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Preclinical models for sarcoma that preserve tumour biology are urgently needed

to advance mechanistic understanding and functional precision oncology. 29
early-passage patient-derived sarcoma cell (PDC) cultures from 19 patients, rep-
resenting 11 sarcoma subtypes were established and extensively characterized.
This demonstrates that early-passage sarcoma PDCs capture lineage identity,

tumour evolution and functional heterogeneity.
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Methods: PDCs underwent genomic, transcriptomic and proteomic profiling
alongside extracellular vesicle (EV) biomarker evaluation and phenotypic and
drug-response assays.

Results: Copy-number variant (CNV) analysis revealed recurrent alterations
affecting key regulators of cell cycle control and growth signalling. Bulk
RNA-sequencing captured substantial inter- and intra-subtype heterogeneity.
Proteomic and EV analyses recapitulated subtype- and site-specific differences.
A functional drug screen of 38 clinically relevant and investigational agents
identified both shared and divergent therapeutic vulnerabilities in the different
PDCs.

Discussion: These results demonstrate that early-passage sarcoma PDCs can
be regarded as biologically faithful and experimentally tractable models that
capture lineage identity, tumour evolution and functional heterogeneity. Inte-
grated multi-omic and functional profiling reveals therapeutic vulnerabilities
not evident from genomic data only, supporting PDCs as valuable platforms for
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Key points

features.

research.

1 | INTRODUCTION

Sarcomas are rare malignant tumours of mesenchymal
origin, comprising more than 80 histological subtypes
that collectively account for only 4-5 new cases per
100 000 individuals per year."? Despite their low inci-
dence, sarcomas encompass an extraordinary degree of
clinical, morphological and molecular heterogeneity, pos-
ing substantial challenges for diagnosis, prognostication
and treatment. The overall 5-year survival rate remains
approximately 60%, but outcomes vary widely across sub-
types and decline sharply for aggressive, high-grade or
metastatic disease.” > Therapeutic options remain limited,
with doxorubicin-based chemotherapy continuing to serve
as the first-line standard for most soft tissue sarcomas
and few approved targeted therapies demonstrating broad
or durable benefit. This persistent gap between molecu-
lar understanding and clinical progress underscores the
urgent need for model systems that reflect sarcoma biology
and can accelerate functional precision oncology.

translational sarcoma research.

biobank, drug screening, functional assays, patient-derived cell cultures, sarcoma

* A PDC biobank that addresses a critical gap in sarcoma research.
 Investigation of intra-patient and inter-patient heterogeneity.
* Comprehensive characterization shows truthful recapitulation of sarcoma

* Functional assays highlight the importance of functional models in cancer

Patient-derived cell (PDC) cultures represent a power-
ful but underutilized resource in this context. PDCs offer
several advantages: they can be established rapidly, retain
key morphological features of the parental tumour, sup-
port high-throughput functional assays and allow integra-
tive genomic, transcriptomic and proteomic profiling.* >
Across many cancer types, PDCs have contributed to
drug discovery, mechanistic studies and biomarker iden-
tification. However, in sarcoma, PDC availability remains
disproportionately limited. Compared to epithelial can-
cers, sarcomas are significantly underrepresented in pub-
lic repositories.® A survey of major biobanks—including
ATCC, DSMZ, ECACC, ICLC, IDAC and JCRB—reveals
only 76 unique sarcoma cell cultures. Even the cell line
information database Cellosaurus, containing 752 sar-
coma entries, is heavily skewed toward paediatric subtypes
like osteosarcoma (OS), rhabdomyosarcoma (RMS) and
Ewing sarcoma (Table S1). Clinically important adult
soft tissue sarcomas—including malignant peripheral
nerve sheath tumour (MPNST), myxofibrosarcoma (MFS),
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undifferentiated pleomorphic sarcoma (UPS) and synovial
sarcoma (SS)—are sparsely represented or absent. This
imbalance severely restricts opportunities to study sar-
coma biology, investigate tumour evolution and identify
therapeutic vulnerabilities across the disease spectrum.

Genomic data alone have also proven insufficient
to guide therapy in most sarcoma types.” While
translocation-driven sarcomas exhibit relatively sim-
ple karyotypes, the majority of adult soft tissue sarcomas
harbour complex and highly unstable genomes.® Muta-
tion analyses and copy number variant (CNV) profiling
are increasingly used in clinical diagnostics, yet their
predictive value for treatment response remains limited.”
Notably, even comprehensive genomic characterization
fails to capture functional properties such as drug sensitiv-
ity, invasive potential and adaptive cell-state transitions.
These limitations reinforce the need for functional model
systems that reflect both tumour-intrinsic molecular
programs and their phenotypic consequences.

Large-scale initiatives such as the Genomics of
Drug Sensitivity in Cancer (GDSC) project and Sar-
coma_CellMinerCDB have begun to address these gaps
by cataloguing drug responses across existing sarcoma
cell lines.!'”! However, these collections rely heavily
on extensively passaged lines that exhibit substantial
genomic drift and may no longer represent the pri-
mary disease.'”'® Furthermore, many rare or clinically
aggressive sarcoma subtypes remain unmodeled. Studies
focussing on early-passage PDCs—where lineage identity,
genomic architecture and functional traits are still closely
preserved—remain scarce, but are important to further
advance understanding of sarcoma.'* "> Therefore, there
is a need for more comprehensive, multi-omic functional
characterization studies across diverse sarcoma subtypes.

To address this critical unmet need, we established
a panel of early-passage sarcoma PDC cultures repre-
senting 11 histologic subtypes. These cultures include
multiple spatially distinct samples from individual
tumours and matched sets from primary, recurrent and
metastatic lesions, enabling the interrogation of both
inter-patient and intra-patient heterogeneity. Using an
integrated pipeline combining histopathology, CNV
sequencing, transcriptomics, proteomics, extracellular
vesicle (EV) profiling, morphological phenotyping and
high-throughput drug sensitivity screening, we demon-
strate that early-passage PDCs preserve subtype-specific
molecular programs while revealing unanticipated func-
tional diversity. Across the cohort, we identify both
shared vulnerabilities—such as sensitivity to trabecte-
din, microtubule-targeting agents and PI3K-mTOR
inhibitors—and clinically relevant subtype- or stage-
specific behaviours, including mesenchymal plasticity
and progression-linked drug sensitivities.

Together, these findings establish early-passage sar-
coma PDCs as clinically meaningful and experimentally
tractable models that can enhance precision oncology
efforts by capturing the complex molecular heterogeneity
and therapeutic susceptibilities of human sarcomas.

