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RNA sequencing
Total RNA was extracted from cell cultures in monolayers using either RNeasy Micro Kit or miRNeasy Micro kit, according to manufacturer’s instructions using DNase treatment (all from Qiagen, Hilden, Germany). Cells cultured in MLS scaffolds were washed twice with distilled PBS solution (Thermo Fisher Scientific, Waltham, MA, USA) and lysed directly in RLT lysis buffer (Qiagen). Samples were homogenized using stainless steel beads in TissueLyzer II (both Qiagen) for 2x5 min at 25 Hz. Samples were visually checked and if not shattered, homogenization was repeated for another 5 min until completely lysed. Samples were centrifuged at 4°C for 1 min at 10,000 rpm and the lysates were then transferred to clean microcentrifuge tubes. RNA extraction was then performed using RNeasy Micro Kit including DNase treatment, according to manufacturer’s instructions. RNA concentration was quantified with either NanoDrop (Thermo Fisher Scientific) or Qubit 3.0 Fluorometer using Qubit RNA HS Assay Kit (Thermo Fisher Scientific). RNA integrity was assessed with either RNA 6000 Nano Kit on a 2100 Bioanalyzer or DNF-472 kit on a Fragment Analyzer (all Agilent Technologies, Santa Clara, CA, USA). 

RNA sequencing was performed according to the Smart-Seq2 protocol [1] with some modifications [2] where 10 ng total RNA was used in the reverse transcription step and preamplification was performed for 15-18 cycles. Concentration and quality of preamplified cDNA and final libraries were assessed with Qubit dsDNA High Sensitivity Assay (Thermo Fisher Scientific) and DNF-474 HS NGS Fragment kit on a Fragment Analyzer or High Sensitivity DNA Kit on a 2100 Bioanalyzer Instrument (all Agilent). For each sequencing run, libraries were pooled equimolarly and sequencing was performed paired-end on either a MiniSeq instrument using MiniSeq High Output Reagent kit or a NextSeq500 instrument using NextSeq 500 Mid Output v2 kit (all Illumina, San Diego, CA, USA), according to the manufacturer’s instructions. The NextSeq analysis was performed at Clinical Genomics Gothenburg, Science for Life Laboratory, Sahlgrenska Academy, University of Gothenburg (Gothenburg, Sweden).

Read alignment was performed using STAR RNA-seq aligner v2.6 [3] with ENSEMBL GRCh38 assembly as the reference genome. Read count matrices were generated using the HTSeq python framework v0.9.1 [4]. Genes with a total count number less than 10 were excluded from downstream analyses. Differential expression was analyzed using the R package DESeq2, based on shrink estimation for dispersion and fold-change using a negative binomial distribution model [5]. Adjusted p-values were calculated using the Benjamini-Hochberg method and genes at least two-fold regulated (adjusted p-value ≤ 0.05) were analyzed in downstream analysis. Functional enrichment analysis was performed by comparing gene lists to gene set collections retrieved from the molecular signature database (MSigDB) v7.4 [6, 7] using the enricher function of R package clusterProfiler v3.14.3 [8]. The enrichment analysis was modified to match the methodology used by the MSigDB web tool by redefining the background as the totality of human genes curated by the HGNC (HUGO Gene Nomenclature Committee). Network analysis was performed using Cytoscape v3.8.0 [9] with interaction data retrieved from the STRING database [10] using the StringApp v1.5.1 [11], implemented in R using the RCy3 package. Central proteins within the network were defined by betweenness centrality calculated with the Network Analyzer tool [12]. Shared properties of genes were assessed from NCBI gene summary and UniProtKB/Swiss-Prot summary accessed from GeneCards [13]. Identified scaffold proteins were overlapped with scaffold-regulated genes and the overlapping probability was evaluated with a Fisher’s exact test using all protein-coding genes as background.
Single-cell RNA sequencing 
For MLS scaffolds, single cells were detached from the scaffold using 0.25% trypsin (Thermo Fisher Scientific). For xenografts, tumors were minced on 60 mm plastic dishes (Thermo Fisher Scientific) and dissociated by incubation in 5 mL media, containing 1x collagenase/hyaluronidase (STEMCELL Technologies, Vancouver, Canada) for 4 h at 37°C and 100 rpm using a Incu-Shaker 10L. The solution was passed through a 19G needle (Becton Dickinson, Franklin Lakes, NJ, USA) and filtered through a 40 µm cell strainer (Corning Life Sciences, Amsterdam, The Netherlands). Cell suspension was centrifuged for 5 min at 300 g and then resuspended in 10 mL distilled PBS supplemented with 10 % fetal bovine serum (Thermo Fisher Scientific). Viable cells were enriched with Dead Cell Removal Kit (Miltenyi Biotec, Bergisch Gladbach, Germany), according to the manufacturer’s instructions. Cells were counted with a Moxi Z automated cell counter (Orflo, Ketchum, ID, USA). 

After cell preparation, single cell suspensions were processed immediately and incorporated into Single Cell 3’ gel beads on a Chromium instrument (10x Genomics, Pleasanton, CA, USA). Sequencing libraries were prepared according to the manufacturer’s instructions using the version 2 chemistry (10x Genomics). The quality of cDNA and sequencing libraries was assessed using the DNF-474 HS NGS Fragment kit on a Fragment Analyzer. Sequencing was performed on Nextseq500 instrument using NextSeq 500 MidOutput kit (all Illumina), according to the manufacturer’s instructions at Clinical Genomics Gothenburg, Science for Life Laboratory, Sahlgrenska Academy, University of Gothenburg. Libraries were analyzed using paired-end sequencing with single indexes, according to the Single Cell 3’ v2 kit instructions. 
Single-cell data analysis was performed using Cell Ranger v4.1.1 (10x Genomics) and the resulting barcode matrices were analyzed in R using the Seurat package v4.0.3 [14]. Cells with less than 2000 or more than 8000 expressed genes as well as genes expressed in less than 1% of all cells were excluded from downstream analysis. To eliminate necrotic and apoptotic cells, cells with a mitochondrial mRNA to total mRNA ratio larger than 10% were removed. Data normalization and scaling were performed using the Seurat functions NormalizeData and ScaleData with the default parameters. Data variability linked to the percentage of mitochondrial RNA was regressed in this step. Unsupervised clustering of the cells was performed on the first 15 principal components using the nearest-neighbor algorithm followed by dimensionality reduction using uniform manifold approximation and projection algorithm. Cell grouping was performed using the Leiden community detection algorithm implemented in the Seurat function FindClusters with a resolution of 1.2. Differential gene expression analysis was performed using the R package MAST v1.18.0 [15] implemented in the Seurat function FindMarkers with the number of expressed genes as a latent variable for genes that were expressed in at least 2.5% of the cells in any group. p-values were adjusted for multiple testing using Bonferroni correction and considered statistically significant if the adjusted p-value < 0.05. 

Pseudo-time ordering and developmental trajectories were performed with Monocle 2 DDR-Tree v2.20.0 [16], Slingshot v2.0.0 [17] and SCORPIUS v1.0.8 [18]. The Monocle pseudo-time ordering was generated using the top 1000 differentially expressed genes between single cell clusters determined with the density peak algorithm using the threshold settings rho = 1 and delta = 20. Differential gene expression across the pseudo-time was tested using generalized linear models for the 1500 most differentially expressed genes, based on q-value between clusters as determined by density peak clustering implemented in Monocle. Genes that were significantly regulated across pseudo-time (q-value < 0.1) were visualized in a heatmap and grouped into modules of co-expression using hierarchical clustering. Functional enrichment analysis was performed as described for the bulk RNA sequencing data. 
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