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METHOD FOR QUANTIFICATION OF SMALL RNA SPECIES

FIELD OF THE INVENTION

The present invention relates to a method for amplification and guantification of small non-
coding RNA molecules using quantitative reverse transcription polymerase chain reaction

{qRT-PCR) technology.

BACKGROUND OF THE INVENTION

MicroRNAs are an abundant class of approximately 22-nuciectidenoncoding RNAs, which play
important regulatory roles in animal, plant and virus development. The awareness of
microRNAs was initiated almost 15 years ago by the discovery of iin-4, which encode a small
RNA involved in the timing and progression of the nematode in C elegans life cycle and larval
development (Lee ef al. 1993 Cell 75:843854, Wightman et al. 1993 Cell 75:855862}, but it
was only recently recognized that microRNAs form a major class of ribo-regulaters that have
broad regulatory functions in animals (Lagos-Quintana et al. 2001 Science 294:853858, Lau
et al, 2001 Science 294:858862, Lee and Ambros. 2001 Science 294:862864). Since then, a
revolution in the study of microRNAs have taken place, and today the miRBase database

version 12.0 {(hitp://microrma.sanger.ac.uk/) include 866 human microRNAs and the PubMed

database (hitp://www. nchinimonib.govipubmed/) encompass 3900 microRNA  related

articles, reflecting the interest and importance of microRNAs,

MicroRNAs are involved in the regulation of gene expression at the posttranscriptional level
by degrading or blocking transiation of messenger RNA targets, and it has been speculated
that approximately 30 % of the human genoms could be regulated by microRNAs. The
importance of microRNAs is also obvicus due to their involvermnent in various cellular
processes including development, growth and proliferation, apoptosis, differentiation, and

various human diseases {hitp.//www.mir2disease.org/) such as cancer and diabetes.

The importance of microRNAs in cancer is highlighted in a recent article (Barbarotio =t al
2008 Int. 1. Cancer. 122:969-977}, which summarizes the main paradigms for the miRNA
involvement in human cancers: Thus, (i) miRNAs are altered in every type of analyzed
human cancer; (il) miRNAs act as oncogenes and tumor suppressors; {iii) miRNAs alterations
may cause cancer predisposition; (iv) miRNAs profiling is a3 new diagnostic tool for cancer
patients and (v} miRNA profiling represents prognostic tools for cancer patients”. Accordingly,

methods for expression profiling and quantification of microRNAs in cells and body-fluids from
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cancer patients are of great importance. To address this requirement, the present invention
describes the development of a new rohust and reliable gRT-PCR assay for microRNA

measurements.

Quantification of microRNAs by gRT-PCR procedures is very challenging due to the small size
of microRNAs of only 21 to 25 nucleotides, which is the size of primers normally used for
PCR. Soiutions to this problem have been published in Raymond et al. RNA. 2005
Nov;11(11}:1737-44, Gilad et al. PLoS ONE. 2008 Sep 5;3(9):e3148 and Sharbati-Tehrani et
al. BMC Molecular Binlogy. 2008, 9:34. Raymond et al. describes a gRT-PCR assay that

I
®
involves a gene-specific reverse transcription step foliowed by a SYBR ™ green gPCR step

using a gene-specific forward primer containing locked nucleic acid {LNA) molecules and a
universal reverse primer. Gilad et al. reports a gRT-PCR assay that involves a polyadenylation
step, an unspecific reversa transcription step, and a gPCR step involving a gene-specific
forward primer, a gene-specific TagMan primer and a universal reverse primer, Sharbati-

Tehrani et al. developed a8 qRT-PCR assay that involves a gene-specific revarse transcription

N

step followed by a SYBR ~green qPCR step using a gene-specific forward primer and 2

universal primers.

However, the existing techniques for quantification of microRNAs by gRT-PCR do not fulfil the
present need for microeRNA assays, which requires high specificity that allows discrimination
between closely related microRNAs, high sensitivity, low background an a relatively simple

procadure.

The present invention is characierised by only one reverse transcription reaction for all
microRNAs in a sample and furthermore provides an extremely sensitive PCR method with an
unmatched specificity that can be used for accurate guantification of small RNA muolecules

such as microRNAs.

SUMMARY OF THE INVENTION

Establishing and understanding the microRNA dysregulation patterns associated with various
human diseases such as cancers, call for novel, improved technologies for detection and
guantification of microRNAs in human cells and body fluids. The present invention introduces

a new highly sensitive and specific assay for this purpose.
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In one aspect, the present invention provides a procedure for amplifying and quantifying
microRNA molecules in a sample: In the first step of the procedure complementary DNAs
{cl3NAs) of the microRNMNAs in @ sample are produced by the concerted action of two enzymes
in a single-tube reaction. Firstly, poly-A tails are added to the 3-terminus of the microRNAs
using a poly{A) polymerase, and secondly an extension primer is hybridized to the poly-A tail
and the cDNAs are produced by a reverse transcriptase using the microRNA as template. The
first step is unspecific and produces cNAs of all microRMNAs present in a sample. In the
sacond step of the procedure specific cDNAs are amplified and guantified in a gPCR reaction
using microRNA  specific primer sets of forward and reverse primers containing LNA

monomers.

In ancther aspect, the invention provides oligo nuclectide primers listed in Table 18 {(SEQ ID
NC 1 to SEQ ID NO 128).

The primers of the invention can be used for detecting mammalian microRNAs using the

method of the invention.

