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Expression and methylation analysis of Wnt/?-catenin pathway in soft tissue sarcomas pathogenesis: role
of the R-spondin/Lgr5/Rnf43 module.

Introduction: Soft Tissue Sarcomas (STS) are malignant tumours of mesenchymal origin that represent around
1% of adult cancers with more than 50 recognized subtypes. This group of tumours is characterized by molecular
alterations in cellular processes such as cell cycle regulation and apoptosis, in which Wnt signalling pathway has
been involved. The R-spondin/Lgr5/Rnf43 module, which regulates Wnt/?-catenin signalling activation, has been
found to be altered in cancer; moreover different studies have identified common loss-of-function mutations in
RNF43/ZNRF3 and gain-of-function translocations in RSPO2/3 which can be used clinically to guide selection of
patients who may respond to Wnt signalling pathway upstream inhibitors. However, its role in sarcomagenesis
remains unexplored.

Objectives: The aims of this study were: 1) to evaluate the role of the R-spondin/Lgr5/Rnf43 module in the
pathogenesis of soft tissue sarcomas (STS) and its prognostic value in a subset of STS patients; 2) to determine if
aberrant DNA methylation on the promoter region of the genes involved in this module impairs its expression.

Methods: RNF43, ZNRF3, RSPO2, RSPO3, FZD10 and PORCN gene expression were analyzed. Total RNA was
isolated from 30 STS patient samples and 7 cell lines representing 13 STS subtypes, subsequent real-time PCR
reactions were performed (Real Time Eco BIO-RAD). mRNA expression was referenced to a universal human RNA
pool (Stratagene No.740000) to normalize the relative expression of the genes analysed using the 2-??Ct method.
The in silico CpG island identification was performed using Methyl Primer Express v1.0 (Applied Biosystems,
Carlsbad, CA, USA). DNA methylation profiles were determined by genomic bisulfite sequencing. Genomic DNA
was modified using the EZ DNA Methylation-Gold Kit (ZYMO Research). After conversion, the promoter region of
genes of interest was amplified by PCR, transformed and sequenced using Sanger method.

Results: Using mRNA expression analyses we found underexpression, or no detection, of RNF43 (3.2 ± 0.8 fold
change average) and ZNRF3 (2.3 ± 0.4 fold change average) mRNA levels in STS patient samples, compared to a
universal human RNA pool. On the contrary, RSPO2 and RSPO3 mRNA levels were found overexpressed (3.2 ±
0.7 and 2.8 ± 0.5 fold change average respectively) in most of the patient samples. According to survival analysis
for Kaplan-Meier curves and log-rank function in set of sarcoma patients (N = 17), ZNRF3 underexpression is
significantly associated with worse prognosis, showing a shorter time to relapse (log-rank; p-value = 0.035).



To evaluate the role of methylation in this expression changes, we performed several in silico and in vitro studies
using liposarcoma commercial and primary culture cell lines. In silico, RNF43 and FZD10 genes were found
hypermethylated while PORCN gene was hypomethylated. These results correlated with mRNA expression levels
for all liposarcoma cell lines. FZD10 and PORCN DNA methylation was also demonstrated by bisulfite sequencing.

Conclusions: Expression aberrations in components of the R-spondin/Lgr5/Rnf43 module in STS have been
detected either by mRNA expression analyses or DNA methylation profiles. In liposarcoma cell lines, expression
changes in RNF43, ZNRF3, FZD10 and PORCN correlated with methylation profiles. ZNRF3 underexpression was
significantly associated with worse prognosis.  Thus, components of R-spondin/Lgr5/Rnf43 module could be
potential prognostic biomarkers which could represent new therapeutical targets in soft tissue sarcoma.
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