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of good hTERT antibodies for immunohistochemistry, and
the techniques for detecting low abundance proteins such
as hTERT are challenging, these initial results indicate that
detection of telomerase at the cellular level is achievable and
may have utility in cancer diagnostics.!??

Mose patients with centrally located early-stage lung can-
cer have been exposed to tobacco smoke carcinogens, and
some of them develop subsequent primary and/or multicen-
tric tumors. The use of autofluorescence bronchoscopy*!?
has increased the detection rate of superficial early-stage
lung cancers that have only subtle changes in mucosa, and
provide an opportunity for endobronchial therapy such as
photodynamic therapy (PDT). PDT is potentially a curative
treatment in properly selected patients who have centrally
located early-stage lung cancer.!'2-1'4 Most patients treated
with PDT demonstrate good prognosis, but some cases
show recurrence shortly after successful PDT. Telomerase
activation in lung cancer is generally thought to occur after
many cell divisions through several rounds of clonal selec-
tions. However, in a recent study, three patients with early-
stage lung cancer who had expression of telomerase protein
in some areas of pathologically noncancerous bronchial epi-
thelium, subsequently developed second primary squamous
cell carcinomas shortly after the PDT, indicating the clinical
utility of detecting hTERT expression as an indicator of
high risk patients for lung cancer development (unpublished
tesules).

Telomerase Therapeutic Opportunities

Telomerase is somewhat unusual among cancer &rgets be-
cause there has been an enormous amount of basic science
in telomere and telomerase biology thar has preceded devel-
opment of effective lead compounds. This allows many po-
tential problems to be anticipated before evidence of efficacy
in clinical trials are conducted, exactly the opposite of the
situation faced today during most drug development. Even
Lhough telomerase. by itself does not cause cancer, and its
role in cancer is most probably permissive, cancer therapy
directed at telomerase has advanted in some instances to
phase I clinical trials.'*>~1!7 In this section, we will consider
some of the most promising telomerase therapeutic areas;

a gene therapy approach that uses the proximal hTERT |

promoter to make a general cancer-specific replication com-
petent virus; a telomerase-specific unmunotherapy‘ and the
use of telomerase enzyme antagonists.

Before describing these most promising telomerase thera-
pies, it is important to point out that there are many other
approaches for telomerase inhibition being tested, such as
down regularing the human telomerase (hTR) and hTERT
genes at the promoter level, the usc of 2 dominant negadve
hTERT gene delivery,''®!1? inhibition of telomerase assem-
bly (e.g., interfering with p23 hsp90'%), telomerase-specific
phosphorylation inhibitors, blocking telomerase accessibil-

ity (G-quadraplex stabilizers'?'~1%%), hammerhead ribo-
zymes direcred agamst hTR,'2>!26 murant template RNA
gene therapy,?* and reverse transcriptase inhibitor ap-
proaches.'?”128 Due to space limitation these will not be
covered and the reader is referred to the original reports or
other recent reviews,?7:33:49.32:106.129

As way of introduction into recent advances in te-
lomerase therapeutics, it is important to point out that those
agents thar target only telomeres are likely to have more
non-specific toxicities on normal cells while those thar rarger
telomeres though inhibition of telomerase are predicred to
have fewer side effects. The concept of tumor cell senescence
in cancer treatment was also reviewed recently'*® and there
are many cancer approaches that targer the induction of
senescence-associated regulatory pathways including con-
ventional chemotherapy, radiation, and hormone ablation,
While there is some confusion about the differences between
telomere-based replicative senescence and premature senes-
cence, both may be thought of as evolutionarily conserved
defense mechanisms through which cells 77 vive are guarded
against potentially oncogenic insults. Therefore, in some
instances senescence may be due to a change in telomere
state and not to progressive telomere erosion.

