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Inhaled corticosteroids reduce senescence in endothelial progenitor cells from
COPD patients

ONLINE DATA SUPPLEMENT

Material and Methods

Participants
Blood samples (15–48 mL) were collected from healthy non-smoking volunteers, smokers
with normal lung function (forced vital capacity in 1 second (FEV1) >80% predicted,
FEV1/forced vital capacity (FVC) >0.7) and COPD patients (FEV1<80% predicted, FEV1/FVC
<0.7). All individuals aged 38 to 80 years, and were free from significant cardiac, renal,
haematological, or other major disorders as determined by medical history, physical
examination and screening investigations. All COPD patients were current or ex-smokers and
were classified according to the Global initiative for chronic Obstructive Lung Disease (GOLD)
criteria for severity of disease. All volunteers were stable (no chest or other infection requiring
antibiotics and/or oral steroids) for at least 4 weeks. The study was approved by the Royal
Marsden, Hammersmith and Queen Charlotte's and South East Scotland Ethics Committees,
and informed consent was obtained from all individuals.

Isolation and Culture of ECFC from Peripheral Blood
Peripheral blood mononuclear cells were isolated from blood samples and seeded at a density
of 3–5 × 107 cells per well, in complete endothelial growth medium (EGM)−2 (Lonza,
Walkersville, MD) supplemented with 10% fetal bovine serum (FBS) (Hyclone, Thermo
Scientific, Fisher Scientific Ltd., Loughborough, U.K.), onto six-well plates precoated with type
I rat tail collagen (BD Biosciences, Bedford, MA), as previously described 1. After 24 hours,
nonadherent cells and debris were aspirated, adherent cells were washed once with EGM-2
medium, and fresh EGM-2 was added to each well. Medium was changed daily for 7 days and
then every 2 days. Colonies of ECFC appeared between 7 and 22 days in culture as discrete
colonies of cells with cobblestone morphology and were enumerated by visual inspection
using a ×4 objective lens (EVOS™ XL Core Imaging System). Endothelial cells derived from the
colonies were passaged for 2–3 weeks after appearance and grown to confluence. All
experiments were performed with ECFC between passage 3 and 5. There were no differences
in the isolation success rate between the groups as described in supplemental material of
reference.1
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We used a previously published method for inducing premature senescence by H2O2 (ref
Stem Cells). Commercially available human umbilical vein endothelial cells (HUVEC) from
pooled donors were used for our experiments (Lonza). HUVEC 1 × 105 were seeded in six-well
plates and grown to 80% confluence in M199 medium (Sigma-Aldrich Company Ltd., Dorset,
U.K.) plus 10% FBS. Following 1 hour pre-treatment with budesonide or control vehicle
(DMSO), cells were washed twice with PBS and treated for 1.5 hours with 50 μmol/L of
H2O2 (Sigma-Aldrich Company Ltd.). Cells were washed twice with PBS and cultured in M199
plus 10% FBS medium for three additional days, in the absence or presence of increasing
doses of budesonide (Sigma-Aldrich Company Ltd) between the range 10-6M and 10-10M.

Immunofluorescence
Isolated ECFC or HUVEC were stained as previously described1 with antibodies to vascular
endothelial (VE)-cadherin (CD144) (AF938, Bio-Techne Ltd, Abingdon, Oxfordshire, U.K.), p16
and p21 (sc-65224 and sc-817 Santa Cruz Biotechnology, Insight Biotechnology Ltd.,
Wembley, U.K.), 53 binding protein 1 (53BP1) (4937, Cell Signaling Technology, New England
Biolabs, Hertfordshire, U.K), γ-H2AX (05-636, Millipore) and IP-10 (MA5-32674, Invitrogen
Ltd). Secondary antibodies were anti-mouse AlexaFluor 647, anti-rabbit AlexaFluor 488, and
anti-goat Alexa Fluor 555 (Invitrogen Ltd). Nuclei were visualized using deep red
anthraquinone 5 (DRAQ5) (Biostatus Limited) or 4-6-diaminidino-2-phenylindole (DAPI)
(Thermo Fisher Scientific).

Senescence-Associated β-Galactosidase Staining
Senescence-associated β-galactosidase (SA-β-Gal) activity was measured with a βGalactosidase staining kit (Senescence Detection Kit, BioVision Research Products, Mountain
View, CA) following the manufacturer's protocol. The number of blue (senescent) cells relative
to the total cell number was counted in two to four different optic fields, using ×10 or ×20
objective lens. At least 200 cells were counted per sample.

Caspase-Glo 3/7 Assay
Apoptosis was quantified by measuring caspase 3 and 7 activation, using Caspase-Glo 3/7
Assay (Promega, Southampton, United Kingdom) on a Bio-Tek Synergy HT multidetection
microplate reader, following the manufacturer's protocol.

Western Blotting
Western blotting was carried out as described1. The following antibodies were used: p21
Waf1/Cip1 (Cell Signaling Technology, 2947), γ-H2AX (ser139) (Cell Signaling Technology,
9718), Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Millipore, Watford, U.K.), α-
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Imaging and Image analysis
At least 5 representative image stacks for quantification were captured for each
sample/individual on a Zeiss LSM-780 inverted confocal laser scanning microscope using
either a ×40, or x63 oil objective. The images were analysed using FIJI image analysis software
and macros were developed to quantify either the DNA damage foci per nucleus, using the
DAPI or DRAQ5 fluorescent signal to create masks, or to measure the nuclear and cytoplasmic
intensities for each sample.

Statistical Analysis
Data are expressed as mean ± SEM or ± SD as described. Statistical analysis was performed
with GraphPad-Prism 9. Comparisons were performed with Mann-Whitney U test, Kruskal
Wallis test followed by Dunn’s post-hoc analysis (for unpaired samples) or Friedman’s test
followed by Dunn’s post-hoc analysis (for paired samples - experiments on HUVEC). The
correlation of values was estimated with the Pearson r correlation coefficient. Significance
was defined as p<0.05.
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