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ABSTRACT
Background Vitamin D-binding protein (DBP) genetic
polymorphisms have been associated with chronic
obstructive pulmonary disease (COPD). DBP has an
indirect role in macrophage activation; thus it was
hypothesised that DBP is present in the airway and
contributes to lung disease by this mechanism.
Methods 471 PiZZ subjects with a1-antitrypsin
deficiency (AATD) were genotyped for tag single
nucleotide polymorphisms (SNPs) covering the DBP gene
(GC), together with known functional variants, prior to
seeking association with COPD phenotypes. 140 subjects
with usual COPD and 480 controls were available for
replication. Vitamin D and DBP levels were measured by
tandem mass spectrometry and ELISA, respectively, in
serum and DBP in the sol phase of sputum in a subset of
60 patients. Concentrations were related to phenotype
and to alveolar macrophage activation.
Results rs2070741 was associated with airway
bacterial colonisation (p¼0.04) and bronchiectasis
(p¼0.01), as was rs7041 (p¼0.03) which also
influenced vitamin D concentrations (p¼0.01). The GC2
variant predisposed to bronchiectasis in AATD (p¼0.04)
and protected against COPD (p¼0.05); the latter
association was replicated in usual COPD versus controls
(p¼0.04). Circulating DBP related inversely to forced
expiratory volume in 1 s (FEV1) (p¼0.02), in direct
contrast to vitamin D, where deficiency related to low
FEV1 (p¼0.04). Sol DBP related directly to alveolar
macrophage activation (p¼0.004).
Conclusions The genetic association of DBP with COPD
may be mediated by effects on macrophage activation,
since DBP relates to FEV1, and affects macrophage
activation. Vitamin D effects may be independent of this,
relating more strongly to innate immunity.

DBP is a glycosylated a-globulin divided into two
large domains (I and II) and a shorter domain at the
C-terminus (domain III).6 It is expressed in many
tissues,7 and by neutrophils,8 contributes to macrophage activation,9 augments monocyte and neutrophil chemotaxis to C5-derived peptides and acts as
an actin scavenger protein, as discussed in our recent
review.4 In simpliﬁed terms, domain I binds vitamin
D while domain III binds actin, functions which are
independent of each other. In order to inﬂuence
macrophage activation, DBP must be converted to
macrophage-activating factor (DBP-MAF), by the
action of enzymes released from lymphocytes.9
Increases in lymphocyte numbers in the lung are
recognised in COPD,10 suggesting that this process
will occur in the lung of subjects with COPD.
The DBP gene (GC) is highly polymorphic with
three common variants (GC1F, GC1S and GC2) and
more than 120 rarer variants.11 Single nucleotide
polymorphisms (SNPs; rs4588 and rs7041) in exon
11 result in the common isoforms, termed GC1 and
GC2; GC1 is then subdivided into GC1F and GC1S.
Their protein products differ as shown in table 1,
and appear to have functional consequences. rs7041
has been strongly linked to vitamin D levels in
a recent genome-wide association study,5 and the
GC2 protein is less able to be converted to DBPMAF than GC1 variants.12 Either, or both, of these
functions might be relevant in COPD.
We hypothesised that DBP polymorphisms
would associate with pulmonary function and
infection-related phenotypes, based on known
protein functions and prior work in usual COPD.
We then sought to characterise the reasons for such
genetic association by studying macrophage activation and vitamin D levels.

INTRODUCTION

METHODS
Patient populations
Subjects with a1-antitrypsin deficiency (AATD)

Vitamin D insufﬁciency may be relevant to many
diseases because of the role of vitamin D in
modulating the innate and adaptive arms of the
immune system.1 However, while mechanisms for
vitamin D metabolism and signalling within
immune function are well documented, relatively
little is known about the impact of vitamin
D-binding protein (DBP), a transport protein
which is likely to be a pivotal factor in optimising
the immune response to vitamin D.2 In chronic
obstructive pulmonary disease (COPD), low
serum levels of 25-hydroxyvitamin D3 (25OHD3)
have been reported3 and there is evidence implicating polymorphisms in the DBP gene (GC) with
COPD risk (reviewed elsewhere)4 and vitamin D
deﬁciency.5
Thorax 2011;66:205e210. doi:10.1136/thx.2010.140921

