies of FcyRIIA genotypes in unrelated CF
patients and healthy controls

FcyRIIA CF patients (n=167) Healthy controls (n=50)

genotype Number % Number %
H/H 53 31.7 17 34
H/R 88 52.7 30 60
R/R 26 15.6 3 6

H/H genotype (63.6%), although univariate analysis did
not show significant difference between the two groups,
possibly for the relatively small sample size. There was also
a trend toward a younger age at diagnosis and a younger
age at onset of chronic P. aeruginosa infection and lower
values of FVC and FEV, in patients carrying the R/R
genotype as compared with those carrying the H/H
genotype, but also in this case the difference did not reach
statistical significance (Table 3).

When infection was analysed by making it dependent on
age, sex, presence or absence of pancreatic insufficiency,
age at diagnosis, FEV; and FVC in a multivariate logistic
regression model, FcyRIIA H/R and R/R genotypes were
found associated with a fourfold higher risk of being
affected by chronic P. aeruginosa infection (P=0.042,
relative risk: 4.38; 95% CI: 1.17+22.4). As expected, FVC
and FEV; values were also associated with P. aeruginosa
infection (Table 4).

To further exclude a potential bias due to the presence in
our sample of patients 7-12 years old, which is a critical
age for the acquisition of chronic P. aeruginosa infection,
multivariate analysis was also carried out separately in
patients older than 11 years and older than 12 years. Both
analyses did not affect the results (data not shown but
available on request): the overall conclusion regarding the

Table 2 Clinical data of CF patients according to their
FcyRIIA genotype

HH HR+RR
Patients no. 53 114
Age, years 23.99+7.71 24.83+9.52
Sex (M/F) 33/20 55/59
Age at diagnosis 3 (0-40) 4 (0-52)
P. aeruginosa infected 35 (66.0%) 74 (64.9%)
Age at onset of Ps. infection 12 (2-26) 12 (0.25-52)

FVC% predicted

FEV1% predicted
Pancreatic insuff. no. (%)
AF508/AF508 no. (%)
AF508/other no. (%)
Other/other no. (%)

81.30+16.80 74.98+21.90
67.511£20.43 66.61+23.83
37 (69.8%) 74 (64.9%)
22 (41.5%) 47 (41.2%)
19 (35.8%) 42 (36.8%)
12 (22.6%) 25 (21.9%)

Table 3 Clinical data of homozygous AF508 CF patients according to their FcyRIIA genotype

HH HR RR HR+RR
Patients no. 22 37 10 47
Age, years 20.02+5.76 18.91+7.54 17.28+6.57 18.56+7.31
Sex (M/F) 12/10 18/19 6/4 24/23
Age at diagnosis 1(0-17) 0.5 (0-13) 0.6 (0-8) 0.5 (0-13)
P. aeruginosa infected 14 (63.6%) 25 (67.6%) 9 (90%) 34 (72.3%)
Age at onset of Ps. infection 9.7 (2-17) 8 (0.25-17) 7 (2-12) 8 (0.25-17)
FVC% predicted 79.68+15.25 72.19+20.78 73.30+17.82 74.23+20.01
FEV1% predicted 66.05+20.12 61.70+23.26 59.20+19.34 61.17+22.31

Pancreatic insuff. no. (%)

21 (95.5%)

36 (97.3%)

10 (100%)

46 (97.9%)
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relationship between FcyRIIA genotypes and susceptibility
to chronic P. aeruginosa infection still holds.

Both in the whole sample and in the subgroup of
patients homozygous for the AF508 mutation the R/R
genotype was more frequent in patients with P. aeruginosa
infection (18.3 and 18.7%, respectively) as compared with
control subjects (6%) or with patients without infection
(10.3% for the overall population and 4.8% for the AF508
homozygous patients) (Table 5). Although this difference
was not statistically significant, this finding is consistent
with the observation that there is an association between
FcyRITA polymorphism and chronic P. aeruginosa infection
in CF patients, and supports the hypothesis that the
presence of the R allele or the absence of the H allele
may confer susceptibility to P. aeruginosa infection.

