Telomeres and Cancer:
A New Approach to Therapy
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Asanorganismages, itsbody functionsdeclineand
it is more susceptible to disease and injury. By
understanding how aging occurs, age-related diseases
and pre-mature aging that affect the lives of many
people may be cured. However, aging isacomplex
process and our current knowledge about the
mechanism of agingisvery limited. Thereareafew
generally accepted mechanisms:

damageto DNA, protein, and other cellular
componentsby oxidation and freeradicals
cdlular senescence

environmental and dietary factors

Agingislikely thecombined result of al thesefactors.
With the recent advances in the field of telomere
biology, cellular senescence hasbeen provedto play
animportant rolein aging. Thisknowledgemay lead
to the development of therapiesagainst age-rel ated
disease. At the sametimetherel ation between cancer
and the telomere has been elucidated and the
development of new anti-cancer thergpiesisunderway.

Cedll senescence and thetelomere

TheHayflick limit indicatesthenumber of cdl cydes
that a cell is capable of going through. When the
Hayflick limitisreached, thecell will enter cellular or
replicative senescence, whichisagtate of irreversible
growth arrest 12, Senescent cells have an altered
transcription profile, which leadsto changesin gene
express on. Conseguently, themorphology and function
of these cellsaredifferent aswell'. Asan organism
ages, senescent cells accumulate and the normal

function and architecture of a tissue may not be
maintai ned?. Senescent cells can aso secretefactors
that destroy tissueintegrity asthey simulateother cells
to proliferate®. Thisdestruction of tissuemay lead to
themalfunction of organsand, eventualy, toadecline
inthefunction of body systems. For example, senescent
fibroblastsare capable of degrading their extracd lular
matrix and can adopt a new profile of collagen
secretion. Thesechangesinfibroblastsgiverisetothe
characteristicsassociated with aged skin®. Moreover,
thereisevidence showing that senescent cellssecrete
promotersof cancer progression. Oneexampleof this
isthestimulation of preneoplastic (precancerous) and
neoplastic (cancerous) epithelial cell growth bothin
vitro and in vivo by senescent fibroblasts. In contrast,
when co-cultured with normal epithelial cells, the
senescent fibroblastsdid not stimulatethenormal cells
to grow?.

Cellsenter cellular senescenceastheresult of a
dysfunctional telomere®. Thetelomereisastructure
composed of DNA and protein. Telomeresare made
up of therepetitive sequence (5-TTAGGG-3) and a
single-stranded 3' overhang. Thelength of therepesats
variesamong speciesand cell types. By interacting
withtelomere-associated proteins, thetelomereforms
a loop, called the t-loop, at the ends of linear
chromosomes. Sincetheoverhangisburiedinsdethe
loop, theendswill not berecognized asabreak inthe
doubl e strand?. Without tel omeres, chromosomesare
proneto degradation, recombination and fusion by
DNA repair mechanisn®. When thet-loop Sructureis
disturbed, the growth of the cell will be arrested and
thecdll cyclecheckpointsp53 and pRB areactivated?.
Oncethe checkpointsare activated, there arethree
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Figure 1. The proposed structure of the t-loop, which is responsible for the stability of the

chromosome.

possible consegquencesfor thecell:
0] if the cell cannot bypass both
checkpoints, thegrowth of thecell is
arrested permanently and cell
senescence occurs
if only the pRB checkpoint is
bypassed, then intact p53 checkpoint
will cause apoptosis
if both checkpoints are bypassed, the
cdll may continueto grow indefinitely,
resultingingenomicinstability®

DNA damage, malfunctioning of telomere-
associated proteins, and natural tel omere shortening
may dl lead to telomeredysfunction?. During normal
DNA replication, between 50 and 200 base pairs at
the 3' end of a chromosome are not replicated.
Therefore, after each round of division, each
chromosomehaslost part of thetel omere®. After many
divisions, whenonly 4to 6 kb of telomereremains,

thetelomereistoo short to format-loop and the cell
may senesce by activating thecdll cyclecheck points®.
Sincetelomere erosion happensasan organism ages,
thetdomereisknown asthe“mitotic clock” that isset
for the onset of senescence®. In addition, telomere
shortening can beacce erated by external factorssuch
asdamageby freeradicalsand oxidative stress. These
factorsusudly causeasingle-strand break intelomere
DNA. Whenthecell divides, td omerebasepairsdista
tothebreak will belost’.

