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SPECIFIC EXPRESSION OF HALF-TRNA IN CANCERS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit under 35 U.S.C. §119(¢) of U.S. Provisional
Application Serial No. 61/935,795 filed on February 4, 2014, the contents of which are herein

incorporated by reference in its entirety.

FIELD OF INVENTION
[0002] The present invention generally relates to the field of medicine and cancer. More

specifically, this invention relates to systems, devices and methods for diagnosing cancer.

BACKGROUND
[0003] All publications herein are incorporated by reference to the same extent as if each
individual publication or patent application were specifically and individually indicated to be
incorporated by reference. The following description includes information that may be useful
in understanding the present invention. It is not an admission that any of the information
provided herein is prior art or relevant to the presently claimed invention, or that any

publication specifically or implicitly referenced is prior art.

[0004] A non-coding RNA (ncRNA) is a functional RNA molecule that is not translated into
a protein. Less-frequently used synonyms are non-protein-coding RNA (npcRNA), non-
messenger RNA (nmRNA) and functional RNA (fRNA). The DNA sequence from which a
non-coding RNA is transcribed is often called an RNA gene. Non-coding RNA genes
include highly abundant and functionally important RNAs, such as transfer RNA (tRNA) and
ribosomal RNA (rRNA), as well as RNAs such as snoRNAs, microRNAs, siRNAs, snRNAs,
exRNAs, and piRNAs, and the long ncRNAs, such as Xist and HOTAIR. The number of
ncRNAs encoded within the human genome is unknown, however recent transcriptomic and

bioinformatic studies suggest the existence of thousands of ncRNAs.

[0005] During the last decade, significant attention has been directed towards the
identification of novel small non-coding RNAs (sncRNAs). Recently, sncRNAs derived
from tRNAs were identified as functional molecules, and not as by-products from random
degradation (See Phizicky, E.M. and A.K. Hopper, tRNA biology charges to the front Genes
Dev, 2010. 24(17): p. 1832-60; Sobala, A. and G. Hutvagner, Transfer RNA-derived
fragments: origins, processing, and functions Wiley Interdiscip Rev RNA, 2011. 2(6): p. 853-
62; Maute, R.L., ef al, tRNA-derived microRNA modulates proliferation and the DNA
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damage response and is down-regulated in B cell lymphoma. Proc Natl Acad Sci U S A,
2013. 110(4): p. 1404-9; and Lee, Y.S., ef al. A novel class of small RNAs: tRNA-derived
RNA fragments (tRFs). Genes Dev, 2009. 23(22): p. 2639-49, each of which is incorporated
herein by reference in their entirety as though fully set forth).

[0006] There is a need in the art for diagnostic and therapeutic technologies based upon

newly discovered ncRNAs and their respective functions.

SUMMARY
[0007] The following embodiments and aspects thercof are described and illustrated in
conjunction with systems, compositions and methods which are meant to be exemplary and

illustrative, not limiting in scope.

[0008] Various embodiments of the present invention provide a method for quantifying a 5°-
htRNA in an RNA sample. In some embodiments, the method includes (a) treating the RNA
sample with a polynucleotide kinase; (b) adding a 3’-RNA adaptor to the RNA sample; (c)
treating the RNA sample with an RNA ligase; (d) adding an oligonucleotide probe targeting
the boundary between the 5’-htRNA and the 3’-RNA adaptor to the RNA sample; (¢)
performing a quantitative RT-PCR (qQRT-PCR) on the RNA sample; and (f) quantifying the
5’-htRNA in the RNA sample by detecting the qRT-PCR product. The present invention also

teaches a nucleic acid generated according to this method.

[0009] In certain embodiments, the present invention provides a kit. In some embodiments,
the kit includes a polynucleotide kinase; a 3’-RNA adaptor; an RNA ligase; an
oligonucleotide probe targeting the boundary between a 5’-htRNA and the 3’-RNA adaptor;
and instructions for using the kit to quantify the 5’-htRNA in a sample.

[0010] Various embodiments of the present invention provide a method for quantifying a 3’-
htRNA in an RNA sample. In some embodiments, the method includes (a) treating the RNA
sample with a polynucleotide kinase; (b) adding a 5’-RNA adaptor to the RNA sample; (c)
treating the RNA sample with an RNA ligase; (d) adding an oligonucleotide probe targeting
the boundary between the 5’-RNA adaptor and the 3’-htRNA to the RNA sample; (¢)
performing a quantitative RT-PCR (qQRT-PCR) on the RNA sample; and (f) quantifying the
3’-htRNA in the RNA sample by detecting the qRT-PCR product. In some embodiments, the

invention provides a nucleic acid generated according to this method.



WO 2015/120022 PCT/US2015/014421

[0011] In further embodiments, the present invention provides a kit. In some embodiments,
the kit includes a polynucleotide kinase; a 5’-RNA adaptor; an RNA ligase; an
oligonucleotide probe targeting the boundary between the 5’-RNA adaptor and a 3’-htRNA;
and instructions for using the kit to quantify the 3’-htRNA in a sample.

[0012] Various embodiments of the present invention provide a method for obtaining a DNA
library of 5’-htRNAs in an RNA sample. In some embodiments, the method includes (a)
deacylating the RNA sample with a buffer having a pH value of at least 9.0; (b) treating the
RNA sample with an alkaline phosphatase; (c) disrupting a 3’-OH end in the RNA sample
with NalOj4 oxidation; (d) treating the RNA sample with a polynucleotide kinase; (¢) adding a
3’-RNA adaptor to the RNA sample; (f) treating the RNA sample with an RNA ligase; (g)
adding a 5’-RNA adaptor to the RNA sample; (h) treating the RNA sample with an RNA
ligase; and (i) performing a RT-PCR on the RNA sample, thereby obtaining the DNA library
of 5’-htRNAs in the RNA sample. In some embodiments, the invention provides a DNA
library of 5’-htRNAs obtained by this method.

[0013] Various embodiments of the present invention provide a method for obtaining a DNA
library of 3’-htRNAs in an RNA sample. In some embodiments, the method includes (a)
treating the RNA sample with a polynucleotide kinase; (b) disrupting 3’-OH ends in the RNA
sample with NalO4 oxidation; (c) deacylating the RNA sample with a buffer having a pH
value of at least 9.0; (d) adding a 3’-RNA adaptor to the RNA sample; (¢) treating the RNA
sample with an RNA ligase; (f) adding a 5’-RNA adaptor to the RNA sample; (g) treating the
RNA sample with an RNA ligase; and (h) performing a RT-PCR on the RNA sample, thereby
obtaining the DNA library of 3’-htRNAs in the RNA sample. In some embodiments, the
invention provides a DNA library of 3’-htRNAs obtained by this method.

[0014] Various embodiments of the present invention provide a method for determining the
presence or absence of a cancer cell in a biological sample. In some embodiments, the
method includes (a) obtaining an RNA sample from the biological sample; (b) quantifying an
htRNA in the RNA sample; and (c) determining the presence of a cancer cell in the biological
sample if the quantified htRNA is more than a reference value of the htRNA quantity, or
determining the absence of a cancer cell in the biological sample if the quantified htRNA is

not more than a reference value of the htRNA quantity.

[0015] Various embodiments of the present invention provide a method of diagnosing cancer
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in a subject. In some embodiments, the invention includes (a) obtaining a biological sample
from the subject; (b) obtaining an RNA sample from the biological sample; (¢) quantifying an
htRNA in the RNA sample; and (d) diagnosing that the subject has cancer if the quantified
htRNA is more than a reference value of the htRNA quantity, or diagnosing that the subject
does not have cancer if the quantified htRNA is not more than a reference value of the

htRNA quantity.

[0016] Various embodiments of the present invention provide a method of prognosing cancer
in a subject. In some embodiments, the invention includes (a) obtaining a biological sample
from the subject; (b) obtaining an RNA sample from the biological sample; (¢) quantifying an
htRNA in the RNA sample; and (d) prognosing that the subject is likely to develop cancer if
the quantified htRNA is more than a reference value of the htRNA quantity, or prognosing
that the subject is not likely to develop cancer if the quantified htRNA is not more than a
reference value of the htRNA quantity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Exemplary embodiments are illustrated in referenced figures. It is intended that the
embodiments and figures disclosed herein are to be considered illustrative rather than

restrictive.

[0018] FIG. 1 demonstrates, in accordance with an embodiment of the invention, a schematic

depiction of htRNAs and uses thereof.

[0019] FIGs. 2A-2B demonstrate, in accordance with an embodiment of the invention,
sequences of htRNAs derived from tRNA®® and tRNAM™®, The arrow heads indicate the
border between 5°-htRNA™P and 3’-htRNA™P and the border between 5’-htRNA™ and 3’-
htRNAM® " Sequences of htRNAP (FIG. 2A) and htRNA™ (FIG. 2B) were determined by
RACE by using total RNA from BT474 breast cancer cells. Terminal structures of htRNAs
were determined by a combination of NalO4 oxidation/B-elimination reaction, phosphatase
and kinase treatments, and deacylation reactions as previously described in Kirino, Y. and Z.
Mourelatos, Mouse Piwi-interacting RNAs are 2'-O-methylated at their 3' termini. Nat Struct
Mol Biol, 2007. 14(4): p. 347-8), which is incorporated herein by reference in its entirety as
though fully set forth. It was determined that 5'-htRNAs contain a mono-phosphate (P) at
their 5-end and a cyclic-phosphate (cP) at their 3’-end, whereas 3-htRNAs contain a
hydroxyl (OH) at their 5’-end and an amino acid at their 3’-end . FIGs. 3A-3B demonstrate, in
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accordance with an embodiment of the invention, an htRNA detection method.

[0020] FIGs. 4A-4B demonstrate, in accordance with an embodiment of the invention,
htRNA expression screening. Screenings were performed for 5'-htRNA™P, 3" -htRNA™P and
5"-htRNAMS expressions in 96 cancer cell lines. htRNA abundance in BT20 breast cancer

cells was set as 1. The boxed portion of FIG. 4A is shown in FIG. 4B.

