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A. UMAP plot of 48,859 RMS cells after integration. Cells are colored based on the populations
identified by Louvain clustering, the sample of origin, the inferred cell cycle status, the RMS
subtype, the status, treatment and site of the tumor at the time of PDX generation and on the
model. B. Heatmap of the top 15 gene markers for each cluster (top bars) across the combined
RMS dataset. Relative log» fold change of gene expression (color bar) is shown C. Top seven
biological processes enriched in each cluster calculated by Metascape (30). D. UMAP plots of
combined aRMS primary cultures or cell lines and of eRMS primary cultures after removing
inter-sample differences by SCT algorithm. The identified cellular states are indicated. E. UMAP
plots of combined aRMS primary cultures colored based on the identified Louvain clusters (left

panel) or based on expression of CD44, PAX7, AXL and MYOG.
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Fig. S2: scRNAseq characterization of RMS models and subtypes.

A. Proportion of high-cycling (cells in G2M or S phase) and low-cycling RMS cells (cells in G1

phase) across the identified Louvain clusters. Cells are considered high-cycling if S-phase or G2M

scores >0 and low-cycling if S-phase and G2M-phase scores <0. B. Transcript levels of depicted



markers in patient’s samples (n = 65 aRMS; n = 60 eRMS, r2.aml.nl). Individual data points and
mean + SEM are shown; ordinary two-way ANOVA with uncorrected Fisher’s LSD. C. Single-
cell transcriptomic comparison of three eRMS primary cultures and of their originating O-PDXs
and/or patient tumor (36). UMAP plots colored by the identified Louvain clusters, and their
relative distribution across samples is shown. D. Relative proportion of Louvain clusters across
different aRMS preclinical models and patient tumors (36). Data are represented as mean + SEM
of n = 6 patient tumors, n = 5 O-PDXs, n = 5 primary cultures and » = 3 cell lines; ordinary two-
way ANOV A with uncorrected Fisher’s LSD. E. Percentage of positive cells and expression levels
of markers delineating a myogenic progression (Pax-7, MuSC-like cells; MyoD, activated
progenitor cells; myogenin, committed progenitors/differentiated cells; MyHC, differentiated
cells) across individual RMS primary cultures and cell lines measured by CyTOF, western blot
(protein expression was normalized to GAPDH) and immunofluorescence. Data are represented
as mean = SEM of the indicated number of samples; ordinary two-way ANOVA with uncorrected
Fisher’s LSD. F. Representative immunofluorescence images of aRMS and eRMS primary
cultures stained for Pax-7, myogenin or MyHC. G. Representative western blots of Pax-7, MyoD
and myogenin protein expression in a panel of RMS primary cultures and cell lines. GAPDH was
used as a loading control.

*, P <0.05; **, P<0.01; *** P <0.001; **** P<0.0001.
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Fig. S3. Hierarchical organization of RMS tumors.



A. Fraction of cells belonging to the identified clusters across » = 5 aRMS primary cultures after
integration using SCT-correction. Only clusters that were commonly shared across different
cultures (“MuSC-like”, “Cycling progenitor”, “S-phase”, “Differentiated””) were selected for
pseudotime analysis. The clusters “Unknownl1” and “Unknown2” were only found in the sample
aRMS-5, respectively aRMS-4. For this reason, both clusters were excluded for PHATE
dimensionality reduction and pseudotime trajectory calculation. B. Integrated UMAP plots of
RMS primary cultures and developing human skeletal muscles (42). Cells are colored by the
sample of origin (top left panel), identified Louvain clusters (top right panel), or by expression of
markers delineating a myogenic progression (lower panel). C. PHATE plots of mouse muscle
scRNAseq dataset (32) at different days (0, 5, 7) after muscle injury. Cells are colored based on
the subpopulations identified in the original publication. D. CD44 cell surface expression
measured by flow cytometry in a panel of primary cultures and cell lines of eRMS (pink) and
aRMS (blue) subtypes. Data are represented as mean + SEM of the indicated number of biological
replicates. E. qRT-PCR data generated from FACS-sorted CD44" and CD44" subpopulations. Log,
fold change mRNA levels of CD44" normalized to CD44" are depicted. Data are represented as
mean £ SEM of n > 4 biological replicates; multiple unpaired #-tests. F. FACS workflow. G. Flow
cytometry analysis of the stability of CD44" and CD44" subpopulations in aRMS-1 (IC-pPDX-
104) cells. Unsorted reference is also shown. Data are represented as mean + SEM of n > 2
biological replicates. H. Colony-forming ability of FACS-sorted CD44" and CD44"
subpopulations from aRMS-1 and aRMS-3 cells stained with crystal violet 14 or 21 days,
respectively, after plating. I. Cell cycle distribution of CD44", CD44" and ungated subpopulations.
Data are represented as mean = SEM of n > 2 biological replicates. J. Time-course qRT-PCR

analysis of sorted CD44" and CD44" subpopulations of three primary aRMS cultures. Log> fold



change (FC) to the CD44" subpopulation at time point 0 is shown. aRMS-1 (IC-pPDX-104) cells
express no PAX7, therefore there is no data point.