A total of 471 unrelated Caucasian subjects from the
UK national registry for AATD were studied. Ethical
approval was given by the local ethics committee.
All patients underwent full clinical assessment as
described previously.13 The presence of bronchiectasis in four or more bronchopulmonary segments
was taken to be a predominant bronchiectasis
phenotype, as described previously,14 and bacterial
colonisation of the airway by the presence of
>13105 cfu/ml of potential pathogens present in
sputum in the stable state. Exacerbation frequency
was determined using self-reported symptoms
according to the Anthonisen criteria15 and selfreported use of primary and secondary care services.
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Vitamin D-binding protein contributes to COPD by
activation of alveolar macrophages

Chronic obstructive pulmonary disease

Variant

Alleles at rs7041
and rs4588

Protein composition at
positions 416 and 420

GC1F
GC1S
GC2

T/C
G/C
T/A

Asp/Thr
Glu/Thr
Asp/Lys

The table shows the alleles present at rs7041 and rs4588, respectively (forward strand),
and the resulting protein composition at positions 416 and 420, respectively. In this
manuscript, where the protein is discussed the nomenclature GC2, GC1S or GC1F is used in
plain text, and when it refers to the underlying genetic code (haplotype) italics are used.

Of this cohort, 60 patients had stable state contemporaneous
serum and sputum samples available and were selected for
further study of DBP and vitamin D; speciﬁcally measurement of
circulating 25OHD3 and DBP, sputum DBP and alveolar macrophage (AM) function in the presence of DBP. Since large volumes
of sputum are required to carry out all such assessments, only 22
patients had all measurements made.

Replication cohort: usual COPD and controls
The West Midlands COPD Collection has been set up to study
COPD phenotypes and progression, with a focus on use of
biological samples and data in exploring pathogenesis. Inclusion
is based on spirometrically deﬁned COPD, as described previously,16 although full phenotyping in the form of full lung
function and CT scans is offered. Studies have been approved
by the local ethics committee. At the time of data collection
there were 140 Caucasian subjects registered, chosen to ensure
racial matching with the AATD group. An anonymous, healthy,
Caucasian, geographically matched control group (n¼480)
were available for comparison. These individuals were not
phenotyped, so no further details are known.

Genotyping
SNPs to tag GC were chosen using HapMap phase III17 to
capture all SNPs with minor allele frequency >0.05 and r2$0.8.
In addition the two SNPs that code for GC2, GC1F and GC1S
(rs7041 and rs4588) were selected for study. DNA extraction,
quantiﬁcation and genotyping were carried out as described
previously.18 All SNPs were genotyped in the subjects with
AATD, with replication sought for associated variants in the
caseecontrol population.

DBP and vitamin D measurement
DBP was measured by ELISA (Immunodiagnostik, Bensheim,
Germany) in serum and sputum. The assay was validated in
sputum as described in the Supplementary material. Total
25OHD3 was measured by tandem mass spectrometry.

Assessment of AM activity
This was carried out using an efferocytosis assay, which assesses
macrophage activation by means of the proportion of macrophages that engulf apoptotic neutrophils. This assay was chosen
as a better model of neutrophilic inﬂammation in the COPD
lung than a phagocytosis assay centred on bacteria or beads. AMs
and neutrophils were obtained from individuals without COPD
or AATD who were undergoing lung resection. Neutrophils were
isolated by Percoll density centrifugation,19 incubated at 378C
for 20 h, the trypan blue exclusion test and cell count were
performed, and adequate signs of apoptosis were ascertained by
cytospin and microscopy. Neutrophils were marked with cell
tracker green and diluted to a concentration of 23106/ml prior
to use. The resected sample was ﬂushed with saline and
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the wash centrifuged at 500 g for 5 min to obtain a cell pellet of
AMs, which was underlayered with 12 ml of lymphoprep. After
further centrifugation at 800 g for 30 min, the interphase was
aspirated, the trypan blue exclusion test was performed and
cells were counted. Samples were then washed with phosphatebuffered saline (PBS), diluted to 0.53106 cells/ml with
RPMI/10% fetal bovine serum and incubated at 378C for 2 h
prior to use.
For the ﬁnal phase of the assay 400 000 neutrophils were
added to 100 000 AMs in 48-well plates with either saline or the
sol phase of sputum and incubated for 90 min at 378C. The
supernatant was removed and the plate washed twice with cold
PBS. A 100 ml aliquot of cold serum-free RPMI was then added to
the plate, which was promptly photographed with a ﬂuorescence microscope. The total number of macrophages and the
number that had ingested ﬂuorescently marked neutrophils per
ﬁeld were counted and an efferocytosis index calculated (cells
ingested/total cells). Each plate contained ﬁve saline controls,
and ﬁve cell counts were performed per patient (n¼22). This
was then repeated using pure DBP at the mean sol level, with an
anti-DBP antibody (Sigma, Gillingham, UK).