[0021] FIGs. 5A-5B demonstrate, in accordance with an embodiment of the invention,
discovery of htRNAs in BmN4 cells. (FIG. 5A) Using Northern blots for a tRNA“P-derived
piRNA, both htRNA*P and piRNA were detected. The htRNA sequence shown on the right
was confirmed by RACE. The arrow heads indicate the boarders of htRNA®P and piRNA in
the tRNA™P. (FIG. 5B) htRNA™P expression was reduced in thymidine-treated cells whose
proliferation was arrested, suggesting a correlation between htRNA expression and cell

proliferation.

[0022] FIGs. 6A-6C demonstrate, in accordance with an embodiment of the invention,
htRNA expression in breast cancer. (FIG. 6A) Using Northern blots both 5'- and 3'-
htRNA™P were detected in MCF7 and BT474 breast cancer cells. (FIG. 6B) htRNA
expression was specifically observed in breast cancer cells. (FIG. 6C) htRNA™P and
htRNAM™ sequences were determined by RACE. 3-htRNA™® was detected by Northern blot.
The arrow heads indicate the border between 5°-htRNA®P and 3’-htRNA™P and the border
between 5’-htRNA™ and 3’-htRNAMS,

[0023] FIGs.7A-7B demonstrate, in accordance with an embodiment of the invention,
terminal structure analyses of htRNAs. (FIG. 7A) The 5'-htRNA band detected using
Northern blot was shifted up by phosphatase treatment (BAP removes P), and was even
further shifted up by acid-treatment following the BAP reaction (HCI+BAP removes cyclic-
P), indicating that 5'-htRNAs contain both phosphate (5'-end) and cyclic-phosphate (3"-end)
at their termini. The presence of cyclic-phosphate was confirmed by the upward-shifted band
by T4 Polynucleotide Kinase treatment (removes cyclic-P). miRNA-16 was used as a
control. (FIG. 7B) NalO4 oxidation followed by B-climination (NalOu, ) removed the 3'-
terminal nucleotides from 3'-htRNAs only after incubation with high pH buffer (deacylation),
indicating the presence of amino acids at 3'-end of 3’-htRNA. There was no change with

BAP, indicating the presence of a hydroxyl terminus at the 5'-end.

[0024] FIG. 8 demonstrates, in accordance with an embodiment of the invention, selective
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htRNA amplification and identification. Using total RNA from BT474 breast cancer cells,
30-55nt RNA fragments containing 5'-htRNAs with cyclic phosphate (cP), 3-htRNAs with
amino acid (AA), and other RNA species with either a phosphate (P) or a hydroxyl-terminus
(OH) at their 3’-ends can be purified. To identify 5-htRNAs, the purified RNA fraction can
be deacylated and further treated with BAP, which removes AA and P, but not cP.
Subsequent NalO4 oxidation disrupts the 3'-OH ends, and only those 5'-htRNAs with cP-
blocked 3’-ends survive the treatment. These 5-htRNAs are then treated with T4 PNK to
remove cP and subsequently subjected to adapter ligations, RT-PCR and next-generation
sequencing. To amplify 3'-htRNAs, the RNA fraction with T4 PNK is treated to remove P
and cP, but not AA. In this case, only 3'-htRNAs, whose 3’-ends are blocked with AA,

survive the subsequent NalO4 oxidation.

[0025] FIG. 9 demonstrates, in accordance with an embodiment of the invention, ANG
mediates htRNA production. Northern blots were used to detect htRNA™® in BT474 cells
transfected with no siRNA (Mock), a control siRNA (Control), or three different sSiRNAs
targeting ANG (ANG 1-3). The htRNA reduction induced by ANG depletion clearly
indicates the involvement of ANG in htRNA production.

DETAILED DESCRIPTION
[0026] All references cited herein are incorporated by reference in their entirety as though
fully set forth. Unless defined otherwise, technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Allen ef al., Remington: The Science and Practice of Pharmacy 22 ed.,
Pharmaceutical Press (September 15, 2012); Hornyak et al., Introduction to Nanoscience and
Nanotechnology, CRC Press (2008); Singleton and Sainsbury, Dictionary of Microbiology
and Molecular Biology 3" ed., revised ed., J. Wiley & Sons (New York, NY 2006); Smith,
March’s Advanced Organic Chemistry Reactions, Mechanisms and Structure 7" ed., J. Wiley
& Sons (New York, NY 2013); Singleton, Dictionary of DNA and Genome Technology 3™
ed., Wiley-Blackwell (November 28, 2012); and Green and Sambrook, Molecular Cloning: A
Laboratory Manual 4th ed., Cold Spring Harbor Laboratory Press (Cold Spring Harbor, NY
2012), provide one skilled in the art with a general guide to many of the terms used in the
present application. For references on how to prepare antibodies, see Greenfield, Antibodies
A Laboratory Manual 2" ed., Cold Spring Harbor Press (Cold Spring Harbor NY, 2013);

Koéhler and Milstein, Derivation of specific antibody-producing tissue culture and tumor lines
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by cell fusion, Eur. J. Immunol. 1976 Jul, 6(7):511-9; Queen and Selick, Humanized
immunoglobulins, U. S. Patent No. 5,585,089 (1996 Dec); and Riechmann et al., Reshaping
human antibodies for therapy, Nature 1988 Mar 24, 332(6162):323-7.

[0027] One skilled in the art will recognize many methods and materials similar or equivalent
to those described herein, which could be used in the practice of the present invention. Other
features and advantages of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, which illustrate, by way
of example, various features of embodiments of the invention. Indeed, the present invention
is in no way limited to the methods and materials described. For purposes of the present

mvention, certain terms are defined below.

[0028] “Tumor,” as used herein refers to all neoplastic cell growth and proliferation, whether

malignant or benign, and all pre-cancerous and cancerous cells and tissues.

[0029] “Cancer” and “cancerous” refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Examples of cancer
include, but are not limited to, B-cell lymphomas (Hodgkin’s lymphomas and/or non-
Hodgkins lymphomas), brain tumor, breast cancer, colon cancer, lung cancer, hepatocellular
cancer, gastric cancer, pancreatic cancer, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, cancer of the urinary tract, thyroid cancer, renal cancer, carcinoma,
melanoma, head and neck cancer, brain cancer, and prostate cancer, including but not limited

to androgen-dependent prostate cancer and androgen-independent prostate cancer.

[0030] “Chemotherapy resistance” as used herein refers to partial or complete resistance to
chemotherapeutic drugs. For example, when a subject does not respond or only partially
responds to a chemotherapeutic drug. A person of skill in the art can determine whether a

subject is exhibiting resistance to chemotherapy.

[0031] “Sequence identity” is used to evaluate the similarity of two sequences; it is
determined by calculating the percent of residues that are the same when the two sequences
are aligned for maximum correspondence between residue positions. Any known method
may be used to calculate sequence identity; for example, computer software is available to
calculate sequence identity. By way of non-limiting example, sequence identity can be
calculated by software such as BLAST-P, BLAST-N, or FASTA-N, or any other appropriate

software that is known in the art. The substantially identical sequences of the present
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invention may be at least 80%, 85%, 90%, 95%, or 100% identical to sequences described

herein.

[0032] “Treated” or “treatment” as used herein in the context of an assay means applying an
effective amount of a substance under conditions that allow for the action of the substance.
For example, “treating a sample with ligase” means applying a sufficient amount of ligase
and under the appropriate conditions (buffers, temperature, etc.) to allow for ligation, as

would be recognized by one of skill in the art.

[0033] Alkaline phosphatase (ALP, ALKP) (EC 3.1.3.1) is a hydrolase enzyme responsible
for removing phosphate groups from many types of molecules, including nucleotides,
proteins, and alkaloids. As the name suggests, alkaline phosphatases are most effective in an
alkaline environment. It is sometimes used synonymously as basic phosphatase. Examples
of alkaline phosphatase include, but are not limited to, bacterial alkaline phosphatase (BAP)
and calf intestinal phosphatase (CIP).

[0034] By way of background, half-tRNAs (htRNAs) were discovered to be a novel class of
tRNA-derived sncRNAs expressed in breast and prostate cancers at levels significantly
higher than the relatively small levels at which they may be found in certain other cancerous
and noncancerous cells. To date, htRNAs have neither been described nor systematically
studied in cancer or other diseases, potentially due to their 3’-end structures. Although
htRNAs have a similar biogenesis mechanism as that of tRNA-derived stress-induced RNAs
(tiRNAs) (See Ivanov, P., et al, Angiogenin-induced tRNA fragments inhibit translation
initiation. Mol Cell, 2011. 43(4): p. 613-23; Emara, M.M., et al., Angiogenin-induced tRNA-
derived stress-induced RNAs promote stress-induced stress granule assembly. J Biol Chem,
2010. 285(14): p. 10959-68; Yamasaki, S., et al,, Angiogenin cleaves tRNA and promotes
stress-induced translational repression. J Cell Biol, 2009. 185(1): p. 35-42; and Fu, H., et al.,
Stress induces tRNA cleavage by angiogenin in mammalian cells. FEBS Lett, 2009. 583(2):
p. 437-42), which are produced by ANG-mediated anticodon cleavage, several characteristics
(e.g., tRNA source, expression patterns of both 5'- and 3’-halves, and association not with

stress but with hormone receptors) indicate htRNAs to be novel sncRNAs.

[0035] 5'-htRNAs and 3’-htRNAs contain cyclic phosphates and amino acids at their 3’-ends,
respectively.  Such 3’-end modifications would inhibit adapter ligation, a step in normal

RNA-sequencing methods; consequently, htRNAs would not be detected by traditional RNA-
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sequencing. As htRNAs are not abundantly detected in the publicly available sequencing
datasets in breast cancer cells, the discoveries presented herein shed light on hidden layers of

sncRNA biology.

