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SHORT TELOMERE LENGTH ON CHROMOSOME 9P IS STRONGLY
ASSOCIATED WITH BREAST CANCER RISK

I. CROSS-REFERENCE TO RELATED APPLICATIONS

1. 'This application claims benefit to U.S Provisional Application No.
61/218,049, filed on June 17, 2009, and is hereby incorporated herein in its entirety.
IL. STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

OR DEVELOPMENT

2. 'This invention was made with government support under Grants P30
CAS51008 awarded by the National Institutes of Health. The government has certain
rights in the invention.

III. BACKGROUND

3. Breast cancer is the most common malignancy in women (Parkin et al.
Breast J 12 Suppl 1:5S70-S80, 2006). In the United States, breast cancer incidence
rates have been rising slowly for the past two decades, and breast cancer is the second
leading cause of cancer-related death in women (Stewart et al. MMWR 53:1-108,
2004; Smigal et al. CA Cancer J Clin 56:168-183, 2006). However, there is currently
no accurate method to predict who is most likely to develop the disease for
individuals in general population. Of the nearly 241,000 women diagnosed each year,
about 80% - 90% are sporadic cases who had no family history of breast cancer and
no other identifiable strong risk factors other than age and reproductive or hormonal
risk factors (Lancet 358:1389-1399, 2001). In order to prevent breast cancer, there is a
need to develop tools to identify women at an elevated risk, allowing women and their
physicians to take a more proactive approach to reduce breast cancer burden.

4. Disclosed herein, a short telomere on chromosome 9p is strongly
associated with breast cancer risk. Chromosome 9p telomere length, as disclosed
herein, can be incorporated into the current prediction models to significantly enhance
breast cancer risk prediction. Better risk assessment will improve the efficiency of
both population-based preventive programs, such as screening mammography, as well
as individual-based preventive strategies such as chemoprevention by targeting

women who are at the greatest risk for breast cancer.
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IV.  BRIEF SUMMARY

5. In accordance with the purpose of this invention, as embodied and broadly
described herein, this invention relates to methods for assessing cancer risk based on
length of chromosome telomeres.

6. Additional advantages of the disclosed methods will be set forth in part in
the description which follows, and in part will be understood from the description, or
may be learned by practice of the disclosed methods. The advantages of the disclosed
methods will be realized and attained by means of the elements and combinations
particularly pointed out in the appended claims. It is to be understood that both the
foregoing general description and the following detailed description are exemplary
and explanatory only and are not restrictive of the invention as claimed.

V. BRIEF DESCRIPTION OF DRAWINGS

7. TFigure 1 illustrates the distribution of relative telomere length (RTL)
between breast cancer patients (case) and healthy women controls (control). (A) Short
version of chromosome 9p, (B) long version of chromosome 9p. (C) short version of
chromosome 9q, and (C) long version of chromosome 9q.

8. Tigure 2 represents Fluorescent in situ Hybridization of total
chromosomes. A Cy-3-telomere probe (red, but shown here as small light dots) was
used to stain all telomeres. A FITC-chromosome 9 Sat-III probe (green, but shown
here as larger light spots) was used to stain chromosome 9.

VL. DETAILED DESCRIPTION

9. Before the present compounds, compositions, articles, devices, and/or
methods are disclosed and described, it is to be understood that they are not limited to
specific synthetic methods or specific recombinant biotechnology methods unless
otherwise specified, or to particular reagents unless otherwise specified, as such may,
of course, vary. Itis also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only and is not intended to be limiting.

10. Unless defined otherwise, all technical and scientific terms used herein
have the same meanings as commonly understood by one of skill in the art to which
the disclosed method and compositions belong. Although any methods and materials
similar or equivalent to those described herein can be used in the practice or testing of
the present method and compositions, the particularly useful methods, devices, and

materials are as described.
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11. It is understood that the disclosed method and compositions are not limited
to the particular methodology, protocols, and reagents described as these may vary. It
is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to limit the scope of the
present invention which will be limited only by the appended claims.

12. Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of
the method and compositions described herein. Such equivalents are intended to be
encompassed by the following claims.

A. Definitions

1. Subject

13. As used throughout, by a "subject” is meant an individual. Thus, the
"subject" can include, for example, domesticated animals, such as cats, dogs, etc.,
livestock (e.g., cattle, horses, pigs, sheep, goats, etc.), laboratory animals (e.g., mouse,
rabbit, rat, guinea pig, etc.) mammals, non-human mammals, primates, non-human
primates, rodents, birds, reptiles, amphibians, fish, and any other animal. The subject
can be a mammal such as a primate or a human. The subject can also be a non-human.

2. Fluorescent

14. The term “fluorescent” or like terms as used herein can be defined as a
molecule having luminescence that is caused by the absorption of radiation at one
wavelength followed by nearly immediate reradiation usually at a different
wavelength and that ceases almost at once when the incident radiation stops, as
understood in the art.

3. Cancer

15. As used herein, the terms "cancer" and "cancerous" refer to or describe the
physiological condition in mammals in which a population of cells are characterized
by unregulated cell growth. Examples of cancer include, but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, and leukemia. More particular examples of
such cancers include squamous cell cancer, small-cell lung cancer, non-small cell
lung cancer, adenocarcinoma of the lung, squamous carcinoma of the lung, cancer of
the peritoneum, hepatocellular cancer, gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma,

breast cancer, colon cancer, colorectal cancer, endometrial or uterine carcinoma,
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salivary gland carcinoma, kidney cancer, liver cancer, prostate cancer, vulval cancer,
thyroid cancer, hepatic carcinoma and various types of head and neck cancer.
4. Treatment

16. By "treatment" and "treating" is meant the medical management of a
subject 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. It is understood that treatment,
while intended to cure, ameliorate, stabilize, or prevent a disease, pathological
condition, or disorder, need not actually result in the cure, ameliorization, stabilization
or prevention. The effects of treatment can be measured or assessed as described
herein and as known in the art as is suitable for the disease, pathological condition, or
disorder involved. Such measurements and assessments can be made in qualitative
and/or quantitiative terms. Thus, for example, characteristics or features of a disease,
pathological condition, or disorder and/or symptoms of a disease, pathological

condition, or disorder can be reduced to any effect or to any amount.

5. Optional
17. “Optional” or “optionally” or like terms means that the subsequently
described event or circumstance can or cannot occur, and that the description includes
instances where the event or circumstance occurs and instances where it does not. For
example, the phrase “optionally the composition can comprise a combination” means
that the composition may comprise a combination of different molecules or may not
include a combination such that the description includes both the combination and the

absence of the combination (i.e., individual members of the combination).
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6. A

18. As used in the specification and the appended claims, the singular forms
"a," "an" and "the" or like terms include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a pharmaceutical carrier”
includes mixtures of two or more such carriers, and the like.

7. Abbreviations

19. Abbreviations, which are well known to one of ordinary skill in the art,
may be used (e.g., “h” or “hr” for hour or hours, “g” or “gm” for gram(s), “mL” for
milliliters, and “rt” for room temperature, “nm” for nanometers, “M” for molar, and

like abbreviations).

8. Ranges

20. Ranges can be expressed herein as from "about" one particular value,
and/or to "about" another particular value. When such a range is expressed, another
embodiment 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 another
embodiment. 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 when a value is disclosed that “less than or equal
to” the value, “greater than or equal to the value” and possible ranges between values
are also disclosed, as appropriately understood by the skilled artisan. For example, if
the value “10” is disclosed the “less than or equal to 10”as well as “greater than or
equal to 10” is also disclosed. It is also understood that the throughout the
application, data is provided in a number of different formats, and that this data,
represents endpoints and starting points, and ranges for any combination of the data
points. Por example, if a particular data point “10” and a particular data point 15 are
disclosed, it is understood that greater than, greater than or equal to, less than, less
than or equal to, and equal to 10 and 15 are considered disclosed as well as between

10 and 15. It is also understood that each unit between two particular units are also
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disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also

disclosed.

9. Comprise

21. Throughout the description and claims of this specification, the word
"comprise" and variations of the word, such as "comprising" and "comprises," means
"including but not limited to," and is not intended to exclude, for example, other
additives, components, integers or steps.

10. Consisting essentially of

22. “Consisting essentially of” in embodiments refers, for example, to a
surface composition, a method of making or using a surface composition, formulation,
or composition on the surface of the biosensor, and articles, devices, or apparatus of
the disclosure, and can include the components or steps listed in the claim, plus other
components or steps that do not materially affect the basic and novel properties of the
compositions, articles, apparatus, and methods of making and use of the disclosure,
such as particular reactants, particular additives or ingredients, a particular agents, a
particular cell or cell line, a particular surface modifier or condition, a particular
ligand candidate, or like structure, material, or process variable selected. Items that
may materially affect the basic properties of the components or steps of the disclosure
or may impart undesirable characteristics to the present disclosure include, for
example, decreased affinity of the cell for the biosensor surface, aberrant affinity of a
stimulus for a cell surface receptor or for an intracellular receptor, anomalous or
contrary cell activity in response to a ligand candidate or like stimulus, and like

characteristics.

11. Components

23. Disclosed are the components to be used to prepare the disclosed
compositions as well as the compositions themselves to be used within the methods
disclosed herein. These and other materials are disclosed herein, and it is understood
that when combinations, subsets, interactions, groups, etc. of these materials are
disclosed that while specific reference of each various individual and collective
combinations and permutation of these molecules may not be explicitly disclosed,
each is specifically contemplated and described herein. Thus, if a class of molecules
A, B, and C are disclosed as well as a class of molecules D, E, and F and an example

of a combination molecule, A-D is disclosed, then even if each is not individually
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recited each is individually and collectively contemplated meaning combinations, A-
E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F are considered disclosed. Likewise, any
subset or combination of these is also disclosed. Thus, for example, the sub-group of
A-E, B-F, and C-E would be considered disclosed. This concept applies to all aspects
of this application including, but not limited to, steps in methods of making and using
the disclosed compositions. Thus, if there are a variety of additional steps that can be
performed it is understood that each of these additional steps can be performed with

any specific embodiment or combination of embodiments of the disclosed methods.

12. Mimic
24. As used herein, “mimic” or like terms refers to performing one or more of
the functions of a reference object. For example, a molecule mimic performs one or

more of the functions of a molecule.

13. Or
25. The word "or" or like terms as used herein means any one member of a

particular list and also includes any combination of members of that list.

14. Publications

26. Throughout this application, various publications are referenced. The
disclosures of these publications in their entireties are hereby incorporated by
reference into this application in order to more fully describe the state of the art to
which this pertains. The references disclosed are also individually and specifically
incorporated by reference herein for the material contained in them that is discussed
in the sentence in which the reference is relied upon. Nothing herein is to be construed
as an admission that the present invention is not entitled to antedate such disclosure
by virtue of prior invention. No admission is made that any reference constitutes
prior art. The discussion of references states what their authors assert, and applicants
reserve the right to challenge the accuracy and pertinency of the cited documents. It
will be clearly understood that, although a number of publications are referred to
herein, such reference does not constitute an admission that any of these documents

forms part of the common general knowledge in the art.