Statistical analysis
Analyses were carried out in SPSS (version 16.0). In the genetic
analyses, logistic and linear regression models were used,
assuming additive effects, adjusting for age, gender and packyears smoked, with either COPD, bronchiectasis or exacerbation
frequency as the dependent variable. In each case, adjustments
were made based on known inﬂuences on each phenotype in this
AATD cohort, as published previously.18 Data normality was
assessed using the KolmogoroveSmirnov test. Vitamin D
and DBP were correlated with each other and with forced
expiratory volume in 1 s (FEV1) using the Spearman rank
correlation, and differences in their levels between alleles and
genotypes tested using the ManneWhitney and KruskaleWallis
tests, respectively. The KruskaleWallis test was also used to
compare FEV1 between vitamin D sufﬁciency groups. For results
pertaining to cell counts, analysis of variance (ANOVA) was
used. A signiﬁcance threshold of p<0.05 was used throughout.

RESULTS
Subject characteristics
Characteristics of the subjects with AATD and COPD are shown
in table 2. In the AATD group, 440/471 patients had undergone
a CT scan and 75 stable state sputum samples were obtained. In
the COPD group, 43/140 had undergone a CT scan, and though
many reported sputum production none brought samples to
their clinical assessment. The subset of patients with AATD in
whom vitamin D and DBP measurements were made did not
differ signiﬁcantly in any demographic or clinical feature from
the whole group (all p>0.1).

Genetic association analyses
Single SNPs
In the AATD group, 12 SNPs were genotyped; 10 tag SNPs
(capturing 28 SNPs) and two known to contribute to GC2,
GC1F and GC1S. Their locations are shown in ﬁgure 1. Of these,
13/14 were in HardyeWeinberg equilibrium (the single SNP
(rs3755967; p¼0.04) that was not was excluded from further
analyses). The genotyping success rate overall was 95%. Full
genotype frequency data are shown in the Supplementary
material.
Thorax 2011;66:205e210. doi:10.1136/thx.2010.140921

Thorax: first published as 10.1136/thx.2010.140921 on 12 January 2011. Downloaded from http://thorax.bmj.com/ on August 11, 2022 by guest. Protected by copyright.

Table 1 Haplotypes of rs7041 and rs4588 result in structurally
different proteins

Chronic obstructive pulmonary disease
Characteristics of the subjects with AATD and COPD

Characteristic

AATD
(n[471)

AATD with COPD
(n[364)

AATD without COPD
(n[107)

AATD subset
(n[60)

COPD
(n[140)

Age
Male gender
Pack-years smoked
FEV1 % predicted
FEV1/FVC
COPD
Bronchiectasis*
Airway bacterial colonisation*
Exacerbations per year

50.33 (10.35)
281 (59.70)
15.00 (2.25e25.0)
45.30 (28.45e72.33)
39.00 (29.00e56.00)
364 (78.62)
111 (25.20)
52 (69.31)
1.00 (0e2)

51.75 (9.33)
233 (64.00)
18.00 (9.00e26.81)
36.70 (25.86e52.74)
34.00 (27.00e44.75)
364 (100)
88 (24.20)
45 (67.16)
1.00 (0e2)

