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(57) ABSTRACT 

Methods and compositions for assaying an agent for TERT 
promoter modulatory activity are provided. In the subject 
methods, an agent is contacted With a cell comprising a 
mutant telomerase structural RNA component (TR) that 
results in a detectable phenotype in the presence of telom 
erase reverse transcriptase (TERT). Also provided are com 
positions, systems and kits thereof, as Well as devices, that 
?nd use in practicing the subject methods. The subject inven 
tion ?nds use in assaying agents for TERT promoter modu 
latory activity, such as in a high throughput format. 
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ASSAYS FOR TERT PROMOTER 
MODULATORY AGENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Pursuant to 35 U.S.C. § 119 (e), this application 
claims priority to the ?ling date of US. Provisional Patent 
Application Ser. No. 60/643,649 ?led Jan. 12, 2005; the dis 
closure of Which application is herein incorporated by refer 
ence. 

INTRODUCTION 

Background of the Invention 

[0002] Telomeres, Which de?ne the ends of chromosomes, 
consist of short, tandemly repeated DNA sequences loosely 
conserved in eukaryotes. For example, human telomeres con 
sist of many kilobases of (TTAGGG)n together With various 
associated proteins. Small amounts of these terminal 
sequences or telomeric DNA are lost from the tips of the 
chromosomes during S phase because of incomplete DNA 
replication. Many human cells progressively lose terminal 
sequence With cell division, a loss that correlates With the 
apparent absence of telomerase in these cells. The resulting 
telomeric shortening has’ been demonstrated to limit cellular 
lifespan. 
[0003] Telomerase is a ribonucleoprotein that synthesiZes 
telomeric DNA. In general, telomerase is made up of tWo 
components: (1) an essential structural RNA (TR or TER) 
(Where the human component is referred to in the art as hTR 
or hTER); and (2) a catalytic protein (telomerase reverse 
transcriptase or TERT) (Where the human component is 
referred to in the art as hTERT). Telomerase Works by recog 
niZing the 3' end of DNA, e. g., telomeres, and adding multiple 
telomeric repeats to its 3' end With the catalytic protein com 
ponent, e.g., hTERT, Which has polymerase activity, and hTR 
Which serves as the template for nucleotide incorporation. 
Both the catalytic protein component and the RNA template 
component are activity-limiting components. 
[0004] Because of its role in cellular senescence and 
immortaliZation, there is much interest in the development of 
protocols and compositions for regulating telomerase activ 
ity. Of particular interest is the development of assays that 
detect agents that directly regulate the endogenous TERT, and 
speci?cally hTERT, promoter, e.g., in a high-throughput for 
mat. 

Literature of Interest 

[0005] US. Pat. Nos. 5,972,605; 6,610,839 and 6,664,046 
and published United States Application 2004/0072787; as 
Well as WO 02/070668; WO 03/016474; WO 03/000916; WO 
02/101010; WO 02/090571;WO02/090570;WO 02/072787; 
WO 02/070668; WO 02/16658; WO 02/16657; and the ref 
erences cited therein. Also of interest is Li et al., Rapid Inhi 
bition of Cancer Cell GroWth Induced by Lentiviral Delivery 
and Expression of Mutant-Template Telomerase RNA and 
Anti-Telomerase Short-Interfering RNA,” Cancer Res. (Jul. 
15, 2004) 64:4833-4840. 

SUMMARY OF THE INVENTION 

[0006] Methods and compositions for assaying an agent for 
TERT promoter modulatory activity are provided. In the sub 
ject methods, an agent is contacted With a cell comprising a 
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mutant telomerase structural RNA component (TR) that 
results in a detectable phenotype in the presence of telom 
erase reverse transcriptase (TERT). Also provided are com 
positions, systems and kits thereof, as Well as devices, that 
?nd use in practicing the subject methods. The subject inven 
tion ?nds use in assaying agents for TERT promoter modu 
latory activity, such as in a high throughput format. 
[0007] Aspects of the invention include methods of deter 
mining Whether an agent modulates transcription control 
activity of a TERT promoter, Where the method includes: 
[0008] (a) contacting the agent With a cell that includes a 
mutant telomerase structural RNA component (TR) that 
results in a detectable phenotype in the presence of telom 
erase reverse transcriptase (TERT); and 
[0009] (b) evaluating the cell for the detectable phenotype 
to determine Whether the agent modulates transcription con 
trol activity of the TERT promoter nucleic acid. In certain 
embodiments, TERT promoter nucleic acid is a human TERT 
promoter nucleic acid. In certain embodiments, the cell com 
prises an expression cassette that expresses the mutant telom 
erase structural RNA component (TR). In certain embodi 
ments, the expression cassette is episomally maintained in the 
cell. In certain embodiments, the expression cassette is chro 
mosomally integrated in the cell. In certain embodiments, the 
expression cassette is not chromosomally integrated into a 
chromosome of the cell that includes a TERT coding 
sequence. In certain embodiments, the cell is a human cell and 
the expression cassette is not integrated into chromosome 5. 
In certain embodiments, the detectable phenotype is cell 
death. In certain embodiments, the cell is a mutant cell that 
expresses telomerase and the method is a method for deter 
mining Whether the agent inhibits expression controlled by a 
TERT promoter nucleic acid. In certain embodiments, the cell 
is a normal cell and the method is a method of determining 
Whether the agent enhances expression controlled by a TERT 
promoter nucleic acid. In certain embodiments, the method 
includes determining the modulatory activity of at least tWo 
different agents. In certain embodiments, the method is a 
high-throughput method. In certain embodiments, the agent 
is a small molecule. 

[0010] Additional aspects of the invention include methods 
of determining Whether a small molecule agent can de-re 
press transcription repression activity of a TERT promoter. In 
these embodiments, the method includes: 
[0011] (a) contacting an agent With a cell that includes a 
mutant telomerase structural RNA component (TR) that 
results in a detectable phenotype in the presence of telom 
erase reverse transcriptase (TERT); and 
[0012] (b) evaluating the cell for said detectable phenotype 
to determine Whether said agent de-represses transcription 
repression activity of said TERT promoter nucleic acid. 
Variations of this embodiment include those summariZed 
above. 

[0013] Also provided are systems for determining Whether 
an agent modulates transcription control activity of a TERT 
promoter, Where the systems include: 
[0014] (a) a cell comprising a mutant telomerase structural 
RNA component (TR) that results in a detectable phenotype 
in the presence of telomerase reverse transcriptase (TERT); 
and 

[0015] 
[0016] Also provided are high throughput assay devices 
that include a cell comprising a mutant telomerase structural 

(b) said agent. 
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RNA component (TR) that results in a detectable phenotype 
in the presence of telomerase reverse transcriptase (TERT). 

DEFINITIONS 

[0017] As used herein, the term “TERT promoter” includes 
any TERT genomic sequences capable of driving transcrip 
tion in a telomerase activity positive cell. Thus, TERT pro 
moters of the invention include Without limitation cis-acting 
transcriptional control elements and regulatory sequences 
that are involved in regulating or modulating the timing and/ 
or rate of transcription of a TERT gene. For example, the 
TERT promoter of the invention comprises cis-acting tran 
scriptional control elements, including enhancers, promoters, 
transcription terminators, origins of replication, chromo 
somal integration sequences, 5' and 3' untranslated regions, 
exons and introns, Which are involved in transcriptional regu 
lation. These cis-acting sequences typically interact With pro 
teins or other biomolecules to carry out (turn on/ off, regulate, 
modulate, etc.) transcription. 
[0018] As used herein, the terms “allele” or “allelic 
sequence” refer to an alternative form of a nucleic acid 
sequence (i.e., a nucleic acid corresponding to a TERT pro 
moter, particularly, an hTERT promoter). Alleles result from 
mutations (i.e., changes in the nucleic acid sequence), and can 
produce differently regulated mRNAs. Common mutational 
changes that give rise to alleles are generally ascribed to 
natural deletions, additions, or substitutions of nucleotides. 
Each of these types of changes may occur alone, in combi 
nation With the others, or one or more times Within a given 
gene, chromosome or other cellular nucleic acid. Thus, the 
term “TERT promoter” includes allelic forms of TERT pro 
moter sequences, i.e., TERT cis-acting transcriptional control 
elements, including, e.g., the exemplary human and mouse 
sequences described herein. In alternative embodiments, the 
TERT promoter sequence comprises TERT sequences 5' (up 
stream) of the translational start site (ATG). For example, in 
one embodiment, the hTERT promoter comprises residues 44 
to 13545 of SEQ ID NO:0l. Other embodiments include 
sequences starting Within about one to 5 nucleotides of a 
translation start codon (for example in SEQ ID NO:0l) and 
ending at about 50, 100, 150, 200, 250, 500, 1000, 2500 or 
13500 nucleotides upstream of the translation start codon. 
Such embodiments can optionally include other regulatory 
sequences, such as, exon and/or intron sequences hTERT 
promoters of the invention also include sequences substan 
tially identical (as de?ned herein) to an exemplary hTERT 
promoter sequence of the invention, having the sequence set 
forth by SEQ ID NO:0l. Similarly, mTERT promoters of the 
invention also include sequences substantially identical to an 
exemplary mTERT promoter sequence of the invention, hav 
ing the sequence set forth by SEQ ID NO:02. 
[0019] The term “heterologous” When used With reference 
to portions of a nucleic acid, indicates that the nucleic acid 
comprises tWo or more subsequences Which are not found in 
the same relationship to each other in nature. For instance, the 
nucleic acid is typically recombinantly produced, having tWo 
or more sequences from unrelated genes arranged in a manner 
not found in nature; e. g., a promoter sequence of the invention 
operably linked to a polypeptide coding sequence that,. When 
operably linked, does not reform the naturally occurring 
TERT gene. For example, the invention provides recombinant 
constructs (expression cassettes, vectors, viruses, and the 
like) comprising various combinations of promoters of the 
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invention, or subsequences thereof, and heterologous coding 
sequences, many examples of Which are described in detail 
beloW. 

