Long non-coding RNAs (lncRNAs) are transcripts longer than 200 nucleotides, without protein-coding potential. They are frequently spliced, polyadenylated, 5’capped, yet they lack evolutionary conservation and exhibit tissue-specific expression. LncRNAs regulate diverse biological processes and signalling pathways, and their deregulation is often linked to diseases, such as cancer.
The Wnt/β-catenin pathway is a key regulator of intestinal stem cell maintenance and epithelial self-renewal, with the β-catenin/TCF4 complex orchestrating the expression of critical target genes. Aberrant activity of the Wnt pathway, due to mutations that stabilize β-catenin expression, is the major driver of colorectal carcinogenesis (CRC). Several lncRNAs have been identified as modulators of Wnt signaling, affecting its transcriptional repertoire and carcinogenesis.
Even though lncRNAs are typically considered non-coding, emerging studies have revealed the presence of small open reading frames (smORFs) residing within lncRNA loci (lncORFs), expressing microproteins. These microproteins represent an underappreciated class of biomolecules with critical roles in fundamental physiological and molecular processes.
In the first part of the thesis, we identified LINC01133 (lnc-IGSF9) as a nuclear lncRNA whose locus is bound by the β-catenin/TCF4 complex and its expression is negatively regulated by the Wnt pathway activity in CRC cells. CRISPR-a-mediated overexpression revealed that lnc-IGSF9 promotes cell adhesion and differentiation, reduces cell proliferation, and perturbs Wnt initiation. We discovered that lnc-IGSF9 operates in cis, regulating the expression of its neighboring gene IGSF9, which encodes a cell adhesion protein. Both transcripts are co-expressed across different tissues, and are downregulated in CRC patients, suggesting that both lnc-IGSF9 and IGSF9 are commonly regulated. Mechanistically, RNA pull-down followed by mass spectrometry demonstrated that lnc-IGSF9 interacts with CDX2, an intestinal-specific orchestrator of differentiation. CDX2 overexpression induces the expression of lnc-IGSF9 and subsequently, increases the IGSF9 expression levels. Our findings suggest that the CDX2-lnc-IGSF9-IGSF9 axis is a novel regulator of intestinal differentiation.
In the second part, we examined the existence of lncORFs in cancer cells by leveraging Ribo-seq experiments from HCT116 cells treated with Cycloheximide or Lactimidomycin. ORF-RATER and Ribosome Release Score (RRS) analyses identified multiple lncORFs with coding potential. Among the seven manually curated candidates, only EPB41L4A-AS1 lncRNA was validated to encode a mitochondrial microprotein (EPB-SEP). Functional assays demonstrated that EPB-SEP overexpression disrupts mitochondrial membrane potential, induces G2 cell-cycle arrest, and reduces clonogenicity, while the shRNA-mediated knockdown of EPB41L4A-AS1 enhances proliferation. Proteomic profiling revealed that EPB-SEP predominantly impairs the mitoproteome and dysregulates mitosis-associated proteins. Immunoprecipitation experiments revealed that EPB-SEP interacts with several mitochondrial proteins essential for mitochondrial homeostasis. Together, these results uncover EPB-SEP as a novel tumor-suppressive mitochondrial microprotein encoded by EPB41L4A-AS1.