43.46 (36.37e56.36)
57 (53.27)
0 (0e10.38)
104.91 (18.63)
80.00 (71.00e85.50)
0
22 (25.00)
6 (85.71)
1.00 (0e2)

49.71 (9.88)
37 (61.67)
21.00 (13.65e27.25)
35.66 (22.38e56.41)
34.00 (26.75e48.25)
49 (81.67)
20 (33.33)
26 (68.41)
1.00 (1e2)

68.82 (0.93)
79 (56.61)
43.50 (31.72e58.00)
43.43 (15.84)
36.00 (28.72e51.00)
140 (100)
8 (18.6)
e
2.00 (1e4)

The table shows the mean (SD) or median (IQR) for all quantitative outcomes, and number (%) for the qualitative outcomes, these being gender, COPD, emphysema, bronchiectasis and airway
bacterial colonisation. Mean (SD) is shown where data are normally distributed, and median (IQR) where they are non-normal.
*Percentages shown as a proportion of scans and sputum obtained, respectively.
AATD, a1-antitrypsin deficiency; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.

Of the tag SNPs studied, one (rs2070741) showed allele and
genotype association with bronchiectasis, the C allele conferring
an OR of 1.80 (95% CI 1.02 to 3.19); a second tag SNP showed
an association only in the genotypic analysis (table 3). Stable
state airway bacterial colonisation was also more likely in C
allele carriers of rs2070741, even after adjustment for the presence of bronchiectasis (OR 3.84, 95% CI 1.78 to 6.92, p¼0.04).
Of the two SNPs that contribute to functional variants (rs4588
and rs7041) both tended to associate with bronchiectasis but
only rs7041 reached statistical signiﬁcance (table 3). Previous
studies have suggested a role for rs7041 in COPD susceptibility;
in this study it was not associated with FEV1 (p¼0.788) unless
an interaction was speciﬁed between genotype and vitamin level
(p¼0.012). No associations with exacerbation frequency or
COPD were seen.

Haplotype analyses
Since the functional difference in DBP only occurs with
a combination of alleles at rs4588 and rs7041, we examined
haplotypes that code for the protein variants GC2, GC1F and
GC1S (table 1) for association with the primary outcomes. The
GC2 variant associated with an increased risk of bronchiectasis
(OR 1.51, 95% CI 1.02 to 2.22, p¼0.034), while no associations
were seen for GC1F and GC1S. Conversely there was
a decreased risk of COPD with the GC2 variant (OR 0.79, 95%
CI 0.65 to 0.99, p¼0.048). Haplotype frequencies are shown in
table 4.

Replication data set
The replication case:control group was genotyped for the three
associated SNPs and rs4588 because of its contribution to GC2.
Since few patients had undergone CT scans, we only tested for
COPD as an outcome. The GC2 variant was protective (OR
0.73, 95% CI 0.53 to 0.99, p¼0.042).

Vitamin D associations
Vitamin D deﬁciency occurred in 45% of subjects and associated
with lower FEV1 after adjustment for season of collection
(ﬁgure 2 and Supplementary material). The 25OHD3 levels were
lower in rs7041 T allele carriers (p¼0.010, ﬁgure 3A), but no
difference was seen with rs4588 (p¼0.411). There were few
individuals homozygous for GC1S and none for GC1F, thus no
valid interprotein comparisons of 25OHD3 level could be made.
rs2070741 C allele carriers tended to have lower 25OHD3
(p¼0.052; ﬁgure 3A) while there was no difference with
rs2298849 (p¼0.247).

DBP associations
Serum DBP
Serum DBP related inversely to FEV1 (ﬁgure 4A). Although this
relationship was the opposite of that seen for vitamin D with
FEV1, no relationship between the two was seen (ﬁgure 4B).
Serum DBP level did not differ with GC genotype in SNP or
haplotype analyses (all p>0.6).