2 | METHODOLOGY

2.1 | Collection of tumour samples

Patients with suspected sarcoma were included after writ-
ten informed consent (EC 2018/0080 and EC/2019/0178).
During surgical procedures, fresh tumour tissue was col-
lected according to the earlier published protocol.'® The
tissue was collected in a sterile fashion in the operating
theatre and was subsequently transported to the lab in pre-
heated culture medium. All patients were diagnosed with
sarcoma before tumour resection by an expert sarcoma
pathologist (DC), except for one that was diagnosed with
giant cell tumour.

For the sample collection of the SAR183, SAR186 and
SAR187, multiple samples were collected at different
locations within the tumours, in collaboration with the
pathologist (Supplementary Figure 1).

2.2 | Initiation of cell cultures
Tissue pieces of 0.5-2 cm? were cut into smaller pieces of 1-
2 mm? and processed with 2.5 mL of 250 U/mL collagenase
II solution (cat. no. 17101015, Fischer Scientific) and 2.5 mL
of 0.2 mg/mL DNase I solution (cat. no. A3778.0010, VWR)
according to the GentleMACS Dissociator TM (Miltenyi
Biotec) tumour digestion protocol. The single-cell suspen-
sion was filtered through a 100 um cell strainer (cat. no.
352360, Corning) and the lysate centrifuged at 300 RCF
for 5 min. After removal of the supernatant, the pellet was
resuspended in full medium (see below) and seeded in a
6-well plate or T25 flask. If the cell pellet was red after
centrifugation, the pellet was first resuspended in erythro-
cyte lysis buffer and incubated for maximum 10 min. After
addition of full medium, the suspension was centrifuged
again, resulting in a white pellet. This pellet was then
resuspended in full medium and seeded into a 6-well plate.
All cells were cultured in either DMEM (cat. no.
41965062, Fischer Scientific) or RPMI (cat. no. 12027599,
Fischer Scientific), both supplemented with 10% Fetal
bovine serum (FBS) (cat. no. P30-3306, Pan Biotech) and
100IU/mL penicillin and 100 mg/mL streptomycin (cat.
no. 15070063, ThermoFisher) (Table S3). All cultures were
incubated at 37°C in a 5% CO, humidified atmosphere
and monthly tested for Mycoplasma with the Mycoalert
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Mycoplasma Detection Kit (cat. no. LT07-318, Lonza).
All human cell cultures were authenticated using a 16-
Marker STR Profile test (Eurofins). Cells were passaged
at 80% confluence using a buffer solution with 5% glu-
cose and trypsin-EDTA (0.05%) (cat. no. 11580626, Fischer
Scientific).

2.3 | Identification of cell cultures in
literature

A search in Cellosaurus was performed, that included the
word ‘sarcoma’, ‘solitary fibrous tumour’, ‘MPNST’, ‘malig-
nant peripheral nerve sheath tumour’, IMT’, ‘Inflamma-
tory myofibroblastic tumour’, ‘Desmoplastic small round
cell tumour’ and ‘malignant fibrous histiocytoma’. This
was repeated in the cell culture biobanks of DSMZ, ATCC,
ECACC, ICLC, IDAC and JCRB.

2.4 | Drug sensitivity screening

Cells were seeded in a 384 well white with clear bot-
tom microplate (cat. no. CLS3544, Corning), at a density
that was determined beforehand (Table S2) in 40 uL full
medium. One day after seeding, 40 uL of full medium
containing the therapies was added to the seeded cells,
to reach final concentrations of 1, 10 and 100 nM. All
conditions were tested in triplicates of the same seeding.
After 6 days, viability of the cells was determined using
CellTiter-Glo® 2.0 Cell Viability Assay (cat. no. G9243,
Promega) according to the manufacturer’s instructions.
Read-out was performed using the Synergy HTX plate
reader (BioTek). The application of DSS for assessment of
sensitivity to certain treatments does not allow interpreta-
tion of variability between replicates, but does provide an
overview of relative drug sensitivities across cell cultures
and therapies.

Drug sensitivity scores were calculated with RStudio
(Posit software, version 2024.12.1) using the DSS package."’
A hierarchical cluster analysis was performed using RStu-
dio with agglomerative nesting, Euclidian metric and ward
linkage method.

2.5 | Clonogenicity assay

Cells were seeded in a 12-well flat bottom plate (cat. no.
A18146, Novolab) at concentrations of 125, 250, 500, 1000
and 2000 cells/well in triplicate in 500 pL of full medium.
Consecutively, 500 pL of conditioned medium of the same
cell culture was added, which was prepared by collect-
ing medium of a confluent flask and centrifugation at

300 g for 5 min. The cultures were kept for at least 6 dou-
bling times, with weekly medium changes with a 1/1 ratio
of fresh medium and conditioned medium. After 6 dou-
bling times or a maximum of 3 weeks, all cultures were
stained using crystal violet and colonies were manually
counted.

2.6 | Invasion assay

Cells were seeded at 4000 cells/well in a 96-well ULA U-
bottom plate (cat. no. CLS7007, Corning), allowing the
formation of spheroids. 48 h after seeding, spheroids were
transported to 500 uL of collagen type I gel (1 mg/mL) (cat.
no. ALX-522-435, Enzo Life Sciences) in a 24-well flat bot-
tom plate and cultured in full DMEM for 4 days. Imaging
was performed at day 0 and day 4 using the Cytation 5
imaging multimode reader (BioTek) and Z-stacking in 5
layers. Images were analysed using Imagel]. The area of
the spheroids was calculated on Day 0, and was subtracted
from the total invaded area on Day 4.