[0036] As demonstrated herein in various embodiments and reported experiments, a sensitive
and convenient system of detecting htRNAs from a small quantity of RNA sample was
established. This detection system could be widely used for htRNA expression analyses in
various samples, including patient tissues. Therefore, htRNAs can be used as biomarkers for
cancer patients. As demonstrated herein, htRNA expression in cancer cells was screened,
revealing that htRNAs are expressed in relatively high levels in breast and prostate cancers,
but not in the other tested cancer cells. Moreover, htRNA expression in breast cancer is
associated with the estrogen receptor (ER) signaling pathway, suggesting that htRNAs are
key factors in cancer pathogenesis. Because htRNAs are expressed in relatively high levels
in breast and prostate cancers, and their expression is correlated with hormone receptor
expression, htRNAs could be used as biomarkers for diagnosis and prognosis of breast and

prostate cancers. Also, htRNAs could be targets for novel therapeutic applications.

Methods for quantifying a 5 -htRNA

[0037] In various embodiments, the present invention provides a method for quantifying a 5°-
htRNA in an RNA sample. In some embodiments, the method includes (a) treating the RNA
sample with a polynucleotide kinase; (b) adding a 3’-RNA adaptor to the RNA sample; (c)
treating the RNA sample with an RNA ligase; (d) adding an oligonucleotide probe targeting
the boundary between the 5’-htRNA and the 3’-RNA adaptor to the RNA sample; (¢)
performing a quantitative RT-PCR (qQRT-PCR) on the RNA sample; and (f) quantifying the
5’-htRNA in the RNA sample by detecting the qRT-PCR product. In some embodiments, the

invention provides a nucleic acid generated according to this method.

[0038] In further embodiments, the present invention provides a kit. In certain embodiments,
the kit includes a polynucleotide kinase; a 3’-RNA adaptor; an RNA ligase; an
oligonucleotide probe targeting the boundary between a 5’-htRNA and the 3’-RNA adaptor;
and instructions for using the kit to quantify the 5’-htRNA in a sample.

[0039] In various embodiments described herein, the 5°-htRNA is 5°-htRNA™P or 5-
htRNAME,

[0040] In various embodiments, the RNA sample is total RNA. In certain embodiments, the

9
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RNA sample is derived from a cell, tissue, or organ. In some embodiments, the RNA sample
is derived from a cancerous cell, tissue, or organ. In certain embodiments, the RNA sample
is approximately at least 1 ng. In certain embodiments, the RNA sample is approximately 1-

100 or 100-1000 ng. In certain embodiments, the RNA sample is approximately at least 100
P8

[0041] In various embodiments, the polynucleotide kinase is a T4 polynucleotide kinase. In
some embodiments, the RNA ligase is a T4 RNA ligase. In various embodiments, the
oligonucleotide probe is a TagMan probe. One of skill in the art would readily appreciate
that kinases, ligases and probes with similar functions as those specifically listed are

contemplated within the invention.

Methods for quantifying a 3°-htRNA

[0042] In various embodiments, the present invention provides a method for quantifying a 3’-
htRNA in an RNA sample. In certain embodiments, the method includes (a) treating the
RNA sample with a polynucleotide kinase; (b) adding a 5’-RNA adaptor to the RNA sample;
(c) treating the RNA sample with an RNA ligase; (d) adding an oligonucleotide probe
targeting the boundary between the 5’-RNA adaptor and the 3’-htRNA to the RNA sample;
(e) performing a quantitative RT-PCR (qQRT-PCR) on the RNA sample; and (f) quantifying
the 3’htRNA in the RNA sample by detecting the qRT-PCR product. In some embodiments,

the method provides a nucleic acid generated according to this method.

[0043] In certain embodiments, the present invention provides a kit. In some embodiments,
the kit includes a polynucleotide kinase; a 5’-RNA adaptor; an RNA ligase; an
oligonucleotide probe targeting the boundary between the 5’-RNA adaptor and a 3’-htRNA;
and instructions for using the kit to quantify the 3’-htRNA in a sample.

[0044] In certain embodiments, the 3’-htRNA is 3’-htRNA™P,

[0045] In various embodiments, the RNA sample is total RNA. In some embodiments, the
RNA sample is derived from a cell, tissue, or organ. In certain embodiments, the RNA
sample is derived from a cancerous cell, tissue, or organ. In certain embodiments, the RNA
sample is approximately at least 1 ng. In certain embodiments, the RNA sample is
approximately 1-100 or 100-1000 ng. In certain embodiments, the RNA sample is
approximately at least 100 pg.

10
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[0046] In various embodiments, the polynucleotide kinase is a T4 polynucleotide kinase. In
various embodiments, the RNA ligase is a T4 RNA ligase. In various embodiments, the
oligonucleotide probe is a TagMan probe. One of skill in the art would readily appreciate
that kinases, ligases and probes with similar functions as those specifically listed are

contemplated within the invention.

Methods for obtaining a DNA library of 5 -htRNAs

[0047] Various embodiments of the present invention provide a method for obtaining a DNA
library of 5’-htRNAs in an RNA sample. In some embodiments, the method includes (a)
deacylating the RNA sample with a buffer having a pH value of at least 9.0; (b) treating the
RNA sample with an alkaline phosphatase; (c) disrupting a 3’-OH end in the RNA sample
with NalOj4 oxidation; (d) treating the RNA sample with a polynucleotide kinase; (¢) adding a
3’-RNA adaptor to the RNA sample; (f) treating the RNA sample with an RNA ligase; (g)
adding a 5’-RNA adaptor to the RNA sample; (h) treating the RNA sample with an RNA
ligase; and (1) performing a RT-PCR on the RNA sample, thereby obtaining the DNA library
of 5’-htRNAs in the RNA sample. In some embodiments, the method provides a DNA
library of 5’-htRNAs obtained by this method.

[0048] In various embodiments, the method further includes enriching one or more 25-55 nt
RNA fragments in the RNA sample prior to step (a). In some embodiments, the method
further includes gel-purifying one or more 25-55 nt RNA fragments in the RNA sample prior
to step (a). In additional embodiments, the method further includes sequencing the DNA
library of 5’-htRNAs in the RNA sample.

Methods for obtaining a DNA library of 3 -htRNAs

[0049] Various embodiments of the present invention provide a method for obtaining a DNA
library of 3’-htRNAs in an RNA sample. In some embodiments, the method includes (a)
treating the RNA sample with a polynucleotide kinase; (b) disrupting 3’-OH ends in the RNA
sample with NalO4 oxidation; (c) deacylating the RNA sample with a buffer having a pH
value of at least 9.0; (d) adding a 3’-RNA adaptor to the RNA sample; (¢) treating the RNA
sample with an RNA ligase; (f) adding a 5’-RNA adaptor to the RNA sample; (g) treating the
RNA sample with an RNA ligase; and (h) performing a RT-PCR on the RNA sample, thereby
obtaining the DNA library of 3’-htRNAs in the RNA sample. In some embodiments, the
invention also provides a DNA library of 3’-htRNAs obtained by this method.
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[0050] In some embodiments, the method further includes enriching one or more 25-55 nt
RNA fragments in the RNA sample prior to step (a). In some embodiments, the method
further includes gel-purifying one or more 25-55 nt RNA fragments in the RNA sample prior
to step (a). In certain embodiments, the method further includes sequencing the DNA library
of 3’-htRNAs in the RNA sample.

Methods for determining the presence or absence of a cancer cell

[0051] Various embodiments of the present invention provide a method for determining the
presence or absence of a cancer cell in a biological sample. In some embodiments, the
method includes (a) obtaining an RNA sample from the biological sample; (b) quantifying an
htRNA in the RNA sample; and (c) determining the presence of a cancer cell in the biological
sample if the quantified htRNA is more than a reference value of the htRNA quantity, or
determining the absence of a cancer cell in the biological sample if the quantified htRNA is
not more than a reference value of the htRNA quantity. In various embodiments, the cancer
cell is a prostate cancer cell or a breast cancer cell. In various embodiments, the cancer cell is

a luminal-type breast cancer cell.

[0052] In some embodiments, the biological sample is a cell, tissue, organ, blood, serum,

urine, saliva, lymph, plasma, semen, or a combination thereof.

[0053] In various embodiments, the htRNA referenced in this section is 5’-htRNA or 3’-
htRNA. In various embodiments, the htRNA referenced in this section is 5’-htRNA™P, 5°-
htRNA™, or 3’-htRNA®P,

[0054] In some embodiments, the htRNA in the RNA sample is quantified according to a
method described herein for quantifying a 5’-htRNA. In other embodiments, the htRNA in
the RNA sample is quantified according to a method described herein for quantifying a 3’-
htRNA.

Methods of diagnosing and/or prognosing cancer

[0055] Various embodiments of the present invention provide a method of diagnosing cancer
in a subject. In some embodiments, the method includes (a) obtaining a biological sample
from the subject; (b) obtaining an RNA sample from the biological sample; (¢) quantifying an
htRNA in the RNA sample; and (d) diagnosing that the subject has cancer if the quantified
htRNA is more than a reference value of the htRNA quantity, or diagnosing that the subject

does not have cancer if the quantified htRNA is not more than a reference value of the
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htRNA quantity.

[0056] Various embodiments of the present invention provide a method of prognosing cancer
in a subject. In some embodiments, the method includes (a) obtaining a biological sample
from the subject; (b) obtaining an RNA sample from the biological sample; (¢) quantifying an
htRNA in the RNA sample; and (d) prognosing that the subject is likely to develop cancer if
the quantified htRNA is more than a reference value of the htRNA quantity, or prognosing
that the subject is not likely to develop cancer if the quantified htRNA is not more than a
reference value of the htRNA quantity.

[0057] In various embodiments, the cancer detected, diagnosed, or prognosed using the
inventive methods is prostate cancer or breast cancer. In various embodiments, the cancer is
luminal-type breast cancer. In some embodiments, the subject is a human. In some
embodiments, the subject is a mammal. In certain embodiments, the subject is a monkey,

ape, dog, cat, cow, horse, goat, pig, rabbit, mouse or rat.

[0058] In various embodiments, the biological sample is a cell, tissue, organ, blood, serum,

urine, saliva, lymph, plasma, semen, or a combination thereof.