15. Sample
27. By sample or like terms is meant an animal, a plant, a fungus, etc.; a
natural product, a natural product extract, etc.; a tissue or organ from an animal; a cell

(either within a subject, taken directly from a subject, or a cell maintained in culture
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or from a cultured cell line); a cell lysate (or lysate fraction) or cell extract; or a
solution containing one or more molecules derived from a cell or cellular material
(e.g. a polypeptide or nucleic acid), which is assayed as described herein. A sample
may also be any body fluid or excretion (for example, but not limited to, blood, urine,
stool, saliva, tears, bile) that contains cells or cell components.
16. About

28. About modifying, for example, the quantity of an ingredient in a
composition, concentrations, volumes, process temperature, process time, yields, flow
rates, pressures, and like values, and ranges thereof, employed in describing the
embodiments of the disclosure, refers to variation in the numerical quantity that can
occur, for example, through typical measuring and handling procedures used for
making compounds, compositions, concentrates or use formulations; through
inadvertent error in these procedures; through differences in the manufacture, source,
or purity of starting materials or ingredients used to carry out the methods; and like
considerations. The term “about” also encompasses amounts that differ due to aging
of a composition or formulation with a particular initial concentration or mixture, and
amounts that differ due to mixing or processing a composition or formulation with a
particular initial concentration or mixture. Whether modified by the term “about” the
claims appended hereto include equivalents to these quantities.

17. Values

29. Specific and preferred values disclosed for components, ingredients,
additives, cell types, markers, and like aspects, and ranges thereof, are for illustration
only; they do not exclude other defined values or other values within defined ranges.
The compositions, apparatus, and methods of the disclosure include those having any
value or any combination of the values, specific values, more specific values, and
preferred values described herein.

30. Thus, the disclosed methods, compositions, articles, and machines, can be
combined in a manner to comprise, consist of, or consist essentially of, the various

components, steps, molecules, and composition, and the like, discussed herein.

18. Compounds and compositions
31. Compounds and compositions have their standard meaning in the art. It is

understood that wherever, a particular designation, such as a molecule, substance,
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marker, cell, or reagent compositions comprising, consisting of, and consisting
essentially of these designations are disclosed.
19. Obtaining

32. Obtaining or like terms means getting or acquiring. For example,
obtaining a sample includes taking a sample physically from a subject and it also
includes receiving a sample which someone else took from a subject, which was for
example, stored. Thus, obtaining includes but is not limited to physically collecting a
sample.

20. Measuring the length of the chromosome telomere

33. Measuring the length of the chromosome telomere or like terms includes
directly measuring, such as by determining the number of bases or repeats or other
physical ways of quantifying the absolute length of a telomere, as well as indirectly
measuring the length. An indirect measurement of the length refers to measuring
something which is a substitute or related or correlated to length, such as the amount
of a telomere marker bound to a telomere, or the amount of signal arising from a
telomere marker bound to a telomere, such as the amount of fluorescence bound to a
telomere via a telomere marker.

34. 1t is understood that a single telomere or arm of a telomere can be
measured up to and including all of the telomeres of each chromosome of a cell of a
subject. There are 23 pairs of chromosomes, 46 individual chromosomes, and 92
arms of a chromosome having 92 telomeres in a typical human cell.

21. Chromosome 9p telomere

35. Chromosome 9p telomere or like terms is the telomere on the short branch
of chromosome 9.

22. Chromosome 9p telomere length

36. Chromosome 9p telomere length is the length of the short arm of
chromosome 9.

23. Shorter

37. Shorter or like terms refers to fewer nucleotides. One nucleic acid, such as
a chromosome or a telomere of a chromosome, would be shorter than another nucleic
acid if it has at least one fewer nucleotide.

38. How much shorter a nucleic acid is than another nucleic acid can be
represented by referring to the representative length of the two nucleic acids as less

than or equal to 0.000001, 0.00001, 0.0001, 0.001, 0.01, 0.1, 0.2,0.3,0.4, 0.5, 0.6,

9
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0.7, 0.8, 0.9, or 0.95 of the length of one or the other nucleic acid. For example, a
nucleic acid that is 900 bases long is 0.9 the length of a nucleic acid that is 1000 bases
long.
24. Chromosome 9p reference length
39. A chromosome 9p reference length or like terms is a reference length of
the chromosome 9 short arm.
25. Relative telomere length or Telomere ratio
40. A relative telomere length or telomere ratio or like terms is a ratio between
the length of at least one telomere of one arm of a chromosome in a cell and the
length of the reference nucleic acid sequences, such as the length of all the telomeres
of a complete set of chromosome arms (N=92) in a typical human cell or the length of
centromeric sequences of chromosome 2 etc. Understanding that length can be
absolute length or an indirect measurement of length as discussed herein. Thus, a
telomere ratio could be the signal from the short arm of chromosome 9p to the signal
of a reference nucleic acid sequences, i.e. signals from the telomeres of the 92 arms of
the chromosomes from a typical human cell. This would be a chromosome 9p
relative telomere length or telomere ratio.
26. Reference telomere ratio
41. A reference telomere ratio or like terms is a telomere ratio that is produced
from a sample(s) from a subject(s) that is considered a control. For example, it could
be from healthy individuals or from non-cancerous patients. It is understood that the
reference telomere ratio can be produced de novo or can be a number previously
determined to be a reference number. As disclosed herein, a reference telomere ratio
could be or be 0.00494, 0.00583, or 0.00680 or other like numbers, disclosed in tables
1-4, for example.
27. Increased likelihood of having cancer or contracting cancer
42. Increased likelihood of having cancer or contracting cancer refers to an
odds ratio as discussed herein. For example, it can be considered a fold likelihood
relative to a group, such as a subject has at least a 3.0, 3.9, or 6.6, fold increase
relative to all women, or at least a 2.1, 2.9, or 6.2, fold increase relative to all
premenopausal women or at least a 4.3, 5.1, or 7.5, fold increase relative to all

postmenopausal women.

10
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28. Chromosome 9 telomere ratio
43. A chromosome 9 telomere ratio or like terms refers to a telomere ratio
where the numerator of the telomere ratio is represented by the direct or indirect
length of chromosome 9 telomeres.
29. Chromsome 9p telomere ratio
44. A chromosome 9p telomere ratio or like terms refers to a telomere ratio
where the numerator of the telomere ratio is represented by the direct or indirect
length of chromosome 9p telomeres.
30. Telomere length
45. Telomere length or like terms refers to the direct or indirect length of a
telomere of a chromosome arm.
31. Indirect measurement
46. An indirect measurement or like terms refers to a measurement that is
representative or something. For example, the amount of flourescence signal arising
from bound fluorescently labeled probe on a telomere or a chromosome is an indirect
measurement of the length or the telomere of that chromosome.
32. Telomere marker
47. A telomere marker or like terms is any molecule or substance that interacts
preferentially with a telomere relative to another region of a chromosome. A telomere
marker could be a hybridization probe for a telomere, such as a fluorescent probe.
33. Total telomere length
48. The total telomere length or like terms refers to the length, direct or
indirect, or all of the telomeres in a cell.
34. Patient history
49. A patient or subject history or like terms refers to one or more items in the
history of a subject which could be considered relevant to the subject, such as race,
age, physical status, such as pre or post menopausal, smoking, alcohol consumption,
family cancer history, or like items.
35. Adjusted odds ratio
50. An adjusted odds ratio or like terms refers to a odds ratio that has been
adjusted, such as statistically adjusted, based on one or more characteristics obtained

in a subject history from the subject the telomere ratio was obtained from.

11
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36. Quantitating telomere length
51. Quantitating telomere length or like terms refers to measuring the length of
the telomere and can be performed by for example by quantifying the fluorescence
using TeloMeter, which is a program that is freely available from John Hopkins
University website (http://bui2.win.ad.jhu.edu/telometer/) or quantitating can arise
from the commercially available Isis image software from Metasystems
(http:/fwww netasystens.cony).

37. fresh whole blood

52. Fresh whole blood refers to a sample of venous blood from a subject and

was kept at 4°C for less than 48 hours.
38. preventive treatment/intervention for cancer

53. Preventive treatment/intervention for cancer refer to the current preventive
treatment regimes or protocols, that are designed to reduce the likelihood of getting
cancer for a individual and are in use by physicians or health care organization. For
example, Tomaxifen is subscribed for a women who are at high risk of breast cancer
or bilateral surgically removal of ovaries are used to reduce the breast or ovarian
cancer if a women is at very high risk of breast cancer, i.e., BRCA1 mutation carriers.
Preventive treatment/intervention for cancer also refers to clinical protocols to
monitor an individual who is at high risk of getting cancer more closely to detect a
cancer early. Patient who’s cancer is detected in a early stage usually has a better
change of cure and survival.

B. Cancer

1. Breast Cancer

54. Breast cancer, like most human malignancies, is characterized by short or
extremely long telomere in tumor cells and chromosomal instability (Baudis BMC
Cancer 7:226, 2007; Shih et al. Cancer Res 61:818-822, 2001; Michor et al. Semin
Cancer Biol 15:43-49, 2005). It is documented that chromosomal instability
preferentially involves specific chromosome arms for each type of human cancer
(Baudis BMC Cancer 7:226, 2007 ). In breast cancer, frequent chromosomal
abnormalities in early stage breast tumors involves a few chromosomal arms,
including gains of 1q, 8q, 17q, and 20q, and losses of 8p, 9p, 16q and 17p (Baudis
BMC Cancer 7:226, 2007; Gorgoulis et al. Mol Med 4:807-822, 1998; An et al.
Genes Chromosomes Cancer 17:14-20, 1996). Disclosed herein, chromosome arm-

specific telomere deficiency was correlated with the cancer which is consistent with

12
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the underlying mechanisms for such arm-specific instability because critically
short/dysfunctional telomeres can lead to chromosome end fusion which induces
chromosome specific instability via repeated series of breakage-fusion-bridge (BFB)
cycles (Hackett et al. Cell, 106:275-286, 2001; Gisselsson et al. PNAS 98:12683-12688,
2001; Stewenius et al. PNAS, 102:5541-5546, 2005; Lo et al. Neoplasia, 4:531-538, 2002).

55. Breast cancer, like most human malignancies, is characterized by
chromosomal instability (CIN) (Baudis BMC Cancer 7:226, 2007). CIN is featured
by losses or gains of entire chromosomes or chromosomal fragments, resulting in
aneuploidy, large deletions or gains, and chromosomal rearrangements. CIN is
observed as an early event in tumorigenesis (Shih et al. Cancer Res 61:818-822,
2001; Michor et al. Semin Cancer Biol 15:43-49, 2005) and there is abundant
evidence of correlation between increasing chromosomal abnormalities and greater
tumor aggressiveness. However, the molecular defects underlying CIN, and whether
CIN is a cause or a consequence of the malignant phenotype, are not clear.

56. Accumulating evidence indicates that dysregulation of the p53 and Rb
pathways are important mechanisms of CIN development (Hernando et al. Nature
430:797-802, 2004), and deregulation of the Rb pathway is a major contributor to
CIN in breast tumors (Fridlyand et al. BMC Cancer 6:96, 2006; Gorgoulis et al.
4:807-822, 1998). One of the chromosomal abnormalities that affects the regulation of
both p53 and Rb pathways is the chromosome 9p21 deletion. Indeed, deletions of
chromosome 9 or 9p21 are the most frequent early chromosomal abnormalities in
cancers, including head and neck (Miracca et al. 9:229-233, 2000), bladder
(Mhawech-Fauceglia et al. Cancer 106:1205-1216, 2006), non-small cell lung (Sato
et al. Genes Chromosomes Cancer 44:405-414, 2005) and skin cancers (Baudis et al.
2007; Rakosky et al. Cancer Genet Cytogenet 182:116-121, 2008). Frequent
chromosome 9p deletions were also reported for high grade ductal carcinoma in situ
(DCIS) (Ellsworth et al. Ann Surg Oncol 14:3070-3077, 2007; Hwang et al. Clin
Cancer Res 10:5160-5167, 2004) and invasive breast cancer (An et al. Genes
Chromosomes Cancer 17:14-20, 1996; Xie et al. Int J Oncol 21:499-507, 2002). On
9p, deletions and recombination are centered around an important tumor suppressor
locus, the CDKN2A (Williamson et al. Hum Mol Genet 4:1569-1577, 1995; Cairns et
al. Nat Genet 11:210-212, 1995). The CDKNZ2A gene encodes 2 proteins (p16INK4
and pl4ARF) that regulate two critical cell cycle regulatory pathways: the p53
pathway and the retinoblastoma pathway (Harris et al. Oncogene 24:2899-2908, 2005
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). Thus inactivation of the CDKN2A locus via chromosome 9p21 deletion may be an
initiating event in the development of breast cancer. Chromosomes possessing short
telomeres may be unstable and so individuals who have short telomeres on
chromosome 9 may have an increased likelihood of chromosome 9 deletion, and
consequently a greater risk to develop cancer.

