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Cell culture
The LMS cell lines IB112 and IB136 and the uterine LMS cell line IB134 were cultured in RPMI 1640 medium, GlutaMAXTM Supplement (Sigma-Aldrich, St. Quentin Fallavier, France) supplemented with 10% (v/v) fetal bovine serum (FBS) and 0.2% Normocin (InvivoGen, Toulouse, France) at 37°C in an environment containing 5% CO2. SKBR3 cell line was purchased from ATCC and was cultured in complete Dulbecco’s Modified Eagle Medium (Sigma-Aldrich, St. Quentin Fallavier, France). Cells were routinely passaged every 2 to 3 days. The cell lines were tested negative for mycoplasma contamination.

Reagents
BEZ235 (dual PI3K/mTOR inhibitor) was purchased from Selleck Chemicals (Houston, TX, USA) and was prepared as a 2.1 mmol/L stock solution in DMSO and stored at -80°C. EPZ011989, a selective EZH2 inhibitor, was synthesized and provided by Epizyme Inc. (Cambridge, MA, USA). The chemotherapy drugs doxorubicin and gemcitabine were purchased from Sigma Aldrich (St. Quentin Fallavier, France). Cultured cells were treated with medium changes and fresh drug additions as indicated in the figure legends. 

Cell viability assay
Cells were seeded in triplicate at 5000 cells/well into 96-well plates, cultured with fresh growth medium for at least 24 hours and treated with a range of increasing concentrations of BEZ235 for 72 hours. For BEZ235 and EPZ011989 combination studies, cells were pretreated for one week with a single dose of EZH2 inhibitor before seeding. Cell viability was assessed by MTT (2-deoxyglucose (2-DG) and 3-4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay (Sigma-Aldrich, St. Quentin Fallavier, France). The absorbance at 570 nm was monitored using a Flexstation 3 Plate reader (Sunnyvale, CA, USA), using 630 nm as a reference. The half maximal inhibitory concentration (IC50) was calculated with GraphPad Prism software version 5.00 for Windows (GraphPad Software, La Jolla, CA, USA). Each experiment was repeated at least 3 times.

Determination of apoptosis
LMS cells were seeded in 6-well plates and treated for 72 hours with several drug concentrations. After treatment, cells were washed once with phosphate-buffered saline (PBS) and labeled with annexin-V-FITC and propidium iodide (PI) according to the manufacturer’s protocol (BD Biosciences, San Jose, CA, USA). Then, apoptosis was determined by fluorescence-activated cell-sorting (FACS Calibur flow cytometer, BD Biosciences, San Jose, CA, USA) analysis of annexin-V-FITC and PI labelling. The percentage of cells in early apoptosis (annexin-V-positive, PI-negative) and in late apoptosis or necrosis (annexin-V- and PI-positive) was calculated using FlowJo version 7.6.3 for Windows (Tree Star Inc, Ashland, OR, USA). The percentages of overall death (sum of early and late apoptosis) are represented as the mean ± SEM values based on 3 independent experiments.

Western blotting
Whole cells were harvested using 60 µL radio-immunoprecipitation assay (RIPA) lysis buffer [1]. The lysate was centrifuged (13 000 rpm, 15 min, 4°C), and the supernatant was stored at -80°C until further use. Total proteins (30 µg) were electrophoresed on an 8, 12 or 15% sodium dodecyl sulfate (SDS) polyacrylamide gel and transferred onto polyvinylidene difluoride (PVDF) membranes. Blots were probed overnight at 4°C in 5% BSA (bovine serum albumin) in PBST (phosphate, 100 mM; KCl, 27 mM; NaCl, 1.37 M, pH 7.4 after 1X dilution; 0.1% Tween-20) with primary antibodies (diluted 1:1000) to p-S6RPS240/244 (CST 2215), S6RP (CST 2217) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH, SC-51907). Horseradish peroxidase-conjugated secondary antibody (Santa Cruz Biotechnology, Inc., Heidelberg, Germany) was diluted 1:5000. Bound antibodies were visualized by Fusion Fx7 (Fisher Bioblock Scientific, Waltham, MA, USA) using ImmobilonTM Western (Millipore Corporation, Billerica, MA, USA), an enhanced chemiluminescence detection kit. The resulting bands were analyzed and quantified by ImageJ® 1.51j software (National Institutes of Health, Bethesda, MD, USA). GAPDH served as a loading control. Each membrane was reused twice after stripping in glycine buffer (6.6 mol/L, pH 2) at 56°C for 30 min. Each experiment was repeated 2 times.

Sequencing
Quantity and purity of double-stranded cDNA were verified by GATC Biotech using an Agilent 2100 Bioanalyzer (Agilent Technologies Inc., Waldbronn, Germany). Sequencing libraries were constructed from double-stranded cDNA samples according to the Illumina Genome Analyzer II protocol [2], followed by direct cDNA sequencing in paired end mode with a read length 2 x 125 bp. Then, 30 million read pairs were generated for each sample and FASTQ sequence files were generated by CASAVA. All raw RNAseq sequences were controlled for quality and differential analysis of genes expression were realized.

[bookmark: _Hlk494285212]NGS RNAseq sequence alignment and quality control pipeline 
Raw RNAseq sequences were controlled for quality using a set of published tools to produce curated reads. Firstly, reads with low quality bases at 5’ and 3’ were trimmed using the Sickle package (Phred cut off 20, max trim size 30 nc) [3]. The SeqPrep package was used to remove sequencing adaptors from raw reads [4]. This package also detected an important proportion of RNA fragments whose R1 and R2 paired-end reads were overlapping and merged them into single-end reads. To keep exploiting those fragment, a home-made python script was developed that split those merged reads into new non-overlapping R1 and R2 paired-end reads. Curated reads were aligned using TOPHAT2 (aka BOWTIE2) on both the UCSC hg19 reference genome and transcriptome [5]. Finally, we applied a post-alignment quality control of aligned reads by removing reads with mapping scores lower than 20 using Samtools [6]. PCR duplicate reads were identified and removed using Picard MarkDuplicates (https://broadinstitute.github.io). Read counts were performed using the Python module HTSeq [7]. For clinical samples, only one sample per condition was sequenced which was not statistically congruent with differential expression analysis. We avoided this problem by splitting FASTQ files into three equivalent parts to obtain three subsamples per condition.

