
Supplementary Methods 

Production of genetically modified HBECs 

Passage 2 N-HBECs from six donors were seeded into 6-well plates at 5 x104 cells per well 

to adhere overnight. Media was replaced with 800μl BEGM containing 2μg/ml polybrene 

(Sigma, London, UK) and 6.25μl pLVX-Puro-BMI-1 lentivirus solution to produce cells that 

constitutively express BMI-1 (the minimal concentration required to give a transfection rate of 

>90%). To generate an inducible BMI-1 cell line, N-HBECs from five donors were transduced 

with SparQ-BMI-1 lentivirus solution and pCDH-EF1-CymR-T2A-Puro lentivirus solution in a 

1:3 ratio. Cells were incubated for 6.5 hours at 37°C, for the first 2 hours plates were rocked 

gently every 20 minutes to ensure distribution of the virus. After 6.5 hours the polybrene and 

viral mixture was removed and replaced with BEGM only. 72 hours after viral infection 

selection was initiated with BEGM containing 300ng/mL puromycin. Selection medium was 

changed every 2-3 days until selection was complete (6-10 days depending on donor) using 

a non-infected control. The antibiotic resistant cells remaining after selection were considered 

to have stable integration of the lentiviral expression cassette and expressing BMI-1.   

Library Preparation 

Library preparation and RNA-sequencing was carried out by Oxford Genomics Centre. RNA 

was quantified using RiboGreen (Invitrogen, Glasgow, UK) on the FLUOstar OPTIMA plate 

reader (BMG Labtech, Aylesbury, UK) and the size profile and integrity analysed on the 4200 

TapeStation (Agilent). RNA was normalised to 100 ng prior to library preparation. 

Polyadenylated transcript enrichment and strand specific library preparation was completed 

using NEBNext Ultra II mRNA kit (NEB, Hitchin, UK) following manufacturer’s instructions. 

Libraries were amplified on a Tetrad (Bio-Rad, London, UK) using in-house unique dual 

indexing primers. Individual libraries were normalised using Qubit, and the size profile was 

analysed on the 4200 TapeStation. Individual libraries were normalised and pooled together 

accordingly. The pooled library was diluted to ~10 nM for storage. The 10 nM library was 

denatured and further diluted prior to loading on the sequencer.  

Analysis of RNA-sequencing  

Processing of the RNA-sequencing data was performed using Unix operating system. 

Alignment of RNA-Seq reads to genome build GRCh37 was carried out using Tophat package 

(16). Analysis of trimmed RNA-sequencing files was performed using the Cufflinks package 

(16) as we have done previously (17). Adaptor sequence and quality trimming was performed 

using Scythe (https://github.com/vsbuffalo/scythe) and Sickle 
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(https://github.com/najoshi/sickle) respectively. Alignment of RNA-Seq reads to genome build 

GRCh37 was carried out using Tophat package (16). Analysis of trimmed RNA-sequencing 

files was performed using the Cufflinks package (16) as we have done previously (17). Cuffdiff 

and Cuffnorm were used to determine differential (5% FDR) and gene expression normalized 

to library size, respectively. Gene set enrichment analysis was performed using the GSEA 

software from the Broad Institute and the Molecular Signatures Database (MSigDB) (41, 42). 

Volcano plots and heatmaps were produced in RStudio using ggplot2 (43) and pheatmap (44) 

respectively.  
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