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ABSTRACT

Background: Vitamin D supplementation lowers exacerbation frequency in severe vitamin D-deficient
patients with COPD. Data regarding the effect of vitamin D on elastin degradation are lacking. Based on
the vitamin’s anti-inflammatory properties, we hypothesised that vitamin D supplementation reduces
elastin degradation, particularly in vitamin D-deficient COPD patients. We assessed the effect of vitamin
D status and supplementation on elastin degradation by measuring plasma desmosine, a biomarker of
elastin degradation.

Methods: Desmosine was measured every 4 months in plasma of 142 vitamin D-naive COPD patients
from the Leuven vitamin D intervention trial (100000 IU vitamin D3 supplementation every 4 weeks for
1 year).

Results: No significant association was found between baseline 25-hydroxyvitamin D (25(OH)D) and
desmosine levels. No significant difference in desmosine change over time was found between the placebo
and intervention group during the course of the trial. In the intervention arm, an unexpected inverse
association was found between desmosine change and baseline 25(OH)D levels (p=0.005).

Conclusions: Vitamin D supplementation did not have a significant overall effect on elastin degradation
compared to placebo. Contrary to our hypothesis, the intervention decelerated elastin degradation in
vitamin D-sufficient COPD patients and not in vitamin D-deficient subjects.
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Introduction

The pathogenesis of COPD is characterised by chronic inflammation and an imbalance in elastase/
anti-elastase activity leading to accelerated elastin degradation and emphysema. Although tobacco smoke
exposure has been clearly linked to the risk of COPD, not all smokers will develop irreversible airway
obstruction. Factors other than smoking - such as genetic and environmental factors — must therefore be
implicated. Different studies have suggested a role of vitamin D in the pathogenesis of COPD [1-3].

Vitamin D is either exogenously obtained from food or endogenously produced in the skin through sun
(UV-B) exposure [4]. In the liver, vitamin D is hydroxylated into 25-hydroxyvitamin D (25(OH)D), which
is used for serum measurements because of its long half-life of 2-3 weeks [4]. To become biologically
active, 25(OH)D requires an additional hydroxylation step in the kidneys by 1-o-hydroxylase, an enzyme
that is also present in different inflammatory and epithelial cells [4]. The latter autocrine and paracrine
activation has been linked to a variety of non-calcemic effects of vitamin D, which include
anti-inflammatory and antiproliferative properties. The vast pool of epidemiological data linking vitamin D
deficiency - defined as a serum 25(OH)D level below 20 ng'mL71 (=50 nmolL™Y) - to many infectious
and chronic inflammatory diseases including COPD is in line with these mechanistic functions [4].
Vitamin D deficiency is a proven risk factor for COPD and is associated with increasing disease severity [5].
A recent meta-analysis also demonstrated that vitamin D supplementation substantially reduces
exacerbation frequency in severe vitamin D-deficient (i.e. <10 ng'mL_l) COPD patients [6]. Furthermore,
murine data demonstrated that low vitamin D status enhances the onset of COPD-like characteristics
already after 6 weeks of cigarette smoke exposure [3]. Furthermore, vitamin D deficiency accelerates and
aggravates the development of cigarette smoke-induced emphysema, which is potentially related to
enhanced elastin breakdown [3].

Elastin is a unique protein providing elasticity, resilience and deformability to dynamic tissues, such as
lungs and vasculature [7]. Elastin is an absolute requirement for both ventilation and circulation [7].
Elastogenesis starts with the synthesis of tropoelastin, which is subsequently secreted in the extracellular
matrix and aligned with other monomers to form fibres [7]. These tropoelastin-polymers have to be
cross-linked with each other by the enzyme lysyl oxidase in order to obtain elasticity and longevity [7].
During this cross-linking process, two amino acids, desmosine and isodesmosine (DES), are formed that
are unique to cross-linked elastin [8]. Degradation of cross-linked elastin fibres in lungs and blood vessels
by elastases can be quantified by measuring blood levels of DES [8]. Research has shown that plasma (p)
DES levels are elevated in patients with COPD compared to age- and smoking-matched controls [8].
Furthermore, it has been demonstrated that pDES is a predictor of mortality in patients with COPD |[8].
We therefore regard elastin degradation as an attractive biomarker for COPD and, potentially, as a novel
therapeutic target.