C. Telomeres

57. Telomeres are specialized DNA-protein structures that cap the ends of
linear chromosomes. They are crucial for protecting linear chromosomes and are
essential for maintaining the integrity and stability of genomes (McEachern et al.
Annu.Rev Genet, 34:331-358, 2000). Telomere-induced chromosomal instability could
drive the tumorigenic process by increasing mutation rates for oncogenes and tumor
suppressor genes (Maser et al. Science, 297:565-569, 2000).

58. Disclosed herein, a case-control study of breast cancer, examining the
association between chromosome 9 arm-specific telomere lengths and breast cancer
risk demonstrated that short telomere length on chromosome 9p is strongly associated
with breast cancer risk, and provides new methods and compositions for breast cancer
risk assessment for individuals in the general population.

D. Methods for breast cancer assessment

59. One aspect of the present disclosure is directed to methods for detecting
telomere shortening as diagnostic indicators of cancer risk, such as breast cancer.
More particularly, in accordance with one embodiment methods are provided for
detecting the presence of telomere shortening in the chromosomes prepared from
blood cells of a subject. Being able to perform diagnostic tests for cancer risk, such as
breast cancer, from blood cells, such as lymphocyte cells of the patient, is desirable in
the field of cancer risk assessment. Disclosed is data showing that telomere lengths,
such as chromosome 9P length, such as the 9P short arm length, have been associated
with the risk of cancer and can serve as possible markers for cancer risk prediction.

60. Disclosed are methods of detecting the presence of shortened telomeres in
blood cells is provided using a chromosome analysis based on quantitating telomere
length disclosed herein. The method comprises the steps of obtaining blood from a
subject, harvesting the chromosomes, performing chromosome analysis, quantitating
telomere length and determining the cancer risk based on the length of the telomere.

61. Disclosed are methods of detecting the presence of shortened telomeres in

blood cells is provided using a chromosome analysis based on quantitating telomere
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length disclosed herein. The method comprises the steps of obtaining blood from a
subject, harvesting the chromosomes, performing telomere fluorescent in situ
hybridization on chromosomes, quantitating telomere length and determining the
cancer risk based on the length of the 9p telomere

62. In one embodiment, the chromosome analysis is performed using telomere
fluorescent in situ hybridization (FISH).

63. A significant advantage of the disclosed methods is that blood cells are
used instead of tissue derived directly from breast or tumor. Therefore the test is
much less invasive and can be used as pre-cancer screen as opposed to a post-cancer
screen.

64. The results of the experiments discussed in the Examples, showed that,
after adjustment for known breast cancer risk factors, shorter telomeres on
chromosome 9p-short (allelic shorter version) were strongly associated with an
increased risk of breast cancer, as described at least in Tables 1-4. This finding
indicates that individuals who possess short telomeres on chromosome 9 are at
increased risk of breast cancer.

65. In humans, there are 23 pairs of chromosomes and 92 telomeres, and
chromosome specific telomere lengths are highly polymorphic between chromosomal
arms (Lansdorp et al. Hum Mol Genet 5:685-691, 1996; Graakjaer et al. Mech
Ageing Dev 124:629-640, 2003; Martens et al. Nat Genet 18:76-80, 1998). The
disclosed observation that the shorter, such as the shortest, 9p telomere (shorter 9p-short
telomeres) were strongly associated with breast cancer risk provides methods of using this
information to assess the risk of cancer, such as breast cancer, in a subject. This study
reports that a short telomere on chromosome 9p is strongly associated with breast
cancer risk. Telomere length on chromosome 9p, as disclosed herein, is a tool for
identifying women at risk for breast cancer and improving breast cancer risk
assessment for individuals in general population.

66. Telomere lengths on chromosome 9q were not associated with breast
cancer risk. No significant correlations was observed between 9p and 9q telomere
lengths in controls, except a weak correlation between 9p-short and 9g-short,
suggesting telomere lengths on 9p or 9q are independent events. There was no
significant difference in mean overall (cell total) telomere length between cases and controls
(Table 1) (Zheng et al. Breast Cancer Res Treat, in press, 2009). This may in part explain

the null findings by three recent studies that examined the association of overall (cell
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total) telomere length in blood leucocytes and breast cancer risk (Shen et al. Cancer
Res 67:5538-5544, 2007; Svenson et al. Cancer Res 68:3618-3623, 2008; Barwell et
al. BrJ Cancer 97:1696-1700, 2007).

67. Disclosed are methods of assaying a subject comprising, Obtaining a
sample from the subject, Measuring the length of the chromsome 9p telomere in a cell
of the sample, producing a chromosome 9p telomere length, and Identifying a subject
having a chromosome 9p telomere length which is shorter than a chromosome 9p
reference length or alone or in any combination.

68. Also disclosed are methods, wherein shorter comprises chromsome 9p
telomere length less than or equal to 0.000001, 0.00001, 0.0001, 0.001, 0.01, 0.1,
0.2,0.3,04,0.5,0.6,0.7, 0.8, 0.9, or 0.95 of the chromsome 9p reference length or
alone or in any combination.

69. Disclosed are methods of assaying a subject comprising, Obtaining a
sample from the subject, Measuring a telomere ratio from a cell from the sample, and
Identifying a subject having a telomere ratio less than a reference telomere ratio or
alone or in any combination.

70. Also disclosed are methods, wherein a subject having a telomere ratio less
than a reference telomere ratio has an increased likelihood of having cancer, wherein
a subject having a telomere ratio less than a reference telomere ratio has an increased
likelihood of contracting cancer, wherein the likelihood indicates at least a 3.0, 3.9, or
6.6, fold increase relative to all women, wherein the likelihood indicates at least a 2.1,
2.9, or 6.2, fold increase relative to all premenopausal women, wherein the likelihood
indicates at least a 4.3, 5.1, or 7.5, fold increase relative to all postmenopausal
women, wherein the cancer is breast cancer, wherein the telomere ratio is a
chromosome 9 telomere ratio, wherein the telomere ratio is a chromsome 9p telomere
ratio, wherein the reference telomere ratio is 0.00494, 0.00583, or 0.00680, wherein
measuring the telomere ratio comprises substituting an indirect measurement of
telomere length represented in the telomere ratio, wherein measuring the telomere
ratio comprises substituting an indirect measurement of telomere length for all
telomeres represented in the telomere ratio, wherein indirect measurement comprises
measuring a telomere marker, wherein the telomere marker comprises a telomere
hybridization probe, wherein the hybridization probe comprises a fluorescent probe,
wherein the indirect measurement comprises the fluorescent signal of a fluorescent in

situ hybridization assay, wherein measuring the telomere ratio comprises the length of
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at least one telomere represented in the telomere ratio, wherein measuring the
telomere ratio comprises the length of all telomeres represented in the telomere ratio,
further comprising the step of measuring the length of all of the telomeres in the cell
of the subject, producing a total telomere length, further comprising the step of
comparing the length of the chromosome 9p in the cell of the subject to the length of
all of the telomeres in the cell of the subject forming a telomere ratio, and/or further
comprising the step of creating a telomere ratio, alone or in any combination.

71. Disclosed are methods of assaying a subject comprising, collecting a
sample from the subject, measuring the length of the telomeres of the subject, creating
a telomere ratio, wherein the 9p telomere ratio compares the length of the 9P telomere
to the total length of the telomeres of all chromosomes of the subject, and identifying
a subject having a 9p telomere ratio less than or equal to 0.00680 or alone or in any
combination.

72. Also disclosed are methods, wherein the sample comprises a blood sample,
wherein the 9P telomere length measured is the short arm, further comprising the step
of identifying thje subject as a subject having an increased risk of breast cancer,
wherein the 9P telomere ratio is less than or equal to 0.00583, wherein the 9P
telomere ratio is less than or equal to 0.00494, wherein collecting the sample
comprises culturing lymphocytes within 48 hours after blood collection, wherein
collecting the sample comprises harvesting the chromosomes with a cytogenic
protocol, wherein measuring the length of the telomeres comprises using a fluorescent
in situ hybridization assay, further comprising obtaining a patient history of the
subject, further comprising adjusting the estimated cancer risk (odds ratio) based on
one or more characteristics identified in the patient history, and/or wherein the odds
ratio is analyzed, alone or in combination with other markers/host factors to predict
cancer risk.

73. Disclosed are methods of assaying the risk of cancer, in a subject, based on
telomere length comprising: taking a blood sample from the subject; harvesting the
chromosomes; performing telomere analysis; quantitating telomere length; and
determining the risk a subject of getting cancer if the subject’s 9p telomere length is
less than 0.680% or 0.583% or 0.494% of the length of all the subjects’s
chromosomes telomere length alone or in combination with other markers/host

factors.
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74. Also disclosed are methods wherein cancer is breast cancer, wherein the
chromosome 9p telomere is the shorter of the two 9p telomeres, 9p short, wherein
telomere analysis comprises fluorescent in situ hybridization (FISH) analysis, wherein
quantitating telomere length comprises quantifying the fluorescence using TeloMeter
or Isis software.

75. Also disclosed are methods of treating a subject, such as a patient
comprising, analyzing the results of the method of any of the methods disclosed
herein, and performing a treatment treat or to prevent cancer on the subject based on
the results of the method alone or in combination with other markers/host factors.

76. A method of assaying a subject comprising, collecting a sample from the
subject and setting up a blood culture, performing a telomere fluorescent in situ
hybridization, measuring the intensity of the telomere fluorescent signals of the
hybridization from the sample of the subject, creating a telomere ratio, wherein the
relative telomere length of the short arms of chromosome 9 (9p) is the ratio of the
telomere signal intensity of the 9p to the telomere signal intensity of all the telomeres
in a cell from the sample, and identifying a subject having a 9p telomere ratio less
than or equal to a reference 9p telomere ratio or alone or in any combination with any
other aspects disclosed herein.

77. Also disclosed are methods, wherein the sample comprises a blood sample,
wherein the 9P telomere length measured is the short arm of chromosome # 9, further
comprising the step of identifying the subject as a subject having an increased risk of
breast cancer, wherein the reference 9P telomere ratio is less than or equal to 0.680%,
wherein the reference 9P telomere ratio is less than or equal to 0.583%, wherein the
reference 9P telomere ratio is less than or equal to 0.494%, wherein setting up the
lymphocyte culture within 48 hours of blood sample collection, wherein collecting the
sample comprises culturing blood lymphocytes (see for example, zheng et al, 2003,
Carcinogenesis 24:269-74), wherein collecting the sample comprises harvesting the
chromosomes with a cytogenic protocol (see for example, zheng et al, 2003,
Carcinogenesis 24:269-74), wherein measuring the length of the telomeres comprises
using a fluorescence in situ hybridization (FISH) assay, wherein measuring the length
of the telomeres comprises analyzing FISH images of metaphase chromosomes using
the TeloMeter, further comprising obtaining a demographic, lifestyle and medical
history of the subject, wherein the statistical analysis indicates at least a 3.0, 3.9, or

6.6, fold increase relative to all women, wherein the statistical analysis indicates at
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least a 2.1, 2.9, or 6.2, fold increase relative to all premenopausal women, and/or
wherein the statistical analysis indicates at least a 4.3, 5.1, or 7.5, fold increase
relative to all postmenopausal women, further comprising a statistical analysis
(logistic regression modeling) to predict the likelihood of having breast cancer using
the relative telomere length of chromosome 9p alone as the predictor or in
combination with other markers/host factors to predict cancer risk alone or in any
combination with any other aspects disclosed herein.

