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A B S T R A C T

Studies to identify novel immune-regulatory functions of active vitamin D (1,25(OH)2D3) in human CD4+ T cells
revealed that 1,25(OH)2D3 potently induced expression of the gene SERPINA1, encoding the anti-protease α-1-
antitrypsin. We confirmed α-1-antitrypsin protein expression by 1,25(OH)2D3-treated CD4+ T cells, but not in
CD8+ T cells or monocytes. α-1-Antitrypsin promotes anti-inflammatory IL-10 synthesis in other immune cell
populations. We therefore investigated its immune-regulatory effects in CD4+ T cells. Plasma-derived α-1-an-
titrypsin drove IL-10 synthesis by CD4+ T cells, which was not dependent on anti-protease activity, but appeared
to require a serum-binding factor, since this could not be achieved with recombinant protein. α-1-Antitrypsin is
reported to bind complement components, which regulate T cell function. A role for this interaction was
therefore probed. Plasma-derived, but not recombinant α-1-antitrypsin contained C3a. Surface Plasmon
Resonance and Microscale Thermophoresis demonstrated α-1-antitrypsin binding to C3a. Addition of C3a to
CD4+ T cells cultured with recombinant α-1-antitrypsin restored induction of IL-10, whereas neutralisation of
C3a abrogated IL-10 induced by plasma-derived α-1-antitrypsin. To interrogate an endogenous role for the α-1-
antitrypsin-C3a axis in 1,25(OH)2D3-driven CD4+ T cell IL-10 synthesis, we treated cells from healthy or α-1-
antitrypsin-deficient individuals (which transcribe SERPINA1 but do not secrete protein) with 1,25(OH)2D3. A
significant correlation was identified between SERPINA1 and IL10 gene expression in healthy donor CD4+ T
cells, which was absent in cells from α-1-antitrypsin-deficient individuals. Therefore, α-1-antitrypsin is required
for 1,25(OH)2D3-induced IL-10 expression in CD4+ T cells, interacting with C3a to drive IL-10 expression.

1. Introduction

Vitamin D is a potent anti-inflammatory mediator, with its active
form (1,25-dihydroxyvitamin D, 1,25(OH)2D3) having a range of im-
mune-regulatory functions including direct induction of anti-microbial
functions and the generation of tolerogenic antigen presenting cells and
regulatory T cells [1]. Effects of 1,25(OH)2D3 on CD4+ ‘helper’ T cells,
which co-ordinate the immune response have been a particular interest
of our laboratory and previous work has identified 1,25(OH)2D3-

mediated induction of the anti-inflammatory cytokine IL-10, the im-
mune-suppressive ligand CD200 and the regulatory T cell hallmark
transcription factor FoxP3 [2–5]. The induction of inhibitory antigens
such as CTLA4, first described by Jeffery et al. [6], occur rapidly in
culture and likely represent direct transcriptional regulation by
1,25(OH)2D3. In contrast, evidence exists that 1,25(OH)2D3 controls
synthesis of the anti-inflammatory cytokine IL-10, with positive corre-
lations seen in vivo [4,7]. However the capacity of 1,25(OH)2D3 to
induce IL-10 synthesis by CD4+ T cells occurs comparatively slowly in

https://doi.org/10.1016/j.jsbmb.2019.01.014
Received 1 October 2018; Received in revised form 18 December 2018; Accepted 24 January 2019

⁎ Corresponding author at: Asthma UK Centre for Allergic Mechanisms of Asthma, Peter Gorer Department of Immunobiology, School of Immunology and Microbial
Sciences, 5th Floor Tower Wing, Guy’s Hospital, King’s College London, London, SE1 9RT, United Kingdom.

E-mail address: catherine.hawrylowicz@kcl.ac.uk (C.M. Hawrylowicz).
1 These authors contributed equally to this work.

Journal of Steroid Biochemistry and Molecular Biology 189 (2019) 1–9

Available online 25 January 2019
0960-0760/ © 2019 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/09600760
https://www.elsevier.com/locate/jsbmb
https://doi.org/10.1016/j.jsbmb.2019.01.014
https://doi.org/10.1016/j.jsbmb.2019.01.014
mailto:catherine.hawrylowicz@kcl.ac.uk
https://doi.org/10.1016/j.jsbmb.2019.01.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsbmb.2019.01.014&domain=pdf

















	Vitamin D (1,25(OH)2D3) induces α-1-antitrypsin synthesis by CD4+ T cells, which is required for 1,25(OH)2D3-driven IL-10
	Introduction




