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Supplemental methods

RNA sequencing (RNA-seq)

RNA from cells or EVs was extracted' and precipitated as previously described?: briefly, by
incubating with 500ul TRI Reagent (Sigma-Aldrich, St. Louis, USA), adding 100ul chloroform
and shaking vigorously. After 15 minutes at room temperature, samples were centrifuged at 12
000 x g for 15 minutes at 4°C and 300ul of the aqueous phase was added to 300l isopropanol,
30ul of 3M sodium acetate and 1pl Pellet Paint (Merck, New Jersey, USA) before incubating
over night at —20°C. Samples were then centrifuged at 20 000 x g for 30 minutes, pellets were
washed twice in 600ul of 70% ethanol, dried and resuspended in 15ul elution buffer. RNA
concentration was measured using the Qubit RNA High Sensitivity Assay (Thermo Fischer
Scientific, South Logan, US) and 2ng were used as input to the Smart-seq2 protocol.> 50bp
single end reads were sequenced on a HiSeq3000 (Illumina) and mapped to the ENSEMBL
human transcriptome GRCh37 using Tophat 2.1.1 to generate the read count matrix, which was

normalized using DESeq2.*

Principal component analysis (PCA), hierarchical clustering, differential gene
expression, gene ontology analysis, batch correction and gene overlap enrichment

To gain an unbiased perspective, we pared the data down to the variable genes (as in Hagey et
al’) in the data set expressed above 1 or 3 normalized counts for cells and EVs, respectively.
PCA was executed using prcomp, while hierarchical clustering was performed on sample-to-
sample Pearson correlations using hclust in R. Differential expression was calculated by the
DESeq?2 package to compare sample groups in R. Genes with an adjusted p-value below 0.01
or 0.05 for cells and EVs respectively, were separated into those that were upregulated or
downregulated and analyzed using panther.org complete biological processes statistical

overrepresentation test ontology database release 2019-12-09. A control group of all up- and



downregulated genes graphed together was calculated such that fold enrichments displayed for
each individual group were divided by the enrichment in the control group. As we sequenced
moDC samples from healthy pediatric controls and pediatric patients with Crohn’s disease
separately to our initial cohort, batch corrections were performed using ComBat in R.® Gene
overlap enrichment was performed as: (# overlapping genes)/(# genes in group one)*(# genes
in group two).” The mapping of GO terms to single cell data from Halbritter e al® was analyzed
using Seurat pipeline V3? (https://satijalab.org/seurat/), was visualized using SeqGeq v1.6 from

FlowlJo (https://www.flowjo.com/solutions/seqgeq).

Luminex protein analysis
500ul of cell media was first concentrated to 50ul before analysis. A human premixed multi-
analyte kit (R&D Systems) was then used to assess the levels of 10 selected factors secreted

by DCs and/or monocytes according to the manufacturer's instructions, as in Javadi et al.!

Size exclusion chromatography, nanoparticle tracking and protein concentration
measurement

500ul or 1ml of cell media from three LCH patients and three healthy controls + INFy treatment
was run on qEVoriginal 70nm columns (Izon SP1) according to the manufacturer’s instructions
as previously described.? Briefly, columns were primed with 0.2um filtered phosphate buffer
saline (PBS) and samples were allowed to pass through the column before 10ml of PBS was

applied on top. 3ml of PBS was first discarded before the four 1.5ml fractions were collected.

Nanoparticle tracking was performed on all size exclusion fractions using a Nanosight LM 10
(Malvern Panalytical, UK) as previously described to calculate the concentration of particles.!”

Protein concentrations were calculated using a colorimetric DC protein assay (BioRad,



California, USA) according to manufacturer’s instructions. Concentrations were back
calculated to the original volume of media applied to size exclusion to get a per ml

measurement of particle and protein concentrations.

Multiplex bead-based EV flow cytometry

For EV surface marker expression profiling, EVs were subjected to multiplex bead-based flow
cytometry analysis (MACSPlex Exosome Kit, human, Miltenyi Biotec), as previously
described.!' In brief, equal volumes of EV containing samples were incubated with 8ul of
MACSPIlex Exosome Capture Beads (containing 39 different antibody-coated bead subsets).
Captured EVs were counterstained with a mixture of APC-conjugated anti-CD9, anti-CD63
and anti-CD81 detection antibodies (supplied in the kit; Sul each). Flow cytometric analysis
was performed in a MACSQuant Analyzer 10 flow cytometer (Miltenyi Biotec). FlowJo
software (v10, FlowJo LLC) was used to analyze raw flow cytometric data. Median
fluorescence intensities (MFI) for each capture bead subset were background-corrected by
subtracting respective MFI values from matched non-EV buffer or media controls that were

treated exactly like EV-containing samples (buffer/medium + capture beads + antibodies).

Flow cytometry data analysis of lymphocytes

The cells were collected and stained as previously described'? using a cocktail of the antibodies
shown in Table S8. Data analysis was performed using FlowJo version 10 as described in
Lourda ef al.' Briefly, a compensation matrix was generated using AutoSpill, optimized and
applied to all fcs files. All data was pre-processed with the time gate followed by exclusion of
doublets, dead cells and lineage positive cells (CD14, CD15, CD19, CD304). 38000
lymphocytes from each individual were exported in a new file, barcoded and concatenated.