Sol phase DBP
DBP was present in sputum (mean (SE) 0.31 (0.02) mg/dl), but
did not correlate with serum DBP (s¼e0.03, p¼0.91). Sol phase
DBP was higher with the T allele of rs7041 (p¼0.037, ﬁgure 3B)
and did not vary with other associated SNPs or haplotypes (all
p>0.8).
Table 3 Single nucleotide polymorphism (SNP) associations with
bronchiectasis in a1-antitrypsin deficiency

Figure 1 The structure of the vitamin D-binding protein (DBP) gene
(GC). GC consists of 13 exons, shown here as light grey vertical lines,
with introns represented by a horizontal black line. The promoter is
shown in black and other regulatory regions in dark grey. The location of
the tag single nucleotide polymorphisms (SNPs) used and the nonsynonymous SNPs contributing to functional variants (rs4588 and
rs7041) are shown.
Thorax 2011;66:205e210. doi:10.1136/thx.2010.140921

rs2070741 [A/C]
rs2298849 [C/T]
rs4588 [C/A]
rs7041 [G/T]

Genotype
model (p)

Allele
model (p)

Allele OR

95% CI

0.031
0.013
0.280
0.526

0.046
0.221
0.067
0.027

1.80
e
e
0.52

1.02 to 3.19
e
e
0.29 to 0.93

The table shows the p values and OR and 95% CI of bronchiectasis for each SNP; in each
case the OR was computed for the minor allele. All results with p<0.1 are shown. No OR
has been computed for rs2298849 and rs4588 since the allele analyses were
non-significant.
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Table 2

Chronic obstructive pulmonary disease
GC haplotypes observed in AATD, COPD and controls

GC2eGC2
GC1SeGC1S
GC1FeGC1F
GC2eGC1S
GC2eGC1F
GC1SeGC1F

AATD

COPD

Control

41 (10.3)
110 (27.6)
1 (0.2)
142 (35.6)
5 (1.3)
4 (1.0)

10 (8.9)
39 (25.9)
0
41 (36.6)
1 (0.8)
2 (1.6)

56 (12.9)
145 (33.5)
0
150 (34.6)
0
0

Haplotype frequencies are shown as the raw value with the percentage in parentheses.
Note that protein structure Glu/Lys would result from the haplotype rs7041G and rs4588A;
only the recognised haplotypes are listed here, thus percentages do not total 100%. Where
the genotype at either rs7041 or rs4588 was undetermined no haplotype has been
assigned, and the individual was not included in the percentage analyses.
AATD, a1-antitrypsin deficiency; COPD, chronic obstructive pulmonary disease.

Macrophage activation
Sputum from patients with AATD increased macrophage
activation as measured by efferocytosis of apoptotic neutrophils.
The degree of activation related directly to the amount of DBP
present (ﬁgure 5A). In control experiments using physiologically
relevant concentrations of DBP alone, the same relationship was
seen in multiple repeats of the experiment, suggesting that DBP
is the component of sol phase responsible for the relationship
(ﬁgure 5B). Activation could be reduced by 30% after addition of
an anti-DBP antibody, but not completely abrogated (see also
the Supplementary material).
No differences in activation according to GC genotype were
seen (all p>0.3). Protein variant analyses could not be carried out
in a meaningful manner due to lack of homozygous subjects in
this subset.

DISCUSSION
This study demonstrates lower FEV1 in the presence of high
DBP, and increased macrophage activation with high airway
levels of DBP. The GC2 variant, which is less able to activate
macrophages, also exhibited genetic association with a decreased
risk of COPD. Together these results suggest that increased
macrophage activation due to DBP may be deleterious to lung
function and relevant to the pathogenesis of COPD. In addition
there was an increased risk of bronchiectasis in patients with
AATD with GC2, perhaps because of a reduced ability to defend
the airway against pathogens. Differences in vitamin D level are
also associated with underlying GC genotypes, and could be

Figure 2 Vitamin D deficiency is common in a1-antitrypsin deficiency
(AATD) and relates to lung function. The incidence of vitamin D
deficiency is shown in the pie chart (A), and related to forced expiratory
volume in 1 s (FEV1) (p¼0.04) (B). The column chart shows the mean
FEV1 (error bars represent SE) and serum vitamin D level, as categorised
after adjustment for season of collection.
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Figure 3 Relationship of GC single nucleotide polymorphism (SNP)
genotypes to vitamin D and vitamin D-binding protein (DBP) in
a1-antitrypsin deficiency (AATD). Graphs show the mean (SE) for the
genotypes listed in the legends. (A) Vitamin D is lower in carriers of the T
allele of rs7041 (p¼0.01) and tends to be lower in carriers of the C allele
of rs2070701(p¼0.052). (B) DBP is higher in the airway in carriers of the
T allele of rs7041 (p¼0.037).
contributing to pathogenesis, although such mechanisms were
not the focus of this study. These concepts are illustrated in
ﬁgure 6.