[0020] As used herein, “isolated,” When referring to a mol 
ecule or composition, such as, e.g., an hTERT promoter 
sequence, means that the molecule or composition is sepa 
rated from at least one other compound, such as a protein, 
DNA, RNA, or other contaminants With Which it is associated 
in vivo or in its naturally occurring state. Thus, a nucleic acid 
sequence is considered isolated When it has been isolated 
from any other component With Which it is naturally associ 
ated. An isolated composition can, hoWever, also be substan 
tially pure. An isolated composition can be in a homogeneous 
state. It can be in a dry or an aqueous solution. Purity and 

homogeneity can be determined, e.g., using analytical chem 
istry techniques such as, e.g., polyacrylamide gel electro 
phoresis (PAGE), agarose gel electrophoresis or high pres 
sure liquid chromatography (HPLC). 
[0021] As used herein, the terms “nucleic acid” and “poly 
nucleotide” are used interchangeably, and include oligo 
nucleotides (i.e., short polynucleotides). They also refer to 
synthetic and/or non-naturally occurring nucleic acids (i.e., 
comprising nucleic acid analogues or modi?ed backbone 
residues or linkages). The terms also refer to deoxyribonucle 
otide or ribonucleotide oligonucleotides in either single- or 
double-stranded form. The terms encompass nucleic acids 
containing knoWn analogues of natural nucleotides. The term 
also encompasses nucleic acid-like structures With synthetic 
backbones. DNA backbone analogues provided by the inven 
tion include phosphodiester, phosphorothioate, phospho 
rodithioate, methyl-phosphonate, phosphoramidate, alkyl 
phosphotriester, sulfamate, 3'-thioacetal, methylene (meth 
ylimino), 3'-N-carbamate, morpholino carbamate, and pep 
tide nucleic acids (PNAs); see Oligonucleotides and Aria 
logues, a Practical Approach, edited by F. Eckstein, IRL Press 
at Oxford University Press (1991); Antisense Strategies, 
Annals of the NeW York Academy of Sciences, Volume 600, 
Eds. Baserga and Denhardt (NTYAS 1992); Milligan (1993) 
J. Med. Chem. 36:1923-1937;Antisense Research andAppli 
cations (1993, CRC Press). PNAs contain non-ionic back 
bones, such as N-(2-aminoethyl) glycine units. Phospho 
rothioate linkages are described in WO 97/03211; WO 
96/39154; Mata (1997) Toxicol. Appl. Pharmacol. 144:189 
197. Other synthetic backbones encompassed by the term 
include methyl-phosphonate linkages or alternating meth 
ylphosphonate and phosphodiester linkages (Strauss-Soukup 
(1997) Biochemistry 36:8692-8698), and benZyl-phospho 
nate linkages (Samstag (1996) Antisense Nucleic Acid Drug 
Dev 6:153-156). 
[0022] As used herein, the term “operably linked” refers to 
a functional relationship betWeen tWo or more nucleic acid 
(e.g., DNA) segments. Typically, it refers to the functional 
relationship of a transcriptional regulatory sequence to a tran 
scribed sequence. For example, a promoter sequence is oper 
ably linked to a coding sequence if it stimulates or modulates 
the transcription of the coding sequence in an appropriate 
host cell or other expression system. Generally, promoter 
transcriptional regulatory sequences that are operably linked 
to a transcribed sequence are physically contiguous to the 
transcribed sequence, i.e., they are cis-acting. HoWever, some 
transcriptional regulatory sequences, such as enhancers, need 
not be physically contiguous or located in close proximity to 
the coding sequences Whose transcription they enhance. 
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[0023] As used herein, “recombinant” refers to a poly 
nucleotide synthesized or otherwise manipulated in vitro 
(e.g., “recombinant polynucleotide”), to methods of using 
recombinant polynucleotides to produce gene products in 
cells or otherbiological systems, or to apolypeptide (“recom 
binant protein”) encoded by a recombinant polynucleotide. 
“Recombinant means” also encompass the ligation of nucleic 
acids having coding or promoter sequences from different 
sources into an expression cassette or vector for expression 
of, e. g., a fusion protein; or, inducible, constitutive expression 
of a protein (i.e., a TERT promoter of the invention operably 
linked to a heterologous nucleotide, such as a polypeptide 
coding sequence). 
[0024] As used herein, the “sequence” of a gene (unless 
speci?cally stated otherWise) or nucleic acid refers to the 
order of nucleotides in the polynucleotide, including either or 
both strands of a double-stranded DNA molecule, e.g., the 
sequence of both the coding strand and its complement, or of 
a single-stranded nucleic acid molecule. For example, in 
alternative embodiments, the TERT promoter of the invention 
comprises untranscribed, untranslated, and intronic TERT 
sequences, e.g., as set forth in the exemplary SEQ ID NO:01 
and SEQ ID NO:02. 
[0025] As used herein, the term “transcribable sequence” 
refers to any sequence Which, When operably linked to a 
cis-acting transcriptional control element, e.g., a promoter, 
and When placed in the appropriate conditions, is capable of 
being transcribed to generate RNA, e.g., messenger RNA 
(mRNA). 
[0026] The term “assessing” includes any form of measure 
ment, and includes determining if an element is present or not. 
The terms “determining”, “measuring”, “evaluating”, 
“assessing” and “assaying” are used interchangeably and 
include quantitative and qualitative determinations. Assess 
ing may be relative or absolute. “Assessing the presence of” 
includes determining the amount of something present, and/ 
or determining Whether it is present or absent. As used herein, 
the terms “determining,” “measuring,” and “assessing,” and 
“assaying” are used interchangeably and include both quan 
titative and qualitative determinations. 
[0027] The terms “identical” or percent “identity,” in the 
context of tWo or more nucleic acids or polypeptide 
sequences, refer to tWo or more sequences or subsequences 
that are the same or have a speci?ed percentage of nucleotides 
(or amino acid residues) that are the same, When compared 
and aligned for maximum correspondence over a comparison 
WindoW, as measured using one of the folloWing sequence 
comparison algorithms or by manual alignment and visual 
inspection. This de?nition also refers to the complement of a 
sequence. For example, in alternative embodiments, nucleic 
acids Within the scope of the invention include those With a 
nucleotide sequence identity that is at least about 60%, at least 
about 75-80%, about 90%, and about 95% of the exemplary 
TERT promoter sequence set forth in SEQ ID NO:01 (includ 
ing residues 44 to 13544 of SEQ ID NO:01) or SEQ ID 
NO:02. TWo sequences With these levels of identity are “sub 
stantially identical.” Thus, if a sequence has the requisite 
sequence identity to a TERT promoter sequence or subse 
quence of the invention, it also is a TERT promoter sequence 
Within the scope of the invention. Preferably, the percent 
identity exists over a region of the sequence that is at least 
about 25 nucleotides in length, more preferably over a region 
that is at least about 50-100 nucleotides in length. 
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[0028] For sequence comparison, typically one sequence 
acts as a reference sequence, to Which test sequences are 