2.7 | Morphology

Cells were seeded in 6-well flat-bottom plates at a density
0f 10 000 cells/well in 3 mL of full medium. After reaching
confluence of 50%, culture medium was removed and cells
were washed with preheated phosphate buffered saline
(PBS) (cat. no. 11540546, Gibco) before staining with Cell-
Mask plasma membrane stain (cat. no C10045, Invitrogen)
in preheated medium, according to the manufacturer’s
protocol. After 10 min of incubation at 37°C, the solu-
tion was removed and the cells were washed three times
with PBS before imaging. Imaging was performed using
the Cytation 5 imaging multimode reader (BioTek) using
the RFP channel. Per well, three pictures at 10X magnifica-
tion were taken. Morphology of the cells was then analysed
with ImagelJ, calculating the area, perimeter, circularity
and roundness of the cells. Based on those parameters,
plots were created in ClustVis.!®

2.8 | RNA sequencing

Cells were cultured in 6-well flat-bottom plates (cat. no.
391-8036, Fischer Scientific) in triplicate. At 80% conflu-
ence, the cells were collected. Medium was aspirated,
followed by addition of 700 puL QIAzol lysis reagent (cat.
no. 79306, Qiagen) and scraping of the cells. The cell lysate
was collected in 1.5 mL RNAse-free eppendorfs (cat.no.
A14934, Novolab), vortexed thoroughly and stored in -80°C
upon further use.
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RNA was extracted using the miRNeasy kit (cat. no.
217084, Qiagen) according to the manufacturer’s instruc-
tions. RNA-seq libraries were prepared from purified RNA
using the QuantSeq 3’ mRNA-Seq Library Prep Kit FWD
for Illumina (cat. no. 139.96, Lexogen), starting from 27.5ng
RNA that was treated with Heat-Labile Double Strand-
specific DNase (Arcticzymes). The individual libraries
were quantified by qPCR using the KAPA Library Quan-
tification Kit (Roche) and equimolarly pooled. The pool
concentration was measured with Qubit, and sequencing
was carried out at a concentration of 1.4 pM with 1% PhiX
on a NextSeq 500 (Illumina) (NextSeq software v.4.0.1)
using a high-output1 X 75 run. Reads were mapped to the
human genome using Tophat and gene expression counts
were generated using HTSeq.

Normalization and differential expression analysis was
performed using the DeSEQ2 package in RStudio. PCA
plots were created after variance stabilization in DeSEQ2
using the top 500 differentially expressed genes. Gene set
enrichment analysis was performed using the fgsea pack-
age and hallmark gene set from the Human Molecular
Signatures Database (MSigDB)."” A p value of 0.001 was
applied as significance level.

2.9 | CNV sequencing

gDNA was isolated from cryopreserved tissue and cell
cultures using the QiaCube robot and QiaAmp DNA
mini kit (Qiagen) according to the manufacturer’s
instructions.

gDNA was analysed using sSWGS on the Novaseq 6000
(Illumina Inc.), starting from 200 ng input of gDNA
according to the manufacturer’s instructions. Using a bin
size of 100 kb, the R-Bioconductor package QDNAseq was
applied to visualize the DNA copy-number profile and call
genomic aberrations.”’ An amplification was called at a
Z-score of more than 0.35, a homozygous loss was called
at a Z-score of -2 or lower and a heterozygous deletion
was called at a Z-score between -0.35 and -2. A non-
significant loss was called at a Z-score between -0.1 and
-0.35. All profiles were visualized using the online tool
Vivar.?!

Each genome profile was manually checked for aber-
rations. Genes with significant amplifications or dele-
tions were cross referenced with OncoKB to determine
whether they were known oncogenes or tumour sup-
pressor genes.?” 2> Heatmaps were constructed in Graph-
pad Prism for Windows version 8.4.3 (GraphPad Soft-
ware, www.graphpad.com). Comparison between CNV
profiles was performed with the CNpare package in
RStudio.**

2.10 | Proteomics cell cultures

Cells were cultured in T182.5 cm? culture flasks. Upon col-
lection, cells were detached using trypsin-EDTA (0.05%)
(cat. no. 11580626, Fischer Scientific) and centrifuged at
300 g for 5 min. Subsequently, three wash steps were
performed using sterile phosphate-buffered saline (Gibco,
cat. no. 11540546) with centrifugation steps in between
and the samples were divided over three different 1.7 mL
Eppendorf tubes. The cell pellets were cryopreserved at -
80°C until further use. Cell pellets (n = 24) were lysed
and sonicated. 100 pg of protein from each sample was
digested using the S-Trap Mini protocol (Protifi) according
to the manufacturer’s instructions. Peptide concentrations
were measured using a Lunatic instrument (Unchained
Labs), and 500 ng of peptides per sample were subjected to
LC-MS/MS analysis on an Orbitrap Fusion Lumos mass
spectrometer. Raw data files were processed using DIA-
NN software (v1.8.2) and searched against the human
proteome database (January 2023 release; 20 594 pro-
tein sequences). Trypsin was specified as the proteolytic
enzyme, allowing up to one missed cleavage. Oxidation
of methionine and protein N-terminal acetylation were
included as variable modifications, while cysteine car-
bamidomethylation was set as a fixed modification. Protein
quantification was performed using MaxLFQ values after
removal of low-scoring precursors.

2.11 | EVisolation from cell-conditioned
medium

Preparation and collection of cell culture conditioned
medium (CCM) was performed according to the previ-
ously validated protocol described by Van Deun et al.>>?
The protocol has been validated extensively, and demon-
strated a consistently high yield of EV preparations with
minimal contamination.”>~?’ In brief, CCM was prepared
from cells grown at 60%-80% confluency in seven mul-
tilayer culture flasks with three layers (cat. no. 10272721,
Corning). Cells were washed once with serum-free (SF)
medium, followed by two washing steps with 0.5% EDS
supplemented medium. Flasks were incubated at 37°C in
5 or 10% CO, for 24 h. After 24 h CM was collected and
centrifuged for 10 min at 300 X g at 4°C. The supernatant
was filtered using a 0.45 um cellulose acetate filter (cat. no.
734-5064, VWR International) and CM was concentrated
up to 1 mL using a 10 kDa Centricon Plus-70 centrifu-
gal unit at 4°C (cat. no. UFC701008, Merck Life Science).
Concentrated CCM was stored at -80°C until further use.
EVs were separated from CCM via top-down OptiPrep
density gradient ultracentrifugation (DGUC) as previously
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described.?> ?® In short, a discontinuous iodixanol gradient
was prepared by layering 4 mL of 40%, 4 mL of 20%, 4 mL
0f 10% and 3.5 mL of 5% iodixanol on top of each other in a
16.8 mL open top polyallomer tube (cat. no. 337986, Beck-
man Coulter). One millilitre of CCM sample was overlaid
on top of the gradient, followed by 18 h ultracentrifugation
at 100 000 x g and 4°C using a SW32.1 Ti rotor (Beck-
man Coulter). Afterwards, 16 DGUC fractions of 1 mL were
collected from the top of the gradient (EV-enriched frac-
tions 9 and 10 - corresponding to 1.09-1.11 g/mL densities)
and kept. DGUC fractions were collected and diluted to
15 mL with PBS, followed by a 3 h ultracentrifugation at
100 000 x g and 4°C using a SW32.1 Ti rotor. Resulting pel-
lets were resuspended in 100 uL. PBS and stored at -80°C
until further use.