Differential analysis
Transcript count data were normalized according the VOOM method, which transforms raw count values to log2-counts per million (logCPM), estimates the mean-variance relationship and uses this relationship to compute appropriate observational-level weights [8]. The RNAseq differential gene expression between groups of samples was performed using the statistical t-test from the R package LIMMA, which calculates fold changes and nominal p-values related to each gene starting from raw expression values and the normalization weights produced by VOOM [9]. The set of nominal p-values from each test were adjusted according to the Benjamini-Hochberg adjustment [10]. We defined the significantly up- or down-regulated transcripts using an FDR threshold of 0.05. The fold-change used to further filter the differential gene expression was set to a minimum value of 2. The differential expression status of all genes presenting significant variations is summarized in Supplementary Table S1, S2, S4 and S5. 

Gene Set-Enrichment Analysis
MSigDB [11] and Ingenuity Pathway Analysis (IPA®, QIAGEN Redwood City) were used to identify pathways or gene ontologies in which the genes of an identified group were enriched. With MSigDB, we used the C2 (canonical pathways) and C5 (biological processes) databases. Oncogene and Tumor Suppressor Gene status (approximately 800 known genes) was assigned according to the annotation in Cancer Gene Panel [12, 13]. The functional annotation database DAVID was used to annotate gene lists of interest [14].

Aldefluor assay
5 x 105 cells were resuspended in the Aldefluor assay buffer containing the ALDH1 substrate. As a negative control, an aliquot of Aldefluor-exposed cells was immediately quenched with diethylaminobenzaldehyde (DEAB) which is a specific ALDH1 inhibitor. Following an incubation of 30 min at 37°C, the cells were washed and sorted as ALDH1high or ALDH1low cells using a FACS Calibur flow cytometer (BD Biosciences). The SKBR3 cell line was used as positive control.

Sphere-forming assay 
For the sphere formation assay, a total of 1 000 FACS-sorted cells were suspended in a stem-cell-permissive medium containing Dulbecco’s Modified Eagle Medium (DMEM-F12) with N2 supplement (Invitrogen), 20 ng/mL EGF and 20 ng/mL basic fibroblast growth factor (bFGF), plated in nonadherent 24-well plates and incubated at 37°C in a 5% CO2 humidified incubator. After 15 days, spheres were counted and photographed under a light microscope using a x20 objective. The self-renewal ability of cells dissociated from tumorspheres by trypsin/EDTA and seeded in new nonadherent 24-well plates was evaluated after 15 days. For drug treatment experiments, 5-day tumor-spheres grown in nonadherent 24-well plates were treated with 0.3 µM of BEZ235 or 0.01 µM of EPZ011989. After 10 days, the number of tumorspheres was recorded.

Animal studies
Once palpable, tumor volumes were calculated using the following formula: length x width2 / 2. After tumors reached approximately 100 mm3 in average size, animals were treated by oral gavage (100 µL). BEZ235 and EPZ011989 were prepared by dissolving them in 1 volume of NMP (1-methyl-2-pyrrolidone) and 9 volumes of PEG300 (Sigma-Aldrich, St Quentin Fallavier, France). To study the effect of PI3K/mTOR pathway inhibition on LMS tumor growth, mice were randomly assigned to receive 40 mg/kg of BEZ235 or vehicle (NMP/PEG300). To study the anti-tumor effect of BEZ235 and EPZ011989 alone or in combination, mice were randomly pretreated with vehicle or 125 mg/kg of EPZ011989 BID for 2 weeks. Then, in the EPZ011989-pretreated group, mice were randomly treated for 3 weeks with 40 mg/kg of BEZ235 or 125 mg/kg of EPZ011989 BID. Tumor progression was analyzed with GraphPad Prism software, and Kaplan-Meier curve analysis was used to compare individual tumor doubling rates. Formalin-fixed paraffin-embedded tumor sections underwent immunohistochemical analysis for expression of different proteins using standard protocols.
For xenograft experiments in extreme limiting dilution assay (ELDA), 3,000 to 300 FACS-sorted cells were subcutaneously injected with Matrigel into the right (for ALDH1high cells) and the left (for ALDH1low cells) flank of NSG mice (NOD-scid IL2RG-/-); tumor size was recorded once a week.

Immunohistochemistry 
Immunohistochemical methods were described previously [15]. Sections of tumor samples and LMS cell line pellets were incubated with either anti-Ki-67 (Ventana 790-4286; 1:100), anti-p-S6RPser240/244 (CST 5364; 1:100), anti-H3K27Me3 (CST 9733S; 1:100), anti-ALDH1 (Sigma-Aldrich SAB1403542; 1:100) or anti-SOX2 (Ventana 760-4621; 1:100). To confirm a negative labeling in tissues, we used endothelial cells as a positive control. Tissue imaging was conducted with an Olympus CKX41 (x100) using image capture cellSens Entry software version 1.14 for Windows (Olympus, Rungis, France). A pathologist estimated the immunoreactivity signal corresponding to the target expression level based on the percentage of positively stained cells. IHC score was determined by adding the results of multiplication of the percentage of cells with staining intensity ordinal value (scored from 0 for “no signal” to 3 for “strong signal”).