compared. When using a sequence comparison algorithms 
test and reference sequences are entered into a computer, 
subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. 
Default program parameters can be used, or alternative 
parameters can be designated. The sequence comparison 
algorithm then calculates the percent sequence identity for 
the test sequence(s) relative to the reference sequence, based 
on the designated or default program parameters. A “com 
parison WindoW”, as used herein, includes reference to a 
segment of any one of the number of contiguous positions 
selected from the group consisting of from 25 to 600, usually 
about 50 to about 200, more usually about 100 to about 150 in 
Which a sequence may be compared to a reference sequence 
of the same number of contiguous positions after the tWo 
sequences are optimally aligned. Methods of alignment of 
sequences for comparison are Well-knoWn in the art. Optimal 
alignment of sequences for comparison can be conducted, 
e.g., by the local homology algorithm of Smith & Waterman, 
Adv. Appl. Math. 2:482 (1981), by the homology alignment 
algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 
(1970), by the search for similarity method of Pearson & 
Lipman, Proc. Natl. Acad. Sci. USA 85:2444 (1988), by 
computeriZed implementations of these algorithms (GAP, 
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics 
SoftWare Package, Genetics Computer Group, 575 Science 
Dr., Madison, Wis.), or by manual alignment and visual 
inspection (see, e.g., Ausubel et al., supra). 
[0029] One example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pairWise alignments 
to shoW relationship and percent sequence identity. It also 
plots a tree or dendrogram shoWing the clustering relation 
ships used to create the alignment. PILEUP uses a simpli? 
cation of the progressive alignment method of Feng & 
Doolittle, J. Mol. Evol. 35:351-360 (1987). The method used 
is similar to the method described by Higgins & Sharp, 
CABIOS 5:151-153 (1989). The program can align up to 300 
sequences, each of a maximum length of 5,000 nucleotides or 
amino acids. The multiple alignment procedure begins With 
the pairWise alignment of the tWo most similar sequences, 
producing a cluster of tWo aligned sequences. This cluster is 
then aligned to the next most related sequence or cluster of 
aligned sequences. TWo clusters of sequences are aligned by 
a simple extension of the pairWise alignment of tWo indi 
vidual sequences. The ?nal alignment is achieved by a series 
of progressive, pairWise alignments. The program is run by 
designating speci?c sequences and their amino acid or nucle 
otide coordinates for regions of sequence comparison and by 
5 designating the program parameters. Using PILEUP, a ref 
erence sequence (e.g., a TERT promoter sequence of the 
invention as set forth by. e.g., SEQ ID NO:01 or SEQ ID 
NO:02) is compared to another sequence to determine the 
percent sequence identity relationship (i.e., that the second 
sequence is substantially identical and Within the scope of the 
invention) using the folloWing parameters: default gap Weight 
(3.00), default gap length Weight (0.10), and Weighted end 
gaps. PILEUP can be obtained from the GCG sequence 
analysis softWare package, e.g., version 7.0 (Devereaux 
(1984) Nuc. Acids Res. 12:387-395). 
[0030] Another example of algorithm that is suitable for 
determining percent sequence identity (i.e., substantial simi 
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larity or identity) is the BLAST algorithm, which is described 
in Altschul (1990) J. M01. Biol. 215:403-410. Software for 
performing BLAST analyses is publicly available through the 
National Center for Biotechnology Information (http://www. 
ncbi.nlm.nih.gov/). This algorithm involves ?rst identifying 
high scoring sequence pairs (HSPs) by identifying short 
words of length W in the query sequence, which either match 
or satisfy some positive-valued threshold score T when 
aligned with a word of the same length in a database 
sequence. T is referred to as the neighborhood word score 
threshold (Altschul (1990) supra). These initial neighbor 
hood word hits act as seeds for initiating searches to ?nd 
longer HSPs containing them. The word hits are then 
extended in both directions along each sequence for as far as 
the cumulative alignment score can be increased. Cumulative 
scores are calculated using, for nucleotide sequences, the 
parameters M (reward score for a pair of matching residues; 
always >0) and N (penalty score for mismatching residues, 
always <0). For amino acid sequences, a scoring matrix is 
used to calculate the cumulative score. Extension of the word 
hits in each direction are halted when: the cumulative align 
ment score falls off by the quantity X from its maximum 
achieved value; the cumulative score goes to Zero or below, 
due to the accumulation of one or more negative-scoring 
residue alignments; or the end of either sequence is reached. 
The BLAST algorithm parameters W, T, and X determine the 
sensitivity and speed of the alignment. In one embodiment, to 
determine if a nucleic acid sequence is within the scope of the 
invention, the BLASTN program (for nucleotide sequences) 
is used incorporating as defaults a wordlength (W) of 11, an 
expectation (E) of 10, M:5, N:4, and a comparison of both 
strands. For amino acid sequences, the BLASTP program 
uses as default parameters a wordlength (W) of 3, an expec 
tation (E) of 10, and the BLOSUM62 scoring matrix (see, 
e.g., Henikoff(1989) Proc. Natl. Acad. Sci. USA 89: 10915). 
[0031] The BLAST algorithm also performs a statistical 
analysis of the similarity between two sequences (see, e.g., 
Karlin (1993) Proc. Nat’l. Acad. Sci. USA 90:5873-5787). 
One measure of similarity provided by the BLAST algorithm 
is the smallest sum probability (P(N)), which provides an 
indication of the probability by which a match between two 
nucleotide or amino acid sequences would occur by chance. 
For example, a nucleic acid is considered similar to a refer 
ence sequence if the smallest sum probability in a comparison 
of the test nucleic acidto the reference nucleic acid is less than 
about 0.1, more preferably less than about 0.01, and most 
preferably less than about 0.001. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0032] Methods and compositions for assaying an agent for 
TERT promoter modulatory activity are provided. In the sub 
ject methods, an agent is contacted with a cell comprising a 
mutant telomerase structural RNA component (TR) that 
results in a detectable phenotype in the presence of telom 
erase reverse transcriptase (TERT). Also provided are com 
positions, systems and kits thereof, as well as devices, that 
?nd use in practicing the subject methods. The subject inven 
tion ?nds use in assaying agents for TERT promoter modu 
latory activity, such as in a high throughput format. 
[0033] Before the present invention is further described, it 
is to be understood that this invention is not limited to par 
ticular embodiments described, as such may, of course, vary. 
It is also to be understood that the terminology used herein is 
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for the purpose of describing particular embodiments only, 
and is not intended to be limiting, since the scope of the 
present invention will be limited only by the appended claims. 
[0034] Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limit of that range and any other stated or 
intervening value in that stated range, is encompassed within 
the invention. The upper and lower limits of these smaller 
ranges may independently be included in the smaller ranges 
and are also encompassed within the invention, subject to any 
speci?cally excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either or both of those included limits are also included in 
the invention. 
[0035] Methods recited herein may be carried out in any 
order of the recited events which is logically possible, as well 
as the recited order of events. 
[0036] Unless de?ned otherwise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can also be used in 
the practice or testing of the present invention, the preferred 
methods and materials are now described. 
[0037] All publications mentioned herein are incorporated 
herein by reference to disclose and describe the methods 
and/or materials in connection with which the publications 
are cited. 

[0038] It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “an”, and “the” 
include plural referents unless the context clearly dictates 
otherwise. It is further noted that the claims may be drafted to 
exclude any optional element. As such, this statement is 
intended to serve as antecedent basis for use of such exclusive 
terminology as “solely,” “only” and the like in connection 
with the recitation of claim elements, or use of a “negative” 
limitation. 
[0039] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the present 
application. Nothing herein is to be construed as an admission 
that the present invention is not entitled to antedate such 
publication by virtue of prior invention. Further, the dates of 
publication provided may be different from the actual publi 
cation dates which may need to be independently con?rmed. 
[0040] In further describing the invention, the subject 
methods are described ?rst in greater detail, followed by a 
review of representative applications in which the subject 
methods ?nd use, as well as a discussion of representative 
systems and kits that ?nd use in practicing the subject meth 
ods. 

Methods 

[0041] As summarized above, the subject invention pro 
vides methods of determining whether an agent has TERT 
promoter modulatory activity. An agent is considered to have 
TERT promoter modulatory activity if its interaction with a 
TERT promoter causes a change in transcription activity, e. g., 
level (for example, in terms of transcribed copies of a coding 
sequence for a given period of time) of a nucleic acid 
sequence (e.g., a transcribable sequence, such as the coding 
sequence for TERT) operably linked to the promoter, e.g., as 
compared to a control (e.g., the transcription activity of an 
analogous TERT promoter/reporter nucleic acid construct not 
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contacted With the agent of interest). The change that is 
observed may be an increase or decrease of transcription of 
the operably linked nucleic acid, e. g., TERT coding sequence. 
In other Words, the agent may enhance or inhibit transcription 
of the nucleic acid sequence operably linked to the TERT 
promoter. By enhance is meant that the expression level of the 
operably linked reporter nucleic acid sequence is increased 
by at least about 2 fold, usually by at least about 5 fold and 
sometimes by at least 25, 50, 100 fold and in particular about 
300 fold or higher, as compared to a control, i.e., expression 
from an analogous or identical expression system that is not 
contacted With the agent in question. Alternatively, in cases 
Where expression of the operably linked nucleic acid is so loW 
that it is undetectable, expression of the operably linked 
nucleic acid is considered to be enhanced if expression is 
increased to a level that is easily detectable. By inhibit is 
meant that the expression level of the operably linked nucleic 
acid sequence is decreased by at least about 2 fold, usually by 
at least about 5 fold and sometimes by at least 25, 50, 100 fold 
and in particular about 300 fold or higher, as compared to a 
control, i.e., expression from an analogous or identical 
expression system that is not contacted With the agent in 
question. Alternatively, in cases Where expression of the oper 
ably linked nucleic acid is detectable, expression of the oper 
ably linked nucleic acid is considered to be inhibited if 
expression is decreased to a level that is not detectable. 