We have submitted all relevant data of our experi-
ments to the EV-TRACK knowledgebase (EV-TRACK ID:
EV250139).%°

2.12 | Proteomics EVs

Samples were processed for liquid-chromatography tan-
dem mass spectrometry (LC-MS/MS) by filter-aided sam-
ple preparation (FASP) as previously described.>” 3! The
FASP-digested peptides were acidified with 1% trifluo-
roacetic acid to a pH of 2-3, followed by desalting as
described.>” The desalted and dried peptides were dis-
solved in 0.1% formic acid for LC-MS analysis. The peptide
samples were analysed by a nanoflow HPLC system (Easy-
nLC1200, Thermo Fisher Scientific) coupled to Orbitrap
Exploris Lumos mass spectrometer (Thermo Fisher Scien-
tific) equipped with a high-field asymmetric waveform ion
mobility spectrometry (FAIMS) device between a nano-
electrospray ionization source and the mass spectrometer.
Compensation voltages of -40 V and -60 V were used.
Peptides were first loaded on a trapping column and
then separated inline on a 15 cm C18 column (75 um
X 15 cm, ReproSil-Pur 3 pm 120 A C18-AQ, Dr. Maisch
HPLC GmbH) with a 120-min 2-step gradient consisting
of solvents A (0.1% formic acid) and solvent B (acetoni-
trile/water (95:5(v/v)) with 0.1% formic acid) from 5 to 21%
B in 62 min, from 21% to 36% B in 48 min, from 36% to 100%
in 5 min and held at 100% B for 5 min. All samples were
analysed by data independent acquisition (DIA), in which
each cycle consisted of a full scan from 345 to 1005 m/z at a
resolution of 120 000, maximum injection time of 50 ms
and normalized automatic gain control (AGC) target of
300%. DIA MS2 scans were employed for all DIA scans
at a resolution of 30 000, normalized AGC target 2000%,
maximum injection time of 52 ms and 30 windows of vari-
able window scheme with an overlap of 1 m/z covering m/z
range from 350 to 1000.

DIA data was processed with Spectronaut software (ver-
sion 19.0, Biognosys) using directDIA with FASTA files
of universal contaminant proteins** and human uniprot
reference proteome including isoforms (release 2024_3).
Carbamidomethyl (C) was used as a fixed modification,
and acetylation (protein N-terminus) and oxidation (M)
were set as variable modifications. Maximum of two
missed cleavages were allowed. PSM, peptide and protein
group FDR thresholds of pulsar search/identification were
set to 0.01. Cross-run normalization using local normal-
ization strategy based on a RT dependent local regression
model.>* Only the peptides identified in all runs were used
as a background in normalization. Quantitation was done
in MS2 level measuring peak areas.

3 | RESULTS

3.1 | Establishment and characterization
of early-passage sarcoma PDC cultures

3.1.1 | Establishment

In total, 29 different patient-derived cell (PDC) cultures
were initiated, from 19 different patients (Figure 1, Table 1,
Supplementary Figure 2). Eleven different types of sarco-
mas were used to initiate the cell cultures. These included
high-grade MPNST, UPS, high-grade MFS, SS, carcinosar-
coma (CS), high-grade leiomyosarcoma (LMS), osteosar-
coma (OS), spindle-cell rhabdomyosarcoma (RMS), well-
differentiated liposarcoma (LPS), extraskeletal osteosar-
coma (EOS) and sarcoma with BCOR alterations (SBR).
Additionally, one tenosynovial giant cell tumour (GCT)
sample was included as the culture had already been
initiated from the biopsy sample before the diagnosis
was known. All patient data was meticulously updated
along the patients’ treatment course, including previ-
ously administered treatments and survival. In this patient
cohort, 11 females and eight males were present with a
median age of 55 (IQR 28-65). Median overall survival
was 83 months, with 11 out of 19 patients still alive in
August 2025. Thirteen samples were treatment naive at
the moment of surgery. The majority of treated patients
received a combination of anthracyclines and ifosfamide
or the protocol by the European and American Osteosar-
coma (EURAMOS protocol) (Table 1). Nineteen samples
originated from primary tumours, six were of metastatic
origin and four were collected from a local recurrence
(Figure 1B). In three patients, multiple samples were col-
lected and used for PDC culture (Supplementary Figure
1). In patient TBB-S-044, a MPNST, samples were col-
lected from multiple regions in the primary tumour and
local recurrence, with one additional sample from a lung
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FIGURE 1 Overview of PDC experimental procedures and associated clinical data. (A) Overview of experimental pipeline and
procedures. (B and C) Overview of all established cultures with associated clinical parameters. (D) Survival analyses of all patients with
numbers at risk and censored data. (E) Survival analyses of patients with and without copy number variations with numbers at risk and
censored data. A log-rank (Mantel-Cox) test revealed no significant difference between the patients from whom PDCs with and without CNV
were derived, with a mean overall survival of 83 months in the patients that gave rise to PDCs carrying CNVs, and undefined median survival
in the patients that gave rise to PDCs without CNVs. CNV+ = cultures containing copy number variations, CNV- = cultures not containing
copy number variations.
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TABLE 1 Overview of sarcoma cell cultures.
Culture Vital Age
PatientID name Sarcoma subtype Disease stage Prior treatment status Sex (y)
TBB-S-050 SARO007 Osteosarcoma Primary tumour - Deceased F 66
TBB-S-010 SARO11 Synovial sarcoma Metastasis Doxorubicin + ifosfamide, =~ Deceased F 66
trabectedin
TBB-S-045 SARO030 Undifferentiated sarcoma, Primary tumour - Alive F 70
pleomorphic
TBB-S-247 SAR040 Osteosarcoma Primary tumour EURAMOS Alive M 24
TBB-S-250 SAR043 Carcinosarcoma Primary tumour - Deceased F 49
TBB-S-047 SAR045 Extraskeletal osteosarcoma  Primary tumour - Deceased M 24
TBB-S-087 SAR109 Undifferentiated sarcoma, Primary tumour - Deceased M 76
pleomorphic
TBB-S-099 SARI121 Undifferentiated sarcoma, Primary tumour - Deceased M 62
pleomorphic
TBB-S-058 SARI156 Sarcoma with BCOR Metastasis VDC/IE Deceased M 46
genetic alterations
TBB-S-044 SAR183A1 MPNST Primary tumour  Anthracycline + Deceased F 31
ifosfamide
SARI183A2
SARI83A3
SARI183A4
SARI86A1 Local recurrence  Anthracycline +
ifosfamide
Radiotherapy
SAR186A2
SAR186A4
SAR291 Metastasis Anthracycline +
ifosfamide
TBB-S-155 SARI87A2  Leiomyosarcoma Primary tumour  Anthracycline + DTIC Alive F 65
SARI187A3
TBB-S-161 SAR191 Synovial sarcoma Primary tumour Anthracyclin + ifosfamide  Alive F 19
Radiotherapy
TBB-S-028 SAR295 MPNST Primary tumour  Anthracycline + Alive M 25
ifosfamide
TBB-S-052 SAR311 Myxofibrosarcoma Metastasis - Alive M 55
SAR317
SAR357
TBB-S-229 SAR313 Well-differentiated Local recurrence - Alive M 33
liposarcoma
TBB-S-031 SAR343 Rhabdomyosarcoma Primary tumour  IVADO Alive F 65
TBB-S-342 SARA433 Synovial sarcoma Primary tumour - Alive F 21
TBB-S-146 SAR172 Giant cell tumour Primary tumour - Alive F 55
TBB-S-316 SAR401 Carcinosarcoma Primary tumour - Alive F 65
- SW1353 Chondrosarcoma Primary tumour - Deceased F N/A

