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Epidemiological studies support the
importance of adequate vitamin D status
for the maintenance of pulmonary health
and function; low levels of serum
25-hydroxyvitamin D3 are associated with
an increased incidence or poor control
of asthma, respiratory infection and
chronic obstructive pulmonary disease
(COPD).1e4 Vitamin D is proposed to
support respiratory health through
promoting antimicrobial functions neces-
sary for efficient clearance of pathogens,
and dampening inflammation with the
potential to damage lung structure and
impair gaseous exchange.4 However, the
role of its major carrier protein, vitamin
D-binding protein (VDBP), is less well
understood. A paper by Wood et al in
Thorax5 together with independent
studies, highlight the potential of VDBP
to influence respiratory function both by
determining vitamin D bioavailability and
via direct effects on innate cell function.

VDBP is a glycosylated a-globulin
protein synthesised by many tissues
including the liver, kidneys, gonads and fat,
and also by neutrophils. It binds circu-
lating 25(OH)-vitamin D and 1,25(OH)2-
vitamin D with high affinity. The levels of
this protein far exceed circulating levels of
these vitamin D metabolites, although
VDBP has a rapid turnover rate. VDBP
has three distinct domains which confer
additional functions beyond carriage of
vitamin D (reviewed by Chishimba et al6).
These functions include augmentation of
the monocyte and neutrophil chemotactic
response to the complement anaphylo-
toxin C5a,7 8 scavenging of actin molecules
released from necrotic cells9 and, of interest
to the current article, formation of
a dimeric molecule with macrophage acti-
vating factor (DBP-MAF) which drives
macrophages towards a more phagocytic
phenotype with increased superoxide

generation.10 These activities of VDBP
may be of particular relevance to the lung
environment and, in the case of DBP-MAF
formation, especially pertinent in the
chronically inflamed lung. The enzymes
which promote this dimerisationd
b-galactosidase and sialidasedare products
of B and T lymphocytes, respectively,11

cells which occur with increased frequency
in airway inflammation and COPD (see,
for example, Hogg12).
The VDBP gene Gc is highly poly-

morphic. There are three common protein
variantsdGc1F, Gc1S and Gc2dand more
than 120 rarer variants.13 14 These variants
have altered affinities for vitamin D
ligands.14 15 Gc1F demonstrates greater
abundance and affinity for vitamin D
metabolites and is better able to maintain
serum levels of vitamin D metabolites. In
contrast, Gc2 has lower affinity for
vitamin D metabolites, is less abundant,
and also may be less able to convert into
DBP-MAF likely to result in reduced
macrophage activation.10

Findings from genetic association
studies of VDBP and respiratory disease are
varied and suggest that ethnicity is an
important factor. In several small studies in
Caucasians the Gc2 protein variant appears
protective against COPD16 17 while, in
some Asian groups, the data suggest that
the Gc1F variant may be a risk factor for
the disease.18 19 Carriage of the Gc2 variant
is also associated with increased suscepti-
bility to active tuberculosisdbut this
effect was only seen in individuals with
severe vitamin D deficiency, suggesting an
interaction between these two factors.20

Finally in asthma, while several studies
identify a role for vitamin D status and
polymorphisms in the vitamin D receptor,3

there are few data to support a role for
VDBP,6 which may reflect the eosinophilic
rather than the neutrophilic nature of this
disease in general, although it may be
interesting to profile the Gc genotype in
severe neutrophilic asthma.
Identification of biologicalmechanism(s)

to explain the various genetic associations
of VDBP in different ethnic groups and
disease states is challenging. In the present

study5 the authors try to understand how
VDBP may influence the pathology of
COPD using a combination of both genetic
profiling and in vitro studies. They use
clinically well-characterised Caucasian
patient populations which include a1-
antitrypsin-deficient (AATD) individuals
with COPD, non-AATD individuals with
COPD and healthy non-smoking controls.
In these patient populations, and in agree-
ment with some previous studies,6 the
authors found that the Gc2 variant of
VDBP is protective against COPD.
However, they also propose that Gc2 is
associated with an increased risk of bron-
chiectasis suggestingdalbeit as yet on
limited evidencedthat this may be due to
its reduced capacity to yield DBP-MAF and
thereby stimulate macrophages to clear
pathogens from the airway.
In addition to profiling the Gc genotype

of these individuals, the authors assess the
relationship between total serum 25(OH)-
vitamin D, VDBP protein levels and lung
function. Their findings confirm some
published data of a positive correlation
between serum 25(OH)-vitamin D and
forced expiratory volume in 1 s (FEV1)2