TABLE 1 Baseline characteristics

Characteristic Vitamin D group Placebo group p-value
Subjects n 71 71 0.482
Men 59 (83) 62 (87)
Age years 68+9 68+8 0.649
Smoking status
Current smokers 13 (18) 16 (23) 0.288
FEV, L 1.25+0.45 1.22+0.44 0.635
FEV; % pred 4516 4314 0.508
FVC L 2.82+0.80 2.95+0.88 0.377
FEV./FVC ratio 0.44+0.12 0.42+0.11 0.239
Dy co % pred 48417 50£16 0.538
GOLD stage
| 1(1) 0(0) 0.319
Il 21 (30) 19 (27) 0.715
1] 32 (45) 38 (54) 0.317
% 17 (24) 14 (20) 0.546

Baseline characteristics of vitamin D and placebo groups at randomisation. Both groups were matched for
all given variables. Data are presented as n (%) or meansp, unless otherwise stated. FEV;: forced
expiratory volume in 1s; FVC: forced vital capacity; D co: diffusing capacity of the lung for carbon
monoxide; GOLD: Global Initiative for Chronic Obstructive Lung Disease.
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Since vitamin D has anti-inflammatory, antioxidative, antiprotease and antimicrobial properties [9], we
hypothesised that vitamin D supplementation in COPD patients might reduce the rate of elastin
degradation, particularly in vitamin D-deficient subjects. In order to test this hypothesis, we measured
pDES in patients with COPD from the Leuven vitamin D-randomised controlled trial before, during and
at the end of the intervention period.

Methods

Subjects

The parent study was a single-centre (University Hospitals Leuven, Belgium), double-blind, randomised,
placebo-controlled trial, in which 182 COPD patients received either high-dose vitamin D (100000 IU of
vitamin D3) supplementation or placebo every 4 weeks for 1 year [1]. The study was approved by the local
ethics review committee of the University Hospitals Leuven (S50722; EudraCT number: 2007-004755-11)
and was registered with ClinicalTrials.gov (NCT00666367). The 142 vitamin D-naive participants from the
Leuven vitamin D intervention trial were included in our ancillary study (table 1). Forty participants were
excluded from our current study, as they were already using vitamin D supplementation at study entry.
Details of the Leuven vitamin D intervention trial have been previously published [1].

Plasma desmosine measurements

The rate of elastin degradation was quantified by measuring pDES levels. Subjects with highest pDES
concentrations were assumed to have the highest rates of elastin degradation. Isodesmosine and desmosine
fractions were measured separately by liquid chromatography-tandem mass spectrometry as previously
described using deuterium-labelled desmosine as an internal standard [10, 11]. Coefficient of variations of
intra- and inter-assay imprecision were <10%; lower limit of quantification 0.2 ngmL™" and assay linearity
up to 20 ngmL~". pDES levels were presented as the sum of isodesmosine and desmosine fractions. After
randomisation, follow-up visits occurred every 4 months (at 4, 8 and 12 months). Blood was drawn
independently from vitamin D intake. Blood samples were available from 142 patients at baseline, from
133 patients at 4 months, from 129 patients at 8 months and from 116 patients at 12 months. The plasma
samples had been frozen at —80°C for 6 to 7 years. It is unlikely that the storage time influenced pDES
concentrations given the extreme stability of DES.

Other serum measurements

Serum 25(OH)D levels were measured at baseline and after 12 months. Total serum 25(OH)D levels were
measured in multiple batches by radioimmunoassay (DiaSorin, Brussels, Belgium) according to the
standard protocol. These are mean values of duplicate measures. Levels were expressed in ngmL ™"
(conversion factor for nmol'L ™ 2.5).

100+ p<0.001
1
90+
_ 801
2
5 707
c
2
FIGURE 1 25(0H)D levels in placebo 5 601
and intervention groups at baseline st
and 12months. Boxplots  (5th E 50
percentile, 1st quartile, median, 3rd >
quart_ile and 95th  percentile) 2 404
showing serum 25(0H) levels o
[ng'mL’1] at baseline (pre; n=71 in £
both groups) and 12 months (post; % 307
n=61 in placebo arm and n=56 in m
intervention arm). No significant 20+
difference in serum 25(0H)D levels
was fouqd between the plact_abo and 104 L
intervention arm at baseline. 25 L
(OHID levels were significantly

higher in the intervention arm 0 J o ! T
compared to the placebo arm at Placebo Intervention Placebo Intervention

12 months (p<0.001). pre pre post post

https://doi.org/10.1183/23120541.00128-2019 3



COPD | R.JANSSEN ETAL.

Furthermore, serum calcium and phosphate levels were measured every 4 months to monitor safety of
vitamin D supplementation.

Statistical analysis

Analyses were undertaken using SPSS Software (version 24, IBM, Chicago, IL, USA). Univariate linear
regression analysis was used to assess associations between variables corrected for age as covariate.
Repeated measurements linear mixed model analysis was used to determine pDES change during the
course of the study measured at baseline, 4, 8 and 12 months, also corrected for age. A p<0.05 was used as
the threshold for statistical significance.