In another aspect, the invention provides kits for detection of mammalian microRNAs, the
kits comprising a universal extension primer and microRNA-specific forward and reverse
primears sets for quantification of at least one microRNA, a subset of microRNAs or alf known

mMicroRMNAS.

The present invention is useful for reliable and specific quantitative microRNA assays,
including assays for diagnosing and prognoesing diseases such as cancer using single assays
or high through-put applications on robot platforms. RNA containing samples extracted from
varicus cell types from living organisms, such as mammals and plants and including virus

infected cells may be analysed using the method of the invention.

Although the present invention mainly aims at providing a method for guantification of
microRNAs the method can be used for detection and/or quantification of all types of RNA in

particular all types of small noncoding RNAs,

FIGURES

FIGURE 1 shows the steps involved in specific gRT-PCR of the present invention. To illustrate
the principle the gRT-PCR of a microRNA serves as an example, the RNA {o be analysed by
the method may as well be any other small RNA molecule or even a mRNA. Step 1 is a one-

tube-reaction for all microRNAs present in a sample. Step 2 is a microRNA specific gPCR
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using forward and reverse primer pairs for a specific microRNA. An oval indicate insertion of
LNAs in forward and reverse primers. When the method is carried gut in practice the miRNAs
present in a sample are firstly poly-A-tailed using a poly{A) polymerase, which adds adenine
residues to the 3-end of RNA molecules. Secondly, an extension primer, which has a poly-T-
core nucleotide sequence, a 3-end VN-degenerate motif and a S-end taill, is annealed o the
poly-A-talled miRNA through hybridisation with the VN-poly-T-sequence of the extension
primer, (N=C, G, Aand T; V= C, G, and A). This primer may be refaerred tc as the Universal
RT primer. Subsequently, the extension primer is extended in a reverse transcription reaction
using the miRNA as template. All of these reaction are performed in a one-tube reaction, The
resulting primary extension product is composed of the extension primer and the newly
synthesized DNA, which is ¢cDNA complementary to all the miRNAs in the sample. In the next
step a miRNA-specific PCR is carried out. A miRNA-specific forward primer is annealed to 3-
end of the newly synthesized cDNA and the upper-strand synthesis is carried out by
extending the forward primer in a DNA-polymerization reaction using the primary extension
product as template. A miRNA-specific reverse primer composed of a miRNA-specific J-and
sequence, a poly-T-stretch and a 5-end tall is then hybridized to the upper-strand and the
lower-strand is synthesized by extension of the reverse primer. Variocus demonstrations of

the method of the invention are described in the EXAMPLES section.

FIGURE 2 shows amplification of hsa-miR-187 (Example 1) with the forward primer T
ttmCaccaccttcteca (SEQ ID NO 1) and the reverse primer S-ctitttttittttittGetgagt {SEQ ID NO
2}. Synthetic template: 107 coples of synthetic hsa-miR-197 were used for polyA taifing/RT.
An amount corresponding to 10° copies was used for PCR. Total human RNA: 100 ng of
total human RNA was used for polyA-tailing/RT {step 1). An amount corresponding to 1 ng
was used for PCR, Negative controis: water control and a total human RNA control without
PolvA Polymerase in the RT reaction.The black line designates the result obtained with the
synthetic template whereas the grey line show the resuit obtained with total human RNA as
template. The meling curves of the result obtained with the synthetic template and the total

human RNA are almost identical.

FIGURE 3 shows the amplification curves and the first derivative of the melting curves of

Example 2

FIGURE 4 shows amplification plots of Example 4 wherein discrimination between hsa-let-7a
and the varianis hsa-let-7f, hAsa-let-7c and hsa-let-7e are demaonstrated. The amplification-

signal from negative controls are also indicated.
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FIGURE SA, 5B and 5C shows the method and processes that enables PCR amplification and
discrimination between mature miRs, pre-miRs and pri-miRs. Ses example 6, 7 and 8. A)
Polvyadenyiation of all RNA 3-ands. 8) Reverse transcription of polvadenylated RNA to ¢DNA
using the Universal RT primer {(N=C, G, Aand T; V= C, G, and A}. C) MicroRNA specific PCR
amplification using gens specfic primers. Note that the site of polvadenyiation in combination
with the gene specific reverse primers ensures specific detection of each of the individual
molecules mature miRs, pre-miRs and pri-miRs. Fig 5A illustrate the assay used for assaying
mature miRs. Fig 5B illustrate the assay used for assaying pre-miRs and Fig 5C Hiustrate the

assay used for assaying pri-miRs.

FIGURE & shows amplification curves of (A} the pre-mir-203 assay on pre-miR-203, miR-203
and non-template controls (NTC}. (B} Amplification curves of (A} the miR-203 assay on pre-
miR-203, miR-203 and non-template contreols (NTC).

FIGURE 7 shows the different expression of a panel of selected miRNA genes in heart and
liver. The data is presenied as the difference in the crossing point {Cp) value {ACp) between

heart and liver, see table 15,

FIGURE 8 shows the defection of each of four listed miRs assaved by the preseni method
{black lines with diamonds) and compared with a commercial available method wherein the
Reverse Transcription is performed as a one-tube-reaction for all microRNAs present in a
sample (gray lines with spheres). The figure presents the crossing point (Cp) values as a

function of template concentration. £ach value is in triplicate,

DEFINITIONS

srnall RNA molecules’ refer to tiny RNA molecules in a living cell such as small “ron-coding
RNA molecules” fe. molecules that are not transiated into proteins. Non-coding RNA
molacuies include RNAs such as microRNAs (miRNAs), small interfering RNAs (siRNAg), small
nuclear RNAs (snRNAs), small nucieolar RNAs {snoRNAs), small temporal RNAs {stRNAs),

antigens RNAs (agRNAs} and piwi-interacting RNAs (piRNAs).