[0042] In practicing the subject methods, an agent to be 
tested or assayed for TERT promoter modulatory activity 
(sometimes referred to herein as a candidate agent) is con 
tacted With a cell that includes a mutant (i.e., modi?ed) telom 
erase structural RNA component (TR) that results in a detect 
able phenotype in the presence of telomerase reverse 
transcriptase (TERT). 
[0043] Depending on the particular assay, the cell (also 
referred to herein as the target cell or test cell) With Which the 
agent is contacted during practice of the subject methods may 
be a normal cell that provides Wild type conditions, e.g., a cell 
that normally lacks telomerase activity, e.g., an MRC5 cell, 
etc.; or the cell may be mutant cell in Which telomerase 
activity is present, e.g., a cancerous cell. In representative 
embodiments, the cell is a mammalian cell, Where mamma 
lian cells, of interest include, but are not limited to: murine, 
porcine, ovine, equine, rat, ungulates, dog, cat, monkey, and 
human cells, and the like. In many embodiments, the cell Will 
be a human cell. 

[0044] A feature of the cells employed in the subject meth 
ods is that they include a modi?ed telomerase RNA (TR) 
component, i.e., a modi?ed TR component. By “modi?ed” is 
meant that the RNA component differs by at least one base as 
compared to the corresponding Wild-type RNA component 
present in the cells of the organism from Which the test cell 
Was originally obtained. As such, the modi?ed TR component 
is also properly referred to as a mutant TR component. For 
example, Where the test cell is a mouse cell, the cell includes 
a modi?ed TR component as compared to the Wild-type 
mouse TR (i.e., mTR) component. LikeWise, Where the test 
cell is a human cell, the cell includes a modi?ed TR compo 
nent as compared to the Wild type human TR (i.e., hTR) 
component. Wild type sequences of TR components as Well 
as the sequences of DNAs encoding the same are knoWn for 
multiple species, including but not limited to: human, mouse, 
rat, hamster, coW, etc. See e.g., US. Pat. Nos. 6,013,468 and 
5,876,979, the disclosures of Which are herein incorporated 
by reference. As indicated above, the sequence of the modi 
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?ed TR component present in the test cells employed in the 
subject invention differs from the corresponding Wild type TR 
component of the test cell by at least one base, Where the 
number of bases that differ may vary. As such, sequence 
identity betWeen the modi?ed and corresponding TR compo 
nent Will be less than 100% (as determined using an align 
ment program, such as an alignment program speci?ed 
above), Where the sequence identity may be less than about 
98%, less than about 95%, less than about 90%, less than 
about 85% etc in certain embodiments. 

[0045] In certain representative embodiments, the modi?ed 
TR component is a modi?ed hTR component. In certain of 
these representative embodiments, the modi?ed hTR compo 
nent differs from the sequence of the Wild type hTR compo 
nent, as described above. The sequence of the Wild-type hTR 
component for this embodiment is deposited With Genbank 
and has been assigned an accession no. of NRi00l 566. 
[0046] A feature of the modi?ed TR component present in 
the test cells employed in the subject methods is that the 
modi?ed TR component imparts a detectable phenotype to 
the cell in the presence of telomerase reverse transcriptase 
(TERT). In other Words, When TERT is present in the cell 
along With the modi?ed TR component, the cell has a detect 
able phenotype that is attributable to the presence of these tWo 
components. The detectable phenotype may vary, Where rep 
resentative phenotypes include, but are not limited to: cell 
death; cell groWth/proliferation; cell morphology; the pro 
duction of neW telomere sequences; changes in levels of 
telomere binding proteins; the presence or absence of binding 
proteins, e.g., transcriptions factors, that recogniZe neW 
telomere sequences; changes in gene expression factors (e. g., 
resulting from presence of neW telomere sequences anduse of 
transcription factors as a result thereof, Which modulates 
expression of other gene products); presence of restriction 
sites in neW telomere sequences; changes in ?uorescence 
polariZation of the TR component (e.g., When bound to 
TERT); presence of a reporter gene; presence of a reporter 
sequence (e.g., directly or indirectly detectable) in a neWly 
synthesiZed telomere sequence; detection of a TR/TERT 
complex, either directly or indirectly; and the like. 
[0047] In representative embodiments, the modi?ed TR 
component is one that causes cell death (e.g., via apoptosis) in 
the presence of telomerase. A number of different such modi 
?ed TR components have been reported in the literature, 
including, but not limited to, those reported in: Feng et al, 
Science (1995) 269(5228):l236-4l, Kim et al., Proc. Nat’l 
Acad. Sci. USA (2001) 98: 7982-7; Marusic et al., Mol. Cell 
Biol. (1997) 17:6394-401; and Li et al., Cancer Res. (2004) 
64: 4833-4840. 

[0048] As the test cell employed in the subject assays com 
prises a modi?ed TR component. In certain embodiments, an 
expression cassette that includes a coding sequence for the 
modi?ed TR component operably linked to suitable promoter 
is present in the cell. 
[0049] In certain embodiments, the expression cassette is 
present on a vector that is episomally (i.e., extrachomosoma 
lly) maintained in the host cell. Expression vectors of interest 
generally contain a promoter that is recogniZed by the host 
organism and is operably linked to the coding sequence for 
the modi?ed TR component. Promoters are untranslated 
sequences located upstream (5') to the start codon of a struc 
tural gene (generally Within about 100 to 1000 bp) that control 
the transcription and translation of particular nucleic acid 
sequence to Which they are operably linked. Such promoters 
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typically fall into tWo classes, inducible and constitutive. 
Inducible promoters are promoters that initiate increased lev 
els of transcription from DNA under their control in response 
to some change in culture conditions, e.g., the presence or 
absence of a nutrient or a change in temperature. A large 
number of promoters recogniZed by a variety of potential host 
cells are Well known. Both a native promoter sequence, e.g., 
the promoter sequence operably linked to the Wild type TR 
coding sequence, and many heterologous promoters may be 
used to direct expression of the coding sequence for the 
modi?ed TR component. 

[0050] Transcription from vectors in mammalian cells may 
be controlled, for example, by promoters obtained from the 
genomes of viruses such as polyoma virus, foWlpox virus, 
adenovirus (such as Adenovirus 2), bovine papilloma virus, 
avian sarcoma virus, cytomegalovirus, a retrovirus, hepati 
tis-B virus and most preferably SimianVirus 40 (SV40), from 
heterologous mammalian promoters, e.g., the actin promoter, 
PGK (phosphoglycerate kinase), or an immunoglobulin pro 
moter, from heat- shock promoters, provided such promoters 
are compatible With the host cell systems. The early and late 
promoters of the SV40 virus are conveniently obtained as an 
SV40 restriction fragment that also contains the SV40 viral 
origin of replication. The immediate early promoter of the 
human cytomegalovirus is conveniently obtained as a HindIII 
E restriction fragment. Also of interest are promoters for 
snRNAs, e.g. U1 and U6. 
[0051] Transcription by higher eukaryotes is often 
increased by inserting an enhancer sequence into the vector. 
Enhancers are cis-acting elements of DNA, usually about 
from 10 to 300 bp, Which act on a promoter to increase its 
transcription. Enhancers are relatively orientation and posi 
tion independent, having been found 5' and 3' to the transcrip 
tion unit, Within an intron, as Well as Within the coding 
sequence itself. Many enhancer sequences are noW knoWn 
from mammalian genes (globin, elastase, albumin, a-fetopro 
tein, and insulin). Typically, hoWever, one Will use an 
enhancer from a eukaryotic cell virus. Examples include the 
SV40 enhancer on the late side of the replication origin, the 
cytomegalovirus early promoter enhancer, the polyoma 
enhancer on the late side of the replication origin, and aden 
ovirus enhancers. The enhancer may be spliced into the 
expression vector at a position 5' or 3' to the coding sequence, 
but is preferably located at a site 5' from the promoter. 