Telomeraseand immortal cells

Although cellular senescenceisthefate of most
somatic cells, there are cells that will not become
senescent and will continueto divideindefinitely. These
cdlsincludegerm-linecells, hematopoieticstemcells,
continuously regenerating cellsinintestinecrypt and
skin, and activated lymphocyte<. In these cells, an
enzyme called telomerase is activated to extend
telomeres and to prevent senescence?. Human
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telomerase consists of aRNA subunit (h"TR) and a
proteinsubunit (NTERT) °. The RNA subunit mediates
the binding of the 3' overhang to the enzyme and
contains the template 5-CUAACCCUAAC-3',
which codesfor thetel omere sequence®. Theprotein
subunit isareversetranscriptase®. The observation
that cellswith activated telomerase can proliferate
indefinitely make telomerase a popular target for
studying themechanism of aging. Immortal cell lines
can be created by activating telomerasein cellsthat
normally haveinactivetelomerase. Bodnar and her
colleaguestransfected (inserted isolated nucleic acid
intoacell viaavira carier) foreskinfibroblastswith
hTERT. Normally, only the RNA subunit (hTR) is
expressed infibroblast and telomeraseisinactive. The
transfected cells with both the RNA subunit and
reversetranscriptase (WTERT) were capableof going
through 20 more cell cycles than normal without
changesin phenotypeor malignant transformation 2.
Thisexperiment proved thet telomerelength controlled
the occurrence of cellular senescenceand affected the
lifespan of the cells. In another study, transfecting
senescent fibroblastswith hTERT, reverted their gene
expression and phenotypesto that of pre-senescent
fibroblasts. When these transfected cells were
transplanted onto animmunocompromised mouse (a
mousethat will not reject foreign tissue), apiece of
human dermd tissuewithout aging characteristicswas
formed 4. This experiment suggested that by
introducing telomeraseinto cells, wemay be ableto
reversetheeffects of aging and treat age-rel ated
disease®.

Activationof telomeraseto extend telomerelength
isnot theonly way to restore senescent cells ability
todivide. Slowing down therate of telomereerosion
can also extend the lifespan of a cell®®. Two of the
telomere-associated proteins, TRF1 and 2 (telomere
repest factor 1 and 2), caninhibit telomere e ongation
by looping thetel omereand preventing tel omerasefrom
binding to the telomere'*. When these two proteins
areover expressedin cdlswith activeteomerase, the
telomere erosion still occurs despite the presence of

telomerase. By inhibiting the binding of TRF1tothe
telomere, telomerase can access the telomere and
telomeree ongation occurs®. Therefore, for cellswith
activetelomerasethat still encounter the problem of
telomere shortening (for example, activated
lymphocytes) inhibiting theexpresson or thetdlomere-
binding ability of TRF can prevent them from entering
senescence®®. This study suggested that extended
cdlular lifespan can d so be achieved by manipulating
other telomere-associated proteins'.

Treating premature aging and age-related
disease

According to the studies discussed above, there
aremany possibilitiesfor treating pre-matureaging and
age-related disease, delaying the onset of aging, or
even reversing the aging process. Intheory, thiscan
be done by replacing ol d tissueswith new tissuesthat
areconstructed fromimmortal cell linesor by direct
transplant of immortal cellsonto aging tissues. The
immortd cellswill gradudly outlivetheaged cdllsand
thetissuewill consist mostly of immortal cells®. For
example, thetdomeresof theendothelid cellsof aorta
shortenwith age. Sincethesecdlsareat thesitewhere
blood flow is generated, individuals whose aortic
endothelial cells are worn out are at high risk of
atheroscleross. Therefore, replacing aged endothdlia
cdlswithimmorta cellsmay prevent atheroscleros s,

Clinical studies examining whether replacing
senescent cells can cure age-related disease are
currently underway. These include studies on the
relationship between Alzheimer’s disease and
senescent astrocytesand microglia cells, aswell as
between the declinein corneafunction and senescent
cornedl epithelia and endothdlia cdlls'?Y. Therateof
aging in patientswith pre-mature aging disease may
be decreased by activating telomerasein the cells of
the patients. Werner syndrome (WS) is one such
diseasewith symptomssimilar tothoseof normd aging,
but manifested at an accelerated rate. Studies show
that theover-expression of theprotein subunit (W\TERT)

BioTeach Journal | Vol. 2 | Fall 2004 | www.bioteach.ubc.ca
-108-



(g restriction

@ ¢

checkpoint

J

. P53 or RE

@

Figure 2. The presence of p53 or Rb in the cell causes the cell cycle to stop at the G1 checkpoint.

inWS cellsincreasestel omerase activity, prevents
telomere shortening, and decreases sengitivity of the
cellsto oxidative damage, al of which helptoslow
cdl aging. Tdomereshortening isaso associated with
other premature aging diseases such as Bloom
syndrome and Down syndrome. However, the
effectivenessof ted omerase activation intreating these
diseases hasnot yet been studied®.