78. Disclosed are methods wherein relative to all women, the likelihood of
having breast cancer given having shorter telomere length (0.583%-0.680%) on 9p
increases 3.0-fold when compared to women having long telomere (>0.680%) on 9p,
wherein relative to all women, wherein the likelihood of having breast cancer given
having shorter telomere length (0.494%-0.583%) on 9p increases 3.9-fold when
compared to women having long telomere (>0.680%) on 9p, wherein relative to all
women, wherein the likelihood of having breast cancer given having shorter telomere
length (<0.494%) on 9p increases 6.6-fold when compared to women having long
telomere (>0.680%) on 9p, wherein relative to pre-menopausal women, wherein the
likelihood of having breast cancer given having shorter telomere length (0.583%-
0.680%) on 9p increases 2.1-fold when compared to women having long telomere
(>0.680%) on 9p, wherein relative to pre-menopausal women, wherein the likelihood
of having breast cancer given having shorter telomere length (0.494%-0.583%) on 9p
increases 2.9-fold when compared to women having long telomere (>0.680%) on 9p,
wherein relative to pre-menopausal women, wherein the likelihood of having breast
cancer given having shorter telomere length (<0.494%) on 9p increases 6.2-fold when
compared to women having long telomere (>0.680%) on 9p, wherein relative to post-
menopausal women, wherein the likelihood of having breast cancer given having
shorter telomere length (0.583%-0.680%) on 9p increases 4.3-fold when compared to
women having long telomere (>0.680%) on 9p, wherein relative to post-menopausal
women, wherein the likelihood of having breast cancer given having shorter telomere
length (0.494%-0.583%) on 9p increases 5.1-fold when compared to women having
long telomere (>0.680%) on 9p, and/or wherein relative to post-menopausal women,
wherein the likelihood of having breast cancer given having shorter telomere length
(<0.494%) on 9p increases 7.5-fold when compared to women having long telomere

(>0.680%) on 9p alone or in any combination with any other aspects disclosed herein.
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79. In certain embodiments, the methods address the relationship between
length and cancer risk, such as breast cancer risk, that for every 10% decrease in
relative telomere length of 9p, there is a 37% (95% CI =20% - 57%, p < 0.0001)
increase in cancer risk, such as breast cancer risk. Thus, a step that can be added to
any of the disclosed methods is a step of determining % decrease, or any equivalent
operation, such as relative amounts, of the relative telomere length, or telomere ratio,
and additionally, a step of converting this decrease to a risk assessment for breast
cancer based on the disclosed relationship. Generally the idea of an increased risk of
breast cancer based on a decrease in telomere length is disclosed.

80. Disclosed are methods of assaying the risk of cancer, in a subject, based on
telomere length comprising: taking a blood sample from the subject; Setting up a
Iymphocyte culture using fresh whole blood; harvesting the chromosome preparation
using standard cytogenetic method; performing quantitative telomere fluorescent in
situ hybridization (FISH); analyzing FISH images of chromosome spreads to quantify
telomere length (telomere signal intensity); defining the relative telomere length of
chromosome 9p as the intensity of 9p telomere signal divided by the intensity of total
telomere signals of the cell; determining the likelihood of getting cancer for a
individual using statistic prediction model considering if the individual’s 9p telomere
length is less than a specific cut points (0.494%, 0.583% or 0.680%) or alone or in
combination with other markers/host factors, alone or in any combination with any
other aspects disclosed herein.

81. Also disclosed are methods, wherein cancer is breast cancer, wherein the
chromosome 9p telomere is the shorter of the two 9p telomeres (9p-short), wherein
the two of the chromosome 9p telomeres can be used jointly to predict cancer risk,
wherein chromosome analysis comprises fluorescent in siti hybridization (FISH)
analysis, wherein quantitating telomere length comprises quantifying the intensity of
the fluorescence signal using TeloMeter or Isis image software or alone or in any
combination.

82. Also disclosed are methods of treating a patient comprising, analyzing the
results of the method of any of the methods disclosed herein alone or in combination
with other markers/host factors to predict cancer risk, and based on the risk

performing a preventive treatment/intervention for cancer on the subject.
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1. Nucleic acids

83. There are a variety of molecules disclosed herein that are nucleic acid
based, as well as any other proteins disclosed herein, as well as various functional
nucleic acids. The disclosed nucleic acids are made up of for example, nucleotides,
nucleotide analogs, or nucleotide substitutes. Non-limiting examples of these and
other molecules are discussed herein. It is understood that for example, when a vector
is expressed in a cell, that the expressed mRNA will typically be made up of A, C, G,
and U. Likewise, it is understood that if, for example, an antisense molecule is
introduced into a cell or cell environment through for example exogenous delivery, it
is advantagous that the antisense molecule be made up of nucleotide analogs that
reduce the degradation of the antisense molecule in the cellular environment.

a) Nucleotides and related molecules

84. A nucleotide is a molecule that contains a base moiety, a sugar moiety and
a phosphate moiety. Nucleotides can be linked together through their phosphate
moieties and sugar moieties creating an internucleoside linkage. The base moiety of a
nucleotide can be adenin-9-yl (A), cytosin-1-yl (C), guanin-9-yl (G), uracil-1-y1 (U),
and thymin-1-yl (T). The sugar moiety of a nucleotide is a ribose or a deoxyribose.
The phosphate moiety of a nucleotide is pentavalent phosphate. An non-limiting
example of a nucleotide would be 3'-AMP (3'-adenosine monophosphate) or 5'-GMP
(5'-guanosine monophosphate).

85. A nucleotide analog is a nucleotide which contains some type of
modification to either the base, sugar, or phosphate moieties. Modifications to
nucleotides are well known in the art and would include for example,
5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, and
2-aminoadenine as well as modifications at the sugar or phosphate moieties.

86. Nucleotide substitutes are molecules having similar functional properties
to nucleotides, but which do not contain a phosphate moiety, such as peptide nucleic
acid (PNA). Nucleotide substitutes are molecules that will recognize nucleic acids in
a Watson-Crick or Hoogsteen manner, but which are linked together through a
moiety other than a phosphate moiety. Nucleotide substitutes are able to conform to a
double helix type structure when interacting with the appropriate target nucleic acid.

87. 1t is also possible to link other types of molecules (conjugates) to
nucleotides or nucleotide analogs to enhance for example, cellular uptake.

Conjugates can be chemically linked to the nucleotide or nucleotide analogs. Such
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conjugates include but are not limited to lipid moieties such as a cholesterol moiety.
(Letsinger et al., Proc. Natl. Acad. Sci. USA, 1989,86, 6553-6556),

88. A Watson-Crick interaction is at least one interaction with the Watson-
Crick face of a nucleotide, nucleotide analog, or nucleotide substitute. The Watson-
Crick face of a nucleotide, nucleotide analog, or nucleotide substitute includes the C2,
N1, and C6 positions of a purine based nucleotide, nucleotide analog, or nucleotide
substitute and the C2, N3, C4 positions of a pyrimidine based nucleotide, nucleotide
analog, or nucleotide substitute.

89. A Hoogsteen interaction is the interaction that takes place on the
Hoogsteen face of a nucleotide or nucleotide analog, which is exposed in the major
groove of duplex DNA. The Hoogsteen face includes the N7 position and reactive
groups (NH2 or O) at the C6 position of purine nucleotides.

b) Sequences

90. There are a variety of sequences related to telomeres disclosed herein that
are disclosed on Genbank, and these sequences and others are herein incorporated by
reference in their entireties as well as for individual subsequences contained therein.

91. A variety of sequences are provided herein and these and others can be

found in Genbank, at www.pubmed.gov. Those of skill in the art understand how to

resolve sequence discrepancies and differences and to adjust the compositions and
methods relating to a particular sequence to other related sequences. Primers and/or
probes can be designed for any sequence given the information disclosed herein and
known in the art.
¢) Primers and probes

92. Disclosed are compositions including primers and probes, which are
capable of interacting with the genes disclosed herein. In certain embodiments the
primers are used to support DNA amplification reactions. Typically the primers will
be capable of being extended in a sequence specific manner. Extension of a primer in
a sequence specific manner includes any methods wherein the sequence and/or
composition of the nucleic acid molecule to which the primer is hybridized or
otherwise associated directs or influences the composition or sequence of the product
produced by the extension of the primer. Extension of the primer in a sequence
specific manner therefore includes, but is not limited to, PCR, DNA sequencing, DNA
extension, DNA polymerization, RNA transcription, or reverse transcription.

Techniques and conditions that amplify the primer in a sequence specific manner are
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preferred. In certain embodiments the primers are used for the DNA amplification
reactions, such as PCR or direct sequencing. It is understood that in certain
embodiments the primers can also be extended using non-enzymatic techniques,
where for example, the nucleotides or oligonucleotides used to extend the primer are
modified such that they will chemically react to extend the primer in a sequence
specific manner. Typically the disclosed primers hybridize with the nucleic acid or
region of the nucleic acid or they hybridize with the complement of the nucleic acid
or complement of a region of the nucleic acid.

E. Hybridization

93. The term hybridization typically means a sequence driven interaction
between at least two nucleic acid molecules, such as a primer or a probe and a gene.
Sequence driven interaction means an interaction that occurs between two nucleotides
or nucleotide analogs or nucleotide derivatives in a nucleotide specific manner. For
example, G interacting with C or A interacting with T are sequence driven
interactions. Typically sequence driven interactions occur on the Watson-Crick face
or Hoogsteen face of the nucleotide. The hybridization of two nucleic acids is affected
by a number of conditions and parameters known to those of skill in the art. For
example, the salt concentrations, pH, and temperature of the reaction all affect
whether two nucleic acid molecules will hybridize.

94. Parameters for selective hybridization between two nucleic acid molecules
are well known to those of skill in the art. For example, in some embodiments
selective hybridization conditions can be defined as stringent hybridization
conditions. For example, stringency of hybridization is controlled by both temperature
and salt concentration of either or both of the hybridization and washing steps. For
example, the conditions of hybridization to achieve selective hybridization can
involve hybridization in high ionic strength solution (6.times.SSC or 6.times.SSPE) at
a temperature that is about 12-25.degree. C. below the Tm (the melting temperature at
which half of the molecules dissociate from their hybridization partners) followed by
washing at a combination of temperature and salt concentration chosen so that the
washing temperature is about 5.degree. C. to 20.degree. C. below the Tm. The
temperature and salt conditions are readily determined empirically in preliminary
experiments in which samples of reference DNA immobilized on filters are
hybridized to a labeled nucleic acid of interest and then washed under conditions of

different stringencies. Hybridization temperatures are typically higher for DNA-RNA
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and RNA-RNA hybridizations. The conditions can be used as described above to
achieve stringency, or as is known in the art. (Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., 1989; Kunkel et al. Methods Enzymol. 1987:154:367, 1987 which is herein
incorporated by reference for material at least related to hybridization of nucleic
acids). A preferable stringent hybridization condition for a DNA:DNA hybridization
can be at about 68.degree. C. (in aqueous solution) in 6.times.SSC or 6.times.SSPE
followed by washing at 68.degree. C. Stringency of hybridization and washing, if
desired, can be reduced accordingly as the degree of complementarity desired is
decreased, and further, depending upon the G-C or A-T richness of any area wherein
variability is searched for. Likewise, stringency of hybridization and washing, if
desired, can be increased accordingly as homology desired is increased, and further,
depending upon the G-C or A-T richness of any area wherein high homology is
desired, all as known in the art.