[0052] Expression vectors used in eukaryotic host cells 
may also contain sequences necessary for the termination of 
transcription and for stabiliZing the mRNA. Such sequences 
are commonly available from the 5' and, occasionally 3', 
untranslated regions of eukaryotic or viral DNAs or cDNAs. 

[0053] In certain embodiments, the expression cassette 
may be genomically integrated in the target cell, i.e., inte 
grated onto a chromosome of the target cell. A variety of 
integrating vectors and methodologies for using the same are 
knoWn in the art. For such embodiments, the expression cas 
sette maybe placed into a vector that is suitable for use in 
integrating the expression cassette into the target cell 
genome, Where representative vectors include, but are not 
limited to: plasmid DNA vectors, retroviral vectors; adeno 
associated vectors, adenoviral vectors, double stranded DNA 
vectors, etc. For example, viral vector delivery vehicles may 
be employed to integrate an expression cassette into a target 
cell genome. A variety of viral vector delivery vehicles are 
knoWn to those of skill in the art and include, but are not 
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limited to: adenovirus, herpesvirus, lentivirus, vaccinia virus 
and adeno-associated virus (AAV). 
[0054] In representative embodiments Where the expres 
sion cassette encoding the modi?ed TR component is chro 
mosomally integrated and a stable clone of a cell containing 
this integration is isolated, clones containing integrations into 
the same chromosome that includes the TERT coding 
sequence are excluded. For example, Where the target cell is 
a human cell, since the TERT coding sequence is present on 
Chromosome 5, the modi?ed TR expression cassette is inte 
grated into a chromosome other than Chromosome 5. In cases 
Where the modi?ed TR is chromo somally integrated and used 
as a pool (i.e., no clonal isolation), then it is not possible to 
exclude integrations into chromosome 5. 
[0055] For vector construction, any convenient method 
may be employed. Construction of suitable vectors contain 
ing one or more of the above-listed components may employ 
standard ligation techniques. Isolated plasmids or DNA frag 
ments are cleaved, tailored, and re-ligated in the form desired 
to generate the plasmids required. For analysis to con?rm 
correct sequences in plasmids constructed, the ligation mix 
tures are used to transform host cells, and successful trans 
formants selected by ampicillin or tetracycline resistance 
Where appropriate. Plasmids from the transformants are pre 
pared, analyZed by restriction endonuclease digestion, and/or 
sequenced. 
[0056] Yet another feature of certain embodiments of the 
subject invention is that the target cell is one in Which the 
native TERT gene is present, Where by TERT gene is meant 
the TERT coding sequences as Well as transcription control 
sequences, e.g., promoters, etc. In certain embodiments 
Where the cell is a human cell, the cell includes the native 
hTERT gene. Yet another feature of certain embodiments of 
the invention is that the test cell lacks a functional gene for 
Wild type TR, such that Wild-type TR is not present in the test 
cell. In certain embodiments, Wild-type TR is present. 
[0057] In practicing the subject methods, the target cell, as 
described above, is contacted With the candidate agent Whose 
activity is to be tested. Contact of the candidate agent is 
achieved using any convenient protocol, such as introducing 
the agent into cell culture medium in Which the target cell is 
present, etc. 
[0058] The conditions under Which the cell and the candi 
date agent are contacted may vary depending on the nature of 
the assay and the nature of the candidate agent modulatory 
activity to be determined. For example, Where the assay is 
employed to screen candidate agents for TERT promoter 
de-repression activity, i.e., activation activity, the conditions 
under Which the expression system and the agent are con 
tacted are generally Wild type conditions, Where the condi 
tions may be described as an environment in Which, in the 
absence of the candidate agent, TERT expression is 
repressed. 
[0059] Alternatively, Where the assay is employed to screen 
candidate agents for TERT promoter repression activity, i.e., 
inhibition activity, the conditions under Which the cell and the 
agent are contacted are generally mutant conditions, Where 
the conditions may be described as an environment in Which, 
in the absence of the candidate agent, TERT expression 
occurs. Such conditions may be found in target cells that 
constitutively express TERT, e.g., cancerous cells. 
[0060] FolloWing contact of the candidate agent and the 
target cell, the phenotype of cell is evaluated or assessed to 
determine the promoter modulatory activity of the candidate 
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agent. This step of assessing or evaluating the phenotype of 
the cell Will necessarily vary depending on the nature of the 
phenotype that is induced by the presence of both TERT and 
the modi?ed TR component in the cell. This step of the 
subject methods may include either a qualitative or quantita 
tive evaluation of the phenotype, and may or may not include 
use of one or more reference or controls, as may be desired. 

[0061] In certain embodiments, the cell is assayed for cell 
death or apoptosis. Any convenient apoptosis assay may be 
employed, including but not limited to, those described in: 
(Note: Feng at all describes altered telomeres but no apoptosis 
assay) Kim et al., Proc. Nat’l Acad. Sci. USA (2001) 98: 
7982-7; Marusic et al., Mol. Cell Biol. (1997) 17:6394-401; 
and Li et al., Cancer Res. (2004) 64: 4833-4840. 
[0062] Where the phenotype to be evaluated is cell death, 
any convenient assay for such a phenotype may be employed, 
Where a number of different such as says are knoWn to those of 
skill in the art. Speci?c representative assays of interest are 
revieWed in greater detail beloW. 
[0063] In certain embodiments, the assay can be one the 
employs a mixed population of test and non-test cells, Where 
the assay looks at changes in the proportion of each type of 
cell in the population as an indication of the presence of cell 
death in the test cell. For example, a ?rst population of test 
cells may be produced by transfecting the mutant TR expres 
sion construct into normal cells along With reporter construct, 
e.g., a gene expressing the Green Fluorescent Protein, Where 
the reporter construct may be on the same vector as, or a 

different vector from, the mutant hTR expression construct, 
e.g., on the plasmid or on a separate plasmid. A second popu 
lation of control cells may be transfected With a second 
reporter construct distinct from the ?rst, e.g., a reporter con 
struct that expresses a non-Green Fluorescent Protein, such as 
Red, YelloW, Blue, etc. In certain embodiments, the second 
reporter construct may be on the same vector as a Wild type 
hTR expression construct, e.g., on the plasmid. As a result, 
tWo different populations of cells, e.g., cell lines, are pro 
duced, Where the cell lines are identical except that the ?rst 
test cell line expresses mutant hTR and a ?rst reporter mol 
ecule, e.g., GFP, While the second control cell line expresses 
Wild type hTR and a second reporter molecule, e.g., RFP. 
FolloWing production of the test and control cell populations, 
a mixed population is produced in Which the test and control 
cells are mixed together in knoWn amounts, e.g., in equal 
amounts, such that a mixture of cells is produced in Which the 
proportion of test and control cells is knoWn. Application of a 
test compound to such a mixed population provides for a 
ready determination of Whether the compound has a modu 
latory effect on TERT promoter activity. For example, if a 
compound has no effect on the cells (e. g., it does not activate 
telomerase expression) then both test and control cells should 
groW normally and the ratio of signal from the ?rst and second 
reporter construct, e.g., ratio of GFP to RFP should remain 
constant, e. g. 1 Where the population includes equal amounts 
of cells. Alternatively, if a compound activates hTERT 
expression and incorporation of the mutant hTR negatively 
effects the health of the cells, then the ratio of GFP to RFP 
should decrease relative to the starting ratio, e.g., to less than 
1, such as to less then 0.1. In these representative embodi 
ments, if a compound is toxic to all cells, then the ratio of GFP 
to RFP should remain 1, but the total ?uorescent signal should 
be signi?cantly less since neither cell greW. 
[0064] Other assays for dead or live cells that can be 
included in at least some of the assays described above 
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include: Caspase assays for the presence of apoptosis (such as 
Caspase 3 and 7 activity measurement: Caspase-Glo 3/7 
Assay, cat. # G8092 (Promega); Caspase 8 activity measure 
ment: Caspase-Glo 8 Assay, cat. # G8202 (Promega); 
Caspase 9 activity measurement: Caspase-Glo 9 Assay, cat. # 
G8212 (Promega); etc.); viability and proliferation assays, 
such as ATPlite, cell viability homogenous assay cat. # 
6016947 (PerkinElmer), etc.; cell death detection assays, 
such as Cell Death Detection ELISAPLUS cat. # 1 920 685 
(Roche Applied Science); Propidium Iodide assay (MTG, 
Inc. Product number M0795); etc. 

