
Cystic fibrosis (CF) is a genetic disor-
der caused by mutation in the cystic
fibrosis transmembrane conductance
regulator (CFTR) (1). A hallmark of
the disease is a defect in chloride con-
ductance, particularly in serous gland
cells and respiratory epithelial cells.
Depletion of the periciliary liquid
layer, partly due to a defect in ciliary
transport, has pleiotropic conse-
quences with respect to local host
defenses against bacterial infection,
especially by Pseudomonas aeruginosa
(2). The surface fluid, covering airway
epithelia in CF, has been shown to
have deficient bactericidal activity.
Because the defect reverses when the
NaCl concentration is decreased, it is
hypothesized that the high salt con-
centration in CF pulmonary secre-
tions could inactivate antimicrobial
molecules of the innate immune sys-
tem, such as defensins, surfactant pro-
teins, lysozyme, and, perhaps, man-
nose-binding lectin (MBL) (3–5). A
small difference in either the function
or level of 1 or more molecules of
innate immunity could influence the
host’s ability to control pathogenic
bacteria. Despite having an intense
inflammatory response and an intact
adaptive immune response, most CF
patients eventually become chronical-
ly colonized with P. aeruginosa, consid-
ered to be causally related to the
steady deterioration in pulmonary
function. Of particular clinical con-
cern is colonization by Burkholderia
cepacia, which leads to severe, recur-
rent pulmonary problems (6).

In this issue of the JCI, Garred et al.
have shown that common genetic vari-
ations in the mannose-binding lectin
gene (MBL2) are associated with
increased disease severity and a higher
risk of infection by B. cepacia in patients
with CF (7). The presence of MBL vari-
ant alleles is also associated with poor
prognosis and early death. The wild-
type human MBL is synthesized in the
liver as an acute-phase serum protein,

and occupies a central position in the
innate immune system. MBL is capable
of opsonizing pathogenic microorgan-
isms and, in turn, activating the com-
plement system (8, 9). Although the
role of MBL in the lung is not well
understood, it is possible that MBL is
an important member of pulmonary
host defenses and contributes to the
initial response by invading organisms.
Furthermore, MBL could directly or
indirectly influence the influx or clear-
ing of neutrophils in the respiratory
lumen. In the setting of CF, it was rea-
sonable to consider that the effect of an
MBL variant could be magnified
against the background of CF lung dis-
ease. Common polymorphisms in both
the regulatory and structural regions of
the gene result in marked variation in
circulating levels of MBL (10, 11). Thus,
it is not surprising that the authors cor-
related levels of MBL, lung function,
and median survival with different
genotypes of MBL2. This study provides
strong evidence supporting the hypoth-
esis that perturbations of innate immu-
nity contribute to the pathogenesis of
lung disease in CF.

The clinical importance of genetic
variants of MBL to both infectious and
inflammatory disorders has been
demonstrated in previous association
studies (9). The current study, along
with several others, suggests that the
impact of MBL deficiency might be
magnified in individuals with either a
chronic infection or an underlying dis-
ruption of immune function. Previous
examples include the association of
variant MBL alleles with susceptibility
to HIV infection and progression of
AIDS; with systemic lupus erythemato-
sus; and with chronic hepatitis B infec-
tion (12–14). The risk for developing
autoimmune complications of chronic
granulomatous disease (CGD), a rare
primary immune deficiency, is
increased in individuals with variant
alleles of MBL (15). In CGD, a variant
genotype of the FcγRIIa receptor

(another key component in innate
immunity) was also associated with
autoimmunity. Results such as these
suggest that association studies can
now help to identify secondary genes
that modify outcome in primary genet-
ic disorders. The identification of a col-
lection of modifying genotypes could
lead to a more refined understanding of
a specific disease. Understanding the
role of modifying genes has consider-
able potential for determining risk pro-
files that might impact therapeutic
decisions. By subclassifying diseases,
according to secondary genetic risk fac-
tors, therapy could be adapted to indi-
vidual needs. Indeed, the current study
raises the possibility that recombinant
or purified MBL may be of benefit to at
least a subset of CF patients.