95. Another way to define selective hybridization is by looking at the amount
(percentage) of one of the nucleic acids bound to the other nucleic acid. For example,
in some embodiments selective hybridization conditions would be when at least
about, 60, 65,70, 71, 72, 73,74, 75,76, 77,778, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 percent of the limiting nucleic acid is
bound to the non-limiting nucleic acid. Typically, the non-limiting primer is in for
example, 10 or 100 or 1000 fold excess. This type of assay can be performed at under
conditions where both the limiting and non-limiting primer are for example, 10 fold or
100 fold or 1000 fold below their k.sub.d, or where only one of the nucleic acid
molecules is 10 fold or 100 fold or 1000 fold or where one or both nucleic acid
molecules are above their k.

96. Another way to define selective hybridization is by looking at the
percentage of primer that gets enzymatically manipulated under conditions where
hybridization is required to promote the desired enzymatic manipulation. For
example, in some embodiments selective hybridization conditions would be when at
least about, 60, 65, 70, 71, 72, 73,74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 percent of the primer is
enzymatically manipulated under conditions which promote the enzymatic
manipulation, for example if the enzymatic manipulation is DNA extension, then

selective hybridization conditions would be when at least about 60, 65, 70,71, 72,73,
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74,75,76,71,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 100 percent of the primer molecules are extended. Preferred conditions
also include those suggested by the manufacturer or indicated in the art as being
appropriate for the enzyme performing the manipulation.

97. Just as with homology, it is understood that there are a variety of methods
herein disclosed for determining the level of hybridization between two nucleic acid
molecules. It is understood that these methods and conditions may provide different
percentages of hybridization between two nucleic acid molecules, but unless
otherwise indicated meeting the parameters of any of the methods would be sufficient.
For example if 80% hybridization was required and as long as hybridization occurs
within the required parameters in any one of these methods it is considered disclosed
herein.

98. Itis understood that those of skill in the art understand that if a
composition or method meets any one of these criteria for determining hybridization
either collectively or singly it is a composition or method that is disclosed herein.

F. Examples

1. Example 1
a) RESULTS
(1) Characteristics of Study Population

99. Table 1 (shown below) lists the characteristics of the study subjects. The
mean age is 52.7 for cases and 53.3 for controls. There are no significant case-control
differences in the distributions of race, menopausal status, tobacco smoking, alcohol
use, education levels, family income, history of pregnancy, and HRT use. The mean
body mass index (BMI), mean age at first child birth, and mean age at menarche were
almost identical between cases and controls. Controls were significantly more likely
to be physically active in both the teens and in the past year compared with cases.
There were no significant differences in the distribution of the levels of household
income between cases and controls among those who reported household income.
However, 31% of the cases and 16% of controls did not report household income
(Table 1). Further experiments with a larger study popution (N=205 for cases and
N=236 for controls) showed a similar trend. Additional factors analyzed were age at
menarche wherein the results showed 12.8 +/- 1.5 yrs for cases and 12.5 +/- 1.8 yrs

for controls (p value of 0.583). Number of live births for cases was 1.53 +/- 1.31 and
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1.51 +/- 1.29 yrs for controls (p value of 0.852). Age at first live birth was 27.1 +/- 6.3
yrs for cases and 28.8 +/- 6.6 for controls (p value 0.042)

Table 1. Distribution of Characteristics of Study Population

Host factors Cases (N=140) Controls (N=159) p-value

Age, mean (SD 52.71 (10.61) 53.25 (9.92) 0.656
Race, N (%)

Whites 104 (74.2) 118 (74.2)

Blacks 28 (20.0) 34 (21.4) 0.850

Others 8(5.7) 7 (4.4) 0.850
Menopausal status, N (%)

Pre- 56 (42.8) 67 (42.4)

Post- 75 (57.3) 91 (57.6) 0.953
Tobacco smoking, N (%)

Never 81 (60.0) 93 (58.9)

Ever 54 (40.0) 65 (41.1) 0.843
Alcohol use, N (%)

Never 15 (11.5) 12 (7.6)

Ever 116 (88.6) 147 (92.5) 0.225
Physical Activity in teens, N (%)

No 55 (39.3) 31 (19.5)

Yes* 85 (60.7) 128 (80.5) <0.001
Physical activity last year, N (%)

No 59 (42.1) 36 (22.6)

Yes* 81 (57.9) 123 (77.4) <0.001
Education, N (%)

<= 4 years college 78 (58.2) 82 (51.6)

> 4 years college 56 (41.8) 77 (48.4) 0.256
Family income, N (%)

<= 100K 46 (32.9) 56 (42.1)

> 100K 51 (36.4) 77 (57.9)

Missing 43(30.7) 26 (16.4) 0.010
Family history of cancer®

No 50 (39.7) 73 (46.5)

Yes 76 (60.3) 84 (53.5) 0.250
HRTS§, N (%)

No 86 (65.7) 94 (59.1)

Yes 45 (34.4) 65 (40.9) 0.254
BMI1, mean (SD) 27.14 (6.30) 27.28 (6.64) 0.862
Total telomere lengthy], mean (SD) 4.36 (0.99) 4.58 (1.01) 0.069
* defined as physical activity at least once a week for at least 20 minutes at a time that either made the woman
sweat or increased heart rate
~ defined as any cancer in the first or second degree blood relatives
§hormone replacement therapy
tbody mass index
{ the unit of total telomere length is fluorescent intensity units in million (MFIU)

(2) Chromosome 9 Telomere Lengths by Case-
Control status
100. Table 2 presents the case-control comparisons of the means of the four
chromosome 9 telomeres (9p-short, 9p-long, 9g-short, and 9g-long). The mean
relative telomere length (RTL) of the 9p-short was significantly shorter in cases
(mean = 0.515%) than in controls (mean = 0.593%, p < 0.001). The mean RTL of the
9p-long was also significantly shorter in cases (mean = 1.18%) than in controls (mean
=1.234%, p = 0.017). However, the mean RTLs of 9qg-short and 9g-long were not

significantly different between cases and controls. When the case-control comparison
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was stratified by race, menopausal status, tobacco smoking status, or physical activity

in teens, we observed similar patterns of case-control differences across all subgroups

of women.
Table 2. Case-Control Comparison of Mean Chromosome 9 Telomere Lengths, by Host Factors
RTL (%o) Cases Controls P-Value
N Mean (SD) N Mean
(SD)
All subjects
9p-short TL 140 515 (.12) 159 593 (.12) <0.001
9plong TL 140 1.184 (.18) 159 1.234 (17) 0.017
9g-short TL 140 512 (1.23) 159 525 (.14) 0.403
9glong TL 140 1.185(.9) 159 1.176 (.2) 0.693
Pre-menopausal women
9p-short TL 56 510 (.13) 67 604 (.11) <0.001
9plong TL 56 1.173 (.180) 67 1.244 (17) 0.040
9g-short TL 56 531 (.11) 67 529 (.14) 0.957
9glong TL 56 1.206 (.20) 67 1.162 (.20) 0.306
Post-menopausal women
9p-short TL 75 516 (.11) 91 582 (.13) <0.001
9plong TL 75 1.189 (.18) 91 1.226 (.18) 0.267
9g-short TL 75 504 (.13) 91 525 (.14) 0.214
9glong TL 75 1.173(17) 91 1.185(.19) 0.486
Never smokers
9p-short TL 81 514 (.12) 93 604 (.12) <0.001
9plong TL 81 1.191(.2) 93 1.233(.16) 0.132
9g-short TL 81 505 (.13) 93 527 (.14) 0.259
9glong TL 81 1.190 (.21) 93 1.178 (.2) 0.711
Ever smokers
9p-short TL 54 520 (11 65 575 (.13) 0.014
9plong TL 54 1.180 (17 65 1.238 (.19) 0.077
9g-short TL 54 521 (12) 65 522 (.14) 0.969
9glong TL 54 1.182 (.16 65 1.177 (.19) 0.862
Women who were not physically active in their teens
9p-short TL 55 490 (12 31 615 (.13) <0.001
9plong TL 55 1.174 (18 31 1.269 (.15) 0.011
9g-short TL 55 513 (14 31 530 (.15) 0.601
9glong TL 55 1.202 (21 31 1.174 (.19) 0.522
Women who were physically active in their teens
9p-short TL 85 531 (12 128 588 (.13) <0.001
9plong TL 85 1.191 (.18} 128 1.225 (.18) 0.174
9g-short TL 85 512 (12 128 524 (.14) 0.494
9glong TL 85 1.174 (18 128 1.177 (.20) 0.914

RTL = relative telomere length

Later studies with a larger study population (N=204 for cases and 236 for

controls) resulted in the following data. For all subjects, the mean RTL for cases was

0.663 and for controls was 0.692 (p value 0.0239). For pre-menopausal women, the

mean RTL for cases was 0.665 and for controls was 0.719 (p value 0.0069). For post-

menopausal women, the mean RTL for cases was 0.660 and for controls was 0.673 (p

value 0.4449).
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(3) RTL of Chromosome 9p-short Telomere and
Breast Cancer Risk
101.  Table 3 shows the distributions of breast cancer patients and control

subjects according to the RTL of 9p-short telomere. Using the 50m percentile value in
controls as a cut point, women who had shorter 9p-short telomeres had significantly
increased risk of breast cancer compared with women who had longer 9p-short
telomeres (adjusted odds ratio [OR] = 2.6; 95% confidence interval [CI] = 1.5 to 4.3)
in the overall study population. When stratified by menopausal status, the ORs were 2.8
(95% CI, 1.3 t0 6.2) and 2.4 (95% CI, 1.2 to 4.9) for pre- and post-menopausal women,
respectively. When the RTL data were categorized into quartiles, a significant inverse dose-
response relationship was observed (Pend < 0.001), and the lowest-vs-highest quartile OR was
6.6 (95% CI, 2.8 to 15.9) for all women. The ORs were 6.2 (95% CI, 1.8 to 21.3) and 7.5

(95% CI, 2.1 to 26.8) for pre- and post-menopausal women, respectively.

