
• The tumor microenvironment consists of 
cellular and non-cellular components. The 
cellular components of the tumor niche are 
primarily stromal fibroblasts.

• Tumor-stroma interaction via secreted 
factors has been shown to be important in 
many cancers (e.g. breast and prostate 
cancers).

• Studying this interaction requires the 
distinction between tumor and stromal cells. 
This can be done by taking advantage of 
differentially expressed surface proteins.

• Studying the expression of surface proteins is 
important because they not only distinguish 
and quantify the subpopulations, but also:

• They can function in cell-cell 
communication;

• They can be used as biomarkers; 
and/or

• They can be used as targets for 
immunotherapy.

• In mesenchymal tumors, such as desmoid 
tumors (DT), there are no reliable cytologic or 
cell-surface makers. So the presence of 
stromal cells is expected but has not been 
well studied.

• The sporadic form of DT is caused by point 
mutations in the beta-catenin gene 
(CTNNB1). The most common events are 
T41A and S45F mutations. They lead to 
elevated nuclear beta-catenin protein 
levels.

• However, Sanger sequencing data reveal that 
the mutation frequency within each sample 
is variable.

• Additionally, DT tissues exhibit variable beta-
catenin staining in some regions.

INTRODUCTION

We hypothesize that cell surface proteins can be 
used to distinguish the neoplastic and stromal 

populations in desmoid tumors.

HYPOTHESIS

RESULTS MATERIALS & METHODS

Single cell derived clonal expansion: Primary cultures were 
resuspended in media and limiting dilutions (10 to 1 cell/well) 
were seeded into 24-well plates. Visual inspection confirmed the 
presence of a single cell in each well and wells with more or no 
cells were excluded from further studies.

Beta-catenin exon 3 sequencing: DNA was extracted using the 
DNeasy Blood & Tissue Kit (Qiagen). Approximately 100ng of 
genomic DNA was used as template for Q5 High-Fidelity PCR 
Kit (NEB) with primers designed to amplify the human beta-
catenin exon 3 region. The PCR product was purified by gel 
extraction using the QIAquick Gel Extraction Kit (Qiagen). 
Sanger sequencing was performed at the Centre for Applied 
Genomics (TCAG, The Hospital for Sick Children).

High throughput surface marker screen: Mutant and non-mutant 
colonies were analyzed by flow cytometry for the expression of 
368 surface markers. The experiment was repeated twice: once 
for colonies derived from T41A mutant cultures and once for 
colonies derived from S45F mutant cultures. In each experiment, 
at least 4 colonies of the same genotype (mutant or non-mutant) 
were pooled together. Enrichment cut-off was set at 50% 
positivity.

Flow cytometry and fluorescent-activated cell sorting (FACS): 

Cells were stained with CD142 (BD), CD252 (BD), or Podoplanin 
(BioLegend) antibodies for 40 minutes. SYTOX Blue Dead Cell 
Stain (ThermoFisher Scientific) was used as per the 
manufacturer’s instructions to exclude dead cells from further 
analysis.

Co-culture proliferation assay: Cells of the indicated genotype 
were seeded in the upper or lower chamber of a plate separated 
by a Transwell permeable support (Corning, 0.4µm pore size). 
BrdU was added 24h before fixation. The number of BrdU 
positive nuclei were counted and averaged over at least 3 
experimental replicates.

Secreted factors experiments: Identification of secreted factors 
was determined using Proteome Profiler Human XL Cytokine 
Array Kit (R&D) as per the manufacturer’s instructions. 
Recombinant secreted factors were added to the BrdU media for 
18h before measuring with the Cell Proliferation ELISA, BrdU 
colorimetric assay (Sigma-Aldrich).

Statistical analyses: Statistical analyses were conducted using 
Microsoft Excel and GraphPad Prism v6. Statistical significance 
was calculated using the one- and two-sample t-test. A P value 
of less than 0.05 was considered significant (*). 

CONCLUSIONS

• A clonal approach identified cell surface 
markers (CD142, CD252, and PDPN) that 
can be used to distinguish the tumor and 
stromal cells in a type of soft-tissue sarcoma 
(desmoid tumors).

• Surface protein based flow cytometry is a 
more sensitive method than traditional 
Sanger sequencing to detect and quantify 
mutations in desmoid tumors.

• The dysregulation of beta-catenin activity in 
desmoid tumors contributes to the differential 
expression profile seen of both surface 
proteins and soluble factors.

• Paracrine signalling between tumor and 
stroma cells is involved in regulating cell 
proliferation.

• Targeting the tumor-stroma interactions is a 
potential avenue for therapeutic intervention 
in desmoid tumors.
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Figure 4. Stroma-derived secreted factors (PTX3 and CCL2) increase the proliferation of 
mutant desmoid tumor cells.

Figure 3. Surface marker-based cell sorting of heterogeneous desmoid tumor primary cultures 
sensitively isolates mutant and non-mutant populations.

Figure 2. Candidate surface marker expression correlates with beta-catenin activity in vitro 

and beta-catenin protein levels in situ. 

Figure 1. Clonal cultures of desmoid tumors identify mutant and non-mutant subpopulations 
with differential surface protein expression.

S45F T41A

A B C

D

A

B

C

D

A B C

T41A S45F

Unaffected Skin Tumour Tissue