Dimensionality reduction was performed with the Uniform manifold approximation and



projection (UMAP) FlowJo plugin v3.1. FlowJo Phenograph v3 was used for unsupervised

clustering, with the optimal k-nearest neighbors (KNN) implemented automatically.

Transmission electron microscopy (EM) imaging

moDCs that had been cultured in the presence of INFy (as described above) were pelleted after
centrifugation for 5 min at 1500 rpm, followed by fixation in 2.5% glutaraldehyde in 0.1M
PBS pH 7.3. The samples were then washed in 0.1M PBS and post-fixed in 2% osmium
tetroxide in 0.1M PBS for 2h at room temperature and embedded into LX-112 (Ladd,
Burlington, Vermont, USA). Ultrathin sections (50-60 nm) were cut using a Leica ultracut
UCT/Leica EM UC 6 (Leica, Wien, Austria). Sections were subsequently contrasted with
uranyl acetate followed by lead citrate and examined in a Hitachi HT 7700 (Tokyo, Japan)
microscope. Digital images were taken using a Veleta camera (Olympus Soft Imaging

Solutions, GmbH, Miinster, Germany).

For EV images, cell media was applied and stained with uranyl acetate as in Hagey ef a/?> and

imaged on a Tecnai 12 Spirit BioTwin microscope (FEI Company).

Lymphocyte stimulation assay

PBMC were isolated from buffy coats from 3 healthy donors and were resuspended in a
concentration of 1 million cells/ml medium in the presence of anti-CD28 (0.34 pg/ml Thermo
Fischer Scientific). The medium was either a mix of supernatants from 3 LCH cultures or a
mix of supernatants from 3 control cultures. PBMC (200000 cells/well) were seeded in 6-well
plates that had been coated with anti-CD3 monoclonal antibody (1pg/ml, Thermo Fischer

Scientific) for 2h at 5% CO2 at 37°C, followed by aspiration and removal of the anti-CD3



solution before addition of the PBMC. The cells were left in culture for 18h before collection

and staining for flow cytometry.



Supplemental figures

A

Figure S1. Variation in patient and control moDCs. (A) Hierarchical clustering of sample-
sample Pearson correlations between control and patient moDCs. (B) Top principal component
1 loading genes for the principal component analysis (PCA) shown in Figure 1E. (C) Overlap
enrichment of control and patient CD207* cell enriched genes from Allen ef al'* and those
differentially expressed in our control and patient moDC cells. (D) Gene ontology term fold

enrichments for top 100 positively and negatively principal component 1 loaded genes for PCA
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Figure S2. The effect of INFy treatment on moDC maturation. (A) Hierarchical clustering
of sample-sample Pearson correlations between INFy treated and untreated moDCs from each
individual control and patient. (B) Gene ontology term fold enrichments for all genes up and
downregulated in moDCs by INFy treatment. (C) Ratio of normalized count data in INFy
treated control and patient moDC for genes exemplifying the gene ontology pathways regulated

in (B). Statistics performed using two-tailed, unpaired t-tests. * = p<<0.05 and *** = p<0.001.
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Figure S3. Dysregulation of multiple vesicle trafficking pathways. Heatmaps of relative

normalized count data of selected important genes that are significantly different (p<<0.05 using

DESeq2) from various pathways involved in endocytosis, endosomal sorting and exocytosis in

control and patient cells £ INFy treatment. Individual triplicate values are displayed in the

order: control INFy- | control INFy+ | patient INFy- | patient INFy+.
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Figure S5. moDC endocytosis of beads. moDCs differentiated from monocytes that had been
isolated with immunodensity negative selection (RosetteSep Human Monocyte Enrichment
Cocktail, Stem Cell Technologies, RS). Isolation that does not include bead-based selection
does not have any of the intracellular structures observed in Figure 4. Subsequent incubation
of these moDCs for 2 hours with the beads used in the EasySep protocol (50 pl/ml) resulted in

internalization of the beads (RS + beads).
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Figure S6. Multiplex analysis of moDC secretome proteins. (A) Luminex protein assay for
cytokines known to be secreted by monocytes and DCs. (B) MACSplex EV surface protein
flow cytometry assay for 39 standard proteins. Each maker in both assays corresponds to two
sets of data points, with the left (dark grey) data points corresponding to patient and the right
(light grey) data points to control samples.
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disease. Red dots in (C), (E) and (G) are genes with significantly different expression.
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Figure S8: UMAP of lymphocytes treated with supernatants from control or LCH
cultures. (A) UMAP on concatenated files of 114000 lymphocytes from 3 healthy donors
(38000 cells from each donor) treated with control culture supernatant (light blue) or 114000
lymphocytes from the same 3 healthy donors (38000 cells from each donor) treated with LCH
culture supernatant (red). (B) Combined UMAP of control-treated and LCH-treated

lymphocytes displaying the median fluorescence intensity (MFI) of the indicated markers.
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