Note: In patients TBB-S-044 and TBB-S-155, multiple samples were collected of single tumours. In patient TBB-S-052, samples of three different metastases were
collected at two different timepoints. Age is the age of patients at the moment of surgery.Abbreviations: EURAMOS: combination treatment containing cisplatin,
doxorubicin and methotrexate; IVADO: combination treatment containing ifosfamide, vincristine, actinomycin D and doxorubicin. MPNST: malignant peripheral
nerve sheath tumour; VDC/IE: combination treatment containing vincristine, doxorubicin, cyclophosphamide, ifosfamide, etoposide.
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metastasis. In patient TBB-S-155, a LMS, samples were col-
lected from three macroscopically different regions of the
primary tumour, of which two separate cell cultures could
be initiated. In patient TBB-S-052, three different MFS
metastases were collected throughout the disease course,
and all successfully generated PDC cultures. The major-
ity of PDC cultures adopted a spindle-shaped morphology,
which was also present in the original histology of the
patient samples (Figures S2 and S3). Hematoxylin/Eosin
evaluation of the cell pellets from suspended cultures
showed a typical rounded morphology, with cells display-
ing relatively large nuclei. This appearance is consistent
with an increased nuclear-to-cytoplasmic ratio, a fea-
ture commonly observed in cancerous cell populations
(Supplementary Figure 3).

3.1.2 | Genetic characterization

CNV sequencing revealed the presence of copy number
alterations in 12 out of 29 cell cultures (Figure 1C, Table
S3). The majority of cultures showed complex genomes
with presence of multiple amplifications and chromoso-
mal losses (Supplementary Figure 4). A set of genes that
are frequently affected in sarcoma was selected based on
OncoKB, and cell cultures were compared based on these
genes (Figure 2B). The most frequent CNVs identified are
losses of the cell cycle inhibitors CDKN2A and CDKNZ2B,
that were present in different sarcoma subtypes. Loss-
of-function alterations in NF1 are a defining feature of
NF1-associated MPNSTs and represent the most frequent
genetic events in sporadic MPNSTs, where they commonly
co-occur with deletion of the tumour suppressor gene
SUZ12.* Accordingly, all MPNST PDCs harbouring CNVs
exhibited concurrent loss of NF1 and SUZ12 on chromo-
some 17q (Supplementary Figure 4). The most complex
profiles were found in the UPS (SARI21, SARI09 and
SARO030), which show a multitude of CNVs involving onco-
genes and tumour suppressor genes including BRCA2,
TP53, CDKN2A, CDKN2B, RBI (Figure 3E, Supplementary
Figure 4). All SS (SARO011, SAR191 and SAR433) shared a
similar amplification on chromosome 17 that, despite har-
bouring no known relevant oncogenes, may play a role in
tumourigenesis (Supplementary Figure 4).%°

3.1.3 | Transcriptomic analysis

Principal component analysis (PCA) of transcriptomes
from the 29 PDC cultures revealed distinct cluster-
ing driven largely by sarcoma subtype (Figure 2A).
SS PDC (SAROIl, SARI191, SAR433) formed a tight
and clearly separated cluster, consistent with their dis-

tinct fusion-driven and transcriptionally coherent neural-
crest/myogenic identity. MFS PDC (SAR311, SAR317 and
SAR357) and UPS PDC (SAR030, SAR109 and SARI21)
each formed discrete clusters, reflecting their fibroblas-
tic lineage (MFS) versus dedifferentiated, lineage-erased
state (UPS). LMS cultures (SAR187A2 and A3) clustered
closely together, consistent with preserved smooth-muscle
differentiation, whereas OS (SAR007 and SAR040) and
CS (SAR401 and SARO043) samples occupied intermedi-
ate regions of PCA space, reflecting mixed or partially
retained lineage programs. MPNST (SARI83, SARIS6,
SAR291 and SAR295) cultures predominantly remained
separated along PC1 and were distinctly separated along
PC2 from SS, MFS and UPS underscoring their differen-
tial lineage-of-origin. The variation along PC1 may align
with the biological context of the samples, which are
derived from a primary tumour (SAR183), a local relapse,
(SAR186) and a distant lung metastasis (SAR291) all orig-
inating from the same patient and each representing
distinct stages of tumour evolution. Additional single-
cultured subtypes also mapped to distinct PCA positions
consistent with their differential biology: RMS (rhabdomy-
oblastic lineage), liposarcoma (adipogenic differentiation),
tenosynovial GCT (osteoclastic/stromal signature), EOS
(mixed osteogenic—fibroblastic identity) and a BCOR-
altered sarcoma (unique chromatin-driven transcriptional
pattern). These entities did not cluster with the major sar-
coma groups, further demonstrating that PCA captures
biologically meaningful transcriptional variation across
diverse mesenchymal tumour lineages. Furthermore, a
complementary PCA incorporating two epithelial cancer
cell lines underscores the lineage differences captured by
PC1 (Supplementary Figure 5). Hierarchical clustering of
the transcriptomic profiles largely reproduced the subtype-
driven structure observed in the PCA (Figure 2C). The
majority of PDC from SS, MFS and UPS formed coher-
ent clusters with strong within-subtype correlations and
clear separation from one another. As expected, MPNST
cultures formed multiple distinct clusters, more consistent
with their origin from primary, recurrent and metastatic
lesions. Other subtypes such as RMS, liposarcoma, GCT,
EOS and the BCOR-altered sarcoma occupied isolated
positions. Overall, both analyses demonstrate that lineage
of origin and tumour progression stage are major drivers of
transcriptomic heterogeneity in the sarcoma PDC panel.
Despite this intra- and inter-subtype variation, ssGSEA
revealed some strikingly homogeneous pathway activity
profiles across a majority of cultures, with consistently
high enrichment of MYC targets, TGF-f signalling, oxida-
tive phosphorylation and mTORCI signalling, suggesting
shared therapeutic vulnerabilities (Figure 2B). Further-
more, gene set enrichment analysis comparing PDCs
containing CNVs to PDCs not containing CNVs showed
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that PDCs with CNVs exhibit higher expression of several
hallmark pathways, including Hedgehog signalling, E2F
targets and MYC targets (Figure 2D).

