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MEASURES OF SHORT TELOMERE ABUNDANCE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This Application claims the benefit of U.S. Provisional Application No.
61/826,484, filed on May 22, 2013, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The statements in the Background are not necessarily meant to endorse the
characterization in the cited references.
[0003] Telomeres, the tips of cukaryotic chromosomes, protect the chromosomes from
nucleolytic degradation, end-to-end fusion, and recombination. Telomeres are structures at
the ends of chromosomes characterized by repeats of the nucleotide sequence (5-TTAGGG-
3 )n. Telomeres shorten as a consequence of normal cell division and critically short
telomeres lead to cellular senescence or apoptosis. A rich body of epidemiological and
clinical studies in humans in the past decade has linked short telomere length to high risks of
aging-related disease and all-cause mortality (Puterman, E. and E. Epel, Soc Personal Psychol
Compass, 2012. 6(11) 807-825; Zhu, H., M. Belcher, and P. van der Harst, Clin Sci (Lond),
2011. 120(10) 427-40; and Fyhrquist, F. and O. Saijonmaa. Ann Med, 2012. 44 Suppl 1
S138-42). Genetic, environment, lifestyle, and behavioral factors collectively impact
telomere length. Therefore, telomere length has become an index for overall health, disease,
and mortality risk.
[0004] While average telomere length was measured in almost all the clinical studies
published and has demonstrated utility in stratifying patient disease and mortality risk, recent
work in mice has also shown that the population of short telomeres is the triggering signal to
senescence or apoptosis (Hemann, M.T., ef al.Cell, 2001. 107(1) 67-77), and thus disease and
mortality risk. In a study reported by Hemann et al, 6th generation telomerase RNA
knockout mice (mTR-/- G6) with short telomeres were crossed with mice heterozygous for
telomerase (mTR+/-) with long telomeres. The phenotype of the telomerase null offspring
mirrors that of the mTR-/- parent despite the fact that half of their telomeres are long,
suggesting that the quantity of short telomeres, and not average telomere length, is critical for
cell viability and chromosome stability. In people taking a natural product-derived
telomerase activator (TA-65®), a significant reduction in the percentage of short (<3 or <4
kbp) telomeres (as measured by a quantitative FISH technology; see (Canela, A., et al. Proc
Natl Acad Sci U S A, 2007. 104(13) 5300-5) was detected in the leukocytes, although no

change in mean telomere length was seen (Harley, C.B., ef al., Rejuvenation Res. 2011. 14(1)
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45-56). Changes in the percentage of short telomere abundance therefore is expected to be a
more sensitive measurement of the effects of lifestyle and pharmacological or other
interventions on telomeres. Another study (Vera ef al., “The Rate of Increase of Short
Telomeres Predicts Longevity in Mammals”, Cell Reports (2012), world wide web URL:
dx.doi.org/10.1016/].celrep.2012.08.023) found that “the rate of increase in the abundance of
short telomeres was a predictor of lifespan”.

[0005]  Various methods have been developed for the measurement of telomere length in
genomic DNA, including Southern blotting (Kimura, M. et al., Nature Protocols, 2010,
5:1596-1607), Q-FISH (Rufer, N. et al., Nat. Biotechnol., 1998, 16:743-747), flow FISH
(Baerlocher, G. M. et al., Cytometry, 2002, 47:89-99), and qPCR (Cawthon, R. M., Nucleic.
Acids Res., 2002, 30(10):¢47). All of these methods can be used in a clinical setting to
monitor health status and permit physicians to prescribe prophylactic or therapeutic
intervention tailored to the needs of the individual patient.

[0006] To measure the population of short telomeres, quantitative fluorescent in situ
hybridization (Q-FISH) of metaphase-spread cells has been used to generate histograms of
telomere signal intensities which represent the length of individual telomeres (Poon, S.S., et
al., Cytometry, 1999. 36(4) 267-78). Limitations of this method are that live cells are
needed, costs are high, and throughput is low. A higher throughput modification of the Q-
FISH assay (HTQ-FISH; see Canela, A., et al. Proc Natl Acad Sci U S A, 2007. 104(13)
5300-5) was recently championed by the company Life Length (Spain) to measure percentage
of short telomeres. Despite the claim, unfortunately, with current technology, this assay
cannot be accurate, due to clustering of telomeres, especially short telomeres, in single spots
(telomeric associations; see Paeschke, K., K.R. McDonald, and V.A. Zakian. FEBS Lett,
2010. 584(17) 3760-72). Confounding this issue is the fact that short telomeres tend to
associate with one another more frequently than long telomeres. In addition, FISH
technologies are known to suffer from non-specific binding of the probe to macromolecules
in live or fixed cells. A high throughput method to measure percentage of short telomeres
that is low-cost and does not require live cells will be much easier to be adapted in both
epidemiological and clinical settings, and will have better analytical performance than Q-
FISH.

[0007] U.S. Patent No. 5,741,677 (Kozlowski et al.) refers to methods for measuring
telomere length. One method involves contacting the telomere with a linker sequence under
conditions in which the linker sequence is ligated or otherwise covalently bonded to the 3’

end of the telomere. The telomere sequences are amplified by long PCR amplification with a
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first primer specific for the linker sequence and a second primer specific for a subtelomeric
region of the chromosome. Another method involves preparing DNA extracts of cells,
incubating the extract with an oligonucleotide probe complementary to a telomere repeat
sequence, and determining amount of probe bound as a measure of telomere length. In
addition, a method of measuring telomere length by binding the genomic DNA to a solid
phase, and hybridizing the bound DNA with a labeled probe is described.

[0008] U.S. Patent Publication No. 2004/0265815 (Baird et al.) refers to a method for
measuring telomere length. Baird ef al. describes the following steps to detect the length of a
population of telomeres: a) annealing the 3’ end of a single-stranded oligonucleotide
(hereinafter referred to as a telorette) to a single-stranded overhang of the telomere
comprising the G-rich telomere strand (comprising TTAGGG repeat sequences) and
covalently binding the telorette to the 5’ end of the C-rich telomeric strand (having CCCTAA
repeat sequences), b) amplifying the ligation product formed in step (a) to form a primer
extension product; and (c) detecting the length of the primer extension product(s) of step (b).
(See also Baird, D.M., ef al., Nat Genet., 2003, 33(2):203-7; and Baird DM, Rowson J,
Wynford-Thomas D, Kipling D.; Nat Genet., 2003, 33(2):203-7. Epub 2003 Jan 21. PMID:
12539050)

[0009] U.S. Patent No. 6,514,693 (Lansdorp) refers to a method for detecting multiple
copies of a repeat sequence in a nucleic acid molecule in morphologically intact
chromosomes, cells, or tissue sections comprising: (a) treating the nucleic acid molecule with
a PNA probe which hybridizes to a repeat sequence in the nucleic acid molecule and which is
labeled with a detectable substance, under denaturing conditions utilizing a denaturing agent,
permitting the probe to hybridize in situ to the repeat sequence in the nucleic acid molecule;
and (b) identifying said probe hybridized to the repeat sequence in the nucleic acid molecule
by directly or indirectly detecting the detectable substance, thereby detecting the multiple
copies of a repeat sequence in a nucleic acid molecule.

[0010] Methods of determining short telomere abundance include Southern blot analysis,
quantitative fluorescence in situ hybridization (Q-FISH) (Poon, S.S., et al., Cytometry, 1999,
36(4):267-78) and a modified high throughput version of Q-FISH (HT-Q-FISH) (Canela, A.,
et al., Proc. Natl. Acad. Sci. USA, 2007., 104(13):5300-5).

[0011]  U.S. Patent No. 7,695,904 (Cawthon) describes methods for amplifying target
nucleic acids using nucleic acid primers designed to limit non-target nucleic acid dependent
priming events. The methods permit amplifying and quantitating the number of repetitive

units in a repetitive region, such as the number of telomere repetitive units. The patent also
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refers to determining average telomere length of an organism by qPCR method.
[0012]  Thus, despite advances in materials and methods pertaining to telomeres, there
remains a need for improved methods and materials for determining measures of short
telomere abundance in a population of chromosomes and the use of these measures to
determine measures of health and effects of interventions that increase or decrease telomere
length and, hence, increase or decrease health, or conversely decrease or increase risk of
future disease or death, respectively. These needs and other needs are addressed by the
present invention.

SUMMARY OF THE INVENTION
[0013] In one aspect, this invention provides a method of making a nucleic acid extension
product comprising: i) hybridizing an extension primer to a telomeric repeat sequence in a 3’
overhang of double stranded chromosomal DNA, wherein: (1) the double stranded
chromosomal DNA has a telomeric region comprising telomeric repeat sequences and a sub-
telomeric region comprising sub-telomeric sequences; and (2) the extension primer
comprises: (A) a 3’ portion that hybridizes to a telomeric repeat sequence in the 3’ overhang
under annealing conditions, and (B) a 5’ portion having an anchor sequence that does not
hybridize to a telomeric repeat sequence in the 3’ overhang under the annealing conditions;
and ii) performing a time-limited extension reaction to extend the extension primer towards
the sub-telomeric region of the double stranded chromosomal DNA, wherein the extension
reaction is timed to produce an extension product comprising both telomeric repeat sequences
and sub-telomeric sequences only from double stranded chromosomal DNA having a
telomeric region within a pre-determined length range. In one aspect the double-stranded
chromosomal DNA comprises chromosomes molecules having telomeres of different lengths.
In a further aspect, the anchor sequence does not hybridize under the annealing conditions to:
(1) a sequence in the sub-telomeric region of the strand of chromosomal DNA having the 3’
overhang; (2) a sequence in the G-strand of the chromosomal DNA within 20 kb of the 3’
overhang; (3) a sequence in the G-strand of the chromosomal DNA within 50 kb or within 20
kb of the 3’ overhang; or (4) a sequence in the double stranded chromosomal DNA. Ina
further aspect, the extension reaction is timed to no more than 30 minutes, no more than 10
minutes, no more than 5 minutes, no more than 4 minutes, no more than 3 minutes, no more
than 2 minutes, no more than 1 minute, no more than 30 seconds, no more than 20 sec, no
more than 10 sec, no more than 5 sec, or no more than 2 sec. Since the rate to primer
extension can range from high (400 nucleotides per sec) to very low (e.g. 50 nucleotides per

second), a broad range of extension time allows assessment of a broad range of telomere

_4-



WO 2014/190138 PCT/US2014/039110

lengths (theoretically from about 100 nucleotides, to many thousands of nucleotides. In a
further aspect, the extension reaction is timed to at least 30 minutes, at least 10 minutes, at
least 5 minutes, at least 4 minutes, at lcast 3 minutes, at least 2 minutes, at least 1 minute or at
least 30 seconds. In a further aspect, the extension reaction is timed to at least 30 minutes, at
least 10 minutes, at least 5 minutes, at least 4 minutes, at least 3 minutes, at least 2 minutes, at
least 1 minute or at least 30 seconds. In a further aspect, the double-stranded chromosomal
DNA is provided from a solid, fluid, semisolid or gaseous sample. In a further aspect, the
chromosomal DNA is provided from a liquid sample selected from blood, saliva, urine,
plasma, serum, cerebrospinal fluid (“CSF”) or bronchoalveolar lavage fluid. In a further
aspect, the chromosomal DNA is provided from a solid sample selected from lung, muscle or
skin. In a further aspect, the chromosomal DNA is provided from a semi-solid sample
comprising bone marrow. In a further aspect, the chromosomal DNA is provided from a
gaseous sample comprising breath. In a further aspect, the double-stranded chromosomal
DNA is vertebrate DNA, mammalian DNA or human DNA. In a further aspect, the 3’
portion of the extension primer hybridizes to a human telomeric repeat sequence. In a further
aspect, the 3’ portion of the extension primer comprises the sequence 5'-(CCCTAA)n -3’ or
its same order permutations, wherein n is at least 1. In a further aspect, n is at least 2. Ina
further aspect, the 5’ portion of the extension primer comprises the sequence: 5'-
TGCTCGGCCGATCTGGCATC- 3’ [SEQ ID NO:8]. In a further aspect, the extension
primer comprises the sequence: 5'-TGCTCGGCCGATCTGGCATCCCTAACC-3' [SEQID
NO: 7]. In a further aspect, the time-limited extension reaction employs a DNA polymerase
possessing strand-displacement activity, exonuclease activity or strand degradation activity.
In a further aspect, the DNA polymerase is selected from T7 polymerase (e.g., Sequenase),
exonuclease-deficient Klenow fragment of E. coli DNA polymerase I, and Bst DNA
polymerase large fragment and Deep VentR (exo-nuclease). In a further aspect, the first
reaction is performed with a helicase, in combination with a DNA polymerase, or a DNA
polymerase with 5'-3’ exonuclease activity.

[0014] In another aspect, this invention provides a method of amplifying telomeric repeat
sequences and sub-telomeric sequences of a chromosome comprising: a) making a nucleic
acid extension product by: i) hybridizing an extension primer to a telomeric repeat sequence
in a 3’ overhang of double stranded chromosomal DNA, wherein: (1) the double stranded
chromosomal DNA has a telomeric region comprising telomeric repeat sequences and a sub-
telomeric region comprising sub-telomeric sequences; and (2) the extension primer

comprises: (A) a 3’ portion that hybridizes to a telomeric repeat sequence in the 3’ overhan
p p y p q g
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under annealing conditions, and (B) a 5’ portion having an anchor sequence that does not
hybridize to a telomeric repeat sequence in the 3’ overhang under the annealing conditions;
and ii) performing a time-limited extension reaction to extend the extension primer towards
the sub-telomeric region of the double stranded chromosomal DNA, wherein the extension
reaction is timed to produce an extension product comprising both telomeric repeat sequences
and sub-telomeric sequences only from double stranded chromosomal DNA having a
telomeric region within a pre-determined length range; and b) amplifying sequences of the
extension product that are bounded by a sub-telomeric sequence and the anchor sequence;
thereby producing a length-limited amplification product comprising nucleic acids having
telomeric repeat sequences and sub-telomeric sequences. In one aspect the sequences are
amplified using: (1) a first amplification primer that hybridizes to a sequence unique to the
sub-telomeric region in the extension product under annealing conditions; and (2) a second
amplification primer that hybridizes to the anchor sequence under the annealing conditions.
In a further aspect, the first amplification primer comprises a sequence selected from: 5'-
GATGGATCCTGAGGGTGAGGGTGAGGG-3' [SEQ ID NO: 2], 5'-
CGGGCCGGCTGAGGGTACCGCGA-3' [SEQ ID NO: 10] (chromosome 1), 5'-
GCTAATGCACTCCCTCAATAC-3' [SEQ ID NO: 11] (chromosome 5) and 5'-
CATTCCTAATGCACACATGATACC-3' [SEQ ID NO: 12] (chromosome 9). In a further
aspect, the first amplification primer comprises the sequence 5'-
GATGGATCCTGAGGGTGAGGGTGAGGG-3’ [SEQ ID NO: 2] and the second primer
comprises the sequence 5-TGCTCGGCCGATCTGGCATC-3' [SEQ ID NO: &8]. The length
range of the amplified telomere products can be determined by using a time-limited extension
time in the PCR reaction. In a further aspect, the method further comprising in co-amplifying
a control sequence. In a further aspect, the control sequence comprises a plurality of non-
telomeric repeat sequences. In a further aspect, the control sequence is synthesized in vitro or
produced in vivo (e.g., in a bacterial or fungal clone).

[0015] In another aspect, this invention provides a method for determining of short
telomere abundance comprising: a) providing a sample comprising double-stranded
chromosomal DNA comprising a 3’ overhang from a subject; b) producing a length-limited
amplification product from the double-stranded chromosomal DNA using a method of
amplifying telomeric repeat sequences and sub-telomeric sequences of a chromosome of this
invention as described herein (e.g., above); and ¢) determining of short telomere abundance
from the length-limited amplified product. In one aspect the method further comprises: d)

comparing short telomere abundance with total telomere abundance from the sample. In a
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further aspect, short telomeres are telomeres having length no more than about than about 0.5
kb, than about 1 kb, than about 2 kb, than about 3 kb, than about 4 kb or than about 5 kb. Ina
further aspect, comparing comprises determining short telomere abundance as a function of
total telomere abundance, e.g., a ratio of short telomere abundance to total telomere
abundance. In a further aspect, determining of short telomere abundance is performed using
gPCR. In a further aspect, qPCR is performed using a first and a second primer, (i) wherein
said first primer hybridizes to at least one repetitive unit of said first strand and said second
primer hybridizes to at least one repetitive unit of said second strand, (ii) wherein said
hybridized primers are capable of primer extension when hybridized to their respective
strands, and wherein at least one nucleotide of said first primer produces an internal base pair
mismatch between said first primer and a nucleotide of said repetitive unit when said first
primer is hybridized to at least one repetitive unit of said first strand, (iii) wherein said first
primer also produces a mismatch with the 3’ terminal nucleotide of said second primer when
first and second primers hybridize to each other, (iv) wherein at least one nucleotide of said
second primer produces an internal base pair mismatch between said second primer and a
nucleotide of said repetitive unit when said second primer is hybridized to at least one
repetitive unit of said second strand. In a further aspect, determining of short telomere
abundance comprises measuring average telomere length in the sample by Southern blot, dot
blot, slot blot, immunochemistry, nucleic acid sequencing or digital PCR. In a further aspect,
the short telomere abundance is a measure of relative abundance. In a further aspect, the total
telomere abundance is measured relative to abundance of a genomic reference sequence. In a
further aspect, the genomic reference sequence comprises a single copy reference nucleotide
sequence (e.g., human beta-globin) or abundance of non-telomere repetitive DNA (e.g., Alu
repeats or centromeric repeats).

[0016] In another aspect, this invention provides a method comprising: a) determining of
short telomere abundance in a sample from a subject; and b) correlating the short telomere
abundance with a condition or disease. In one aspect the measure of short telomere
abundance is determined by comparing the short telomere abundance with total telomere
abundance from the sample. In a further aspect, the short telomere abundance is determined
using a method described herein (e.g., above). In a further aspect, the condition or disease is
mortality risk. In a further aspect, the telomere abundance is absolute abundance. In a
further aspect, absolute abundance is measured as length of telomeric sequences. In a further
aspect, the determining of telomere abundance comprises measuring average telomere length

in the sample by qPCR Southern blot, dot blot, slot blot, immunochemistry, nucleic acid
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sequencing and digital PCR. In a further aspect, the correlation of the condition or discase is
associated with the Health Status Survey Score of Perceived Stress (see, for example, Cohen,
S; Kamarck T, and Mermelstein R (1983) J. Health Social Behav. 24(4) 385-396). Ina
further aspect, the risk of a pathological condition is a risk of disease, e.g., cardiovascular
disease, diabetes, cancer, liver fibrosis, and depression. In a further aspect, the disease is a
disease of aging. In a further aspect, the disease of aging is cardiovascular disease and
wherein a measure lower than average in a population correlates with increased risk of
cardiovascular disease. In a further aspect, the method comprises correlating a measure of
telomere abundance in the lowest two or three tertiles of a population with significantly
higher risk for cardiovascular disease compared with a measure in a top tertile of the
population. In a further aspect, the method comprises correlating the measure with a
telomeric disease. A telomeric disease can include, but is not limited to dyskeratosis
congenita, pulmonary fibrosis, aplastic anemia and interstitial pneumonia. In a further aspect,
the method comprises the measure with drug responsiveness. For example, the method can
comprise the measure with drug responsiveness to a statin (wherein short average telomere
length in an individual’s normal white blood cells is positively correlated with drug
responsiveness) or adverse response to imetelstat (GRN163L, a cancer drug) (wherein short
telomere length in normal white blood cells is correlated with adverse effects such as
thrombocytopenia or neutropenia). In a further aspect, the method comprises correlating the
measure with disease progression and treatment outcome in chronic infections, such as HIV,
HCV HBV, and CMV. In a further aspect, the method further comprises reporting the
correlation to the subject. In a further aspect, the method further comprises providing the
subject with a diagnosis or a prognosis based on the correlation. In a further aspect, the
method further comprises treating the subject based on the correlation.

[0017]  In another aspect, this invention provides a method for monitoring the status of a
subject comprising: determining measures of short telomere abundance from cells in each of
a plurality of subject samples taken over a period of time; determining differences in the
measures; and correlating the differences with progression of a telomeric disease, wherein
decreases in the measures indicates progression of the disease. In one aspect the measure of
short telomere abundance is determined by comparing the measure of short telomere
abundance with a measure of total telomere abundance from the sample.

[0018]  In another aspect, this invention provides a method comprising: determining a rate
of change in a measure of short telomere abundance in cells from a plurality of subject

samples, each sample taken at different times; and correlating the rate of change with: (1) a
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measure of health; (2) a risk of a pathological condition; (3) a telomeric disease or (4) drug
responsiveness. In one aspect the measure of short telomere abundance is determined by
comparing the measure of short telomere abundance with a measure of total telomere
abundance from the sample.
[0019] In another aspect, this invention provides a kit comprising: (1) a first amplification
primer comprising: (A) a 3’ portion that hybridizes to a telomeric repeat sequence in a 3’
overhang of double-stranded chromosomal DNA under annealing conditions, and (B) a §’
portion having an anchor sequence that does not hybridize under the annealing conditions to a
sequence in the telomeric region or to a sequence in the sub-telomeric region in the
chromosomal DNA; and (2) a second amplification primer that hybridizes to a sub-telomeric
sequence under annealing conditions. In one aspect the kit further comprises: (3) a third
amplification primer that hybridizes to a complement of the anchor sequence under annealing
conditions. In a further aspect, the kit comprises: (3) reagents to carry out the hybridization,
extension, amplification and quantification steps of the short telomere measurement. In a
further aspect, the kit further comprises: (3) a control sample and a reference sample
comprising chromosomal DNA with known telomere lengths, or synthetic oligonucleotides
with telomeric repeats with known amount of mass.
INCORPORATION BY REFERENCE

[0020]  All publications, patents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each individual publication,
patent, or patent application was specifically and individually indicated to be incorporated by
reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]  Figure 1 shows overall scheme of a short telomere assay (STA).
[0022]  Figure 2 shows confirmation of short telomere amplification during strand
displacement by TELOTEST, a test for measuring average telomere length that uses
mismatched primers that hybridize to telomeric repeat sequences in a qPCR assay. An assay
of similar type is described in U.S. Patent No. 7,695,904 (Cawthon).
[0023]  Figure 3 shows Southern blot analysis of strand-displacement products. M:
molecular weight markers; Lane 1: total genomic DNA from the bladder cancer cell-line,
UM-UC3, amplified by modified STELA (Single Telomere Elongation Length Analysis)
protocol (Baird et al., 2003); Lanes 2-5: PCR products using SUS and TeloAnchor as primers
and the strand-displacement products are template. Strand displacement reaction times are

indicated (30 seconds, 1, 3, and 5 minutes). Strand lengths are: 30 sec =~ 1 kb; 1 minute =
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~2 kb; 3 minutes = ~ 5 kb; 5 minutes = ~8 kb.
[0024]  Figure 4 shows a proof-of-concept calculation for short telomere quantification in
DNA samples with different average telomere length. UM-UCS3 is a cell population with
short average telomeres, and UM-UC3/hTER is the identical cell population but with
extended (elongated) telomeres due to over-expression of telomerase (with hTER). As
shown, the relative abundance of short telomeres is much greater in UM-UC3 than in UM-
UC3/hTER.
[0025]  Figure 5 is a table that compares the relative abundance of short telomeres in UM-
UC3 and UM-UC3/hTER by Southern Blot (where the relative signal of terminal restriction
fragments in the 0.2-5kbp range is shown), and by a short telomere assay of this invention,
wherein the percentage of short telomeres is the ratio of short and total telomere
measurements. In both cases, there are roughly 3-fold more short telomeres in UM-UC3 than
in UM-UC3/hTER.
[0026] Figure 6 shows high-throughput steps for a short telomere assay.
[0027]  Figure 7A and Figure 7B show time-controlled primer extension on chromosomes
A, B and C, each having telomeres of different length. Chromatin is represented by dashed
line. The subtelomeric unique sequence is represented by “SUS”. Telomeres are represented
by the solid line. The extension product is represented by the dashed line. Figure 7B shows
second strand synthesis of the three primer extension products. In Figure 7A, the time for
primer extension is selected so that the primer extends past the subtelomeric region (having a
subtelomeric unique sequence “SUS”) in chromosomes A and B, but not C. In Figure 7B, a
primer “SUS” having a subtelomeric unique sequence can hybridize to extension products A
and B, but not to extension product C, which, due to long telomere length in the original
chromosome, did not extend into the subtelomeric region. Thus, second strand synthesis can
proceed from the SUS primer hybridized to extension products A and B, but not from C. The
second strand is represented by the solid line. This product, then, represents a “short
telomere” fraction of the original chromosomal DNA.

DETAILED DESCRIPTION OF THE INVENTION
[0028] Definitions
[0029] It is to be understood that the terminology used herein is for the purpose of
describing particular aspects only and is not intended to be limiting.
[0030] As used in the specification and in the claims, the term “comprising” can include
the aspects “consisting of”” and “consisting essentially of.”

[0031] As used herein, nomenclature for compounds, including organic compounds, can
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be given using common names, [UPAC, [UBMB, or CAS recommendations for
nomenclature. Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. In this specification and in the claims which follow, reference will be
made to a number of terms which shall be defined herein.

[0032] As used in the specification and the appended claims, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a cell,” “a nucleotide,” or “a primer” includes mixtures of two or more
such cells, nucleotides, or primers, and the like.

[0033] Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, a further aspect includes
from the one particular value and/or to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent “about,” it will be understood that the
particular value forms a further aspect. It will be further understood that the endpoints of
each of the ranges are significant both in relation to the other endpoint, and independently of
the other endpoint. It is also understood that there are a number of values disclosed herein,
and that each value is also herein disclosed as “about” that particular value in addition to the
value itself. For example, if the value “10” is disclosed, then “about 10” is also disclosed. It
is also understood that each unit between two particular units are also disclosed. For
example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.

[0034] As used herein, the terms “about” and “at or about” mean that the amount or value in
question can be the value designated some other value approximately or about the same. It is
generally understood, as used herein, that it is the nominal value indicated +10% variation
unless otherwise indicated or inferred. The term is intended to convey that similar values
promote equivalent results or effects recited in the claims. That is, it is understood that
amounts, sizes, formulations, parameters, and other quantities and characteristics are not and
need not be exact, but can be approximate and/or larger or smaller, as desired, reflecting
tolerances, conversion factors, rounding off, measurement error and the like, and other factors
known to those of skill in the art. In general, an amount, size, formulation, parameter or other
quantity or characteristic is “about” or “approximate” whether or not expressly stated to be
such. It is understood that where “about” is used before a quantitative value, the parameter
also includes the specific quantitative value itself, unless specifically stated otherwise.

[0001] References in the specification and concluding claims to parts by weight of a

particular element or component in a composition denotes the weight relationship between
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the element or component and any other elements or components in the composition or article
for which a part by weight is expressed. Thus, in a compound containing 2 parts by weight of
component X and 5 parts by weight component Y, X and Y are present at a weight ratio of
2:5, and are present in such ratio regardless of whether additional components are contained
in the compound.

[0002] A weight percent (wt. %) of a component, unless specifically stated to the contrary,
is based on the total weight of the formulation or composition in which the component is
included.

[0003] As used herein, the terms “optional” or “optionally” means that the subsequently
described event or circumstance can or cannot occur, and that the description includes
instances where said event or circumstance occurs and instances where it does not.

[0035] As used herein, the term “effective amount” refers to an amount that is sufficient
to achieve the desired modification of a physical, chemical, or biological property of the
composition or method.

[0036] As used herein, “kit” means a collection of at least two components constituting
the kit. Together, the components constitute a functional unit for a given purpose. Individual
member components may be physically packaged together or separately. For example, a kit
comprising an instruction for using the kit may or may not physically include the instruction
with other individual member components. Instead, the instruction can be supplied as a
separate member component, either in a paper form or an electronic form which may be
supplied on computer readable memory device or downloaded from an internet website, or as
recorded presentation.

[0037] As used herein, “instruction(s)” means documents describing relevant materials or
methodologies pertaining to a kit. These materials may include any combination of the
following: background information, list of components and their availability information
(purchase information, etc.), brief or detailed protocols for using the kit, trouble-shooting,
references, technical support, and any other related documents. Instructions can be supplied
with the kit or as a separate member component, either as a paper form or an electronic form
which may be supplied on computer readable memory device or downloaded from an internet
website, or as recorded presentation. Instructions can comprise one or multiple documents,
and are meant to include future updates.

[0038] As used herein, the term “subject” can be a vertebrate, such as a mammal, a fish, a
bird, a reptile, or an amphibian. Thus, the subject of the herein disclosed methods can be a

human, non-human primate, horse, pig, rabbit, dog, sheep, goat, cow, cat, guinea pig or
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rodent. The term does not denote a particular age or sex. Thus, adult and newborn subjects,
as well as fetuses, whether male or female, are intended to be covered. In one aspect, the
subject is a mammal. A patient refers to a subject afflicted with a condition, disease or
disorder. The term “patient” includes human and veterinary subjects. In some aspects of the
disclosed methods, the subject has been diagnosed with a need for treatment of one or more
conditions or diseases associated with a dysfunction in short telomere abundance.

[0039] As used herein, the term “treatment” refers to the medical management of a
patient with the intent to cure, ameliorate, stabilize, or prevent a disease, pathological
condition, or disorder. This term includes active treatment, that is, treatment directed
specifically toward the improvement of a disease, pathological condition, or disorder, and
also includes causal treatment, that is, treatment directed toward removal of the cause of the
associated disease, pathological condition, or disorder. In addition, this term includes
palliative treatment, that is, treatment designed for the relief of symptoms rather than the
curing of the disease, pathological condition, or disorder; preventative treatment, that is,
treatment directed to minimizing or partially or completely inhibiting the development of the
associated disease, pathological condition, or disorder; and supportive treatment, that is,
treatment employed to supplement another specific therapy directed toward the improvement
of the associated disease, pathological condition, or disorder. In various aspects, the term
covers any treatment of a subject, including a mammal (e.g., a human), and includes: (i)
preventing the disease from occurring in a subject that can be predisposed to the disease but
has not yet been diagnosed as having it; (ii) inhibiting the disease, i.e., arresting its
development; or (iii) relieving the disease, i.c., causing regression of the disease. In one
aspect, the subject is a mammal such as a primate, and, in a further aspect, the subject is a
human. The term “subject” also includes domesticated animals (e.g., cats, dogs, etc.),
livestock (e.g., cattle, horses, pigs, sheep, goats, etc.), and laboratory animals (e.g., mouse,
rabbit, rat, guinea pig, fruit fly, etc.).

[0040] As used herein, the term “prevent” or “preventing” refers to precluding, averting,
obviating, forestalling, stopping, or hindering something from happening, especially by
advance action. It is understood that where reduce, inhibit or prevent are used herein, unless
specifically indicated otherwise, the use of the other two words is also expressly disclosed.
[0041] As used herein, the terms “administering” and “administration” refer to any
method of providing a pharmaceutical preparation to a subject. Such methods are well
known to those skilled in the art and include, but are not limited to, oral administration,

transdermal administration, administration by inhalation, nasal administration, topical
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administration, intravaginal administration, ophthalmic administration, intraaural
administration, intracerebral administration, rectal administration, sublingual administration,
buccal administration, and parenteral administration, including injectable such as intravenous
administration, intra-arterial administration, intramuscular administration, and subcutaneous
administration. Administration can be continuous or intermittent. In various aspects, a
preparation can be administered therapeutically; that is, administered to treat an existing
disease or condition. In further various aspects, a preparation can be administered
prophylactically; that is, administered for prevention of a disease or condition.

[0042] As used herein, the terms “cffective amount” and “amount effective” refer to an
amount that is sufficient to achieve the desired result or to have an effect on an undesired
condition. For example, a “therapeutically effective amount” refers to an amount that is
sufficient to achieve the desired therapeutic result or to have an effect on undesired
symptoms, but is generally insufficient to cause adverse side effects. The specific
therapeutically effective dose level for any particular patient will depend upon a variety of
factors including the disorder being treated and the severity of the disorder; the specific
composition employed; the age, body weight, general health, sex and diet of the patient; the
time of administration; the route of administration; the rate of excretion of the specific
compound employed; the duration of the treatment; drugs used in combination or
coincidental with the specific compound employed and like factors well known in the
medical arts. For example, it is well within the skill of the art to start doses of a compound at
levels lower than those required to achieve the desired therapeutic effect and to gradually
increase the dosage until the desired effect is achieved. If desired, the effective daily dose
can be divided into multiple doses for purposes of administration. Consequently, single dose
compositions can contain such amounts or submultiples thereof to make up the daily dose.
The dosage can be adjusted by the individual physician in the event of any contraindications.
Dosage can vary, and can be administered in one or more dose administrations daily, for one
or several days. Guidance can be found in the literature for appropriate dosages for given
classes of pharmaceutical products. In further various aspects, a preparation can be
administered in a “prophylactically effective amount”; that is, an amount effective for
prevention of a disease or condition.

[0043]  As used herein, "extension primer" means an oligonucleotide primer used to
perform the time-limited extension reaction step carried out by a DNA polymerase. The
extension primer can comprises a 3’ portion and a 5’ portion. For example, the 3’ portion can

hybridize to a telomeric repeat sequence in the 3’ overhang under annealing conditions, and a
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5" portion can have an anchor sequence that does not hybridize to a telomeric repeat sequence
in the 3’ overhang under the annealing conditions.

[0044]  As used herein, "telomeric region" means the DNA segment at the ends of a
chromosome with repeat telomeric sequence. In the case of vertebrates, it can be the
(TTAGGG)n repeat sequence at the ends of chromosomes.

