
ABSTRACT 

Vertebrate telomeres are specialized structures localized at the end of chromosomes that are 

composed of TTAGGG tandem repeats. Progressive telomere shortening with every cell 

division, finally leads to telomere dysfunction and the induction of a DNA damage response at 

chromosome ends. DNA damage signaling provokes senescence or apoptosis, phenomena 

linked to organismal aging. In order to maintain telomere function the telomerase reverse 

transcriptase complex, composed by the RNA component (hTERC) and the catalytic subunit 

(hTERT) replenishes telomere repeats in cells with high replicative potential.   

Two main complexes are involved in the regulation of telomeres: shelterin and the telomerase 

complex. Shelterin is composed of six main proteins: TRF1, TRF2, POT1, TPP1, TIN2, and RAP1 

and controls various aspects of telomere function such as telomere length, recombination and 

protection from the DNA damage response factors.  The escape from replicative senescence is a 

key step in tumorigenesis and it is achieved by the reactivation of telomerase activity, as 

observed in 90% of human cancers. However, increasing body of evidence also indicates a 

central role of shelterin in cancer formation or progression. The expression of telomerase and 

shelterin complex is tightly regulated at transcriptional and post-translational level, however 

the role of miRNAs in telomere regulation is not understood. 

The aim of my PhD thesis project was to identify miRNAs that control the expression of 

components of the shelterin or telomerase complex and to evaluate the clinical relevance of 

these miRNAs in the context of human breast cancer. 

To achieve this goal we performed a high-throughput luciferase reporter screening in HeLa cells 

and identified a panel of miRNAs that target the 3’UTR of shelterin (TRF1, TRF2, POT1) or 

telomerase complex components (TERT, DKC1).  

In this screening we identified the onco-miRNA miR-155 as efficient regulator of TRF1 

expression. miR-155 is efficiently upregulated in across all types of human breast cancer and 

high miR-155  levels correlate with low TRF1 expression levels.  We validated targeting of TRF1 

by miR-155 in additional luciferase reporter assays and found that miR-155 controls TRF1 

expression on the translational level. Importantly, low TRF1 mRNA expression but also low 

expression of miR-155 target genes is linked to reduced distant metastasis-free survival and 

relapse-free survival of estrogen receptor positive luminal breast cancer patients. This indicates 

that targeting of TRF1 by miR-155 is part of a miR-155 signature that mediates poor survival in 



ER+ luminal breast cancer. Importantly, we found that targeting of TRF1 expression by miR-155 

leads to increased telomere fragility, telomere sister chromatid fusions and telomere 

elongation. Our work demonstrates, for the first time, that post-transcriptional regulation of 

TRF1 by miR-155 is an efficient mechanism to control telomere fragility and genomic stability in 

the context of human breast cancer. 

Concentrating on miRNA dependent mechanisms of telomerase regulation in human breast 

cancer we studied miR-296-5p and miR-512-5p that were found to efficiently target hTERT in 

the high throughput luciferase reporter assay. Both miRNAs target specific motifs in the hTERT 

3’UTR, leading to degradation of the hTERT mRNA and reduction of telomerase activity. Clinical 

data reveal that miR-296-5p and miR-512-5p are downregulated in breast cancer tissues. 

Importantly, we found that increased hTERT expression but also high expression of miR-296-5p 

or miR-512-5p target genes is linked to poor survival in basal breast cancer patients. This 

highlights the clinical relevance of miR-512-5p and miR-296-5p in basal breast cancer. On the 

molecular levels we showed that miR-296-5p and miR-512-5p impair cell proliferation and 

provoke progressive telomere shortening in basal breast cancer cell lines.  We further found 

that epigentic de-repression of the miR-296 and miR-512 genes in a basal breast cancer cell line 

increase the expression of miR-296-5p and miR-512-5p levels to reduce hTERT expression. Our 

data suggest that the use of drugs that release miR-296-5p or miR-512-5p expression might be 

a promising strategy to impair telomere maintenance mechanisms and hTERT function in 

human breast cancer. 

Altogether, my work demonstrated that miRNAs represent new regulators of telomere function 

that impact on telomere homeostasis in human cancer. This identifies miRNAs as novel targets 

to modulate telomere function in telomere related maladies such as cancer and aging. 