Statistics
For analysis of overall survival according to expression levels of ALDH1, the cut-off date for statistical analysis of baseline demographic data and clinical outcome was the 03/31/2018. Survival rates were estimated using the Kaplan–Meier method. Descriptive statistics were used to show the distribution of variables in the population. Differences between groups were evaluated by Chi square test or Fisher’s exact test for categorical variables and Student’s test for continuous variables. Prognostic factors were planned to be identified by univariate and multivariate analyses using a Cox regression model. Variables tested in univariate analysis included: age, gender, primary tumor location, tumor depth, tumor size, grade, and ALDH1 IHC score. Variables associated with a p-value < 0.05 in the univariate analysis were planned to be included in the multivariate analysis. Analyses were performed using SPSS 18.0 statistical software (IPSS Inc., Chicago, USA). All statistical tests were two-sided, and p < 0.05 indicated statistical significance.
For experiments, quantification values represent the means of three or more experiments ± SEM. Differences in mean values between two groups were analyzed by two-tailed Student’s t-tests. Differences in three or more than three groups were analyzed by one-way or two-way ANOVA, followed by the post hoc Tukey’s honest significant difference test. Log-rank (Mantel-Cox) tests were used to compare Kaplan-Meier curves using GraphPad Prism. Furthermore, ELDA analyses were performed using the “limdil” function of the R-package “StatMod” [16, 17]. Cancer-initiating cell frequencies with 95% confidence intervals were estimated and are expressed in 1/stem cell frequency. CSC frequencies were compared between groups (e.g. presence or absence of ALDH1 activity) using likelihood ratio tests. A p < 0.05 was required for results to be considered statistically significant.
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Figure S1. Effect of doxorubicin and gemcitabine on cell growth in parental and resistant leiomyosarcoma (LMS) cell lines. A, Growth curves indicating growth inhibition of the three parental (IB112, IB134 and IB136) and resistant (resIB112, resIB134 and resIB136) LMS cell lines after doxorubicin treatment for 72 hours. B, Growth curves indicating growth inhibition of LMS cell lines after gemcitabine treatment for 72 hours. IC50 is indicated in µM. Data are presented as the mean ± SEM of three independent experiments.
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Figure S2. Effect of BEZ235 and EPZ011989 treatment on tumorsphere formation. A, Resistant LMS cells were sorted by FACS based on ALDH1 activity and the positive and negative subpopulations of sorted cells were submitted to in vitro tumorsphere assays. Representative images of phase contrast microscopy of tumorspheres formed by resIB136 cells treated with  BEZ235 treatment (0.3 µM) or EPZ011989 treatment (0.01 µM), alone or in combination, after 15 days of culture in nonadherent conditions in vitro. Scale bars, 150µm. B, Plots (min and max) represent the number of tumorspheres formed after 15 days of BEZ235 and EPZ011989 treatment, alone or in combination, in ALDH1high and ALDH1low subpopulation. ***p < 0.001, one-way ANOVA.
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Table S1. Clinical parameters of the two independent cohorts of patients with LMS.
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Table S2. List of up-regulated genes in resIB136 xenografts (with fold-change and p-values).
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[bookmark: _Hlk493687961][image: ]Table S3. List of down-regulated genes in resIB136 xenografts (with fold-change and p-values).


[image: ]Table S4. List of enriched pathways in resIB136 xenografts (with p-values).


Table S5. Enrichment of cancer stem cell-like genes in resIB136 xenografts (with fold-changes and p-values). 
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Table S6. Cancer-initiating cell frequencies determined on FACS-sorted cells according to ALDH1 activity after tumor xenografts in limiting dilution in NSG mice.
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[image: ]Table S7. List of up-regulated genes in clinical sample (with fold-change and p-values).



Table S8. List of down-regulated genes in clinical sample (with fold-change and p-values).
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[image: ]Table S9. List of enriched pathways in clinical sample (with p-values).




Table S10. Enrichment of cancer stem cell-like genes in clinical sample (with fold-change and p-values).
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Age group (years)

<45 12 2

45 - 65 44 33
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Female 70 70
Grade

1 4 13

2 38 32

3 103 44
Tumor site

Limb 90 17

Internal trunk 26 43

Trunk wall 25 11

other 4 18
Tumor size (cm)

<5 23 18

5-10 72 46

>10 50 25
Tumor location

Superficial 16 8

Deep 129 81
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Symbol Localiz ation Gene ID p-value |Fold-change|
NCAM1 chrll neural cell adhesion molecule 1 2,AE-07 372,15
TMEM98 chrl7 transmembrane protein 98 8,8E-14 212,53
EPB41L3 chrl8 erythrocyte membrane protein band 4.1-like 3 5,9E-04 176,59
MYO1D chrl7 myosin ID 2,9E-06 136,54
KCNS3 chr2 potassium voltage-gated channel, delayed-rectifier, subfamily S, member 3 1,1E-06 84,74
ADCY1 chr7 adenylate cyclase 1 (brain) 8,7E-06 78,46
RSPO3 chré R-spondin 3 3,9E-06 76,38
VAT1L chrl6 vesicle amine transport 1-like 8,8E-06 75,31
SAMDS chré sterile alpha motif domain containing 5 6,6E-06 66,61
GUCY1B3 chra guanylate cyclase 1, soluble, beta 3 1,5E-07 59,77
GUCY1A3 chra guanylate cyclase 1, soluble, alpha 3 9,6E-09 59,09
TMPRSS15 chr21 transmembrane protease, serine 15 6,6E-06 53,95
RAMP3 chr7 receptor (G protein-coDOWN led) activity modifying protein 3 2,7E-13 45,39
NKD2 chr5 naked cuticle homolog 2 (Drosophila) 2,6E-03 39,45
LAMA2 chré laminin, alpha 2 1,7E-07 38,86
SFRP2 chra secreted frizzled-related protein 2 8,9E-05 36,63
PENK chr8 proenkephalin 3,0E-05 31,61
ANK3 chrl0 ankyrin 3, node of Ranvier (ankyrin G) 1,5E-07 29,47
FMOD chrl fibromodulin 3,5E-05 28,52
TDO2 chra tryptophan 2,3-dioxygenase 1,6E-04 27,08
LRRC38 chrl leucine rich repeat containing 38 1,2E-13 26,18
SLC38A4 chr12 solute carrier family 38, member 4 2,5E-04 25,08
CXCL14 chr5 chemokine (C-X-C motif) ligand 14 7,7E-04 24,57
CXorf57 chrX chromosome X open reading frame 57 6,8E-06 24,00
BMP7 chr20 bone morphogenetic protein 7 2,0E-05 22,91
KCNK1 chrl potassium channel, subfamily K, member 1 3,4E-04 22,34
PTPN13 chra protein tyrosine phosphatase, non-receptor type 13 (APO-1/CD95 (Fas)-associated phosphatas 2,3E-06 21,57
APCDD1 chrl8 adenomatosis polyposis coli UP-regulated 1 1,2E-04 21,43
ACTG2 chr2 actin, gamma 2, smooth muscle, enteric 5,5E-04 21,12
EGFL6 chrX EGF-like-domain, multiple 6 1,9E-03 20,74