[0045]  As used herein, "sub-telomeric region" means the segment of DNA immediately
adjacent to telomere at the centromeric end of telomeres. Subtelomeric region often contains
degenerate telomeric repeats. In the case of humans, repeats of TGAGGG and TCAGGG can
be present in subtelomeric region.

[0046]  As used herein, "time-limited extension reaction" means an enzymatic reaction
carried out by a DNA polymerase wherein the size of the product of the reaction, the time-
limited extension product, in nucleotides is a function of both the intrinsic extension rate of
the DNA polymerase utilized in the reaction and the reaction time.

[0047]  As used herein, "anchor sequence” means a unique sequence segment within a
primer that is not present in the template genome that can be used in the PCR reaction or
present within 20 kb of the intended amplicon. For example, the 5’ portion of an extension
primer can be an anchor sequence that is configured not to hybridize under annealing
conditions to a telomeric repeat sequence in the G-strand to which the 3’ portion of the
extension primer hybridizes.

[0048]  As used herein, "G-strand of the chromosomal DNA" means the strand of the
telomere having the 3’ overhang, and includes the telomeric repeat sequence 5'-TTAGGG-3'.
For example, "G-strand of the chromosomal DNA" can refer to the DNA strand in a
chromosome comprising the (TTAGGG), telomeric sequence in humans and other
vertebrates.

[0049]  As used herein, a “polymerase” refers to an enzyme that catalyzes the
polymerization of nucleotides. Generally, the enzyme will initiate synthesis at the 3'-end of
the primer annealed to a nucleic acid template sequence. “DNA polymerase” catalyzes the
polymerization of deoxyribonucleotides. Known DNA polymerases include, for example,
Pyrococcus furiosus (Pfu) DNA polymerase (Lundberg ez al., (1991) Gene 108:1), E. coli
DNA polymerase [ (Lecomte and Doubleday (1983) Nucleic Acids Res. 11:7505), T7 DNA
polymerase (Nordstrom et a/. (1981) J. Biol. Chem. 256:3112), Thermus thermophilus (Tth)
DNA polymerase (Myers and Gelfand (1991) Biochemistry 30:7661), Bacillus
stearothermophilus DNA polymerase (Stenesh and McGowan (1977) Biochim Biophys Acta
475:32), Thermococcus litoralis (Tli) DNA polymerase (also referred to as Vent DNA

- 15 -



WO 2014/190138 PCT/US2014/039110

polymerase, Cariello et al. (1991) Nucleic Acids Res 19:4193), Thermotoga maritima (Tma)
DNA polymerase (Diaz and Sabino (1998) Braz J. Med. Res 31:1239), and Thermus
aquaticus (Taq) DNA polymerase (Chien et al., (1976) J. Bacteoriol 127:1550). The
polymerase activity of any of the above enzymes can be determined by means well known in
the art.

[0050]  As used herein, “thermostable” DNA polymerase activity means DNA polymerase
activity which is relatively stable to heat and functions at high temperatures, for example 45-
100 °C., preferably 55-100 °C, 65-100 °C, 75-100 °C, 85-100 °C or 95-100 °C, as compared,
for example, to a non-thermostable form of DNA polymerase.

[0051]  Strand displacement activity of a DNA polymerase describes the ability to displace
downstream DNA encountered during synthesis. For example, Strand displacement activity
of a DNA polymerase can refer to the polymerases ability to separate a double strand of DNA
into two single strands. Examples of DNA polymerases with strand displacement activity are
holoenzymes or parts of replicases from viruses, prokaryotes, eukaryotes or archaea, the
phi29 DNA polymerases, Klenow DNA polymerase exo” and DNA polymerase from Bacillus
stearothermophilus designated as Bst exo™. "Exo™" signifies that the corresponding enzyme
does not have 5'-3' exonuclease activity. A well known example of a phi29 DNA polymerase
is the bacteriophage phi29 DNA polymerase. Further suitable DNA polymerases with strand
displacement activity useful in the methods of the present invention are well known to the
person skilled in the art, and include DNA polymerases such as a modified T7 polymerase,
(e.g, Sequenase), exonuclease-deficient Klenow fragment of E. coli DNA polymerase I, and
Bst DNA polymerase Large fragment and Deep VentR (exo-).

[0052]  Alternatively, also understood to be DNA polymerases with strand displacement
activity are those without strand displacement activity provided a catalyst is used in addition
to a respective DNA polymerase, e.g. a protein or enzyme, which enables a double strand of
DNA to be separated or a single strand of DNA to be stabilized. These proteins include, for
example, the helicases, SSB proteins and recombinant proteins, which can be present as
components of larger enzyme complexes, such as replicases. In this case, a polymerase with
strand displacement activity is produced with components in addition to the polymerase
itself. The polymerases with strand displacement activity can be either heat-unstable or heat-
stable.

[0053]  As used herein, “primer” refers to an oligonucleotide capable of acting as a point
of initiation of DNA synthesis under conditions in which synthesis of a primer extension

product complementary to a nucleic acid strand is induced, e.g., in the presence of four
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different nucleoside triphosphates and an agent for extension (e.g., a DNA polymerase or
reverse transcriptase) in an appropriate buffer and at a suitable temperature. A primer need
not reflect the exact sequence of the template nucleic acid, but must be sufficiently
complementary to hybridize with the template. The design of suitable primers for the
amplification of a given target sequence is well known in the art and described in the
literature cited herein.

[0054] The terms “target, “target sequence”, “target region”, and “target nucleic acid,” as
used herein, are synonymous and refer to a region or subsequence of a nucleic acid which is
to be amplified or detected.

[0055]  The term “hybridization,” as used herein, refers to the formation of a duplex
structure by two single-stranded nucleic acids due to complementary base pairing.
Hybridization can occur between fully complementary nucleic acid strands or between
“substantially complementary” nucleic acid strands that contain minor regions of mismatch.
Conditions under which only fully complementary nucleic acid strands will hybridize are
referred to as “stringent hybridization conditions” or “sequence-specific hybridization
conditions”. Stable duplexes of substantially complementary sequences can be achieved
under less stringent hybridization conditions; the degree of mismatch tolerated can be
controlled by suitable adjustment of the hybridization conditions. Those skilled in the art of
nucleic acid technology can determine duplex stability empirically considering a number of
variables including, for example, the length and base pair composition of the
oligonucleotides, ionic strength, and incidence of mismatched base pairs, following the
guidance provided by the art (see, e.g., Sambrook et al., (1989) Molecular Cloning—A
Laboratory Manual (Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.); and
Wetmur (1991) Critical Review in Biochem. and Mol. Biol. 26 (3/4):227-259; both
incorporated herein by reference).

[0056] The term “amplification reaction” refers to any chemical reaction, including an
enzymatic reaction, which results in increased copies of a template nucleic acid sequence or
results in transcription of a template nucleic acid.

[0057]  Polymerase chain reaction (PCR) is a method that allows exponential amplification
of DNA sequences within a longer double stranded DNA molecule. PCR entails the use of'a
pair of primers that are complementary to a defined sequence on each of the two strands of
the DNA. These primers are extended by a DNA polymerase so that a copy is made of the
designated sequence. After making this copy, the same primers can be used again, not only to

make another copy of the input DNA strand but also of the short copy made in the first round
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of synthesis. This leads to logarithmic amplification. Since it is necessary to raise the
temperature to separate the two strands of the double strand DNA in each round of the
amplification process, a major step forward was the discovery of a thermo-stable DNA
polymerase (Taq polymerase) that was isolated from Thermus aquaticus, a bacterium that
grows in hot pools; as a result it is not necessary to add new polymerase in every round of
amplification. After several (often about 40) rounds of amplification, the PCR product is
analyzed on an agarose gel and is abundant enough to be detected with an ethidium bromide
stain.

[0058] It is understood that real-time PCR, also called quantitative real time PCR (qRT-
PCR), quantitative PCR (Q-PCR/qPCR), or kinetic polymerase chain reaction, is a laboratory
technique based on PCR, which is used to amplify and simultaneously quantify a targeted
DNA molecule. qPCR enables both detection and quantification (as absolute number of
copies or relative amount when normalized to DNA input or additional normalizing genes) of
a specific sequence in a DNA sample.

[0059]  As used herein, a primer is “specific,” for a target sequence if, when used in an
under sufficiently stringent conditions, the primer hybridizes primarily only to the target
nucleic acid. Typically, a primer is specific for a target sequence if the primer-target duplex
stability is greater than the stability of a duplex formed between the primer and any other
sequence found in the sample. One of skill in the art will recognize that various factors, such
as salt conditions as well as base composition of the primer and the location of the
mismatches, will affect the specificity of the primer, and that routine experimental
confirmation of the primer specificity will be needed in most cases. Hybridization conditions
can be chosen under which the primer can form stable duplexes only with a target sequence.
Thus, the use of target-specific primers under suitably stringent amplification conditions
enables the specific amplification of those target sequences which contain the target primer
binding sites. The use of sequence-specific amplification conditions enables the specific
amplification of those target sequences which contain the exactly complementary primer
binding sites.

[0060]  As used herein, “complementary” refers to a nucleic acid molecule that can form
hydrogen bond(s) with another nucleic acid molecule by either traditional Watson-Crick base
pairing or other non-traditional types of pairing (e.g., Hoogsteen or reversed Hoogsteen
hydrogen bonding) between complementary nucleosides or nucleotides.

[0061] It is understood in the art that a nucleic acid molecule need not be 100%

complementary to a target nucleic acid sequence to be specifically hybridizable. That is, two
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or more nucleic acid molecules may be less than fully complementary and is indicated by a
percentage of contiguous residues in a nucleic acid molecule that can form hydrogen bonds
with a second nucleic acid molecule. For example, if a first nucleic acid molecule has 10
nucleotides and a second nucleic acid molecule has 10 nucleotides, then base pairing of 5, 6,
7, 8,9, or 10 nucleotides between the first and second nucleic acid molecules represents 50%,
60%, 70%, 80%, 90%, and 100% complementarity, respectively. “Perfectly” or “fully”
complementary nucleic acid molecules means those in which all the contiguous residues of a
first nucleic acid molecule will hydrogen bond with the same number of contiguous residues
in a second nucleic acid molecule, wherein the nucleic acid molecules either both have the
same number of nucleotides (i.c., have the same length) or the two molecules have different
lengths.

[0062] The term “non-specific amplification,” as used herein, refers to the amplification of
nucleic acid sequences other than the target sequence which results from primers hybridizing
to sequences other than the target sequence and then serving as a substrate for primer
extension. The hybridization of a primer to a non-target sequence is referred to as “non-
specific hybridization” and is apt to occur especially during the lower temperature, reduced
stringency, pre-amplification conditions.

[0063] The term “primer dimer,” as used herein, refers to a template-independent non-
specific amplification product, which is believed to result from primer extensions wherein
another primer serves as a template. Although primer dimers frequently appear to be a
concatamer of two primers, i.e., a dimer, concatamers of more than two primers also occur.
The term “primer dimer” is used herein generically to encompass a template-independent
non-specific amplification product.

[0064] The term “reaction mixture,” as used herein, refers to a solution containing
reagents necessary to carry out a given reaction. An “amplification reaction mixture”, which
refers to a solution containing reagents necessary to carry out an amplification reaction,
typically contains oligonucleotide primers and a DNA polymerase or ligase in a suitable
buffer. A “PCR reaction mixture” typically contains oligonucleotide primers, a DNA
polymerase (most typically a thermostable DNA polymerase), dNTPs, and a divalent metal
cation in a suitable buffer. A reaction mixture is referred to as complete if it contains all
reagents necessary to enable the reaction, and incomplete if it contains only a subset of the
necessary reagents. It will be understood by one of skill in the art that reaction components
are routinely stored as separate solutions, each containing a subset of the total components,

for reasons of convenience, storage stability, or to allow for application-dependent
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adjustment of the component concentrations, and that reaction components are combined
prior to the reaction to create a complete reaction mixture. Furthermore, it will be understood
by one of skill in the art that reaction components are packaged separately for
commercialization and that useful commercial kits may contain any subset of the reaction
components which includes the blocked primers of the disclosure.

[0065] 1. Introduction

[0066] This disclosure provides methods and materials for determining measures of short
telomere abundance in a population of chromosomes and of using these measures for
determining measures of health and effects of interventions that increase or decrease telomere
length and, hence, increase or decrease health, or conversely decrease or increase risk of
future disease or death, respectively. The methods involve producing a population of copies
of chromosomal fragments only from chromosomes having telomeres within a pre-defined
length range (e.g., all telomeres no longer than a certain length, e.g., shorter than about 5
kbp). This assay can be used to represent the relative abundance of short telomere telomeres
in a set of samples, or the assay can be used in combination with a measure of total telomere
abundance in order to generate an absolute percentage of short telomeres.

[0067] In one aspect, the method of measuring the abundance of short telomere products
includes two steps. A first step involves generating extension products from a double-
stranded chromosomal DNA template using an extension primer. The extension primer has
at its 3’ end a sequence complementary to telomeric repeat sequences in the G-strand of the
telomere, and an “anchor” sequence at its 5’ end. In this way, the extension primer is adapted
to hybridize to a telomeric repeat sequence in the 3’ overhang of chromosomes in a sample,
and utilizes a 5’-anchor sequence for priming a subsequent PCR reaction. The extension
products are generated in a time-limited extension reaction. Because it is time limited, the
extension reaction can be configured to produce extension products of no more than a certain
length. Because the extension products are length limited, they will extend into the sub-
telomeric region only in chromosomes that are sufficiently short. A second step involves
amplifying, from the extension products, sequences bounded by a sub-telomeric sequence
and the anchor sequence.

[0068] The length of the extension products produced by defined reaction times can be
estimated by at least three different methods: (a) by the polymerization rate (R) of the strand
displacement enzyme times the extension time: (b) by analyzing the size of PCR products on
a Southern gel; and (c) by analyzing the size of the pure TTAGGG region by sequencing.

The sequencing method is limited by the ability to accurately sequence long stretches of
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repetitive DNA.

[0069] Because the extension reaction is time-limited, sub-telomeric sequences will be
present only in extension products from chromosomes in which the distance from the location
in the 3’ overhang where the extension primer hybridized to the sub-telomeric region is
within a pre-determined length range of extension. The pre-determined length range and can
be up to any length chosen by the practitioner. For example, the length range can be a length
up to a pre-determined length. In certain aspects, the length range embraces the length of
short telomeres, e.g., up to 5 kb. In other aspects, the length range is a length shorter than a
pre-determined distance. So, for example, in chromosomes in which the length of the
telomere is no longer than the defined extension length (e.g., chromosomes with short
telomeres), the time-limited extension reaction will extend the primer into the sub-telomeric
region of the chromosome. In chromosomes in which the length of the telomere is longer
than the pre-determined extension length (e.g., chromosomes with long telomeres), the time-
limited extension reaction will not extend the primer into the sub-telomeric region of the
chromosome, and the extension product will not have the sub-telomeric sequences necessary
for the second amplification step. Accordingly, the population of extension products can be
controlled to include telomeric sequences only from chromosomes having telomeres shorter
than a certain size. If the length range is, for example, 4 kb, the extension products include,
for example, products in which the telomeres are 4 kb, 3 kb, 2 kb, 1 kb, etc.

[0070] When the extension products are amplified using a pair of amplification primers
adapted to amplify sequences bounded by a sub-telomeric sequence and the anchor sequence,
only extension products having sub-telomeric sequences are amplified. Those are the
extension products generated from chromosomes having telomeres shorter than the defined
extension length, e.g., chromosomes with short telomeres. Accordingly, the extended
product is not amplified from total telomeric sequences from chromosomes in the sample, but
only from telomeric sequences from chromosomes having telomeres no greater than the
predefined length. Such an amplified product is sometimes referred to herein as a “length-
limited telomere amplification product” or, depending on context, a “short telomere
amplification product”. By using limited extension time in this PCR amplification step, the
short telomeres will be further enriched. This limited extension time PCR step therefore will
increase the specificity of the assay to amplify only the short telomere population.

[0071]  The amount or abundance of telomeric sequences in a length-limited telomere
amplification product is sometimes referred to herein as “length-limited telomere abundance”

or, depending on context, “short telomere abundance”. The abundance of telomeric
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sequences in a length-limited telomere amplification product can be measured by any method
used to determine abundance of telomeric sequences in a product of total telomeric
sequences.
[0072] Methods of this disclosure begin with double stranded DNA, e.g., chromosomes in
their native state. In comparison methods that measure total telomeric sequences, particularly
this use qPCR, can involve providing a sample of single-stranded, or denatured, nucleic acid.
[0073] 2. Length-limited Telomere Amplification Product
[0074] 2.1 Sample
[0075] Chromosomal DNA in its native, double-stranded state, can be obtained from a
solid, fluid, semisolid or gaseous sample containing nucleic acid, e.g., from liquid tissues
such as blood, saliva, urine, plasma, serum, CSF, bronchoalveolar lavage fluid; from solid
tissues such as lung, muscle, skin; from semi-solid tissues such as bone marrow; and from
gaseous sample such as exhaled breath. The organisms from which the chromosomal DNA is
obtained can be any organism with linear chromosomes with a 3’ overhang. The template
double stranded chromosomal DNA can be obtained using any DNA purification method
which yields high molecular weight genomic DNA (greater than 20 kb) including
phenol/chloroform extraction, cesium chloride gradient, and commercial kits that use silicone
membrane binding technology, selective detergent-mediated DNA precipitation method.
Examples of DNA purification commercial kits include Agencourt DNAdvance and
Agencourt Genfind (Beckman Coulter), QIAamp kit (QIAGEN, Valencia, California),
QIAamp blood kit (QIAGEN), QIAamp FFPE tissue kit QITAGEN), AHPrep kit (QTAGEN),
Puregene kit (QIAGEN), PureLink and GeneCatcher (Invitrogen) and Wizard (Promega).
[0076] A sample for use in the methods of this disclosure can be any genomic DNA with
3" end single-stranded overhang. In certain aspects, the sample comprises high molecular
weight genomic DNA (e.g., >20 kb). Any method that yiclds high molecular weight native
genomic DNA can be used.
[0077]  In double-stranded chromosomes possessing telomeres, the single DNA strand
having a 3’ terminus with the telomeric repeat sequence (the “3' overhang”) extends beyond
the terminus of the paired single strand having the 5’ terminus. The strand of the telomere
having the 3’ overhang is referred to as the “G strand”, and includes the telomeric repeat
sequence 5-TTAGGG-3'. Same order permutations are permutations in which the letters are
not scrambled, but begin at a different point in the same sequence, e.g., inversions (e.g.,
XYZ, YZX, ZXY rather than YXZ). Same order permutations of this sequence include: 5'-
TAGGGT-3', 5'-AGGGTT-3', 5'-GGGTTA-3', 5'-GGTTAG-3' and 5'-GTTAGG-3'. The
-0



WO 2014/190138 PCT/US2014/039110

strand having the 5’ terminus is referred to as the “C strand”, and includes the telomeric
repeat sequence 5'-CCCTAA-3".

[0078]  The length of a telomere can be the distance, e.g., in kilobases, from the end of the
chromosome to the sub-telomeric region. In cells of normal human adults, telomeres can
range from less than 1 kb to 12 kb or, in some cases, to >20 kb in length. Telomere length is
known to vary in different cell types (Lin et al., J Immunol Methods, 2010, 31:352(1-2):71 -
80). For these reasons, the useful length ranges of the short telomere population can be
broad, based on clinical utility. Accordingly, in certain aspects, a short telomere has a length
no more than about 5 kb, no more than 4 kb, no more than 3 kb, no more than 2 kb, no more
than 1 kb or no more than about 0.5 kb. Methods of this disclosure can be configured to
detect telomeres up to cach of these lengths.

[0079]  Short telomere products can be generated from a single telomere, a single
chromosome, a population of chromosomes from a single cell or a population of
chromosomes from a plurality of cells.

[0080] 2.2 Producing the Extension Product

[0081] In the extension reaction, a primer is annealed to the 3’ overhang of the double
stranded chromosomal DNA under annealing conditions. Appropriate annealing conditions
are known to those skilled in the art, such as those typically used to hybridize nucleic acid
strands for strand extension or for PCR. Such conditions include, without limitation,
incubation at 65 °C for 10 min in a heating block and then cooling down to room temperature
over the period of one hour. Other conditions may include incubation at temperature ranging
from 37 °C to 65 °C for at 5 minutes to 30 minutes and then cooling down to room
temperature over the period of one hour to three hours.

[0082] 2.2.1 Extension Primer

[0083] The extension primer comprises a 3’ portion and a 5" portion.

[0084] 2.2.1.1 3’ Portion

[0085] The 3’ portion has a sequence adapted to hybridize a telomeric repeat sequence in
the G-strand of a telomere. The sequence in the 3’ portion can be complementary to the
telomeric repeat, or it can have certain mismatches as described above, as long as the
mismatches allow for hybridization under annealing conditions for primer extension. For
example, the 3’ portion can have at least 8 consecutive nucleotides of a telomeric repeat
sequence (i.c., the sequence of the C-strand of the telomere). The consecutive nucleotides
can be in any permutation of the telomeric repeat sequence. In other aspects, the sequence of

the 3’ potion can have at least 9 consecutive nucleotides, at least 10 consecutive nucleotides,
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at least 11 consecutive nucleotides or at least 12 consecutive nucleotides of a telomeric repeat
sequence. In other aspects, the sequence of the 3’ potion can have two or more, three or
more, or four or more telomeric repeat units in any same-order permutation.

[0086] 2.2.1.1 5'Portion

[0087] The 5 portion of the extension primer (also referred to as an “anchor sequence”) is
configured not to hybridize under annealing conditions to a telomeric repeat sequence in the
G-strand to which the 3’ portion hybridizes. Preferably, the anchor sequence does not
hybridize under annealing conditions to a sequence in the sub-telomeric region of the G-
strand. The anchor sequence also can be configured not to hybridize to any sequence of the
target G-strand within 10 kb, within 20 kb or within 50 kb of the terminus of the 3" overhang
of the G-strand, or to any unique sequence in the target chromosome. The anchor sequence
can be configured such that its complement does not hybridize to any sequence in the C-
strand of the chromosome in the telomeric or sub-telomeric region, or within 10 kb, within 20
kb or within 50 kb of the terminus of the C-strand of the telomere. For example, the anchor
sequence can be a unique sequence not found in the chromosomes being tested.

[0088] 2.2.2 Extension Reaction

[0089]  After annealing the extension primer to the chromosomal DNA, an extension
reaction is performed using a polymerase with strand displacement activity and/or
exonuclease activity. Examples of strand displacement polymerases include, but are not
limited to T7 polymerase (e.g., Sequenase), exonuclease-deficient Klenow fragment of E. coli
DNA polymerase I, and Bst DNA polymerase Large fragment and Deep VentR (exo-). In
addition, polymerases with 5’-3" exonuclease activity can also be used.

[0090] The extension reaction is time limited. That is, the extension reaction is allowed to
proceed for a pre-determined amount of time. The time is calibrated to produce extension
products having an average of no more than a pre-determined length. The time used to
produce the extension product by the strand-displacement enzyme can be determined
empirically under the chosen conditions and reactants to produce extension products of pre-
determined length. The extensions rates of various polymerases useful in the present
invention have been previously determined, and the extension rates can be used to calculate
the approximate time necessary to achieve the desired extension product. The extension rates

for exemplary polymerases are given in the table below.
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DNA Extension Rate* Reference
Polymerase
Klenow 13.5 nucleotides/sec Maier B, Bensimon D, and Croquette

V. Proc Natl Acad Sci U S A. (2000)
2497(22):12002-7.

T7 75.9 nucleotides/sec Tanner, N. A. et al. Nuc. Acids Res.
(2009) 37, e27.
Taq 35-100 nucleotides/sec (75 °C) Wittwer, C.T. and Garling, D.J.,
0.9-2.55 nucleotides/sec (37 °C) | BioTechniques (1991) 10(1), 76-83.
phi29 25 nucleotides/sec Blanco, L., et al. ] Biol Chem (1989)
264, 8935-8940
Bst 50-100 nucleotides/sec New England Biolabs

* Under conditions specified in the associated reference or standard reaction conditions in the

absence of other information.

[0091] Initiation of the extension reaction is achieved by adding the strand displacement
enzyme to the reaction tube. Reaction can be stopped by placing the reaction tube to 80 °C
for 20 minutes or by adding EDTA. Furthermore, the reaction can be controlled (slowed
down or sped up) by incubating at a lower or higher temperature, e.g. 25 °C or 30 °C. For
instance, the displacement rate of the strand displacement polymerase Sequenase at 37 °C is
about 28 bp per second. At 30 °C it is about 3-fold slower, based on Southern blot analysis.
At 37 °C, Sequenase can produce an extension product of ~ 1 kb in 30 sec; ~2 kb in 1 minute;
~ 5 kb in 3 minutes; and ~8 kb in 5 minutes. The timing necessary to produce extension
products of pre-determined lengths with various polymerase systems and various sample
sources can be determined empirically, e.g., a similar time course experiment followed by
Southern blot analysis can be performed to calibrate the extension time. Accordingly, the
extension reaction can be timed to no more than 30 minutes, no more than 10 minutes, no
more than 5 minutes, no more than 4 minutes, no more than 3 minutes, no more than 2
minutes, no more than 1 minute or no more than 30 seconds.

[0092] 2.3 Amplification Reaction

[0093]  Sequences in the time-limited extension product are then amplified, for example,
by PCR. More specifically, sequences bounded by the anchor sequence on one side and a
sub-telomeric sequence on the other side are amplified. The primer can be exactly
complementary or have mismatched sequences, as long as it allows annealing to its target
(anchor sequence or sub-telomeric sequence) and extension.

[0094]  Anchor sequences can vary. In certain aspects, the anchor sequence is a specific

sequence not present in the genome of the organism for which telomere quantity is being
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measured, or if the anchor sequence is found elsewhere in the genome, it could still be useful
if that sequence is a significant distance from the SUS sequence, so that no amplification
occurs during the PCR step except between the telomeric anchor sequence and the telomeric
SUS sequence.
[0095] PCR conditions are optimized to yield best analytic performance. The extension
time in the PCR condition is predetermined by examining the product profile on Southern
blots to ensure that the intended size range of short telomeres are enriched.
[0096] The subtelomeric primer used in the method of the disclosure can contain
sequences on the G strand, found in all or most chromosomes, e.g. variants of the telomeric
sequence (TGAGGG);3.6 (Xu and Blackburn, Mol. Cell, 28:315-327, 2007) or (TTGGGG);6
(Allshire er al., Nucleic Acid Research, 17:4611-4627,1989), or (TCAGGG);¢ (Baird et al.,
EMBO J., 14(21):5433-5443, 1995). Alternatively, the sub-telomeric primer could be a
segment found on specific chromosome(s), e.g. the XpYpE2 primer described in Xu et al (5'-
GTTGTCTC AGGGTCCTAGTG-3' [SEQ ID NO:1]) (Xu and Blackburn, Mo/ Cell, 28:315-
327,2007). In one aspect, the primer for the sub-telomeric sequence comprises, consists
essentially of or consists of:
5'-GATGGATCCTGAGGGTGAGGGTGAGGG-3' [SEQ ID NO: 2]
5'-CGGGCCGGCTGAGGGTACCGCGA-3' [SEQ ID NO: 10] (chromosome 1)
5'-GCTAATGCACTCCCTCAATAC-3' [SEQ ID NO: 11] (chromosome 5)
5'-CATTCCTAATGCACACATGATACC-3' [SEQ ID NO: 12] (Chromosome 9)
[0097] When a short telomere assay is applied in organisms other than human using the
methods of the disclosure, the specific sequence of the subtelomeric primer can be designed
based on the genome sequence of the organism. The sequence of the sub-telomeric primer
should match with the strand with the 3’ overhang.
[0098] The amplification product comprises a population of nucleic acids having
telomeric repeat sequences within a certain length range, and excludes sequences longer than
this range. Thus, the population can be configured to include sequences only from
chromosomes having telomeres shorter than a threshold length.
[0099]  An internal control sequence to control for the extension reaction efficiency can be
included in the extension reaction step. This internal control sequence can be a double strand
DNA with subtelomeric primer sequence at one end and a 3’ overhang with the G strand of
telomeric sequence. Between the subtelomeric primer sequence and telomeric sequence can
be a stretch of unique non-telomeric sequence. One such sequence can be, for example, the

hTERT gene, or the RNase P gene. The efficiency of the extension reaction for this internal
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control can be measured by a Tagman based assay to quantify, for example the hTERT gene
or the RNase P gene.

[0100] 3. Methods of Measuring Telomere Abundance

[0101]  Any method used to measure telomere abundance in a sample comprising
telomeric sequences can be used to measure telomere abundance in a length-limited telomeric
sample.

[0102] Measures of telomere abundance can be absolute or relative. Absolute measures of
telomere abundance include, for example, total length of telomere sequences in a genome
measured, for example, by number of nucleotides. More typically, telomere abundance is
measured relative to a reference. Detection of telomere sequences can be measured in terms
of signal strength produced in an assay. This signal strength can be compared with the signal
strength produced by a reference sequence in the assay. The relative signal strength can
function as a method of standardization. Standardized methods can be compared more easily
between assays. For example, the signal produced by detection of telomere sequences can be
compared with the signal produced by the measure of a control sequence. The control
sequence can be, for example, a portion of the beta-globin gene. Thus, regardless of the
assay method used, the relative signals of telomere sequences to reference sequences can be
expressed, for example, as a ratio. This ratio can be used to compare results of telomere
sequence abundance measurements.

[0103] In other aspects, measures of short telomere abundance are compared with total
telomere abundance. The total telomere abundance can be measured by a long extension
time in the strand displacement reaction and in the amplification reaction, followed by qPCR
method as described in U.S. Patent No. 7,695,904 (Cawthon) and Lin et al. (Lin et al,, 2010,
352(1-2):71-80). To determine the percentage of short telomeres, the ratio of short telomeres
to total telomeres can be determined. For example, the signal strength of the short telomere
measurement can be divided by the signal strength of the total telomere measurement.

[0104] 3.1 qPCR

[0105]  One method of quantifying the abundance of the short telomeres is quantitative
PCR, as described in by Cawthon (Nucleic. Acids Res., 2002, 30(10):e47; in U.S. Patent No.
7,695,904; Lin et al., J. Immunol. Methods, 2010, 352(1-2):71-80); or Cawthon 2009
(Nucleic Acids Res. 2009 37(3):¢21.).

[0106] A variety of methods known in the art can be used in the present disclosure to
determine average telomere length or telomere abundance. Preferably, the real time kinetic

quantitative polymerase chain reaction (QPCR) is utilized as specifically modified for
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telomere length detection by Cawthon (Nucleic. Acids Res., 2002, 30(10):e47; U.S. Patent
No. 7,695,904). The method is simple and allows for rapid high throughput processing of
large numbers of DNA samples. The qPCR method is based on the detection of the
fluorescence produced by a reporter molecule which increases as the polymerase chain
reaction proceeds. This increase in fluorescence occurs due to the accumulation of the PCR
product with each cycle of amplification. These fluorescent reporter molecules include dyes
that bind to the double-stranded DNA (for example, SYBR Green or ethidium bromide) or
sequence specific probes (for example, Molecular Beacons or TAQMAN Probes).
Alternatively, the gPCR method described by Cawthon (Nucleic Acids Res. 2009, 37(3):e21)
can be used The method allows determination of T/S ratios in a single sample via
multiplexing, including experimental contexts when the telomere repeats are the high
abundance species and a single copy gene is the low abundance species.

[0107]  Inthe method of the present disclosure, primer probes specific to the repeated
telomere sequence (TTAGGG), are used. The size of the primer may vary, in general, from 5
to 500 nucleotides in length, between 10 and 100 nucleotides, between 12 and 75 nucleotides,
or between 15 to 50 nucleotides, depending on the use, required specificity, and the
amplification technique. In the present disclosure, one aspect utilizes a first primer which
hybridizes to a first single strand of the target telomere sequence and a second primer which
hybridizes to a second single strand of the target telomere sequence, where the first and
second strands are substantially complementary. In this aspect, for example, the paired
primer set consisting of tell (5'-
GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGGT-3") [SEQ ID NO: 3] and tel2
(5'-TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA-3") [SEQ ID NO: 4] can
be used. In one aspect, at least one of the primers comprises at least one altered or mutated
nucleotide residue, which produces a mismatch between the altered residue and the 3’
terminal nucleotide of the other primer when the primers hybridize to each other. The
presence of a mismatch at the 3’ terminal nucleotide blocks extension by polymerase, thus
limiting non-target nucleic acid dependent extension reactions. In this aspect, for example,
the paired primer set consisting of tel 1b 5'-
CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-3' [SEQ ID No.: 5]; and tel
2b 5'-GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT-3' [SEQ ID No.: 6] can

be used. In a further aspect, for example, the paired primer set consisting of telg 5'-
ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT-3' [SEQ ID No.: 13]; and
tele 5S-TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA-3' [SEQ ID No.:
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14] can be used. One skilled in the art will appreciate that other substantially complementary
or mismatched sets of primers may be employed in this disclosure. Such primers are
described in U.S. Patent No. 7,695,904 (Cawthon et al.).

[0108] Amplification reactions are carried out according to procedures well known in the
art. Procedures for PCR are widely used and described (see for example, U.S. Patent Nos.
4,683,195 and 4,683,202). In brief, a double stranded target nucleic acid is denatured,
generally by incubating at a temperature high enough to denature the strands, and then
incubated in the presence of excess primers, which hybridize (anneal) to the single-stranded
target nucleic acids. A DNA polymerase extends the hybridized primer, generating a new
copy of the target nucleic acid. The resulting duplex is denatured and the hybridization and
extension steps are repeated. By reiterating the steps of denaturation, annealing, and
extension in the presence of a second primer for the complementary target strand, the target
nucleic acid encompassed by the two primers is exponentially amplified. The time and
temperature of the primer extension step will depend on the polymerase, length of target
nucleic acid being amplified, and primer sequence employed for the amplification. The
number of reiterative steps required to sufficiently amplify the target nucleic acid will depend
on the efficiency of the amplification. One skilled in the art will understand that the present
disclosure is not limited by variations in times, temperatures, buffer conditions, and
amplification cycles applied in the amplification process.