A working paradigm is that the telomere end structure,
the T-loop may hide the chromosomal “ends” preventing
them from resembling DNA double-strand breaks. Disrup-
tion of even a single T-loop via chemotherapy or telomerase
inhibitors may potentially signal a cellular response that
resembles a double-strand break leading to cell senescence,
cell death or even cancer progression. It is generally thought
that uncapped chromosome ends are at great risk for degra-
dation, recombination, or fusion by cellular DNA repair
systems leading to the loss of genetic information, rearrange-
ment of chromosomes, and increased genomic instability.
In normal cells without other alterations this most likely
leads to replicative senescence that may have evolved as an
anticancer protection mechanism acting as a failsafe mecha-
nism to prevent the proliferation of cells at risk for neoplas-
tic transformation but that has not yet accumulated all the
necessary alterations.' In the presence of other cancer pre-
disposing alterations (such as those caused by tobacco smoke
damage), uncapped telomeres could lead to increased geno-
mic instability and an increased probabﬂny of cancer forma-
tion including telomerase reactivation.

Thus, telomeres can be lost or rendered dysfunctional

' by DNA damage, repeated cell divisions in the absence of

telomerase, or changes in telomere-associated proteins. In
response to dysfuncrional or damaged telomeres, cells can
undergo apoptosis and die, continue to divide until a repli-
cative senescence-induced growth arrest occurs, or develop
genomic instability leading to a murant phenotype (Fig.
12.1). The logic for developing inhibitors that are specific
for relomerase is that this approach would have the potential
to be more cancer-specific and perhaps with fewer cytotoxic
side effects compared to currently used therapies. The hope



is that celomerase inhibitors might work as single agents
and directly stop the growth and kil cancer cells, but may
be even more effective in combination with conventional
cancer treatments such as surgery, chemotherapy and radia-
tion therapy to delay or prevent tumor regrowth.

Telomerase Specific Oncolytic Virus

Since almost all advanced human cancer cells express te-
lomerase and most normal cells do not, the hTERT proxi-
mal promoter (from —1 to about —200-400) has been
used to produce a more universal gene therapy approach.
The logic is that only tumor cells expressing telomerase
would activate the promoter. The approaches using “suicide
gene strategies” described so far appéar promising and in-
clude gene transfer via direct intratumor injections of
plasmids or adenoviral vectors containing the human te-
lomerase promoter upstream from pro-apoptotic genes such

as the FADD gene,”®" Caspase 6 and 8 genes,'**133 and -

the Bax gene.’*!%* There is progress using the telomerase
hTERT promoter (hWTERTp) to drive a Tumor-specific
Replication competent ADenoviral (\TERTp-TRAD) gene
therapy approach. In this approach an introduced adenovi-
ral vector could infect both normal and tumer cells, but
the virus would only replicate in those cells that have robust
telomerase activity. Thus, the virus would replicate and
eventually kill the telomerase-expressing tumor cells and
then spread to adjacent cells over the few weeks that adeno-
virus is active. There are limited normal stem-like cells that
express telomerase in the brain'®® and thus hTERTp-
TRAD therapy for gliomas may have few serious side effects
when targeted appropriately. Immune cells that express te-
lomerase are not easily infected by adenovirus so hematopoi-
etic cells less likely to be affected. Systemic hTERTp-TRAD
might be expected to have some immediate side effects on
transient amplifying stem cells such as proliferaring sperma-
tocytes in the testes, cells in the cryprs of the intestine, and
a subset of cells in the basal and suprabasal layer of the
epidermis.*%3!% However, it is not expected that this
would be any more detrimental than conventional cytotoxic
drugs that affect all proliferating cells.

