Targeting IgE polyadenylation signal with antisense oligonucleotides decreases IgE secretion and plasma cell viability
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ONLINE REPOSITORY
METHODS
ASO design
Ig polyadenylation signal sequences (PAS) were collected from NCBI, GRCh38.p12 assembly, 20 base pairs upstream to 20 base pairs downstream from secreted IgE PAS on the IGH locus. Multiple sequence alignments were made using MView bioinformatics software. Vivo-morpholino IgE-PAS ASO (5′-GCTCTGAGCAGGCACAGTTTATTG- 3′) and irrelevant VivoStandard Control ASO (5′- CCTCTTACCTCAGTTACAATTTATA-3′) were designed and purchased from Gene Tools, LLC. Vivo-morpholino ASO were coupled to octa-guanidine dendrimer to 3’ end of morpholino oligomers. Conjugation of Pip6a peptide C-terminal acid to 3' end of morpholino IgE-PAS ASO (Pip6a-ASO) was performed by Cambridge Research Biochemicals (UK). Amino acid sequence of arginine-rich cell-penetrating Pip6a peptide is: Ac-RXRRBRRXRYQFLIRXRBRXRB-acid (where B is beta-alanine and X is aminohexanoic acid). ASO stock was diluted to 0.5mM with sterile nuclease-free water.
Mice
The InEps mouse model, harboring an insertion of a floxed human Cµ gene followed by a human Cε gene at the IgH locus, has been previously described (Laffleur et al, Cell Reports 2015). These mice were crossed with CreERT2 mice in order to induce Tamoxifen-dependent expression of humanized IgE. Six- to ten-month-old mice were used in all experiments and maintained in our animal facility, at 21–23 °C with a 12-h light/dark cycle. Experiments were performed according to the guidelines of our institutional review board for animal experimentation (No. CREEAL 6-07-2012).
Cell culture and ASO treatments
First, we performed a dose-response study to determine the optimal concentration of ASO for each cell type. The U266 cell line was cultured in RPMI1640 with Ultraglutamine (Lonza) and 20% Fetal Bovine Serum (FBS) (Dominique Dutscher) at 37°C with 5% CO2 and treated for 48 hours with 6µM ASO. Allergen-specific InEps hybridoma cell lines (anti-penicillin, anti-wasp venom and anti-ovalbumin) were kindly provided by Dr A. Cuvillier (ArkAb a division of B Cell Design, Limoges, France) and cultured for 48 hours in DMEM Glutamax, high glucose medium 10% FBS at 37°C with 5% CO2 with 3µM ASO. Splenic B cells isolated from InEps/CreERT2+ mice were stimulated (1×106 cells/ml) with 1 μg/ml lipopolysaccharide (LPS) (LPS-EB Ultrapure; InvivoGen) in RPMI 1640 medium with Ultraglutamine and 10% FBS. At day 1, cells were treated for 48 hours with 1µM Hydroxy-tamoxifen (Sigma H7904) and 2µM ASO. For in vivo assessment, InEps/CreERT2+ mice received oral gavage (200 µL) of corn oil containing 40mg/ml of Tamoxifen (Sigma) at day 0, and were then injected (tail vein) with 12.5mg/kg ASO in PBS at day 1. Serum IgE concentrations were assessed at day 2. Human Peripheral Blood Mononuclear Cells (PBMC) were obtained by Ficoll density gradient centrifugation (Lympholyte-H Cedarlane) of cytapheresis rings from healthy donors (EFS Bordeaux) and B cells were sorted with the B cell isolation kit II (Miltenyi Biotec). Sorted B cells were cultured for 4 days in RPMI 1640 with UltraGlutamine (Lonza) containing 10% FBS, 1 mM sodium pyruvate (Eurobio), 1% NEAA (Eurobio), 50 U/ml penicillin/ 50 µg/ml streptomycin (Gibco) with 50ng/mL human IL-4 (Peprotech) and 100ng/mL Mega-CD40 ligand (Enzo Life Sciences). Human B cells were treated with 2µM ASO for 72 hours at day 1 following stimulation.
Flow Cytometry
InEps spleen cells were briefly washed with 0.05% Trypsin-EDTA (Gibco) to remove passively bound IgE before staining. Intracellular IgE staining was performed on B-cells with IntraPrep Permeabilizaton Reagent (Beckman Coulter), using FITC anti–human IgE (A80-108F Bethyl Laboratories) and additional surface BV421 anti–mouse B220 (RA3-6B2 BioLegend) staining. Apoptosis was evaluated in U266 cells with AnnexinV (BioLegend) and To-PRO™-3 Iodide (ThermoFisher). Data were acquired on a Beckton Dickinson LSRII Fortessa cytometer and analyzed with FlowLogic software.