Table 3. Logistic Regression Analysis Examining the Association of Chromosome 9p-Short Telomere Length and Breast
Cancer Risk
9p-short RTL Case/Control OR’ (95% CI) P OR? (95% ClI) P
All Subjects
2 median (25.83) 41/81 1.00 1.00
< median (<5.83) 99/78 2.53 (1.56 —4.12) <0.001 2.58 (1.54 - <0.001
4.33)
Long (= 6.80) 10/41 1.00 1.00
Short (< 6.80) 130/118 5.08 (2.35-10.96) <0.001 4.43 (1.98 - 9.88)
By quartiles
Q4 (>6.80) 10/41 1.00 1.00
Q3 (5.83-6.80) 31/40 34. (1.44-8.19) 3.00 (1.20-7.45)
Q2 (4.94-5.83) 35/40 393  (1.669.29) 387 (1.58-9.49)
Q1 (£4.94) 64/38 7.51 (3.25-17.37) <0.001* 6.62 (2.75-15.94) 0.001*
Pre-menopausal women
> median (25.83) 17/38 1.00 1.00
< median (<5.83) 39/29 3.00 (1.42 - 6.35) 0.004 2.80 (1.28 - 0.010
6.16)
Long (> 6.80) 5/18 1.00 1.00
Short (< 6.80) 51/49 3.91 (1.34-11.45) 0.013 3.62 (1.18 - 0.024
11.08)
By quartiles
Q4 (>6.80) 5/18 1.00 1.00
Q3 (5.83-6.80) 12/20 229 (0.67-7.85) 2.16 (0.60-7.83)
Q2 (4.94-5.83) 11/14 290 (0.81-10.35) 287 (0.76-10.81)
Q1 (£4.94) 28/15 6.99 (2.14-22.83 <0.001* 6.16 (1.78-21.32) 0.002*
Post-menopausal women
> median (>5.83) 22/42 1.00 1.00
< median (<5.83) 53/47 2.08 (1.09 - 3.99) 0.027 2.41 (1.20 - 0.014
4.87)
Long (> 6.80) 4/22 1.00 1.00
Short (< 6.80) 71/67 5.89 (1.91-18.14) 0.002 5.66 (1.75 - 0.004
18.28)
By quartiles
Q4 (= 6.80) 4/22 1.00 1.00
Q3 (5.83-6.80) 18/20 521 (1.49-18.18) 432 (1.15-16.26)
Q2 (4.94-5.83) 21/26 4.60 (1.36-15.49) 513 (1.45-18.13)
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| Q1 (<494) 32/23 824  (2.46-27.66) 0.002* 753  (2.11-26.79) 0.003*
*P-for-trend
OR'adjusted for age as continuous and race (when appropriate).
OR? adjusted for age as continuous, race (when appropriate), smoking status
(never/ever), alcohol use (never/ever), education, family history of cancer (no/yes),
hormone replacement therapy (no/yes), history of pregnancy (no/yes), menopausal status
(when appropriate), physical activity in teens (no/yes).

Later studies with a larger study population (N=440 for all subjects, N=185 for
pre-menopausal women and N=242 for post-menopausal women) resulted in the
following data. The OR for all subjects by median was 1.13 (0.75-1.69) (p value
0.5632); by quartiles was for Q3 2.18 (1.21 —3.91), Q2 1.55 (0.84 —2.84) and for Q1
1.88 (1.04 - 3.41) which had a p value of 0.1400. The OR for pre-menopausal women
by median was 1.42 (0.75-2.69) (p value 0.2764); by quartiles was for Q3 3.14 (1.28 —
7.72), Q2 2.23 (0.89 — 5.61) and for Q1 2.54 (1.00 — 6.43) which had a p value of
0.0860. The OR for post-menopausal women by median was 1.02 (0.59-1.79) (p
value 0.9366); by quartiles was for Q3 1.55 (0.68 —3.54), Q2 1.27 (0.54 — 2.98) and
for Q1 1.37 (0.61 - 3.08) which had a p value of 0.6470. The OR for this study was
adjusted for age, race education, household income, physical activity in teens,
smoking status, alcohol use, family history or cancer and history of pregnancy and
shown in the parenthesis is the 95% CI).

(4) RTL of Chromosome 9p-long Telomere and
Breast Cancer Risk

102.  Table 4 shows the distributions of breast cancer patients and control
subjects according to the RTL of 9p-long telomere. Using the 50w value in controls as a
cut point, women who had shorter 9p-long telomere had marginally significant increased risk
of breast cancer compared with women who had longer 9p-long telomere (OR = 1.6, 95% CI
= 1.0 to 2.7) in the overall study population. When the RTL data were categorized into
quartiles, a significant inverse dose-response relationship was observed (Pend = 0.020), and
the lowest-vs-highest quartile odds ratio was 2.2 (95% CI, 1.1 to 4.4) for all women. The odds

ratios were 3.0 (95% CI, 1.1 to 8.7) and 1.6 (95% CI, 0.6 to 4.3) for pre- and post-menopausal

women, respectively.

Table 4. Logistic Regression Analysis Examining the Association of Chromosome 9p-Long Telomere Length and Breast
Cancer Risk
9p-long RTL Case/Control OR’ (95% CI) P OR? (95% ClI) P
All Subjects
> median (212.11) 54/81 1.00 1.00
< median (<12.11) 86/87 1.65 (1.03 - 2.64) 0.037 1.63 (0.99 - 2.67) 0.056
Long (= 13.43) 24/40 1.00 1.00
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Short (<13.43) 116/119 1.56 (0.89-2.796) 0.118 1.56 (0.83-2.79) 0.170
By quartiles

Q4 (>13.43) 24/40 1.00 1.00

Q3 (12.11-13.43) 30/41 118  (0.59-2.36) 112 (0.54-2.36)

Q2 (11.22-12.11) 35/39 1.47  (0.73-2.94) 1.27 (0.60-2.66)

Q1 (£11.22) 51/39 2.1 (1.09-4.07) 0.018* 2.19 (1.09-4.39) 0.020*
Pre-menopausal women

> median (212.11) 21/36 1.00 1.00

< median (<12.11) 35/31 1.97 (0.95-4.12) 0.070 1.84 (0.84 — 4.00) 0.126

Long (= 13.43) 10/20 1.00 1.00

Short (<13.43) 46/47 200 (0.84-4.77) 0.117 1.84 (0.74-460) 0.192
By quartiles

Q4 (213.43) 10/20 1.00 1.00

Q3 (12.11-13.43) 11/16 1.41  (0.48-4.19) 1.32 (0.42-4.19)

Q2 (11.22-12.11) 12/16 152 (0.52-4.47) 1.18 (0.36-3.81)

Q1 (£11.22) 23/15 3.18  (1.16-8.74) 0.025*  3.03 (1.06-8.74) 0.042*
Post-menopausal women

2 median (212.11) 31/44 1.00 1.00

< median (<12.11) 44/47 1.35 (0.72 — 252) 0.345 1.45 (0.75-2.80) 0.275

Long (= 13.43) 13/20 1.00 1.00

Short (<13.43) 62/71 1.36 (0.60 — 2.96) 0.446 1.26 (0.55 - 2.88) 0.586
By quartiles

Q4 (>13.43) 13/20 1.00 1.00

Q3 (12.11-13.43) 18/24 115  (0.45-2.93) 0.96 (0.35-2.60)

Q2 (11.22-12.11) 19/23 1.29  (0.50-3.31) 117 (0.43-3.20)

Q1 (£11.22) 25/24 1.61 (0.66-3.96) 0.270* 1.64 (0.63-4.26) 0.233*

*P-for-trend

OR'adjusted for age as continuous and race (when appropriate).

OR? adjusted for age as continuous, race (when appropriate), smoking status
(never/ever), alcohol use (never/ever), education, family history of cancer (no/yes),
hormone replacement therapy (no/yes), history of pregnancy (no/yes), menopausal status
(when appropriate), physical activity in teens (no/yes).

103. Table 5 presents the joint effects of 9p-short and 9p-long RTL on
breast cancer risk. The data suggested additive effects. However, no statistical
significant interactions between 9p-short and 9p-long RTL were detected in all
subjects (P = 0.108), pre-menopausal women (P = 0.113) or post-menopausal women

(P = 0.415) when the interactions were formally tested in logistic models.

Table 5. Joint effect of Chromosome 9p-Short and 9p-Long Telomere Length on Breast Cancer Risk

9p-short 9p-long Case/Control OR (95% ClI)
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All Subjects

Long* Long* 30/53 1.00

Short Long 24/28 2.71(1.45 - 5.04)
Long Short 11/28 1.73 (0.85 - 3.54)
Short Short 75/50 3.97 (1.71-9.19)
Pre-menopausal women

Long Long 13/25 1.00

Short Long 8/11 3.05 (1.20-7.78)
Long Short 4/13 2.44 (0.73— 8.24)
Short Short 31/18 5.49 (1.46—20.7)
Post-menopausal women

Long Long 16/27 1.00

Short Long 15117 2.44 (1.04 - 5.71)
Long Short 6/15 1.39 (0.56- 3.45)
Short Short 38/32 3.25(1.08 - 9.82)

*Chromosome 9p-short and 9p-long RTL were dichotomozed by the median value in controls.

Ors were adjusted for age as continuous, race, smoking status (never/ever), alcohol use (never/ever),
education, family history of cancer (no/yes), hormone replacement therapy (no/yes), history of
pregnancy (no/yes), menopausal status (when appropriate), physical activity in teens (no/yes).

No significant interactions between 9p-short and 9p-long were detected.
(5) RTL of Chromosome 9q-short and 9q-
longTelomeres and Breast Cancer Risk:

104.  Using the 50th percentile value in controls as a cut point, when women
who had shorter 9q-short telomere were compared with women had longer 9q-short
telomere, the OR was 1.0 (95% CI, 0.6 to 1.7) for all women. When stratified by
menopausal status, the ORs were 1.4 (95% CI, 0.7 to 2.7) and 0.8 (95% CI, 0.4 to 1.8)
for pre- and post-menopausal women, respectively. When the data were categorized
into quartiles, no significant dose-response relationship or a statistically significant
difference by comparing the lowest to highest quartile was observed.

105.  Similarly, when we used the 50th percentile value in controls as a cut
point, women who had shorter 9g-long telomeres compared to longer 9q-long
telomeres had an adjusted OR of 1.3 (95% (I, 0.8 to 2.0) overall. When stratified by
menopausal status, the ORs were 1.6 (95% CI, 0.8 to 3.0) and 1.0 (95% CI, 0.5 to 2.1)
for pre- and post-menopausal women, respectively. When the data were categorized
into quartiles, no significant dose-response relationship or a statistically significant
difference by comparing the lowest to highest quartile was observed.

(6) Correlations of Chromosome 9 Telomere
Lengths in Controls:

106.  Among control subjects, a weak inverse correlation was observed

between 9p-short telomere length and age [Pearson correlation coefficient (r) = -

0.162, P = 0.042]. No significant correlations were seen between age and the other
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three chromosome 9 telomeres. There were significant correlations between the two
9p telomere lengths (r = 0.431, P < 0.001), and between the two 9q telomere lengths (r
=0.428, P < 0.001). There were no significant correlations between 9p telomeres and
9q telomere lengths, except for a weak correlation between 9p-short and 9g-short (r =
0.204, P = 0.010).

107. Among cases, there were no significant correlations between
chromosome 9 telomere lengths and age. There were significant correlations between
the two 9p telomeres (r = 0.525, P < 0.001), and between the two 9q telomeres (r =
0.326, P < 0.001). There were statistically significant but weak correlations between
9p-short and 9g-short (r = 0.256, P = 0.002), and between 9p-long and 9q-long (r =
0.186, P = 0.028).

(7) Telomere length variation between chromosome
9 telomeres and breast cancer risk

108.  Increased telomere length variations across the genome increase
genomic instability resulting in an increased risk of breast cancer, thus the differences
in length between homologous chromosome 9 telomeres were examined for an
association with breast cancer risk. Homologous telomere length difference (HTLD)
was defined as the percent of (chromosome 9 long RTL — chromosome 9 short RTL)
divided by (chromosome 9 long RTL + chromosome 9 short RTL). Initial case-
control comparison of mean HTLD identified chromosome arm 9p as showing
significant case-control difference at p-value < 0.001 level (significant after
Bonferroni correction for multiple comparisons 0.05/46 = 0.0011) in pre-menopausal
women. The HTLD for all subjects in the case group (N=204) was 38.91 and the
control group (N=236) was 37.14 (p value 0.0169). The HTLD for pre-menopausal
women in the case group (N=89) was 39.10 and for controls (N=96) was 35.90 (p
value 0.0005. The HTLD for post-menopausal women in the case group (N=110) was
38.95 and for controls (N=132) was 38.11 (p value 0.6494). The Wilcoxan rank sum
test was used to calculate p values for HTLD study.