Results

Baseline vitamin D status and desmosine

No significant difference in 25(OH)D levels was found between placebo and intervention groups at
baseline. As expected, 25(OH)D levels were significantly higher in the intervention arm compared to the
placebo arm at 12 months (p<0.001; figure 1).

A significant positive association was found between age and pDES levels (p<0.0005), and all pDES levels
were therefore corrected for this variable.

At baseline, no association was demonstrated between serum 25(OH)D and pDES levels (p=0.842; figure 2).

Desmosine change during the study

No significant difference in pDES levels was found between the placebo and intervention arm at any of the
four time points (0, 4, 8 and 12 months; figure 3). No significant effect of vitamin D supplementation on
pDES change was found during the course of the study compared to placebo using linear mixed model
analysis (p=0.853).

In the supplementation arm, a significant inverse interaction was found between baseline serum 25(OH)D
levels and pDES change during the course of the study using linear mixed model analysis (p=0.005). In
other words, whereas pDES levels slightly increased during the course of the study in vitamin
D-supplemented subjects with lower baseline 25(OH)D levels, pDES levels significantly decreased in those
with higher baseline 25(OH)D levels.

In the placebo arm, no significant effect of baseline serum 25(OH)D levels on pDES change during the
course of the study was found using linear mixed model analysis (p=0.720). In the supplementation arm
there was a significant decrease in plasma desmosine when comparing the group with serum 25(OH)D
>30 ngmL ™" to the group with a baseline 25(OH)D <30 ng-mL™", 0.007 ngL™" versus —0.802 ng-L™"
(p=0.002) (figure 4).

Baseline calcium, phosphate and desmosine

Vitamin D supplementation did not significantly influence serum calcium and phosphate levels. No
significant association between baseline serum calcium and pDES levels was found in the total study group
(p=0.230). A significant association between baseline serum phosphate and pDES levels was found,
independent from the intervention (p<0.0001; figure 5).
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Discussion

We investigated the effects of serum 25(OH)D levels and high-dose vitamin D supplementation on the
rate of elastin degradation in patients with COPD. Baseline serum 25(OH)D levels did not associate with
elastin degradation markers. Vitamin D supplementation did not reduce elastin degradation in the whole
study population compared to placebo, although a significant and unexpected association was found in the

intervention arm between higher baseline serum 25(OH)D levels and a deceleration of elastin degradation
during the course of the study.

Vitamin D has anti-inflammatory and antioxidative effects [9], which could potentially dampen the rate of
elastin degradation. Systemic inflammation in COPD is associated with higher circulating DES levels [8].
Furthermore, reactive oxygen species have the potential to oxidise and consequently weaken DES
cross-links leading to accelerated elastin degradation [12]. We therefore speculated that vitamin D
supplementation could favourably shift the elastase/anti-elastase balance and protect against elastin
degradation. However, we did not observe a deceleration of elastin degradation in the total intervention
arm. In order to test our hypothesis that vitamin D-deficient COPD patients would particularly benefit
from vitamin D supplementation, we explored the association between pDES change during the course of
the intervention period and baseline 25(OH)D levels. Whereas we had expected to find a positive
association in the intervention arm between baseline serum 25(OH)D levels and pDES change, we found
the opposite. It may suggest that higher serum 25(OH)D levels are needed to obtain any protective effect
of vitamin supplementation on elastin degradation. Obviously, these 25(OH)D levels >50 ngmL™" were
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only reached in patients with normal baseline levels. Additional trials are therefore needed to clarify
whether the inverse correlation between baseline 25(OH)D and pDES change is real.