Discussion

Progressive lung disease is the major cause of morbidity
and mortality in CF. A vicious circle of airway infection and
inflammation occurs early in the course of the disease,
leading to progressive lung damage and, eventually,
respiratory failure.!~3 However, patients with CF show a
remarkable variability in pulmonary involvement which is
largely unexplained; in fact, whereas CFITR genotype is
closely correlated with pancreatic status, the course of lung
disease often differs markedly between patients, even in
those who carry the same CFTR mutations, who share a
similar environment and who attend the same CF
centre.** Thus, it has been suggested that genes other

Table 4 Stepwise logistic regression analysis to identify
factors possibly affecting the risk of chronic P. aeruginosa
infection

Relative risk ~ 95% Cl of
Variable (R.R.) R.R. P
FcyRIIA genotypes: 4.38 1.17+22.4 0.042
H/H vs H/R+R/R
FvC 1.13 1.00+1.27 0.002
FEV, 1.14 1.02-1.25 0.004
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than CFTR could modulate the severity of the broncho-
pulmonary disease.®~®

In this study, we have examined the effect of genetic
variability by a gene, FcyRIIA, involved in host defence
and inflammatory response on chronic P. aeruginosa
infection and lung disease severity in patients with CF.
Whereas in the overall population studied, an association
between the different genotypes of this gene and both
chronic Pseudomonas infection and disease severity was
not evident, in a subgroup of CF patients with the same
CFTR genotype (AFS508/AF508) we found that patients
carrying the R allele of FcyRIIA had an increased risk of
acquiring chronic P. aeruginosa infection as compared with
patients not carrying the R allele. We also observed that
there was a trend toward an increased frequency of R/R
genotype in patients with chronic P. aeruginosa infection
compared with control subjects and patients without
chronic infection.

Several factors such as age, sex, and the severity of the
disease may affect chronic P. aeruginosa acquisition in CF.
This may account for the lack of statistical significance
between FcyRIIA genotypes by using univariate analysis.
After correction for these potential confounding factors by
multivariate logistic regression model, we observed in fact
that beside FcyRIIA genotype, other parameters, that is,
FVC and FEV; were affecting the risk of acquiring
P. aeruginosa infection. The association of FVC and FEV,
values with P. aeruginosa infection is not surprising, as
epidemiological studies indicate that chronic infection by
P. aeruginosa is associated to significant increase in the rate
of decline of pulmonary function. The observation that the
frequency of R/R genotype is increased in patients with
P. aeruginosa infection as compared with control patients
and patients without infection supports the hypothesis
that the presence of the R allele of FcyRIIA or the absence of
the H allele may confer susceptibility to P. aeruginosa
infection.

Although previous reports® did not find an association
between CFTR genotype and risk of acquiring P. aeruginosa
infection, the lack of association between FcyRIIA genotype
and chronic infection observed in the whole sample in this
study emphasizes the importance of selecting a homo-

Table 5 Frequencies of FcyRIIA genotypes in CF patients with and without chronic P. aeruginosa infection and in healthy

<@

controls
Group Number FcyRIIA genotype, n (%)

H/H H/R R/R
Healthy controls 50 17/50 (34%) 30/50 (60%) 3/50 (6%)
CF patients (overall population) 167 53 (31.6%) 88 (52.4%) 26 (15.5%)
With P. aeruginosa infection 109 35 (32.1%) 54 (49.5%) 20 (18.3%)
Without P. aeruginosa infection 58 18 (31.0%) 34 (58.6%) 6 (10.3%)
CF patients homozygous AF508 69 22 (31.9%) 37 (53.6%) 10 (14.5%)
With P. aeruginosa infection 48 14 (29.2%) 25 (52.1%) 9 (18.7%)
Without P. aeruginosa infection 21 8 (38.1%) 12 (57.1%) 1 (4.8%)

European Journal of Human Genetics



Fcy receptor IIA genotype and cystic fibrosis
V De Rose et al

100

geneous group of CF patients, that is, with an identical
CFTR genotype, when studying modifier genes for CF
disease. In fact, patients with mild CFTR mutations such as
class IV and V mutations have mild disease and therefore
could be less susceptible to Pseudomonas. Furthermore,
even severe CFTR mutations associated with severe form of
the disease could differently affect P. aeruginosa suscept-
ibility. It has been suggested that CFTR is involved in
binding and internalization of P. aeruginosa by epithelial
cells®®; class 11l mutant CFTR, that is present on the apical
membrane of epithelial cells could maintain this function
and patients with this mutation could therefore be less
susceptible to P. aeruginosa infection.