[0059] In various embodiments, the htRNA described in this section is 5’-htRNA or 3’-
htRNA. In various embodiments, the htRNA is 5’-htRNA*P, 5°-htRNATS, or 3’ -htRNA®P,

[0060] In other embodiments, the htRNA in the RNA sample is quantified according to a
method described herein for quantifying a 5’-htRNA. In some embodiments, the htRNA in
the RNA sample is quantified according to a method described herein for quantifying a 3’-
htRNA.

Reference values of htRNA

[0061] In various embodiments, the reference value of an htRNA quantity is the median or
mean value of the htRNA quantity in a biological sample having no cancer cell. In various
embodiments, the reference value of an htRNA quantity is the median or mean value of the
htRNA quantity in a biological sample having no prostate cancer cell or breast cancer cell. In
various embodiments, the reference value of an htRNA quantity is the median or mean value
of the htRNA quantity in a biological sample having no luminal-type breast cancer cell. In
accordance with the present invention, the number of biological samples used to compute a

reference value can be at least 1, 2, 5, 10, 20, 30, 40, 50, 100, or 200.

13



WO 2015/120022 PCT/US2015/014421

[0062] In various embodiments, the reference value of an htRNA quantity is the median or
mean value of the htRNA quantity in a non-cancerous cell, tissue or organ. In various
embodiments, the reference value of an htRNA quantity is the median or mean value of the
htRNA quantity in a non-breast and non-prostate cancer cell. In accordance with the present
invention, the number of cells, tissues or organs used to compute a reference value can be at

least 1, 2, 5, 10, 20, 30, 40, 50, 100, or 200.

[0063] In various embodiments, the reference value of an htRNA quantity is the median or
mean value of the htRNA quantity in biological samples from a population of subjects having
no cancer. In various embodiments, the reference value of an htRNA quantity is the median
or mean value of the htRNA quantity in biological samples from a population of subjects
having no prostate cancer or breast cancer. In various embodiments, the reference value of
an htRNA quantity is the median or mean value of the htRNA quantity in biological samples
from a population of subjects having no luminal-type breast cancer. In accordance with the
present invention, the number of biological samples or subjects used to compute a reference

value can be at least 1, 2, 5, 10, 20, 30, 40, 50, 100, or 200.

[0064] In additional embodiments, the reference value of an htRNA quantity is the htRNA
quantity in a biological sample obtained from the subject at a different (for example, an
carlier or later) time point, such as during diagnosis, after diagnosis, before treatment, during

treatment, after treatment, or a combination thercof.

[0065] Various statistical methods, for example, a two-tailed student t-test with unequal
variation, may be used to measure the difference between an htRNA quantity in a biological
sample and a reference value of an htRNA quantity. Various statistical methods, for
example, a two-tailed student t-test with unequal variation, may be used to measure the
differences in quantities of an htRNA between a biological sample and a control sample from
a normal/healthy individual, a subject having no cancer, a subject having no prostate cancer
or breast cancer, or a subject having no luminal-type breast cancer. A significant difference

may be determined where the p value is equal to or less than 0.05.

[0066] In various embodiments, an htRNA is determined to be more than a reference value of
an htRNA quantity by at least or about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 400, 500,
600, 700, 900, or 1000%. In various embodiments, an htRNA is quantified to be more than a
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reference value of the htRNA quantity by at least or about 1-fold, 1.1-fold, 1.2-fold, 1.3-fold,
1.4-fold, 1.5-fold, 1.6-fold, 1.7-fold, 1.8-fold, 1.9-fold, 2-fold, 2.1-fold, 2.2-fold, 2.3-fold,
2.4-fold, 2.5-fold, 2.6-fold, 2.7-fold, 2.8-fold, 2.9-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold,
8-fold, 9-fold or 10-fold, 15-fold, 20-fold, 25-fold, 30-fold, 35-fold, 40-fold, 45-fold, 50-fold,
55-fold, 60-fold, 65-fold, 70-fold, 75-fold, 80-fold, 85-fold, 90-fold, 95-fold, or 100-fold.

[0067] The present invention may be as defined in any one of the following numbered

paragraphs.

[0068] 1. A method for quantifying a 5’-htRNA in an RNA sample, comprising:
(a) treating the RNA sample with a polynucleotide kinase;
(b) adding a 3’-RNA adaptor to the RNA sample;
() treating the RNA sample with an RNA ligase;
(d) adding an oligonucleotide probe targeting the boundary between the 5°-htRNA
and the 3’-RNA adaptor to the RNA sample;
(e) performing a quantitative RT-PCR (qQRT-PCR) on the RNA sample; and
() quantifying the 5’-htRNA in the RNA sample by detecting the qRT-PCR
product.
[0069] 2. The method of paragraph 1, wherein the 5°-htRNA is 5’-htRNA™P or 5°-htRNAMS,
[0070] 3. The method of paragraph 1 or 2, wherein the RNA sample is total RNA.
[0071] 4. The method of paragraph 1, 2, or 3, wherein the RNA sample is derived from a cell,
tissue, or organ.
[0072] 5. The method of any one of paragraphs 1-4, wherein the RNA sample is derived from
a cancerous cell, tissue, or organ.
[0073] 6. The method of any one of paragraphs 1-5, wherein the RNA sample is
approximately at least 100 pg.
[0074] 7. The method of any one of paragraphs 1-6, wherein the polynucleotide kinase is a
T4 polynucleotide kinase.
[0075] 8. The method of any one of paragraphs 1-7, wherein the RNA ligase is a T4 RNA
ligase.
[0076] 9. The method of any one of paragraphs 1-8, wherein the oligonucleotide probe is a
TagMan probe.
[0077] 10. A nucleic acid generated according to the method of any one of paragraphs 1-9.
[0078] 11. A kit, comprising:

15



WO 2015/120022 PCT/US2015/014421

(a) a polynucleotide kinase;

(b) a 3’-RNA adaptor;

(c) an RNA ligase;

(d) an oligonucleotide probe targeting the boundary between a 5’-htRNA and the 3’-

RNA adaptor; and

(e) instructions for using the kit to quantify the 5’-htRNA in a sample.
[0079] 12. A method for quantifying a 3’-htRNA in an RNA sample, comprising:

(a) treating the RNA sample with a polynucleotide kinase;

(b) adding a 5’-RNA adaptor to the RNA sample;

() treating the RNA sample with an RNA ligase;

(d) adding an oligonucleotide probe targeting the boundary between the 5’-RNA
adaptor and the 3’-htRNA to the RNA sample;

(e) performing a quantitative RT-PCR (qQRT-PCR) on the RNA sample; and

() quantifying the 3’htRNA in the RNA sample by detecting the qRT-PCR
product.
[0080] 13. The method of paragraph 12, wherein the 3°-htRNA is 3’-htRNA®P.
[0081] 14. The method of paragraph 12 or 13, wherein the RNA sample is total RNA.
[0082] 15. The method of paragraph 12, 13, or 14, wherein the RNA sample is derived from
a cell, tissue, or organ.
[0083] 16. The method of any one of paragraphs 12-15, wherein the RNA sample is derived
from a cancerous cell, tissue, or organ.
[0084] 17. The method of any one of paragraphs 12-16, wherein the RNA sample is
approximately at least 100 pg.
[0085] 18. The method of any one of paragraphs 12-17, wherein the polynucleotide kinase is
a T4 polynucleotide kinase.
[0086] 19. The method of any one of paragraphs 12-18, wherein the RNA ligase is a T4 RNA
ligase.
[0087] 20. The method of any one of paragraphs 12-19, wherein the oligonucleotide probe is
a TagMan probe.
[0088] 21. A nucleic acid generated according to the method of any one of paragraphs 12-20.
[0089] 22. A kit, comprising:

(a) a polynucleotide kinase;

(b) a 5’-RNA adaptor;

(c) an RNA ligase;
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(d) an oligonucleotide probe targeting the boundary between the 5’-RNA adaptor and
a 3’-htRNA; and
(e) instructions for using the kit to quantify the 3’-htRNA in a sample.

[0090] 23. A method for obtaining a DNA library of 5’-htRNAs in an RNA sample,

comprising:

(a) deacylating the RNA sample with a buffer having a pH value of at least 9.0;

(b) treating the RNA sample with an alkaline phosphatase;

(c) disrupting a 3’-OH end in the RNA sample with NalO4 oxidation;

(d) treating the RNA sample with a polynucleotide kinase;

(e) adding a 3’-RNA adaptor to the RNA sample;

() treating the RNA sample with an RNA ligase;

(2) adding a 5’-RNA adaptor to the RNA sample;

(h) treating the RNA sample with an RNA ligase; and

(1) performing a RT-PCR on the RNA sample, thereby obtaining the DNA library
of 5’-htRNAs in the RNA sample.
[0091] 24. The method of paragraph 23, further comprising enriching one or more 25-55 nt
RNA fragments in the RNA sample prior to step (a).
[0092] 25. The method of paragraph 23 or 24, further comprising gel-purifying one or more
25-55 nt RNA fragments in the RNA sample prior to step (a).
[0093] 26. The method of paragraph 23, 24, or 25, further comprising sequencing the DNA
library of 5’-htRNAs in the RNA sample.
[0094] 27. A DNA library of 5’-htRNAs obtained by the method of any one of paragraphs
23-26.
[0095] 28. A method for obtaining a DNA library of 3’-htRNAs in an RNA sample,

comprising:

(a) treating the RNA sample with a polynucleotide kinase;

(b) disrupting 3’-OH ends in the RNA sample with NalO4 oxidation;

() deacylating the RNA sample with a buffer having a pH value of at least 9.0;
(d) adding a 3’-RNA adaptor to the RNA sample;

(e) treating the RNA sample with an RNA ligase;

() adding a 5’-RNA adaptor to the RNA sample;

(2) treating the RNA sample with an RNA ligase; and
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(h) performing a RT-PCR on the RNA sample, thereby obtaining the DNA library
of 3’-htRNAs in the RNA sample.
[0096] 29. The method of paragraph 28, further comprising enriching one or more 25-55 nt
RNA fragments in the RNA sample prior to step (a).
[0097] 30. The method of paragraph 28 or 29, further comprising gel-purifying one or more
25-55 nt RNA fragments in the RNA sample prior to step (a).
[0098] 31. The method of paragraph 28, 29, or 30, further comprising sequencing the DNA
library of 3’-htRNAs in the RNA sample.
[0099] 32. A DNA library of 3’-htRNAs obtained by the method of any one of paragraphs
28-31.
[00100] 33. A method for determining the presence or absence of a cancer cell in a

biological sample, comprising:

(a) obtaining an RNA sample from the biological sample;

(b) quantifying an htRNA in the RNA sample; and

(c) determining the presence of a cancer cell in the biological sample if the
quantified htRNA is more than a reference value of the htRNA quantity, or determining the
absence of a cancer cell in the biological sample if the quantified htRNA is not more than a
reference value of the htRNA quantity.
[00101] 34. The method of paragraph 33, wherein the cancer cell is a prostate cancer

cell or a breast cancer cell.