[0109] The products of the amplification are detected and analyzed by methods well
known in the art. Amplified products may be analyzed following separation and/or
purification of the products, or by direct measurement of product formed in the amplification
reaction. For detection, the product may be identified indirectly with fluorescent compounds,
for example, with ethidium bromide or SYBR Green, or by hybridization with labeled nucleic
acid probes. Alternatively, labeled primers or labeled nucleotides are used in the
amplification reaction to label the amplification product. The label comprises any detectable
moiety, including fluorescent labels, radioactive labels, electronic labels, and indirect labels
such as biotin or digoxigenin.

[0110]  Instrumentation suitable for conducting the qPCR reactions of the present
disclosure are available from a number of commercial sources (ABI Prism 7700, Applied
Biosystems, Carlsbad, CA; LIGHTCYCLER 480, Roche Applied Science, Indianapolis, IN;
Eco Real-Time PCR System, Illumina, Inc., San Diego, CA; RoboCycler 40, Stratagene,
Cedar Creek, TX).
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[0111]  When real time quantitative PCR is used to detect and measure the amplification
products, various algorithms are used to calculate the number of target telomeres in the
samples. (For example, see ABI Prism 7700 Software Version 1.7; Lightcycler Software
Version 3). Quantitation may involve use of standard samples with known copy number of
the telomere nucleic acids and generation of standard curves from the logarithms of the
standards and the cycle of threshold (C,). In general, C; is the PCR cycle or fractional PCR
cycle where the fluorescence generated by the amplification product is several deviations
above the baseline fluorescence.

[0112] 3.2 Other Methods

[0113]  The abundance of short telomeres from the amplification reaction may be
measured by other methods known in the art. Such methods include, but are not limited to,
direct nucleic acid sequencing and Southern blotting, and dot blot, or slot blot hybridization
and digital PCR.

[0114] Conventional techniques for the direct determination of nucleic acid sequences in
isolated DNA may be employed in the present disclosure. For example, see: “DNA
Sequencing,” The Encyclopedia of Molecular Biology, J. Kendrew, ed., Blackwell Science
Ltd., Oxford, UK, 1995, pp. 283-286. Dye-terminator automated sequencing is now most
commonly used for nucleic acid sequencing (“DNA Sequencing”, Lab Manager, at world
wide web URL labmanager.com/?articles.view/articleNo/3364/article/DNA-Sequencing).
Automated sequencing equipment is conveniently used and may be purchased from
companies such as Applied Biosystems, Roche Applied Science, and [1lumina Inc. Once the
sequence of a DNA sample is determined, the number of copies of the telomere nucleotide
sequence (TTAGGG) at either end can then be counted. This method of the present
disclosure provides a measure of absolute telomere abundance by direct measurement of
telomeric sequences.

[0115]  Southern blotting (Southern, E. M., J. Mol. Biol., 1975, 98(3): 503-517) may also
be utilized in the present disclosure to determine telomere abundance by detecting the
specific presence of the human telomere nucleotide sequence (TTAGGG),. In the present
disclosure, Terminal Restriction Fragment (TFR) Southern blotting combines the transfer of
DNA fragments separated by electrophoresis to a filter membrane, followed by detection of
the fragments by hybridization to probes specific for the (TTAGGG) sequence (Allshire, R.
C. et al., Nucleic Acids Res., 1989, 17, 4611-4627). Such probes have sequences
complementary to the telomere sequence. For case of detection, probes are radioactively

labeled or tagged with a fluorescent or chromogenic dye. The amount of radioactivity or
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fluorescence present may then be quantified to give the telomere abundance in the sample.
M. Kimura et al. (Nature Protocols, 2010, 5:1596-1607) describes an appropriate Southern
blot procedure for determining telomere length.

[0116]  Variations of the Southern blotting method include dot blot, or slot blot, where the
DNA is spotted as dots or slots on a filter membrane, followed by detection of the fragments
by hybridization to probes specific for the (TTAGGG) sequence (Kimura M, Aviv A, Nucleic
Acids Res., 2011, 39(12):¢84. doi: 10.1093/nar/gkr235. Epub 2011 Apr 27).

[0117]  Inthe above aspects of the present disclosure, fluorescence may be measured in
relative fluorescence units (RFU). Fluorescence is detected using a charged coupled device
(CCD) array, when the labeled fragments, which are separated within a capillary by using
electrophoresis, are energized by laser light and travel across the detection window. A
computer program measures the results, determining the quantity or size of the telomere-
containing fragments, at each data point, from the level of fluorescence intensity (“Relative
fluorescence unit (RFU)”, DNA.gov: Glossary, April 2011, world wide web URL
dna.gov/glossary/).

[0118] Measures of telomere abundance can be measured using DNA sequencing
methodologies. Such methods can involve sequencing molecules in a sample that comprise
telomeric repeats, and determining the abundance of telomeric repeat sequences. DNA
sequencing methods can include any known method of sequencing including, for example,
classical sequencing methods, such as Sanger sequencing or Maxam Gilbert sequencing, and
next generation sequencing methods, such as ligation sequencing, nanopore sequencing,
pyrosequencing, superpyro sequencing, sequencing by proton detection, sequencing-by-
synthesis and, single-molecule sequencing. Short telomere abundance can be also measured
by digital PCR. Such technique platforms include, but not limited to, the digital PCR,
including, for example, the RAINDROP Digital PCR System (Raindance Technologies,
Billerica, Massachusetts) or the QX200 DROPLET DIGITAL PCR System (Bio-Rad
Laboratories, Hercules, California), microfluidic digital PCR (Fluidigm Corporation, South
San Francisco, California), or the OPENARRAY Real-Time PCR System (APPLIED
BIOSYSTEMS division of Thermo Fisher Scientific, Inc., Waltham, Massachussetts). In
various further aspects, the abundance of short telomeres can be measured by a suitable
hybridization technology, e.g. digital color-coded barcode methods such as NCOUNTER
Analysis System (Nanostring Technologies, Seattle, Washington).
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[0119] 4, Kits

[0120]  This disclosure also provides kits useful in the methods of this disclosure. Such
kits can include an extension primer of this disclosure and an amplification primer that
hybridizes to a sub-telomeric sequence or to the complement of an anchor sequence of the
extension primer. Alternatively, the kit can include an extension primer of this disclosure and
a pair of amplification primers adapted to amplify a sequence in a nucleic acid bounded by a
sub-telomeric sequence and an anchor sequence in the extension primer. The kit can include
a container that contains the extension primer and another container that contains one or both
of the amplification primers. The kit also can include reagents for primer extension and
reagents for nucleic acid amplification, e.g., for PCR. The kit can also include control and
reference samples with known values. In certain aspects, the kit includes an extension primer
and a pair of amplification primers. In certain aspects, the extension primer comprises a 3’
portion that hybridizes to a telomeric repeat sequence in a 3’ overhang of double-stranded
chromosomal DNA under annealing conditions, and a 5" anchor portion that does not
hybridize to sequences in the telomeric or sub-telomeric regions.

[0121] 5. Conditions Correlated with Telomere Abundance, Abundance of Short
Telomeres, and Rate of Change in Telomere Abundance or Rate of Change in
Abundance of Short Telomeres

[0122]  In general, conditions associated with telomere abundance have typically been
derived using a measure of average telomere length, as described herein. However, as
discussed above, emerging data suggest that the measuring the abundance of short telomeres,
and or the rate of change in abundance of short telomeres may be a more sensitive and
potentially a more accurate predictor of clinically meaningful outcomes (e.g. disease or
mortality risk) than is the measurement of average telomere length or the rate of change in
average telomere length. Hence it is important to have sensitive and accurate measurement
of the abundance of short telomeres. It has been reported that the presence of critically short
telomeres caused loss of cell viability and tissue function, indicating that there is a causal
relationship between very short telomeres and cell senescence (Hemann, M.T., er al. Cell,
2001.107(1) 67-77).

[0123]  Although short average telomere length (as discussed below) is an established,
good predictor of clinical outcomes, it is expected that accurate measurement of the
abundance of short telomeres may be a more sensitive measurement for the effects of
intervention on telomere dynamics (Canela, A., et al. Proc Natl Acad Sci U S A, 2007.
104(13) 5300-5). Harley et al. (Rejuvenation Res. 2011. 14(1) 45-56) showed that humans

-3



WO 2014/190138 PCT/US2014/039110

taking a relatively weak activator of telomerase, TA-65®, showed a reduction in percentage
of short telomeres, but there was not a significant shift in average telomere length. In Vera et
al. supra., the rate of increase in abundance of short telomeres predicted increased longevity
in two separate cohorts of mice “The Rate of Increase of Short Telomeres Predicts Longevity
in Mammals, Cell Reports (2012), world wide web URL:
dx.doi.org/10.1016/].celrep.2012.08.023). Due to the lack of an accurate, cost effective, high
throughput method for measuring the abundance of short telomeres, there has until now been
no large human clinical studies using abundance of short telomeres or the rate of change in
abundance of short telomeres to establish the clinical utility of measuring the abundance of
short telomeres.

[0124]  Proof of concept in animal studies from Vera et al., supra also indicate that mice
with a high rate of increase over time in the percentage of short telomeres have reduced
survival compared to mice with a low rate of increase in percentage of short telomeres over
time. In wild type mice, the difference in survival of mice that had a low rate of increase
(e.g., 0.4%/month) compared to mice with a high rate of increase (e.g. 1%/month) was about
100 weeks, or nearly two thirds of the maximum survival in the wild type mice.

[0125]  Accordingly, humans with a high percentage of short telomeres as measured by an
accurate and precise assay as described herein, will be more prone to disease or mortality risk
compared to humans with a low percentage of short telomeres. Quantitative assessment of %
short telomeres will have significant diagnostic utility in not only health monitoring but
disease diagnostics, prognosis, and companion diagnostics.

[0126] Monitoring the abundance of short telomeres has immediate utility for health
monitoring since it is known that short telomeres (typically less than 1kbp or less then 2kpb
or less than 3kbp) trigger cellular senescence (Hemann, M.T., et al.Cell, 2001. 107(1) 67-77),
and cellular senescence is known to lead to loss of tissue function and ultimately disease and
mortality. Thus, an individual with a greater than average abundance of short telomeres
compared to an age-matched reference population of normal individuals is at increased risk
of morbidity or mortality. Such a person would be motivated to change their behavior
towards a better lifestyle and lower abundance of short telomeres, while an individual with a
lower than average abundance of short telomeres compared to the reference population would
know that their cellular health was likely better than average, and hence would be motivated
to at least to maintain, if not further improve, their lifestyle habits to maintain their good

health.
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[0127]  Average telomere length per chromosome end determined from genomic DNA is a
measure of overall telomere abundance, and this has been shown to correlate with several
important biological indices. These indices include, for example, risk of various disease
conditions, e.g., cardiovascular risk, cancer risk, pulmonary fibrosis risk, infectious disease
risk, and risk of mortality. Abundance of telomeres also correlates with chronological age,
body-mass index, hip/weight ratio, and perceived stress. One measurement of telomere
length is the telomere/single copy (“T/S”) ratio. Such ratios in a given population can be
divided into quantiles, for example, into tertiles. It has been found that individuals with
telomere abundance by T/S ratios in the lower two tertiles are at significantly higher risk for
cardiovascular disease than those in the top fertile for telomere length.

[0128]  In general, percentile value of measure of telomere abundance, e.g., T/S values
represented as a percentage of the reference population (typically the highest fertile or
quartile of telomere lengths), in a population correlates negatively with risk of disease, i.e.
shorter average telomere length is associated with improved measures of health, while lower
percentile scores are associated with decreased measures of health, increased disease risk or
presence of telomere disease.

[0129]  In apopulation, telomere length decreases with age. Accordingly, measures of
telomere length for an individual can be compared with measures for persons in the same age
range in the population, that is, an age-matched population. For example, a person at age 30
might have a measure of telomere abundance about equal to the population average for age
30, or equal to the population average for age 20 or age 40. Correlations of a measure of
telomere abundance with measures of health are more accurate when compared with the
measure for an age-matched population. The range for an age matched population can be, for
example, one year, two years, three years, four years, 5 years, 7 years or 10 years.

[0130] 5.1 Measures of Health

[0131]  Short Telomere abundance determined from subject samples by the method of the
present disclosure can be correlated with measures of health. Of particular interest are
measures of health involving perceived stress. Telomere shortening can be accelerated by
genetic and environmental factors, including multiple forms of stress such as oxidative
damage, biochemical stressors, chronic inflammation and viral infections (Epel, E.S. et al.,
Proc. Natl. Acad. Sci. USA, 2004, 49:17312-15). A convenient measure of general health
status is the SF-36® Health Survey developed by John Ware (see, e.g., world wide web URL
sf-36.org/tools/SF36.shtml). The SF-36 is a multi-purpose, short-form health survey with

only 36 questions to be posed to patients, preferably by trained individuals. It provides an &-
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scale profile of functional health and well-being scores as well as psychometrically-based
physical and mental health summary measures and a preference-based health utility index.
The SF-36 survey is used to estimate disease burden and compare disease-specific
benchmarks with general population norms. The most frequently studied diseases and
conditions include arthritis, back pain, cancer, cardiovascular disease, chronic obstructive
pulmonary disease, depression, diabetes, gastro-intestinal disease, migraine headache,
HIV/aids, hypertension, irritable bowel syndrome, kidney disease, low back pain, multiple
sclerosis, musculoskeletal conditions, neuromuscular conditions, osteoarthritis, psychiatric
diagnoses, rheumatoid arthritis, sleep disorders, spinal injuries, stroke, substance abuse,
surgical procedures, transplantation and trauma (Turner-Bowker ef al., SF-36® Health
Survey & “SF” Bibliography: Third Edition (1988-2000), QualityMetric Incorporated,
Lincoln, RI, 2002). One skilled in the art will appreciate that other survey methods of
general health status, for example, the RAND-36, may find use in the present disclosure.
[0132] In one aspect of the present disclosure, subject samples are collected over time and
measurements of short telomere abundance are determined from the samples. Appropriate
time periods for collection of a plurality of samples include, but are not limited to, 1 month, 3
months, 6 months, 1 year, 2 years, 5 years and 10 years (for example, the time between the
carliest and the last sample can be about these time periods). This method allows for
monitoring of patient efforts to improve their general health status and/or to monitor their
health status and/or disease risk. Since short telomeres trigger cell death, a finding that the
percentage of short telomere length is lowered or maintained with time within an individual
indicates a health improvement, while increase of percentage of short telomeres overtime
represents a decrease or worsening in health.

[0133] 5.2 Risk of a Pathological Condition

[0134] 5.2.1 Diseases

[0135] Measuring the number of repetitive units of telomeres has a wide variety of
applications in medical diagnosis, e.g., for disease risk, disease prognosis, and therapeutics.
In particular, measurement of telomere length finds application in assessing pathological
conditions leading to the risk of disease. In one aspect of the disclosure, the disease is one
associated with aging, for example but not limited to, cardiovascular disease, diabetes,
cancer, liver fibrosis, and depression.

[0136] In one aspect, the present disclosure finds use in the assessment and monitoring of
cardiovascular disease. Telomere length in white blood cells has been shown to be shorter in

patients with severe triple vessel coronary artery disease than it is in individuals with normal

-35-



WO 2014/190138 PCT/US2014/039110

coronary arteries as determined by angiography (Samani, N. J. et al, Lancet, 2001, 358:472-
73), and also in patients who experiencing a premature myocardial infarction before age 50
years as compared with age- and sex-matched individuals without such a history (Brouilette
S. et al., Arterioscler. Thromb. Vase. Biol., 2003, 23:842-46). Brouilette et al. (Lancet, 2007,
369:107-14) has suggested that shorter leucocyte telomeres in people prone to coronary heart
disease could indicate the cumulative effect of other cardiovascular risk factors on telomere
length. Increased oxidative stress also contributes to atherosclerosis, and increased oxidant
stress has been shown to increase rates of telomere attrition iz vitro (Harrison, D., Can. J.
Cardiol., 1998, 14(suppl D):30D-32D; von Zglinicki, T., Ann. N. Y. Acad. Sci., 2000, 908:99-
110). In cross-sectional studies, smoking, body-mass index, and type 1 diabetes mellitus
have also been reported to be associated with shorter leucocyte telomere length (Valdes, A.,
et al., Lancet, 2005, 366:662-64; Jeanclos, E. et al., Diabetes, 1998, 47:482-86). Increased
life stress, a factor known to increase the risk of coronary heart disease, has been shown to be
associated with shorter telomeres, possibly as a consequence of increased oxidative stress
(Epel, 2004, ibid.). Thus, smokers and patients with a high body-mass index, diabetes and/or
increased life stress would all benefit from determination and continued monitoring of their
telomere abundance according to the method of the disclosure.

[0137]  Type 2 diabetes is characterized by shorter telomeres (Salpea, K. and Humpbhries,
S. E., Atherosclerosis, 2010, 209(1):35-38). Shorter telomeres have also been observed in
type 1 diabetes patients (Uziel O. et al., Exper. Gerontology, 2007, 42:971-978). The
ctiology of the discase in type 1 diabetes is somewhat different from that in type 2, although
in both cases, beta cell failure is the final trigger for full-blown disease. Telomere length is
thus a useful marker for diabetes since it is associated with the disease’s progression.
Adaikalakoteswari et al. (Atherosclerosis, 2007, 195:83-89) have shown that telomeres are
shorter in patients with pre-diabetic impaired glucose tolerance compared to controls. In
addition, telomere shortening has been linked to diabetes complications, such as diabetic
nephropathy (Verzola D. et al., Am. J. Physiol., 2008, 295:F1563-1573), microalbuminuria
(Tentolouris, N. et al., Diabetes Care, 2007, 30:2909-2915), and epithelial cancers (Sampson,
M. I. et al., Diabetologia, 2006, 49:1726-1731) while telomere shortening seems to be
attenuated in patients with well-controlled diabetes (Uziel, 2007, ibid.). The method of the
present disclosure is particularly useful in monitoring the status of pre-diabetic and diabetic
patients to provide an early warning for these complications and others.

[0138] The present disclosure is useful for determining telomere lengths of various types

of cancer cells because activation of telomerase activity is associated with immortalization of
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cells. While normal human somatic cells do not or only transiently express telomerase and
therefore shorten their telomeres with each cell division, most human cancer cells typically
express high levels of telomerase and show unlimited cell proliferation. High telomerase
expression allows cells to proliferate and expand long term and therefore supports tumor
growth (Roth, A. et al., in Small Molecules in Oncology, Recent Results in Cancer Research,
U. M. Martens (ed.), Springer Verlag, 2010, pp. 221-234). Shorter telomeres are
significantly associated with risk of cancer, especially cancers of the bladder and lung,
smoking-related, the digestive system and the urogenital system. Excessive telomere
shortening likely plays a role in accelerating tumor onset and progression (Ma H. et al., PLo
SONE, 2011, 6(6): €20466. doi:10.1371/journal.pone.0020466). Studies have further shown
that the effect of shortened telomeres on breast cancer risk is significant for certain
population subgroups, such as premenopausal women and women with a poor antioxidative
capacity (Shen I., et al., Int. J. Cancer, 2009, 124:1637-1643). In addition to the assessing
and monitoring cancers in general, the present disclosure is particularly useful for the
monitoring of oral cancers if genomic DNA derived from saliva samples is utilized.

[0139]  Cirrhosis of the liver is characterized by increasing fibrosis of the organ often
associated with significant inflammatory infiltration. Wiemann et al. (FASEB Journal, 2002,
16(9):935-982) have shown that telomere shortening is a disease- and age-independent sign
of liver cirrhosis in humans. Telomere shortening is present in cirrhosis induced by viral
hepatitis (chronic hepatitis A and B), toxic liver damage (alcoholism), autoimmunity, and
cholestasis (PBC and PSC); telomeres are uniformly short in cirrhosis independent of the age
of the patients. Telomere shortening and senescence specifically affect hepatocytes in the
cirrhotic liver and both parameters strongly correlate with progression of fibrosis during
cirrhosis. Thus, the method of the present disclosure finds use in diagnosing and monitoring
liver fibrosis.

[0140]  Depression has been likened to a state of “accelerated aging,” and depressed
individuals have a higher incidence of various diseases of aging, such as cardiovascular and
cerebrovascular diseases, metabolic syndrome, and dementia. People with recurrent
depressions or those exposed to chronic stress exhibit shorter telomeres in white blood cells.
Shorter telomere length is associated with both recurrent depression and cortisol levels
indicative of exposure to chronic stress (Wikgren, M. ef al., Biol. Psych., 2011, DOI:
10.1016/j.biopsych.2011.09.015). However, not all depressed individuals show shortened
telomeres equally because of a large variance in depressive episodes over a lifetime. Those

who suffered from depression for long durations have significantly shorter telomeres due to
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longer exposure to oxidative stress and inflammation induced by psychological stress when
compared with control populations (Wolkowitz ef al., PLos One, 2011, 6(3):17837). Thus,
the method of the present disclosure may find use in monitoring depression.

[0141] Chronic infection

[0142]  Abnormal telomere length is associated with chronic infection including HIV
(Effros RB et al, AIDS. 1996 Jul;10(8):F17-22, Pommier ct al Virology. 1997, 231(1):148-
54), and HBV, HCV and CMV (Telomere/telomerase dynamics within the human immune
system: effect of chronic infection and stress. (Effros RB, Exp Gerontol. 2011 Feb-Mar;46(2-
3):135-40. Rejuvenation Res. 2011 Feb;14(1):45-56. doi: 10.10891¢j.2010.1085. Epub 2010
Sep 7.)

[0143] In Harley er al. (A natural product telomerase activator as part of a health
maintenance program”, Harley CB, Liu W, Blasco M, Vera E, Andrews WH, Briggs LA,
Raffaele JM, Rejuvenation Res. 2011 Feb;14(1):45-56), it was found that individuals who
were CMV seropositive had shorter telomeres than those who were CMV negative, and
moreover, the CMV positive subjects were more likely to respond to a nutrional supplement
program of TA-65, a natural product-derived telomerase activator along with other
supplements, in reducing the abundance of senescent CD8+/CD28- cells, suggesting a
companion diagnostics application for measuring average telomere length or abundance of
short telomeres, in conjunction with administration of telomerase activators.

[0144] Measurement of short telomere population can be used as indicator of prognosis
disease progression and treatment outcome.

[0145]  One study reported that telomere length in CD4+ cells is related to inflammatory
grade, fibrosis stage, laboratory indices of severity, subsequent hepatic decompensation and
treatment outcome in patients with chronic HCV infection (Hoare et al, J. Hepatol., 2010,
53(2):252-260).

[0146] In another report, longer leukocyte telomere length predicts increased risk of
hepatitis B virus-related hepatocellular carcinoma (Liu et al, 2011, 117(18):4247-56.)
[0147]  In the case of HIV, telomere shortening is caused by viral infection. In addition,
the nucleoside analog reverse-transcriptase inhibitors used to treat HIV are telomerase
inhibitors (Strahl and Blackburn, Mol Cell Biol., 1996, 16(1):53-65; Hukezalie et al, PLoS
One, 2012, 7(11):e47505). Measurement of short telomere abundance might help determine
the side effects and efficacy of HAART treatment.
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[0148] 5.2.2 Other Pathological Conditions

[0149]  The present disclosure also finds use in diagnosis of diseases related to early onset
of aging. For example, individuals with Hutchinson Gilford progeria disease show premature
aging and reduction in proliferative potential in fibroblasts associated with loss of telomeric
length (Allsopp, R. C. et al, Proc. Natl. Acad. Sci. USA, 1992, 89:10114-10118).
Amplification and quantitation of the number of telomeric repeats according to the method of
this disclosure is useful for determining disease risk or prognosis and taking appropriate
interventional steps as described above.

[0150] 5.3 Telomere Diseases

[0151] In one aspect of the present disclosure, both the presence and the progress of
telomeric-specific diseases may be determined using samples. Telomeric diseases are
associated with an abnormal or premature shortening of telomeres, which can, for example,
result from defects in telomerase activity. Telomerase is a ribonucleoprotein complex
required for the replication and protection of telomeric DNA in cukaryotes. Cells lacking
telomerase undergo a progressive loss of telomeric DNA that results in loss of viability and a
concomitant increase in genome instability. These diseases may be inherited and include
certain forms of congenital aplastic anemia, in which insufficient cell divisions in the stem
cells of the bone marrow lead to severe anemia. Certain inherited diseases of the skin and the
lungs are also caused by telomerase defects. For telomere diseases, a threshold for T/S<0.5 is
appropriate for some conditions. Also, a commonly used metric is an age-adjusted percentile
telomere score less than <10% or preferably <1% relative to a normal population.

[0152] Dyskeratosis congenita (DKC), also known as Zinsser-Engman-Cole syndrome, is
a rare, progressive bone marrow failure syndrome characterized by mucocutaneous
abnormalities: reticulated skin hyperpigmentation, nail dystrophy, and oral leukoplakia
(Jyonouchi S. et al., Pediatr. Allergy Immunol., 2011, 22(3):313-9; Bessler M., et al.,
Haematologica, 2007, 92(8):1009-12). Evidence exists for telomerase dysfunction, ribosome
deficiency, and protein synthesis dysfunction in this disorder. Early mortality is often
associated with bone marrow failure, infections, fatal pulmonary complications, or
malignancy. The disease is inherited in one of three types: autosomal dominant, autosomal
recessive, or the most common form, X-linked recessive (where the gene responsible for DC
is carried on the X-chromosome). Early diagnosis and measurement of disease progress
using the method of this disclosure is very beneficial for families with these genetic
characteristics so that early treatment with anabolic steroids or bone-marrow-stimulating

drugs can help prevent bone marrow failure. The non-invasive, patient friendly saliva-testing
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method of the present disclosure is particularly useful for DKC because babies and small
children need testing and continued monitoring.

[0153] Idiopathic interstitial pneumonias are characterized by damage to the lung
parenchyma by a combination of fibrosis and inflammation. Idiopathic pulmonary fibrosis
(IPF) is an example of these discases that causes progressive scarring of the lungs. Fibrous
scar tissue builds up in the lungs over time, affecting their ability to provide the body with
enough oxygen. Heterozygous mutations in the coding regions of the telomerase genes,
TERT and TERC, have been found in familial and sporadic cases of idiopathic interstitial
pneumonia. All affected patients with mutations have short telomeres. A significant fraction
of individuals with IPF have short telomere lengths that cannot be explained by coding
mutations in telomerase (Cronkhite, J. T., et al., Am. J. Resp. Crit. Care Med., 2008, 178:729-
737). Thus, telomere shortening can be used as a marker for an increased predisposition
toward this age-associated disease (Alder, J. K., et al., Proc. Natl. Acad. Sci. USA, 2008,
105(35):13051-13056). Further, the course of IPF varies from person to person. For some,
the disease may progress slowly and gradually over years, while for others it may progress
rapidly. The method of the present may be conveniently used to monitor the course of
pulmonary fibrosis and taking appropriate interventional steps as described above.

[0154]  Aplastic anemia is a disease in which bone marrow stops making enough red blood
cells, white blood cells and platelets for the body. Any blood cells that the marrow does
make are normal, but there are not enough of them. Aplastic anemia can be moderate, severe
or very severe. People with severe or very severe aplastic anemia are at risk for life-
threatening infections or bleeding. Patients with aplastic anemia carrying telomerase
mutations have an increased risk of developing myelodysplasia. Telomerase deficiency may
cause variable degrees of telomere shortening in hematopoietic stem cells and lead to
chromosomal instability and malignant transformation (Calado, R. T. and Young, N. S., The
Hematologist, 2010 world wide web URL
hematology.org/Publications/Hematologist/2010/4849.aspx). Aplastic anemia patients with
shorter telomeres have a lower survival rate and are much more likely to relapse after
immunotherapy than those with longer telomeres. Scheinberg et al. (JAMA, 2010,
304(12):1358-1364) found that relapse rates dropped as telomere lengths increased. The
group of patients with the shortest telomeres was also at greater risk for a conversion to bone
marrow cancer and had the lowest overall survival rates. The method of the present
disclosure can be used in aplastic anemia patients to monitor the risk of developing major

complications so that the clinical management of an individual may be tailored accordingly.
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[0155] 5.4 Drug Responsiveness

[0156] In another aspect, the present disclosure is useful in monitoring effectiveness of
therapeutics or in screening for drug candidates affecting telomere length or telomerase
activity. The ability to monitor telomere characteristics can provide a window for examining
the effectiveness of particular therapies and pharmacological agents. The drug
responsiveness of a disease state to a particular therapy in an individual may be determined
by the method of the present disclosure. For example, the present disclosure finds use in
monitoring the effectiveness of cancer therapy since the proliferative potential of cells is
related to the maintenance of telomere integrity. As described above, while normal human
somatic cells do not or only transiently express telomerase and therefore shorten their
telomeres with each cell division, most human cancer cells typically express high levels of
telomerase and show unlimited cell proliferation. Roth er al., (ibid., 2010) have suggested
that individuals with cancer who have very short telomeres in their tumors (in which the
shortest telomeres in most cells are near to telomere dysfunction) and high telomerase
activity might benefit the most from anti-cancer telomerase-inhibiting drugs. Because
telomerase is either not expressed or expressed transiently and at very low levels in most
normal cells, telomerase inhibition therapies may be less toxic to normal cells than
conventional chemotherapy. An example of such drugs is the short oligonucleotide-based
telomerase inhibitor imetelstat (previously named GRN163L). Imetelstat is a novel lipid-
based conjugate of the first-generation oligonucleotide GRN163 (Asai, A. et al., Cancer Res.,
2003, 63:3931-3939). However, cancer patients having very short telomeres in normal blood
cells (particularly their granulocytes) are at higher risk of adverse effects of imetelstat on
proliferative tissues such as the bone marrow. Rattain ez al. (2008) found that such subjects
with short granulocyte telomere length were more likely to have bone marrow failure
symptoms such as neutropenia or thrombocytopenia. In this situation, a doctor might
prescribe a lower dose of imetelstat, a different drug, or more frequent monitoring for bone
marrow problems.

[0157]  In other aspects, drug efficacy in the treatment of diseases of aging, for example
but not limited to, cardiovascular disease, diabetes, pulmonary fibrosis, liver fibrosis,
interstitial pneumonia and depression. In the case of cardiovascular disease, Brouilette ef al.
reported that middle-aged men with shorter telomere lengths than control groups benefit the
most from lipid-lowering therapy with pravastatin (Brouilette, S. W. et al., Lancet, 2007,
369:107-114). Satoh et al. (Clin. Sci., 2009, 116:827-835) indicating that intensive lipid-

lowering therapy protected telomeres from erosion better in patients treated with atorvastatin
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when compared with patients treated with moderate pravastatin therapy. The method of the
present disclosure can be used to monitor the efficacy of statins in treated patients, wherein
shorter telomere length correlates with better drug efficacy. Since subjects with the longest
telomeres did not on average benefit from prophylactic statins, a doctor might suggest that
the patient be especially compliant with good lifestyle habits as part of their treatment
program. Conversely, patients with short telomeres who fear side effects of chronic statin
usage might be persuaded to take statins based on their higher probability of benefiting from
statins. Examples of statins that can be used include niacin (ADVICOR, SIMCOR),
lovastatin (ALTOPREV, MEVACOR), amolopidine (CADUET), rosuvastatin (CRESTOR),
sitagliptin/simvastatin (JUVISYNC), fluvastatin (LESCOL), pravastatin (PRAVACHOL),
atorvastatin (LIPITOR), pitavastatin (LIVALO), and ezetimibe/simvastatin (VYTORIN).
[0158]  In further aspects, drug effectiveness in the treatment of telomeric diseases, for
example but not limited to, Dyskeratosis congenita, pulmonary fibrosis, and aplastic anemia,
may be measured. For example, dyskeratosis congenita and pulmonary fibrosis are both
treated with high-dose steroids, which are well known to have numerous deleterious side
effects. Use of the lowest possible steroid dose is thus highly desirable, making the method
of the present disclosure a valuable tool for monitoring these patients.
[0159] 5.5 Drug Candidate Screening
[0160] In another aspect, the present disclosure finds use as a general method of screening
for candidate drugs, dietary supplements, and other interventions including lifestyle changes
which affect biological pathways regulating telomere length, such as telomerase activity.
Ability to rapidly and specifically amplify telomere repeats in a quantitative manner provides
a high throughput screening method for identifying small molecules, candidate nucleic acids,
and peptides agents and other products or interventions affecting telomere dynamics in a cell.
Drug or other product candidates that have a positive, telomere lengthening effect on normal
cells would be preferred in the treatment of degenerative, or cell senescence related
conditions over those with telomere shortening (or telomerase inhibiting) effects, everything
else being equal. In the case of treatment of cancer, drugs that have a negative, telomere
shortening effect, especially in cancer cells would be preferred.