*, P <0.05; **, P<0.01; *** P <0.001
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Fig. S4. Single-cell responses upon PAX3::FOXO1 downregulation.
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A. Western blot quantification of Rh4 or KFR cells treated with or without doxycycline (DOX)

for 48 hrs. Data are represented as mean = SEM of n > 5 biological replicates; ordinary one-way



ANOVA with Dunnet’s multiple comparison test. *, P < 0.05; **, P < 0.01. B. Heatmap plots
showing log> fold change of the genes differentially expressed (log> fold change > 0.5) in Rh4
(left) or KFR (right) cells transduced with shPAX3::FOXOI1 construct upon doxycycline (DOX)
treatment. Relative log, fold change of gene expression (color bar) is shown. C. UMAP plot of

shSCR and w¢ Rh4 and KFR cells used as a control for PAX3::FOXO1 downregulation.
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Fig. SS: Effect of chemotherapy on aRMS cellular composition.



A. Myogenin, Ki-67 and MyHC marker positivity across the aRMS cellular states identified by
single-cell analysis. B. Representative immunofluorescence analysis of aRMS-1 (IC-pPDX-104)
cells. C. Representative images of aRMS-3 (IC-pPDX-35) cells exposed to 1 uM vincristine
sulfate or to 10 uM etoposide for 72 hrs. D. Number of nuclei remaining after a 72 hrs exposure
to vincristine sulfate [10 nM in aRMS-1 (IC-pPDX-104), 10 uM in aRMS-3 (IC-pPDX-35) cells]
or etoposide [1 uM in aRMS-1 (IC-pPDX-104), 10 uM in aRMS-3 (IC-pPDX-35) cells]. Data are
represented as mean = SEM of n > 3 biological replicates; ordinary one-way ANOVA with
Dunnett’s multiple comparison test. E. Immunofluorescence quantification of aRMS-3 (IC-pPDX-
35) cells exposed to 10 uM vincristine sulfate or 10 uM etoposide for 72 hrs. Data are represented
as mean + SEM of n > 3 biological replicates; ordinary two-way ANOVA with uncorrected
Fisher’s LSD. F. qRT-PCR data generated with aRMS-3 cells (IC-pPDX-35) exposed to 10 uM
vincristine sulfate or 50 uM 4-HC for 48 hrs. Data are represented as mean = SEM of n = 3
biological replicates; ordinary two-way ANOVA with uncorrected Fisher’s LSD. G. Western blot
quantification of aRMS-1 (IC-pPDX-104) cells exposed to vincristine or to 4-HC for 48 hrs at the
indicated concentrations. Data are represented as mean + SEM of n = 3 biological replicates;
ordinary two-way ANOVA with Dunnett’s multiple comparison test. H. Representative western
blot of aRMS-3 (IC-pPDX-35) cells exposed to vincristine or to 4-HC for 48 hrs at the indicated
concentrations. I. Quantification of FACS analysis of aRMS-1 (IC-pPDX-104) cells treated with
1 nM vincristine or 10 uM 4-HC for 48 hrs. Data are represented as mean £ SEM of n = 3 biological
replicates (n = 2 for CD105); ordinary two-way ANOVA with uncorrected Fisher’s LSD. J.
Experimental workflow. aRMS-1 (IC-pPDX-104) cells were first FACS-sorted based on
expression of CD44, then exposed to the indicated drugs. After 72 hrs, viable cells were quantified

by CellTiter Glo. Unsorted cells were used as a reference. K. Dose-response curves of vincristine



sulfate, 4-HC and etoposide in FACS-sorted aRMS-1 (IC-pPDX-104) subpopulations. Data are
represented as mean = SEM of n > 3 biological replicates; L. Half maximal inhibitory
concentration (ICso) values of vincristine, 4-HC and etoposide in aRMS-1 (IC-pPDX-104) cells.
Data are represented as mean = SEM of n > 3 biological replicates.

Untr.: untreated; Vin.: vincristine sulfate; Etop.: etoposide; 4-HC: 4-

hydroperoxycyclophosphamide. *, P < 0.05; **, P <0.01; *** P <0.001.; **** P <0.0001.
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Fig. S6: Trametinib effect on aRMS primary cultures and cell lines.