3.2 | Phenotypic drug sensitivity
screening uncovers functional insights not
captured by genomic or transcriptomic
sequencing

A 38-compound drug panel was screened across the early-
passage sarcoma PDC cultures, including agents already
used clinically as well as compounds in various stages
of translational development (Figure 3A). Drug sensi-
tivity scores (DSS) revealed that the majority of PDCs
were sensitive to Trabectedin. In some PDCs, the cyto-
toxic effect of Trabectedin was strongest at 1-10 nM but
diminished at 100 nM (Figure 3B), suggesting nonlin-
ear concentration-response behaviour in specific sarcoma
subtypes. Microtubule-stabilizing agents such as Doc-
etaxel, Paclitaxel and microtubule-destabilizing agent Vin-
cristine clustered tightly together, consistent with their
shared mechanisms of action and comparable effective-
ness across sarcoma subtypes. Notably, their activity
appeared independent of CNV status or lineage. The stan-
dard of care treatment Doxorubicin elicited a limited
effect on the PDCs in the 1-100 nM concentration range,
but showed higher efficacy at concentrations surpassing
100 nM (Figure 3C). The PI3K inhibitor Omipalisib and
downstream mTOR inhibitors Everolimus and Rapamycin
were also among the most effective kinase inhibitors, in
agreement with ssGSEA pathway activity. By contrast, tar-
geted agents commonly used clinically in sarcoma—such
as the multikinase inhibitors Pazopanib, Regorafenib and
Sorafenib—showed minimal to no activity across all PDCs
tested, underscoring the limited functional impact of these
TKIs in the ex vivo setting.

To explore clinical correlates of drug response, PDCs
were stratified into clinically relevant subgroups and the
activity of specific therapies was compared (Figure 3D).
No significant differences were observed when comparing
PDCs from pretreated sarcoma samples. However, PDCs
harbouring CNV alterations responded more strongly to
Docetaxel and Gemcitabine, the latter frequently used
in combination with Docetaxel as a second-line therapy

for soft tissue sarcoma. Overall, drug response evaluation
demonstrates that functional phenotypic drug screen-
ing captures therapeutically relevant heterogeneity not
evident from genomic or transcriptomic data alone.

3.3 | Intra-tumoural and site-specific
heterogeneity captured by sarcoma
patient-derived cultures

Eight cell cultures were derived from a single patient
with MPNST. SAR183A1 to A4 were established from spa-
tially distinct regions of the patient’s primary tumour.
SAR186A1, SAR186A2 and SAR186A4 were generated from
tissue sampled at different locations within the local recur-
rence. SAR291 was derived from a lung metastasis obtained
from the same patient (Supplementary Figure 1). The DNA
of these tumour samples and their corresponding PDCs
was analysed using CNV sequencing. The recurrence
tissue samples of SAR186A1, SAR186A2 and SAR186A4
revealed no significant alterations in copy number and nei-
ther did their corresponding PDCs (Supplementary Figure
4). For SAR183A2 and SAR291, however, the CNVs present
in the original tumour tissue were no longer detectable
in the corresponding cell cultures (Figure 4G). Such loss
of CNVs upon in-vitro expansion is consistent with the
well-described clonal selection that occurs during cell cul-
ture establishment, where only specific subpopulations
adapt and outgrow others.* * In contrast, analysis of key
MPNST-related genes showed that the CNVs observed
in the primary tumour were retained in the SAR183Al,
SAR183A3 and SAR183A4 cultures (Figure 4G). The overall
similarity of the complete CNV profiles among SAR183A1,
SARI183A3 and SAR183A4 ranged from 50.7% to 78.1%.
Notably, the SAR183A4 culture exhibited only a heterozy-
gous loss of NF1, CDKN2A and CDKNZ2B copy number,
whereas the original primary tumour tissue harboured
homozygous deletions of these genes, indicating that cells
with incomplete loss of these loci were selectively enriched
during the culturing process. While many CNVs may
represent passenger events without major functional con-
sequences, all PDCs retained a common lineage signature
while exhibiting transcriptomic divergence reflective of
disease progression (PCA plot and hierarchical cluster-
ing, Figure 2A,C). This finding is also confirmed at the

ward linkage method. (B) Dose-response curve of trabectedin in four distinct PDCs. (C) Dose-response curve of Doxorubicin in higher

concentrations than the ones tested in the high-throughput experiments. (D) Maximum effect of specific treatments in clinically relevant
subgroups. PDCs were grouped into the described categories and maximum effects at 100 nM were graphed. Mann-Whitney U tests were
performed to calculate differences between groups. (E) Copy number variations in a sarcoma-relevant subset of genes. A subset of
sarcoma-relevant genes was selected from OncoKB? and all CNV data was cross referenced. An amplification was called at a Z-score higher

than 0.35, a homozygous loss was called at a Z-score of -2 or lower and a heterozygous deletion was called at a Z-score between -0.35 and -2

(Supplementary Figure 4).
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proteome level. PCA of the proteomic signatures resolved
the cultures into three major clusters: one comprising the
primary tumour samples (SAR183A1-A4), a second con-
sisting of the local recurrence cultures (SAR186A1-A4) and
a third represented by the lung metastasis culture (SAR291)
(Figure 4A). Gene set enrichment analysis of the proteomic
data revealed increased abundance of several targetable
pathways in the PDC derived from the primary tumour
compared with those from the local recurrence and metas-
tasis, including hallmarks such as G2M checkpoint and
epithelial to mesenchymal transition (Figures 4C and 5C).
Consistent with these findings, drug sensitivity screening
showed a higher sensitivity of the primary tumour PDC
to microtubule-targeting agents such as paclitaxel and
docetaxel when compared to the local recurrence or metas-
tasis. In addition, the primary tumour derived cells exhib-
ited overexpression of proliferative signalling pathways,
including E2F targets and MYC targets, aligning with their
increased sensitivity to DNA-targeting gemcitabine, and
the topoisomerase inhibitor topotecan. No major differ-
ences in kinase pathway activation were detected between
the primary, recurrent, and metastatic MPNST cultures,
consistent with the observation that MEK, PI3K and mTOR
inhibitors showed activity across all three stages, although
compound-specific differences in sensitivity were appar-
ent. Notably, the MPNST PDC culture from the metastasis
showed pronounced sensitivity to HSP90 inhibition, con-
sistent with its stronger EMT-associated transcriptional
program, as cells in mesenchymal state often display
increased reliance on HSP90-dependent proteostasis and
signaling®’ (Figure 4B).