EXAMPLES
[0161] Example 1 — Amplification of Short Telomere Sequences
[0162] Here we describe a quantitative PCR based method using purified genomic DNA
to measure percentage of short telomeres. This method incorporates non-covalent binding of

a non-human primer ‘TeloPrimer’ to the 3'-overhang of vertebrate genomic DNA, time-
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controlled extension of the TeloPrimer towards a subtelomere unique sequence ‘SUS’ with an
enzyme that displaces or degrades the C-strand of the telomere during the extension reaction,
followed by an amplification reaction utilizing SUS and the non-human sequence portion of
TeloPrimer. Only telomeres that are short enough such that the extended TeloPrimer product
reaches the SUS sequence are amplified. The controlled timing of the strand displacement
reaction thus allows detection of telomeres shorter than a specified threshold of telomere
length. In addition, by controlling the extension time in the PCR step by SUS and
TeloAnchor primers, the short telomere population will be selectively amplified, further
increasing the specificity of this assay to measure short telomeres. The abundance of short
telomeres is quantified in the T-run of TeloTest.
[0163] Materials and Methods
[0164] Primers
[0165]  All primers were purchased from Integrated DNA Technologies in standard
desalted or HPLC purified form. Sequences of the primers are listed below:
TeloPrimer: 5'- TGCTCGGCCGATCTGGCATCCCTAACC- 3’ [SEQ ID
NO: 7]
TeloAnchor: 5'-TGCTCGGCCGATCTGGCATC-3' [SEQ ID NO:g]
SUS (HPLC purified): 5'-GATGGATCCTGAGGGTGAGGGTGAGGG-3’
[SEQ ID NO:2]
TeloProbe (HPLC purified): 5'-CCCTAACCCTAACCCTAACCCTAA- 3’
[SEQ ID NO:9]
[0166] Annealing of TeloPrimer to genomic DNA
[0167] Human genomic DNA was mixed with TeloPrimer at final concentration of 20
ng/ul DNA and 1uM TeloPrimer in a 50 ul reaction, incubated at 65 °C for 10 min in a
heating block and then cooled down to room temperature over the period of one hour. The
annealed samples are kept on ice until strand displacement reaction.
[0168] Strand displacement
[0169]  Strand displacement reaction was carried out in 5 ul volume, with 50 ng of the
anncaled DNA, 40 mM Tris-HCI, pH 8.0, 10 mM MgCI2, 50 mM NaCl, 5 mM DTT (PN
70726, Affymetrix, Santa Clara, CA, USA), 100 ug/ml BSA (Cat# B9001S, New England
Biolabs, Ipswich, MA), 500 uM dNTP (Cat# 1708874, Bio-Rad, Hercules, CA), 5 uM Single
Strand Binding protein (SSB, Cat#70032Y 100 UG, Affymetrix, Santa Clara, CA) and 400
nM Sequenase 2.0 (cat # 70775Y 200 UN, Affymetrix, Santa Clara, CA) (Concentration of

Sequenase is 13 U/ul). The mixture without Sequenase 2.0 is pre-warmed at 37 °C for one
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minute, and then incubated at 37 °C for 30 sec to 10 min after sequenase 2.0 was added to the
mixture. The reaction is stopped by heat inactivation at 80 °C for 20 min.

[0170] PCR Amplification of strand displacement product

[0171]  The product from the strand displacement DNA reaction was diluted 50-fold in
DNA suspension buffer (Cat# T0227, Teknova, Hollister, CA). PCR was carried out in 40 ul
reaction volume that contains 1.5 mM MgCl12, 300 uM dNTP (Cat# 1708874, Bio-Rad,
Hercules, CA), 0.5 uM SUS primer, 0.5 uM TeloAnchor primer, 2 ul diluted DNA, 5 units
PLATINUM Taq polymerase (Cat # 10966-083, Life Technologies, Grand Island, NY).
[0172]  The cycling program is as the following: 2 min at 94 °C, 35 cycles of 15 sec at 94
°C, 30 sec at 65 °C, 30 seconds to 10 min at 72 °C, followed by 10 min extension at 72 °C.
The PCR reaction is carried in a Bio-Rad C1000 Thermocycler (Bio-Rad, Hercules, CA).
[0173] Quantification of amplified PCR product by TeloTest

[0174] PCR products were diluted 10 to 1000 fold in DNA suspension buffer. The T-run
of TELOTEST was used to quantify the PCR products. PCR fragments containing between
60-600 bp perfect telomere repeats are used as standard to calculate DNA concentration of
each sample. An internal standard of ~2kb DNA fragment with TTAGGG 3’ overhang and
SUS sequence near 5’ will be included in each sample from displacement reaction to qPCR
steps. Reaction efficiency of each sample will be estimated by qPCR of a non-human
sequence within the internal standard. A normalizing factor for each sample will be
generated based on the reaction efficiency.

[0175] Southern Blot

[0176]  Southern blot analysis was carried out to confirm the size of displaced telomere
DNA. Strand displacement products amplified by SUS and TeloAnchor primers were run on
a 0.5% agarose gel, transferred to a positively charged Nylon membrane and hybridized
overnight at 37 °C to a DIG labeled oligo probe with four TTAGGG repeats.
Chemiluminescent detection was used for signal detection.

[0177] Results

[0178] Overall scheme

[0179]  The short telomere assay (STA) described here quantifies the amount of short
telomeres in human genomic DNA samples by strand-displacement or strand degradation
followed by quantitative PCR. The overall scheme of the assay is illustrated in Figure 1.
[0180] The assay is carried out by first annealing TeloPrimer to human genomic DNA.
TeloPrimer contains 19 nucleotide of non-human sequence at the 5’ end and 8 nucleotides of

telomeric sequence at the 3’ end. Using native genomic DNA ensures that TeloPrimer will
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only anneal to the 3’ single-strand tail (overhang) of telomeres, not the double strand region.
Extension of the TeloPrimer is achieved by a strand displacement or strand degradation
reaction. With limited time, the reaction will only be able to reach to the telomere variance
region on those chromosomes with short telomeres, while on the chromosomes with long
telomeres, the strand-displaced products will stop within the perfect telomere repeat region.
Displaced short telomeres are then enriched by PCR with SUS primer and TeloAnchor
primer. SUS primer contains 3 repeats of the TGAGGG sequence that are found on most
chromosomes in the telomeric variant region, at or near the junction between the
subtelomeric region and true telomere repeats. TeloAnchor primer shares the same non-
human sequence as TeloPrimer and does not contain telomere sequence. The pair of SUS
and TeloAnchor is designed to specifically amplify the strand-displaced short telomeres.
Finally, TELOTEST T-run is used to quantify the amount of short telomeres.

[0181] Quantification of strand displacement products

[0182]  Strand displacement amplification is a DNA synthesis reaction where the
downstream DNA encountered is displaced by the polymerase during synthesis. Many
protocols including whole genome amplification and forensic analysis use strand
displacement to amplify minute quantities of template DNA. Because of the strand-
displacing activity of the DNA polymerase, DNA with nicks or single strand tails can be used
as templates without a denaturation step. We chose to use a strand-displacing enzyme in our
experimental design because the single-strand tail of telomeres serves as a natural template
for strand-displacing enzymes and is less likely than a 5’-3’ exonuclease (degradative
enzyme) to create gaps in genome that might cause non-specific amplification of interstial
telomere-like sequences. Annealing of TELOPRIMER to the single-strand tails of telomeres
on native genomic DNA places TeloPrimer adjacent to the 5’ end of the C-strand (Figure 1).
In this design, the length of strand-displaced products will accurately reflect the length of the
telomeres. By controlling the strand-displacement time, the reaction will only be able to
reach to the telomere variance region on those chromosomes with short telomeres. We chose
to use Sequenase 2.0, a genetically engineered form of T7 DNA polymerase with no
exonuclease activity, because it is reported to synthesize DNA on a linear template with high
specificity and processivity (Joneja, A. and X. Huang, Anal Biochem, 2011. 414(1) 58-69).
We performed a time course experiment where the strand displacement reaction took from 30
seconds to 5 minutes. Genomic DNA from the bladder cancer cell line UM-UC3 was
annealed to TeloPrimer and strand-displacement reaction was performed as detailed in

Materials and Methods.

_45 -



WO 2014/190138 PCT/US2014/039110

[0183] Figure 2 showed increased telomere products measured by T-run of TELOTEST
gPCR with increased strand displacement reaction time. The linear regression line showed a
strong relationship between time abundance of the amplicon (R?= 0.99). Furthermore, in the
negative control, where no Sequenase 2.0 was added, no PCR product was detected in the
TELOTEST T-run (Crossing point (Cp)= 25, calculated concentration=1.85E-07) which is
159-fold lower than the lowest measured concentration of the reactions containing Sequenase
2.0. A parallel reaction using the single copy gene (beta-globin) primers in the TELOTEST
S-run also showed no amplification product, further confirming that the telomeric products
measured in T-run are derived from the strand-displacement reaction, not from total genomic
DNA.

[0184] The experimental design we propose here predicted that with short displacement
reaction time, only products from short telomeres will be amplified with SUS and
TeloAnchor primers. We sought to confirm this by Southern blot analysis. Strand
displacement products amplified by SUS and TeloAnchor primers were run on a 0.5%
agarose gel, transferred to a positively charged Nylon membrane and hybridized to a DIG
labeled oligo probe with four TTAGGG repeats. Figure 3 shows that the length of the
amplified PCR products increases with increasing strand displacement time. The estimated
modes (peak of intensity) of the PCR products are approximately 0.6 kb, 0.9kb. 1.2 and 1.4kb
with 0.5 minute, 1 minute, 3 minute and 5 minute displacement time respectively. With 1
minute displacement time, the majority of the products are below 2 kb. In an independent
comparison test, we used a modified single telomere elongation length analysis (STELA)
(Baird, D.M,, et al., Nat Genet., 2003. 33(2) 203-7) protocol to analyze the telomere length
profile of the total genomic DNA from the same cancer cell line UM-UC3. TeloPrimer was
ligated to the 5’ end of the C strand and XpYpE2 and TeloAnchor primers were used to
amplify telomeres. The PCR product was run on the gel (lane 1 in Figure 3). This revealed
that the mode of UM-UC3 telomeres is around 1.8 kb, consistent with previous reports (Xu,
L. and E.H. Blackburn, Mol Cell, 2007. 28(2) 315-27).

[0185]  To further validate the short telomere assay, we carried out this assay with two
different genomic DNA samples. In addition to the UM-UC3 DNA, we used genomic DNA
from UM-UC3 infected by a lentivirus vector that expresses the RNA gene of telomerase
hTER, resulting in extension of telomeres (Xu, L. and E.H. Blackburn, Mol Cell, 2007. 28(2)
315-27). The average telomere length measured by qPCR in UM-UC3/hTER is 2.1
compared to 0.56 for UM-UC3 (Telome Health Inc. data). UM-UC3/hTER cells have a

lower percentage of short telomeres, as judged by Southern blot analysis (Figure 5).
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Consistent with this, the calculated amount of short telomeres in UM-UC3 is 3-fold higher
compared to UM-UC3/hTER (Figure 4).

[0186] We conclude that the short telomere assay specifically measures the relative
percentage of short telomeres. Furthermore, by controlling the strand displacement reaction
time, the telomere length cutoff that will be measured in this assay can be varied and
predetermined.

[0187] The above mentioned short telomere assay can be easily adapted to a high-
throughput automated format. Figure 6 shows individual steps in such a format.

[0188] While preferred aspects of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such aspects are provided by way of
example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the disclosure. It should be understood that various
alternatives to the aspects of the invention described herein may be employed in practicing
the invention. It is intended that the following claims define the scope of the invention and
that methods and structures within the scope of these claims and their equivalents be covered

thereby.
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CLAIMS
WHAT IS CLAIMED IS:
1. A method of making a nucleic acid extension product comprising;:
1) hybridizing an extension primer to a telomeric repeat sequence in a

3’ overhang of double stranded chromosomal DNA, wherein:

(1)  the double stranded chromosomal DNA has a telomeric
region comprising telomeric repeat sequences and a sub-
telomeric region comprising sub-telomeric sequences; and

(2)  the extension primer comprises:

(A) a3 portion that hybridizes to a telomeric repeat
sequence in the 3’ overhang under annealing
conditions, and

(B) a5 portion having an anchor sequence that does not
hybridize to a telomeric repeat sequence in the 3’
overhang under the annealing conditions; and

i) performing a time-limited extension reaction to extend the
extension primer towards the sub-telomeric region of the double
stranded chromosomal DNA, wherein the extension reaction is
timed to produce an extension product comprising both telomeric
repeat sequences and sub-telomeric sequences only from double

stranded chromosomal DNA having a telomeric region within a

pre-determined length range.

2. The method of claim 1, wherein the double-stranded chromosomal DNA
comprises chromosomes molecules having telomeres of different lengths.
3. The method of claim 1, wherein the anchor sequence does not hybridize under the
annealing conditions to a sequence in:
(1) the sub-telomeric region of the strand of chromosomal DNA having the 3’
overhang;
(2) a G-strand of the chromosomal DNA within 20 kb of the 3’ overhang;
3) a G-strand of the chromosomal DNA within 50 kb or within 20 kb of the 3’
overhang; or

4) the double stranded chromosomal DNA.
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4. The method of claim 1, wherein the pre-determined length range from 0-0.5 kb, 0-
1 kb, 0-2 kb, 0-3 kb, 0-4 kb, or 0-5 kb.

5. The method of claim 1, wherein the extension reaction is timed to be 0.1-30
minutes, 0.1-10 minutes, 0.1-5 minutes, 0.1-4 minutes, 0.1-3 minutes, 0.1-2 minutes, no more
0.1-1 minute, or 0.1-0.5 minute.

6. The method of claim 1, wherein the extension reaction is timed to be 60 minutes,
45 minutes, 30 minutes, 20 minutes, 15 minutes, 10 minutes, 9 minutes, 8 minutes, 7 minutes, 6
minutes, 5 minutes, 4 minutes, 3 minutes, 2 minutes, 1 minute or 0.5 minute.

7. The method of claim 1, wherein the double-stranded chromosomal DNA is
provided from a solid, fluid, semisolid or gascous sample.

8. The method of claim 7, wherein the chromosomal DNA is from a liquid sample
selected from blood, saliva, urine, plasma, serum, cerebrospinal fluid (“CSF”) or bronchoalveolar
lavage fluid.

9. The method of claim 7, wherein the chromosomal DNA is from a solid sample
selected from lung, muscle or skin.

10. The method of claim 7, wherein the chromosomal DNA is from a semi-solid
sample comprising bone marrow.

11. The method of claim 7, wherein the chromosomal DNA is provided from a
gaseous sample comprising breath.

12. The method of claim 1, wherein the double-stranded chromosomal DNA is
vertebrate DNA, mammalian DNA, or human DNA.

13. The method of claim 1, wherein the 3’ portion of the extension primer hybridizes
to a human telomeric repeat sequence.

14. The method of claim 1, wherein the 3’ portion of the extension primer comprises
the sequence 5'-(CCCTAA)n -3’ or its same order permutations, wherein n is at least 1.

15. The method of claim 14, wherein n is at least 2.

16. The method of claim 1, wherein the 5’ portion of the extension primer comprises
the sequence: 5'- TGCTCGGCCGATCTGGCATC- 3' [SEQ ID NO:g].

17.  The method of claim 1, wherein the extension primer comprises the sequence: 5'-
TGCTCGGCCGATCTGGCATCCCTAACC-3' [SEQ ID NO: 7].

18. The method of claim 1, wherein the time-limited extension reaction employs a
DNA polymerase possessing strand-displacement activity, exonuclease activity or strand

degradation activity.
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19. The method of claim 18, wherein the DNA polymerase is selected from a
modified T7 polymerase, an exonuclease-deficient Klenow fragment of E. coli DNA polymerase
I, and Bst DNA polymerase.

20.  The method of claim 18, wherein the first reaction is performed with in
combination with a DNA polymerase a helicase or with a DNA polymerase with 5’-3’
exonuclease activity.

21. A method of amplifying telomeric repeat sequences and sub-telomeric sequences
of a chromosome comprising:

a) making a nucleic acid extension product by:
1) hybridizing an extension primer to a telomeric repeat sequence in a

3’ overhang of double stranded chromosomal DNA, wherein:

(1)  the double stranded chromosomal DNA has a telomeric
region comprising telomeric repeat sequences and a sub-
telomeric region comprising sub-telomeric sequences; and

(2)  the extension primer comprises:

(A) a3 portion that hybridizes to a telomeric repeat
sequence in the 3’ overhang under annealing
conditions, and

(B) a5 portion having an anchor sequence that does not
hybridize to a telomeric repeat sequence in the 3’
overhang under the annealing conditions; and

i) performing a time-limited extension reaction to extend the
extension primer towards the sub-telomeric region of the double
stranded chromosomal DNA, wherein the extension reaction is
timed to produce an extension product comprising both telomeric
repeat sequences and sub-telomeric sequences only from double

stranded chromosomal DNA having a telomeric region within a

pre-determined length range; and

b) amplifying sequences of the extension product;
thereby producing a length-limited amplification product comprising nucleic acids

having telomeric repeat sequences and sub-telomeric sequences.
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22.  The method of claim 21, wherein the sequences are amplified using:

(1) a first amplification primer that hybridizes to a sequence unique to the sub-
telomeric region in the extension product under annealing conditions; and

(2) a second amplification primer that hybridizes to the anchor sequence under
the annealing conditions.

23.  The method of claim 22, wherein the first amplification primer comprises the
sequence 5'-GATGGATCCTGAGGGTGAGGGTGAGGG-3' [SEQ ID NO: 2], §5'-
CGGGCCGGCTGAGGGTACCGCGA-3' [SEQ ID NO: 10] (chromosome 1), 5'-
GCTAATGCACTCCCTCAATAC-3' [SEQ ID NO: 11] (chromosome 5), or 5'-
CATTCCTAATGCACACATGATACC-3' [SEQ ID NO: 12] (Chromosome 9)

24.  The method of claim 22, wherein the first amplification primer comprises the
sequence 5'-GATGGATCCTGAGGGTGAGGGTGAGGG-3' [SEQ ID NO: 2] and the second
primer comprises the sequence 5'-TGCTCGGCCGATCTGGCATC-3' [SEQ ID NO: §].

25.  The method of claim 21, wherein the length range of the amplified telomere
products can be determined by using a time-limited extension time in the PCR reaction.

26. The method of claim 21, further comprising co-amplifying a control sequence.

27.  The method of claim 26, wherein the control sequence comprises a plurality of
non-telomeric repeat sequences.

28.  The method of claim 27, wherein the control sequence is synthesized in vitro or
produced in vivo.

29. A method for determining short telomere abundance comprising;:

a) providing a sample comprising double-stranded chromosomal DNA
comprising a 3’ overhang from a subject;

b) producing a length-limited amplification product from the double-stranded
chromosomal DNA using the method of claim 21; and

c) determining short telomere abundance from the length-limited amplified
product.

30.  The method of claim 29, further comprising:

d) comparing the short telomere abundance with a measure of total telomere
abundance from the sample.

31.  The method of claim 29, wherein short telomeres are telomeres having length of
0.1-0.5 kb, 0.1-1 kb, 0.1-2 kb, 0.1-3 kb, 0.1-4 kb, or 0.1-5 kb.
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32.  The method of claim 30, wherein step d) comprises determining short telomere
abundance as a function of total telomere abundance.

33.  The method of claim 29, wherein determining short telomere abundance is

performed using qPCR.
34.  The method of claim 33, wherein qPCR is performed using a first and a second
primer,

1) wherein said first primer hybridizes to at least one repetitive unit of
said first strand and said second primer hybridizes to at least one
repetitive unit of said second strand,

i) wherein said hybridized primers are capable of primer extension

when hybridized to their respective strands, and wherein at least
one nucleotide of said first primer produces an internal base pair
mismatch between said first primer and a nucleotide of said
repetitive unit when said first primer is hybridized to at least one
repetitive unit of said first strand,

iii) wherein said first primer also produces a mismatch with the 3’
terminal nucleotide of said second primer when first and second
primers hybridize to each other,

iv) wherein at least one nucleotide of said second primer produces an
internal base pair mismatch between said second primer and a
nucleotide of said repetitive unit when said second primer is
hybridized to at least one repetitive unit of said second strand.

35.  The method of claim 29, wherein determining short telomere abundance
comprises measuring average telomere length in the sample by Southern blot, dot blot, slot blot,
immunochemistry, nucleic acid sequencing, or digital PCR.

36. The method of claim 29, wherein the short telomere abundance is a measure of
relative abundance.

37. The method of claim 30, wherein the total telomere abundance is measured
relative to abundance of a genomic reference sequence.

38.  The method of claim 37, wherein the genomic reference sequence comprises a
single copy reference nucleotide sequence or a non-telomere repetitive DNA sequence.

39.  The method of claim 38, wherein the single copy reference nucleotide sequence is

human beta-globin.
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40.  The method of claim 38, wherein the non-telomere repetitive DNA sequence is an
Alu repeat sequence or centromeric repeat sequence.

41. A method comprising:

a) obtaining a sample from a subject;

b) determining short telomere abundance using the method of any of claims
29-38; and

c) correlating short telomere abundance with a condition or disease.

42, The method of claim 41, wherein the measure of short telomere abundance is
determined by comparing short telomere abundance with total telomere abundance from the
sample.

43.  The method of claim 41, wherein the condition or disease is mortality risk.

44, The method of claim 41, wherein the telomere abundance is absolute abundance.

45.  The method of claim 44, wherein the absolute abundance is measured as length of
telomeric sequences.

46.  The method of claim 41, wherein determining telomere abundance comprises
measuring average telomere length in the sample by qPCR Southern blot, dot blot, slot blot,
immunochemistry, nucleic acid sequencing, or digital PCR.

47. The method of claim 41, wherein the condition or disease is a Health Status
Survey Score of Perceived Stress.

48. The method of claim 41, wherein the condition or disease is a risk of disease.

49.  The method of claim 48, wherein the risk of disease is an age-associated disease.

50.  The method of claim 49, wherein the age-associated disease is cardiovascular
disease; and wherein a measure lower than average in a population correlates with increased risk
of cardiovascular disease.

51.  The method of claim 50, wherein determining the short telomere abundance
comprises correlating short telomere abundance in the lowest two or three tertiles of a population
with a significantly higher risk for cardiovascular disease compared with a measure in a top
tertile of the population.

52.  The method of claim 48, wherein correlating short telomere abundance comprises
correlating with a telomeric disease.

53.  The method of claim 52, wherein the telomeric disease is dyskeratosis congenita,

pulmonary fibrosis, aplastic anemia, or interstitial pneumonia.
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54.  The method of claim 48, wherein correlating the short telomere abundance
comprises correlating with drug responsiveness.

55.  The method of claim 54, wherein the drug responsiveness is responsiveness to a
statin; and wherein short telomere length is positively correlated with drug responsiveness.

56.  The method of claim 54, wherein the drug responsiveness is responsiveness to
imetelstat (GRN163L); and wherein long telomere length is positively correlated with drug
responsiveness.

57.  The method of claim 48, wherein correlating the measure comprises correlating
with disease progression and treatment outcome in chronic infections,

58. The method of claim 57, wherein the chronic infection is selected from HIV,
HCV, HBV, and CMV.

59.  The method of any of claims 39-58, further comprising reporting the correlation to
the subject.

60.  The method of any of claims 39-59, further comprising providing the subject with
a diagnosis or a prognosis based on the correlation.

61.  The method of any of claims 39-60, further comprising treating the subject based
on the correlation.

62. A method for monitoring the status of a subject comprising:

a) obtaining a plurality of samples from a subject; wherein the samples are
taken over a period of time; and wherein each sample is obtained at a
different time;

b) determining short telomere abundance in each of the plurality of samples

using the method of any of claims any of claims 29-38;

c) determining a rate of change in the measures of short telomere abundance;
and
d) correlating the differences with progression of a telomeric disease, wherein

decreases in the measures indicates progression of the disease.
63.  The method of claim 62, wherein the short telomere abundance is determined by
comparing the short telomere abundance with total telomere abundance from the sample.
64. A method comprising:
a) obtaining a plurality of samples from a subject; wherein the samples are
taken over a period of time; and wherein each sample is obtained at a

different time;
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65.

b) determining short telomere abundance in each of the plurality of samples

using the method of any of claims any of claims 29-38;

c) determining a rate of change in the measures of short telomere abundance;
and
d) correlating the rate of change with: (1) a measure of health; (2) arisk of a

pathological condition; (3) a telomeric disease or (4) drug responsiveness.

The method of claim 64, wherein the short telomere abundance is determined by

comparing the short telomere abundance with total telomere abundance from the sample.

66.

67.

68.

69.

A kit comprising:
(1) a first amplification primer comprising:

(A) a3 portion that hybridizes to a telomeric repeat sequence in a 3’
overhang of double-stranded chromosomal DNA under annealing
conditions, and

(B) a5 portion having an anchor sequence that does not hybridize
under the annealing conditions to a sequence in the telomeric region
or to a sequence in the sub-telomeric region in the chromosomal
DNA; and

(2) a second amplification primer that hybridizes to a sub-telomeric sequence
under annealing conditions.

The kit of claim 66, further comprising:

3) a third amplification primer that hybridizes to a complement of the anchor
sequence under annealing conditions.

The kit of claim 66, further comprising:

3) reagents to carry out the hybridization, extension, amplification and
quantification steps of the short telomere measurement.

The kit of claim 66, further comprising:

3) a control sample and a reference sample comprising chromosomal DNA

with known telomere lengths.
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FIG. 4

strand displacement time vs. relative amount of
short telomeres

I
<o

(ng/ul)

........ SUMUQCS & UMUQC3/ITER UMUC3- v = 23 6% 1037
....... R2=0.9855

—
o
<o

—
o]
=]

e}
<o

(=)
<o

I
<o

o
<o

=

Calculated relative amount of short telomeres

Displacement Time (min)

4/8




WO 2014/190138 PCT/US2014/039110

FIG. 5
percentage of short telomeres UMucC3 UMUC3/hTER
Southern blot (0.2-5Kb) 75% 26%
short telomere assay 100% 33%

5/8



WO 2014/190138 PCT/US2014/039110
FIG. 6
STEP DESCRIPTION AUTOMATION OR
MANUAL
Annealing 1.1. pipette gDNA and mix with Automated
TeloPrimer and water
1.2. incubate at 65 °C for 10 min,
cool down slowly
Strand 2.1. pipette master mix with Automated
displacement Sequenase 2.0/SSB/buffer
2.2. pipette gDNA and mix Automated
2.3. seal plate Manual
2.4. incubate at 37 °C for 3 minutes | Manual
2.5. transfer plate to 80 °C for 20 Manual
minutes
PCR with SUS and | 3.1. Dilute samples from step 2.5 Automated
TELOANCHOR with low EDTA Tris
3.2. pipette PCR master mix into a Automated
new 96 well plate
3.3. pipette diluted DNA from step Automated
3.1 to 96 well plate from step 3.2
3.4. seal both plate Manual
3.5. transfer the PCR plate to Manual
Thermocycler
3.6. PCR
TELOTEST 4.1.Dilute PCR products from step Automated
3.6 with low EDTA Tris
4.2. Perform the T-run of TeloTest® | Automated
with diluted samples from 4.1.
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FIG. 7A
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2010/0151477 A1 (CAWTHON) 17 June 2010 (17.06.2010). Especially para [0015), [0063], | 33, 34, 37-40, (41-58, 62-
[0078], [0079], [0081]. 65)/(33,34,37,38)
Y COHEN et al. A global measure of perceived stress. J Health Soc Behav December 1983 Vol 47
24 No 4 Pages 385-396. Especially abstract, pg 394 appendix A.
Y BROUILETTE et al. Telomere length, risk of coronary heart disease, and statin treatment in the | 51, 55
West of Scotland Primary Prevention Study: a nested case-control study. Lancet 13 January
2007 Vol 369 No 9556 Pages 107-114. Especially abstract.
Y CALADO et al. Telomere dynamics in mice and humans. Semin Hematol April 2013 Vol 50 No 52, 53, 62, 63
2 Pages 165-174. Especially pg 5 para 2.
Y US 2010/0010064 A1 (MOORE et al.) 14 January 2010 (14.01.2010). Especially para [0105]. 56
A US 2011/0296543 A1 (CHANG et al.) 01 December 2011 (01.12.2011). SEQ ID NO: 36843 16, 24
A US 2011/0244462 A1 (BENDIX et al.) 06 October 2011 (06.10.2011). SEQ ID NO: 11 17
A US 2011/0182862 A1 (GREEN et al.) 28 July 2011 (28.07.2011). SEQ ID NO: 24935 24
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing filed or furnished:

a. (means)

D on paper

m in electronic form

b. (time)
S R
/N in the international application as filed
D together with the international application in electronic form
D subsequently to this Authority for the purposes of search
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
GenCore ver 6.4.1 SEQID NOs: 2,7, 8, 10, 12

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 14/39110

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos..

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

N/
3. Claims Nos.: 59-61
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
----- go to extra sheet for continuation-—---

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. }E No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1-58 and 62-65

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Continuation of Box IIl (Lack of Unity of Invention)

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |I: Claims 1-58 and 62-65, drawn to a method of making a nucleic acid extension product comprising:

i) hybridizing an extension primer to a telomeric repeat sequence in a 3' overhang of double stranded chromosomal DNA, wherein:
(1) the double stranded chromosomal DNA has a telomeric region comprising telomeric repeat sequences and a subtelomeric region
comprising sub-telomeric sequences; and

(2) the extension primer comprises: (A) a 3' portion that hybridizes to a telomeric repeat sequence in the 3' overhang under annealing
conditions, and

(B) a 5' portion having an anchor sequence that does not hybridize to a telomeric repeat sequence in the 3' overhang under the
annealing conditions; and

ii) performing a time-limited extension reaction to extend the extension primer towards the sub-telomeric region of the double stranded
chromosomal DNA, wherein the extension reaction is timed to produce an extension product comprising both telomeric repeat
sequences and sub-telomeric sequences only from double stranded chromosomal DNA having a telomeric region within a pre-
determined length range. Group | may also include the step of amplifying the extension product beyond limitation (ii) indicated above.

Group |I: Claims 66-69 drawn to a kit/composition comprising:

(1) a first amplification primer comprising:

(A) a 3' portion that hybridizes to a telomeric repeat sequence in a 3' overhang of double-stranded chromosomal DNA under annealing
conditions, and

(B) a 5 portion having an anchor sequence that does not hybridize under the annealing conditions to a sequence in the telomeric region
or to a sequence in the sub-telomeric region in the chromosomal DNA; and

(2) a second amplification primer that hybridizes to a sub-telomeric sequence under annealing conditions.

The inventions listed as Groups | and il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Group | has the special technical features of method steps including hybridizing an extension primer and performing a time-limited
extension reaction to extend the extension primer, not required by Group |l.

Group Il has the special technical feature of being a kit/composition, not required by Group .

The common technical feature of Groups | and |l are (1) a primer whose 3' portion that hybridizes to a telomeric repeat sequence in a 3'
overhang of double-stranded chromosomal DNA under annealing conditions, and a 5' portion having an anchor sequence that does not
hybridize under the annealing conditions to a sequence in the telomeric region or to a sequence in the sub-telomeric region in the
chromosomal DNA; and [implicitly] (2) a second amplification primer, (because independent claim 21 teaches amplifying an extension
product of the first primer).

Group Il is related to Group | as a composition that could be used in practicing the methods of Group .

However, said common technical features do not represent a contribution over the prior art, and is anticipated by the publication titled
"Molecular analysis of telomere fusions in Arabidopsis: multiple pathways for chromosome end-joining" by HEACOCK et al. (hereinafter
"Heacock") [EMBO J 2004 2 June 2004 Vol 23 No 11 Pages 2304-2313].

Heacock teaches a primer whose 3' portion hybridizes to a telomeric repeat sequence in a 3' overhang of double-stranded chromosomal
DNA under annealing conditions, and a 5' portion having an anchor sequence that does not hybridize under the annealing conditions to
a sequence in the telomeric region or to a sequence in the sub-telomeric region in the chromosomal DNA (pg 2305, col 2 para 1-2; "We
devised a PCR-based technique called primer extension telomere repeat amplification (PETRA) that requires the G-overhang, a key
structural element necessary for telomere function, and can accurately determine telomere length at multiple chromosome ends from a
single plant. The principle of PETRA is outlined in Figure 1A. An adaptor primer (PETRA-T) is hybridized to the 3' G-rich overhang at the
chromosome terminus. PETRA-T consists of 12 nucleotides complementary to the telomeric G-strand at its 3' end, with a 5' end that
bears a unique sequence tag. Once annealed, the PETRA-T primer is extended by DNA Pol 1; the formation of PETRA products is
dependent upon the action of DNA Pol1 (Figure 1C). We previously showed that this primer extension reaction requires the presence of
an intact G-overhang (Riha et al, 2000)"; pg 2305 Fig 1A)), and a second primer (pg 2305 col 2 para 2-pg 2306 col 1 para 1; "In the next
step of PETRA, telomeres of specific chromosome arms are amplified by PCR using a unique subtelomeric primer").

As the common technical feature was known in the art at the time of the invention, this cannot be considered a common special
technical feature that would otherwise unify the groups. The inventions lack unity with one another.

Therefore, Groups | and Il lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special
technical feature.

