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RLEEZ¥40 © Deliverance from the Inevitable

By M105 Jack Yu-Hsiang Tseng 2 5#1]

Alexander Pope once said, “To err is human and to forgive divine.” Human beings are bound to make
mistakes, in life on a social aspect, in decisions on a personal perspective, and even in cells on a microscopic level.
The consequences of some of these errors are inexpugnable while others readily reparable. The intricate process of
DNA replication is bound for errors and sometimes those errors are occasionally irreversible and can lead to genetic
mutations or even cancer once cells lose their ability to regulate cell division.

Jack W. Szostak | Carol W. Greider | Elizabeth H. Blackburn

The 2009 Nobel Prize in Medicine is awarded equally to three American scientists,
Elizabeth Blackburn, Carol Greider, and Jack Szostak, for their discovery of how chromosomes
are protected by telomeres and the enzyme telomerase which prevents the excessive shortening
of telomeres. Blackburn is currently a professor of biology and physiology at the University of
California at San Francisco. Greider is a professor of molecular biology and genetics at Johns
Hopkins University School of Medicine, and Szostak is a professor of genetics at Harvard
Medical School and investigator at Massachusetts General Hospital. These Nobel Laureates
travelled to Stockholm to deliver their Nobel lectures on December 10, 20009.

In 1953 James Watson and Francis Crick shocked the world with their groundbreaking
discovery of the double-helical model of DNA. Earlier in 1938, Hermann J. Muller and Barbara
McClintock discovered telomeres, which shorten over time and lead to cell arrest once telomeres
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shortened excessively. At this time, the ciliated protozoan Tetrahymena was the model
organism in which repeated nucleotide sequences of TTGGGG were readily discovered, which at
the time seemed characteristic only of the Tetrahymena. However, as it turns out, every
nucleated cell has telomeres but they were originally discovered in Tetrahymena, which has
numerous short chromosomes in which the tandem repeats represented a high proportion of each
chromosome. The human telomere contains tandem repeats of TTAGGG at the end of the
chromosome to protect the chromosome from losing genetic material when the ends are
incompletely repeated. The ends of the strands are also especially reactive, making the role of
telomeres particularly significant in the stabilization of the chromosome.

Sl
Telomerase-associated
RNA template
3l
AAAACCCCAAAAC

||||||||||||TTTT

\ Lagging strand
template

One of the puzzling mysteries was the end-replication problem, in which the DNA
replication mechanism known at the time could not explain the replication of ends of
chromosomes. The existence of shortening telomeres demonstrated cellular senescence but did
not explain the survival of germ cells or cancerous cells, which replicate indefinitely but do not
wither due to telomere shortening. With the end-replication problem, DNA polymerase is unable
to replace the final RNA primer at the end of the lagging strand with DNA. This inevitably leads
to the shortening of the end of the DNA strand, where the telomere is located. Once the telomere
wears away, genetic information becomes unprotected and critical cellular functions are lost,
triggering cell arrest.

Soon observations on the Tetrahymena presented finer details regarding the situation of the
ever-shortening telomere. Fluctuations in telomere length revealed a new perspective to the
“ever-shortening” nature of the telomere. Some mechanism must have prevented the shortening
of the telomere past an extent and maintained the telomere length in equilibrium between
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shortening and elongation. The discovery of telomerase in cancer cells and germ cells soon
validated the speculations. While every nucleated cell contains the genetic information for
secreting telomerase, only few specialized cells such at germ cells actually express the genes.

Cancer cells divide indefinitely without any form of self-regulation, yet do not exhibit
cellular senescence. The presence of telomerase has been discovered in cancerous cells as well,
in which its function is to prevent the excessive telomere shortening, which would limit the
number of reproductive cycles each cancer cell may undergo, eventually eliminating them from
the organism. This concept led to the possibilities of cancer-drugs that would target telomerase
and thus prevent the indefinite division of cancer cells. Because of the rapid cellular division of
cancerous cells, drugs targeting telomerase would be specific to the rapidly dividing cancer cells
in which telomeres shorten much more quickly than the normal cells.

To exploit the potential of inhibiting telomerase in cancer cells, pharmaceutical
companies have begun to test telomerase-inhibiting cancer drugs. Unfortunately, as Panacean
as a cancer drug targeting telomerase may seem, there are still loopholes. Occasionally, cells
sometimes compensate for the loss of telomerase through other means, such as recombination.
As long as there are other mechanisms with which the cell may function without the use of
telomerase, cancer-drugs targeting telomerase will ultimately fail.

The ultimate cessation of life is inevitable outcome of every person’s journeys, regardless
of the life led. Simultaneously, every human being is bound to age, and with aging comes its
effects and noticeable characteristics. Perhaps someday a single Panacean pill may prevent aging
and the diseases associated with old age. The discovery of the telomerase and its mechanism
provides hope and takes scientists a step closer to the cure for cancer.
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