As a whole, our results suggest that, although the
presence of the R allele of FcyRIIA is related to a higher
risk of acquiring P. aeruginosa infection, other factors may
indeed contribute to this increased risk.

Chronic P. aeruginosa lung infection is the leading cause
of death in patients with CE It is primarily this infection
that leads to a heightened and persistent inflammatory
response and progressive tissue destruction in the CF lung.
Chronic infection by P. aeruginosa, in CF, is associated with
high serum levels of IgG2 anti-Pseudomonas antibodies and
immune complexes containing IgG2 antibodies, which are
correlated with poor lung function and poor clinical
condition.®'=3% LPS, a prominent cell wall component
common to Gram-negative bacilli, is a key antigen for the
humoral recognition and clearance of P. aeruginosa; 1gG
subclasses response to Pseudomonas LPS is restricted largely
to IgG2.

Expression of Fcy receptors on the surface of phagocytic
cells conveys to the cells the ability to recognize, bind and
internalize IgG-opsonized particulate antigens and im-
mune complexes. FcyRIIA is the only allotype of Fcy
receptor that efficiently recognizes IgG2, an IgG isoform
that plays an important role in the defense against
infection with bacteria such as S. pneumoniae, H. influenzae,
N. meningitidis, and P. aeruginosa.'®3*~3% FcyRIIA exists in
two allelic forms that differ in the amino acid at position
131 (arginine R131/histidine H131) in the second immu-
noglobulin-like domain.!'*~1® Interestingly, polymorph-
isms at this site influence the binding of 1gG2 to FcyRIIA,
with individuals homozygous for R/R unable to bind IgG2
opsonized bacteria efficiently; both heterozygous FcyRIIA
H/R and homozygous R/R PMN proved to be significantly
less efficient in phagocytosis and intracellular activation of
oxidative burst than did homozygous H/H PMN.*719:20 In
CF, where bacterial colonization of the lung by P. aeruginosa
is associated with high serum levels of IgG2 anti-P.
aeruginosa antibodies and immune complexes containing
1gG2 anti-Pseudomonas antibodies, the potential for the
IgG2 antibodies to act as poor opsonins and affect the
clearance of these microorganisms may vary in accord with
H/R genotype. PMN from patients carrying the R allele of
FcyRITA would be less effective in binding and therefore
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clearing organisms opsonized by serum with elevated 1gG2,
and this would explain the increased susceptibility of these
patients to chronic Pseudomonas infection.

Consistent with our findings, previous studies have
shown an increased susceptibility to bacterial infections
by encapsulated bacteria in patients with the R/R genotype
of FcyRIIA'®35 and it has been reported that the frequency
of both heterozygous FcyRIIA H/R and homozygous R/R
was higher in patients with recurrent bacterial respiratory
tract infections than in controls.'® However, the lack of
difference in the frequency of FcyRIIA genotypes in CF
patients and control subjects observed in this study and the
lack of association between these genotypes and other
parameters of disease severity, as well as the contribution
of other variables to the increased risk of acquiring
P. aeruginosa infection, support the concept that the
severity of pulmonary involvement in CF is controlled by
multifactorial genetic mechanisms and suggest that other
genetic factors may influence susceptibilities and outcomes
in which Fcy receptors play a role.

In conclusion, this study shows that CF patients carrying
the R allele of FcyRIIA are at higher risk of acquiring
chronic P. aeruginosa infection, suggesting that the FcyRII
loci genetic variation is contributing, among other possible
genetic factors, to this infection susceptibility.
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