Form PCT/ISA/210 (extra sheet) (July 2009)
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L. il 6 BT 00 0 7, SLA 0

) A 14 X e DNA 19 37t e RS T P B4, b

(1) A A s DA L7095 340 T 71 0 S X ST 45 S S 91 4 3
R L

(2) PRATEMHEI S

(NS 5, AR KA T SR 3 J b ohHyssohs 52 1 9232,

(B) BATHE AU 5" #4, HAEFTIRAR KA T A5 Tk 3 2 b o (35 o 5
KA DU

1) AT BRI 60, A T 90 3140 T 2 0 €5 DINA 9 39 X 4
S0, 3 o 02 49 S WAL A7 1 2 1 3 P 0 2 X 58 0 R0 e £ 1
DNA 1% £ £, 85 35K T BRS80S0 72

2. ML BURIZER | B I074% ok Bk A £ DNA 6065 LA 7R L Bk

Rtttk
3. IR ZER | Ik (757, He b T 4l Fe AU AL IR KR A AN S UK e
FIIRAL

(1) BEAFrE 37 58 H i Bk e e DNA {ROBE ik S s bz [X 3

(2) 7EATIR 37 FEH 20kb P I Bk G4 €444 DNA 1) G % 5

(3) 7EFTIA 3° Y 50kb PYER 20kb A Y ik e 24k DNA f G 85 ;5%

(4) Fridk XUk 4 444 DNA

4. WA AR ZER 1 Frak (9 77 2%, He b B ik $5U€ K B2 V8 9 0-0. 5kb. 0—-1kb. 0-2kb,
0-3kb.0—-4kb B 0-5kb.

5. MR AR EE K 1 Pirads 1 77 v, e v B ad S 1t e 248 58 I 2 0. 1-30 43-8H.0. 1-10 43
B0, 1-5 4457.0. 1-4 43%f.0. 1-3 4 8h.0. 1-2 28 A 0. 1-1 4 8hEk 0. 1-0. 5 4%,

6. MRHEAURIEESR 1 P 17732, Horb BIrad QB4 Js 24 7 1) A 60 438 . 45 43+ L 30 43+
20 8015 2380 10 809 438P .8 43 Bh T Bl .6 5 arEh 4 B3 R 2 b1 4
BREE 0. 5 450,

7. MRHEBCREE R | BTk 097512, o ik SURE e ta 4 DNA B [ 44 L a4 2 A B A Ak
FEARpEE

8. MRPEAURIE R 7 Bk (1) 7712, Horb Bir ik e 244 DNA SR B VRABFE AR, BT iR VAR FE A% H
MR AR PRV ML ML A ( “CSF”) BRI B e -

9. MRPEACRE SR 7 Fridk (1) 7732, Horp Birak e (244 DNA >R F 228 B PR BS0RE K 1) [ 44 A
Ao

10. FRABRHNESR 7 Bk (7732, Ho Bk gL a4k DNA ok 5 55 B s8I0 A A

L1, FRABRCRNESR 7 Bk 7732, Hoh Bk Be 44 DNA FHASFE IS —UR R AR 4L

12, FRAE BRI ZESR 1 Frdk 9 7575, 2R i BUBE 4 (44 DNA J2 B HE30 4 DNAL T SL304
DNA B DNA.

13, FRABRCHNESR | Bk (9773, Hoh ik e 5| My ik 37 3845 A m ki 5 5 31
<A o
14 R PG BRI Z R 1 BTk (10 77 3%, Hovh By sk a9 51 90 19 Bir ik 37 38 o A 45 1 3
2

ot
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5 —(CCCTAA) n—3" BRH[FIFHED], Hdr n 2D 1,

15, MRIEBCRE R 14 Frid i 773%, Hd n & 2,

16. FRIEBORER 1 Fradk (177 7%, Horp firak 28440 5| Y B ik 57 3588 LA P -
5 —TGCTCGGCCGATCTGGCATC-3" [SEQ ID NO:8].

17, FRAERRNESR 1 Bk 7732, o Brid 2844 51 )45 LUK FP 31 :57 ~TGCTCGGCCGATC
TGGCATCCCTAACC-3’ [SEQ ID NO:7].

18, MRHEAURIEER 1 Pk (7732, e r Ik o A S e g 7 % FH B B S 4 v 1P L A0 A%
P T PR BB P A G PR 1) DNA SR A B o

19. MRIEBCRE R 18 Frid i 777k, Hod Bridk DNA 2 A% E B e T7 BA B KA
DNA &8 T /ML IR B = 7Y Klenow B LL % Bst DNA AT .

20. MRABRBRNEER 18 Frik 97732, Hop 85— N2 R 5 DNA 55 Bl 20 A (1) f e Bl B
HA 5 -3 M EREEPER) DNA A BT

21, — PPy 38 Ye ik 1 sk B 5 B R s bsr e 91 () 7 V25, AL -

a) I LT 7 U AR R AL A )

i) A 5] Y05 XSG Ak DNA [ 37 98 () shi B8 2 P 9 248, S

(1) BT XUsE e o fd DNA A5 vmb 55 5 5 1) 1) s R X SRH A, 255 SV s bz 3 271 114D I g
SARS APEEN

(2) Prad st s Yra s

(M) 3 57, HARIB KA N AR 37 S (1 smhi B 2 7 51 =48, Al

B) HAHERFIIN S oy, HAEPRIB K& T ASHTIA 3 S b ¥ kL # 5 Fr 3]

1) HEAT PRI GE A S B2, DASE Bl ads B A 51 42 ) By s XURE G £ 448 DNA 1) Pl 3t MV o K7 [ Jik
SEA, HE v P S A s B2 AR 78 I AN EL AT 7 T KT T AT ) s DX 3 P U % £ 4
DNA 7= A2 A, B i 5 523 B RS S 450 51 (R B =4 5 A

b) 434 Bk S A = M R 3

T 7 A A B B L R A AN s ks e S (R AZ R IO BR K338 7 o

22. IRYFBUFIZER 21 Frid 7732, Hoh (DU &5 k915 71 -

(1) 5190, HALR K FAF T 5 Pk (=4 o (0 B S s 5L DX I B S 19
B HALE S H

(2) Y 3G 51, HAEPdRIR KA 5 Pk 8 e 5 28 58

23. IREBCRIELR 22 Frik 777, Hh ik 58— 1 51 a4 LU P51 :5° —~GATGGATC
CTGAGGGTGAGGGTGAGGG-3" [SEQ IDNO:2].5" —CGGGCCGGCTGAGGGTACCGCGA-3 [SEQ ID NO:10]
( Yeftifk 1) .5 —~GCTAATGCACTCCCTCAATAC-3’ [SEQ ID NO:11] ( Yefifhk 5) BL 5" —~CATTCCTAAT
GCACACATGATACC-3 [SEQ ID NO:12] ( Jeftfk 9)

24. RYEACRI LK 22 ik 771, Kb Frik 5 —4 38 51 Y8457 51 5° ~GATGGATCCTGAG
GGTGAGGGTGAGGG—3" [SEQ ID NO:2] H A% — 51 ¥a4E 551 5 ~TGCTCGGCCGATCTGGCATC-3
> [SEQID NO:8].

25. RIEBCREE R 21 Prak (977738, Hor Firidk 4738 s A P 1 2 S B AT LA S 7E PCR
SN H AT FH BRI 49 B AH I 1) SR 7 o
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26. MRIFBCFIELR 21 Frid 77k, Hak— A FE Ly b i P 51

27. RYEBCRIELR 26 Frid 17732, Horh firid ) B e 51 s 22 A e ok 8 52 P 31

28. MABBCRER 27 Brak (97778, Hodh B ok HE 7 51 AR A6 B = 4

29. — il 5 55 vk = JE 5 vk, LA -

a) MAZARE PR B VR YLt DNA [FIAREAR, BT OURE L ta 4k DNA G155 37 RH

b) A R ACRIEER 21 i 1 775 ATk RURE G (44 DNA 77 AL SRS 38 747 o A

c) 5B BTk PR 34 7= 4 B e =

30. MRABBCRIEER 29 BTk 7732, Hogt— DA

d) PREEFTR LA I Frid f ubi 3 5 5 Sk £ I & )E

31 MR RURI TSR 29 Bk (512, Horb g ook & K B 5 0. 1-0. 5kb. 0. 1-1kb. 0. 1-2kb.
0. 1-3kb.0. 1-4kb B}, 0. 1-5kb [k .

32. MRIEBUFIEE R 30 Frik 7775, Hodb DR d) AR5 52 V5 8 8 Im ke =F B 1) 28 5500 e o
R

33. MRPEACFIZEER 29 Frid i 7732, Hovb il 5 ke sk =5 2 {F H oPCR 147

34. MRPBCRIEER 33 Frid 7772, Hodh qPCR ZAEHE — 51158 — 5|47,

i) HPRE—SIMERRE N2 L — N EE IR, AR E 55k
RN D —ANEFRITEA,

i1) Horp TR 458 51 A5 5 HAH L P RE 2 2SI et BEAT B A e, H AL Y prik 85—
51 W5 BTk 5 —HE R B — AN EE R IURACH, BTk 5 R b — N R RTIA S
— 5|5 Bk R B0 AT IR 2 8] 7 A A S o

i1i) HAp Y — 5| YRS 5| W A R AR, Bk 5 — 514 5 Tk 55 — 51 i 37
AR A% B AR AR T

iv) Ho ik s 515 Frid sE B & D — AN H G ST R AT, BT 88 51
Z AT RAEITR S 5195 Frik 558 50 70 A% 1 IR < 18] 7™ A8 A B 0 5 T

35. MRABBCRI LR 29 Pk (#7732, e ol g 55 vk = 2 A 5 ik DNA Bl B R ER IS
B4 EI0E | S 22V RN PP BT PCR U & BTSRRI~ i R B o

36. MRABRBORIEER 29 Frak (1997772, oo By i #0 v b = BE S A0 = RS

37. RIEBCRIESR 30 Frid i 77 v, Hodr Brid Skl 3 B e A TR N A S % A i+
JE R &

38. MRABRBURIEER 37 Bk (7732, Horp Bk B R 20 2% 17 9 .48 5048 DL S 1% H IR T
HI B AE sk 2 DNA [P 51

39. MABRBCRIEE R 38 Frik (17772, A BTk e NS E TR 752 AN B - 2KkEA.

40. R BRNER 38 BFrik () 77%, Hod Frid 4Rk 855 DNA 73102 Alu EE P HECE
E AN =15 1

AL, —Pp 51k, AR

a) MR EFREUEEA 5

b) 5 FARTE AR R 29-38 thAF— 0 Bk (1) 05 500 5 i ks =R i,

c) AT 5 kL = B 9 IR B A DS B

42, RYPEBURE SR 41 Frid 7778, Forp i@ at Pu i Brid A AR 1) e b =2 5 5 ks =

4
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KD P J o A = P R =

A3 ARPEBURNE R 41 Frik (17575, Hob Frid s IR ez f& 78 T KUK

44, RIEBCRER 41 Frik 7778, Horp Brid simbl 3 B fe a0 7%

45, MRYRBUREER 44 Bk 7772, Forb Bivads 26560 = B8k I & o s b 7 20 I

46. MRPRBCREER 41 Bk 7732, Horb il e s bl = B K5 18 gPCR DNA E[VIE | B 3 BfY
5B AE ENIE | A 2 IR e BUEUT PCR N & I d A A v B S1- 2 s R A

AT, ARFEBURNEESR 41 Pk (077325, e o B J DR B0 9 A S o A2 3850 ) (i BRER U0 1 5 97
Ao

A8. IRIEBUFNE R 41 Frid () 757%, Fo Frid s TR Bl s S 20 UG

49. IRIEBUFNEE R 48 Frid (1) 757k, Fovh Brid e ms U A2 FE W4 AH SS9

50. MR BURIEL SR 49 Bk (7772, Horh B 4R WS AH DS e A2 0 U e s B LR T
TR IE 1 B 1N 0 ML A 99 RURGE A R B

51. MRABRBURIEE R 50 BTk (77323, i e B il 6 v s =F BB, FR A A E AR I S AR T A
B AN = B R b = S S AT BT IR BRI B s = R R R B R A
O I 0 IRV AH S K

52. MRYBURIZER 48 Frid i 7732%, o v o IR v ks = 0 4 5 g R 9 A DR BEG o

53. MABRBURIE R 52 Bk (7732, Horp i sbige o A e RYEAAGA R 4k 7
e B RSP 2 i T A %

54. MR BRI EE SR 48 BTid (4 7732:, o vp S IC B I8 i v 0 = A0 55 15 25 ) el 2 PR AH o
k.

55. MRPEBURIE SR 54 BTk 7732, Fovb Birid 25470 i B2 M 2 it T 28 e B2 v B A
K K 2 e R PR IEAE G

56. MRPEAUCFIELR 54 Frid 177323, oo Bk 244w 7 14 2 0 7 38 w) At (GRN163L) [
REE s H s IR B 5 25 e R TE AR G .

57. MRABBUREE K 48 Bk (77325, e v G ik & A0 45 548 AR JBe e v 1) 92 s o Jee AT
BT 45 A ORI

58. MRHE AN ELR 57 Frik 197772, Horp BTt ik gei% 5 HIV, HCV . HBV AT CMV

59. MRYPE BRI ELR 39-58 HAT— T Bk (75 12, Hoadk— 20 A48 1) Frid 52l & k35 frid
FHI I

60. MRHE BRI ZER 39-59 WAL — T Ik (1) 7512, Hoadk— 0 A FE T B Al O M (m) T g
ZRERIGS BB .

6 1. MRHE BRI ZE2R 39-60 HAT— T FAR (19 7512, Hadt— DA FEE T B Al e M va I 7 B
2R .

62. — Rl FH T M0 2383 R o 1) g ik, B ds -

a) MEZIAFEIRELZ AN FEAS s Horp BT A A2 A — B ) Y 3R ER s HLH B MR 2 7E
AN [ A A TR SR AR 5

b) fi AR B BRI ZE R 29-38 AT — T B adt (9 75 V25K U 5 ik 2 IS FRE A R i B — A
ERp Ry A Ao

o) W 5E sk = R = E AL LK

5

H
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d) 5 ik 22 e 5 R 0 1R 33 S AH DR TG, e H BTl & R I BRI AR 7 Pl e K e

63. FRAR BRI ELR 62 Firids 1977 v, Herboa ik oA BT I AE AR 1) B i 5 g A =2 P52 5 g Ao
F= BRI 58 v i K5 v b =

64. —Fh7vk, HAHE

a) MEZIRE IR AR s H P iR REAS & AF — B[] SRR s HH R R REA 2 7E
AN [ D A TE) BR AR 5

b) {3 AR PR BRI 23R 29-38 AT — T Bk (9 7 V28 B 58 ik 2 A e AR Hp i B — A
[ b =

) I F ks = FE & AR s B

d) TR LIRS EHHREE : (1) @FREEAE 5 (2) PR OL RS 5 (3) sk
B (4) 254 L

65. FRARE AR ELR 64 Frid (97792, Forboad ik Lo BT iR e AR 1 Fir s 6 g A 32 52 -5 g Ao
F R 58 v i 55 v b = JE

66. —Fiiatf &, HALHE -

(1) 918519, Las .

(A) 3" 4, HATIB K& T 5 XAk DNA 1 37 98 H b sl 8.5 e 9 248, Al

B) HAHIEFIIN 5 F5, HALFARIR KA NAE Frak Ze (44 DNA H (1] 3 47 [X 45
HH A B BT s r X3k P R B 2R A8 5 A

(2) P3G 51, HAER KM T 5 Wambi e 5 28 58

67. MRIEACHIZER 66 Pk iatf &, Ht—Pad .

(3) SH=H3G 51, AR KM T 5 Pk i € e 71 I AME R A .

68. MRHIEBCHIZEK 66 Pk iaf &, Ht—Pads .

(3) FHT3EAT vk Jog s R I &5 PR 2% 58 Bl L 7 3G A 20 R k)

69. MRHIEBCRIZER 66 Firik ialf) &, Ht—Pads .

(3) A& BA Ok S G Ak DNA [P0 BUBEAR RSB A,
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Rt FEREE

[0001]  AHZCHITE HIAE LG H

[0002]  AHITEERAE 2013 4F 5 H 22 HIRAZ KIS E Im N HiE 5 61/826, 484 (A4, 1%
i PABI 77 U AR IR AR S

[0003] KI5t

[0004] S )RR A — 8 BWAE AT B 5| 89228 SOk R E R A o

[0005] i ir & ELAZ A ) Gt AR I 9 o, HC ORI e 844 S0 TV 1B A I 5 v il F EE
Mo b B AR Rum (M &5 00, HAFENZ FIRIT 1 (5° -TTAGGG-3") WIEE . wkitH T
TE 5 20 M4y T 4E 50 5T BARGE R im R R B 2 B . S E TN REEN
AT 9 22 I PRAE 7 O 280 50 s bor 1 B2 -5 22 8 A A 2 5 T A A4 DRI B T2 17 v RV BB R Ak R
(Puterman, E. fll E. Epel, Soc Personal Psychol Compass, 2012.6(11)807-825 ;Zhu, H. .
M. Belcher #1 P. van der Harst, Clin Sci (Lond), 2011. 120 (10)427-40 ;A1 Fyhrquist, F.
A1 0. Sai jonmaa. Ann Med, 2012. 44 ¥4 1S138-42) . 8t4% IR A G )5 AAT AR K ILH
SR T o DRI, Smb R R RN S A B R e i A BE 1 RS I FR A o

[0006]  ERSRV-Hum R BEAE LT I3 2 FF I i PRI 72 b 4 Il &= F H &8 A8 B &
OB T RS 1) 43 J2 R S 7 280 S AR BRI AE /0 BR P B A O 3 e v R A 72 3 22 B
TSl % 155 (Hemann, M. T. 2%, Cell, 2001,107 (1)67-77) , H.P& 1 J2 %5 9 AIFE T KUK
fih %15 5o 1E HH Hemann S¢ 48 KB 50 1, F HA 50 5 b (1 58 6 A K B RNA R BR 70N B
(mTR-/-G6) 5 HA K I kL 1) v BB 22 A B /N B (mTR+/-) BEAT AR S8 ik Bl Bk 2K
AR ) s L o ) — 2 S K, A H R Y S i mTR—/— REAS 1K) 28 24, 3 32 BH %5 v o 1) 0 = 1
A1 Py R A N T A G ) AT (AR R 0 T AL OSSR o AE AR R R SR it i AR 1 i
BRI TR (TA-65®) (19 A, 76 11 40 i 8 00 21 85 25 B AR K48 (<3 3R <4kbp) I L 1K) 1 4
e (fnidid 52 & FISH H AR P& ;2 W (Canela, A. %%, Proc Natl Acad Sci USA, 2007,
104 (13)5300-5) , SR 1M 35 A5 W 52 3] - 15 s i K B 1K A8 4k (Harley, C. B. %%, Rejuvenation
Res. 2011, 14 (1) 45-56) o [A i %5 g R = 52 1) 5 49 B 14 A8 A0 8 L 0H Sy A 35 7 =R 245 28 1 T
BB IO sk S B R R . 57— I (Vera %5, “The Rate of Increase
of Short Telomeres Predicts Longevity in Mammals”, Cell Reports(2012), J34EM
URL:dx. doi. org/10. 1016/]. celrep. 2012. 08. 023) & IH.“ % s o0 = J&F (38 N3 R 8 5 A 1K)
TR FEAR”

[0007] &Kk T H T I & K4 DNA 7 19 3w ki K FZ 19 2 Bh 77 725, 43 K5 DNA B[
F (Kimura, M. %%, Nature Protocols, 2010,5:1596-1607). Q-FISH(Rufer, N.
2, Nat.Biotechnol., 1998, 16:743-747). Vi N FISH(Baerlocher,G.
M. %5, Cytometry, 2002, 47:89-99) Fl gPCR(Cawthon, R. M., Nucleic. Acids
Res. , 2002, 30 (10) :e47) o A XL 777235 W] DAE lm PRI 55 A 4 FH ot B I et 00 3 e v
[ AR A I 282 1) 75 SR T P B o 7 MR

[o008]  Jy 1 WM & K5 v K A AA, HOH YT BOAE R 1 g B R O R A2 2R &2 (Q-FISH) &
28 4 F R AR LR R A ) v R ) K R I um R {E S 5 JE ) B U7 Bl (Poon, S. S, &,
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Cytometry, 1999. 36 (4) 267-78) o iX Fh 5 VA PR | F 75 LE AN, plAS =7, Hal =K. Q-FISH
I 5E 1m0 R AL (HTQ-FISH ;2 W, Canela, A. %%, Proc Natl Acad Sci USA, 2007,
104(13)5300-5) fiT# Life Length avw] (PUBES ) SZRFH T E R mAI H 2t R
B IXFE FERR, SR AT R B2, IR SRR, X PR e e VA AR, S DR ks G R e R A
BB S R (SR BE S 2 W Paeschke, K.« K. R. McDonald 1 V. A. Zakian. FEBS
Lett, 2010. 584 (17) 3760-72) o PRIPLIXA™ i 25 (1) = S A2 KT v WA B A S A5 [ T B 430 K 1
WEEE A o 534k, A1 FISH $EATE 28R 5 7% 40 Mo Bl 8] 2 40 e o (1) K o+ B0 R4 e PR 45
B o AR AR HLAS 75 EE0E 4 M 1 FH T 00 5 58 v R T 4 bl 14 v 8 8 5 VR TR 2 38 LA T I 2
Al REREE, 5 HAHEL Q-FISH ¥ B A I Hrik e .

[0009] SR LRI 5,741,677 5 (Kozlowski 55 ) W A T M EmPAK LR TE. —
T7 8 AT v b 5 3k e B A, X R AR Sk PP S im i 37 R iR s B B A7 2%
JN G AR R HEAT . dmekr 7 Bl i K PCR 738, Hoh 88— B Wtk i 71 A A 55 5+
PEIF H A = 5100k Gy AR I v bor XS B A e e e o O — Pl ikl B o] 46 4 ¢ DNA $2 X
Y, A BT ik 2 B -5 A v 0 2P 8 BLAMP SEAZ T BRIR AN B, LLRE 454 IR EHIN &
TERmP K R . b, fR T — P AL R 2H DNA 5 [EAHSS S 45 A 1 DNA 5
PRICHRE 252 SR S v b K B 1 7 7

[oo10]  3& [ & F] A FF 5 2004/0265815 5 (Baird 55 ) ¥ & —F0 A T 00 & v b K (1
%o Baird SR T DA D SRR I v AR AR KT ) [ RBE TR (R SCRRAE
telorette) B3 Kim 5GBS E G okt (A5 TTAGCGC HEJFH ) 1wk [ B 55 58
IBKFFAE telorette M A AR E CumisE (HA CCCTAA EEJFFH]) 15 K sb) ¥
WAL IR () W ETIE R T2 7 ) LR B 5 WD (d =4 s A0 (o) RSB ER (b) 1519 aE
MK . (B30 Baird, D. M. 25, Nat Genet., 2003, 33 (2) :203-7 ;1 Baird DM,
Rowson J.Wynford-Thomas D.Kipling D. ;Nat Genet., 2003, 33(2) :203-7. Epub 2003 Jan
21. PMID: 12539050)

[o011] S LHIEE 6,514, 693 5 (Lansdorp) ¥ A — Bl FH T A I T2 Se 8 1 4 (44 | 40 i
B R R LR TR I E B TR 2 A8 DU 532, HALEE « () 78R A8 P57 1)
BT, SR+ B E B 75 4428 H AR AT S04 B AR 1 PNA $R%H b BRAZ IR 7
¥, URVFZIRE SR 57 B EE 5 JE AL R A 58 (b) i ak BB B ) A ) ] A
MRS 2 5% IR o I EE TP 2= A8 W IR IR, MR I 1R o~ (R L 527 31 1)
ES I

[0012] )5 40 i = B A 7 V205 DNA B4 T« 8 B8 e i A7 2228 (Q-FISH) (Poon, S.
S. %%, Cytometry, 1999, 36 (4) :267-78) #l g R A /& M & J& X 9 Q-FISH(HT-Q-FISH)
(Canela, A. %%, Proc. Natl. Acad. Sci. USA, 2007, 104 (13) :5300-5) «

[0013]  SEELHIEE 7,695,904 5 (Cawthon) Fid 13 FH A 15 T i SR i 3 F 48 A B S P 51
REA RS i R T k. KRR M e 2 B R X P EE B
B, W iR E R BT TR B RIS B gPCR 7 i A AR T A R
[0014] PRtk JRVE° 0 T o RL (KA BRI 7 v 1358, (AT 98 75 28 FH T 00 5 G AR B A 1)
L S AL = PR B PR TR R R T VR R R L B AT P 3K 2 B R of U 5 i R P AR TR RO, X
S T 0 B ek v KK L DR I 0 B 2 (B R 5 BSUARH e s 4 i) ik 2D B T 2R R 9 B

8
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FETZIRIRUES: o AR Mgt 1 X B R SR B /55K

& BAHEE

[0015]  FE— U5, A K W FR M — Pl & 2 R LA = M) B 7%, A 1) MR 514
EXUREGL AR DNA 11 37 5% th rp (iR B 52 e 31 2 2, Ferpr « (1) 1Z00UBE 4 (44 DNA LA A0 25
iy A EE AT A7 1 DX 3R A, 5 I S R 3 2 R s X3 s HL (2) e s e - ()3
o, HARR KM TS 3 RIBP Rk ER P H A8, il B) HAHIETHIN S 9,
HALRKEZMNTALE 3 KPRk R P HIRAC s P 11) BEAT BRI R s B2, DAAT 4E
At 5| 47 1A RUE G A DNA (1) SV s or X 3B EAH, JH PP a2z i it s B2 40 o I RO LA AETIE K
0 TR DAY )i X 3 P XU e e 44 DNA 7= A 40, &5 i 0 B 52 1) R IV S bt 3 371 P FH 24
FE—NJ7 T, AUEE G a4 DNA 046 BT A [FHC B vkt 1 S AR 4y o A2 55— J7 [, B 2 7
TITEIR KA FAE R PFIRAE (1) BHA 3 SR GLtaqdk DNA [5E I 0 vikir X 35k o (1)
FFA 5 (2) 78 37 S8 HI 20kb YRS aqA DNA (1) G BRI 31 5 (3) 76 3° 911 50kb P BX
20kb P [ G e 44 DNA (1) G B8 720 5B (4) 75 XURE S (044 DNA H (1))7 51 . 55— J7 1, 4B
s LA B I AN RE 30 3B AL 10 438 ASEERE 5 4B AL 4 4B AL 3
BhOAHIE 2 9380 ASERE 1B A 30 B AL 20 B ASEE IS 10 #P AN IS 5 B EAS
Mt 2 . AT R ZE T DS (400 NMETEER / F5) AL ERAL (BT 50 %
TR /AP ) » B LA DE 72 Y0 ) S0 Bsf 8] o Vo1 6 32 0 BB iR B (338 B A2 100 M
HREE T MNMEH IR 75— J7 I, B s B B ISy 220 30 408, 2220 10 4f 20 5 5
BhoE D A r B B 3 e B 2 peh B | dPEk b 30 BB, ARSI, SR SO
e A 30 480 2D 10 8P 2D 5 e B 4 B B 3 B B 2 rEh B
/D1 BB D 30 FP o E 55— T T, AUREGL A A4 DNA B 8] 44 A e AR B ASARRE AR 2 L
FE 55— 710, GetiAk DNA HHVBAR REAR SR AL, XA R AR I B IV S M PRV KK M35 Tl
B (“CSF”) BOELAUVEIFIESR . £ — 71, B2 Eufk DNA FHE B I JULPR B3Rz 9k 1y
EFEARSRML . 755 — 7, Jetafgk DNA HHAFE B I A AR ML . 787 —TJ7 1, Jetafk
DNA HHALFE SR SR FE AR o 76 55— J7 1, RUBE B 44 DNA 245 HESN A DNA I FL3h4)
DNA B DNA. 7E 55— 77 1, SEA G113 55 Nkl 2 P B 2828 o 8 55— 7 [, AL
519 37 FAEHEFE 5~ (CCCTAA) n—-3" B AR S, Horp n A/ 1, £ — 510 ,n
RNED 2, RS —J5H, WS 5 4 EEE 5 .5 ~TGCTCGGCCGATCTGGCATC-3" [SEQ
ID NO:81. 78 5% — 7 i, R 5| 45 7% :5” —“TGCTCGGCCGATCTGGCATCCCTAACC-3" [SEQ 1D
NO: 7)o 75 55— 77 TH » FRATE {5 B R F EL AT B B 0 P A U0 A% B i Vi M e e At s 2k 1
DNA A/, 85— 710, DNA RABHLE 17 RAW (a0, WFEE (Sequenase)) - Kzt
(E. coli)DNA A 1 MIAMDZIREESE = K Klenow FBLPAL Bst DNA ZEA TR BOf
Deep VentR(HMIIAZIRES ) - 7£ 53— J7 1, 5— RMNAHLE DNA BE B A e A A
5 =3 AMIIZEREETE VERT DNA KSR HT .

[0016]  7F 55— J7 [, AR B SR Ak —Pidr 38 G ik 1 v 00 B85 B AT v R 2 () 7 V%
HAHE :a) @ PLT 77 Kb &A% B AL =4 «1) {3 2B 18 5] )55 X085 4 448 DNA 1) 37 5%
A sk B B R A, Horp s (1) i RURE G gk DNA B 605 ks 3 55 5 51 1) o L [X
SN, 5 S i R A () S s X 5 H (2) Z B 5 A - (A) 3 H 4y, HAR IR K41

9



CN 105283559 A it BB 4/28 7

53 R Rk EE PR, M B) BAME RTINS #5, HAEIR KEMFTA
53 ki EE P R AE s 11) #EAT PRI RE A s B, AT SE A 5] 4 m) XUEE B 4
A48 DNA (18] 3V i A X338 Ao, HG r 12 S8 Aot s B2 AR 7 P 9 M LA AE TIUE K 2 9 TR P 1) g
X33 ) DU G 244 DNA 7 A2 A0 55 s s 8 52 1 1) R I i 60 B RS A= 42) s LA S b) 4738 %
SEAF =4 1 LA S B B0 RH 8 58 7 B SR 3 S B 7 0 s AT 77 A, 5 LA e 0 EE R 1R
PSR B R AZ R ) SR A 34 72 AE— AN J7 L, EH LR & F k3G 55 - (D) 9
W59, HARIR K EEAF TR 5 =40 o (8 S0 st Rar X SR AlUA 16 3 B 2 28 R (2) 55 93
T, HAER K FAF T 58#E PP RAC. 160 —J7, 9 W5 mashika LT3 .
5 —GATGGATCCTGAGGGTGAGGGTGAGGG—3" [SEQ ID NO:2].5" —CGGGCCGGCTGAGGGTACCGCGA-3 [
SEQ I D NO:10] ( 4effifdk 1) .5° ~GCTAATGCACTCCCTCAATAC-3’ [SEQ ID NO:11] ( fffk 5)
M1 5" —CATTCCTAATGCACACATGATACC-3’ [SEQ ID NO:12] ( Yefffk 9) o 785 — 1, F—9 i
B WFEF )5 —GAT GGATCCTGAGGGTGAGGGTGAGGG-3" [SEQ ID NO:2] H i — 3| ¥ E 771
5 —TGCTCGGCCGATCTGGCATC-3" [SEQ 1D NO:87 . 438 [rys iz = 1 1 K 5 v B AT LA S ik £F PCR
JSONE FR S FH R () SE A IS [) B 5 o £ 55— U7 I, BTk Ty ikt — A s ALY g BB R B AR
Jy—J7 1, XRE RSS2 A Ak AL BT S E ) JT I, AR T SR AR AR S B A
A (B, AR R T e FE ) .

[0017] 7555 — 5 1, AN A B2 Ak — i FH T 00 52 8 s bir =5 B2 10 5 v, AL HE ca) M2
PO S 0UEE L (4R DNA HUREAS, 1% DNA B2 37 S8 sb) A IA ST (B, 50 ) Frf
T PRI AS B A7 38 G oA 1 v A B R 1) ARSI st or 2 37 1) 9 MU % £ 44 DNA 7= AR iR
Ky 3G9 8 o) WE RS 3 MRk b = . 72— J7 1, Frid ik — 2 d)
B S AL = B MR A [ S v b = o AE 53— D0 I, Rk K AN IS 2 0. 5kb 4 1kb,
2] 2kb. %] 3kb. %) 4kb BLZ) 5kb kL. ££ ) — /71, FEAAERE I E 1 ek o = 5 [ 2R 2
)R v K =, 490 e s b =F 5 Sm om L R LU 2R . AE 53— 7 [, [ A oPCR 34T R v bt
F R GE o 7255, 5 B HE4T PCR, () A k5157
BE—REN 2D PNERRIRRE, RS SIS rR g s e/ b— P EE R
A5 (1) HAp iR A8 51 AE S HAH RL ) E 2= 58 I BR05 3EAT 19 sk fi, B Y Bk s —
W5 FTRE —FEN B/ — AN EE B Iu RSN, b B — 5 2 D — N R TR 5B
— 51 W5 Bk H5 T A% R R AR R G AE s (Li1) Y5 R
SV AR AERT, BT 55— 51 40iE 5 Bk 58 5100 37 Rum i B =450 5 (Lv) Hrp
Bk s — 5|5 ik 5 8 2/ — AN B BIn i, ik 5 20— MR IR
TERTIR S 51 W05 Prik B 5 B n A% R < 1) 77 A8 N I X 5 G« 7B 5 — D7 ), I e
Ui L = A 45 T8k DNA B IR B o BV R L PR 4 FIE S A 2732 % BRI 7 BT PCR I &
AR R R o 7R 57 I Svm b R AN SRR AL AR T7 I, SR
SR TREAS PN F R RNE. /E5— 7, ZRASE 5O 8E NS %%
W7 (Hlan, N B-2ke&r) Sidbumbi R DNA (1, Alu ERBELZNESR ) 1+
o

[0018]  7E 5 — 7, A K RO — Ry vk, HAFRE a) W@ K B 523 F A b 1 5 v
FiERE S b) A0 5T v b = 5 IRBU A R B o 76— DU 1, 18 3 P AR A 1) 4 o R =
F5 5 S v b = B R 5 R v = AR — O, A ASC (Ban, B3C) BT

10
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JNEINE R m AL FE o B —J7 I, PORECZR A2 JE T RS o 78 5 — 7 [0, simhis = B 2 40
F R AR5, 40t 3 FE RN & ks e S AR JE o A8 5 — U7 T, W58 ok L
i3 gPCR DNA F[IZE B fd BT AR 4% B | S0 B A0 232k R R I e AR 7 PCR & e AR 1Y
PR RS o AR 3 — D7 I SRR 1 0 155 R0 0 B2 i BRI O VR & 973 (Heal th
Status Survey Score of Perceived Stress) fH< ( 2 WLl Cohen, S ;Kamarck T Fll
Mermelstein R(1983)]J.Health Social Behav. 24 (4)385-396) . £E 5% —J7 1, W FEAIRIEH)
TR 2 2 T 461 o ML A0 W PR T i« HE R 4 AL AN 1 RURS: o 75 55— 7 10, S A
WAL o« AE 55— J7 I, ZE WAL R0 A2 O I s HL S I TP 3B R & B S 3 i)
O IR RS AE SC I o AE 53— J7 I, Tk J7 2 B FE AT A4 (1) B AR P AN B = = 9 3k
HH IR L T P ) = S A R T R AR ) i v = A P ) = P 5 R R O LA R T R
A ICIG  AE Sy —J7 I, Pk J7 A HE AT i & 5 R AH SCHEC . SR s AT LA H
HAR TR EAA R T4 B A G PR3 MAn (e 5T i 28 o 76 73— J7 1, ik o7
EAFEAT A &5 25ma BEEAH ST . I3, Bk 77325 AT DAL FE AT Bk & 5 ek VT S
(R Z5ma S (CH AR I TR (3 sk 5987 38 m R T 5 25 ma R P TEAH G ) B0
FrMih (imetelstat) (GRN163L, #EREZA ) BIA RMaRL ( H o e (3 sk b i g v ki 2
EAS R RRLE an /N ek i B b PR AR I s D REAE 9% ) AHORHER . AE T — U5, Pk Uy vk
AT AT S5 5 18 P B i f1 HIVLHCY HBV T CMY HH 20 3k e RN T 45 A < BE. 7E
Ty T riR Uy A ) S E R A ISR . £E S — U0 Pk v A
TRV 2 R S W BTG o 72 5 — U5, Irid 5 ik — B R B T A SRR T 32
R .