Immuno-Assays
IgE concentrations were determined in culture supernatants by Total IgE ImmunoCap (ThermoFisher Diagnostic) using a Phadia250. Serum concentrations of humanized IgE were determined using IgE Human Uncoated ELISA Kit (Invitrogen) according to manufacturer’s instructions. Optic density was measured at 450 nm and 570 nm on a Multiskan FC microplate photometer (ThermoFisher).
Western Blot
Cells were lysed in radioimmunoprecipitation assay (RIPA) buffer (Thermo Scientific) supplemented with protease and phosphatase inhibitor cocktail. Lysates were sonicated and protein quantified with Pierce™ BCA Protein Assay kit (Thermo Scientific). Proteins were denaturated at 95°C 5 minutes before separation on 12% SDS-PAGE TGX Stain-Free FastCast Acrylamide (Bio-Rad Laboratories) gels. Proteins were then electro-transferred onto Trans Blot Turbo polyvinylidene fluoride membranes (Bio-Rad Laboratories). Western blots were probed with rabbit anti-human PARP antibody (Cell Signaling ref 9542). Detection was performed using an HRP-linked goat anti-rabbit secondary antibody (Southern Biotech ref 4050-05) and chemiluminescence detection kit (ECL Plus™, GE Healthcare). Membranes were visualized using the ChemiDoc™ Touch Imaging System (Bio-Rad Laboratories).
Quantitative RT-PCR
[bookmark: _GoBack]Total RNA was prepared using Tri-reagent (Invitrogen) procedures. RT was carried out on 1µg DNase I (Invitrogen)-treated RNA using High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems). Priming for reverse transcription was done with Oligo(dT)20 (Invitrogen). Quantitative PCRs were performed on cDNA samples equivalent to 5-10 ng RNA per reaction, using SYBR® Premix Ex Taq ™(Tli RNaseH Plus), ROX plus kit or Premix Ex Taq ™ (Probe qPCR), ROX plus kit (Takara) on a StepOnePlus Real-Time PCR system (Applied Biosystems). Transcripts were quantified according to the standard 2−ΔΔCt method after normalization to GAPDH (Hs02758991_g1 ThermoFisher Scientific Probe) or Gapdh (Mm99999915_g1 ThermoFisher Scientific Probe). Secreted / Membrane Ig mRNA ratios were also determined without normalization using the standard 2−ΔCt method. SYBR quantitative PCR was performed for the quantification of secreted-IgE with forward 5’- CGAGCGGTGTCTGTAAATCC and reverse 5’- CACTGCACAGCTGGATGG primers, for total IgG1 with forward 5’-TGCAAGGTCTCCAACAAAGC and reverse 5’-GTGGTCTTGTAGTTGTTCTC, for total IgM with forward 5’-CAGAATGCGTCCTCCATGTG and reverse 5'-GGTGGACTTGGTGAGGAAGA, for secreted IgG1 with forward 5'-AAGCTCACCGTGGACAAGAG and reverse 5'-CGGCCGTGGCACTCATTTA, for membrane IgG1 with forward 5'-AAGCTCACCGTGGACAAGAG and reverse 5'-AGCACACGCTTAACAGGAAGA, for secreted IgM with forward 5'-AAGAGGAATGGAACACGGGG and reverse 5'-ACATGACCAGGGACACGTTG and for membrane IgM with forward 5'-AAGAGGAATGGAACACGGGG and reverse 5'-ACAAGGTGACGGTGGTACTG primers. Membrane-IgE transcript mRNAs were quantified using Taqman quantitative PCR with an M1-M2 exon spanning probe designed and purchased from ThermoFisher Scientific.
RNA sequencing analysis
Poly-adenylated mRNA-sequencing was performed on the Illumina NextSeq500 and analyzed with DESeq2 by the Nice-Sophia-Antipolis Functional Genomics Platform. Differentially expressed genes were sorted when the adjusted p value was > 0.05 and the fold change was < 1.5 or > 1.5. Reads were aligned with STAR on the hg38 genome during the primary analysis. IGHE read visualization was performed on IGV software and total read counts of CH4, CHS and M2 regions were extracted with Samtools. Heatmap was obtained with R studio software using ggplot. Pathway enrichments were analyzed on statistical differentially expressed genes with Gene Ontology, KEGG and Reactome tools on R studio software.
Statistical analysis
The results are expressed as the mean ± standard error of the mean (SEM), and overall differences between variables were evaluated by Student t test using Prism GraphPad software (San Diego, CA).

TABLE E1. Differentially expressed genes analysed by DESeq2 after RNA sequencing. Differentially expressed genes with a fold change < or > 1.5 and an adjusted p value < 0.05 were selected from DESeq2 analysis gene list.
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