Because the associated phenotype of
a common polymorphism in innate
immunity is often subtle, studying
common genetic variants in the normal
host may be exceedingly difficult. More
than 35% of the general population has
at least 1 structural variant allele of
MBL2 (9–11). Even within a disease
population such as CF, the overall dis-
tribution of the variant allele does not
differ from healthy controls. However,
when variant alleles are examined close-
ly within a population of CF patients,
clear relationships are observed
between variant genotypes and deleteri-
ous outcome. In general, disease popu-
lations, such as those in which major
defects in host defenses are observed,
may greatly enhance our ability to
observe the consequences of subtle
genetic variations in innate immunity.
Armed with an expanding number of
immunologically important polymor-
phisms, genetic association studies
should proceed with an eye toward
understanding immunological path-
ways in vivo.

Until recently, the ability to perform
genetic association studies has been
limited by the paucity of known poly-
morphisms. However, advances in
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high-throughput sequence analysis
and DNA chip arrays have begun to
generate a larger and more compre-
hensive set of genetic reagents for
understanding the relationship
between genetics and disease (16, 17).
As the Human Genome Project pro-
gresses toward completion early in the
next millennium, a catalog of known
genes and their variations in sequence
has already begun to take shape (18).
Types of DNA sequence variations
include insertions, deletions, variable
numbers of repeat sequences, and, the
most common, single-nucleotide
polymorphisms (SNPs). Although the
project is still far from complete, esti-
mates of the number of SNPs vary
between 1 in 300 to 1 in 1200 bp (19).
While the final frequency will not be
known for some time, the rich diversi-
ty in the human genome promises to
provide a valuable resource for under-
standing individual differences in dis-
ease expression.

To this end, the National Cancer
Institute’s Genetic Annotation Initia-
tive (20) a publicly available resource,
has launched a program to resequence
and identify SNPs within several thou-
sand candidate genes. In the near
future, it will be possible to systemat-
ically study the contribution of candi-
date polymorphisms selected from a
catalog of genes, many of which had
previously exhibited 1 or more biolog-
ical or clinical associations. Pursuing
this path, further investigation of CF
pulmonary disease could well identify
candidate genes encoding proteins
that influence apoptosis, proinflam-
matory cytokines, myeloid-specific
proteins, surfactant proteins, col-
lectins, or the Th1/Th2 cytokines to
the detriment of the patient.

Genetic annotation studies offer a
new way to view the dynamic relation-
ship between genes and their products
in vivo. Identifying and cataloging
physiologically important SNPs, how-
ever, is only part of the challenge.
Meaningful association studies require
high-quality, detailed epidemiological

data. Furthermore, sophisticated
informatics will be needed to handle
the volume of data and provide a
resource for the daunting challenge of
statistically analyzing sets of genes for
their effect on different outcomes. Pos-
itive association between 1 or more
genotypes and different outcomes will
need to be validated in a series of stud-
ies. Assessing risk and applying the
conclusions to clinical decision mak-
ing will require careful consideration
of complex ethical questions as well.

Using the candidate gene approach,
Garred et al. have identified a modifying
gene in CF, namely variants of MBL2,
and at the same time have provided fur-
ther evidence that the pathogenesis of
CF is related to perturbations in innate
immunity. Before we can test all CF
patients at this locus and confidently
tailor therapy according to MBL2 vari-
ant genotypes, there is much work to be
done. The study must be confirmed in
other populations of CF patients. The
findings of this genetic annotation
study should stimulate other investiga-
tors to examine the biological role of
MBL in pulmonary host defenses.
Moreover, the authors have shown that
a genetic disease like CF is not as simple
as originally envisioned. The cloning of
the CFTR was a major milestone in
understanding the molecular basis of
CF, but dissecting the pathogenesis of
CF has proved far more complicated (1).
Even among patients with the most
common CFTR mutation, ∆F508, the
course of lung disease differs markedly
(21). The challenge remains to select
appropriate candidate SNPs in order to
achieve a more complete understanding
of the pathogenesis of a disease as com-
plex as CF.
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