Given the differences observed in the proteomes of cell
cultures derived from primary sarcomas versus metastatic
lesions, we next examined whether these distinctions were
also reflected in the EVs released by these cells. Because
EVs are key mediators of intercellular communication and
represent a rich source of potential biomarkers, we anal-
ysed their proteomic composition. EVs were isolated from
primary tumour-, local recurrence- and metastasis-derived
cultures, and their protein content was systematically pro-
filed. A PCA of the EV proteomes showed clustering
patterns similar to those of the corresponding cell cultures,
with clear separation according to tumour site (Figure 5A).
Because local relapse maintains direct evolutionary conti-
nuity with the primary tumour, its EV composition is better
suited to identifying subtle progression-associated changes
than that of the biologically distinct metastasis. To investi-
gate this, GSEA was applied to the primary tumour and

local recurrence PDCs and EVs, revealing that the differ-
entially expressed pathways ‘interferon gamma response’,
‘interferon alpha response’ and ‘MYC targets V1’ in the
cell cultures were also detectable in their EVs. A vol-
cano plot further highlighted stage-specific EV signatures:
the metastatic culture released EVs enriched for EMT-
associated proteins—most prominently S100A4, COL1A2
and CHI3L1, together with ECM and cytoskeletal reg-
ulators such as PODN, MTCL2 and ITIH2—supporting
the EV proteome as a sensitive indicator of a mesenchy-
mal, invasion-prone cell state. In contrast, EVs from the
primary tumour cultures were characterized by marked
enrichment of MYC_TARGETS_V2, driven by high lev-
els of DDX1 and additional MYC-responsive proteins,
consistent with a bona fide MYC-driven proliferative
program at the primary disease stage (Figure 5B). EV
markers representing membrane tetraspanins (CD9, CD63,
CD8l), lipid raft proteins (FLOT1/2), ESCRT components
(SDCBP, PDCD6IP, TSG101), vesicle trafficking regulators
(Rab27A/B) and plasma membrane-derived EV biogen-
esis (ARRDCI1) showed stable abundance with limited
variability across PDC locations, indicating consistent EV
production and isolation (Figure 5C).

In line with the EMT-associated proteomic differences
observed between primary tumour-derived and relapse-
derived cultures, we next assessed cellular morphology
in 2D and invasive behaviour in 3D type I collagen
matrices. Quantification of cell area, perimeter, circu-
larity, and roundness followed by PCA revealed distinct
morphological clustering between primary tumour and
local relapse PDC cultures (Figure 5E), indicating a shift
toward a more mesenchymal morphometric profile in the
relapse-derived cells. Consistently, invasion assays using
3D type I collagen gels demonstrated that two out of
three local relapse cultures exhibited markedly greater
invasive capacity compared to all primary cultures, as
reflected by significantly increased invasion area mea-
sured from spheroids (Figure 5F). Together, these findings
support that relapse-derived MPNST cultures acquire mes-
enchymal morphotype with enhanced invasive potential
compared with their primary tumour counterparts.

4 | DISCUSSION

In this study, we established and comprehensively charac-
terized a panel of early-passage PDC cultures representing
eleven distinct sarcoma subtypes. By integrating genomic,

10 significant up- and downregulated pathways are shown. (D) Direct comparisons of CNV profiles of patient samples with their
corresponding PDCs. Similarities were calculated with the CNpare package in R.** (E) Comparison of CNV in a MPNST-relevant subset of

genes between patient tissue and PDC. Genes were selected based on publications in MPNST and OncoKB."?* 33 An amplification was called

at a Z-score of more than 0.35, and a loss was called at a Z-score of less than 0.35 (Supplementary Figure 4).
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transcriptomic, proteomic, EV profiling, morphological
analysis and functional drug sensitivity screening, we
demonstrate that these models recapitulate key molecular
features of their tumours of origin and capture clinically
and biologically meaningful heterogeneity across sarcoma
lineages and disease stages. In accordance with others, our
findings collectively underscore the value of early-passage
PDCs as tumour relevant models for dissecting sarcoma
biology and informing functional precision medicine.*®

The successful derivation of 29 PDC cultures from
19 patients spanning a broad clinical spectrum reflects
the feasibility of establishing stable, early-passage sar-
coma models from diverse histologies, including both
relatively frequent sarcoma subtypes (MPNST, UPS, MFS,
SS, LMS) and rarer entities (BCOR-altered sarcoma, EOS,
RMS). Morphologically, most cultures adopted the spindle-
like appearance classically associated with mesenchymal
tumours, while suspended cell pellets consistently dis-
played the enlarged nuclear-to-cytoplasmic ratio charac-
teristic of malignant cells. These observations support that
early-passage cultures retain core cytological features of
their respective sarcomas.’**! Given the marked hetero-
geneity of sarcomas, these findings cannot be generalized
across the full spectrum of sarcoma subtypes. Neverthe-
less, they highlight the value of functional screening as a
complementary approach that can reveal therapeutic vul-
nerabilities beyond those identified through multi-omic
profiling alone.

Genomic analysis further confirmed preservation of
tumour-associated alterations. CNV profiling identified
recurrent losses of CDKN2A/B and NFI, particularly
amongst MPNST cultures, in line with known pathogenic
drivers of this disease. SS cultures consistently exhibited
a shared amplification on chromosome 17, suggesting a
selective advantage maintained during in vitro expansion.
UPS cultures displayed the most complex genomic land-
scapes, consistent with their highly rearranged genomes
in vivo. Importantly, although some CNVs present in the
original tumour tissue were not retained in culture—
particularly in samples undergoing clonal bottlenecks or
selection—each PDC conserved a subset of biologically
relevant CNVs, especially those related to sarcoma lin-
eage identity or tumour progression. These observations
highlight the dynamic interplay between selective pres-

sures during culture establishment and the preservation of
tumour-defining genomic features also observed in other
tumour entities.*?