The terms microRNA,MIRNA" and miR are used synonymously and refer to 21-25 nuclectides
non-coding RNAs derived from endogencous genes of living organisms such as animals and
plants. These sgcalled maturs miRNAs are biclogically active and processad from longer
hairpin-like precursors termed pre-miRNAs (pre-miRs) having a length of approximately 75
nuclectides. The precursers of pre-miRNAs are pri-miRNAs {pri-miRs) with a length of 500 to

3000 nuclegtides. MiRNAs assembie in complexes fermed miRNPs and act as major
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regulators on Bmportant biclogical processes by binding o messenger RNA and interfering
with transiation efficiency. Target microRNAs of the present invention refer to all known
microRNAs, such as microRNAs known from the sclentific Hterature and public databases such
as the miRBase database (http://microrna.sanger.ac.uk/) which is the home of microRNA
data on the web administrated by the Sanger Institule, UK. The miRBase release 12 is
hereby incorporated by reference, including all the mature miRNA and pre-mature miRNA
sequences disclosed thergin. "microRNA profiling’ describes a large-scale analysis in which the
expression levels of all microRNAs in a sample such as a tumor sample are determinad to

bulld microRNA signatures for a particular disease such as a cancer disease.

“Adding poly-A taills’, "Poly-A tailing” and “polyadenylatiorf refers to the synthesis of a poly(A)
tail, a stretch of RNA where all the bases are adenings, at the 3-termini of an RNA molecule,
Polvadenyiation is a natural biclogical process in living organisms, but it can also be carried
out in vitro using various polymerases such as commercial available £ cofi Poly(A)

Polymerase I {E-PAP).

‘Bxtension primes” and "RT-primer” refers to an oligonucieotide primer, comprising a recognition
sequence, complementary to a sequence in the target deoxyribonucieic and/or ribonucieic
acid seguence, e.g. to the 3-end of the mature microRNA or small noncoding RNA in the
target ribonucleic acid sequence, and an anchor seguence essential for subsequent
amplification by PCR. The said extension primer is used as an anchored primer in 38 reverse

transcription reaction to generate a primer axtension product or cONA,

A DNA refers to a complementary DNA produced by reverse transcription of an RNA
template using a reverse transcriptase enzyme. Any reverse transcriptase can be used to
synthesize the cDNA molecules, such as reverse transcriptases derived from moloney murine
feukemia virus (M-MulV) reverse transcriptase, avian myeloblastosis virus {(AMV} reverse
transcriptase, bovine leukemia virus {BLV) reverse transcriptase, Rous sarcoma virus {(RSVY)

reverse transcriptase and human immunodeficiency virus {HIV) reverse transcriptase.

Primers’ refers to short, chemically synthesized oligonuciectides, usually with a length of
about twenty to thrity bases. They are hybridized to a target DNA, which is then copied by a
DNA polymerase to produce a compiementary DNA strand. AVforward primer” and a “reverse
primet” constitute 3 "PCR primer set’ used in PCR, where they hybridise to complementary DNA
strands and direct replication towards each other producing the upper-strand and the {ower-
strand, respectively, leading to an exponential increase in the target DNA segment. The
template derived extension of PCR primers can be carried out by any DNA polymerases, such

as bacterial thermostable DNA polymerases, including Tag DNA polymerase from Thermus
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aquaticuys, Pfu DNA polymerase from Pyrococcus furiosus, Vent DNA polymerass from

Thermococcus fitoralis or recombinant DNA polymerases such as Phusion DNA polymerase.

The terms ‘amplification; "PCH, "PCR reaction” and "PFCR amplification”, are interchangeable
terms used to signify use of a nucleic acid amplification system, which multiplies the target

nucleic acids using the polymerase chain raaction {PCR).

"qPCRY and "real-time guantitative PCR" refers to the use of PCR to amplify and
simultansously guantify a targeted DNA molecuyle. gPCR enables both detection and
guantification of the number of copies or relative amount of a specific sequence in a DNA
sarnple, when normalized to DNA input. Amplified DNA Is guantified as it accumulates in the
reaction in real time after each amplification cycle. Quantification is accomplished using
varicus assay chemistries including fluorescent dyes, such as SYBR® green, that intercalate
with double-stranded DNA, and fluorescent reporter oligonucleotide probes such as Tagman

probes, that release flunrescence signal during the amplification process.

[RY-PCR" refers to guantifative reverse transcription polymerase chain reaction in which a
cDNA produced in a reverse transcription reaction serves as the initial DNA template for the
ampiification process, which is then combined with gPCR to guantify low abundance of RNA
molacuies such as micrgRNAs in a sample of a particular cell or tissue type. Methods for gPCR
and gRT-PCR is described in "A-Z of Quantitative PUR! (Bustin, SA (ed.} International
University Line (La Jolla, CA, USA), 2004} which is hereby incorporated by reference in its

entirety,

‘Hybridisation’ refers to the bonding of two complementary single stranded nucleic acid
polymers {such as oligonucieotidas), such as RNA, DNA or polymers comprising or consisting
of nucleptide analogues (such as LNA cligonuclectides). Hybridisation is highly specific, and
may be controlled by regulation of the concentration of salts and temperature. Hybridisation
occurs between complementary sequences, but may alsc occur between seguences which
comprise some mismatches., The oligonuclentides used in the methods of the present
invention may, therefore be 100% complementary to the target molecule. Alternatively, in

one ambodiment the oligonudeotides may comprise at least one oF two mismatches.