It isgenerally accepted that cell senescenceisa
mechanism designed to prevent cancer. A cell must
have mutationsin severa oncogenes(genesthat code
for proteins which are involved in cell
cycleregulation) and tumor suppressor genesbefore
it can be transformed into a cancer cell. These
mutationsareaccumul ated over time. Cell senescence
arreststhe growth of aged cellsand preventsfurther
mutation accumulationinthesecells, minimizing the
chancefor them to become malignant®. Re-activating
growthinthesecellsmay resultin aged cellshaving
moretimeto acquire mutationsthat are necessary for
malignant transformation. Infact, Wang et al. (2000)
showed that transfecting human mammary epithelia

cells (HMEC) with hTRET not only led to the
immortalization of thecells, but alsototheactivation
of theoncogene, c-myc. Theleve of c-myc proteinin
these immortal HMEC was comparable to that of
breast cancer cells. Therefore, transfecting cellswith
hTERT toimmortalizethem may lead to cancer cdlls®.
Thispossibility raises safety concerns about using
immortal cellsfor therapeutic purposes.

Treating cancer

Telomeraseisexpressed in many cancer cellsbut
not in normal cells. Thismakestheenzymeamarker
for cancer diagnosisaswell asatarget for thestudy of
inhibiting tumor growthé. Inhibition of telomerasein
cancer cdllscausestelomereerosoninthesecdlsand
leadsto sizereduction of thetumor by arresting the
growth of cancer cellsor by inducing apoptosis (a
form of cell death). Inhibition of telomerase can be
achieved by targeting different parts of the enzyme.
For example, by using antisense oligonucleotides
(syntheticfragmentsof RNA or DNA that specificaly
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bind to their complementary messenger RNA) that
target the RNA templatein the RNA subunit (hTR),
the reverse transcription of the telomere repeat
sequence can beinhibited. A few oligonuclectidesare
now under clinicd trial®. Antisensetranscriptsthat are
targeted to bind to theregion of the RNA subunit will
disturb thebinding of telomeraseto thetelomerethus
inhibiting telomerasefunction®. TheIntroduction of a
mutant form of the protein subunit (WTERT) that does
not have catalytic activity into cancer cellsisanother
method that may be used. These mutantscompetewith
functional hTERT to bind to the RNA subunit of
telomerase and inhibit telomerase activity. Without
activetelomerase, thetelomeresin cancer cellswere
lost and the cellseventually died. One problemwith
telomeraseinhibiting therapy isthe presence of alag
between the administration of theinhibitorsand the
appearance of expected effectsinthetumor. Theend
result of apoptosisand growth arrest can only beseen
when thetelomeresare shortened significantly. So, if
theoriginal cancer cellscontainlong telomeres, the
effectsof theinhibitorswill be slow to appear®.
Another possibleanti-cancer therapy istheinduction
of animmuneresponsethat killsthetumor cells. Using
the protein subunit of ted omerase (NTERT) asanantigen
toactivate T cdlswill giveriseto T cdlsthat arepecific
forkilling cdlswith highlevelsof hTERT expressior?.
Sincemost norma somatic cdlsdo not expresshTERT,
tumor cdllswithhighleve of hTERT arethepreferentid
target for these T-cells. Telomerase can beamarker
for cancer diagnosis in addition to being a good
therapeutic target. Using telomerase as a marker
requiresonly asmall amount of sample (afew cells)
but it can provideinformation on the stages of cancer
progression. In bladder, colon, lymphoid and prostate
cancer, telomerase has been proven to be an apt
diagnostic marker?.

A recognized problem of targeting telomerase as
anti-cancer therapy isthe possiblelethal effectson
normal cellsthat expresstelomeraseé®. Itislikely that
normal cellswith activetelomerasewill bekilledin
additionto the cancer cells. Thiscan affect other body

systems and have serious consegquences for the
organism. For example, if activated T-lymphocytes
expressing hTERT becomethetarget of these anti-
cancer thergpies, the T-cellsmay bekilled andimmune
system may be compromised. Further studies on
telomeraseinhibitorsare needed beforethesetherapies
canbeadminigteredinclinicd trias. Another problem
encountered with thismethod of treatment isthat not
all tumor cells require telomerase to proliferate.
Therefore, these therapies could not be used to treat
all typesof cancer cells®.

Ethical issues

For thetimebeing, theideaof utilizing telomere
and telomerase technol ogy to postpone aging and to
treat agerelated diseaseisstill very young. However,
itisimpossibletoignoretheethical issuesassociated
with this developing technology. One issue is the
potential exhaustion of limited resources caused by
extending theaveragehumanlifespan. Althoughhaving
alonger lifespanwould bebeneficia totheindividud,
it might create problemsfor the human population
collectively®.

However, tel omere biology may provideamethod
for replacing aged organsor tissuewith lessethical
concern than using embryonic stem cells. Resetting
telomerelength in senescent cells can produceyoung
cells and tissues that can be transplanted into the
patient, replacing theolder tissues. Thisavoidsthe
ethical and religious controversy that arisesfromthe
dternative of cloning the patient to create an embryo,
thenkillingtheembryoto harvest embryonicstemcdls,
which would then be transplanted into the patient to
repair theaged tissues. The sameethica and religious
controversesdo not arisearound theuse of genetically
mani pul ated senescent cdlls.
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