[0019]  7F 55— 710, AR B A A — ) 52 3 IRPIR O 7 325, HALdE « MAE— BeINF TR
FREX ) 22 A 52K TS T IR R AR o () 48 M 00 5 0 o 4 = P2 B8 0058 ik & R 1 22
S s DL RAT IR 22 5 5 i R0 s () 33 FEAH SCIEG, b i & 2 i B AR AR /R w1 B g . AE
—ANJT I T AR A R A s = 1 A R () B R R 5 S ok T ) =
.

[0020]  fE 53— 7 I, AR FRAE— R J7E, AR I E Kk B 2325 E FEA B 40 L b i)
K v b = B ) & P AR AL TR 2R, B AR AEAS [RIB (R ERHL s DA S AF iz 22 5 DA R %3
FHICEL : (1) fEFEESE ; (2) HEARGIRES ; (3) ImbLRpEL (4) MMk, /£— D7
00, T8 PSR AR ) 0 o R = () 2 P2 5 A v R = 82 1) 2 PRk I s o b = I B
[0021] £ —J7 1, A8 & R4 — Rl n) &, Hads - (D) B9 510, 85 ()3 #8
43 HARIR KA S EE S 4R DNA 1 3° R imbl EE 752658, f (B) B E
PRI S 35, HATIR K& TASS e thfh DNA H ff st [X 35 o 1 5 21 BOI0  hor [X 4 o )
FRRVIRAZ s LA S (2) B4 514), HAEIR KA T 5 Wb P F R4S . AE—ANJ5 I, ik
W EHE— s - (3) =951, HAER K &M T S58E PV FME R AL £ —T1
1], P i) S - (3) AT 04T s am bl & 1 28 22 L i i i 3G A = AP R ikoR). 78 5
— 7, Ik S P AEE - (3) B E B O R B I S L4k DNA (R0 REFE AR A 2
EREAR, BUEA ORI R A Smbs R S AR H R

[0022] it 5 FHIFA

[0023] Ay B 45 b B4 S AT R B RIR & R HR i i e 51 I N AR SO, R

11
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FE e [R50 B HE AR L R E A s 4 B e bt d 8 7 e 51 RN

[0024] [t faj ik

[0025] & 1 7t T REumbidll e (STA) W EETT 4.

[0026]  [&] 2 7t ik TELOTEST o4 B 45 11 8] (1) %5 SR 19 (A 1L, TELOTEST & —Ff
F T qPCR W5 H A FH -5 s B 527 90 20 A8 BB TG 51 400 D0~ 2o s R B2 () 003K e AL
FERLI E R TR H L REE 7, 695,904 5 (Cawthon) Hi.

[0027] K37~ tH 7 BEE # ¥H) DNA BN 73 #fre M4 F 2 hrE s IKIE 18 d ok B
STELA ( Busmh fE KK E AT ) TR Baird 25, 2003) 738 (95 H BE B 40 i R UM-UC3 1)
M LRI 4H DNA 5 WkiE 2-5 +ff1 ] SUS Hil TeloAnchor E N 51401 PCR 7= ¥ H &% B #7240 Jy ki
BRo FEH TR B BN E] (30 A2 1.3 A1 5 4rBh ) o BERIEN (30 B =2 1kb ;1 8 =4
2kb ;3 43EF =% 5kb ;5 73 =% 8kb.

[0028] &4 7 th T X HAA AN [FISE 3 umbr K B 1 DNA LA o 14 5 v 6 5 = A ME S BAIE T
B, UM-UCS 2 BUA 4P 2 b (O 40 o 440, HL UM=UCS /hTER 24 [ () 48 Mo e 4 , 4E2 | T o
Fillf ( BA hTER) (it fEREm BA LM (K ) Bimbi. WfrsH, 5wk i A F£ 5
FE UM-UC3 o7 EbAE UM-UC3/hTER K15 £,

[0029]  [&] 5 fZJEik DNA EFZE ( HrpoRH T 7E 0. 2-5kbp i P (14 A< s PR 1] 4 F B PO A %o
155 ) M I AR & B 50 IR0 58 EL A AE UM-UC3 F1 UM=UC3/hTER H f %5 3 4% (A % = 38
(K2R, b R vk () 1 3 BU & R am AL b I = I Ee 2 . AR A 00T, UM-UC3
()45 3 bz ELAE UM-UC3/hTER % K2 3 1%,

[0030] & 6 7t 1T AR s RN S ) e D R

[0031] & 7A K 7B ;nH T AEG ik AL B AT CC &% H B A A FKE Rk ) _ERmE5]
YIsEA . et i H R AR R . Wambi B — P B H“ SUS” RN Il FHSEZRR IR . ZEfH™
MH B &L R B 7B R T =Mg| e = e s 5 a M. EE 7A 15551 1) ik fif
(R[] DAfSE 75 5] 0 S bl act e 54k A A0 B o, AEHAS BT Je dd C R P s b X 38 ( BT
sk B — P8 “SUS”) o fEFE 7B, B WPk B — R A 514 “ SUS” BT LAS GEAd A A
B 2458, (HA S IEA =4 C 258, WA= C T J5 b Gt A4 rp (R sobsr 6 3 T AS B i &2
oL X I o BRI, B R A RCRT DA ZEH 724 A T B 285811 SUS FIHH 4 (HAS M C
Flh. 5 REHRLRIN . XFI=IR 5 RN R GG Y LR DNA 1 “ R b 3093 o

BRLHEA R

[0032] & X

[0033]  NIZIRMEAS SR A BIAREN A T Rd R e 7 i B 9 B o B A PR .
[0034]  An7EA U BB R A e B A, AR B W DA HE “ BRI R A0« e AR
AR (7T .

[0035]  GASCRTAE A, B 55 AL & M A5G A LA A P11 Ay 4 mT DUfE 5 38 44 FR TUPAC,
TUBMB Y CAS HEF i 4 45 o BRAE RN AR, 15 WAL BT A B FR 22 ARE B A 1
A B B S B AU — M AN SR8 I B AR A [R5 S o AR AR U B R B B (R B OR 22
KA, ¥ S 0] IEAR SO B UV 2 RiE .

[0036]  fn7E A Ut B A5 AR AR ZER A5 R B A, B0 a0 —A / Bl (@) 7RI« —AS / Ff
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(an) 7 F1“ 1% / Frik (the) ” BFEEHIITER AT G, BRAE BN SO A H# L. Bk, 4,
PRSI R IR BT AR PRI 2 B SRA E IR BT SR R S
[0037] Y AEASCHR A IR N ML) 7 — A BARKUE AT / B “ 270 — A HAR . =
RN IXFE R B, 55— 7 WA TR — A B AREUE AT / B ik o — D B AR EE . 36
LAt =B RLAE A S AT 1A “ 4 PRHAE RE NI AME R, %R g BARE T il 55— 5l o R izt
DR, RV ) S AR S 5 AT DR LR ) R TR ORI A A L. IR
GZIRMREA SR AT TARZAA, IF HER 7% {EA B 240, RN BUEAEA SIS AT N 7 47
AR I, MR NIT TE107, BABAIF T L) 107, IERZIRAE, T E PALL
) (R B A AR AT o AT, WERATF T 10 A1 15, BAMATF T 11.12.13 F 14,
[0038] WA OIS A, ARaE “ 497 A “AEBRZ)” BAR P B B E BUE T DA 5 2 AL
MR — e EE R — BRAZ IR, WA, BRAE 53 SME R BN, 75 R FRAE
B £ 10% AR . iZATE B AR IR RELfR BEBUR ZER A v Bl BUA A 25 45 SR B
Hio B, BAZ IR, B K/ A 3G S EN I BEEAREAS & H AL AR, 1hi e n] B2
MEAMELAT / BROMR S 75 22 5 KB /N, LA SRR 22 B 40 P DY 3 TN U R 22 S AR 4T
EEARN R EREER R —Boki, 8 K0 A SHEH R BURE N “ 47 5L
ALY, TR IR U IR . NOZEERAR, BRAR AN BSR4 R E B
R, S HIE AT E N EEHA S .
[0030] LA Ui ] 5 A1 A i (K BRI B R A5 P 8 K AL 5 W s e R B I R
ANZTCR B AL B R R AR AL S W B P BT e Jn s B ) A )
BERF. KL ST 2 EEMMAD XM 5 EEMKAD Y MRS, XATY BL2:5 [
5 & AT AL, I AV IZAL S 2 5 5 A7 BN 73 H LK RE I LE BIA7 AE
[0040]  BRAFFIEAA A U], ML EET S (E&%) A TEEZA 016
IR/ NPSY: &
[0041]  fUTASCHTE AT, ARVE “ I A 7 B AT et AR RE o Rk 1 SR B R AT B AR
BN, HoAZ i 45 v Bl iR A B R e AR B 1) R ep e A R AR R
[0042]  fIASCHAE AT, R “ A R 4R 2 LSS S B A I AL 2 s A D Tk
5 HA) P 5 AR )
[0043]  WIASCHTE A, “IRAE” BRI BGZ AR S 2 DA A > S . Pkt
RIS T-45 5 B R D Ee A7 o AN i 1 43 7] DA B D5 sUE AR /e — B T 2. 49
a0, AAE )G A5 A U B A5 k) mT DA T SRR AN S E A R A A
AL R0 A5 o A St U A5 AT BAAE D B Y ple SR 2 93, RAARSKIE QB mT BASR (it AE T S L R]
AT R B TLIBCR Rt h B 1 3, B DD Sk 4R 4t
[0044]  fIA SO AL, “ UL B AR A X T ulGh @ A A BB VA I SO . IX 2R
B DA U T S EMEMAS - BREE AoFRmETHEGEE (WX EESE) W
PR B T B BRI 5 58 Il R 0 228  BOR SCRFP AR AR L A DR S o i B A5 A LA
5 &R ROy B A 2 73, BLARSKOE SABR] DR SEAE T SEAL T A7 (e B
BT W3t 28 ) R P B D SR R B it o DB P ml ARG — B A X
7, H R AR AR KA
[0045] QA SCHT AT, ARG “32FE 7 0] DL T HES, Bl 2L £ 5 AT S Py ek
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PIREEN) . PR, ARSCRT AFF BT RIS E T BA A VAR A R KRB 5 HE A 48
FEE I VKRB R S . ZARTE AR R E SR B . I, B AR A
AT A2 CLEG L, Bl TR E Mk A2 — A7, 2B N LY. BE iR B
TR B BORAE (320 « REC B AR AN E R ZRAE . AT RTER 77,
ZARE OO N ENG YT 5 R v b = 1 D) e RS A OC ) — Pk 22 o IR B0 -
[0046] QAR A, ARG “YVRIT 7 2 de B G L O R ow BT 0 - s BRCAR 1 B
NE B R IRITE . iZAREEREAATT, B BARER X 268 29 s BEAR DL 80P IE 1R
I7, FF HOE A5 R MEYR T, BIER XS 25 B AH SS9 o BLR O BORRE s LR T . 7341, 1%
ARIEBFEG BVETT, BI R TH A T SRR DR AN A2 46 2 s R OB E KR T s TR
PEVRTT, ROV A spe /MBS 43 B 52 A 3 AH SS9 o BRUIR GLBIORAE (1) K & VR 9T s M SRR
YT, BV T %0 70 St o0 2538 AH 02 0 s BUIR DL BORIE I ) — R B T VAR T« fER D TT
[, Ik Ak as 52 W B AL (BN ) BFEAaT BAaRE - () TP ZmE LR LA
Ty BAZFR N H RS oA B 13238 kA s (L) #IB , BIFELE R R B (i11)
TSP, AT IR « 72— DNJ7 1, 5233 A A s i R K80, BAE S —1DT7
0, 2 E NN REZAEICBIEZR I (B, 2 05 ) WEE (B, 4 554,
R=E LS ) MSEIS S (Blan, 2N R e KBRS IR BR S SRS ) .

[0047]  ANASCHHAT A, RE“HIR; (prevent ) ” BU“FiP; (preventing) ” s FH 1L 4
THBR PS4 1R BPRAG FE L A R A, R il SR T B E . BOZIRMER 2, 7 AR S
A 9D A SRR I, BRAE 53 40 BAR U B, 5 0l B At 8 JF 1 A e AL
[0048] WIAFHEH, K& “HiHH (administering) ” A1 “JifH (administration) ” f&48
2 AR UL 25 32 AR 7% o IS TT Ve AR SR AR N 58 Pl BN 1 HLAFRH AR
T« CURE FH 28 5 it FH VR N e P 55 s it FH = 508t P B3 Ay e FH IS 508 P - PRt P
i VA it FH L R it P 5 T e P S50 it FH R B B A it P /0, 5 R S Tt P 48] s ik o T
Bk Pt A LR P e R B R e o P AT AR IR SR ER R K o AE AN T I iR AT BAYR
S YR A S B, #55E H RIE T LA IR BORIR o 7E3E— 20 19BN 5, 50 ] BAFRRE PR A
B, 48t FH BA PRI 2 o B AR

[0049]  WIARSCHTER, R “HE” 1 “HRME" 26 2 DASTIUHH R ) &5 R 808 A
HIPIREA SR E. B, W67 AR 216 2 DASCIUHE AR TT 45 R B A EE
SEREA IS, H— AR UG EARBEHRE. #2835 1 BAR G 74 207
KPR BT 2 00 R 25, AL B iR 97 I R AURE 1™ 5 s B I B iR A &9 s 3
FPVAF 0% AR B L — MRC R R IR O PR AR B s e FH A TR) 5 FH g 728 5 i A R AR AL S 90 1 e v
THE VRIT BRI ] 5 B R B AR AL G W 4 A BRI A (R 244 DA % I 2 A o 24 R0
IZRAA R 2= o 4640, ARSI AR 52 2T A6 A VIR R 2 K — UG LL SEIR B 75 V0 97 AR
T ES, I ARG Iz E B2 KR AR . AR FHE, A HFER ULa sz
MRIEH T . B, BREHE5W ] DA XN ESHLE, DM HfE. mRa
TR 2R SE , FIE ] LA R AT 5 . &R AR, IF BT AR BL— B Z AN i
A E R, 7R — REU LR . BTk AT LA 211 5C T 25 78 38 ] 10 24 it 3 >4 77 = R 45
o AHBEEATI M, fH R LLLL “TRBTA 208", RIA 2B 5k BUR R K 2 H -

[0050]  IASCH S A, “ A 5147 e T 3E4T HH DNA 285 B2EAT O PR INF e e s 97 25 B
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MIEZEERI Y. RGP LS 3 #a M 5 &a. #Hilan, 3" #iaal DAEIR K& T
53 R HmbiEE RS, B 5 #a ] LA R KEM T AL 3 R [im L
HE P YR E T .

[0051] QAR SCHATE A, o X 387 B HE A T G € A oK o (1) A 88 5 R 51 19 DNA [X B
TEFHESIIIE LT, B ] DU A7 T e i R im i (TTAGGG) n EE T3 .

[0052] QAR SCHTAE A, NP vher [X 3k i 57 T g A [ 22 R A i A (1) 55 4T it KL KT DNA [X
Bto oL X IRAs WA B m R E . /E ARG, TGAGGG A1 TCAGGG [ &2 AT LA
FEAET M smbir X 3

[0053]  dIA SC T fa T, < PR A B {HH e B 7 i DNA 58 A BE3EAT IO BEAE S 2, e Hh i s S )
P CPRESREAR =4 ) BIRAN (R BB ) J& iz s S Hh Bt FH (%) DNA 5% i1 [l A5 e it
T RN s SN 1] ) R B

[0054]  GIASCHTAE A, “HliE 770 B8 51 B — P B X B, HEANAFEAE T 0] BLAT PCR
SN R 2 DR A PP BRAFAE T PR 8 714 20kb N 5201, ZEAH BRI 5 B4 AT LA 4l
SE T, HA L E AR IR KA AL G HEh smbl 77 (HSEM5I91 3 504~
[0055]  GIASCHTfE A, “Uuathk DNA (1) G 85”7 Bfa B A 30 SR sk )8, B v
HEFF 5 -TTAGGC-3" o B, “Yeffik DNA () G &7 7] LLIs A& AR Ho e B MEsh i b (1)
(TTAGGG) KL J7- 31 T A €44 ) DNA %

[0056]  WIASCHTE A, “REM 7SR ENZ TR EA TN . —BCckul, MRS SR
R FEFR KIS 3 K amhb 5] & A . “DNA B &R B IR S TR ES. &
I DNA SR A B R R 21K ERE (Pfu) DNA R4 (Lundberg 5%, (1991) Gene 108:1)
K B T B DNA 8 4 B 1 (Lecomte Fll Doubleday (1983)Nucleic Acids Res. 11:7505) .
T7DNA % & B (Nordstrom 25 (1981) J. Biol. Chem. 256:3112) . W& #u A #4 B (Tth) DNA
4 B (Myers Fl Gelfand (1991)Biochemistry30:7661) . #& 4 5 I 2F # /F 5§ (Bacillus
stearothermophilus)DNA % & ¥ (Stenesh Fl McGowan (1977)Biochim Biophys Acta
475:32) EIEHRIR T (T11) DNA 258 ( MFRAE Vent DNA AW, Cariello &F (1991)
Nucleic Acids Res 19:4193) JHHHHMITE (Tma) DNA 4 HF (Di az A1 Sabino (1998) Braz
J.Med. Res 31:1239) FI/K AW E (Tag)DN A B4 (Chien 2%, (1976) J. Bacteoriol
127:1550) o VA Bl A AT — AN 10 58 A G 14 TT A e A 088 R 2 S i) 3 6 D5
[0057] QA SCHTAE A, « #Aa 5 T 7 DNA 286 Wi 14 72 F8 A 3 T4 201 DNA 3R A B 9 3R 44
Fa 2 R, X HOHE X #a E HAE & iRE B0 45-100°C, AL % 55-100°C .65-100 °C . 75100 °C .
85-100°C B¢ 95-100°C N & 1E A 1Y) DNA 54 B 14

[0058]  DNA 54 Wi B B 408 PR B 8 06 B3GR 1) Bl 21 19 R 0% DNA B8 770 fil 4,
DNA 54 i i B 40075 1 mT AFECKE DNA IOXURE 73 BSR4 R BE I R B R 7. AR E
S R G DNA 554 B S0 A 4 B TR 1 95 55  JR A% AR - ER AR W Bk AR T 1 B o B D
43 -phi29DNA A B Klenow DNA A exo A H W FAIE 7 ZF AIAT ) DNA KA1 (4
%N Bst exo). "Exo ” RRHRIEGARA 5 -3 SMIZEREHE . phi29DNA 51
(R I SE A5 R B AR phi29DNA RE5 /. AT AR5k 03 A3 1) B 8 B s
) DNA 584 B N A S RN 5 BT A %0, HAALRE DNA SRA B tn e PEm) 17 A8 (4 ani
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JPIE ) R DNA RGBT AT R R Bk = 7Y Klenow Jy Bt LA A Bst DNA K& R K A
B Deep VentR (exo-) o

[0059] BN, P& A7 HE B B0 PR A 0L DNA 586 I8l B 124 P i O FL AT B B TR ) DNA
RA G, AT S S A RLAY DNA 285 Bl LA A (AL 70, 450 G 4 DNA FR XUBE B2 8 7 18 B A
DNA (] BE GBS A2 € 0 B 1 LBl . X e B8 1 s an g ity . SSB SR MR BE 1, &
TR DMAE NECK B R A 0 tn 52 fl B H A7 7E . FERXRMEOL T, B BEEBm TR R &
Bt e M F B3 SR G A 5 DA AL o3 i 7 A o B B B S 1 1) SR 5 Bl P DL AT o A
FEE 1o

[0060]  ANASCHAE L, “ 31407 s A AE 5 3 55 1% R BE T AR I 51 0 e Ao 7= M 1 R ) 2% 1
I BN DY A [R] ) =T B AZ R A BT (40201, DNA SR & B Bl 46 5l ) (ARAE T
TEIE A R P A A& IR E T BB BB AE N DNA & BRI U LT R . 51 Sk
AR Z IR AT Fe 51, AR b A58 7 B A SRR R A . A T4 3025 2 257 51 1 51 MY
BT AE ARG A2 A EN I T AR T A SO 5| B SCik

[0061]  QIARSCHTfS A, ARGE “HEAR “EE 217, “EE X387 A1 “ERZIR” 2 A U I Hog fefs
37 I RS I R R F) X BT P )

[0062] WA SCHTAE AT, ARG “2% 287 & 45 P> B BE A% IR FH T T Bl 5 TC o) 17 R B OUU R
B o F AT AT LAAE 58 4 TN A% PR B & 1) BUAE 25 A /D B3URS G X I 0 “ R AR B B b7 1Y
RIRBE A A B 1F R 584 AN IR BE A 43 R AT HI R A RAE TP A% 2R A8 56 5%
fE7 B Fr B R R R A8 A7 KR B AN 7 51 B S 58 XU E P DA ZE AN K™ K 1 2%
AZEAT N SEF 5] DAL R 22 AT AT SR A R AR R R RO R . I BB AR AU Y
TR N AT DANR 4l B A 0 P e 11 1 45 3 FE 2 B0 0 E XAUIR e RS 2 T, R B IE BIF 2 A&
A0, 5451 G 5 A T Y A R AR S h 2L ol 1 i RN RS B e B R AR R (2 A
Sambrook Z&, (1989)Molecular Cloning—A Laboratory Manual (Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y.) ;f1Wetmur (1991)Critical Review in Biochem.
and Mol.Biol. 26 (3/4) : 227-259, ‘B A1 1¥ it 51 F H AASCH ) o

[0063]  ATE “ I S e A5 T BUR AL IR Fr 51 1 $5 DU 0 s -5 BUS AR AZ IR 1% S 1
FEATAR 2 OBE, AL GBS E o

[0064]  RABERESS. (PCR) A& fu VR BURE DNA 73 1 DNA [ 91 () F5 50 19 16 U7
%o PCR F AL —XF 514, B A5 DNA R sk B b 0B — 2% BROIRE P2 oAb, 1KLL
Yl DNA JRG B, 4948 DU TR 8 PP A Rl 7ETE X Bk DS, AT BAR A A )
H 514, AMUE R input DNABER) 55— 48 DL, 1y LB RAE 58 — %0 & P i i) R 48 DU #5
Do X FEOSES I . KO HEEAERE— R0 1 R bR S 2 D23 1 XUE DNA (79 568,
P UA— B K T MAKAENATE (Thermus aquaticus) (—FEH K A K
AT ) 4388 tH G E T DNA B E R (Tag BAEE ) sBIILA T LAY P ImA#
W EE. /5T (R8N 40) 30105, 8 PCR W Bl Embl o #r B2
JE DA TR AL 258 S RGN

[0065]  WIiZFEfE, L PCR ( MFRAE € & 5L} PCR (RT-PCR) ) « 5& & PCR (Q-PCR/qPCR) B3]
ARG SN 5T PCR RUSEIR =HOR, H T4 B A [A I 2 &4 DNA 73+ qPCR Ru¥F
LI TE B DNA REAS % 8 e 81 (VR 98 DU 4680 208 24 H— 4K 2 DNA input BRHE N
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— A IEF AR AR E )

[0066] A SR E AT, WIS 75 208 FA% 0 S A A N 5 3 2 R SRR IR R4S, W
G EL VAT R PR JEE, ARSI - bREEXUE SRR E TR T ARSI S A R
IRATART FE 8 3 1) 2 [0 TR Js R 00 e PR A 2k UL 5 | ok S 1 51 LA e S Pk o AR AR
N SRR B 58P DR 25 18 G 3k 2% 11 DA B 51 40 A0 B A AL R RN B TR 1 67 505 52 T 51 0 P e
Y, I BAE K 2 BUE Ol 48 75 ZE 5 e = M R S0 i e . T LLERER IR E
B BT R 8 SR BE ) 28 A2 265 o DRI, 7038 22 7™ A% (00 4 18 45 T o FH S S Pk 5 4
1R AT B SR 5| S A L S TR LS B 3 B (V) R S PR3 o AR e A s e e B A A
B e A TANK G D45 A0 5 (K S L 0 PP 51 () S P 3

[0067]  HWIASCHTEA, “ H AN A& fe —MZIR o+ 1] DUl AAMZ H BUZ IR 2 M 1% 4
[FIIRAR - FLE 3 (Watson—Crick) BRAEEX BLH & AR SRR I (#1111, Hoogsteen BX
i) Hoogsteen 884 A ) 5 — R oA

[0068]  {EATIH A RLOIZERAE, IR 7 T A 75 B 5 e e M A S (MR AZ R 7 51 100 % TR
BF, BN BCZ AMZ R 71 1] AN T 58 A AN B AT LS 5 — R o+ T8 BSR4
TR T A AR R B, R E RS A 10 MZ TR S RS+
BA 10 MEZHR, WE-— R 5 M R 5 A1 5.6.7.8.9 B 10 M BR 1975
FEFEXF 43 8 50 %460 % .70% .80 % <90 % F1 100 % HI LM, “ 58387 B “ 5842 ” AN
BIRSFERETPE - ZR S F A ELRER S RS+ A R =R %S
WRALE S A IR, Hh ML R - B A M FEE TR (R0, BAMEFEKE) 30
Mo+ EARFKE.

[0069]  ANASCHAT AL, ARG “HEFr R by 38 7 RIRARET I R ZIR T ZIR Y3, X 2 H T
T 5 AR A 7 50 458 HARJEAE R S PR IR T8 51405 ARS8 5 51 (1) 44 8 45 PR
P “AEfp R as” B 5 TR RRIR S AR A% B T 35 25 A4 3 ] 3

[0070]  GHARSCHTAE AT, ARG “ 519 —RAR 7 2 fR SR R AR R R e B, RS B
VT Hod 5 — B E AR () G o S 5 W) SRAR A2 S I TN 51 1 £ B A4 B
TRAK B IEAFAE L TN B AR . ARTE <S4 AR AR A S g — S A Rk
F5 SARAR TE O AERE e B =

[0071]  SIASCHTE A, RAE “ SRLVREW” A& 8 & A AT 45 58 ORI 0 75 1) VA WL«
“P IR RIREY” e fa & A AT Y 1 RN BT 06 75 A VA, HOl S T A S SR
W S AZ R 5 AT DNA SRS BOE NG . “PCR SRS 7@ % &8 T &g i
FIZH R TP DNA R AR (B 808 1 DNA RA 18 ) L dNTP M i @ fHES . 10
RSB G & A I BLBR AT BT 75 R BTG 0, MIAR 2 A e 4 IR BUIR A4, HLan i
B REH U TR —55, MR A TE AR R BIR A . AU AN FOG AR, N4
NI R B AR, EAS B S B A4, NI T AR e PR U
MRYE R AT A, H M0 R B AT A AR R e I NIR 57 - B4, AU,
RN G ERAR, OS2 58 7 v A i 2 R H AT A R R BT P A R B 4 1
A48, HAFERAFWEHH TV

[0072] 1. B|&

[0073]  ARAFFHEAE T F T 00 e AT A o (10 S s O = 5 1) B RN o ) 3K 8 1R
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SE (8 RE = AT FUSCR I 7 VAR ) 3% S8 T n s s /s s 4 5 L AT Ib 3 fom s sk 2>
JE , R S 20 ) ik 2D B 0 A SRR BRAE TR RS o T 728 A B FE T K
Ja P kL (B, B A s A K T — @ KB, B 046 T4 5kbp) BB tafd = AL etk
BRI DU R A o 12200 58 P DA T 3R 7n — SR AR v 10 4 v b R0 A 32 B, B0 5 ] DA
Ak SR S R R I DA AR R R 4B T 3 L

[0074]  FE—ANTJ7 i, PSR b P =F JE N L AR A DR D RAFE{E A
TH 5] ) MU G i A4 DNA AR A2 R SEMR =4 . SEMSI W0 3 Kim B Sk 6 84
b E P B EANK R R, B 5 R B “HliE” P A iy s, ie 5| iE T 5 R
A YL AR ) 3 G H R R R B A, HRI 57 - B T AR 51 R BE S Y PCR %
o A PR REA SR = AR GEA A BT A S RS BR R 5 DR b e T DA T R A
AN It e A B AT = o DRI R A= ) BR A 1T, BT DA A R A A 2 08 5 1 e i v
LEAH A b X 3. 58 D BRARR AL A =447 34 DO s 5 F1 A 52 )2 51 R BP0

[0075] W] LA I 28/ = FiAS [ 1) 07 325 R At B0 B PR 1) e IR [ 7= A= R e AF P ) (R K B
(a) WL HE B AR A (R) FeLLIEMIS 7] 5 (b) It 7E DNA EDZEEERS (Southern gel)
43T PCR =B RN s AT (¢) a7 43 AT 41 TTAGGG X 3B RN o 7 T732:52 B B
HA DNA AT AR P 1K B8 7 A PR 1

[0076] PRI SALEAR S B A2 BRI 1 5 Fr A St Kot 13 B0 45 (A7 A0 TR 1 I 1 % 8 7 ) S £ 7
Pirp FLrp AN 37 G F B A 5| A 2 A2 (A B B IV e A X 3k P B2 S A S e ) T Y
W o e K EVE A B2 22 0 Mol A O BT . 91, K B3 [ mT DAJE: e %2 9 il
SE K (T o 7EHE R 5T, 3 R A8 R R IR B, 1 G e 2 Dy kb 7R S 5T, K
JEE S R T T B (KB o TR, 90 30, 7 L i R P AN K T R s i A B () e A
(Han, BA b Qe tadd ) o, BRI G A s MERE AT 5] A0 A 1 22 e AR B I s R [X 8o
Horpm A P T T A B I e dd (o, AT Ko i e Eudds ) o, BRI SE o e B
WA H 5 ) I 22 G A (1) S v bor X 3k, FL B ™= AN A 58 — 4 3D SR B b 75 1
RORLT B o DRI, T DA A =4 R T A DAL Ok L B 3 T — 58 K/ B o bar (1) G £
s LT 3 o W0 S R A G Akb, D) S {7 460, K5 48] L vk A kb 3kb 2kbs
kb ZEH=H) o

[0077] 4 A T4 35 LA siksr J3° B0 R 58 17 B0 R 500 7 2 ) — X 358 51 0 ke 36 4E
=Pt A 38 B P S PP B PO A 7= . S 2 M EL AT T PR S S K ) o R )
et ik (B B A R g Ak ) AR IE R =) BRI, SEAR = AN R R A
Lt 1) A AL FIAT 3G AN AR BB AS KT8 R B bar () G €A (1) v bt /7 31 97
B o XM R A AR S A R AR SR A s I A SRR T SO A kg
W=7 I AR PCR & 1Y D SR 3 A R A e A (7], J b gt — 0 B S . XA IR
SEAHER V] (1) PCR 22 3R DR] St 354 0 5 1 e S Pk AN A7 38 St e R T A

[0078]  PRAK b4 3 7™ 1) o i o bor S 1) ) BCE PR AE AR S R A IR AR A PR A s b =
FE” SO bR SCRRAE “ R £ 27, B smbc 434 7= 1) v 0o b 7 31 1) = B T Asd ek A
T S KT B B R B R B R AT R =

[0079]  ARAFFTTIEFF G T AU DNA, 1 4 T~ H R SRR B G Ak o A1 I & i R 7 )
(b ik, Bk UG, X8 F qPCR, 7] DA R 3Rk B B A8 PR R O RE AR
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[oogo] 2. [RA¥mkiy 3G

[0081] 2.1 FER

[0082]  RARMUFEIRAS T I GL i A DNA W] LA A 2 I [ 4S  tA4k  ~F A BB RE AR,
A5 400 VR A 2L 230 B LY TRV R VR I3 L ML Y « CSF S8 I VO e e 5 A [ A 4 1 i
QI VLR B2 IR s AP [ AR 2 2303 0B 5 DA SN SRR AT Qe SRR AR . G ik DNA
RE PR EYETT LR B AT 3 RGN ORI ATV . 7] DME AT ™ A 4
= K4 DNA (KT 20kb) [BI4TAAT DNA 4l A6 77 5B 48 2Rty / S0 A5 B S S 0 5 AT 3
PR R B 25 A B AR 7o ik ) 8 e R P e % R A 5 DNA WL 7 V2 R SRAF AR AR XU e (A
DNA . DNA 45 Ak T 77 & i S2 491 £0. 45 Agencourt DNAdvance fl Agencourt Genfind (Beckman
Coulter) . QTAamp 7 & (QTAGEN, Valencia, California) . QTAamp M7 & (QTAGEN) |
QIAamp FFPE ZHZUA55) & QIAGEN) | AHPrep 7% (QIAGEN) | Puregene ijfll& (QIAGEN) .
PurelLink #11 GeneCatcher (Invitrogen) Fl Wizard (Promega) »

[0083]  FHTANFFH T BIREART] DL HA 37 A v S8R H AT 2 (K12 DNA. 7R3
BT, REAALAE 2 B R DR ZH DNA (9, >20kb) o W RLE A P2 AR v o B R AR 4
DNA [RATAT 5k

[o084]  FEH A umbi I REEGL tafkrh, B S AmpEE PN 3 Rim ( “3 KH”) 1)
B DNA FE LB HH B A 5 Rum BCN BBEE R Rim. HA 3 R mbL 8 FRE “G
w7, HAfmbiEE 7 5] 5 -TTACGC-3" o [FIFHES N H A R HEL, M2 46 TAH [
FEF S AN R 5, Bl BAr Can, XYZ YZXS ZXY ik YXZ) RS 3030 i R B HE )
45 5 -TAGGGCT-3" 5" —AGGGTT-3" .5" —GGGTTA-3" .5’ —GGTTAG-3" F11 5" -GTTAGG-3" . H A
5 Rum I EEAFRAE “C 857 HAfiumbi EE 77 5 -CCCTAA-3 .

