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VitD: vitamin D

VDBP: vitamin D binding protein

BAL.: bronchoalveolar lavage fluid

25-(OH)D3: 25-hydroxyvitamin D3

FEV 1%: predicted forced expiratory flow in 1 second;

FEF,s.75%0: predicted forced expiratory flow between 25 and 75% of vital capacity
FeNO: fractiona exhaled nitric oxide

GINA: Globa Initiative for Asthma

Sp: sputum

Se: serum
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VitD-axis, which includes VitD, VitD-binding protein (VDBP), and the VitD
receptor, has been found to regulate immunomodulatory functions that may be of
particular relevance in asthma[l] Serum (Se) VitD is the most commonly used
surrogate of the VitD-axis to explore the impact of the axis on clinical asthma
expression. However, the findings are controversial .[ 2]

Currently, Gupta et a. demonstrated that VDBP concentration in
bronchoalveolar lavage fluid (BAL), but not Se, was significantly higher in severe
therapy-resistant asthma children patients and was inversely correlated with asthma
severity.[3] Little is known whether Se-surrogates of VitD-axis levels could accurately
represent their airway counterparts to reflect the local immunomodulatory effects in
the lung. In the current study, we measured VitD and VDBP levels in matched Se and
sputum supernatant (Sp) in adult asthmatic patients and compared the difference in
clinical relevance. Although BAL provides insight into the pathophysiology of asthma,
a maor disadvantage is the invasiveness of the procedure, precluding frequent
sampling in the same subject. Induced produced sputum has been proposed as a
noninvasive aternative to bronchoscopy for investigating local airway inflammation
at follow-ups.

A total of 203 asthmatic patients were recruited for our study from the
Department of Allergy and Clinical Immunology at The First Affiliated Hospital of
Guangzhou Medical University from December 2017 to February 2019. All the
subjects underwent a standardized clinical assessment, including pulmonary function

test, sputum inflammatory cell differentiation, allergy status (Se-specific-IgE
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measurement), fractional exhaled nitric oxide measurement, and complete blood
count. Sputum induction was performed successfully for 124 subjects, of whom 96
had an adequate volume of sputum supernatant after sample processing for further
measurement. The processing of sputum induction and sputum sample normalization
were described in our previous study.[4] All of the subjects included in the current
study had received treatment recommended by GINA and did not take VitD
supplements for at least six months before recruitment. The study was approved by
the Ethics Review Board of the First Affiliated Hospital of Guangzhou Medical
University [Medical Ethics Year 2017(No 25)]. All participants provided written
informed consent. The VDBP levels in Se and Sp were measured by using
ELISA(R&D Systems, MN, USA), and VitD (25-hydroxyvitamin D3(25-(OH)D3))
levels were measured by our hospital laboratory department using Roche Modular
E170.

Sp-VDBP concentrations were significantly lower in mild asthmatic patients
compared to those either in moderate and severe asthmatic subjects (p < 0.001, and p
< 0.001), and there was no difference among the groups with differing asthma severity
regarding the concentrations of either Se-25-(OH)D3; or Se-VDBP. In addition, the
Sp-VDBP concentrations of subjects with airway eosinophilia were significantly
higher compared to those in subjects without airway eosinophilia(p = 0.028).
25-(OH)D3 was not detectable in our Sp samples. Sp-VDBP negatively correlated
with lung function indices including FEV1% (r = -0.341, p = 0.002) and FEF,5.75% (r

= -0.286, p = 0.011), and positively correlated with sputum eosinophil count (r =
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0.280, p = 0.013). However, we did not observe a correlation between Se-VDBP or
Se-VitD with any clinical parameter. There was no association between Sp-VDBP and
Se-VDBP (r = 0.095, p = 0.565) or between Sp-VDBP and Se-VitD (r = 0.161, p =
0.321), and Se-VDBP and Se-VitD (r = 0.220, p = 0.381) (Figure 1).

Our study is the first to compare the clinical relevance of the surrogates of the
VitD-axis in matched Se and Sp samples. Although Sp-25(OH)D3;was not detectable,
we found that patients with mild asthma presented lower Sp-VDBP levels as
compared to moderate and severe asthmatic patients. Additionaly, Sp-VDBP
concentrations were significantly correlated with lung function indices and airway
eosinophilia. A similar degree of clinical relevance was absent for both Se-25(0OH)D3
and Se-VDBP. This data revealed that Sp-surrogates of the VitD-axis might be more
relevant in asthma characteristics than their Se counterparts.

VDBP is a critical component of the VitD-axis and has immunomodulatory
functions relevant in a range of lung diseases, including chronic obstructive
pulmonary disease, tuberculosis, and asthma, predominantly relating to macrophage
activation and neutrophil chemotaxis.[5] K. Bratke et a. reported that a significant
increase in VDBP in human BAL 24 hours after allergen challenge and the increased
VDBP levels were significantly correlated with eosinophilsin BAL, suggesting arole
of VDBP in the asthmatic late-phase.[6] Our findings show that increased Sp-VDBP
concentrations might be a risk factor of asthma severity through contributing to
airway eosinophilia and decreased lung function, which are two dominant features of

asthma. One possible interpretation of the increased production of airway VBDP in
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asthma might relate to chronic airway inflammation leading to immune cell
recruitment and induction of inflammatory cytokines, which are known to stimulate
hepatic transcription of VDBP, and this may aso occur locally in the lung.[7] VDBP
is expressed in many tissues and by neutrophils. However, there is no evidence
showed that VDBP is expressed on eosinophils.[5] VDBP might play a function in
driving aveolar macrophages into a more inflammatory state that causes macrophage
dysfunction, which subsequently contributes to airway eosinophilia[8] Furthermore, a
vitro experiment showed that the addition of VDBP to monocyte cultures impairs
VitD responsiveness, presumably by limiting the free diffusion of unbound VitD into
the cells,[9] which may represent another mechanism by which excessive VDBP in
the lung may limit VitD to perform immune functions in airway inflammatory or
epithelial cells, leading to asthma development.

The mechanism of VitD-axis relating to asthma is very complex, and it
implicates VitD supplement, VDBP production, VitD receptor expression, and
polymorphisms. Abnormality of each of these significant components of the VitD-axis
might contribute to the development of asthma. In the current study, through
comparison of Se and Sp surrogate of VitD-axis with clinical asthma features, we
found that rather than Se-VitD or Se-VDBP, Sp-VDBP presented strong clinical
relevance relating airway eosinophilia and decreased lung function. The findings offer
a new perspective that Sp-VDBP might serve as an dternative of VitD to explore the

immunomodulatory role of the VitD-axis locally in airways in asthma.
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Figure 1. (A1.A3) Se-25(OH)Ds;, Se-VDBP, and Sp-VDBP concentrations in mild, moderate,
and severe asthma groups; (B1-B3) Se-25(0OH)D, Se-VDBP, and Sp-VDBP concentrations in
airway eosinophilia and non-eosinophilia groups; (C1-C3) Spearman correlation between
Sp-VDBP with FEV 1%, FEF.5%, and sputum eosinophil count, respectively; (Di-Ds) No
association between Sp-VDBP and Se-VDBP and Sp-VDBP, and Se-VDBP and Se-VitD.