(reviewed by Chishimba et al6) and, in
addition, interestingly report an inverse
correlation between total serum VDBP
and FEV1. However, a lack of association
between the Gc genotype and circulating
VDBP level makes it difficult to infer from
these data how this genotype influences
the risk of COPD. Furthermore, it is
difficult to dissect the contribution of
VDBP from vitamin D itself. Vitamin D
metabolites can either enter cells freely by
diffusion of unbound vitamin across cell
membranes or by endocytosis of that
bound to its chaperone VDBP,21 although
receptor-mediated endocytosis may be less
important in macrophages.15 It is also
possible that high levels of VDBP may be
an indirect consequence of low serum 25
(OH)-vitamin D levels which may
predispose to respiratory infection;
inflammatory cytokines are known to
stimulate hepatic transcription of VDBP.22

To investigate more directly the
immunological activity of VDBP that may
be of relevance in COPD, the authors use
an innovative in vitro assay to assess
alveolar macrophage phagocytic capacity
(efferocytosis) by engulfment of fluo-
rescently-labelled apoptotic neutrophils.
They show that exogenous VDBP
in culture enhanced macrophage activity
in a dose-dependent manner, and that
sputum from patients with AATD
increased macrophage phagocytic activity
in a manner that directly correlated with
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the amount of VDBP present. However,
anti-DBP only weakly attenuated this
observed macrophage activation in vitro.
These data suggest that the VDBP
component of sputum mediates, at least
in part, the increased macrophage activity.
Unfortunately, small sample sizes in these
in vitro systems meant that it was not
possible to discern the influence of
different Gc protein variants on macro-
phage activation and thereby confirm that
Gc2 has a reduced capacity to do this,
which may have begun to explain its
apparent protective role.

Mechanistic studies to underpin epide-
miological associations are by their very
nature complex and prone to differences
in interpretation. Conversely, a second
independent study recently suggested that
VDBP, in its role as a chaperone for
vitamin D, played a pivotal role in deter-
mining the bioavailability of vitamin D to
monocytes in vitro. VDBP attenuated
vitamin D metabolite-induced cathelicidin
gene expression, demonstrated experi-
mentally by using serum with or without
VDBP and, more impressively, by adding
back VDBP into monocyte cultures.
Importantly, serum from donors with the
VDBP genotype Gc2 associated with
a lower affinity for vitamin D metabolites
supported greater monocyte responsive-
ness to vitamin D than those from Gc1
donors.15

The current study by Wood et al5 uses
a novel approach to investigate the
important question of what role VDBP
plays in the pathogenesis of COPD. It
provides further support that the Gc2
variant is protective against COPD in
Caucasian individuals although, interest-
ingly, it appears to increase the risk of
bronchiectasis. The authors also demon-
strate directly that serum VDBP levels
inversely correlate with lung function in
COPD and that sputum VDBP may drive
macrophage activation in vitro. It is well

known that macrophages accumulate in
the lung in COPD, but whether they have
a protective role in clearing pathogens and
dead cells or cause further damage by the
release of inflammatory mediators and
neutrophil chemoattractants is not yet
well understood. The data in this and
additional studies can be used to support
both sides of the argument but, on
balance, suggest that excessive activation
of macrophages by VDBP may do more
harm than good. Most importantly, they
highlight the need to consider both
vitamin D status and VDBP genotype
when investigating the association of
vitamin D with pulmonary function.
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