At the transcriptomic level, PCA and hierarchical clus-
tering analyses revealed pronounced lineage-specific seg-
regation of sarcoma PDCs, consistent with previously pub-
lished sarcoma organoid cultures.*® Fusion-driven entities
such as SS formed tightly clustered, isolated groups, reflect-
ing their coherent and characteristic transcriptional pro-
grams. Conversely, complex-karyotype sarcomas, includ-
ing MFS and UPS, also formed distinct subtype-specific
clusters, with UPS cultures demonstrating a more dediffer-
entiated, transcriptionally divergent identity. LMS cultures
clustered together, maintaining smooth muscle-associated
signatures, while osteosarcoma and carcinosarcoma cul-
tures occupied intermediate positions consistent with
mixed or partially retained differentiation programs. Other
subtypes such as LPS, RMS, GCT and BCOR-altered sar-
coma mapped to unique transcriptomic spaces aligned
with their known biology. These findings underscore that
lineage of origin is a major determinant of transcriptional
architecture in sarcoma PDCs.

The MPNST cultures, derived from spatially distinct
regions of a primary tumour, a local recurrence and a
distant metastasis, provided a powerful opportunity to
examine patterns of intra-tumoural and inter-site het-
erogeneity. Transcriptomic and proteomic PCA clearly
separated primary, relapse and metastatic cultures, sup-
porting the concept that disease progression is accom-
panied by increasingly divergent biological states and in
agreement with others work.** Although all MPNST cul-
tures retained hallmark lineage-defining features, relapse-
derived cultures displayed enrichment of EMT-associated
transcriptional programs accompanied by increased inva-
sive capacity, while the metastatic culture exhibited the
most pronounced EMT-like state and a distinct sensitiv-
ity to HSP90 inhibition. In mesenchymal malignancies
such as sarcomas, this EMT-like state does not represent
a literal epithelial-to-mesenchymal transition but rather
reflects activation of conserved transcriptional programs
that drive mesenchymal plasticity, cytoskeletal remod-
elling, and invasive behaviour. HSP90-targeted strategies
have been evaluated clinically in sarcomas, including
an MPNST-enriched study of ganetespib plus the mTOR

of EV markers in CCM derived from PDCs shows stable expression of membrane tetraspanins, lipid raft proteins, ESCRT components, vesicle

traffic regulators and plasma membrane-derived EV biogenesis makers. (D) GSEA of proteomic data comparing primary tumour to local

recurrence in both PDCs, and CCM EVs derived from the corresponding PDCs. Only the top 10 signficant pathways are shown. A p-value of
0.001 was applied. (E) PCA plot of PDC phenotypes based on circularity, area, perimeter and roundness of the cells as measured with
fluorescence microscopy. Every point is a measured cell. Representative images are shown (Scale bar = 50 um). (F) Results of collagen
invasion assay of the PDC reveals significant differences in invasive capacity of PDCs derived from the same patient. Six technical replicates

per condition were included. Differences were calculated with a Kruskal-Wallis test with Dunn’s correction for multiple comparisons,

showing a significant difference (p < 0.0001). Representative images (magnification x4) are shown.
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inhibitor sirolimus (SARC023; NCT02008877), but objec-
tive responses in unselected MPNST were not observed.**
In contrast, activity of HSP90 inhibition in molecularly
defined sarcoma settings (e.g., KIT/PDGFRA-driven GIST)
supports the rationale that biomarker-selected metastatic
MPNST subsets may derive greater benefit from HSP90-
directed therapy.*

Together, these data illustrate the value of PDCs for
capturing progression-related phenotypes that cannot be
inferred from bulk tumour sequencing alone. To further
support the relevance of PDC cultures, ssGSEA iden-
tified pathways that were reproducibly enriched across
most sarcoma PDCs, independent of histologic subtype.
MYC targets, TGF-f signalling, oxidative phosphorylation
and mTORCI signalling were consistently activated, sug-
gesting convergent biological dependencies across distinct
sarcoma lineages in agreement with Tsherniak et al. “°

Functional drug sensitivity screening demonstrated that
PDCs serve as robust platforms for identifying therapeuti-
cally relevant vulnerabilities, many of which were not pre-
dictable from genomic or transcriptomic data alone. Con-
sistent with clinical observations, most PDCs were sensi-
tive to trabectedin, although several displayed non-linear
dose-response relationships that may reflect subtype-
specific pharmacodynamics. Microtubule-targeting agents
such as docetaxel, paclitaxel and vincristine showed broad
efficacy across sarcoma lineages and clustered together
in sensitivity analyses, reflecting conserved mechanisms
of action. Kinase inhibitors targeting the PI3K-mTOR
axis were among the most effective targeted agents, in
agreement with pathway enrichment detected by ssGSEA.
In contrast, multikinase inhibitors widely used in sar-
coma treatment, including pazopanib, regorafenib and
sorafenib, demonstrated limited activity ex vivo, high-
lighting a disconnection between pathway activation sig-
natures and therapeutic response that warrants further
investigation.’ A key limitation is the absence of an appro-
priate non-malignant comparator. Because the cell of
origin of many sarcoma subtypes remains incompletely
defined, selecting a biologically relevant control culture is
challenging. Moreover, the marked heterogeneity across
sarcoma histologies makes any single non-tumour com-
parator unlikely to represent a meaningful reference for all
models studied.*’

Given the molecular and phenotypic divergence
observed between PDCs derived from primary tumours,
local recurrences and metastases, we examined whether
such differences were also reflected in their secreted
EV. Proteomic analysis of EVs mirrored the clustering
patterns identified in cell-based analyses, supporting the
use of EVs as non-invasive indicators of tumour evolution.
EVs from primary tumour cultures exhibited enrichment
of MYC_TARGETS_V2, driven by high levels of DDX1

3

and other MYC-responsive proteins, consistent with a
proliferative phenotype. EVs derived from relapse cultures
captured increased mesenchymal and matrix-remodelling
signatures, paralleling their transcriptomic and mor-
phological profiles. These stage-specific EV signatures
highlight the potential of EV profiling to monitor disease
progression and identify biologically meaningful transi-
tions in tumour state confirming extensive work done
using plasma-derived EV signatures.*®

Together, these findings demonstrate that early-passage
sarcoma PDCs faithfully preserve lineage identity,
progression-related phenotypes, and functional thera-
peutic vulnerabilities. The integration of multi-omic and
phenotypic profiling provides a rich framework to study
sarcoma biology, identify actionable dependencies, and
develop personalized treatment strategies grounded in the
functional behaviour of PDC cultures.
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