[00102] 35. The method of paragraph 33 or 34, wherein the cancer cell is a luminal-
type breast cancer cell.

[00103] 36. The method of paragraph 33, 34, or 35, wherein the biological sample is a
cell, tissue, organ, blood, serum, urine, saliva, lymph, plasma, semen, or a combination
thereof.

[00104] 37. The method of any one of paragraphs 33-36, wherein the htRNA is 5’-
htRNA or 3’-htRNA.

[00105] 38. The method of any one of paragraphs 33-37, wherein the htRNA is 5°-
htRNA™P, 5°-htRNA™S, or 3’-htRNAMP.

[00106] 39. The method of any one of paragraphs 33-38, wherein the htRNA in the

RNA sample is quantified according to the method of paragraph 1.
[00107] 40. The method of any one of paragraphs 33-39, wherein the htRNA in the
RNA sample is quantified according to the method of any one of paragraphs 12-15.
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[00108] 41. A method of diagnosing cancer in a subject, comprising:

(a) obtaining a biological sample from the subject;

(b) obtaining an RNA sample from the biological sample;

() quantifying an htRNA in the RNA sample; and

(d) diagnosing that the subject has cancer if the quantified htRNA is more than a
reference value of the htRNA quantity, or diagnosing that the subject does not have cancer if
the quantified htRNA is not more than a reference value of the htRNA quantity.
[00109] 42. A method of prognosing cancer in a subject, comprising:

(a) obtaining a biological sample from the subject;

(b) obtaining an RNA sample from the biological sample;

() quantifying an htRNA in the RNA sample; and

(d) prognosing that the subject is likely to develop cancer if the quantified htRNA
is more than a reference value of the htRNA quantity, or prognosing that the subject is not
likely to develop cancer if the quantified htRNA is not more than a reference value of the
htRNA quantity.
[00110] 43. The method of paragraph 41 or 42, wherein the cancer is prostate cancer or

breast cancer.

[00111] 44. The method of paragraph 41, 42, or 43, wherein the cancer is luminal-type
breast cancer.

[00112] 45. The method of any one of paragraphs 41-44, wherein the subject is a
human.

[00113] 46. The method of any one of paragraphs 41-45, wherein the biological sample
is a cell, tissue, organ, blood, serum, urine, saliva, lymph, plasma, semen, or a combination
thereof.

[00114] 47. The method of any one of paragraphs 41-46, wherein the htRNA is 5’-
htRNA or 3’-htRNA.

[00115] 48. The method of any one of paragraphs 41-47, wherein the htRNA is 5’-
htRNAP, 5>-htRNA™, or 3’-htRNA™?,

[00116] 49. The method of any one of paragraphs 41-48, wherein the htRNA in the

RNA sample is quantified according to the method of paragraph 1.
[00117] 50. The method of any one of paragraphs 41-49, wherein the htRNA in the
RNA sample is quantified according to the method of paragraph 12.
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[00118] 51. The method of any one of paragraphs 33-50, wherein the reference value
of the htRNA quantity is the median or mean value of the htRNA quantity in a biological
sample having no cancer cell.

[00119] 52. The method of any one of paragraphs 33-50, wherein the reference value
of the htRNA quantity is the median or mean value of the htRNA quantity in a biological
sample having no prostate cancer cell or breast cancer cell.

[00120] 53. The method of any one of paragraphs 33-50, wherein the reference value
of the htRNA quantity is the median or mean value of the htRNA quantity in a biological
sample having no luminal-type breast cancer cell.

[00121] 54. The method of any one of paragraphs 33-50, wherein the reference value
of the htRNA quantity is the median or mean value of the htRNA quantity in a non-cancerous
cell, tissue, or organ.
[00122] 55. The method of any one of paragraphs 33-50, wherein the reference value
of the htRNA quantity is the median or mean value of the htRNA quantity in a non-breast and
non-prostate cancer cell.
[00123] 56. The method of any one of paragraphs 33-50, wherein the reference value
of the htRNA quantity is the median or mean value of the htRNA quantity in biological
samples from a population of subjects having no cancer.
[00124] 57. The method of any one of paragraphs 33-50, wherein the reference value
of the htRNA quantity is the median or mean value of the htRNA quantity in biological
samples from a population of subjects having no prostate cancer or breast cancer.
[00125] 58. The method of any one of paragraphs 33-50, wherein the reference value
of the htRNA quantity is the median or mean value of the htRNA quantity in biological
samples from a population of subjects having no luminal-type breast cancer.
EXAMPLES
The following examples are provided to better illustrate the claimed invention and are not to
be interpreted as limiting the scope of the invention. To the extent that specific materials are
mentioned, it is merely for purposes of illustration and is not intended to limit the invention.
One skilled in the art may develop equivalent means or reactants without the exercise of

inventive capacity and without departing from the scope of the invention.

Discovery of htRNAs
[00126] Gene expression during cancer development is controlled by a wide array of

regulatory molecules, including small non-coding RNAs (sncRNAs), such as microRNAs.
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Certain embodiments of the present invention are based upon the discovery that htRNAs (a
novel type of sncRNA derived from tRNAs) are expressed in breast and prostate cancers.
htRNAs are 35-50 nucleotides (nt) long, and generated by angiogenin (ANG)-mediated
cleavage at the anticodon of mature tRNAs (Fig 1). Both 5'- (5’-htRNAs) and 3'-halves (3'-
htRNAs) are derived from at least cytoplasmic tRNA®P and tRNA™® (Fig 2). 5"-htRNAs
contain a mono-phosphate at their 5'-end and a cyclic-phosphate at their 3'-end, whereas 3'-

htRNAs contain a hydroxyl at their 5'-end and an amino acid at their 3’-end (Fig 2).

[00127] As described herein, a sensitive system for detecting htRNA expression was
established, and htRNAs were determined to be expressed in relatively high levels in breast
cancer and prostate cancer cells, and not in other cancer cells and non-cancerous cells tested.
Moreover, htRNA abundance was associated with cell proliferation and hormone-receptor

expression.

[00128] These results implicate htRNAs as novel, important factors in breast and
prostate cancer pathogenesis and suggest the use of htRNAs as novel biomarkers for the two

cancers.

Establishment of htRNA detection system

[00129] To widely screen for htRNA expression, a sensitive Taqg-Man qRT-PCR-based
method that detects htRNAs from about 100pg of total RNA was established. For 5'-htRNA
detection (Fig 3A), total RNA was treated with T4 PNK to remove a cyclic phosphate at the
3’-end of 5-htRNA, and subjected to 3-RNA adapter ligation by T4 RNA Ligase. 5'-htRNA
was then detected using QRT-PCR with a Taq-Man probe targeting the boundary between the
htRNA and adapter. The iability to detect 5'-htRNA without T4 PNK or T4 RNA ligase
indicated high specificity of this method. For 3'-htRNA detection (Fig 3B), total RNA was
treated with T4 PNK to add a phosphate at the 5’-end of 3'-htRNA, and subjected to 5'-RNA
adapter ligation by T4 RNA Ligase. 3’-htRNA was then detected using qRT-PCR with a
Taq-Man probe targeting the boundary between the htRNA and adapter. The low efficiency
to detect 3-htRNA without T4 PNK or T4 RNA ligase indicated high specificity of this
method.

htRNAs are abundantly and specifically expressed in luminal-type breast cancer and prostate
cancer

[00130] By using the detection system described herein, htRNA expression was
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measured in 96 cancer cell lines, revealing that htRNAs are abundantly and specifically
present in luminal-type breast cancer and prostate cancer, but not in basal-like type breast
cancer or other cancers (Fig 4A and 4B). These results suggest a relationship between

hormone receptor expression and htRNA expression.

Discovery of htRNA expression that is associated with cell proliferation in BmN4 cells

[00131] The biogenesis of piRNAs, a germline-specific class of small RNA, was
investigated by taking advantage of Bombyx mori-derived BmN4 cells, as described in
Honda, S., Mitochondrial protein BmPAPI modulates the length of mature piRNAs RNA,
2013. 19(10): p. 1405-18, which is incorporated herein by reference in its entirety as though
fully set forth. During the analysis of a tRNA-derived piRNA, htRNAs derived from
cytoplasmic tRNA®P (Fig 5A) and tRNA™® (not shown) were detected. The correlation
between htRNA expression and cell proliferation (Fig 5B) suggests the expression and

function of these molecules in cancer cells.

htRNA™? and htRNA™ are expressed in breast cancer cells

[00132] Interestingly, Northern blots revealed that both 5- and 3-htRNAs derived
from tRNA™P and tRNA™® are present in MCF7 and BT474 human breast cancer cells at
relatively high levels, but not in pancreas and lung cancer cells or in non-cancerous cells (Fig
6A and 6B). RACE showed that 5-htRNA does not contain overlapping or intercalating
sequences with 3’-htRNA (Fig 6C), suggesting htRNA production from a single
endonucleolytic cleavage. htRNAs derived from tRNAS or tRNA®Y were not detected,

suggesting tRNA-specific htRNA production.