[0065] In yet other embodiments, the assay employed may 
include molecular probing for neW telomere sequences. Such 
embodiments include those situations Where the presence of 
neW telomere sequences is used as the indication of TERT 
promoter activity. The presence of neW telomere sequences 
may be detected using any of a number of different protocols, 
e.g., by hybridiZation, PCR, FRET, or antibody, etc. In yet 
other embodiments, the evaluation step may include probing 
for lack of telomere binding proteins. In yet other embodi 
ments, the evaluation step may include probing for binding 
proteins (e.g., transcription factors) that recogniZe neW 
telomere sequences. In yet other embodiments, the evaluation 
step may include assaying for altered regulation of genes 
Whose transcription factors are recruited by the neW telomere 
sequences, if present, Where such recruitments results in a 
modulation of the expression pattern of one or more addi 
tional genes. In certain embodiments, the evaluation step 
includes a step of probing for reporter sequences that are 
present in a neWly synthesiZed telomere sequence, Where 
representative reporter sequences of interest include restric 
tion sites. In certain embodiments, cells are evaluated for an 
alteration of ?uorescence polariZation of the TR component, 
e.g., mutant hTR (or hTER), When bound to telomerase, e. g., 
(hTERT). In certain embodiments, cells are assayed for the 
presence of a reporter gene (e.g., Where the template region of 
hTR is altered to express a reporter gene, such as luciferase 
(or adenovirus VA RNA sequence), Where the neW telomere 
sequence Would contain repeats of the luciferase gene and 
synthesis of neW telomeres Would be detected by luciferase 
activity. In certain embodiments, evaluation includes a FISH 
assay. In certain embodiments, evaluating includes assaying 
for virus integration into an integration site Within a neW 
telomere sequence. In certain embodiments, evaluating 
includes assaying for site-speci?c recombination of a reporter 
gene (e.g., Luciferase) into a recombination site Within a neW 
telomere sequence. In certain embodiments, evaluating 
includes detection of a reporter sequence in a neW telomere 
sequence, e.g., via an engineered Zinc Finger Protein. In 
certain embodiments, evaluating includes assaying directly 
for complex formation of the TR and TERT components, e. g., 
via FRET using antibody to hTERT and oligo to mutant 
template of hTR. The above assays are merely representative. 
[0066] In certain embodiments, the subject methods are 
performed in a high throughput (HT) format. In the subject 
HT embodiments of the subject invention, a plurality of dif 
ferent compounds are simultaneously tested. By simulta 
neously tested is meant that each of the compounds in the 
plurality are tested at substantially the same time. Thus, at 
least some, if not all, of the compounds in the plurality are 
assayed for their effects in parallel. The number of com 
pounds in the plurality that are simultaneously tested is typi 
cally at least about 10, Where in certain embodiments the 
number may be at least about 100 or at least about 1000, 
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Where the number of compounds tested may be higher. In 
general, the number of compounds that are tested simulta 
neously in the subject HT methods ranges from about 10 to 
10,000, usually from about 100 to 10,000 and in certain 
embodiments from about 1000 to 5000. A variety of high 
throughput screening assays for determining the activity of 
candidate agent are knoWn in the art and are readily adapted 
to the present invention, including those described in e.g., 
Schultz (1998) Bioorg Med Chem Lett 8:2409-2414; Weller 
(1997) Mol Divers. 3:61-70; Femandes (1998) Curr Opin 
Chem Biol 2:597-603; Sittampalam (1997) Curr Opin Chem 
Biol 1:384-91; as Well as those described in published United 
States application 20040072787 and issued US. Pat. No. 
6,127,133; the disclosures of Which are herein incorporated 
by reference. 
[0067] Testing of a candidate agent according to the inven 
tion as described above readily determines Whether or not an 
agent has TERT promoter modulatory activity. As mentioned 
above, an agent is considered to have TERT promoter modu 
latory activity if its interaction With TERT promoter causes a 
change in transcription activity, e.g., level (for example, in 
terms of transcribed copies for a given period of time), of a 
nucleic acid sequence (i.e., transcribable sequence) operably 
linked to the promoter, e.g., as compared to a control (e. g., the 
transcription activity of an analogous TERT promoter/re 
porter nucleic acid construct not contacted With the agent of 
interest). The change that is observed may be an increase or 
decrease of TERT transcription. In other Words, the agent 
may enhance or inhibit transcription of TERT. By enhance is 
meant that the expression level of TERT is increased by at 
least about 2 fold, usually by at least about 5 fold and some 
times by at least 25, 50, 100 fold and in particular about 300 
fold or higher, as compared to a control, i.e., expression from 
an analogous or identical expression system that is not con 
tacted With the agent in question. Alternatively, in cases 
Where expression of TERT is so loW that it is undetectable, 
expression of TERT is considered to be enhanced if expres 
sion is increased to a level that is easily detectable. By inhibit 
is meant that the expression level of the TERT is decreased by 
at least about 2 fold, usually by at least about 5 fold and 
sometimes by at least 25, 50, 100 fold and in particular about 
300 fold or higher, as compared to a control, i.e., expression 
from an analogous or identical expression system that is not 
contacted With the agent in question. 

Utility 

[0068] A variety of different candidate agents may be 
screened by the above methods. Candidate agents encompass 
numerous chemical classes, though typically they are organic 
molecules, preferably small organic compounds having a 
molecular Weight of more than 50 and less than about 2,500 
daltons. Candidate agents comprise functional groups neces 
sary for structural interaction With proteins, particularly 
hydrogen bonding, and typically include at least an amine, 
carbonyl, hydroxyl or carboxyl group, preferably at least tWo 
of the functional chemical groups. The candidate agents often 
comprise cyclical carbon or heterocyclic structures and/or 
aromatic or polyaromatic structures substituted With one or 
more of the above functional groups. Candidate agents are 
also found among biomolecules including peptides, saccha 
rides, fatty acids, steroids, purines, pyrimidines, derivatives, 
structural analogs or combinations thereof. 
[0069] Candidate agents are obtained from a Wide variety 
of sources including libraries of synthetic or natural com 
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pounds. For example, numerous means are available for ran 
dom and directed synthesis of a Wide variety of organic com 
pounds and biomolecules, including expression of 
randomized oligonucleotides and oligopeptides. Altema 
tively, libraries of natural compounds in the form of bacterial, 
fungal, plant and animal extracts are available or readily 
produced. Additionally, natural or synthetically produced 
libraries and compounds are readily modi?ed through con 
ventional chemical, physical and biochemical means, and 
may be used to produce combinatorial libraries. Known phar 
macological agents may be subjected to directed or random 
chemical modi?cations, such as acylation, alkylation, esteri 
?cation, amidi?cation, etc. to produce structural analogs. 
[0070] The subject assays ?nd use in any application Where 
it is desired to determine Whether a candidate agent has TERT 
promoter modulatory activity. Speci?cally, the subject assays 
?nd use in applications Where one Wishes to determine 
Whether an agent has TERT promoter repressor activity and in 
applications Where one Wishes to determine Whether an agent 
has TERT promoter activator or enhancer activity. In repre 
sentative embodiments, the methods provide for identi?ca 
tion of agents Which have human TERT promoter modulatory 
activity. 
[0071] Agents identi?ed in the above screening assays that 
inhibit repression of TERT transcription ?nd use in the meth 
ods of enhancement of TERT expression, e.g., in the treat 
ment of disease conditions, in research applications, etc., 
Where representative speci?c applications include those 
described in United States Published Applications: 
20030211965; 20030171326; 20030104420; 20030050264; 
and 20020193289; the disclosures of Which are herein incor 
porated by reference. Alternatively, agents identi?ed in the 
above screening assays that enhance repression ?nd use in 
applications Where inhibition of TERT expression is desired, 
e.g., in the treatment of disease conditions characterized by 
the presence of unWanted TERT expression, such as cancer 
and other diseases characterized by the presence of unWanted 
cellular proliferation, Where such methods are described in, 
for example, US. Pat. Nos. 5,645,986; 5,656,638; 5,703,1 16; 
5,760,062; 5,767,278; 5,770,613; and 5,863,936; the disclo 
sures of Which are herein incorporated by reference. 

Kits 

[0072] Also provided are kits that ?nd use in practicing the 
subject methods, as described above. For example, in some 
embodiments, kits for practicing the subject methods include 
at least a test cell as described above, or elements for con 

structing the same, e. g., expression vectors, etc. Furthermore, 
additional reagents that are required or desired in the protocol 
to be practiced With the kit components may be present, 
Which additional reagents include, but are not limited to: 
aqueous mediums, culture mediums, and the like. The kits 
may also include reference or control elements, e.g., that 
provide calibration signals or values for use in assessing the 
observed signal generated by an assay performed With the kit 
components. The kit components may be present in separate 
containers, or one or more of the components may be present 
in the same container, Where the containers may be storage 
containers and/or containers that are employed during the 
assay for Which the kit is designed. 
[0073] In addition to the above components, the subject kits 
may further include instructions for practicing the subject 
methods. These instructions may be present in the subject kits 
in a variety of forms, one or more of Which may be present in 
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the kit. One form in Which these instructions may be present 
is as printed information on a suitable medium or substrate, 
e.g., a piece or pieces of paper on Which the information is 
printed, in the packaging of the kit, in a package insert, etc. Yet 
another means Would be a computer readable medium, e.g., 
diskette, CD, etc., on Which the information has been 
recorded. Yet another means that may be present is a Website 
address Which may be used via the intemet to access the 
information at a removed site. Any convenient means may be 
present in the kits. 