In studies comparing a cytomegalovirus (CMV)-lacZ to
hTERT-lacZ adenoviral vector by direct injections into the
liver and spleen of mice (tissues which are telomerase-posi-
tive in mice), there was essentially no reporter activity (as
measured by beta-galactosidase activity) with the hTERT
vector bur high levels with the constitutive CMV pro-
moter.!3135 Thus, it may be that normal cells in most
organs do not express telomerase ar sufficiently high levels
to produce functional levels of downstream effector genes.

hTERT Immunotherapy

The catalytic protein component of telomerase (WTERT)
may be an attractive candidate as a tumor associated antigen.
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hTERT protein is naturally processed and hTERT peptides
are presented as epitopes, eliciting cytotoxic T lymphocyte
(CTL) responses and protective immunity against tu-
mors.! 5118137138 The iy yizry studies on the immunoge-
nicity of hTERT peprides suggest and provide 2 good
rationale for using this approach for telomerase inhibi-
tion.! 13116137138 One advantage is that there would be no
lag period required for telomere shortening prior to observa-
tion of cell growth arrest and death. A major disadvantage
would be that normal cells expressing high levels of te-
lomerase might also be affected. However, while investiga-
tors were able to elicir a specific CTL killing of tumor cells
of prostate, lung, breast, colon and fnelanoma_, they did
not observe a CTL effect on telomerase positive CD34 +
hematopoetic cells, suggmting that hTERT is a poor auto-
antigen in stem cells.!*® This may be due to the relatively
low level of relomerase expression in these cells as compared
with tumor cells, and thar these types of cells do not contin-
uously express telomerase. In ongoing phase I clinical trials
to establish safety of the approach, measurable immune
reactivity without any high grade toxic side effects was ob-
served.''” While vaccinations in patients with high-grade
tumors are unlikely to be clinically effective, preventarive
immunotherapy could be an option (if there are minimal
toxicities) in patients with minimal residual disease or in
patients with 2 high risk for cancer development or recur-
rence.

Targeting the RNA Component of
Telomerase (Telomerase Template
Antagonists)

Oligonucleotides complementary to the templare region of
the RNA component of telomerase (h'TR) offer certain ad-
vantages as well as disadvantages as 2 cancer therapeu-
tic.?>~144 The major disadvantage is thar, compared to
telomerase promoter oncolytic viruses or the hTERT im- °
munotherapy, inhibiting telomerase by targeting progres-
sive telomere shortening would be predicred to take a period
of treatment before telomere shortening affected tumor cell
survival. However, telomerase is an ideal target since the
template region of hTR is likely to be exposed in order for
new telomeric repeats to be added onto the chromosomes.
This makes the template region of hTR an accessible target
for oligonucleotides. Rather than acting by “antisense” -
mechanisms to degrade mRINA or inhibit translation, oligo-
nucleotide targeting the hTR template region functions as
classical enzymatic inhibitors of relomerase activity.
Experiments have been reported demonstrating that te-
lomerase template antagonists administered to intact cancer
cells reduce telomerase activiry, lead to progressive shorten-
ing of telomeres, and cause cell proliferation to decrease and
apoptosis to increase in 2 time period proportional to initial
telomere length.'*-14% Imporcandy, chemically related
molecules thar did not inhibit telomerase did not cause de-
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creased cell proliferation or telomere shortening. When the
telomerase templare antagonist was removed from the cells
in culture, the surviving cells regained baseline telomerase
activity and their telomeres grew back to their original
lengths, supporting the assumption that the mechanism of
action was' through a competitive inhibition of the te-
lomerase enzyme,'® and thar the agents will most likely
have to be administered to cancer patients for an extended
period. During this study,'#® there was no evidence of any
emergence of an alternative pathway for relomere elonga-

non.l49

FUTURE DIRECTIONS AND FINAL
COMMENTS

It is becoming more persuasive that rargeting telomere
maintenance mechanisms will be important in our reper-
toire of fisture cancer strategies. Preclinical experimental evi-
dence and in some cases phase I clinical trial results are
providing hope that telomerase inhibitors may lead to effec-
tive interventions for the trearment of patients with cancer.
In addition, recent advances in molecular diagnostics indi-
cate that telomerase may also be a useful biomarker for
cancer detection and as an early indicator of cancer relapse.
In summary, both diagnostic and therapeutic approaches
are currently being translated into hopefully well-designed
clinical trials and this will ultimarely determine the urility
of this novel approach.
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