The term "y or "melting temperature” of an oligonucleotide is in the present context a
measure of the stability of a duplex formed betwesn the oligonucleotide and Hs perfect
complement DNA strand determined at 115 mM Na¥, no formamide. In general Tm is defined

as the temperature at which 50 % of the duplexes formed between the oligonucieotide and a



[91]

16

20

J
(%}

WO 2010/085966 PCT/DK2010/050029

complement nudectide strand are dissociated into single strands. The length and nucleotide

cormposition, such as the sequence of nuclectides and content of G and C nucdlectides, of the
oligonuciectide are important factors affecting Ty, Substituiton of the normal A, G, Cand T
nuclectides with the corresponding LNA molecules in an oligonuclectide increases T
Similary, hybridisation conditions defined by salt  concentration, cligonucientide
concentration, and the presence of denaturants {such as formamide or DMSQO) affects Ty,
These skilled in the art of molecular biclogy know that several useful formulas for calculation
of theoretical Tyw's have been developed to evaluate the Ty of an oligonucieotide for PCR,
Southern and Northern blots, and in situ hybridization. Examples of Ty calculators are
OligoCale (W. A. Kibbe (Z007) Nucleic Acids Res Volume 35, Web Server issue W43-W45)

and LNA Probe Ty Predictor at http://www.exigon.comy/olico-tools .

The term “hasd, as used herein covers the naturally occurring nucleobases adenine {A),
guanine {G}, cytosine (), thymine (T) and uracil (U} as well as non-naturally occurring
nuclechases such as xanthine, diaminopurine, 8-oxo-N°-methyladenine, 7-deazaxanthine, 7-
deazaguanine, N° N*-ethanocytosin, N°,Nf-ethanc-Z,8-diamincpurine, 5-methylcytosine, S-
(C-C%-alkynyl-cytosine, S-fluorouracil, S-bromouracil, pseudoisocytosine, 2-hydroxy-5-
methyl-4-triazolopyridin, isocytosine, isgguanine, inosine and the "non-naturally occurring”
nucleochases described in Benner ot al.,, U.S. Patent No. 5,432,272 and Susan M. Freier and
Kari-Heinz Altrmnann, Nucleic Adid Research, 25 44329-44473, 1887, The term "nucleobase”
thus includes not only the known purine and pyrimidine heterocycles, but also heterocyclic
analogues and tautomers thereof. Further naturally and non naturally cccurring nuclecbases
inciude those disclosed in U.S. Patent No. 3,687,808, in chapter 15 by Sanghvi, in Anfisense
Research and Application, Ed. 8. T. Crooke and B. Lebleu, CRC Press, 1893; in Englisch, et
al., Angewandte Chemie, International Edition, 30: 613-722, 1991 (see, especially pages 622
and 623, and in the Concise Encyciopedia of Polymer Science and Engineering, 1. 1
Kroschwitz Ed., John Wiley & Sons, pages 858-859, 1990, Cook, Anti-Cancer DrugDesign 6.

585-607, 1991, each of which are hereby incorporated by reference in their entirety).

Nucleotides incorporated into oligonuciectides are referred to as nucleotide residues.

The term “nuclecsidic base” or "nucdlechase analogue’ is further intended 1o indude
heterocyclic compounds that can serve as like nucleosidic bases including certain "universal
bases" that are not nucdleosidic bases in the most classical sense but serve as nucleosidic

bases. Especially mentionad as a universal base is 2-nitropyrrole or a 5-nifroindole.  Other
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preferred  compounds  include  pyrene  and  pyridvioxazole  derivatives, pyrenyl,
pyrenyimethylglycerol derivatives and the like. Other preferred universal bases include,

pyrrole, diazole or triazole derivatives, including those universal basas known in the art.

By “ocked nucleic acid’, 'LNAT, "LNA monomer” or "LNA molecule (e.q., an LNA nucleoside or LNA
nuclectide) or an LNA oligomer {(e.g., an oligonuciectide or nucdleic acid) is meant a

nucleoside or nuclectide analogue that includes at least one LNA monomer.

To distinguish betwesn LNA and natural ocourring nucleotide residues in LNA containing
oligonuclectide sequences presented herein, the LNAs are indicated by capital letters,
whereas natural occurring nucleotide residues are indicated by lowercase letters: mC denotes

LNA methyl cytosine.

LNA monomers as disclosed in PCT Publication WG 99/14226 are in general particularly
desirable muodified nudleic acids for incorporation inte an oligonuclentide of the invention.
Additionally, the nucleic acids may be modified at either the 3 and/or ¥ end by any type of
modification known in the art, For example, either or both ends may be capped with a
protecting group, attached to a flexible linking group, attached to a reactive group to aid in
attachment to the substrate surface, =tc. Desirable LNA monomers and their method of

synthesis also are disclosed in WO 88/39352.

Preferred LNA monomers, also referred to as “oxy-LN& are LNA moncmers which include
bicyclic compounds as disclosed in PCT Publication WO 03/020729 wherein the bridge
between RY and R? as shown in formula (1) below together designate -CH,-0- or
=CH-CH,-C-.