Systems 

[0074] Also provided are systems that ?nd use in practicing 
the subject methods, as described above. For example, in 
some embodiments, systems for practicing the subject meth 
ods include at least a test cell as described above. Further 
more, additional reagents that are required or desired in the 
protocol to be practiced With the system components may be 
present, Which additional reagents include, but are not limited 
to: aqueous mediums, culture mediums, and the like. The 
systems may also include reference or control elements, e.g., 
that provide calibration signals or values for use in assessing 
the observed signal generated by an assay performed With the 
system components. The systems generally also include one 
or more candidate agents. 

Devices 

[0075] Also provided are high throughput (HT) devices that 
?nd use in practicing the subject methods, particularly HT 
embodiments thereof. The high throughput devices may have 
any convenient con?guration, and generally include a plural 
ity of tWo or more ?uid containment elements in Which assays 
can take place, agent administration elements and signal 
detection elements. For example, representative HT devices 
of the subject invention include a plate or substrate having a 
plurality of ?uid-containing Wells, reagent-adding equipment 
responsive to a computer for adding reagent, e.g., candidate 
agent, to the Wells, measurement equipment for measuring at 
least one attribute of the sample or cells contained by the 
Wells (e.g., for phenotype evaluation) and moving equipment 
Which is responsive to the computer for aligning one of the 
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Wells ?rst With the reagent-adding component, then With the 
measurement device, as further described in US. Pat. No. 
6,127,133, the disclosure of Which is herein incorporated by 
reference. Also of interest are the devices described in US. 
Pat. Nos. 6,468,736 and 5,989,835; as Well as US. Provi 
sional Application Ser. No. 60/618,484; the disclosures of 
Which are herein incorporated by reference. A feature of the 
HT devices of the present invention is that they include in at 
least one ?uid containment element containing a target cell as 
described above. 

[0076] It is evident from the above results and discussion 
that the subject invention provides for greatly improved 
assays for determining the TERT promoter modulatory activ 
ity of a candidate agent. A particularly important advantage 
provided by certain embodiments of the subject invention is 
that the modulatory activity of the candidate agent is assessed 
on a native TERT gene present in a cell. Accordingly, the 
subject invention represents a signi?cant contribution to the 
art. 

[0077] The preceding merely illustrates the principles of 
the invention. It Will be appreciated that those skilled in the art 
Will be able to devise various arrangements Which, although 
not explicitly described or shoWn herein, embody the prin 
ciples of the invention and are included Within its spirit and 
scope. Furthermore, all examples and conditional language 
recited herein are principally intended to aid the reader in 
understanding the principles of the invention and the concepts 
contributed by the inventors to furthering the art, and are to be 
construed as being Without limitation to such speci?cally 
recited examples and conditions. Moreover, all statements 
herein reciting principles, aspects, and embodiments of the 
invention as Well as speci?c examples thereof, are intended to 
encompass both structural and functional equivalents thereof. 
Additionally, it is intended that such equivalents include both 
currently knoWn equivalents and equivalents developed in the 
future, i.e., any elements developed that perform the same 
function, regardless of structure. The scope of the present 
invention, therefore, is not intended to be limited to the exem 
plary embodiments shoWn and described herein. Rather, the 
scope and spirit of present invention is embodied by the 
appended claims. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS : 2 

<2lO> SEQ ID NO 1 
<2ll> LENGTH: 15418 

<2l2> TYPE: DNA 

<2l3> ORGANISM: human 

<400> SEQUENCE: l 

gcggccgcga gctctaatac gactcactat agggcgtcga ctcgatcaat ggaagatgag 6O 

gcattgccga agaaaagatt aatggatttg aacacacagc aacagaaact acatgaagtg 120 

aaacacagga aaaaaaagat aaagaaacga aaagaaaagg gcatcagtga gcttcagcag 180 

aagttccatc ggccttacat atgtgtaagc agaggccctg taggagcaga ggcaggggga 240 

aaatacttta agaaataatg tctaaaagtt tttcaaatat gaggaaaaac ataaaaccac 300 

agatccaaga agctcaacaa aacaaagcac aagaaacagg aagaaattaa aagttatatc 360 
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acagtcaaat tgctgaaaac cagcaacaaa gagaatatct taagagtatc agaggaaaag 420 

agattaatga caggccaaga aacaatgaaa acaatacaga tttcttgtag gaaacacaag 480 

acaaaagaca ttttttaaaa ccaaaaggaa aaaaaatgct acattaaaat gttttttacc 540 

cactgaaagt atatttcaaa acatatttta ggccaggctt ggtggctcac acctgtaatc 600 

ccagcacttt gggaggccaa ggtgggtgga tcgcttaagg tcaggagttc gagaccagcc 660 

tggccaatat agcgaaaccc catctgtact aaaaacacaa aaattagctg ggtgtggtga 720 

cacatgcctg taatcccagg tactcaggag gctaaggcag gagaattgct tgaactggga 780 

ggcagaggtg gtgagccaag attgcaccag tgcactccag ccttggtgac agagtgaaac 840 

tccatctcaa aaacaaacaa acaaaataca tatacataaa tatatatgca catatatata 900 

catatataaa tatatataca catatataaa tctatataca tatatacata tatacacata 960 

tataaatcta tatacatata tatacatata taatatattt acatatataa atatatacat 1020 

atataaatat acatatataa atacatatat aaatatacat atataaatat acatatataa 1080 

atatacatat ataaatatat acatatataa atatacatat ataaatatat atacatatat 1140 

aaatatataa atatacaagt atatacaaat atatacatat ataaatgtat atacgtatat 1200 

acatatatat ataaatatat aaaaaaactt ttggctgggc acctttccaa atctcatggc 1260 

acatataagt ctcatggtaa cctcaaataa aaaaacatat aacagataca ccaaaaataa 1320 

aaaccaataa attaaatcat gccaccagaa gaaattacct tcactaaaag gaacacagga 1380 

aggaaagaaa gaaggaagag aagaccatga aacaaccaga aaacaaacaa caaaacagca 1440 

ggagtaattc ctgacttatc aataataatg ctgggtgtaa atggactaaa ctctccaatc 1500 

aaaagacata gagtggctga atggacgaaa aaaacaagac tcaataatct gttgcctaca 1560 

agaatatact tcacctataa agggacacat agactgaaaa taaaaggaag gaaaaatatt 1620 

ctatgcaaat ggaaaccaaa aaaagaacag aactagctac acttatatca gacaaaatag 1680 

atttcaagac aaaaagtaca aaaagagaca aagtaattat ataataataa agcaaaaaga 1740 

tataacaatt gtgaatttat atgcgcccaa cactgggaca cccagatata tacagcaaat 1800 

attattagaa ctaaggagag agagagatcc ccatacaata atagctggag acttcacccc 1860 

gcttttagca ttggacagat catccagaca gaaaatcaac caaaaaattg gacttaatct 1920 

ataatataga acaaatgtac ctaattgatg tttacaagac atttcatcca gtagttgcag 1980 

aatatgcatt ttttcctcag catatggatc attctcaagg atagaccata tattaggcca 2040 

cagaacaagc cattaaaaat tcaaaaaaat tgagccaggc atgatggctt atgcttgtaa 2100 

ttacagcact ttggggaggg tgaggtggga ggatgtcttg agtacaggag tttgagacca 2160 

gcctgggcaa aatagtgaga ccctgtctct acaaactttt ttttttaatt agccaggcat 2220 

agtggtgtgt gcctgtagtc ccagctactt aggaggctga agtgggagga tcacttgagc 2280 

ccaagagttc aaggctacgg tgagccatga ttgcaacacc acacaccagc cttggtgaca 2340 

gaatgagacc ctgtctcaaa aaaaaaaaaa aaaattgaaa taatataaag catcttctct 2400 

ggccacagtg gaacaaaacc agaaatcaac aacaagagga attttgaaaa ctatacaaac 2460 

acatgaaaat taaacaatat acttctgaat aaccagtgag tcaatgaaga aattaaaaag 2520 

gaaattgaaa aatttattta agcaaatgat aacggaaaca taacctctca aaacccacgg 2580 

tatacagcaa aagcagtgct aagaaggaag tttatagcta taagcagcta catcaaaaaa 2640 
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gtagaaaagc caggcgcagt ggctcatgcc tgtaatccca gcactttggg aggccaaggc 2700 

