
Telomeres and Telomerase: Cancer, Immortalit

The word telomeres comes from the Greek "telos," which means
"end." When applied to chromosomes, it means the end tip
of a chromosome. Repetitive DNA sequences (TTAGGG) are
located at the end or tip of a chromosome and are called
telomeric sequences. Telomeric repeats are highly conserved,
with the same sequences found in protozoa, nematodes, lower
and higher plants, and vertebrates. Telomeres were first rec-
ognized as short repeated sequences at the end of ciliate chro-
mosomes and in lower eukaryotes such as yeast. These
repetitive sequences were later recognized and documented
in human chromosomes.

Recent evidence has shown that telomeres are involved in
a large number of biologic functions. Two among those sug-
gested are very important: (1) protection of the linear chromo-
some end from degradating, recombining, and ligating to other
chromosome ends; and (2) completion of the replication of chro-
mosome DNA sequences at the chromosome ends (Biessman
and Mason).

The cloning and characterization of the repetitive sequences
that make up human telomeres have greatly benefited from new
DNA cloning techniques and have led to interesting observa-
tions regarding cancer and aging. For example, the length of a
telomere, ie, the number of repetitive sequences, is known to
be associated with the number of cell divisions that particular
cell has gone through. Telomeres in human germline cells, eg,
sperm and egg, are known to be longer than those seen in so-
matic tissue cells, such as in blood. The telomeres of the hu-
man chromosomes shorten with each cell division. Shortened
telomeres (in comparison with those of adjacent nontumor mu-
cosa) have been documented in Wilms' tumors and colorectal
carcinomas. The telomeric hypothesis (originally called the
marginotomy theory) stated that the gradual loss of chromo-
some ends leads to cell arrest. This theory was based on pro-
gressive telomeric shortening with aging and on the observation
that if a telomere became too short, cell growth would arrest.

The enzyme that synthesizes the telomeric sequences is a
ribonucleoprotein enzyme called telomerase. Telomerase has
been shown to be abnormally increased in some cancer cells.
The gene for telomerase in humans has not been mapped.
Telomerase expression is directly related to telomeric conser-
vation. Excessive expression of telomerase has the potential
to stop or delay the normal shortening of the telomeres and,
consequently, delay cell cycle arrest. Aberrant telomerase ex-
pression has been suggested as a mechanism for producing
the "immortality" of cancer cells.

The shortening of telomeres of human chromosomes with
each cell division has been thought to serve as some sort of
mitotic clock that can be used as a direct marker for the num-
ber of times a cell has divided. The exact role shortened telo-
meres play in aging is still unclear; however, telomeric loss with
a successful series of cell divisions has been referred to as a
"genetic time bomb" (Harley), since it will eventually lead to
cell death.

An abnormality of telomeres also has been associated with
mental retardation. In a recent report, Flint et al studied the sub-
telomeric regions of 99 mentally retarded individuals. They hy-
pothesized that since the telomeric end of the chromosome is
an area of active recombination, it would be expected to be at
risk for small deletions. To detect chromosomal abnormalities
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within the subtelomeric region, they used hypervariable DNA

polymorphism probes. They compared the DNA of both par-
ents with the mentally retarded offspring. They found that 3 of

99 patients had abnormalities. One arose from an interstitial

or terminal deletion and 2 from the de novo derivative translo-

cation of 2 chromosomes. They suggest that at least 6% of all

unexplained mental retardation may be the result of these small

telomeric abnormalities.
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