[..]
UNC5C chra unc-5 homolog C (C. elegans) 1,4E-03 2,07
EYA2 chr20 eyes absent homolog 2 (Drosophila) 5,7E-12 2,07
KRT2 chri2 keratin 2 5,4E-12 2,07
OLFML2B chrl olfactomedin-like 2B 7,2E-03 2,07
DACT1 chrl4 dishevelled-binding antagonist of beta-catenin 1 1,0E-02 2,06
TLR8 chrX toll-like receptor 8 8,5E-06 2,06
SEMA3E chr7 sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3E 1,0E-02 2,06
INF597 chrl6 zinc finger protein 597 6,3E-03 2,06
CTSO chra cathepsin O 6,4E-04 2,06
ADAMTS18 chrl6 ADAM metallopeptidase with thrombospondin type 1 motif, 18 9,8E-04 2,06
GPR153 chrl G protein-coDOWNIed receptor 153 4,5E-04 2,06
MASP1 chr3 mannan-binding lectin serine peptidase 1 (C4/C2 activating component of Ra-reactive factor) 6,6E-03 2,05
PSTPIP2 chrl8 proline-serine-threonine phosphatase interacting protein 2 9,6E-05 2,05
c6 chr5 complement component 6 1,7E-10 2,05
VSTM2L chr20 V-set and transmembrane domain containing 2 like 1,1E-02 2,04
PREX1 chr20 phosphatidylinositol-3,4,5-trisphosphate-dependent Rac exchange factor 1 1,2E-03 2,04
ISLR2 chr15 immunoglobulin sSDOWNerfamily containing leucine-rich repeat 2 8,0E-06 2,04
ARHGEF25 chrl2 Rho guanine nucleotide exchange factor (GEF) 25 8,4E-09 2,04
MURC chr9 muscle-related coiled-coil protein 6,4E-04 2,03
SORBS1 chrl0 sorbin and SH3 domain containing 1 1,3E-03 2,03
MYLIP chré myosin regulatory light chain interacting protein 1,7E-06 2,03
MMP7 chrll matrix metallopeptidase 7 (matrilysin, uterine) 2,5E-11 2,03
NLRP11 chr19 NLR family, pyrin domain containing 11 2,3E-04 2,02
STARD10 chrll StAR-related lipid transfer (START) domain containing 10 6,8E-03 2,02
MRC2 chrl7 mannose receptor, C type 2 2,9E-03 2,01
SCNN1D chrl sodium channel, non-voltage-gated 1, delta subunit 3,2E-05 2,01
SLC15A2 chr3 solute carrier family 15 (oligopeptide transporter), member 2 3,7E-03 2,01
DTNA chrl8 dystrobrevin, alpha 1,3E-06 2,01
MRAP2 chré melanocortin 2 receptor accessory protein 2 1,6E-03 2,01
MANBA chrd mannosidase, beta A, lysosomal 2,9E-04 2,00
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Symbol  [Localization Gene ID p-value  [Fold-change
EROLLB chrl EROL like beta (5. cerevisiae) 4,603 2,00
UBXN7 chr3 UBX domain protein 7 9,3E-04 -2,00
ANKRD29 chrig ankyrin repeat domain 29 1,3€-03 -2,00
RAB41 chrx RAB41, member RAS oncogene family 5,1E-03 -2,01
MAP3K8 chr10 mitogen-activated protein kinase kinase kinase 8 2,2€-03 2,01
Cdorf6 chra chromosome 4 open reading frame 6 11E-11 2,01
DAZL chr3 deleted in azoospermia-like 23603 2,02
C160rf46 chri6 chromosome 16 open reading frame 46 1,1€-03 2,02
CDHR3 chr7 cadherin-related family member 3 1,6€-03 2,03
ZNF808 chr19 zinc finger protein 808 1,6€-05 2,03
SCN2A chr2 sodium channel, voltage-gated, type Il, alpha subunit 5,9€-03 2,04
SLC35G1 chr10 solute carrier family 35, member G1 4,56-04 2,04
ABCC2 chr10 ATP-binding cassette, sub-family C (CFTR/MRP), member 2 1,4€-03 2,04
P2RY6 chr11 pyrimidinergic receptor P2Y, G-protein coDOWNIed, 6 7,86-03 2,05
NOS1AP chrl nitric oxide synthase 1 (neuronal) adaptor protein 1,4€-03 2,05
SDOWNT20HL1 |chrX SDOWN pressor of Ty 20 homolog (s. cerevisiae)-like 1 45607 2,05
SEMA3D chr7 sema domain, immunoglobulin domain (1g), short basic domain, secreted, (semaphorin) 30 2,56-04 2,06
CHRNAS chris cholinergic receptor, nicotinic, alpha 5 (neuronal) 34E-04 2,06
TFPI2 chr7 tissue factor pathway inhibitor 2 1,6€-03 2,06
MYTIL chr2 myelin transcription factor 1-like 1,9€-05 2,06
UBASH3B chri1 ubiquitin associated and SH3 domain containing B 2,2€-03 2,06
GTSF1 chr12 gametocyte specific factor 1 1,6€-11 2,06
AQP11 chri1l aquaporin 11 1,06-02 -2,07
NOD2 chri6 nucleotide-binding oligomerization domain containing 2 1,96-03 2,07
TCL1A chri4 T-cell leukemia/lymphoma 1A 2,2E-11 -2,07
CRYBB2 chr22 crystallin, beta B2 8,2€-04 2,07
Cllorf6s chri1 chromosome 11 open reading frame 65 7,4€-04 2,07
AOX1 chr2 aldehyde oxidase 1 1,4€-05 2,07
cox1 chrs caudal type homeobox 1 42603 2,08
GPR4 chr19 G protein-coDOWN ed receptor 4 7,06-03 2,09
DUOX2 chris dual oxidase 2 1,2€-03 10,63
ANXA10 chra annexin AL0 8,0E-03 -10,95
NXF3 chrx nuclear RNA export factor 3 9,5€-04 -10,95
LOC100506422 |chr9 putative deoxyuridine 5'-triphosphate nucleotidohydrolase-like protein FL116323 49606 11,75
SBSN chr19 sDOWNrabasin 6,5E-04 -11,91
sTc1 chrg stanniocalcin 1 6,0E-03 11,95
LPAR3 chrl lysophosphatidic acid receptor 3 6,1€-05 12,04
GABBR2 chr9 gamma-aminobutyric acid (GABA) B receptor, 2 5,8E-04 -12,06
PAGE2B chrx P antigen family, member 28 83E-03 12,36
SPATA31D1 chrg SPATA31 subfamily D, member 1 5,0E-08 -12,41
EREG chra epiregulin 2,6€-07 12,45
EDA2R chrx ectodysplasin A2 receptor 7,8E-12 -12,74
AuTS2 chr7 autism susceptibility candidate 2 5,5€-08 -14,42
DOCKS chr9 dedicator of cytokinesis 8 1,6€-06 -14,78
DAPK1 chr9 death-associated protein kinase 1 2,1€-07 -16,39
COL4A6 chrx collagen, type IV, alpha 6 1,76-04 -17,61
ZNF518B chra zinc finger protein 5188 3,1E-05 -18,52
STEAP4 chr7 STEAP family member 4 1,86-03 -19,06
CERS4 chr19 ceramide synthase 4 1,6€-05 19,67
MKX chr10 mohawk homeobox 1,86-03 20,12
TBX21 chr17 T-box 21 9,5€-05 -20,83
GRIK2 chré glutamate receptor, ionotropic, kainate 2 5,2€-08 22,40
TMEM233 chr12 transmembrane protein 233 1,6€-05 2397
CNTNAP3 chr9 contactin associated protein-like 3 4,86-06 26,32
GPR133 chr12 G protein-coDOWN led receptor 133 4,86-05 27,73
WIFL chr12 WNT inhibitory factor 1 9,8€-03 31,07
KLHL4 chrx kelch-like family member 4 49606 32,82
KYNU chr2 kynureninase 1,2€-05 -38,00
cxcLe chra chemokine (C-X-C motif) ligand 6 9,5€-13 38,51
ZNF385D chr3 zinc finger protein 385D 1,76-06 -53,29
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STEM_CELL 1,22E-15