109.  Using the 50™ percentile value in controls as a cut point, multivariate
logistic regression analysis confirmed that greater difference in length between
homologous telomeres on chromosome arm 9p was significantly associated with an
increased breast cancer risk in premenopausal women (N = 185), adjusted odds ratio
(OR) =4.6 (95% CI = 2.3 to 9.2) significant p value of <0.0001. The OR for all
subjects (N=440) was 1.92 (95% CI = 1.26-2.92), p value 0.0022, and for post-
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menopausal women (N = 242) was 1.07 (95% CI = 0.61-1.88), p value 0.8262. When
the study subjects were categorized into four groups (by quartiles) according to the
telomere length, a significant dose-response relationship was observed for
chromosome 9p (Pyena < 0.001). For all subjects, the OR for Q2 was 0.94 (95% CI =
0.55-1.62), Q3 was 1.82 (95% CI = 1.01 — 3.28) and Q4 was 1.98 (1.09 — 3.58) with
a p value of 0.0052. For pre-menopausal subjects, the OR for Q2 was 1.22 (95% CI =
0.46 —3.21), Q3 was 7.18 (95% CI = 2.48 — 20.79) and Q4 was 4.29 (1.53 - 11.99)
with a p value of 0.0002. For post-menopausal subjects, the OR for Q2 was 1.03
(95% CI=0.50 -2.12), Q3 was 0.83 (95% CI = 0.38 — 1.80) and Q4 was 1.45 (0.65 —
3.16) with a p value of 0.5411. Chromosome 9p did not show a significant association

with breast cancer risk in post-menopausal women.

b) METHODS
(1) Study population

110.  Breast cancer cases were recruited at the Georgetown University
Hospital clinics (Lombardi Comprehensive Cancer Center’s Division of Medical
Oncology, Department of Surgery and the Betty Lou Ourisman Breast Cancer Clinic).
The inclusion criteria for cases included a diagnosis of breast cancer within the prior 6
months, women, have not been treated yet with chemotherapy and radiotherapy,
ability to provide informed consent in English. Exclusion criteria were women with a
prior history of cancer, had chemotherapy and radiation treatment, or had active
infection or immunological disorder that needed to be treated with antibiotics or
immunosuppressive medication within the prior one month. From 2006 through 2008,
a total of 228 newly diagnosed breast cancer patients were identified to be eligible and
153 (67%) participated in the study. The common reasons for non-participation were:
too busy or not interested (24%), overwhelmed by cancer diagnosis (5%), and not
responsive to phone call or e-mail contact (4%).

111.  Controls (N =159) were randomly selected from healthy women who
visited the mammography screening clinic at Georgetown University Hospital,
frequency matched to cases by age (2-year interval), race, and state of residency
(D.C., Maryland or Virginia). Other inclusion and exclusion criteria for controls were
the same as for cases. Additionally, women who had breast biopsy or were pregnant

or breast feeding were not eligible. The overall participation rate among the eligible
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women was 57% for controls. The major reason for non-participation was being either
too busy (19%) or not interested (23%).

112.  After providing informed consent, subjects received a structured, in-
person interview assessing prior medical history, tobacco smoke exposures, alcohol
use, current medications, family medical history, reproductive history, and
socioeconomic characteristics. Venous blood was obtained by trained interviewers
using heparinized tubes. The study was approved by the MedStar Research Institute-
Georgetown University Oncology Institutional Review Board.

(2) Blood Cultures and Preparation of Chromosome
Spreads

113.  Lymphocyte cultures were prepared from fresh blood within 48 hours
after the samples were obtained, as previously described (Zheng et al. Cancer Res
65:9466-9573, 2005). One ml of fresh whole blood was added to 9 ml of RPMI-1640
medium supplemented with 15% fetal bovine serum (Biofluid, Inc. Rockville), 1.5%
of phytohemagglutinin (Invitrogen Co., Carlsbad, CA), 2 mM L-glutamine, and 100
U/ml each of penicillin and streptomycin. Cells were cultured for 4 days at 370 C and
colcemid (0.2 ug/ml) was added to the culture 1 hour before the harvest. The cells
were treated in hypotonic solution (0.06 M KCI) at room temperature (RT) for 25
mins, fixed in crayon fixative (methanol:acetic acid = 3:1), and kept in crayon fixative
at -20°C.

(3) Telomere Quantitative Fluorescent In Situ
Hybridization (FISH)

114. The chromosome preparations were dropped onto clean microscopic
slides and kept at room temperature for 7 days. Slides were then fixed in crayon
fixative for one hour, dehydrated through an ethanol series (70%, 80%, 90% and
100%), and air dried. Fifteen microliters of hybridization mixture consisting of 0.3
ug/ml Cy3-labeled telomere-specific peptide nucleic acid (PNA) probe, 30 ng/ml of
FITC-labeled chromosome 9-specific PNA probe, 50% formamide, 10 mM Tris-HCI,
pH 7.5, 5% blocking reagent, and 1 x Denhart’s solution was applied to each slide.
Slides were then placed in a Hybex microarray hybridization system where the DNA
was denatured by incubating at 75°C for five minutes, followed by hybridizing at
30°C for three hours. After hybridization, the slides were sequentially washed; once in

1 x SSC, once in 0.5 x SSC, and once in 0.1 x SSC; each wash was 10 min at 42°C.
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The slides were then mounted in anti-fade mounting medium containing 300 ng/ml
4’-6-diamidino-2-phenylindole (DAPI).

115. The slides were analyzed using an epifluorescence microscope
equipped with a charge-coupled device (CCD) camera. Images were captured with
exposure times of .15, 0.25 and 0.05 second for Cy3, FITC and DAR signals,
respectively. Digitized images were quantified using a semiautomated script,
TeloMeter (provided by Dr. Alan Meeker), which was written with image analysis
software (Imagel). This software permits measurement of telomere signals in defined
regions, i.e., single chromosome arm or a cell (Meeker et al. Am J Pathol 164:925-
935, 2004). Telomere length was expressed as fluorescent intensity units (FIU).
Between the pair of chromosome 9 short arms (9p) or long arms (9q), one telomere is
always shorter than the other and there are significant differences in lengths between
allelic telomeres. This observation is consistent with previous reports indicated that
arm-specific telomere lengths were highly variable between chromosome arms and
between allelic arms (Gilson et al. Cell Cycle, 6:2486-2494, 2007; Graakjaer et al.
Hum.Genet., 119:344-350, 2006). Thus, 4 telomeres from chromosome 9 were
recorded separately and treated as separate parameters. For each patient, 15
metaphase spreads were analyzed to estimate the mean telomere length for the: (i)
short version of chromosome 9p (9p-short); (ii) long version of chromosome 9p (9p-
long); (iii) short version of chromosome 9q (9g-short); (iv) long version of
chromosome 9q (9g-long); and (v) total telomere length of the cell. The relative
telomere lengths (RTL) of chromosome 9 arms were defined as the ratio of the arm-
specific telomere FIU to the total telomere FIU of the cell, thus effectively
normalizing the hybridization variations among individual samples. The rationale to
use total telomere signals as reference signal for the normalization are: (i) the same
probe was used to measure total telomere length as arm-specific telomere length, thus
providing a most efficient normalization and (ii) total telomere length is not
significantly associated with breast cancer risk in this study (Zheng et al. Breast
Cancer Res Treat, in press, 2009), which is also consistent with previous reports
(Shen,et al. Cancer Res, 67:5538-5544, 2007; Barwell et al. Br.J Cancer, 97:1696-
1700, 2007; De, et al. Cancer Epidemiol.Biomarkers Prev., 18:1152-1156, 2009).

116.  Several quality control steps were used in this assay. Laboratory
personnel who were responsible for the blood culture and telomere assay were blinded

to the case-control status of the subjects. All new lots of reagents were tested to
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ensure optimal hybridization. A control slide containing cells with known total
telomere length was included in each batch of TQ-FISH to monitor the quality of the
hybridization efficiency. In this study, the coefficient of variation (CV) of total
telomere length from 20 repeats of the control slide was 12.4%.

(4) Statistical Analysis

117.  The final sample size for case-control analysis is at least 140 cases and
159 controls. Fleven cases were excluded due to no histological confirmation of
breast cancer diagnosis (N=8) and blood culture failure (N=5). Student t-test was used
to compare the means of chromosome 9 telomere lengths between cases and controls
because the normality test indicated that these variables were symmetrically
distributed. Chi-square tests were used to compare the distribution of categorical
variables between cases and controls. Pearson correlation was used to examine the
correlations between chromosome 9 telomere lengths and age.

118.  The associations between chromosome 9 telomere lengths and the risk
of breast cancer, using unconditional logistic regression, were examined. Telomere
lengths were dichotomized as short/long using the 50" or 75™ percentile values in the
controls as a cut point. Telomere lengths were also categorized according to the
quartiles in controls. Odds ratios were adjusted for age, race, smoking status, alcohol
use, education, history of cancer in 1%t or 2™ degree relatives, menopausal status,
physical activity in the teens. P-values were two-sided and considered statistically
significant if P < 0.05. All analyses were performed using SAS software, version 9
(SAS Institute Inc., Cary, NC).

119.  The case-control difference was unlikely to be ascribed to assay bias,
because the samples were processed and measured blinded to case-control status.
Measurements of four chromosome 9 arm telomere lengths were made simultaneously
from the same cells captured by the fluorescent imaging system. While there were
significant case-control differences for chromosome 9p telomere lengths, the mean
telomere lengths of chromosome 9q and cell total were very similar between cases
and controls. During the study, a systematic quality control plan was implemented to
ensure the consistent efficiency of FISH hybridization (the CV of the total telomere
lengths among 20 repeats of the control cell = 12.4%). Co-hybridization of a FITC-labeled
chromosome 9 specific probe (green) was used as an internal control for hybridization
efficiency and only slides showed bright green chromosome 9 signals were accepted.

The slides that failed to meet these quality control standards were rejected and
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repeated (3% of the slides). Additionally, relative telomere lengths of chromosome 9
arms were defined as the ratio of chromosome 9 telomere lengths to the total telomere
length, thus minimizing the assay variation between the individual slides. Bias in
telomere length measurement is thus unlikely.

120.  Given that this is a case-control study, a theoretical concern is that telomere
length in leucocytes is affected by case status (reverse causality). Data by previous studies
and by us indicated that mean overall telomere length of blood leucocytes in breast
cancer patients was not significantly shorter than in healthy women controls (Shen et
al. Cancer Res 2007; Svenson et al. Cancer Res 2008; Barwell et al. Br J Cancer
2007), suggesting there is no significant shortening of blood leucocyte telomere
length associated with having breast cancer. Although previous studies (Schroder et
al. BrJ Cancer 84:1348-1353, 2001; Yoon et al. Acta Haematol 118:30-37, 2007)
indicated that chemotherapy and/or radiotherapy can induce telomere shortening in
blood leucocytes, all the blood samples in this study were drawn before any
chemotherapy and radiotherapy treatments. Thus reverse causality is not a plausible
explanation for our results.

121.  Recall bias might influence information about self-reported breast
cancer risk factors in a case-control study where the data were collected after the
diagnosis of cancer. Chromosome 9 telomere lengths were compared in control
subjects by numerous variables from the questionnaire and no significant differences
were found in the mean chromosome 9 telomere lengths between subgroups defined
by race, age, smoking status, alcohol drinking, menopausal status, physical activity in
the teens, hormone replacement therapy, history of pregnancy, family history of
cancer, education, and income (data not shown). Cases and controls were closely
matched by age, and age was included as continuous variable in all the logistic models for

adjustment. Thus age would not confound the telomere results.
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VII. Claims

1. A method of assaying a subject comprising,
a. Obtaining a sample from the subject,
b. Measuring the length of the chromsome 9p telomere in a cell of the

sample, producing a chromosome 9p telomere length,

C. Identifying a subject having a chromosome 9p telomere length which

is shorter than a chromosome 9p reference length.