It is understood that references herein to a nudeic acid unit, nucleic acld residue, LNA
monaimer, or similar term are inclusive of both individual nucleoside units and nucleotide

units and nucleoside units and nucleotide units within an oligonucieotide.

A "muodified base™ or other similar terms refer to a composition {e.g., a non-naturally

occurring nuclectide or nucleosidic base}, which can pair with a natural base {e.g., adenine,
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guanine, cytosine, uradil, and/or thymine} and/or can pair with a non-naturally occurring
nucleotide or nucleosidic base. Desirably, the modified base provides a Tm differential of 15,

12, 10, 8, 8, 4, or 2°C or less as described herein, Exemplary modified bases are described
in EP 1 072 679 and WO 97/1289¢6.

The term “chemical moiety' refers to a part of a molecule. "Medified by a chemical moiety' thus
refer to a rmodification of the standard molecular structure by inclusion of an unusual

chemical structure. The attachmeant of said structure can be covalent or non-covalent.

The term “inclusion of a chemical moiety’ in an oligonuclectide probe thus refers to attachment
of 8 molecular structure. Such as chemical molely include but are not limited to covalently

and/or non-covalently bound minor groove binders {MGB) and/or intercalating nucleic acids

{INA} selected from a group consisting of asymmetric cyanine dyes, DAPI, SYBR ™ Green I,

® _ ® . ® -
SYBR ™ Green II, SYBR &~ Gold, PicoGreen —, thiazole orange, Hoechst 33342, tthidium

Bromide, 1-O-{1-pyrenyimethyliglycercl and Hoechst 33258, Other chemical moieties include

the maodified nucleotides, nuclecsidic bases or LNA modified oligonucieotides.

‘Uligonuciectide analogud refers to a nuclelc acld binding moelecule capable of recognizing a
particular target nucleotide sequence. A particular oligonuclectide analogue is peptide nuclaic
acid {PNA} in which the sugar phosphate backbone of an oligonucieotide is replaced by a
protein like backbone. In PNA, nucdlectides are attached to the uncharged polvamide
backbone vielding a chimeric pseudopeptide-nucleic acid structure, which is homomorphous

to nucksic acid forms.

‘High affinity nucleotide analogud or “affinity-enhancing nucleotide analogud” refers to a non-
naturally occurring nuclectide analogue that increases the "binding  affinity’ of an
oligonucieotide probe 1o its complementary recognition sequence when substituted with at

least one such high-affinity nucleotide analogue,

As used herein, a probe with an increased ‘binding affinity’ for a recognition sequence
compared to a probe which comprises the same sequence but does not comprise a stabilizing
nuclectide, refers to a probe for which the association constant {(K.) of the probe recognition
segment is higher than the association constant of the complementary strands of a double-
stranded molecule. In another preferred embodiment, the association constant of the probe
recognition segment is higher than the dissociation constant (Ky) of the complementary

strand of the recognition sequence in the target sequence in a double stranded molecule.
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Monomers are referred to as being "complementary” if they contain nucleotides that can form
hydrogen bonds according to Watson-Crick base-pairing rules {e.g. G with C, A with T or A
with L) or other hydrogen bonding motifs such as for example diaminopurine with T, 5-

methyl C with G, 2-thicthymidine with A, inosine with C, psesudoisocytosine with G, etc.

won i

By “cligonuciectide,” “oligomer,” or "oligo” is meant a successive chain of monomers {(e.g.,
glycosides of heterocyclic bases) connected via internuclecside linkages. The linkage
between two successive monomers in the oligo consist of 2 to 4, desirably 3, groups/atoms
selected from -CH,-, ~0-, -S-, -NR"-, >C=0, >C=NR", >C=85, -Si(R"),-, -50-, -5(0),-,
-P{OYs-, -PO{BHL)-, -P{G,8)-, -P(8)-, -PO{R™)-, -PO{OCH:)-, and -PO(NHR"™)-, where R" is
selected from hydrogen and Cyy-alkyl, and R" is selected from C,4-alkyl and phenyl.
Hustrative examples of such linkages are -CHy-CHy-THy- ~CH,-CO-CHy- ~CH-CHOH-CHy-
~0-CHy-0-, ~0-CH,-CHy-, ~0-CH,~CHe= (including R {see formula I) when used as a linkage to
a succeeding monomer), -CH-CHp-0-, -NRT-CH,-CHy-,  -CH-CHp-NR™-, -CH-NR-CH,-,
-0-CH,-CH-NR™-, -NR™-CG-0-, -NR™-CO-NR"-, -NR™-CS-NR"-, -NR"-C{=NR"}-NR™-, -NR"-
CO-CH,-NR™-, -0-CO-0-, -0-C0-CH,-0-, -0-CH=C0-0-, -CH,-CO-NR"-, -0-CO-NR"-, -NR"-
CO-CHy-, ~0-CH,-CO-NR™-, ~0-CH,~CH,-NR™, -CH=N-O-, ~CH;-NR™-0-, -CH,~C-N= {including
R® when used as a linkage to 3 succeeding monomer), ~CH-G-NR"-, -CO-NR"-CH.-, -CH,-
NR™-Q-, ~CHy-NR"-CO-, -O-NR™MCH,-, ~0-NRY-, ~0-CHy-5-, -8-CHy-0-, -CHy~CHy-5-, ~0-CHy-
CH,-S-, -$-CH,-CH= {including R® when used as a linkage to a succeading monomer), -S-
CHy-CH;-,  -5-CH,-CH-0-,  -S5-CH,-CHp-5-,  -CH-5-CHy-, -CH,-S0-CH,-,  -CH-S0;-CH,-,
-0-50-0-, ~0-5{0),-0-, -0-5(0)2-CH,-, ~0-5{0):-NR"-, -NR"-S(0};-CH,-, -0-5(0):-CH,-, -0O-
P{Q);-C-, -O-P{C,S5)-0-, -0-P(5);-0-, -5-P{0);-0-, -5-P(0,5}-0-, -5-P(5),-C-, -O-P{0})-S-,
-0-P{0,8)-8-, -0O-P(8):-8-, -8-P(0):-5-, -S-P{0,8)-8-, -5-P(8):-5-, -0-PO(R"}-C-, -O-
PO{OCH)-0~, ~O-PC{OCH,CH;)-0-, ~0-PO{OCH,CH,5-R)-C-, ~0-PO(BH3}-O-, -O-PO{NHR"}-
0=, ~0-P(0),-NR"-, ~NR™-P{(1),-0-, -0-P(O,NR"}-0-, -CH,-P(0);-0-, ~O-P{0),-CH,-, and -0-
SKR"};-0-; among which ~CH,-CO-NR™, ~CH,-NR™-0-, -3-CH,-C-, ~G-P{0),-C-, -C-P(0,5}-0-
;0P80 -NRU-P(O),-0-,  -Q-P(O,NR™-0-,  -C-PO(R"}-0-, -0-PO{CH;)-O-, and
~0-PO(NHR™M)-0-, whare R" is selacted form hydrogen and Cy-alkyl, and R is selected from
Cie-alkyl and phenyl, are especially desirable. Further Hiustrative examples ars given in
Mesmaeker et. af, Current Opinion in Structural Biology 1995, 5, 343-355 and Susan M.
Freier and Karl-Heinz Altmann, Nudleic Acids Research, 1997, vol 25, pp 4429-4443. The
left-hand side of the internucleoside linkage is bound to the 5-membered ring as substituent
P" at the ¥'-position, whereas the right-hand side is bound toc the 5'-position of a preceding