5“htRNAs and 3"-htRNAs contain cyclic phosphates and amino acids at their 3 '-termini,
respectively

[00133] The terminal structures of htRNAs were determined using a combination of
NalO4 oxidation/B-climination reaction, phosphatase and kinase treatments, and deacylation
reactions as previously described in Kirino, Y. and Z. Mourelatos, Mouse Piwi-interacting
RNAs are 2'-O-methylated at their 3' termini. Nat Struct Mol Biol, 2007. 14(4): p. 347-8,
which is incorporated herein by reference in its entirety as though fully set forth. It was
determined that 5'-htRNAs contain a mono-phosphate at their 5-end and a cyclic-phosphate
at their 3'-end, whereas 3’-htRNAs contain a hydroxyl at their 5'-end and an amino acid at

their 3’-end (Fig 7A and 7B).
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Identification of the comprehensive htRNA repertoire in breast cancer

[00134] The first step towards understanding the biogenesis and precise molecular
function of htRNAs in breast cancer will be to identify the complete htRNA repertoire.
Utilizing the 3'-end characteristics of htRNAs, the specific species expressed in breast cancer
will be selectively amplified and identified (Fig 8). Detailed bioinformatics analyses of
htRNA sequence reads will be used to confirm htRNA™P and htRNA™® expressions in
addition to other htRNAs, and to identify the tRNA cleavage sites in htRNA biogenesis. The
expression of the abundant htRNAs will be assessed in other cancer cells and patient tissues.
In addition to BT474 cells, the htRNA repertoire in other htRNA-abundant breast cancer
cells, such as MCF7, and in patient tissues will be further identified; the specificity,
generality, and/or differences in the htRNA species and abundance will be investigated.

These analyses will provide the first framework for the expression of htRNAs in cancer.

Understanding the molecular basis of angiogenin-mediated tRNA-cleavage in htRNA
production

[00135] The molecular mechanisms underlying htRNA biogenesis are unknown. In
mammals, tiRNAs are produced by tRNA anticodon cleavage via the ANG ribonuclease (
See Ivanov, P., et al., Angiogenin-induced tRNA fragments inhibit translation initiation. Mo/
Cell, 2011. 43(4): p. 613-23; Emara, M.M., et al., Angiogenin-induced tRNA-derived stress-
induced RNAs promote stress-induced stress granule assembly. J Biol Chem, 2010. 285(14):
p. 10959-68; Yamasaki, S., et al., Angiogenin cleaves tRNA and promotes stress-induced
translational repression. J Cell Biol, 2009. 185(1): p. 35-42; and Fu, H., et al., Stress induces
tRNA cleavage by angiogenin in mammalian cells. FEBS Lett, 2009. 583(2): p. 437-42). The
research presented in the present application demonstrates that ANG is also responsible for
htRNA production in breast cancer (Fig 9). Recombinant human ANG protein could be
produced and purified. [r vitro reactions will be designed, in which the ANG protein is
incubated with 32P-labeled in vitro-transcribed tRNA for anticodon cleavage. Using kinetic
analyses of the various tRNA species and their mutants, the positive and negative
determinants of tRNA sequences necessary for htRNA production will be determined to

understand the molecular basis of ANG-mediated tRNA cleavage in breast cancer.

Understanding the mechanisms underlying the specific expression of the htRNAs in breast
cancer

[00136] htRNA expression is highly specific to breast cancer cells (Fig 4A, Fig 6B),
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and the precise molecular mechanisms behind this specificity will be investigated. While not
wishing to be bound by a particular theory, some possible reasons that htRNAs are abundant
in breast cancer could be (i) ANG is activated (Yamasaki, S., et al, Angiogenin cleaves
tRNA and promotes stress-induced translational repression. J Cell Biol, 2009. 185(1): p. 35-
42), or RNHI, an inhibitor of ANG, could be deactivated, and/or (ii) m5C methylation at
position 38 of tRNA®P which is mediated by DNMT2 and protects the tRNA from ANG-
mediated anticodon cleavage, is deficient (See Goll, M.G., et al, Methylation of tRNAAsp
by the DNA methyltransferase homolog Dnmt2. Science, 2006. 311(5759): p. 395-8; and
Schaefer, M., et al, RNA methylation by Dnmt2 protects transfer RNAs against stress-
induced cleavage. Genes Dev, 2010. 24(15): p. 1590-5). To address these hypotheses, the
expression and localization of ANG, RNH1 and TRDMT]1 in breast cancer cells and in other
types of cancer cells will be analyzed. Furthermore, the rate of tRNAAsp-m5C38
modification in breast cancer cells will be investigated using biochemical analyses, including
thin layer chromatography and the Donis-Keller method (See Kirino, Y. and Z. Mourelatos,
Mouse Piwi-interacting RNAs are 2'-O-methylated at their 3' termini. Nat Struct Mol Biol,
2007. 14(4): p. 347-8, and Kirino, Y., ef al., Codon-specific translational defect caused by a
wobble modification deficiency in mutant tRNA from a human mitochondrial disease. Proc
Natl Acad Sci U S A, 2004. 101(42): p. 15070-5, which are each incorporated herein by
reference in their entirety as though full set forth), and mass-spectrometry (See Kirino, Y., et
al., Acquisition of the wobble modification in mitochondrial tRNALeu (CUN) bearing the
G12300A mutation suppresses the MELAS molecular defect. Hum Mol Genet, 2006. 15(6):
p. 897-904), which is incorporated herein by reference in its entirety as though full set forth).

htRNAs are abundantly and specifically expressed in luminal-type breast cancer and prostate
cancer

[00137] To widely screen for htRNA expression, a sensitive Tag-Man qRT-PCR-based
method that detects 5'-htRNAs from 100 pg of total RNA was established (Fig 3A). htRNA
expression was measured in 96 cancer cell lines, revealing that htRNAs are abundantly
present in luminal-type breast cancer and prostate cancer (See comprehensive molecular
portraits of human breast tumors. Nature, 2012. 490(7418): p. 61-70), but not in basal-like

type breast cancer or other cancers.

Unraveling the molecular function of htRNAs in luminal-type breast cancer

[00138] The research described in this application strongly suggests an association

24



WO 2015/120022 PCT/US2015/014421

between htRNA expression and the ER signaling pathways. The direct link will be explored
by analyzing htRNA, ANG, RNHI and DNMT2 expressions in BT474 cells with
overexpressed or repressed ER and HER2. Without wishing to be bound by a particular
theory, it is hypothesized that htRNAs are involved in gene expression regulation, as
suggested by previous studies that described the roles for other tRNA-derived RNAs on the
inhibitions of mRNA expression and translation (See Maute, R.L., et al, tRNA-derived
microRNA modulates proliferation and the DNA damage response and is down-regulated in
B cell lymphoma. Proc Natl Acad Sci U S A4, 2013. 110(4): p. 1404-9; Lee, Y.S., et al., A
novel class of small RNAs: tRNA-derived RNA fragments (tRFs). Genes Dev, 2009. 23(22):
p. 2639-49; and Ivanov, P., ef al., Angiogenin-induced tRNA fragments inhibit translation
nitiation. Mol Cell, 2011. 43(4): p. 613-23, each of which is incorporated herein by reference
as though fully set forth). htRNAs in BT474 cells could be silenced using 2'-O-methylated
anti-sense oligonucleotides, and (1) global translation by pulse-labeling, (2) RNA expression
by RNA-sequencing, and (3) the cell proliferation, colony formation, and migration rates will
be investigated. These studies will help elucidate the precise biological function of htRNAs

in breast and prostate cancers.

[00139] The various methods and techniques described above provide a number of
ways to carry out the application. Of course, it is to be understood that not necessarily all
objectives or advantages described can be achieved in accordance with any particular
embodiment described herein. Thus, for example, those skilled in the art will recognize that
the methods can be performed in a manner that achieves or optimizes one advantage or group
of advantages as taught herein without necessarily achieving other objectives or advantages
as taught or suggested herein. A variety of alternatives are mentioned herein. It is to be
understood that some preferred embodiments specifically include one, another, or several
features, while others specifically exclude one, another, or several features, while still others

mitigate a particular feature by inclusion of one, another, or several advantageous features.

[00140] Furthermore, the skilled artisan will recognize the applicability of various
features from different embodiments. Similarly, the various elements, features and steps
discussed above, as well as other known equivalents for each such clement, feature or step,
can be employed in various combinations by one of ordinary skill in this art to perform
methods in accordance with the principles described herein. Among the various elements,

features, and steps some will be specifically included and others specifically excluded in
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diverse embodiments.

[00141] Although the application has been disclosed in the context of certain
embodiments and examples, it will be understood by those skilled in the art that the
embodiments of the application extend beyond the specifically disclosed embodiments to

other alternative embodiments and/or uses and modifications and equivalents thereof.

[00142] In some embodiments, the terms “a” and “an” and “the” and similar references
used in the context of describing a particular embodiment of the application (especially in the
context of certain of the following claims) can be construed to cover both the singular and the
plural. The recitation of ranges of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range. Unless
otherwise indicated herein, each individual value is incorporated into the specification as if it
were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (for example, “such as”) provided
with respect to certain embodiments herein is intended merely to better illuminate the
application and does not pose a limitation on the scope of the application otherwise claimed.
No language in the specification should be construed as indicating any non-claimed element

essential to the practice of the application.

[00143] Preferred embodiments of this application are described herein, including the
best mode known to the inventors for carrying out the application. Variations on those
preferred embodiments will become apparent to those of ordinary skill in the art upon reading
the foregoing description. It is contemplated that skilled artisans can employ such variations
as appropriate, and the application can be practiced otherwise than specifically described
herein. Accordingly, many embodiments of this application include all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the application unless otherwise indicated herein or

otherwise clearly contradicted by context.

[00144] All patents, patent applications, publications of patent applications, and other
material, such as articles, books, specifications, publications, documents, things, and/or the

like, referenced herein are hereby incorporated herein by this reference in their entirety for all
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purposes, excepting any prosecution file history associated with same, any of same that is
inconsistent with or in conflict with the present document, or any of same that may have a
limiting affect as to the broadest scope of the claims now or later associated with the present
document. By way of example, should there be any inconsistency or conflict between the
description, definition, and/or the use of a term associated with any of the incorporated
material and that associated with the present document, the description, definition, and/or the

use of the term in the present document shall prevail.