2. The method of claim 1-74, wherein shorter comprises chromsome 9p telomere
length less than or equal to 0.00001, 0.0001, 0.001, 0.01, 0.1,0.2,0.3, 0.4,
0.5, 0.6, 0.7, 0.8, 0.9, or 0.95 of the chromsome 9p reference length.

3. A method of assaying a subject comprising,
a. Obtaining a sample from the subject,
b. Measuring a telomere ratio from a cell from the sample
C. Identifying a subject having a telomere ratio less than a reference

telomere ratio.

4. The method of claim 1-74, wherein a subject having a telomere ratio less than

a reference telomere ratio has an increased likelihood of having cancer.

5. The method of claim 1-74, wherein a subject having a telomere ratio less than

a reference telomere ratio has an increased likelihood of contracting cancer.

6. The method of claim 1-74, wherein the likelihood indicates at least a 3.0, 3.9,

or 6.6, fold increase relative to all women.

7. The method of claim 1-74, wherein the likelihood indicates at least a 2.1, 2.9,

or 6.2, fold increase relative to all premenopausal women.

8. The method of claim 1-74, wherein the likelihood indicates at least a 4.3, 5.1,

or 7.5, fold increase relative to all postmenopausal women.
9. The method of claims 1-74, wherein the cancer is breast cancer.

10. The method of claim 1-74, wherein the telomere ratio is a chromosome 9

telomere ratio.

11. The method of claim 1-74, wherein the telomere ratio is a chromsome 9p
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

telomere ratio.

The method of claim 1-74, wherein the reference telomere ratio is 0.00494,

0.00583, or 0.00680.

The method of claim 1-74, wherein measuring the telomere ratio comprises
substituting an indirect measurement of telomere length represented in the

telomere ratio.

The method of claim 1-74, wherein measuring the telomere ratio comprises
substituting an indirect measurement of telomere length for all telomeres

represented in the telomere ratio.

The method of claim 1-74, wherein indirect measurement comprises

measuring a telomere marker.

The method of claim 1-74, wherein the telomere marker comprises a telomere

hybridization probe.

The method of claim 1-74, wherein the hybridization probe comprises a

fluorescent probe.

The method of claim 1-74, wherein the indirect measurement comprises the

fluorescent signal of a fluoresent in situ hybridization assay.

The method of claim 1-74, wherein measuring the telomere ratio comprises

the length of at least one telomere represented in the telomere ratio.

The method of claim 1-74, wherein measuring the telomere ratio comprises

the length of all telomeres represented in the telomere ratio.

The method of claim 1-74, further comprising the step of measuring the length
of all of the telomeres in the cell of the subject, producing a total telomere

length.

The method of claim 1-74, further comprising the step of comparing the length
of the chromsome 9p in the cell of the subject to the length of all of the

telomeres in the cell of the subject forming a telomere ratio.

The method of claim 1-74, further comprising the step of creating a telomere

ratio.
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

A method of assaying a subject comprising,

a. Collecting a sample from the subject,
b. Measuring the length of the telomeres of the subject
C. Creating a telomere ratio, wherein the 9P telomere ratio compares the

length of the 9P telomere to the total length of the telomeres of all

chromosomes of the subject.

d. Identifying a subject having a 9P telomere ratio less than or equal to

0.00680.
The method of claim 1-74, wherein the sample comprises a blood sample.

The method of claim 1-74, wherein the 9P telomere length measured is the

short arm.

The method of claim 1-74, further comprising the step of identifying the

subject as a subject having an increased risk of breast cancer.

The method of claim 1-74, wherein the 9P telomere ratio is less than or equal

to 0.00583.

The method of claim 1-74, wherein the 9P telomere ratio is less than or equal

to 0.00494.

The method of claim 1-74, wherein collecting the sample comprises culturing

Iymphocytes within 48 hours after blood collection.

The method of claim 1-74, wherein collecting the sample comprises

harvesting the chromosomes with a cytogenic protocol.

The method of claim 1-74, wherein measuring the length of the telomeres

comprises using a fluorescent in situ hybridization assay.

The method of claim 1-74, further comprising obtaining a patient history of

the subject.

The method of claim 1-74, further comprising adjusting the cancer risk
estimation (odds ratio) based on one or more characteristics identified in the

patient history.

The method of claim 1-74, wherein the adjusted odds ratio is obtained to
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36.

37.

38.

39.

40.

41.

42.

indicate cancer risk for a individual.

A method of assaying the risk of cancer, in a subject, based on telomere length

comprising:

a. taking a blood sample from the subject;

b. harvesting the chromosomes;

C. performing telomere analysis;

d. quantitating telomere length; and

e. determining the likelihood of a subject getting cancer if the subject’s

9P telomere ratio is less than 0.00680.
Method of claim 1-74 wherein cancer is breast cancer.

Method of claim 1-74, wherein the chromosome 9p telomere is the shorter of

the two 9p telomeres, 9p short.

Method of claim 1-74 wherein chromosome analysis comprises fluorescent in

situ hybridization (FISH) analysis.

Method of claim 1-74 wherein quantitating telomere length comprises

quantifying the fluorescence intensity using TeloMeter or Isis image software.

A method of treating a patient comprising, analyzing the results of the method
of claim 1-74, and based on the risk performing a treatment to prevent cancer

on the subject.

A method of assaying a subject comprising,

a. Collecting a sample from the subject and setting up a blood culture
b. Performing a telomere fluorescent in situ hybridization
C. Measuring the intensity of the telomere fluorescent signals of the

hybridization from the sample of the subject

d. Creating a telomere ratio, wherein the relative telomere length of the
short arms of chromosome 9 (9p) is the ratio of the telomere signal
intensity of the 9p to the telomere signal intensity of all the telomeres

in a cell from the sample,

e. Identifying a subject having a 9p telomere ratio less than or equal to a
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43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

reference 9p telomere ratio.
The method of claim 1-74, wherein the sample comprises a blood sample.

The method of claim 1-74, wherein the 9P telomere length measured is the

short arm of chromosome 9.

The method of claim 1-74, further comprising the step of identifying the

subject as a subject having an increased risk of breast cancer.

The method of claim 1-74, wherein the reference 9P telomere ratio is less than

or equal to 0.680%.

The method of claim 1-74, wherein the reference 9P telomere ratio is less than

or equal to 0.583%.

The method of claim 1-74, wherein the reference 9P telomere ratio is less

than or equal to 0.494%.

The method of claim 1-74, wherein setting up the lymphocyte culture within

48 hours of blood sample collection.

The method of claim 1-74, wherein collecting the sample comprises culturing

blood lymphocytes using a previous published protocol.

The method of claim 1-74, wherein collecting the sample comprises

harvesting the chromosomes with a cytogenic protocol.

The method of claim 1-74, wherein measuring the length of the telomeres

comprises using a fluorescence in situ hybridization (FISH) assay.

The method of claim 1-74, wherein measuring the length of the telomeres
comprises analyzing FISH images of metaphase chromosomes using the

TeloMeter.

The method of claim 1-74, further comprising obtaining a demographic,

lifestyle and medical history of the subject.

The method of claim 1-74, wherein the statistical analysis indicates at least a

3.0, 3.9, or 6.6, fold increase relative to all women.

The method of claim 1-74, wherein the statistical analysis indicates at least a

2.1,2.9, or 6.2, fold increase relative to all premenopausal women.
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57.

58.

59.

60.

61.

62.

63.

64.

65.

The method of claim 1-74, wherein the statistical analysis indicates at least a

4.3, 5.1, or 7.5, fold increase relative to all postmenopausal women.

The method of claim 1-74, further comprising a statistical analysis (logistic
regression modeling) to predict the likelihood of having breast cancer using

the relative telomere length of chromosome 9p as the predictor.

The method of claim 1-74, wherein relative to all women, the likelihood of
having breast cancer given having shorter telomere length (0.583%-0.680%)
on 9p increases 3.0-fold when compared to women having long telomere

(>0.680%) on 9p.

The method of claim 1-74, wherein relative to all women, the likelihood of
having breast cancer given having shorter telomere length (0.494%-0.583 %)
on 9p increases 3.9-fold when compared to women having long telomere

(>0.680%) on 9p.

The method of claim 1-74, wherein relative to all women, the likelihood of
having breast cancer given having shorter telomere length (<0.494%) on 9p
increases 6.6-fold when compared to women having long telomere (>0.680%)

on 9p.

The method of claim 1-74, wherein relative to pre-menopausal women, the
likelihood of having breast cancer given having shorter telomere length
(0.583%-0.680%) on 9p increases 2.1-fold when compared to women having
long telomere (>0.680%) on 9p.

The method of claim 1-74, wherein relative to pre-menopausal women, the
likelihood of having breast cancer given having shorter telomere length
(0.494%-0.583%) on 9p increases 2.9-fold when compared to women having
long telomere (>0.680%) on 9p.

The method of claim 1-74, wherein relative to pre-menopausal women, the
likelihood of having breast cancer given having shorter telomere length
(<0.494%) on 9p increases 6.2-fold when compared to women having long

telomere (>0.680%) on 9p.

The method of claim 1-74, wherein relative to post-menopausal women, the

likelihood of having breast cancer given having shorter telomere length
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66.

67.

68.

69.

70.

71.

(0.583%-0.680%) on 9p increases 4.3-fold when compared to women having
long telomere (>0.680%) on 9p.

The method of claim 1-74, wherein relative to post-menopausal women, the
likelihood of having breast cancer given having shorter telomere length
(0.494%-0.583%) on 9p increases 5.1-fold when compared to women having
long telomere (>0.680%) on 9p.

The method of claim 1-74, wherein relative to post-menopausal women, the
likelihood of having breast cancer given having shorter telomere length
(<0.494%) on 9p increases 7.5-fold when compared to women having long

telomere (>0.680%) on 9p.

A method of assaying the risk of cancer, in a subject, based on telomere length

comprising:
a. taking a blood sample from the subject;

b. Set up lymphocyte culture using fresh whole blood

c. harvesting the chromosome preparation using standard cytogenetic
method

d. performing quantitative telomere fluorescent in situ hybridization
(FISH).

e. analyzing FISH images of chromosome spreads to quantify telomere

length (telomere signal intensity);

f. defining the relative telomere length of chromosome 9p as the intensity
of 9p telomere signal divided by the intensity of total telomere signals

of the cell.

g. determining the likelihood of getting cancer for a individual using
statistic prediction model considering if the individual’s 9p telomere

length is less than a specific cut points (0.494%, 0.583% or 0.680%).
Method of claim 1-74 wherein cancer is breast cancer.

Method of claim 1-74 wherein the chromosome 9p telomere is the shorter of

the two 9p telomeres (9p-short).

Method of claim 1-74 wherein the two of the chromosome 9p telomeres can
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72.

73.

74.

be used jointly to predict cancer risk.

Method of claim 1-74 wherein chromosome analysis comprises fluorescent in

situ hybridization (FISH) analysis.

Method of claim 1-74 wherein quantitating telomere length comprises
quantifying the intensity of the fluorescence signal using TeloMeter or Isis

image software.

A method of treating a patient comprising, analyzing the results of the method
of claim 1-74, and based on the risk performing a treatment/intervention to

treat or to prevent cancer on the subject.
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