manosmer.
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The term "succeeding monomer” relates to the naighbouring monomer in the S'-terminal
direction and the "preceding monomer” relates to the neighbouring monomer in the 3%
terminal direction. it should be noted that whereas the natural synthesis of DNA and RNA
proceed in the direction ¥ to 3, many chemical synthesis-schemes proceed in the direction of
Fio 5.

When performing guantitative PCR, the cycle at which the fluorescence from a sample
crosses the threshold is called the tydle threshold or Ct. Ct is used for guantification of a

template.

The “crossing point’ or Cp value is a slightly different, but related value that can be used for
quantification of a template somewhat similar to the use of Ci. The LightCycler® 480
Software calculates the second derivatives of entire amplification curves and determines
where this value is at its maximum. This value {crossing point, Cp} represents the cycle at
which the increase of fluorescence is highest and where the logarithmic phase of a PCR
begins. Both terms Ct and Cp are further explained in Bustin, SA (ed.) "A-Z of Quantitative
PCR” International University Line (La Jolia, California, USA}, 2004, which is included herein

by reference.

Suitably, the “targel’ or target nudleic adid’ or "target ribonudeic acid’ refers to any relevant
nucleic acid of a single specific sequence, e. g., a biological nucleic acid, e. g., derived from a
subject or human being. Within the context of the oligonuciectides and detection probes used
in the invention to detect miRNAs, the Marget’is a human miRNA or precursor thereof, or in
one embodiment, a molecule which retains the genetic sequence information contained
therein - such as all or (@ sufficient) part of the segeunce of nuclectides or reverse

complermnent thereof.

“Target sequence refers to a specific nucleic acid sequence {or corresponding nucelicbase

sedqeunce} within any target nucleic acid.

The term primer desigr refers to methods such as those provided below. The primer design is
an systematic approach used for designing the sequence of nudeotides in forward and
reverse primers thus ensuring probe specificity and hinding efficiency to target microRNAs.

The foliowing rules have been used for design of primers for miR-specific gPCR:

Forward primer design:
Preferably, the forward primers are designed to be identical of from 12 to 18 bases of the &

end of the miR sequence, Preferably, the Tm of the forward primers should be in the range of
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between 55 °C and 65 °(, however, a Tm below 55 °C and above 65 °C may alse be
acceptable. To ensure that the Tm of the primers preferably is in the range of between 55 °C
and 65 °C, one or more LNA monomers may be insertad into the sequence substituting the
natural nucleotide. An artificial nucleotide sequence may also be added to the 5-end of the

forward prirner to make certain that the Tm is in the range of betwaen 55 °C and 65 °C,

Reverse primer design:
The reverse primer is according o formula 11

3 4
R™~{T)x -R  {il)

3
wherain R is a S-end nucleotide sequence, {Tiy is a central part of x consecutive thymine

) 4
residues in the amount of x, wherein X is an integer of from 1 to 100, and R is a 3-end

nuclectide sequence that specifically hybridizes to a part of a microRNA molecule.

4
R is preferably a nudectide seguence of from 1 to 10 nucleotides designed from the 3-end

4
of a specific miIRNA. R is able to hybridize specifically to the DNA strand {(i.e. the upper-
strand) produced by extension of the corresponding miRNA specific forward primer. To

ensure MIRNA specificity and make certain that the Ty of the primer preferably is in the

range of between 55 °C and 65 °C, one or more LNA monomer may be inserted into the R

sequence substituting the corresponding natural nucleoctide.