There is an apparent paradox given that vitamin D supplementation decreased exacerbation frequency in
vitamin D-deficient participants [1], whereas our post hoc analysis revealed that the intervention had
accelerated elastin degradation in these subjects. We suspect that exogenous vitamin D might have both
favourable and unfavourable effects in patients with COPD. The reducing effect on exacerbation frequency
and elastin degradation is probably due to vitamin D’s anti-inflammatory properties. The enhancing effect
of vitamin D supplementation on elastin degradation might potentially be explained by a transient rise in
calcium levels with bolus administration [13]. Intermittent high-dose bolus interventions result in a sharp
rise in serum 25(OH)D levels to often supra-physiological concentrations at the time of administration [14],
which have been associated with hypercalcaemia and even mortality [15, 16]. The buoyant effect of
high-dose vitamin D supplementation on elastin’s calcium content is much more pronounced than the
transient rise in blood calcium levels [17]. This phenomenon was demonstrated in rats treated with
extremely high-dose vitamin D [17]. Aortic tissue calcium content was raised ~15 times, whereas the
calcium concentration in the rats’ serum was minimally affected [17]. Vitamin D supplementation also
caused >50% reduction of aortic DES content in this animal model, illustrating the close relationship
between vitamin D, elastin calcification and elastin degradation [17]. The calcifying effect of extremely
high-dose vitamin D is not unique to the vasculature. Tissue calcium levels in rats’ lungs were also much
higher in the vitamin D than in the control group [18]. The effect of vitamin D on elastin degradation in
the lungs was unfortunately not assessed in this animal study [18]; however, we would expect a similar
reduction of pulmonary DES levels. Although we did not observe a difference in serum calcium levels at
any time during follow-up, a calcifying effect of transient elevation of serum calcium levels following
vitamin D boluses may explain our negative observations as blood samples were collected independently
from drug intake [13]. In addition to this, there are also reasons to assume that bolus administrations not
only have more unfavourable effects, but also less favourable effects than daily vitamin D supplementation.
In particular, a recent meta-analysis demonstrated that the protective effect against infections was only
obtained with daily dose interventions and not with pulses of vitamin D supplements [19]. Other studies
with daily dose interventions in vitamin D-deficient COPD patients are warranted.

Interestingly, there is evidence to suggest that vitamin D and K may play synergistic roles in the
prevention of elastin calcification and degradation [20]. Matrix Gla protein (MGP) is a potent inhibitor of
elastin mineralisation and degradation which requires vitamin K for its activation [21]. A vitamin D-
responsive element is found in the promoter of the MGP gene, which has the capacity to upregulate gene
expression following vitamin D binding thereby increasing the demand for vitamin K to carboxylate the
surplus inactive MGP [22]. Administration of vitamin D may have the potential to induce relative vitamin
K deficiency through this mechanism [20]. Recent studies indeed show that vitamin D supplementation
reduces vitamin K status [23, 24]. Survival is strongly reduced in kidney transplant recipients who are
treated with active vitamin D with low versus high vitamin K status, which is most likely caused by
calcifying effects of vitamin D on blood vessels unopposed by sufficient MGP that has been activated by
vitamin K [24]. Furthermore, data from our group show the presence of an inverse association between
vitamin K status and the rate of elastin degradation [25]. Although we did not assess vitamin K status in
our study, it might be that vitamin D-deficient COPD patients also had low baseline vitamin K status and
therefore experienced negative effects of vitamin D supplementation on elastin degradation. We
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hypothesise that vitamin K might potentially negate the alleged adverse effect of vitamin D administration
on elastin calcification and degradation.

An interesting observation is the positive association between serum phosphate and pDES levels. Although
this correlation should be replicated in an independent cohort before drawing any definitive conclusions,
data are available that could potentially explain why phosphate might have an accelerating effect on elastin
degradation. Hyperphosphataemia is a well-established risk factor of arterial calcification and mortality in
patients with end-stage kidney disease [26]. However, a recent study demonstrated that higher serum
phosphate levels are also strongly associated with increased mortality in patients with COPD [27].
Elastocalcinosis is characterised by the accumulation of calcium phosphate (i.e. hydroxyapatite) within the
arterial wall. Whereas elastin with little hydroxyapatite is relatively resistant to elastases, the vulnerability
to these degrading enzymes increases parallel to the increasing calcium phosphate content causing
accelerated elastin degradation [28]. If the positive relationship between serum phosphate and pDES could
be replicated, it would form the rationale for an intervention trial to assess the effect of
phosphate-reducing interventions on disease progression and rates of elastin degradation in COPD.

One important limitation of our study is the low number of patients with normal to high baseline serum
25(OH)D levels. Interestingly, we observed a favourable pDES decrease during the course of the study in
every subject from the intervention arm with a baseline serum 25(OH) level above 30 ngmL™~". However,
due to the paucity of these patients (only five in the intervention arm), we were missing adequate power to
determine whether vitamin D supplementation in vitamin D-sufficient patients indeed decelerates elastin
degradation. Another limitation may be found in the study population of tertiary care patients in which
elastin degradation might be affected by many other factors, such as repeated exacerbations. Additional
studies are therefore needed to assess the effects of vitamin D supplementation on pDES levels in a
population-based COPD population.

In conclusion, we did not find an effect of serum 25(OH)D levels on the rate of elastin degradation in
vitamin D-naive patients. Contrary to our hypothesis, vitamin D supplementation seems to decelerate
elastin degradation in vitamin D-sufficient COPD patients and not in vitamin D-deficient subjects.
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