PID_HIF1_TFPATHWAY 5,62E-03

POSITIVE_REGULATION_OF_CYTOKINE_SECRETION 7,84E-03

POSITIVE_REGULATION_OF_PROTEIN_SECRETION 1,35E-02

REGULATION_OF_CYTOKINE_SECRETION 1,52E-02

POSITIVE_REGULATION_OF_SECRETION 7,84E-03

TISSUE_MORPHOGENESIS 4,56E-02

CYTOKINE_SECRETION 2,71E-02

REGULATION_OF_DEFENSE_RESPONSE 4,03E-02

REGULATION_OF_PROTEIN_SECRETION 4,83E-02

PROTEIN_SECRETION 3,25E-02

DIGESTION 2,39E-02

G_PROTEIN_SIGNALING_COUPLED_TO_CYCLIC_NUCLEOTIDE_SECOND_MESSENGER 1,56E-04

CYCLIC_NUCLEOTIDE_MEDIATED_SIGNALING 1,82E-04

G_PROTEIN_SIGNALING_COUPLED_TO_CAMP_NUCLEOTIDE_SECOND_MESSENGER 2,00E-02

CAMP_MEDIATED_SIGNALING 2,29E-02

SECOND_MESSENGER_MEDIATED_SIGNALING 1,56E-04

SKELETAL_DEVELOPMENT 4,46E-03

CYTOKINE_PRODUCTION 2,78E-02

EPIDERMIS_DEVELOPMENT 4,54E-02

REGULATION_OF_MULTICELLULAR_ORGANISMAL_PROCESS 7,84E-03

SYNAPTIC_TRANSMISSION 5,43E-03

DEFENSE_RESPONSE 2,55E-04

RESPONSE_TO_WOUNDING 3,58E-03

INFLAMMATORY_RESPONSE 2,40E-02

TISSUE_DEVELOPMENT 1,52E-02

TRANSMISSION_OF_NERVE_IMPULSE 3,75E-03

G_PROTEIN_COUPLED_RECEPTOR_PROTEIN_SIGNALING_PATHWAY 1,18E-04

CELL_CELL_SIGNALING 2,08E-05

NEUROLOGICAL_SYSTEM_PROCESS 7,25E-04

RESPONSE_TO_EXTERNAL_STIMULUS 3,75E-03

SYSTEM_PROCESS 1,56E-04

CELL_SURFACE_RECEPTOR_LINKED_SIGNAL_TRANSDUCTION_GO_0007166 1,18E-04

IMMUNE_RESPONSE 3,93E-02

ORGAN_DEVELOPMENT 1,33E-03

ANATOMICAL_STRUCTURE_DEVELOPMENT 1,26E-05

SYSTEM_DEVELOPMENT 1,18E-04

MULTICELLULAR_ORGANISMAL_DEVELOPMENT 1,18E-04

SIGNAL_TRANSDUCTION 3,68E-02

COLLAGEN_BINDING 9,27E-03

PHOSPHORUS_OXYGEN_LYASE_ACTIVITY 2,39E-02

CYCLASE_ACTIVITY 2,39E-02

MONOOXYGENASE_ACTIVITY 7,64E-03

G_PROTEIN_COUPLED_RECEPTOR_ACTIVITY 7,64E-03

TRANSMEMBRANE_RECEPTOR_ACTIVITY 7,64E-03

RECEPTOR_ACTIVITY 7,64E-03

RECEPTOR_BINDING 3,04E-02

HALLMARK_ANGIOGENESIS 1,85E-03

HALLMARK_INFLAMMATORY_RESPONSE 1,52E-04

HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION 3,15E-04

HALLMARK_KRAS_SIGNALING_UP 1,02E-03

HALLMARK_MYOGENESIS 1,73E-03

HALLMARK_HYPOXIA 3,41E-03

HALLMARK_KRAS_SIGNALING_DN 1,98E-02

HALLMARK_ESTROGEN_RESPONSE_LATE 2,82E-02
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NCAMI  chril neural celladhesion molecule 1 37515 <104
a2 chra1 iunctional achesion molecuie 2 2002 <104
oxcaa chr2 chemokine (C-X-C motif)receptord 2882 p<102
sPRY1 chra sprouty homolog 1. antagonist of FGF signaling (Drosophial  18.12 p<103
conb2 chri2 cyclinD2 1492 p<103
NTRK3 chris neurotrophictyrosine kinase. receptor. type 3 1485 p<103
TiRs chr toll-ikereceptor8 1399 p<103
MyH2 chr17 myosin heavy chein 2. skeletalmuscle. aduit 1332 p<103
BMPRIS  chré. bone morphogeneticproteinreceptor. type 8. 1205 p<103
ADH1A2  chrls aldehyde dehydrogenase 1 family. member A2 104 p<102
TiR7 chr toll-ike receptor 7 951 p<103
cor11 chris cadherin11. type 2. 0B-cacherin (osteoblast) 924 p<102
KIFs chris Kruppel-ike factor (gut] 673 p<103
coltoar  chrs collagen. typeX.alpha 618 p<102
Tar83 chrie transforminggrowthfactor.beta3 556 p<103
10 chrt interleukin 10 547 <104
TAGIN chri1 transgelin 52 <103
socs chrt syndecan3 509 p<103
oXacRL chr3 chemokine (C-X3-Cmoti) receptor 1 489 p<103
co3a chrt C034molecuie a5 p<102
ONMT3A  chr2 DNA (cytosine-5--methytransferase 3alpha 49 p<103
CAICRL  chr2 calctonin receptor-fike 432 p<103
spp1 chre secreted phosphoproteint 425 p<102
CYP19AL  chrls cytochrome P40, family 19.subfamilyA polypeptide 1 346 p<102
RXRG chrt retinoidX receptor. gamma 318 p<103
san chr biglycan 285 p<102
HEst chrs hes family bHLH transcrption factor . 268 <104
AXIN2 chr17 axin2 253 p<102
sox2 chrs SRY (sex determining region)-box 2 25 p<103
crer chrs connective tissue growth factor 244 p<103
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resIB112 ALDHI1"™ /5 0/8 1/21.465 (1/150,155-1/3.069)

resIB112 ALDH1beh 4/5 1/8 1/3.104 (1/7.425-1/1.298) P =0.0357

resIB134 ALDHI1"™ 3/5 0/8 1/6.043 (1/18.284-1/1,997)

resIB134 ALDH1"¢h 4/5 4/8 1/1,032 (1/3.470-1/767) P =0.0209

resIB136 ALDHI1"™ 5/5 0/8 1/1.514 (1/3,787-1/605.6)