The (T3}, central part is preferably a stretch of approximately 15 consecutive thymine

nucleotide residues that hybridizes to the poly-A-tail part of the DNA strand produced from

the corresponding miRNA specific forward primer.

3
The R sequence of the reverse primer typically has a length of form 1 o 20 nuclectides. For

~

example R can be 17 nudlectides long, 8, 7 or & nuclectides long or even only one

-
3 N
nuclectide long. In certain embodiments of the present invention, the R sequence is 5-

3
TGACACGGAGGTACTAG-3 {SEQ 1D NO 3). The ifength of the R seguence may be reducad
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from the 5-end to adjust the Ty of the reverse primer o the preferable range of between 585

3 1
°C and 65 °C. The R sequence is identical to or at least has overlap to part of the R

sequence (formula (1)} of the extension primer.
The procedure for designing the reverse primer is described below.
5 A. Design a number of primears that fulfil the following conditions:

1} Delete all adenine residues from 3-end of miR nudlectide sequence. They will form

part of the poly-A tail.

2} After deleting adenine residues start with reverse complement to 3 end base of the

mik and continue until one base overlap with forward primer.

10 3} Delete one base from the 3 end of the reverse primer if the saguence is a cytosine

residue and the 3 end of the forward primer is a guanine residue.
4} Delete one base from the 3 "end of the primer if the sequence is a guanine residue
5) Delete one base from the 2 end of the primer if the fast two bases are overlapping
15 with the last two bases of the forward primer {from the ¥ end).
5} Repeat this process until the conditions are fulfilled.

7} If no primer fulfils the conditions disregard rules #2 and 3 and allow two bases

overiap (but not more) for sequences ending with AA, AT, TA or TT.
8) If no primer fuifils the conditions try ancther forward primer design.
20 8. Choose the longest reverse primer that fulfils the following conditions:
1} At lzast four bases long.

2) Less than five cytosine residues and guanine residues in the last six bases at the 3 end

of the primer.
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3y Less than four cytosine residues and guanine residues in the last five bases at the T
end of the primer except if the last or second last base is an adenine residue or
thymine residue

4y If possible not more than two adenine residues or thymine residues in the 3 end.

5) If no primer fulfils the conditions try ancther forward primer design.

Optionally insert one LNA monomer according to the following rules:

4
1} Insert LNA at first cytosine residue or guanine residue from 5 end of the R part of

the revarse primer.

2} No LNA in sequences with three or more consecutive cvtosine residues or guanine
7

residues.
3} LNA should be in position four or higher from the 3 end of the primer.

4} If the conditions cannot be fulfilled insert LNA at first adenine residue or thymine

4
residue from 5 end of the R part of the reverse primer.

LNA should be in position four or higher from the 2 end of the primer.

i
S

f4

3
63 If the conditions cannot be fulfilled insert LNA-thymine {(LNA-T) at 5 end of the R

part of the primer.

. Tailing:

, 3
Add a sequence of the formula R -{T)y to the Send of the reverse primer. I certain

ernbodiments of the present invention the nuclectide sequence:

S-TGACACGGAGGTACTAGTTTITITTITITITT-3 (SEQ ID NO 4) is added at the 5 end of

the reverse primer.
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if an LNA-T was added to the miR-specific part of the reverse primer {step C8§) delete one
thymine residue from the tail as there should never be more than 15 consecutive thymine

rasidues.

Eventually, nuclectides are removed from the S-end of the reverse primer to fine-tune

the Tm of the primer.

“Sample? of RNA refers to RNA comprising compositions obtained from cells, tissues or fluids
from an organism accerding fo conventional procedures described e.g. in RNA [solation and
Characterization Proteocols (Rapley, Raiph; Manning, David L. {Eds.) 1998) known to the
skilled artesian or by using commercial kits such as miRNezasy ((HAGEN GmbH, Hilden,
Germany)) or miRVana {Ambion Inc., Austin, TX, US). Sources for isolation of RNA fractions
are samples of cells, or tissue or fluid isolated from an crganism or organisms, including but
not limited to, for example, skin, plasma, serum, spinal fluid, tymph fluid, synovial fluid,
uring, tears, blood cells, organs, tumours, and also to samples of in vitro cell culture
constituents (including but not limited to conditioned medium resulting from the growth of
cells in cell culture medium, recombinant celis and cell components). “Sampld’ may also refer
to cells or fluids that can be used directly in a gRT-PCR proces without previcus enrichment
of the RNA fraction or even RNA comprising compositions comprising artificially synthesised
RNA.

Celis or cell types also refer to any cells of Eukaryote, Prokaryote and Archaea origin.

A "living organism” refers to a living entity, including but not Hmited to, for example, human,
mouse, rat, Drosophila, C. elegans, yeast, Arabidopsis thaliana, maize, rice, zebra fish,
primates, domestic animais, etd.

DETAILED DESCRIPTION OF THE PREFERRED EMBGDIMENT

Detailed outline of the aRT-PCR reaction and the primers involved;

the method comprising the steps described schematically in Fig. 1, and comprise:

{a} adding poly-A tails to a population of RNA molecules in a sample;
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(b} producing cDNA molecules of the poly-A-tailed RNA molecules using an extension

primer in a reverse transcription reaction; and

{c¢) amplifying the cDNA molecules by PCR using a forward primer and a revarse primer

both of which are specific for said RNA molecule.

