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ABSTRACT

Cancer cells evade replicative senescence by re-expressing telomerase, the
specialized enzyme which maintains telomere length by adding telomeric DNA to the
shortening telomere using its internal RNA as template. Since telomerase is presented
mostly in cancer cells and not the normal somatic cells, it is an attractive target for cancer
therapy and cancer prevention. Our research group has focused on finding telomerase
inhibitors from both synthetic and natural compounds. In this thesis, telomerase
inhibition by perylene derivatives and ginger extract are described. Our perylene
derivatives, PM2 and PIPER, are synthetic G-quadruplex ligands which induce G-
quadruplex formation from DNA segments derived from both telomeric DNA and
hTERT promoter. G-quadruplex formation at the telomeric DNA could prevent the
access of telomerase to its substrate, and G-quadruplex formation at hTERT promoter
could act as transcriptional silencer. Therefore, these agents could potentially inhibit

telomerase in two modes of action. The results showed that these compounds could



Vi

inhibit telomerase in a dose-dependent manner in vitro; and when treated in the A549
cancer cells, hnTERT expression was down-regulated. Moreover, the crude protein extract
from these treated cells showed less telomerase activity. These results confirmed that
these perylenes could inhibit telomerase in both modes of action. In the long-term
treatment of cancer cells with sub-cytotoxic doses of these perylenes, telomere
shortening, reduction of cell proliferation and tumorigenicity, and cell senescence were
observed. In addition to hTERT promoter, G-quadruplex motif has also been found in the
promoter of many cancer-related genes, including VEGF, c-Myc, and Bcl-2. Our
perylene derivatives were found to down-regulated these genes in Ab49 cells,
emphasizing the effectiveness of G-quadruplex ligand as a transcriptional repressor on
these genes. Moreover, the effect of PM2 as a VEGF gene suppressor is not cell-type
specific, since PM2 could suppress VEGF gene expression in a variety of cancer cells,
including MCF-7, HCT-15, and HelLa cells. Another section of this thesis focuses on the
telomerase inhibition by ginger (Zingiber officinale Roscoe) extract. The A549 treated
with the ethyl acetate fraction of ginger extract showed a reduction in the mRNA and
protein level of hTERT and c-Myc in a time- and concentration-dependent manner. The
treated cells exhibited diminished telomerase activity. The reduction in telomerase
activity is caused by the reduction in hTERT production rather than direct inhibition of
telomerase since ginger extract did not inhibit telomerase in the in vitro TRAP assay.
Altogether, this thesis shows that both perylene derivatives and ginger extract are
effective telomerase inhibitors, and telomerase inhibition could lead to cancer cell

senescence and reduction in cancer cell growth and tumorigenecity.
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