resIB136 ALDH1"e¢! 5/5 7/8 1/144 (1/348-1/59.7) P =0.0004
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Symbol Localization Gene ID p-value | Fold-change
sTC2 chrs stanniocalcin 2 3,8E-11 810,00
wm chr12 lumican 11E-16 235,46
EFCCL chr3 EF-hand and coiled-coil domain containing 1 3,8E-11 199,66
DCN chr12 deco 52E-11 97,60
TMEM100 chr17 transmembrane protein 100 9,1E-11 85,59
TN chr2 titin 7,56-11 26,25
TNFRSF11B  |chrg tumor necrosis factor receptor superfamily, member 11b 3,8E-09 21,69
ADAMTSLL  |chrd 2,9€-09 34,07
TMEM2 chrd transmembrane protein 2 9,0E-12 30,05
16Dcc3 chr1s munoglobulin superfamily, DCC subclass, member 3 7,8E-11 26,81
LY6H chrg lymphocyte antigen 6 complex, locus H 2,8E-11 25,62
PROM1 chrd prominin 1 6,7E-10 21,04
ENO3 chr17 enolase 3 (beta, muscle) 11E-12 17,42
F2R chrs coagulation factor Il (thrombin) receptor 1,2€-09 16,23
sPON2 chrd spondin 2, extracellular matrix protein 1,4£-09 14,70
TRIB3 chr20 tribbles pseudokinase 3 9,1€-08 14,33
SIPALL2 chrl signal-induced proliferation-associ 1,06-08 14,32
MMP2 chr16 matrix metallopeptidase 2 (gelatinase A, 72kDa gelatinase, 72kDa type IVcq  1,8E-10 14,10
TSHZ2 chr20 teashirt zinc finger homeobox 2 6,9E-09 12,71
LRRC32 chri1 leucine rich repeat containing 32 8,9E-10 12,18
coL14A1 chrg collagen, type XIV, alpha 1 5,9€-08 12,09
NLRP1 chr17 NLR family, pyrin domain containing 1 3,010 11,85
50cs3 chr17 suppressor of cytokine signaling 3 1,1€-08 11,38
TBX2 chr17 T-box 2 9,0€-09 11,13
PING chrx protein (peptidylprolyl cis/trans isomerase) NIMA-interacting 4 (parvulin) | 1,5E-08 10,99
oGT chrx O-linked N-acetylglucosamine (GIcNAc) transferase 6,3E-15 10,72
PYGM chri1 phosphorylase, glycogen, muscle 1,8E-09 10,62
(] chrd immunoglobulinJ polypeptide, linker protein for immunoglobulin alpha and|  2,9€-10 9,98
TMTCA chr13 transmembrane and tetratricopeptide repeat containing 4 2,3E-08 9,47
RHOU chrl ras homolog family member U 3,6E-10 935
KIF20A chrs kinesin family member 20A 1,9E-06 5,00
FzD8 chr10 frizzled family receptor 8 2,9€-08 5,00
IL1RL chr2 erleukin 1 receptor, type | 1,7€-10 4,98
TXNLAA chr1g i 5,7€-07 498
cisH chr3 3,010 4,95
SEMA3A chr7 sema domain, immunoglobulin domain (g), short basic domain, secreted, (s{  3,3E-08 292
NONO chrx non-POU domain containing, octamer-binding 3,7€-14 2,87
PIPSK1B chrd phosphatidylinositol-4-phosphate 5-kinase, type |, beta 24,1609 4,87
UBE2S chr19 ubiquitin-conjugating enzyme E25 1,3€-07 4,86
NAP1L2 chrx nucleosome assembly protein 1-like 2 4,06-07 281
HPCALL chr2 hippocalcin-like 1 1,1€-06 472
FAM1018 chr17 ily with sequence similarity 101, member B 1,4£-08 a7
MOFI chrs MyoD family inhibitor 7,3E-09 4,69
FIP1LL chrd factor interacting with PAPOLA and CPSFL 1,7€-08 4,65
MFAPA chr17 icrofibrillar-associated protein 4 1,9€-09 458
PTTG1 chrs pituitary tumor-transforming 1 6,9€-08 4,50
PPAP2B chrl phosphatidic acid phosphatase type 28 2,9€-08 2,04
up chr17 junction plakoglobin 1,3€-09 2,02
FBLIM1 chrl filamin binding LIM protein 1 2,6E-07 201
1aGAP2 chrs 1Q motif containing GTPase activating protein 2 6,0E-10 201
CAMK2N1 chrl calcium/calmodulin-dependent protein kinase Il inhibitor 1 7,3E-08 4,80
ATXNL chrs ataxin 1 2,1€-07 4,40
ITGA4. chr2 integrin, alpha 4 (antigen CD49D, alpha 4 subunit of VLA-4 receptor) 1,4£-08 2,37
SH3RF3 chr2 SH3 domain containing ring finger 3 5,5€-09 2,26
KBTBD11 chrg kelch repeat and BTB (POZ) domain cont: 4,06-08 225
TcF21 chrs 3,1€-09 4,20
GYPC chr2 glycophorin C (Gerbich blood group) 1,8E-09 2,19
s0cs2 chr12 suppressor of cytokine signaling 2 3,1€-09 2,19