[0085] iy L [ K B AT DA 2 48] DA % 8 A (1) 2R S 2 I v R X3 1D R S, 491 0 DA T Bk
Fevto AE IR BN B 4H M, AL A E AT BLAE /T 1kb 2 12kb BUAE — 2815 40 T
%2 >20kb {0 Bl Ao O 0 o Rz A B AE AN R 4 B SR A i o B AN IR (Lin 4%, JImmunol
Methods, 2010, 31:352 (1-2) : 71-80) o tHT-3X £ Ji [A], 7 s R AF A4 114 ] FH A 8 51 6l 22 T 1l PR
ROHTTLAET Z 1. DRk, 72 REEET7 1, 50 vm b B A ANk 29 5kb AT 4kb AN TS 3kbs
ANERLE 2kb AR Tkb BEASKEILEZ) 0. 5kb [ JE o AN FF 57 7T DABE L B R A i 2
TX LK R A — AN R b

[0086] i ™ ] LA M B — iz, R — Ge 4R Y5 3 SN e R B AR B B 2
A2 0 ) S AR TR AR AR B

[0087] 2.2 FEARIEfHFEY)

[0088]  FEALAH Wi HR, FEIR K A&AF T AT 51 45 XUFE G Eufk DNA |19 37 SEHHR K. & 1R
KEGFAF AR GUIRE AN 5 OA0, W W8 T4 S IR UL T RE A B)CH T PCR [ &4
IBKEA . WRFAMOFEHEARTAMME T T 65°CTIHE 10 4080 HARJE FI 1 /N
A E E 2 . HE & T LAV FEAE M 37°C & 65°C i N KRS TS 5 480 % 30 4>
B HAR G A 1 /N2 3 /NI R T4 B =i

[0089]  2.2.1 ZEAHF|H

[0090]  SEAGIMELE 3 FAAI 5 F .

[0091] 2.2.1.1 3" &4
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[0092] 3’ Hi HAE T 5imbiy 6 B i imb 2 PP 2. 3 & ke 3
Al LA vk A AR, BCE e R DA R B R, R B SR e VR AR AR KA
AT T S e A ) A BT o g, 37 4 n] LR vk S e A1) (B, sk f) C BERY
FA) 2D 8 MEBZTH IR L% T L] UL w2 8 KA RS 7 e fEHE
J7U, 3 FB 4 17 A AT LLRA vkl B R P B ) 2D 9 MEEEZ IR B0 10 MESAZ I
2011 NMEEZTREE D 12 MESZ TR . AHETm, 3 #9075 e LEA 24
I FEFHEF PR A B A EA B A B AN B2 A vk B 2 5T

[0093] 2.2.1.1 5 #4y

[0094]  ZEMHFIMINT 5 F4 ( NWRAE “HiEITA”) WELE AR KFM T AL G #H
A EEFY] (5 3 MRRAS) FA8. Pl 8w P IR KFAF T AS G BER I b
o DX 3 ) P B 222 o 58 P AR P DAL B AN 5 G BERY 37 S IR 3 1) 10kb 14 L 20kb
P B 50kb P IEE G B AT 7 51 B G A vh RATEAT B — P P 2R 58 o 58 7 21 ] DA BT
B UMERE BIAMEA S GL AR 1 C B I s X SBERO v b [X 38 AT ART 2 31 Bl Rz 1) C B
A 10kb P 20kb A BE 50kb N FATART 2 1 2 A2 451120, 58 58 e 51 AT RA& AR AL Ml e i
HOR I B — 73

[0095]  2.2.2 ZEfH N

[0096] 74 LEAH 5] 45 Gy fufd DNA B K 5, ] A 55 B i MR / 8O BR s 1k
[5G B AT A S B o 3 B R A R S R AR T 17 B4AE (1, WFEs) oK
WrkT i DNA BE B T BI4MNIZ R 6E = Y Klenow FEX LA S Bst DNA & K B Deep
VentR (exo )« 534, i n] UMT A 5 -3 AMUIRZ B BEE T 1 2R A5 1

[0097]  SEAH S B AE PRI KT o B, 0 VRS S N AT T00E 2 IS 8] o I TR AR AR v ofe ™ A L
A A TIUE AL - B A 7 o BT LA 2858 5178 58 I 26 A0 S S I sE A T3
Tk B B A AT A R TRD, AP AR TS K R R RE A e I T AR R & A RS
Pl ) A e 22 2 R O 284 U o , HLAE A IR 22 m] DA T H B3R A5 B 75 A4 ™= 4 B o 75 (1) U A
). SRS T RIS AR

[0098]
DNA 48 bR R Sk
Klenaw 13.5 4~4% F R /A Maier B: Bensimon D ## Croquette
V. Proc Natl Acad Sci USA.(2000)
2497(22):12002-7. ’
T7 75.9 NSRRI Tanner, N. A5 Nuc. Acids
Res.(2009) 37, 27.
Tagq -
35-100 P2 FBAY(75°C)  Wittwer, C.T.#= Garling, D.J.,
0.9-2.55 4% F8/47(37°C) BioTechniques (1991) 10(1), 76-83.
phizs 25 LB Blanco, F.5 J Biol Chem (1989)
264,8935-8940
Bst 50-100 A4 FE/A) New England Biolabs

[0099]  * FEAHRSE k46 B &M T AE LT E B bR B 44T

[0100]  JEIcd ¥ B B B0 N S 27 H SRR SE M S B2 51 R o s 87 I DA el g e 2 5 B T

80°C Fik 20 4 Bh @ I EDTA {51k, Ak, ] DL £F 5 AR 58 v a5 o 25°C B¢
20
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30°CTI B kEh (JREEBE ) L. a0, # 8 5 R A BN R L 37°C T BRI R
NZ) 28bp/ #Po £E 30°CT, HET DNA BIZE o3 A, X B 222918 3 % . 7E 37°CT, WPl m]
DA 30 P INZ) 1kb 1 738 N2 2kb. 3 381 N £ Bkb LA 5 738 N 2 8kb IREAH ™4 H]
FH & Bl 3R 18 28 G0 AT 25 PR AR T AR T B2 RS A= ) i e 5 () I 1) 22 4 ] DU AR 2 5
S 5E , i, AT DASE Ja AT AL i) 2 S A6 AT DNA BV 328 43 B AR A A ) o ATt , SaEfif
SN AT L B AR 30 48 ASEERE 10 80 AR 5 R AHELRE 4 48R AR 3
e ASEETE 2 A Bh AN 1 AR BRI 30 B

[0101] 2.3 3 M

[0102]  #RJ5 45 anid st PCR 4738 BRIN Qe A =y () 7 31 o 50 B AR Uk, 3738 — 1 DL 52 1
FIRFH S — ML s b E F R AP 5 . 514m] DU e AN B R A H5 L7710, R 2
ERFEHIER (8 P8Rk g ) AR KR REHERTT

[0103] 452 JP AR LLAR b . FEFELS TS I , 48 58 7 21 2 4 I =2 v bor B0 1 AR A 1) 2 AT 40
HANAEAE IR S PR e 2, B G0 SR A DAL A AR (1) ) b v R IR T i 7 3, U SR 1% 5 31 B
AL E SUS FEA, HATY AT DA ad IR, AT A3 AE PCR 25 BRI [RI B T i bt 8 12 J7 3] -5 o oL
SUS [P HZ A LAARAS A4 38

[0104]  ffAk PCR 2514 LA A B AR R A A PR B o 3T AE DNA EIE FAer 25 7 ) 73 AT LARF R AT
6 S L R TR K /NG L AR R FSE 5 PCR S5 A PR A 1]

[0105]  FHT- A FH B 773 R 0 3 RL 51 07T LA 23 78 Br B BOK 2 B (AR R I G %%
RS, B nsm R B AR R (TGAGGE) 5 ; (Xu FTBlackburn, Mol. Cell, 28:315-327, 2007)
o (TTGGGG), ((Allshire %F, Nucleic Acid Research, 17:4611-4627, 1989) B%
(TCAGGG) , ¢ Baird %%, EMBO J., 14(21) :5433-5443, 1995) . 8% &, W i ki 5| 4 7] DA
T AEHF 8 B AR BRI X B, 9 A T Xu 5 R XpYpE2 51 4 (B° —GTTGTCTC
AGGGTCCTAGTG-3" [SEQ ID NO:1]) (Xu #1 Blackburn, Mol Cell, 28:315-327, 2007) o 7E—4
77 W B3 b7 B B G EHE LA T %3, B AR B BT B AT T4

[0106] 5" —GATGGATCCTGAGGGTGAGGGTGAGGG—3" [SEQ ID NO:2]

[0107] 5" —CGGGCCGGCTGAGGGTACCGCGA-3" [SEQ ID NO:10] ( Zethfk 1)

[0108] 5" —GCTAATGCACTCCCTCAATAC-3’ [SEQ ID NO:11] ( Heftik 5)

[0109] 5 —CATTCCTAATGCACACATGATACC-3’ [SEQ ID NO:12] ( #Lffi4k 9)

[o110] T AR AFF I TTIEAEAE N B AE YR iz F e smbr U 8 I, BT DA T AR A
FERH 7 H B kL 5 s e e 8 . ambr 5| M e B R 5 B 3 S B EAHTC -
[o111]  F 3G W5 B AE — e K REVE A v ks 3 B 2 AR IR A, B ABLFE KT
B BT Rk, Brid AR AT DO G B BB AR AR B B R T I R R sm b i e
NS

[0112] AT AAESEA Sz S A2 B A48 FH T 1] B At S B2 X028 (1) PR RO R 97 % A 0T RE
B AT BA e — v A P36 51 40 Z0 AL HAG 3R e B ) G B 37 5% (BURE DNA . V. S A
TV 7 B AN s AL B 2 8] AT DA — B AR s BT 31 o — B SEFE 31 AT DA 45 30 hTERT
PRI RNA Bl P JEDR . AT DA JE T Tagman A0 2 005 4 X012 P4 00 0T B ) S 4ot s 2 1) 2028
DLy & 01 hTERT ZE [ B RNA i P 2 (A

[0113] 3. W&y AL 7%

21
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[o114]  F T U0 E A0 5 dwobs 37 B A AR v 1 v A0 = B2 AR AR 7392349 AT A T30 & BR K g
PAA = NG EE Y A o -3
[0115]  wiphir == 55 (1) 5 AT DA 4005 BRI A 1) o s = 88 1) 0 0] PR /60, 458 461 il o491 G
FHFER (185 B T & 1 32 DR 4w bor e 20 A T o B30 3, S b =R A T S B ok
MER o wrpbLFE B B AT DU U 5 A i = AR )45 5 58 R & . AT DL AME 5 0
HHE PSR ARG SRR MG 5 0m8 m DU B bR AEAL Tk 1
H ﬁ@%mﬁ&TuEE%%EW%Z@ﬁﬁwﬁ.ﬁmrTH%Lﬁ#W%ﬁﬁﬂ%
AR S T 5 I S BT B BT A S S LR i R AR U N B - 2Rk
R — ﬂ%~lﬁ:%%@m%%Eﬁ%%%»ﬂﬂ?ﬂ%%%?ﬂMMHﬁﬁTumm
LR, XA UL T b b 7 51 =6 S = i 45 51
[o116] 7R & U7 1H, W5 50 vm A = 5 = 8 5 B i = A LU e b =F ] DLIE R 8%
B S SR 38 s R R () S e ) R B S R 35 1 R SR 7, 695, 904 45 (Cawthon) Al
Lin % (Lin %,2010, 352 (1-2) : 71-80) HH FT## ) qPCR vk E . S 7 I 5 5 v i 1)
H 4 b, AT AN 58 55 v R 5 S v R I LU 26 4 0, ] DA S5 sk 0 1045 A 5 B o DA e Rr
MERESIRE.
[0117] 3.1 gPCR
[0118] — Fh & & 5 ww A F B 1 7 £ & F = PCR, #1 Cawthon (Nucleic.
Acids Res.,2002,30(10):e47; % EH % F| F 7,695,904 5 ;Lin %, J. Immunol.
Methods, 2010, 352 (1-2) : 71-80) Y Cawthon 2009 (Nucleic Acids Res. 200937 (3):e21.)
H TR IR
[0119]  FEAS /A FF o AT DA A AR Ak mb 2060 140 45 b g 426 o0 I 52~ 2y Ao K T B8 o 2 % o
fLide s, @ Cawthon (Nucleic. Acids Res., 2002, 30 (10) :e47 ;£ EH L F|5E 7, 695, 904 5 )
R A St i K A I P2 4, R P SE I 30 8 B R A R EE UK S (gPCR) o IX P72 2
i8] B 19 L 70 R K B DNA BEZR [ HRE &7 i S AR PR, gPCR J5 AT FHARIE 2 B = AR (R 5% 6 1)
ﬁmmﬁﬁ%&%mn%%ﬁ&fﬁﬁﬁﬁﬁﬂh@ﬁ%ﬁﬁmEm?iAﬁﬁﬂ%mHR
PR BRI R A . X RS GHRE 7R 4 A 2 O0UEE DNA 44k (40, SYBR Green BY
R EE ) 8P H R S EIREN (B, 9F{54s (Molecular Beacons) B TAQMAN #R%l ) o
o, v DU# A FH Cawthon (Nucleic Acids Res. 2009, 37 (3) :e21) AR ) qPCR 1. i%
TERVEHZ EY I (multiplexing) (AL Mufhi i & N & £ JE A2 H s DU N
I SRS (1SRG IAET ) WIS BAREAR 1) T/S L
[0120]  FEAR A FFI J7 i, 5 F A E 5 ) v k2P 31 (TTAGGG) 2 A 45 7 M 1 5] P 4R
o BIRIR/ANA] BA— M AE 5 A& 500 N Z T BRI E 2 W A8 4L, AT 10 5 100 M
TR, /0T 12405 76 MR, BT 16 A2 50 MZ R 2 W), X Bk T H
@ BT R R R . AEAR AT, — AN T3 TR S SR R B B BB AR AL
(55— 519 LA S 5 8 s ks PP B ) 58 SRR 2R A B AR 51, S S BE RS B KA
RN AEIXAN T, 0, w] DA A B DA 2R B S A stel 1 (57 -GGTTTTTGAGG
GTGAGGGTGAGGGTGAGGG TGAGGGT-3") [SEQ ID NO:3] #1 tel2(5 —TCCCGACTATCCCTATCCC
TATCCCTATCCCTATCCCTA-3") [SEQ ID NO:4]. £E— N7, X5 ¥ e b— Mo &%
o> — N PR B IR KRS BR TR S, IX A4S 2 5 A% I R AC ), 7E U 1R AR S 5 — B
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3 R HIRLIE AT, £ 3 RimiZ B R A7 AL TC 2 PRS0 58 & B sE AT 1
FH 3Lt R 1] = 0 A T RS P S A S S o AE IR AN J D, 4516, T DAASE FH ER DA 2 A eox 51
24 :tel 1b 5 —CGGTTTGTTTGGGTTTGGGTTTGGG TTTGGGTTTGGGTT-3" [SEQ ID No. :5] ;Hl tel
2b 5" =GGCTTGCCT TACCCTTACCCTTACCCTTACCCTTACCCT-3’ [SEQ ID No. :6]. 7E%5—J7 1,
ol tur, AT AE FH EH DA AR R 54 stelg 57 —ACACT  AAGGTTTGGGTTTGGGTTTGGGTTT
GGGTTAGTGT-3" [SEQ ID N o.:13] ; Ml telc 5 ~TGTTAGGTATCCCTATCCCTATCCCTATCCCTATC
CCTAACA-3’ [SEQ TD No. :14] o AUHEAN ZRLZ T, FEA A Al DCR A H e KA b
AN B2 . ISR SRR T3 [ LR 55 7, 695, 904 5 (Cawthon 5§ ) 1,

[0121]  ARAE ARG A FN R R BATY SN F T PCR BURE P4 2 8 FH AN ik
(Z WL 13E [ L R 55 4, 683, 195 11 4, 683,202 5 ) o fA] LB, XUBESEAZ IR — S il it 72
e B DAE X Be R MR R R B AR M, SRS E I ESIMINAAAE NI A, KRS
FRERERZIR R AT (AB2K ) o DNA SR B IEMIAR ST I 51, AT P AR AL IR O BT 45 DL (8 S
FURHEAE M, I HE G &AM 58, ke T BAMESER 55 51 WIAAAE N I 2
ATAZ M IR KIS 20 B8, A5 A 51 ) L B A S A B AR 07 S 3 o 51 s o0 R et
()RR s B e T3R5 Bl 1 30 SRR R K ST A T I 5 3. se 7 34
IR T 1 S 2 A BRI EE R DO T A3 . RSURECAR N R ROZ M, R AT A
AR BT S R T L RS L 2 i SR AR R A R AR AL T R

[0122] i A SR 240 B0 5 VoA WU A 23 B 47 B B 7 o 43897 PPl AAE 73 B A/ B
AL = E N EA A, B I B & 1 S S T B Ak A o X TR Sk 3
AT DU 56 ek &0 A FVRAK 2888 SYBR Green, BB 5 bR 10 I AZ FRIFET 24 22 K (1]
B e ). BOE, R 1 SOV RS AR IC I B W EhR 0 A% B R ALY . P
RFR AL FE AR AT LA I S 43, AL 4R D AR B PERRAL AR IC BA S A AR I i AR
V)R B = °F (digoxigenin) .

[0123]  3& T #E 4T A& 2 JF 1 oPCR ¢ B2 {9 4% &% 7T 3K 5 VF 2 7 Mk R U5 (ABT Prism
7700, Applied Biosystems, Carlshad, CA ;LIGHTCYCLER 480, Roche Applied
Science, Indianapolis, IN ;Eco Real-Time PCR System, I1lumina, Inc., San Diego, CA ;
RoboCycler 40, Stratagene, Cedar Creek, TX) o

[0124] 48 A SKIN 8 & PCR KA il A I &4 3 7™ M, 5 BBk Akt S A b (1 5
sk E o (I, Z W ABT Prism 7700 BAFARAS 1.7 ;Lighteycler BATMUA 3) o E &
A LB B AT BT C 045 DU s A% IR A PR AEASE AR LA A AR HERT BIAE 45 (C) i) 3
A RIARHE T 2 o — R UL, CoA2 PCR TEIAELHR 73 PCR AR, Horh 43 =7 AR IO
TELETETMRE.

[o125] 3.2 HEhiE

[0126] SR E 914 S B 1) 96 AL 1) = 2 AT DA I AR S50 A i e ikl & . i3y
EAFE AR T ERAZER I 7 A1 DNA BRIE, DL KB o R R BORk 4% P78 28 A2 AT PCR.
[0127]  FEA R e Al DR AL AT B4 00 5E 70 38 B DNA op (O A R Fe 31 B AR B AR 1
W, 2 0L :“DNA Sequencing, ” The Encyclopedia of Molecular Biology, J. Kendrew s
#,Blackwell Science Ltd.,Oxford, UK, 1995, 5 283-286 T, ekl - &b+ H sl e
AR B F T2 ( “DNA Sequencing”, Lab Manager, £F Ji4E/ URL labmanager.
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com/ ? articles.view/articleNo/3364/article/DNA-Sequencing F ). H zh 1L M
WA B I Hon] DA 5 1 4 Applied Biosystems. Roche Applied Science fll
I1lumina Inc. AT —HIE T DNA REA 751, S8 Ja B R4 — i R s R A R F7
F) (TTAGGG) ()45 NH AT THEL. AR QI B IZ M V2 il BRI & v ks e 1 FR AL 1 48 %) iy
W&,

[0128]  FEAAFFHIER LAFIAH DNA BIZE (Southern, E. M., J. Mol. Biol., 1975, 98 (3) : 503
~517) DL i A6 A S5 R AZ R B (TTAGGG) R B A7 76 KM E s b . fEA A
FE b, A o R il 1 7 BE (TFR)DNA BVl 4H A 17 8 i W Kk 43 B85 159 DNA v B2 1% 22 D8 JIi,
BB 5% (TTAGGG) J7 71 B A Hr 7t 11 1 48 B 2 A8 Sk Aar il iX 28 v Bt (Allshire, R.
C. %, Nucleic Acids Res., 1989, 17,4611-4627) . KR4 B A 5 %5k 5 71 T 4M (1)
FEF e T ART R, B AR B AT IO PEAR IR BOH Ot R BB S B R R IN AR 25 . RS,
A LAE & P47 AE BT8R PR BRSO () & DAAF B A b i 9 R = B2 M. Kimura 5§ (Nature
Protocols, 2010, 5: 1596-1607) i 1 —Fft H] I & s hir 1< B ¥ =4 DNA ETIZERE ) o
[0120]  DNA EJ1E ) A2 Y A0, 455 it il B 1R B e 4% B 3%, i DNA A DY B i B 4 b T
Ji b, BRI 5 X (TTAGGG) Fr 7l BA i S PR AR B R 2 kAl Bt (Kimura MoAviv A,
Nucleic Acids Res., 2011, 39(12) :e84. doi:10. 1093/nar/gkr235. Epub 2011Apr 27).
[0130]  FEARAFFHY B3R [, 56T LU R HAL (RFU) Rl & . 4/E 408 Nt
A5 FH L KT 43 B8 B RR0 B BOG IR I 2 i A I o 1, {8 F s R A L (CCD) %)
KAl Rt THEAAE I E SR, A8 BN B s 2 AL AR 3 B KT I 5 2 R
BRI EE B K/ ( “Relative fluorescence unit (RFU)”, DNA. gov:Glossary, 2011 4F 4
H, JiZEM URL dna. gov/glossary/) »

[0131]  A] LA A DNA I J5 vk I & sk = B2 I & o IS U7V ] DA BOns A5 v At
B BRI 7 BEAT I LA SN 58 b B B DNA I 5 6 ] A G AR AT
LI 732, B4 an 22 S iy e 325, W 0 Sanger Wl 7 B Maxam  Gilbert /5 5 BA
SOB— AP 7732, 1w WE RN 7 GRS e AR BRI e B R AR T BRI 7 (superpyro
sequencing) I Izt 5T A PR WU T8 Ik s B R B A3 B . 38 AT DA I G #F PCR
R & AT vk F . R & A FRE AN T £ PCR, 454545 201 RAINDROP %5 PCR
% 4t (Raindance Technologies,Billerica, Massachusetts) B¢ QX200DROPLET DIGITAL
PCR % 4t (Bio—Rad Laboratories, Hercules, California). 1 ¥t 4& %1 5% PCR(Fluidigm
Corporation, South San Francisco, California) B% OPENARRAY £ i5f PCR & 4t (Thermo
Fisher Scientific, Inc., Waltham, Massachussetts fJ APPLIED BIOSYSTEMS #5171 ) » 7£5%
AN 7 T 5 SR A = R AT DA I A T ) AR S BRI &, 49 T B L g A SR TR RS T
V11 NCOUNTER 3 #7 54t (Nanostring Technologies, Seattle, Washington) »

[0132] 4. Wifl&

[0133]  ANHIBHEAE T A HT AN 7720 a5 & el & ml LR A A H )
SEAH G| 0 LA S 5 v Rt s 270 B A 5| 0 K 5 P B KD M R A8 I3 51 . B, AT
&R DL A QTS 51— 4 88 514, ik 4 38 51 s T4 39 A% 1R vh DAL s
FURIE A 5 Py ()8 8 7 51 R A e B o ) SR LSS S M g | s as M S a8
B B — DB 53— A o BT S AT DAL HE T 51 e 1 iR A T R

24



CN 105283559 A it BB 19/28

P14 AT PCR B9 o & vl DL B CAE R A AT S B A AR R L8751,
WA SRR MBI A — X IG5, 765851, B 51 A FEFEIR K4 5 XU Y
44 DNA 1) 37 St s b E B P B A A8 1) 37 348, LA JAS 5 B b BT S A [X 338+ ()
FIZAZH 5 4 E TR

[0134] 5. Euiphi = J& | J b =F B A g A = J32 11 A8 A 38 R vt R = 119 A8 AL 238 A0 2 (1)
R

[0135]  —fBeok it 5ok = 5 AT DR IR DR JE e O3 FH A ST T i (49~F 5 s R 5 (1)
= AORHES . SR, a0 B RTINS, B MR 2R B A LG T D0 &1 2 v b K R BT 4 R A B )
A 2, I R v = RN B v R AR ZE T DU IR IR AR XA 3 (a5
BAE T KU ) (5 R g HL ] B8 SE AR TN FE b o DRI b, B ) A R ORT M A b U & 5 vy
Ri )T . CAWIE TSR AZE & S EUR 413G 71142 Th RE, 1% 3R W AR A5 1) o
L5 A 2 AAFAE R SR &R (Hemann, M. T. 25 Cell, 2001. 107 (1) 67-77) »

[0136] XA FE P umbi K (R Frit it ) 2w R 45 SR S 1 B 4F T8 b, 28
T 90 3R 55 Rz = EE 1) v A 00 2= ] DA B R RO U = T TG i RSl A7 4 B2 (Canela, A.
2 Proc Natl Acad Sci USA, 2007.104(13)5300-5) . Harley 2 (Rejuvenation
Res. 2011. 14 (1) 45-56) 5 7~ A F i R 156 10 FH X 95 38075 751 TA-65® 19 A S 7 HY 48 i b |
a3 L O BEAG, H 2 T X im b K E WA R 0, 78 Vera 55 ([H L) 1, 58 um ki 3 B2 (1)
O Z I TN R BN A EEAE G B a3 0 “The Rate of Increase of Short
Telomeres Predicts Longevity in Mammals, Cell Reports(2012), J74ER URL:dx. doi.
org/10. 1016/]. celrep. 2012. 08. 023) . H-T-Hl/b F T & 55 s L =F FE I HERA A AN 3 35
() R 7V, BB PRI V5 A 0 P R v bor = i BR3P 1 A8 1 23k e S ) e e
= 5 B PR AR () K 2R N I PR A 90

[0137]  fE Vera 5 ([A] 1) IZHEE 7 BIME S SEILfa 7, BT R smobL i) 73 BB A6
[F) P4 o 3 i 3 2 10 /0N SRR 2 T LA 6 v R 1) T 4 L B o Il ) P R 398 sk 2 14 70 B R AT 9k
AR FEEFA RN B, BRI 2 (Han,0.4% / H) B/ RAHRCT BA S
g (B, 1% / H ) B/ BREIAEATZ R 820 100 a8, SR A2 Y /)N B A 19 B KA AT 14
=502

[0138] [k, AT E A KA s b 5 43 LU N, 2L G0 o AR SR 5 38 1 94 B RORS 169 114
I I D)2 1) v R o A E 93 O O AOR BE25 5) A 0 BROE T AU o 2 oL %6 (1) 58 VP L
AW E RS, XANAE T ARSI, 0 BAET 22 W7 FUS R RE 2 W

[0139] IV vl e v iz 1 = ) A F T R M 0 ) EL e R, IR E i om ks (Il H /T
1kbp B/ 2kpb B/NT 3kbp) Gl K4 (Hemann, M. T. 2§ Cell, 2001, 107 (1) 67-77) ,
HEemgnes2 o S AR haem ek HA& SRRt Kk, A KT Eimbin
S AN S AF S UL RC B9 E 5 M 228 BEARAR b AL T35 0 1) R M BB LR T - ik
28 NN 2 B BH A B A ) AR v T ORI AR ) R s = S AT R, T AR T R vk 1Y
S =E FE AR AR R T2 55 BRI 078 4 Mo (i R mT B AL T P38 7K1, I L DRI 48 6l
RN BE— B 2 T & AR FR ARV 5 s ST A4 5 I R A i

[0140]  MFE[KZH DNA uﬂJmE’Jt’[‘éféé1dﬁkiﬂﬁﬁ’34?i’3lﬂﬁﬁ<f“ e L R, I
O TR EE T EE AR R X LeFabn G55 61 Q25 Fhp s IR 10 19 XU, 441
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B M A8 DRSS g i JRSS: et - A4 A JRUISS: A% g XU A AR T RS o b = 25 5 58 2 A %
AR FRE B / B8 EU AN bk RO S B . sk K [ — N B AT R R/ e L (7T/S” )
25 TE B TR IR S EL 2 m] DLay e e B an = b B, &K, B T/S BURR I i
L= AR BAR P A = 3 Or 250 R4 B AE S WA 2 1) e i = 0 o b i IR e AN 4k T 2
2 S R IO L KU T
[0141]  —Mk Ul AERH AR SR = (BRSNS BRI E 5 L T/S M)
(R A3 O B I8 o kA B I B vy = A r B s DY 4 B ) 52005 U A 58, RO A 40
(1)1 28y g A K P -5 A0 TR AR A O, TR K ' D A3 o 5 A B R & 3
()97 PR B v KL P R A7 AR A G
[0142]  FEREARH, vmbi K B B & W et/ o DRI, AR ) s i < B2 1 & B ] DS A
FH R AEW S 9 B9 A CRE, SRS TTRC A4 ) 1= A LR 4, 30 %2 (1 A ks =F
FERIE ] e 5E T 30 & WA P IME, BT 20 5B 40 5 FIFHAF M. ki E )
=R RUAH OO ME Y 5 AR TR (T A4 () = P A LA il B AR 16 o A B DT TC R B A
(Y ] DA I —4F CPIAE . =4F  DU4E .5 4E. 7 4F IR 10 4
[0143] 5.1 {EFE=EE
[0144]  JEIL AN HF I T7 72 A SZ AR RE A s () e s R = 5 1T DA (g R B AR O HG
B2 TR BRI e R R . vk 4 R T DL R SR RN PR B R 2R N, 1 L A
FAHE 2 PR A BLEOE W A AL AR RO A2 PR R AT R e (Bpel, E. S. 4,
Proc. Natl. Acad. Sci. USA, 2004, 49:17312-15) ,» — (@ BEIRICHI /7 (8 £ JE & H John Ware
FRIISE-36® @ FEIHE (S W H )45/ URL sf-36. org/tools/SF36. shtml) . SF-36
& % FH I 1 147 50 i R 1 2, L rp O 3l vl 28 e 15 I A4 1 6 3 4 ALY 36 /l\l‘lﬂ
AN BT AR AL T D RE A B R AR AT 4 1Y 8 S MR LA AR T 0 BRI & ) B Ufﬁé
R 4748 A B T I B R T . SF-36 8 A i FH Sk A 1H % 77048 3% B HL e
5 S P AR S — OB AR AR AR o e I B A 05 8 AT R E O0 1 % LR ERE L O I
P9« 1 P B 2 Mt s VD AR PR B W AR S HIV/ x/zé%ﬁ\mﬁuli%ﬁ%{%ﬁ%é\
KE B TR 2 R LRI E BRI R 22 LR IR B O0 1Y 28 RS A S T L 28
M VRSG5 | BEAR (5 A5 A BEDA 5 op R 0 il R B AR A G A (Tumer—Bowker
2, SF-36® Health Survey& “SF”Bibliography: & = ik (1988-2000), QualityMetric
Incorporated, Lincoln, RI, 2002) o A4HEF AR N 8% T fif, — ARG L el A& Ty
7245140 RAND=36 ] LLYEAR A HH 13 2 R o
[0145]  FEARNFFH—ANT7 1, BRI A K HERZ YA 52008 AR AR, I N IX S8k A ih 58 50
PR, A TIWREZ MR E YN BEREEART L N3 AMH6 MH.
14E.2 5.5 A1 10 & (i, %?E’Jﬁéﬂi 55 5 S BIREAR 2 8] (R B[] AT A K 23 e e (i)
BL) o XPMIERVFIRINEE Y T oGE H— @ BOIROAT /BRI A FRRGAT / BB IR
PSS BT AR 155 77 6 Iﬁ%ﬁiﬂﬁh%l?yﬁéﬁﬁﬂ@%t, Fr DA SE s bz A< B 1 B 43 B AE A P B e ()
R LRI R TR 7~ (8 R A0, 1717 R S K 140 7 0 B [ o ) 8 2R 7 R R DB B AL
[0146] 5.2 J55 BRARSC I RS
[0147]  5.2.1 FIR
[0148] P& bL ) B B IuEERIT S (B2 T2 KU 12 ) e Fila Aitia
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JSYR R Z RN o BARR UL, SR B I S AR PG T B0 RS ps EUIR 1 o AF B L
H o TEARAFFBI—ANT5 T, B & 522 08 A QB9 » 9 A0 ELAS PR T00 ML 580 2903 0 JoR 94
FEE AR e AL AR .