[00145] It is to be understood that the embodiments of the application disclosed herein
are illustrative of the principles of the embodiments of the application. Other modifications
that can be employed can be within the scope of the application. Thus, by way of example,
but not of limitation, alternative configurations of the embodiments of the application can be
utilized in accordance with the teachings herein. Accordingly, embodiments of the present

application are not limited to that precisely as shown and described.

[00146] Various embodiments of the invention are described above in the Detailed
Description.  While these descriptions directly describe the above embodiments, it is
understood that those skilled in the art may conceive modifications and/or variations to the
specific embodiments shown and described herein. Any such modifications or variations that
fall within the purview of this description are intended to be included therein as well. Unless
specifically noted, it is the intention of the inventors that the words and phrases in the
specification and claims be given the ordinary and accustomed meanings to those of ordinary

skill in the applicable art(s).

[00147] The foregoing description of various embodiments of the invention known to
the applicant at this time of filing the application has been presented and is intended for the
purposes of illustration and description. The present description is not intended to be
exhaustive nor limit the invention to the precise form disclosed and many modifications and
variations are possible in the light of the above teachings. The embodiments described serve
to explain the principles of the invention and its practical application and to enable others
skilled in the art to utilize the invention in various embodiments and with various
modifications as are suited to the particular use contemplated. Therefore, it is intended that
the invention not be limited to the particular embodiments disclosed for carrying out the

invention.
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[00148] While particular embodiments of the present invention have been shown and
described, it will be obvious to those skilled in the art that, based upon the teachings herein,
changes and modifications may be made without departing from this invention and its
broader aspects and, therefore, the appended claims are to encompass within their scope all
such changes and modifications as are within the true spirit and scope of this invention. It
will be understood by those within the art that, in general, terms used herein are generally
intended as “open” terms (e.g., the term “including” should be interpreted as “including but
not limited to,” the term ‘“having” should be interpreted as “having at least,” the term

“includes” should be interpreted as “includes but is not limited to,” etc.)
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CLAIMS

What is claimed is:

L.

10.
I1.

A method for quantifying a 5’-htRNA in an RNA sample, comprising:

(a) treating the RNA sample with a polynucleotide kinase;

(b) adding a 3’-RNA adaptor to the RNA sample;

() treating the RNA sample with an RNA ligase;

(d) adding an oligonucleotide probe targeting the boundary between the 5°-htRNA
and the 3’-RNA adaptor to the RNA sample;

(e) performing a quantitative RT-PCR (qQRT-PCR) on the RNA sample; and

() quantifying the 5’-htRNA in the RNA sample by detecting the qRT-PCR
product.

The method of claim 1, wherein the 5°-htRNA is 5’-htRNA®P or 5°-htRNAMS,

The method of claim 1 or 2, wherein the RNA sample is total RNA.

The method of claim 1, 2, or 3, wherein the RNA sample is derived from a cell, tissue,
or organ.

The method of any one of claims 1-4, wherein the RNA sample is derived from a
cancerous cell, tissue, or organ.

The method of any one of claims 1-5, wherein the RNA sample is approximately at
least 100 pg.

The method of any one of claims 1-6, wherein the polynucleotide kinase is a T4
polynucleotide kinase.

The method of any one of claims 1-7, wherein the RNA ligase is a T4 RNA ligase.
The method of any one of claims 1-8, wherein the oligonucleotide probe is a TagMan
probe.

A nucleic acid generated according to the method of any one of claims 1-9.

A kit, comprising:

(a) a polynucleotide kinase;

(b) a 3’-RNA adaptor;

(c) an RNA ligase;

(d) an oligonucleotide probe targeting the boundary between a 5’-htRNA and the 3’-
RNA adaptor; and

(f) instructions for using the kit to quantify the 5’-htRNA in a sample.

12. A method for quantifying a 3’-htRNA in an RNA sample, comprising:

(a) treating the RNA sample with a polynucleotide kinase;
29
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(b) adding a 5’-RNA adaptor to the RNA sample;

() treating the RNA sample with an RNA ligase;

(d) adding an oligonucleotide probe targeting the boundary between the 5’-RNA
adaptor and the 3’-htRNA to the RNA sample;

(e) performing a quantitative RT-PCR (qQRT-PCR) on the RNA sample; and

() quantifying the 3’htRNA in the RNA sample by detecting the qRT-PCR
product.

The method of claim 12, wherein the 3’-htRNA is 3°-htRNAAP.

The method of claim 12 or 13, wherein the RNA sample is total RNA.

The method of claim 12, 13, or 14, wherein the RNA sample is derived from a cell,
tissue, or organ.

The method of any one of claims 12-15, wherein the RNA sample is derived from a
cancerous cell, tissue, or organ.

The method of any one of claims 12-16, wherein the RNA sample is approximately at
least 100 pg.

The method of any one of claims 12-17, wherein the polynucleotide kinase is a T4
polynucleotide kinase.

The method of any one of claims 12-18, wherein the RNA ligase is a T4 RNA ligase.
The method of any one of claims 12-19, wherein the oligonucleotide probe is a
TagMan probe.

A nucleic acid generated according to the method of any one of claims 12-20.

A kit, comprising:

a polynucleotide kinase;

a 5’-RNA adaptor;

an RNA ligase;

an oligonucleotide probe targeting the boundary between the 5’-RNA adaptor and a
3’-htRNA; and

instructions for using the kit to quantify the 3’-htRNA in a sample.

A method for obtaining a DNA library of 5’-htRNAs in an RNA sample, comprising:
(a) deacylating the RNA sample with a buffer having a pH value of at least 9.0;

(b) treating the RNA sample with an alkaline phosphatase;

(c) disrupting a 3’-OH end in the RNA sample with NalO4 oxidation;

(d) treating the RNA sample with a polynucleotide kinase;

(e) adding a 3’-RNA adaptor to the RNA sample;
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(f) treating the RNA sample with an RNA ligase;

(g) adding a 5’-RNA adaptor to the RNA sample;

(h) treating the RNA sample with an RNA ligase; and

(1) performing a RT-PCR on the RNA sample, thereby obtaining the DNA library of
5’-htRNAs in the RNA sample.

The method of claim 23, further comprising enriching one or more 25-55 nt RNA
fragments in the RNA sample prior to step (a).

The method of claim 23 or 24, further comprising gel-purifying one or more 25-55 nt
RNA fragments in the RNA sample prior to step (a).

The method of claim 23, 24, or 25, further comprising sequencing the DNA library of
5’-htRNAs in the RNA sample.

A DNA library of 5’-htRNAs obtained by the method of any one of claims 23-26.

A method for obtaining a DNA library of 3’-htRNAs in an RNA sample, comprising:
(a) treating the RNA sample with a polynucleotide kinase;

(b) disrupting 3’-OH ends in the RNA sample with NalO4 oxidation;

(c) deacylating the RNA sample with a buffer having a pH value of at least 9.0;

(d) adding a 3°-RNA adaptor to the RNA sample;

(e) treating the RNA sample with an RNA ligase;

(f) adding a 5’-RNA adaptor to the RNA sample;

(g) treating the RNA sample with an RNA ligase; and

(h) performing a RT-PCR on the RNA sample, thereby obtaining the DNA library of
3’-htRNAs in the RNA sample.

The method of claim 28, further comprising enriching one or more 25-55 nt RNA
fragments in the RNA sample prior to step (a).

The method of claim 28 or 29, further comprising gel-purifying one or more 25-55 nt
RNA fragments in the RNA sample prior to step (a).

The method of claim 28, 29, or 30, further comprising sequencing the DNA library of
3’-htRNAs in the RNA sample.

A DNA library of 3’-htRNAs obtained by the method of any one of claims 28-31.

A method for determining the presence or absence of a cancer cell in a biological
sample, comprising:

(a) obtaining an RNA sample from the biological sample;

(b) quantifying an htRNA in the RNA sample; and
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(¢) determining the presence of a cancer cell in the biological sample if the quantified
htRNA is more than a reference value of the htRNA quantity, or determining the
absence of a cancer cell in the biological sample if the quantified htRNA is not more
than a reference value of the htRNA quantity.

34. The method of claim 33, wherein the cancer cell is a prostate cancer cell or a breast
cancer cell.

35. The method of claim 33 or 34, wherein the cancer cell is a luminal-type breast cancer cell.

36. The method of claim 33, 34, or 35, wherein the biological sample is a cell, tissue, organ,
blood, serum, urine, saliva, lymph, plasma, semen, or a combination thereof.

37. The method of any one of claims 33-36, wherein the htRNA is 5°-htRNA or 3’-htRNA.

38. The method of any one of claims 33-37, wherein the htRNA is 5’-htRNA™P, 5°-
htRNA™, or 3’-htRNA"Y,

39. The method of any one of claims 33-38, wherein the htRNA in the RNA sample is
quantified according to the method of claim 1.

40. The method of any one of claims 33-39, wherein the htRNA in the RNA sample is
quantified according to the method of any one of claims 12-15.

41. A method of diagnosing cancer in a subject, comprising:
(a) obtaining a biological sample from the subject;
(b) obtaining an RNA sample from the biological sample;
(c) quantifying an htRNA in the RNA sample; and
(d) diagnosing that the subject has cancer if the quantified htRNA is more than a
reference value of the htRNA quantity, or diagnosing that the subject does not have
cancer if the quantified htRNA is not more than a reference value of the htRNA
quantity.

42. A method of prognosing cancer in a subject, comprising:
(a) obtaining a biological sample from the subject;
(b) obtaining an RNA sample from the biological sample;
(c) quantifying an htRNA in the RNA sample; and
(d) prognosing that the subject is likely to develop cancer if the quantified htRNA is
more than a reference value of the htRNA quantity, or prognosing that the subject is
not likely to develop cancer if the quantified htRNA is not more than a reference
value of the htRNA quantity.

43. The method of claim 41 or 42, wherein the cancer is prostate cancer or breast cancer.

44. The method of claim 41, 42, or 43, wherein the cancer is luminal-type breast cancer.
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The method of any one of claims 41-44, wherein the subject is a human.

The method of any one of claims 41-45, wherein the biological sample is a cell, tissue,
organ, blood, serum, urine, saliva, lymph, plasma, semen, or a combination thereof.