A. Representative images of aRMS primary cultures and cell lines exposed to 100 nM trametinib

for 72 hrs. Scale bar = 100 um. B and C. Dose-response curves of aRMS primary cultures (B) and

cell lines (C) exposed to trametinib for 72 hrs. The number of nuclei, percentage of cycling, non-



cycling committed progenitors and differentiated cells was measured with MY Oscopy. Data are
represented as mean of n = 1-6 biological replicates for each sample. D. Western blot quantification
of changes in protein levels following treatment with 50 nM trametinib for 96 hrs in aRMS primary
cultures and cell lines. Protein levels were normalized to GAPDH. E. Representative western blots
of phosphorylation of ERK (pERK) in the primary culture aRMS-3 (IC-pPDX-35) and in the cell
lines Rh41 and Rh4 after exposure to 5 or 10 nM trametinib for 3 hrs. The protein levels of total
ERK (tERK) are also shown. F. Correlation between the reduction in ERK phosphorylation after
3 hrs exposure to 10 nM Trametinib and the percentage of differentiated cells (MyHC+) after
exposure to 1 pM Trametinib for 72 hrs measured by MYOscopy. Data points, representing
different aRMS samples, are interpolated with a linear regression. Correlation coefficient (R?),
statistical significance (P) and number of data points (n) are indicated. G. Proliferation curve of
aRMS-1 cells exposed to trametinib for 4 days (grey bar) and cultivated in drug-free medium for
further 5 days, as determined by cell counting. H. Quantification of cell cycle phases after exposure
of aRMS-1 (IC-pPDX-104) or Rh4 cells to the indicated concentrations of trametinib or to vehicle
controls for 96 hrs. Data are represented as mean = SEM of n > 3 biological replicates; ordinary
two-way ANOVA with Dunnet’s multiple comparison test.

Ctrl., untreated control; Tram., trametinib.

*, P <0.05; **, P<0.01; *** P <0.001.; **** P <0.0001.
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Fig. S7: Effect of the combination of trametinib with the RAS inhibitors dabrafenib or



regorafenib in aRMS primary cultures and PDXGs.

A. Synergy maps of trametinib-regorafenib (top row) or trametinib-dabrafenib (bottom row)
combinations. Cells from aRMS-1 (IC-pPDX-104) were exposed to the drugs for 72 hrs and then
processed for MYOscopy. Synergy was calculated according to the Bliss model (66) on
SynergyFinder (67). B. Representative images of immunofluorescence analysis of aRMS-1 (IC-
pPDX-104) cells exposed to vehicle controls, 10 nM trametinib, 10 uM dabrafenib, 1 pM
regorafenib, or to the corresponding combinations for 72 hrs. C. Expression of Ki-67 (proliferation
marker) and myogenin (progenitor marker) as determined by immunohistochemistry in aRMS-1
(IC-pPDX-104) PDX tumors following in vivo treatment with 5 mg/kg trametinib, 15 mg/kg
regorafenib or with their combination (top row), or with 1 mg/kg trametinib, 15 mg/kg dabrafenib

or with their combination (bottom row).



Table S1. PDX characteristics and information on the clinical status of the patients.
Table S2. Table S2. Cluster markers of the integrated RMS scRNAseq dataset /
Cluster markers

of the integrated aRMS primary culture scRNAseq dataset / Cluster markers of the
integrated

eRMS primary culture scRNAseq dataset.

Table S3. Markers identified in previously published scRNAseq datasets of skeletal
muscles (De

Micheli et al., Cell Rep., 2020) / Markers identified in previously published
scRNAseq datasets of

skeletal muscles (Oprescu et al., iScience, 2020).

Table S4. Genes differentially expressed in Rh4 shPAX3::FOXO1 cells following
treatment with

doxycycline / Genes differentially expressed in KFR shPAX3::FOXO1 cells following
treatment

with doxycycline.

Table S5. Cellular composition of aRMS-1 (IC-pPDX-104) cells measured with

MY Oscopy

following drug treatment / Cellular composition of aRMS-3 (IC-pPDX-35) cells
measured with

MY Oscopy following drug treatment.

Table S6. Cellular composition of aRMS-1 (IC-pPDX-104) cells measured with
MYOscopy

following combinatorial drug treatment with a backbone of 50 nM trametinib.



Table S7. Tumor growth of PDX mice injected with aRMS-1 (IC-pPDX-104) cells subcutaneously
and treated with trametinib-regorafenib / qRT-PCR of myogenic markers from aRMS-1 (IC-
pPDX-104) tumors treated with trametinib+regorafenib / qRT-PCR of myogenic markers from
aRMS-1 (IC-pPDX-104) tumors treated with trametinib+dabrafenib.

Table S8. Drug doses used for in vivo experiment in relation to the maximum tolerated doses in
humans.

Table S9. PDX information / Hashtag antibody sequences used for multiplexing.

Table S10. Integration of aRMS scRNAseq and snRNAseq datasets / Integration of eRMS
scRNAseq and snRNAseq datasets.
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