[0149]  7E— ATy 1H, A AFEEAE AW IO MR R AR M. S48 8N, s
EE AR BTN E , 1 R R R R AR R = SRR B K R e 1 AR R B A B
A IEH SR Bk A 6 th 45 (Samani, N. J. 48, Lancet, 2001, 358:472-73) , 3 H.{E 50
5ZHUQX}—L$‘UHIH‘E%E/J$%EPE/Jlﬁ'ﬁ*iﬁf? 55047 3K P 3 S A 8 AP ) DT A A
& AH b B %9 (Brouilette S. %5, Arterioscler. Thromb. Vase. Biol., 2003, 23:842-46) .
Brouilette % (Lancet, 2007, 369:107-14) T2, 76 5 Bl O3 19 N PR 58 1K) 1 40 it
S AL R DAFR 7S L o LA XSG R 0 g A ) SR AR M o RN P S 2 335 9. 338 s 3 Pk
FEREAL, I HL OO 28 TR 39 im0 S A0 77 R 38 A 71 ) s ki FE R 2. (Harrison, D. , Can.
J. Cardiol., 1998, 14( 3 F| D) :30D-32D ;von Zglinicki, T., Ann.N. Y. Acad.
Sci., 2000, 908:99-110) . {ERE [AIHF 5, &E%T& TR ﬁifﬁi?’aﬁ{%ﬂliﬁiﬁf'ﬁ
B I 4 o R K A OE (Valdes, A. %%, Lancet, 2005, 366:662-64 ; Jeanclos, E.
Diabetes, 1998, 47:482-86) , T4 i Fi‘ﬂﬂﬂﬁﬁi{ﬁﬂ@i (—Fh O o3I O HKAE’JI
) SRR A IS, XA Be AR T BN AL LB (Bpel, 2004, [F] 1) o Bk, BA &
A TSR B0 W RSP AN/ B T D A 3 TR R P PR AR 8 0 30 A A2 s T AR AR A R 773
o H v b = B AT B s AN T s

[0150] 2 7Y 8 LR 995 B0 R F A 5 B0 v kU (Salpea, K. A Humphries, S. E. , Atheroscle
rosis, 2010, 209 (1) :35-38) . H 5 M um ki AL 1 BB IR B F P Mg 3| (Uziel
0. %&, Exper. Gerontology, 2007, 42:971-978) , 1@*}¥)T<TEPB’JTT”‘FE%%2@$}¥)T<
ﬁﬂiﬁﬁfﬂ EDREIRX PG LT, B 40 56 vl /2 4 T 428 K 10 5 98 1) e 28k R TR o
A B A b A2 R IR 9 A F AR e, R O 5 0 1 3t e A Ok Adalkalakoteswarl
% (Atherosclerosis, 2007, 195:83-89) T4 W 7, 78 EL 43 W R 9 w7 300 %81 45 4 i 52

4 1) 55 3 P 0 ok 55 0 HEUAH Bl R 4 jﬁb,lﬂﬁﬁéﬁ%ﬂ_E%-‘ﬁ*ﬁﬁﬁﬁ-kﬁ%ﬁu#ﬁﬁ
i M % (Verzola D. %%, Am. J. Physiol., 2008, 295:F 1563-1573). fk & A & A J&
(Tentolouris, N. %, Diabetes Care, 2007, 30:2909-2915) i1 I f7J% (Sampson, M. J. %,
Diabetologia, 2006, 49:1726-1731) A JEL, 1M kv 46 55 AL F- 7208 PR 95 45 21 [ 4 Fa il (1) 1
HHAFTRSS (Uziel, 2007, [F 1) o AAFF TG54 IE T W00 AR LR I7 HHA AR JK 9 2
F PR , DABRAM I S I SR RE A e i R T

[0151] A2 HF3& F T 00 5 4% b 25 70 %) e 4 L 1 s obar I 2, TR Ay o o T 96 2 140 93 Ak
541 Ma (0 7Kk R A 9%, AR TE B N A I e AS 3R 08 BN R ] 3R I8 i R B L TR L B E
AN M o 2445 55 3 v R, ELUK 22 50 N 0 40 i 08 3R K I i AL O BB R A
7 R o 20 M BG B. E u R Bl {45 4 i K A 38 B B 5k B DR O ST R o AR K
(Roth, A. 2%, Small Molecules in Oncology, Recent Results in Cancer Research, U.
M. Martens(ﬁi) Springer Verlag, 2010, 5 221-234 T ) . &% 10k 5 JmRE RS &5 41
%, JUI IR IR I AU 5 TR AR 20 e /%%/Z%éﬁfﬁnwﬁﬁﬁﬁ,%éﬁﬂﬁﬁ E. TR
K46 % 7] Be7E NI MR RAE AR T IHEMEH Ma H. %%, PLo SONE, 2011, 6 (6) : €20466.
doi:10. 1371/ journal. pone. 0020466) . Hff 57 &3 — iﬂﬁ,%ﬁ%ﬁﬁﬁiﬂ%*ﬁxﬂ&%mﬁﬁa@
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SN T I SO BRI 4 28 {2 PR AT BT B ZE J AL B 0 e sk i 2 22 Y (Shen
J. %, Int. J. Cancer, 2009, 124:1637-1643) o B T — M PP A0 I S8 AE LS, 40 50 AT
[ PHEVRUAE A F i PR 2L DA, DA 23 oA il A T B ) 10 e

[0152]  JHEEAL FRFAE D48 B HOA- AL, oW 5 B8 i R PRIRIEM 5% . Wiemann 55
(FASEB Journal, 2002, 16 (9) :935-982) TL48 7 , I b4 5 & A FFRE AL 1) 55 s A4 T
REJMEG . SRR A7 AE T B B PRI 8 (I8 PRI A A B) PR (NS ) B
PR G AEIHARA (PBC HMIPSC) 5 A HIBEA L s KEAE 5 B3 A ook A A A b — HUR .
i R 4 5 R 3 S A S Pt 52 e B PR B o 16 B A L, O ELIX AN 2 30 A 18] (9 A 4k
[R3E R BRFUAH G . DRI, AR A FF B 7 V27512 WA e I P A 44k 7 A3 2R

[0153] 4 28 45 LU AR “ ok 2 4k BRAS , IF B AL M A B A & B2 ke b 5w 1
21 ML A8 AR A7 2 9 AR 5 B RE A R R B s RO 2. R B R PEAIAL () N B e
TR AT N IR 3 M3k ep (R R s b o B I IR JE S B R MR AR AR s 2
BT KIS #7095 5 B A7 B4 5% (Wikgren, M. %%, Biol. Psych., 2011, D0T1:10. 1016/
j.bio psych. 2011.09.015) o SR, FAS 52 A7 VAR A A HR 2 73 [R] 25 4 1 () vobar, DRy
FIHBRARAE— A H IR KA K SZ AR BN 50k RO AR b B A 32 255 B A SR
IX A2 B T ARAT B A I ] 25 5 T %A SLBORH FH A0 2R RZ 3805 R I 28 iE. (Wolkowitz 5%, PLos
One, 2011, 6 (3) :e17837) o AL, A A FFHI 7512 7] LAAE M B4R 7 453 2 B2 AT

[0154] 2R/

[0155] & W Im A K S 518 R G A 5%, AL §% HIV(Effros RB 4%, AID S. 1996
B 7 H ;10(8) :F17-22 ;Pommier %%, Virology. 1997, 231 (1) :148-54) L X
HBV. HCV #1 CMV(Telomere/telomerase dynamics within t he human immune
system:effect of chronic infection and stress(Ef fros RB,Exp Gerontol. 2011
# 2 H -3 H ;46(2-3) :135-40. Rejuvenation Res. 2011 & 2 H ;14(1) :45-56.
doi:10. 1089rej. 2010. 1085. Epub 20109 H 7 H. )

[0156] fEHarley % (“A natural product telomerase activator as part of a health
maintenance program”, Harley CB. Liu W. Blasco M. Vera E. Andrews WH. Briggs LA.
Raffaele JM,Rejuvenation Res.20114F 2 H ;14(1):45-56) v, KILT CMV LI e o {7
IAMAAE EE T CMV LR 52 B P R /A EL AT SR ) oKL, 17 HL, CMV BH 2R 32 107 5 W i 12
T TA-65 B FRAN A TT 58 (R IR WAT A ) v R B S0t 752 A e b e ) AR =2
CD8+/CD28~ 4 M ) = Ji2 , IX R B 1 &5 it ) S A 0T 791 FH T 00 -~ 8y s A G 82 Bk i
FRERERE S BN A o

[0157] g sk B A4 (6000 & ] A A 00 s HE FE AN 7 48 R 45

[0158]  — LA L4 IE T CDA+ A rh ¥y b A 2 5 AR 12 PR HOV JBL I i 3 R 1 JORE 55
P AP YA B B S50 & 7 R AR A B S R D R AR EE A AR T S5 BV S8 (Hoare 4%, J.
Hepatol. , 2010, 53 (2) : 252-260) .

[0159]  £E 75— ANRE Y, B I 40 B K B2 Tt 2, 24 i 2 s 2540 5 PR 40 iz (1) )R
eI n (Liu 25,2011, 117 (18) :4247-56) .

[o160]  £E HIV H 1% 0 T, s K 48 9 A& B 5 PR gL 51 . 53 4h, Fl TR 7 HIV Y
% 5 ALY 2L S Wl A ) AR 02 S kL B 4 R (Strahl AT Blackburn, Mol Cell
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Biol., 1996, 16 (1) :53-65 ;Hukezalie %, PLoS One, 2012, 7 (11) :e47505) . %53k F B 1K)
& AT BEAT BT 00 5E HAART Y7 (0 B /E FH AT 2L

[0161]  5.2.2 H B WFRN

[0162] AR NIHFILAEZW 5 Z MK A RINLIH T HAR 7R HH. #l, &4 5
9 (Hutchinson Gilford progeria disease) HIMA 7w i 522 88 4k DL L 5 v
KRR IR 1 R A 4 40 e 1 39 A 9 /7 R e (Allsopp, R. C. 2%, Proc. Natl. Acad. Sci.
USA, 1992, 89:10114-10118) o MR A A FF BT 150 v b 2 B FdHAT H 38 A e =0T H T 0E
P99 RS BT R B b Bk (038 29 T FUD

[0163] 5.3 ¥rkifdi

[0164]  FEAR TG —ANT7 [, Sk 45 e 152 9 RO A A0 AN e #5mT AT R AR AR o Ui
RLPEIRE 55 v br 1) 5 B 4 5 A 29, 1% AT DA A DR T g A BV MR R SR . I
Z 20 M R R DNA S HIFR S iR 2 E VB A4 . B = ks B 16 20 B 22 g v bt
DNA 1T E VR R, X S EOE J7 PR FE AR A 2L A FR B PR3N . 3X L8295 7] Re A2 13
FE ) RSB 3 S R M F AR RS 2 10, v B B A e 0 4 o 34 2 8™
FATIML R AN ) G0 A% 1 st FRum bR ER B T 1 A o AT s R s Sl U, 14 T/
S<0. 5 B BRELE T — 295 R o hAh, 5 FH BB SR B R AR 8 R 2 10 8 3O B b As A X T
IEH AR /NT <10 % BRA0IE <1% .

[o165]  Zo RPEMUA R (KO, XN - B - B = REA % (Zinsser—Engman—Cole
syndrome) , A& — P = L {0 HEAT VB B 02 0 4% A RE, FLRRAE SR IR R IR < R B R
BRVIELE BT EFRA RN OREABE A% (Jyonouchi S. %, Pediatr. Allergy
Immunol., 2011, 22(3) :313-9 ;Bessler M. %%, Haematologica, 2007, 92(8) :1009-12) . &
WEHE 2 B X Ffops i o A7 A8 i R i D) BE PRS2 MHA S = A A & R RERRAG . AT
W S R L B P R ACRE SO PR IMOR A 00 . X PR AE LA =R —
SEIBAL ) Gt AR VR R G AR PR Bl I X X e (LR S8 DC L A 1
X G A4 ) o AR AT I 7320 s i3 e i AT F S W AT &0 T B 1 S s
fIER 2R T 5 AR5 A 2, AT A FH G R U 28 ] e B8y B B 25 1) 1047 R YR 7 AT DA
GO TR b E B . ASAFFRIARR NP 6 S A4 e v 3k v )3 T DKC,
B JLAN/IN £ 75 IR 3% 6 R T

[o166] 45k M 0] J5 PR IS 28 K0 R AE R 4 2 A0 RN 98 E (19 28 A % il SE 5 I B A% o e M M
A Yifk (IPF) IR i 19— A2, Ho 5 38U T PR IR L Rl 47 4 PEIE IR 41 23 7E
it v B o () T SR AR, e L A B R R R S B . v R [R] TERT A TERC [
G it [X P (1) 2R A 1 AR TV AR R R T TR) J5 PR i 8 %) 5 IR PR AR A T s 481 b 4 R B
HRDRITA 2 S i LA k. S8 IPF AR T 10 GH 4 B A B 1 sk K
FE, 1X T v v R B ) 2R B R AR SR i B (Cronkhite, J. T. %%, Am. J. Resp. Crit. Care
Med. , 2008, 178:729-737) o [Kl I, vk 246 %0 AT LA AR 03X b A 68 AH 52 993 (1R i) 38 i 1)
Fri& (Alder, J.K. %, Proc. Natl. Acad. Sci USA, 2008, 105 (35) : 13051-13056) . }:4, IPF
(R R RN 5o % T — 28 AR, 3X i dis n] DA 42 2 4F A4S RN i i gk e, id T e
N, Hn] APud s e . AR R B 7732 ] DA (e i A T B ) i 4 4 A i i R 3 ELREX
Wi AR & S TP .
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[0167]  FEAE R ASPETL M2 FL b BB 4 1 o By il 1 2 8 [ 20 3Kk . (3 o 3sOR Hf /DN A1)
P o B Bl B g 1 AT ART I A0 R D B AH R A R . B RGP ETT I T DA R
P B ). AR TR BB A R AR A R B 1 N A T e A e R G B
(RS T o ER AT 485 71 v AL Il SR AR 1 P AR R AG MR L AR S R R B R B A R B RS 1Y
e SrpRL A R = AT DL 5| DA I 240 M A AS [ B ) o L 4 5 5 L5 B0 AR AT e A
M4k (Calado, R. T. #1 Young, N. S., The Hem atologist, 2010 Ji4ER URL hematology.
org/Publications/Hematologist/2010/4849. aspx) . HA5 555 vl i) H- A= f gk 73 1 i
T HABACEAZER, I AR 75 G th B K oL ) 0 L 38 BRI P Re e K3 %2 .
Scheinberg %% (JAMA, 2010, 304 (12) : 1358-1364) K I, 5 & & Ff 4 s ki & B (138 g
B ELAT A S o O 1) R 3 2L A T 3 0 il iR 0 i URSE T, LB A e AR i e AR AR A7
o KRAFERT71ER] DL TR AR B S R 27 00 A5 35 v DA I e = S 3 ROE 1 XU , {45 m ]
DA 97 1t 18] A P e R 7

[0168] 5.4 Zg¥ma i

[0169]  7E 55— DT, A A FF AT T B DG 7 55 50 200 P B 17 52 M v o < 8 B o o il
T TR BRI 259 o M S R ARFAIE (4] B 7 PT DASRAIE B T4 5 4 8 7V A 245 3 2 245 7 R A Ak ek
R 11 o A4 HR (R 9 TR A 0 e 8 7V B 24 i ISk T A 3 AR 8 R () 7 2k B 5 o 48 2t
AN FEAE M IR T TV A AT T 45 2 B2 F 5 DRI DA 248 L 4 S8 BT 7745 g Rz 58 B T O 4 7
HRKo W EATA, BIRIETE NSRRI M A R IR BN 55 7 2R 18 wobor B HL AT G B o Bk 4T A 5
240 50 Howmbir, {H K 22 20N i 40 e v 3R 08 (R 7K 1 o b Il 5 L5 7 HEAS 52 B 1] 4 4 B 3
JH. Roth & ([A] |+, 2010) D&, /M Boa oz smobs ¢ HHr oK 22 5004 e o (1 B 40 o
Fipein T b Dy ReenG ) H LA vy dmoRL B 14 R 0 A4 P B8 e A 2 T Hufes s Rz P41 i
290 DR N LR AE K 22 200 A R AN R A Bk R B Ak I HAL T ARAKKF T, BT BA
S R B AT 7 VA B B A 22 VR AT BN IR A MR I B PR B /N o BRI — S22
HE T ST R 1) L B i 55167 32 W) At (S w44 o GRN163L) o A7 36wl fth 2 55— RS A%
12 GRN163 I B T He RS (Asai, A. 25, Cancer Res., 2003, 63:3931-3939) , %K
M, 76 TR LA M R e b i i ) A B A AR T s A 1) e i A8 38 A T 3 ) A it 39 A 2H 21
WE TR A BRI R S RS T . Rattain 25 (2008) &I, ELAG % 4 Mo K 1
23 AT Re i L Bl S v SR A 0E , 1 S0 P PR A D i BT /MR B D o AEIX R
THOUT  BR AR ] Be - HH AR BB 55 ml At s AS (R 25970 B30 S 0 6 b s D0 e vl

[0170] 7R H&T7 [, 259 D) 2L T¥6 97 22 B8 AL 595, 9 0 EAS B T 00 1 580 5 0 B IR
9o A 4E AL T A 4E Ak TA) 5T PR i 28 AR . 7B L R G 0 T, Brouilette &
R, FH b HE 2 EL A B A SR R I o A M AR & T R fth 7T (pravastatin)
B B g 97 ¥E (Brouilette,S.W. ZE, Lancet, 2007, 369:107-114) » Satoh Z& (Clin.
Sci., 2009, 116:827-835) fR7R, 245 LA AR VT AR T7 B B A EE, BB A fd T
(atorvastatin) V97 B E A H FE IR T VA AT s R B om b S A= vl e AR A FFI 7 V5]
DL T Bt VT S8 AE 23097 I B8 v B D8, HEr s 0 () o A T 5 00 1 24 D J80RE o
B RN HA S K il (K 326 1 2R U R AR 28 T TP AR YT 38, Bir AR A2 ] RE 2 3 83
B0 . RAF 1 A2 38 77 I DR N VT 5 R 00— 34 AH S, 500K A3 A Ath
VTS EIE I B 5 o RL 1) 6 38 ] R T A9 a8 Tt v T SRS IR w1 ] s M i 45 e i il
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fyT2. W RIE R A 7T 25 19 S5 60 45 R (ADVICOR. SIMCOR) ¥ 4% 47T (lovastatin)
(ALTOPREV. M EVACOR) & & F (amolopidine) (CADUET) . ¥ 5% Athy] (rosuvasta tin)
(CRESTOR) « V5 1tk %1 7T / ¢ f% fth 7T (sitagliptin/simvastatin) (JUVISY NC). % 1% 1tk
7T (fluvastatin) (LESCOL) . 3% 4% fth ¥T (PRAVACHOL) . Fil % 1% . 7T (LIPITOR) . T 4% fth ¥T
(pitavastatin) (LIVALO) FIAKEFEE A VL / 244k YT (ezetimibe/simvastatin) (VYTORIN) .
[0171]  FEHET5 1, AT LA S AEsm b (] AN BR T 26 R PR A A AS B S i 45 4 AL A
FAEBRRG PRSI ) VRIT R Bt I, e R ME A AAS AR 4 A S R 2
R BERIOTT  AFTJE A, 1KLL [ B B AT A 2 A I EIE A o DRI AR5 28 A0 A A 1K AT B
[ [ B R &, IXAT AR A A 715 RO T B X e S 3 A e TR

[0172] 5.5 {EiEZGY)THE

[0178]  FE 5 —TJ7 10, AN FF# ARG g2 ma 18 9 v b A B (i o b B 14 ) 1 AR A a8
BRMEIEZ D) BB A AR E T (RS AR ) B— 87k BLe = AU
s e PR 38 bl B R () Be 7R AL 1 — P F T 55 5 52 A0 e (1) 3m R 3)) 77 22 /N A
B G AZ BN R 77 B HL 7 i BT TR v B R A 0 2 o o) T 4 B B A T [ s Rz B KA FH )
i e 245 P B HE B B3 7™ W AE IR 7 AR AT PRI IR B4 I 3 22 AH S R T P T A v b 4
*CEm RG] ) AR e T IR S F R B B e FEVRITREIE S 0 R,
HAT A M b B 57 ) I vk 46 58 46 FH I 25908 72 e 1)

[0174]  SLjiEfsl

[0175]  SEjafs] 1— %oy 2 438

[0176] 7RIk, FRATTHG IR T — P 1 FH 2 A6 25 DRI 20 DNA Sk & 57 v B (19 8 4 LU 2 T8 =
PCR B777% . iXMINIEEFEIGIEANFIY) ‘TeloPrimer’ AE3LAN 456 2 HED) PR K1 4H DNA [¥)
3 — SR, A5 FH AE A e B S TR) B e B P it v ks C E BT TeloPrimer [m] MV 3 55— 7 3
‘SUS” BEAT M= LEAH, BE 5 M SUS K TeloPrimer HJHENFFITR A #EATH 3G B, RA 2
4 LU S IEMH [ TeloPrimer P24 335 SUS A K SmRLA #3149 . DRI, 5 o)k B 8 B2 2
(RIS 70 50 Ve U 52 T 48 7 i A B BRMEL ) 3m i ) 4, 8 4%l LA SUS A1 TeloAnchor 54)
BEAT I PCR A5 5 (1) B Ao Py ) , 667 s o FF A g A 2 P P4 389, AT 33— 20 8 v i ol e )
FEsm kLR e . E TeloTest [ T- iz4T v B B S RLIK F R .

[0177]1 MRS T

[0178]  5|#)

[0179] B A 3| ¥ &8 & DA br #E i &8 JB X 8 HPLC 26 {6 JE X W 3 Integrated DNA
Technologies. T [H I HIXEEF|PITF -

[0180]  TeloPrimer :5° ~TGCTCGGCCGATCTGGCATCCCTAACC-3’ [SEQ ID NO:7]

[0181]1  TeloAnchor :5° ~TGCTCGGCCGATCTGGCATC-3’ [SEQ ID NO:8]

[0182]  SUS(HPLC 4k ) :5° ~GATGGATCCTGAGGGTGAGGGTGAGG G-3" [SEQ ID NO:2]

[0183]  TeloProbe (HPLC 4fifk, ) :5” ~CCCTAACCCTAACCCTAACCCTAA-3" [SEQ ID NO:9]
[0184]  f#i TeloPrimer 53 KIZH DNA B ‘K

[0185] ¥4 AJ:[KIZH DNA 55 TeloPrimer LA 20ng/ul DNA HI 1uM TeloPrimer [¥)f 2K iR
AAE 50ul N, £E 65°C T InFAEs I E 10 708f, H ARG B — /NP IRk [A) v 4 42 =
W K I REARFRAE UK |, B 23T 88 B 40 SN
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[o186] % 'E

[0187] {4/ 50ngiE -k DNA.40mM Tris-HC1 (pH 8.0).10mM MgC12.50mM NaCl.5mM DTT (PN
70726, Affymetrix, Santa Clara, CA, USA) .100ug/ml BSA( H 3% 5 B9001S, New England
Biolabs, Ipswich, MA) .500uM dNTP ( H %5 1708874, Bio—Rad, Hercules, CA) 5uM B 5 44
A (SSB, H3'5 70032Y 100UG, Affymetrix, Santa Clara, CA) F1400nM /7R 2. 0 ( H
35 70775Y 200UN, Affymetrix, Santa Clara, CA) (Il FEEIRIE A 13U/ul) , LA 5ul #4471
ITHEE BN . ANEMFEF 2.0 IR AW 37TC F— 240, HARGEREASY hsm
TP 2.0 JG7E 3STCRIEE 30 BV 10 408, WiLAE 80°C T #Eifk 20 48P s M 1k o
[o188]  #EE /" ¥)H) PCR &3

[o189] ¥ % B #HDNA K R B 5 ¥ AADNAZE F % o W (H % 5
T0227, Teknova, Hollister, CA) F #5850 f%. DA 40ul Sz NAK FH 3E 4T PCR, 1Z 446 FH A &
1. 5mM MgC12.300uM dNTP ( H 3% 'S5 1708874, Bio—Rad, Hercules, CA) 0. 5uM SUS 5|4).0. 5uM
TeloAnchor 5| #.2ul # % DNA.5 B4 7 PLATINUM Taq B &8 ( H 3% 5 10966-083, Life
Technologies, Grand Island, NY) .

[0190] fEMFEFWIT AE94CF 2438 s/E94°C R 15%), /E65°C R 30 #> fE72°CF 30 #
F 10 %5, ARG AE T2°C R R 10 %, 535 35 K. £E Bio—Rad C1000 #JEFFIY (Bio—Rad
C1000Thermocycler) (Bio—Rad, Hercules, CA) F1i#4T PCR (o

[0191]  J#id TeloTest X 38 [¥) PCR F=#ydkiT & &

[0192] % PCR F=#)/E DNA BVF LM P A RE 10 2 1000 f5. FJH TELOTEST [ T- J& 475
PCR P2 HAT 52 & {8 FH &4 60-600bp 2 [i) [ 52 8wk ki 8 57 (1) PCR B BYAVE NARUEDD kvt &
FENFEA) DNA MR SE o B H S BB gPCR A8, B REARHR A FE B A TTAGGG 37 KA
FEIE 5 [ SUS JPBIRIZ) 2kb DNA FBE N AR TEANEEAS I S B2 R 2o 1 ik A v 1 HE
NFFIEY aPCR RAG R o BF R REAAE AR IV — PR 08 32 T s B R0 38 171 A il o

[0193]  DNA E[liZF

[0194]  BE4T DNA BV 3E 43 #r, DA 2 B 3 (1) 3 B DNA 1) K /. fi il ik SUS AT TeloAnchor
T 445 B () RE B 4R MIAE 0. 5% BRI RSt b vk, R & 1E Hi e 1 Je TR |, AR
3TCTFHEA VYA TTAGCG HEEZ M DIG ARt B A% H IRIR ST A8 o i AL 22 R 6 I
R ME S .

[o195] £

[o196] AT

[0197]  ASCHTHEAR R Gkl e (STA) I8l 4 B 40 5 1 DL Bl 5 1R 58 2 PCR R E =
N R DNA BEAR R mbi . X R e £ TR 1 .

[0198]  iXAhilsEiEIL IS ff TeloPrimer 5 AFEIKZH DNA 1B kK 3H{T. TeloPrimer £ 5’
A 19 MEEBRIAENFF, BAE 37 S 8 MNMEH R Imb T F]. FHRIRIED 4
DNA #4{R T TeloPrimer 1§ R x> 5impif 3° BEEREH (R ) B K, A REE X IR K.
TeloPrimer AL 2 0 8 B M BUHE FEAR R M SE T HH T FRIVINTE], I R2Ks H BE 6% 2114
R £ B A7 i v AL G dd b sk AR S X, i AE B Kb Qe Ak b B E B Rk
T e B bkl B X o ARSI A SUS 514H0 TeloAnchor 519 3E4T PCR i & # (1) 55 v
FiE e, SUS G E 3 MEEN TGAGGG J¥ 51, IX 4% K AL K 2 B e thdk b 194 T B EE IR
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TS RE X 5 B TR i B 2 W A A 1A S X H . TeloAnchor 5145 TeloPrimer
A FE AR AP I EAS S im b2 5. ¥ SUS 5 TeloAnchor X it el S vE g 3 3
Bk, )5, MR TELOTEST T- &84T & &5 ki &,

[0199]  HEE =W T =

[0200]  BEE B g 1Y & DNA & RCSON, e rb I3 3] () R U DNA 725 B TR) B 555 il i o
A5 A BE DR 209 38 I VR 22 T AR 43 A 3 FH A B ok A 3 Al /> & (4554 DNA. T DNA
RAEMAAHEREE, B0 (hick) BUEEE T DNA 7] DLAIERIMR, o 2P
BRo AL PRAE LI0 v Hh f8 FH B B i, DR A s or 140 B 2 38 70 > L R 1) R SR A
B, HAHEL 57 =37 AMIIZERRG ( BEAAERE ) A K] Re e JE DR 4 vp = A ] g 51 v ) s R RE 77
B AR Y 3 A8 . 3% TELOPRIMER 55K SRR ZH DNA | f s i fr) B0 S22 3SR K A
3 TeloPrimer 4F1T CHEM 5 Riumg (B 1) o 7R, BB B = MK HE
e R B o 4 o L e A ), s RN IR BB )08 J0 e HL A e e R P R € AR Y ubr
X o ARSI PR 2. 0 (— P A SMTIAZ BRI 5 11 1K) TTDNA R4 i 1 2 ) T
W), BN TEIRIE, & 7E 2 PEAR AR I DA & e e MR 7 4 A il PE & B DNA (Jone ja, A, Al
X. Huang, Anal Biochem, 2011. 414 (1)58-69) . FATHEATHIFESLEE, H A 85 B e e NFERT 30
oA 5 Ao, Bk BRI R UM-UC3 WL 4] DNA 5 TeloPrimer 1B /K, JF H k4 Kl
57734 B iR AT B E RN

[0201] &1 2 7~ HH T b 77 ) B o B L 8 S N IS () %) 38 N, v L ) 2 il
TELOTEST aPCR [ T- &84Tl & LPEFAL BoRm H S5 FEE 2 MR R =
0.99) o BbAk, 7ERES MMM FEE 2. 0 FIBH XS B, RYE TELOTEST T- i&4T HA& I 2 PCR 7=
Y (XA (Cp) = 25, tHEMKRE = 1. 85E-07) , iX LL 5 I FE 1 2. 0 1) B2 S A S A I B3k &2
fik 159 f5. 7E TELOTEST S—izATHFIH 4 DUER (B - 2k&EA) 5K PAT RS HA
BRI, X PAESE T T as AT I E R sk AT AR B B B OB, T AN AR A
[A14H DNA.

[0202]  FRAIAEDEER ) S8 15 T TN, 75 %6 11 B #e S SRS E) R, R A SUS AT TeloAnchor
5190 R 38k B ik 7= . AT B DNA B 43 Bl sSEiZ il . {Fi@xt Sus fi
TeloAnchor 5| ¥4 145 3| )54 B B 7= WIAE 0. 5% S IS REEIG [ HE4T fiLUK, #6482 2 1 IE W far
[ e el I, 5 BA TYAS TTAGGG B8 ) DIG ARIC I BAZ H IR 2428 . B 3 B, I i
PCR =4 1 32 T 5 % 5 400 A () ) 38 i 384 m . A6 0. 5 43h .1 4083 438 Al 5 - i B
ey 8], PCR M)Al S AEL (WESRSE ) 43 5 A4l 0. 6kb 0. 9kb. 1. 2 H1 1. 4kb. A 1 5
B ) B ) 7], K2 BT 2kbo FEMRAL ) LR RIS, FoA 18 A 0 R Y SR R B K
BE 4T (STELA) (Baird, D. M. 2%,Nat Genet., 2003. 33 (2) 203-7) 75 &34 ¥7k (1 AH [FlJ& 5
AL F UM-UC3 ()4 2[RI 4H DNA [)im b 3 Al o 4% TeloPrimer ¥EHEE CH#E 5 Kum, 7
HATH XpYpE2 Hl TeloAnchor 51 ¥oRY 3G mA . A PCR ™ M)7EBEL AT ik (I3 g 1
VKIB ) o X2 B UM-UC3 bz (R AN 2 1. 8kb, 546w FI4kiE (Xu, L. FE. H. Blackburn, Mol
Cell, 2007. 28(2) 315-27) —%L.

[0203] 2Ry 1 a3 — 20 B8 IE A0 v R D 2, FRATT A R R AS [R) 1 AL R) 4H DNA RE R 3E AT IX
M 7E . B UM-UC3DNA A AR, FATIAE A s 4 7 12 95 55 2044 (19 UM-UC3 1% 2 4] 2H DNA, 1% 12
Jii T 3 AR 2 1A R B 19 RNA J5 K] hTER, M I %2E i 3% k2 (Xu, L. AT E. H. Blackburn, Mol
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Cell, 2007. 28 (2) 315-27) » 3L gPCR M E ) UM-UC3/hTER Hh ¥~ F3umbi K N 2.1, H 2
AHEEL, UM-UC3 K 0. 56 (Telome Health Tnc. Zi#w ). WL DNA ERE4r#r (& 5) BT,
UM-UC3/hTER 4 s B A BAR M R ambl B 4 o S50 —E0R52, UM-UC3 w9 55 s R 1 T 5 &=
Et UM-UC3/hTER /& 3 fi5 (K 4) .

[0204]  FRATIIZE VR A, e ombir I 5 e S P b ) 8 2 o A PO AL X T 43 Ll o G b, o 42 il e
B 80 S SN ], KA 3K I 5 i P R P AR LA P AR AE, HL AT PATIUE o

[0205] Pk % smbiill i ] LAZE B s T il & E s A e B 6 on th 1 i = b g4
IR

[0206]  JRAEARSCH DA W R ARG 7 A K I OLIE T D, AT ARSI R A 2R 2 1T
Ty W52, X e T7 XA S T HR A o Ak 2278 B L A8 A A A RAE AN it 8 48 2 FF (B4 00 T IR
FERFAE AR GUBHAR N AR 2o ROAZFRAR, 7852 AR K B I AT DASR AR SCRT R 14 4% B
(077 T () 25 BB AR o A BB DL RO SR B 58 A K BH (R Y5 9 HLAE 3% SR 2SR HL A A%
YT A PR 7 V2R 5 4 B A TR AR Y
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