ANGPTLL chrl angiopoietin-like 1 8,5€-09 2,05
TOP2A chr17 topoisomerase (DNA) Il alpha 170kDa 6,36-10 4,01
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ARHGAP20  [chr11 Rho GTPase activating protein 20 11E-07 -4,01
PER1 chr17 period circadian clock 1 14E-07 -4,02
CHN2 chr7 chimerin 2 24E-12 -4,15
ucp2 chri1 uncoupling protein 2 (mitochondrial, proton carrier) 38E-08 -4,20
ccoce chr10 coiled-coil domain containing 6 11E-08 421
FRAS1 chra. Fraser syndrome 1 45E14 4,21
ARHGAP33  |chr19 Rho GTPase activating protein 33 8,6E-09 -4,22
GPDIL chr3 lglycerol-3-phosphate dehydrogenase 1-like 50E-10 -4,22
cups chr1g (CAP-GLY domain containing linker protein 3 7.0E-08 -4,22
PTPRF chr1 protein tyrosine phosphatase, receptor type, F 2,6E-07 -4,23
PLXNA2 chr1 plexin A2 6AE-11 4,24
scGs chr1s secretogranin V (782 protein) 7,2€-08 -4,30
s0D3 chra. superoxide dismutase 3, extracellular 36E-10 -4,32
ATP2B4. chr1 |ATPase, Ca++ transporting, plasma membrane 4 65E-10 -4,32
MAGI3 chr1 membrane associated guanylate kinase, WW and PDZ domain conta 14E-07 -4,38
DDX268 chrX DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide 268 21€-07 -4,38
HAS3 chri6 hyaluronan synthase 3 36E-11 4,41
HADH chra. hydroxyacyl-CoA dehydrogenase 55E-08 4,04
NCALD chrg neurocalcin delta 48E-08 -4,47
NISCH chr3 nischarin 9,6E-10 -4,47
FNIP2 chra. [folliculin interacting protein 2 3,8E-06 -4,57
SAMD11 chr1 ile alpha motif domain containing 11 63E-09 -4,58
SETD7 chra. ing (lysine methyltransferase) 7 1,7€-09 4,64
sco chr10 stearoyl-CoA desaturase (defta-9-desaturase) 7,2€-09 -4,75
suT3 chrs slit homolog 3 (Drosophila) 35E-08 -4,76
FBXO41 chr2 F-box protein 41 9,0E-08 -4,80
PRRT2 chr16 proline-rich transmembrane protein 2 88E-10 -4,94
CRMP1 chra. collapsin response mediator protein 1 16€-07 -4,95
ATP9A chr20 |ATPase, class Il type 9A 24E-10 -4,95
suLF2 chr20 sulfatase 2 75E-08 -4,96
PBX3 chr9 pre-B-cell leukemia homeobox 3 2,6E-09 8,20
coaa chri1 CD44 molecule (Indian blood group) 10E-10 -8,30
cFl chra. complement factor | 16E-08 -8,46
ENPPA chr6 ectonucleotide pyrophosphatase/phosphodiesterase 4 (putative) 2,6E-09 -8,63
MID1 chrX e 1 (Opitz/BBB syndrome) 12E-12 877
soGA2 chr1g [SOGA family member 2 21E09 9,23
cw chrg clusterin 7.7E-15 9,35
ABHD2 chr1s abhydrolase domain containing 2 29E-10 9,52
FILIPL chr6 filamin Ainteracting protein 1 2,7€-10 9,85
DOPEY2 chr21 dopey family member 2 22E-12 9,90
PDESA chra. phosphodiesterase 5A, cGMP-spec 19E-11 -1013
CSRP2 chr12 cysteine and glycine-rich protei 91E-11 -1035
REM1 chr20 RAS (RAD and GEM)-like GTP-binding 1 51E-11 -1039
EFEMP1 chr2 EGF containing fibulin-like extracellular matrix protein 1 19E-09 -1042
PDE3B chr11 terase 38, CGMP-inhibited 42E08 -1055
KIAA1244 chr6 3,6E-09 -1066
SYTL2 chr11 synaptotagmin-like 2 45E15 1115
BMP2K chra. BMP2 inducible kinase 12E-12 -1136
ATP2A3 chr17 |ATPase, Ca++ transporting, ubiquitous 6,0E-09 -1205
AFMID chr17 arylformamidase 11E-08 -1220
TFAP2A chr6 transcription factor AP-2 alpha (activating enhancer binding protein 2 alpha|  1,2E-08 -1248
LPHN1 chr1g 19E-09 1474
MICALL2 chr7 5,7€-09 -1492
DOCK9 chr13 dedicator of cytokinesis 23E-14 1527
ALDHLA3 chr1s aldehyde dehydrogenase 1 family, member A3 21612 -1569
FGL2 chr7 inogen-like 2 85E-10 -1730
PRELP chr1 proline/arginine-rich end leucine-rich repeat protein 5AE-09 -1742
VCAN chrs lversican 6AE-12 -1765
ANK2 chra. ankyrin 2, neuronal 38E-09 2166
TYRPL chrg ltyrosinase-related protein 1 35614 304,36
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STEM_CELL 3,39E-07