gggcagatcg cctgaggtca ggagttcgag accagcctga ccaacacaga gaaaccttgt 2760 

cgctactaaa aatacaaaat tagctgggca tggtggcaca tgcctgtaat cccagctact 2820 

cgggaggctg aggcaggata accgcttgaa cccaggaggt ggaggttgcg gtgagccggg 2880 

attgcgccat tggactccag cctgggtaac aagagtgaaa ccctgtctca agaaaaaaaa 2940 

aaaagtagaa aaacttaaaa atacaaccta atgatgcacc ttaaagaact agaaaagcaa 3000 

gagcaaacta aacctaaaat tggtaaaaga aaagaaataa taaagatcag agcagaaata 3060 

aatgaaactg aaagataaca atacaaaaga tcaacaaaat taaaagttgg ttttttgaaa 3120 

agataaacaa aattgacaaa cctttgccca gactaagaaa aaaggaaaga agacctaaat 3180 

aaataaagtc agagatgaaa aaagagacat tacaactgat accacagaaa ttcaaaggat 3240 

cactagaggc tactatgagc aactgtacac taataaattg aaaaacctag aaaaaataga 3300 

taaattccta gatgcataca acctaccaag attgaaccat gaagaaatcc aaagcccaaa 3360 

cagaccaata acaataatgg gattaaagcc ataataaaaa gtctcctagc aaagagaagc 3420 

ccaggaccca atggcttccc tgctggattt taccaatcat ttaaagaaga atgaattcca 3480 

atcctactca aactattctg aaaaatagag gaaagaatac ttccaaactc attctacatg 3540 

gccagtatta ccctgattcc aaaaccagac aaaaacacat caaaaacaaa caaacaaaaa 3600 

aacagaaaga aagaaaacta caggccaata tccctgatga atactgatac aaaaatcctc 3660 

aacaaaacac tagcaaacca aattaaacaa caccttcgaa agatcattca ttgtgatcaa 3720 

gtgggattta ttccagggat ggaaggatgg ttcaacatat gcaaatcaat caatgtgata 3780 

catcatccca acaaaatgaa gtacaaaaac tatatgatta tttcacttta tgcagaaaaa 3840 

gcatttgata aaattctgca cccttcatga taaaaaccct caaaaaacca ggtatacaag 3900 

aaacatacag gccaggcaca gtggctcaca cctgcgatcc cagcactctg ggaggccaag 3960 

gtgggatgat tgcttgggcc caggagtttg agactagcct gggcaacaaa atgagacctg 4020 

gtctacaaaa aactttttta aaaaattagc caggcatgat ggcatatgcc tgtagtccca 4080 

gctagtctgg aggctgaggt gggagaatca cttaagccta ggaggtcgag gctgcagtga 4l40 

gccatgaaca tgtcactgta ctccagccta gacaacagaa caagacccca ctgaataaga 4200 

agaaggagaa ggagaaggga gaaaggaggg agaagggagg aggaggagaa ggaggaggtg 4260 

gaggagaagt ggaaggggaa ggggaaggga aagaggaaga agaagaaaca tatttcaaca 4320 

taataaaagc cctatatgac agaccgaggt agtattatga ggaaaaactg aaagcctttc 4380 

ctctaagatc tggaaaatga caagggccca ctttcaccac tgtgattcaa catagtacta 4440 

gaagtcctag ctagagcaat cagataagag aaagaaataa aaggcatcca aactggaaag 4500 

gaagaagtca aattatcctg tttgcagatg atatgatctt atatctggaa aagacttaag 4560 

acaccactaa aaaactatta gagctgaaat ttggtacagc aggatacaaa atcaatgtac 4620 

aaaaatcagt agtatttcta tattccaaca gcaaacaatc tgaaaaagaa accaaaaaag 4680 

cagctacaaa taaaattaaa cagctaggaa ttaaccaaag aagtgaaaga tctctacaat 4740 

gaaaactata aaatattgat aaaagaaatt gaagagggca caaaaaaaga aaagatattc 4800 

catgttcata gattggaaga ataaatactg ttaaaatgtc catactaccc aaagcaattt 4860 

acaaattcaa tgcaatccct attaaaatac taatgacgtt cttcacagaa atagaagaaa 4920 
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caattctaag atttgtacag aaccacaaaa gacccagaat agccaaagct atcctgacca 4980 

aaaagaacaa aactggaagc atcacattac ctgacttcaa attatactac aaagctatag 5040 

taacccaaac tacatggtac tggcataaaa acagatgaga catggaccag aggaacagaa 5100 

tagagaatcc agaaacaaat ccatgcatct acagtgaact catttttgac aaaggtgcca 5160 

agaacatact ttggggaaaa gataatctct tcaataaatg gtgctggagg aactggatat 5220 

ccatatgcaa aataacaata ctagaactct gtctctcacc atatacaaaa gcaaatcaaa 5280 

atggatgaaa ggcttaaatc taaaacctca aactttgcaa ctactaaaag aaaacaccgg 5340 

agaaactctc caggacattg gagtgggcaa agacttcttg agtaattccc tgcaggcaca 5400 

ggcaaccaaa gcaaaaacag acaaatggga tcatatcaag ttaaaaagct tctgcccagc 5460 

aaaggaaaca atcaacaaag agaagagaca acccacagaa tgggagaata tatttgcaaa 5520 

ctattcatct aacaaggaat taataaccag tatatataag gagctcaaac tactctataa 5580 

gaaaaacacc taataagctg attttcaaaa ataagcaaaa gatctgggta gacatttctc 5640 

aaaataagtc atacaaatgg caaacaggca tctgaaaatg tgctcaacac cactgatcat 5700 

cagagaaatg caaatcaaaa ctactatgag agatcatctc accccagtta aaatggcttt 5760 

tattcaaaag acaggcaata acaaatgcca gtgaggatgt ggataaaagg aaacccttgg 5820 

acactgttgg tgggaatgga aattgctacc actatggaga acagtttgaa agttcctcaa 5880 

aaaactaaaa ataaagctac catacagcaa tcccattgct aggtatatac tccaaaaaag 5940 

ggaatcagtg tatcaacaag ctatctccac tcccacattt actgcagcac tgttcatagc 6000 

agccaaggtt tggaagcaac ctcagtgtcc atcaacagac gaatggaaaa agaaaatgtg 6060 

gtgcacatac acaatggagt actacgcagc cataaaaaag aatgagatcc tgtcagttgc 6120 

aacagcatgg ggggcactgg tcagtatgtt aagtgaaata agccaggcac agaaagacaa 6180 

acttttcatg ttctccctta cttgtgggag caaaaattaa aacaattgac atagaaatag 6240 

aggagaatgg tggttctaga ggggtggggg acagggtgac tagagtcaac aataatttat 6300 

tgtatgtttt aaaataacta aaagagtata attgggttgt ttgtaacaca aagaaaggat 6360 

aaatgcttga aggtgacaga taccccattt accctgatgt gattattaca cattgtatgc 6420 

ctgtatcaaa atatctcatg tatgctatag atataaaccc tactatatta aaaattaaaa 6480 

ttttaatggc caggcacggt ggctcatgtc cataatccca gcactttggg aggccgaggc 6540 

ggtggatcac ctgaggtcag gagtttgaaa ccagtctggc caccatgatg aaaccctgtc 6600 

tctactaaag atacaaaaat tagccaggcg tggtggcaca tacctgtagt cccaactact 6660 

caggaggctg agacaggaga attgcttgaa cctgggaggc ggaggttgca gtgagccgag 6720 

atcatgccac tgcactgcag cctgggtgac agagcaagac tccatctcaa aacaaaaaca 6780 

aaaaaaagaa gattaaaatt gtaattttta tgtaccgtat aaatatatac tctactatat 6840 

tagaagttaa aaattaaaac aattataaaa ggtaattaac cacttaatct aaaataagaa 6900 

caatgtatgt ggggtttcta gcttctgaag aagtaaaagt tatggccacg atggcagaaa 6960 

tgtgaggagg gaacagtgga agttactgtt gttagacgct catactctct gtaagtgact 7020 

taattttaac caaagacagg ctgggagaag ttaaagaggc attctataag ccctaaaaca 7080 

actgctaata atggtgaaag gtaatctcta ttaattacca ataattacag atatctctaa 7l40 

aatcgagctg cagaattggc acgtctgatc acaccgtcct ctcattcacg gtgctttttt 7200 


