What are the possible roles for DBP in COPD pathogenesis?
Macrophages accumulate in the COPD lung, and could be
harmful if activated because of release of neutrophil chemotractants.20 Augmentation of proteolytic damage might also
occur in smokers because smoke increases matrix metalloprotease transcription by alveolar macrophages.21 This
potential harm has to be balanced against the beneﬁt of scavenging damaged tissue and infectious organisms, processes
which may paradoxically be decreased in COPD.22 The genetic
association seen here suggests that macrophage activation
secondary to DBP has adverse consequences in the lung, as
illustrated in ﬁgure 6.
A limitation of this study is that we were unable to ﬁnd
a neutralising antibody that completely inhibited the activity of
DBP. This may be because of high or unstable DBP levels in the
experiments. Neutrophil elastase is capable of cleaving DBP from
cell surface binding sites23; use of apoptotic neutrophils here
should have limited this, but we cannot exclude an effect. It is
also unknown how quickly DBP converts to DBP-MAF in these
experimental conditionsdit may be necessary to design an
antibody to DBF-MAF to ascertain if this improves the effect
size seen. In addition, few patients were studied using efferocytosis, and none in this group was homozygous for GC2, thus

Figure 4 Serum vitamin D-binding protein (DBP) correlates inversely
with forced expiratory volume in 1 s (FEV1) but is not related to vitamin D
in a1-antitrypsin deficiency (AATD). (A) FEV1 was lower in the presence
of high circulating DBP; Spearmans rank correlation (s)¼ 0.32, p¼0.02.
(B) DBP did not relate to vitamin D, s¼0.09, p¼0.52.
Thorax 2011;66:205e210. doi:10.1136/thx.2010.140921
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Table 4

Chronic obstructive pulmonary disease

How could vitamin D contribute to COPD pathogenesis?

Figure 5 Sputum vitamin D-binding protein (DBP) correlates directly
with macrophage activation. The scatterplot shows the mean (SE) of the
phagocytosis index, expressed as a percentage of the negative control,
this being a measure of macrophage activity. (A) The degree of
phagocytosis related strongly to DBP in subjects’ sputum (p¼0.004 by
analysis of variance). The mean sol DBP for the group was 0.31 mg/dl, at
which the macrophage activation was elevated to 150% of the control,
indicating increased activation in the majority of subjects. (B) When DBP
standards were used, the same relationship was seen (p<0.001).

the link between genetics and altered macrophage activation
could not be shown directly, although this has been established
by others.12 The association with bronchiectasis could not be
replicated due to low take up of CT in usual COPD, but would
be consistent with the effect of DBP on macrophages.
The other functions of DBP relevant to COPD are its inﬂuence
on neutrophil chemotaxis and actin binding. DBP is not directly
chemotactic to neutrophils, but enhances the chemotactic effect
of complement-derived peptides (C5a).24 The level of DBP in
bronchoalveolar lavage ﬂuid (BALF) from subjects with COPD
relates directly to chemotaxis, which can be reduced by an antiDBP antibody, conﬁrming that this is relevant to pathogenesis.25
Concentrations of DBP in BALF were lower than we saw in
sputum, which may account for the differences in antibody
effect compared with the current study. Genetic variation has