REGULATION_OF_HEART_CONTRACTION 9,64E-05

STRIATED_MUSCLE_CONTRACTION_GO_0006941 2,79E-02

SKELETAL_MUSCLE_DEVELOPMENT 3,32E-03

CALCIUM_ION_TRANSPORT 1,06E-02

POTASSIUM_ION_TRANSPORT 7,52E-05

GENERATION_OF_A_SIGNAL_INVOLVED_IN_CELL_CELL_SIGNALING 8,64E-03

STRIATED_MUSCLE_DEVELOPMENT 1,96E-03

DI__TRI_VALENT_INORGANIC_CATION_TRANSPORT 2,96E-02

METAL_ION_TRANSPORT 2,34E-06

MUSCLE_DEVELOPMENT 2,40E-04

MONOVALENT_INORGANIC_CATION_TRANSPORT 1,03E-03

CATION_TRANSPORT 1,42E-05

LOCOMOTORY_BEHAVIOR 1,40E-03

ION_TRANSPORT 2,34E-06

SYNAPTIC_TRANSMISSION 7,52E-05

SYSTEM_PROCESS 2,16E-13

SKELETAL_DEVELOPMENT 8,34E-03

TRANSMISSION_OF_NERVE_IMPULSE 1,16E-04

CELL_CELL_SIGNALING 5,68E-08

BEHAVIOR 3,88E-03

SECOND_MESSENGER_MEDIATED_SIGNALING 3,72E-02

REGULATION_OF_MULTICELLULAR_ORGANISMAL_PROCESS 4,62E-02

RESPONSE_TO_EXTERNAL_STIMULUS 1,40E-03

NEUROLOGICAL_SYSTEM_PROCESS 1,16E-03

RESPONSE_TO_CHEMICAL_STIMULUS 5,71E-03

NERVOUS_SYSTEM_DEVELOPMENT 2,09E-03

ANATOMICAL_STRUCTURE_DEVELOPMENT 5,68E-08

SYSTEM_DEVELOPMENT 1,78E-06

ANATOMICAL_STRUCTURE_MORPHOGENESIS 3,48E-03

ORGAN_DEVELOPMENT 1,43E-04

MULTICELLULAR_ORGANISMAL_DEVELOPMENT 7,31E-07

DEFENSE_RESPONSE 3,13E-02

G_PROTEIN_COUPLED_RECEPTOR_PROTEIN_SIGNALING_PATHWAY 2,88E-02

CELL_SURFACE_RECEPTOR_LINKED_SIGNAL_TRANSDUCTION_GO_0007166 3,86E-03

SIGNAL_TRANSDUCTION 9,54E-03

SECRETIN_LIKE_RECEPTOR_ACTIVITY 3,94E-03

IONOTROPIC_GLUTAMATE_RECEPTOR_ACTIVITY 1,00E-02

STRUCTURAL_CONSTITUENT_OF_MUSCLE 6,09E-05

POTASSIUM_CHANNEL_ACTIVITY 1,03E-06

VOLTAGE_GATED_POTASSIUM_CHANNEL_ACTIVITY 2,29E-04

METALLOENDOPEPTIDASE_ACTIVITY 3,94E-03

VOLTAGE_GATED_CATION_CHANNEL_ACTIVITY 1,03E-06

GLUTAMATE_RECEPTOR_ACTIVITY 2,39E-02

VOLTAGE_GATED_CHANNEL_ACTIVITY 4,49E-07

POLYSACCHARIDE_BINDING 2,18E-03

CHEMOKINE_ACTIVITY 5,07E-04

STRUCTURAL_CONSTITUENT_OF_RIBOSOME 1,25E-06

CHEMOKINE_RECEPTOR_BINDING 1,24E-03

GLYCOSAMINOGLYCAN_BINDING 7,17E-03

GATED_CHANNEL_ACTIVITY 3,96E-09

G_PROTEIN_COUPLED_RECEPTOR_BINDING 2,89E-04

CATION_CHANNEL_ACTIVITY 3,61E-08

SUBSTRATE_SPECIFIC_CHANNEL_ACTIVITY 1,71E-09

ION_CHANNEL_ACTIVITY 3,44E-09

PATTERN_BINDING 5,70E-03

METAL_ION_TRANSMEMBRANE_TRANSPORTER_ACTIVITY 3,61E-08

METALLOPEPTIDASE_ACTIVITY 1,12E-02

STRUCTURAL_MOLECULE_ACTIVITY 1,23E-09

CARBOHYDRATE_BINDING 1,97E-02

CATION_TRANSMEMBRANE_TRANSPORTER_ACTIVITY 9,39E-06

CYTOKINE_ACTIVITY 3,69E-03

ION_TRANSMEMBRANE_TRANSPORTER_ACTIVITY 4,49E-07

SUBSTRATE_SPECIFIC_TRANSMEMBRANE_TRANSPORTER_ACTIVITY 4,49E-07

TRANSMEMBRANE_TRANSPORTER_ACTIVITY 1,91E-07

G_PROTEIN_COUPLED_RECEPTOR_ACTIVITY 7,06E-03

SUBSTRATE_SPECIFIC_TRANSPORTER_ACTIVITY 2,42E-05

TRANSMEMBRANE_RECEPTOR_ACTIVITY 8,20E-05

RECEPTOR_ACTIVITY 2,12E-06

RECEPTOR_BINDING 5,56E-03

HALLMARK_MYOGENESIS 9,57E-23

HALLMARK_ANGIOGENESIS 1,58E-02

HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION 2,66E-09

HALLMARK_KRAS_SIGNALING_UP 3,88E-05

HALLMARK_COAGULATION 1,28E-03

HALLMARK_ESTROGEN_RESPONSE_EARLY 1,05E-04

HALLMARK_KRAS_SIGNALING_DN 1,08E-03

HALLMARK_ESTROGEN_RESPONSE_LATE 1,28E-03

HALLMARK_TNFA_SIGNALING_VIA_NFKB 2,85E-03

HALLMARK_INFLAMMATORY_RESPONSE 3,19E-03

HALLMARK_IL2_STAT5_SIGNALING 3,84E-03
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