The method of any one of claims 41-46, wherein the htRNA is 5’-htRNA or 3’-htRNA.

The method of any one of claims 41-47, wherein the htRNA is 5’-htRNA®P 5°-
htRNA"S, or 3’-htRNA™?,

The method of any one of claims 41-48, wherein the htRNA in the RNA sample is
quantified according to the method of claim 1.

The method of any one of claims 41-49, wherein the htRNA in the RNA sample is
quantified according to the method of claim 12.

The method of any one of claims 33-50, wherein the reference value of the htRNA
quantity is the median or mean value of the htRNA quantity in a biological sample
having no cancer cell.

The method of any one of claims 33-50, wherein the reference value of the htRNA
quantity is the median or mean value of the htRNA quantity in a biological sample
having no prostate cancer cell or breast cancer cell.

The method of any one of claims 33-50, wherein the reference value of the htRNA
quantity is the median or mean value of the htRNA quantity in a biological sample
having no luminal-type breast cancer cell.

The method of any one of claims 33-50, wherein the reference value of the htRNA
quantity is the median or mean value of the htRNA quantity in a non-cancerous cell,
tissue, or organ.

The method of any one of claims 33-50, wherein the reference value of the htRNA
quantity is the median or mean value of the htRNA quantity in a non-breast and non-
prostate cancer cell.

The method of any one of claims 33-50, wherein the reference value of the htRNA
quantity is the median or mean value of the htRNA quantity in biological samples
from a population of subjects having no cancer.

The method of any one of claims 33-50, wherein the reference value of the htRNA
quantity is the median or mean value of the htRNA quantity in biological samples
from a population of subjects having no prostate cancer or breast cancer.

The method of any one of claims 33-50, wherein the reference value of the htRNA
quantity is the median or mean value of the htRNA quantity in biological samples

from a population of subjects having no luminal-type breast cancer.

33



WO 2015/120022

s@rész&ié iiam:@r

Nove! biomarkers

Targets for therapeu--
tic applications

FIG. 1

1/10

PCT/US2015/014421



PCT/US2015/014421

WO 2015/120022

F-fitRNA-Asp

5-HIRNA-As)

Ve é-&
Ly AT A A AL
<

it

o

(1Y
uye

far
L3mEd
L=

@=0 et
Q 05T
[

-+

B DU T

rale ols)

D
I

oe

in

3
3
x
<

o
o

b
(V)

in

[EY]
H-W - MN--A'W
W Az
2 9
J 3 )
Lo Y
& 2y HogEEoTan C G s
.J + o [LE e IR -
o) >
ey .
(<]
& &
pei g o B O, i
; o (S RO Y
=z Oy patioe]
N e Lo
<=3
o i s
: T
S

FIGs. 2A-2B

2/10



WO 2015/120022 PCT/US2015/014421

A Tagman gPCR
P P P P
|

T4PNK T4RNA ligase
Tagman

N probe
L@ _
' -

' 400 +

Relative ratio
it
L=
Relative ratio

HelLa BT474 Hela BT474 BT474 Hela BT474 Hela BT474 BT474
T4PHK-~ T4PNK+ Lig- T4PNK- T4PNK+ Lig-

B Tagman gPCR

T4PNK TARNA ligase

Hela BT474 Hela BT474 BT474

T4PNK- T4PNK+ Lig-

FIGs. 3A-3B
3/10



WO 2015/120022 PCT/US2015/014421

v e JIOSdEONT
) Q
g FSrina o
$orams ?f Spowrvodon |
I Doy J50100H §
Powew o8 ;
E Radad \ - 51-GI-VOR ;
F95-O0H N b oA Fa il ;
OIS 0700 R AR !
$1g-9400 ol FEVEEION g
whiaeoios |91 rLERIO0R @
‘ =3 0 SUR TR T B
g Q! : N
- QO J-o-uENS f
281 2 o248 §
bcony L0261
Geronun { JHo0s100H ;
6214 ' '
3343101 £ o e o e LA
< o
<t - < I
. 3{'&; He B SoReri
3 b1-008 Lenas
= $ 8400443 F2nt
F-unoo e LEPLHAON
S - £ FOSTOMNA |
STON g 3 ggg AN >
PLNS 8 $22800M -l
§ PN o SN-s624H-ION
B Shi89H-108
$eoy L83
S} o1y QESHION
$p-DDNN ° QETHIIN
o
[t F23-SRH
D g “GIR00H
RN ié 35 0RH
S}i-onvd & SELE0H
domwgym  |& 4620-HANNS
Lonie 85200804 £
Sq5e-nNS
RebHur :
© © Negze-nns = $-08H
528 absiaudind |3 L
253 foron |3 Jeos g
'ﬂl: C'{ :; R GITRE ?igi g
@ b AT " ;ﬁ £
15 LHOH o &
’ N S dayg s Bl {ﬁ

AR DA DA |
W QN O
Ll

35"
30
25 1
20

| DN SMRINE NN BAMMNE AN Bba |
QW & QW o
fOIN N oY e

35 -

2URIBIT PIOY SOUSIBYIC PO

4/10



PCT/US2015/014421

WO 2015/120022

FIG. 4B

N §His/Ub

35 5-Asp/Us

30~
25+
20

LI
10

1:

booa-denny
- £k

J- 151 BN-VaW
RS2 GW-YOW

s UEAS
A A

Prostate

HER2+ B

Luminal

ER MMM O8G0 GARE MM

Basal like

GOREHHMEE0 60666

HER2

5/10



PCT/US2015/014421

WO 2015/120022

I

:\-\?G
P& Bm IRNAMP

FIGs. 5A-5B

6/10



PCT/US2015/014421

WO 2015/120022

D9-V9 SDIA

£ "
4
i o
Z £y
* P
2o K

25
Gyt o B
PRI O T YIE  an

PROSTR T

Ao M H B

2adcat

4T e 5
o Fepemp My 4 i
5T 0snndh Sy S B ; B SHUEN
5 Eiiat A 8 % P g 2] 5
LE i o o O oS E E 2 o2 s 4 7 G e B e
G S hm%w«mw?w # B g e 8 8 L E § 3 % pE s
wwsm Z 5 7 g pe2 2 BRI
e " e Py, o
g% I e % IR SRR HBUETY 3 oeneanes -
o R T VRl LR, 0 fsry coarsimg  aseng & m e aguadey ,Q
A YH2 A

7/10



WO 2015/120022 PCT/US2015/014421

A . B

& De-acyiation +

HOIBAP

NalO,, §

ShtRNAAT

P htRNAS

SHIRNATE L 3hRNA

miR-16 miR-18

FIGs. 7A-7B

8/10



WO 2015/120022 PCT/US2015/014421

De-acylation lT £ PNK

Da-acylation
Adapter ligation Adapter ligation
RT-PCR

NGS

 SLhiIRNA Library | | 30HIRNA Uiy

9/10



WO 2015/120022 PCT/US2015/014421

miR-16

FIG. 9

10/10



INTERNATIONAL SEARCH REPORT International application No.
’ PCT/US2015/014421

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12Q 1/68 (2015.01) .
CPC - C12Q 1/68 (2015.04) . ' ‘

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - C12Q 1/68; GO1N 33/574 (2015.01)
CPC - C12Q 1/68,-1/6806, 1/6816; GO1N 33/574, 33/57415, 33/57438 (2015.04)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC - C12Q 1/68, 1/6806, 1/6816; GO1N 33/574, 33/57415, 33/57438 (2015.04) (keyword delimited) ‘
USPC - 435/6.1; 514/44R

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Orbit, Google Patents, Google Scholar, Google, PubMed
Search terms used: tRNA, transfer RNA fragments, non-coding RNA, ncRNA, cancer, DNA library, Ligase, polynucleotide kmase
tRNA-Asp, RT-PCR, profiling cancer

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2000/027340 A2 (THE CHILDREN'S MEDICAL CENTER CORPORATION) 18 May 2000 33,41,42
-- (18.05.2000) entire document
Y 1-3, 11-14, 22, 34, 35, 43
Y WO 2012/068383 A2 (THE REGENTS OF THE UNIVERSITY OF MICHIGAN) 24 May 2012 » 1-3, 11-14, 22
(24.05.2012) entire document '
Y US 2007/0020630 A1 (TROTTA)'25 January 2007 (25.01.2007) entire document 34, 35,43
Y GRZYBOWSKA-SZATKOWSKA et al. "Polymorphisms in genes encoding mt-tRNA in female 2,13
breast cancer in Poland,” Mitochondrial DNA, April 2012, Vol. 23, No. 2, Pgs. 106-111. entire
document
A ELBARBARY et al. "Modulation of Gene Expression by Human‘CytosoIic tRNase ZAL through 1-3, 11-14, 22-25, 28-30,

5-Half-tRNA," PLoS One, 15 June 2009 (15.06.2009), Vol. 4, Iss. 6, Pgs. 1-12. entire document | 33-35, 41-43 -

D Further documents are listed in the continuation of Box C. D

* - Special categories of cited documents: “T” later document published after the international filing date or priority

“A” " document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlymg the invention

“E” earlier application or patent but published on or after the mtemallonal “X” document of particular relevance; ‘the claimed invention cannot be
filing date : considered novel or cannot be consxdered to involve an inventive

“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited llo establish the p#b(ljlcatlon date of another citation or other «y» oo boon o0 particular relevance: the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P” document published prior to the international fi lmg date but laterthan  «g»  gocument member of the same patent family
the priority date claimed -

Date of the actual completlon of the international search Date of mailing of the international search report
21 April 2015 T 2 7 MAY 20-!5
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450 .
.. . PCT Helpdesk: 571-272-4300
Facsimile No.  571-273-8300 PCT OSP: 571-272-7774
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

D Claims Nos.:

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

2. I:I Claims Nos.:

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

1

X ci
3. Claims Nos.: 4-10, 15-21, 26, 27, 31, 32, 36-40, 44-58 _
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international applicatidn, as follows:

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

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

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

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: .

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

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

D No protest accompanied the payment of additional search fees.
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