Vitamin D deﬁciency was associated with reduced lung function, and was predicted by the presence of the T allele of rs7041,
conﬁrming the recent ﬁndings of Janssens et al.3 rs7041 is not
known to inﬂuence macrophage function unless as part of
a haplotype with rs4588, suggesting that an alternative mechanism is at work. The polymorphism results in an amino acid
change in domain 1 of DBP, such that altered binding of vitamin
D to DBP could occur. This may inﬂuence availability of vitamin
D to cells by altering endocytosis of 25OHD3 bound to DBP,
which occurs via interaction with cell surface proteins26 in many
cell types, including macrophages.27 This interaction has been
demonstrated in vitro,2 and has been suggested epidemiologically to confer risk of tuberculosis.28 In the current study we
demonstrated that the interaction term between genotype and
vitamin D level related to FEV1, providing additional support for
this hypothesis. Further study of this as a biological mechanism,
independent of macrophage activation, is now indicated. The
remaining SNP associations (rs2070741 and rs2298849) must be
viewed with caution since they have not been replicated.
Neither SNP has any known function, although the trend seen
here to lower vitamin D levels with the associated allele of
rs2070741 suggests a similar mechanism to rs7041.
It is also interesting to speculate why high sol DBP occurred
with a variant linked to vitamin D deﬁciency. This study cannot
imply causality without further functional genetic work, but
a logical explanation might be that vitamin D-deﬁcient subjects
are more prone to respiratory infection and hence inﬂammation.1 Inﬂammatory cytokines stimulate transcription of DBP,29
such that airway concentrations are then elevated. This interpretation is more consistent with the genetic association than
a direct inﬂuence of rs7041 on DBP, since levels did not differ
with genotype, and would not be expected to do so, as it is has
no known inﬂuence on transcription. Compartment-speciﬁc
genetic differences are possible, however, as we have recently
shown with circulating and sol phase tumour necrosis factor
a,18 30 and this will require further study.

Limitations

Figure 6 Proposed consequences of variation in vitamin D-binding
protein (DBP) in the lung. The GC2 haplotype codes for the GC2 protein
variant, which is less able to be converted to DBP-macrophageactivating factor (MAF), resulting in decreased macrophage activation in
the lung, which could lead to brochiectasis, or protect against chronic
obstructive pulmonary disease (COPD). rs7041 results in a single amino
acid change in DBP, which could conceivably influence vitamin D
binding, and explain the observation of low vitamin D levels in carriers of
this allele. The subsequent mechanism in the lung is as yet unknown, but
in the current study the interaction between genotype and vitamin level
was associated with low forced expiratory volume in 1 s (FEV1).
Thorax 2011;66:205e210. doi:10.1136/thx.2010.140921

The study is limited by small numbers for the genetic association analyses, and lack of CT phenotyping data and stable state
microbiology in the usual COPD group. The controls in the
COPD analysis are also non-phenotyped, which may be
perceived as a weakness, although it is a recognised methodology
in large-scale genetic association work.31 Small cohorts may also
be problematic when calculating allele frequencies, which may
appear to ﬂuctuate markedly if insufﬁcient numbers of people
are considered. The frequency of the minor allele of rs7041 was
0.28 in controls and 0.43 for rs4588. These compare with means
of 0.42 for rs7041 and 0.32 for rs4588 in Caucasian cohorts
reported in dbSNP32; consistent with this, frequencies of minor
allele homozygotes for rs7041 are lower in our cohorts than
those observed by Jansenns et al3 in both COPD and control
subjects. A knock on effect of the relatively low T allele
frequency is a low frequency of the GC2 haplotype. Nevertheless, we are conﬁdent of the veracity of our results in this
population because of our quality control procedures for genotyping, and because we replicate the association of the T allele of
rs7041 with vitamin D levels.
The sputum studies could only be carried out in a subset who
produced sputum regularly in the stable state and the
209
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not been shown to inﬂuence neutrophil chemotaxis or actin
binding, hence these functions were not chosen for study here.

Chronic obstructive pulmonary disease

Conclusion
DBP and vitamin D both play a role in the pathogenesis of
COPD, and may do so via independent pathways. Detailed
characterisation of all components of the vitamin D axis will be
necessary to dissect these effects further and ascertain if
supplementation of vitamin D will be beneﬁcial.
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efferocytosis experiments only on the largest volume samples.
Although this could produce bias towards chronic bronchitics
and bronchiectatics, it is important to note that this subset did
not differ signiﬁcantly in their clinical parameters from the
whole. In the COPD group, take up of specialist tests and
sputum provision was low. We might speculate that this is due
to greater difﬁculties in getting to hospital for tests due to age
and co-morbidity.