When performing the method in practice step {(a) and (b} is typicaily performed as oneg

183}

concerted reaction which is universal for all RNAs o be analysed - hence its nickname:
“Universal AT The advantage of only one first-strand ¢DNA synthesis reaction (or BT reaction)
to be used as template for multipie real-time PCR assays is that it saves precious sample,

raduces technical variation and reduces time spent in the iaboratory.

10 DBuring step (¢} of the method individual {or groups of individual}) RNAs are spedifically PCR
amplified using specific forward and reverse primers. Typically the primers are optimised by
introducing one or more LNA nucleotide analogues info the sequence of the primers, and
typically the PCR is quantitative Real-Time PCR. As can be seen from the examples the
method result in 1) uniguely specific assays that enable discrimination between highly related

15 RNA seqguences and 2} an extremely low background which enables accurate quantitation of

very low RNA fevels.

The method has been extensively used to guantify small RNAs, In a preferred embodiment
the small RNA, comprises small non-coding RNAs such as short inferring RNAs (siRNAs),
mature microRNAsS and pre-microRNAs. Also larger RNAs, e.g. precursers of pre-microRNAs

20 the pri-miRNAs (pri-miRs} and mRNAs may be assassed by method.

Most preferably the small RNA Is a microRNA.

The extension primer may be of a length in the range from 10 to 100 nucleotidbes, such as a
length in the range from 15 to 45 nucdlectides. Preferably, the extension primer has a length

of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides.

In a preferred embodiment, the extension primer is of the formula I

S
L8]

1 2
2 (T -R™ (1)
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1
wherein R is a 5S-end nuclectide sequence, (T)y is a central part of consecutive thymineg

2
residuas in the amount of v, wherein v is an integer of from 1 o 100, and R is a 3-end

nuclectide seguence.

1
Typically, the S-end part R is a nucleotide seguence with a length of from 1 to 30
. . 1 . 1
nuclectides. For example the R sequence may be 6, 7, 8, 9, or 10 nucleotides long. The R

) . 3
sequence includes at least a hybridisation sesguence for the R seguence in the reverse

primer of the formula 11 (see below) to be used in the subseguent miRNA-specific gPCR.

Preferably, v in formula III is in the interval of from 5 to 50, more preferably v is in the
interval of from 5 to 21. For example v is 12, 13, 14, 15, 16, 17 or 18. Most preferably v is
15.

In one especially preferred embodiment v of formula (II1) equals x of formula (II).

-
In a preferred embodiment, Ré is a degenerated anchor seguence motif VN, comprising the
two 3-end terminal nucleotide residues, wherein V designate 3 selection of residues
comprising bases which can base pair to all but one of the natural bases {e.g. base pair to
guanineg, cytosine, uracit and thymine but not to adenine}, typically V desicnate that the base
in any primer molecule is a base randomly selected between adenine, guanine and cytosine
and wherein N designate a base which can base pair to any of the natural bases {a.q.
adenine, guanine, cytosine, uracil and thymine), typically N may be a base randomiy selected

between adenine, guanines, cvtosine or thymine residue.

) 2 .
In another preferred embodiment R is a degenerated seguence molif VNN, comprising the

three 3-end terminal nuclectide residues, wherein V designate a selection of residues
comprising bases which can base pair to all but one of the natural bases {e.g. base pair o
guanine, cytosine, uracil and thymine but not 1o adenine}, typically V designate that the base
is a base randomly selected between adenine, guaning and cytosine and wherein N designate
a base which can base pair to any of the natural bases {e.g. adenine, guanine, cytosine,
uracil and thymine}, typically N may be a base randomly selected betwesn adenine, guanine,

cytosine or thymine residue.
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In a preferable embodiment, the extension primer comprises at least one LNA,

In a certain embodiment of the present invention the extension primer has the sequence 5~
GGTACTAGTTTTTITITTTTTTITVN-3 (SEQ ID NO 5).

Preferably, the forward primer has a length in the range of from 10 to 100 nuclectides, such
as 12 to 22 or 13 to 20 or 14,15, 16, 17, 18 or 19 nuclegtides. See table 18 for specific

embodiments.
The forward primer may comprise one, two or even more LNAs,

In a preferred embodiment, the nudeotide sequence of the forward primer is designed to
specifically hybridize to the complement DNA molecule of a specific microRNA molecule using
the primer design rules described in the definition of “primer desig (see DEFINITIONS

saction}

Preferably, the reverse primer is of the formula 11:
3 4
R~{Th-R (1)

3 .
wherein R is a %-and nucleotide saquence {T)y is a central part of consecutive thymine

- ) 4
nuclectides in the amount of X, wherain ¥ is an integer of from 1 o 100, and B is a 3-end
nuclectide seguence that specifically hybridizes to a nucleotide sequence of a target RNA

molecule.

~

) 3 o
Preferably, the S-end nucleotide sequence R of the reverse primer of formula 11 is a
nuclectide seguence with a length of from 1 to 30 nucieotides.

Preferably, x in formula Il is in the interval of from 5 to 50, more preferably x is in the
interval of from 5 to 21, For example x is 12, 13, 14, 15, 16, 17 or 18. Most preferably x is

15,

In one especially preferred embodiment x of formula (11} equals y of formula (III).
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4
In a preferred embodiment, the 3-end nucleotide seguence R of the reverse primer of

formula I has a length in the range of from 1 to 10 nuclectides.

As iHustrated in examplz 2 LNA has a profound effect. Accordingly, in a preferred
embodiment, the 3-end part, R4, of the reverse primer of formula II comprises at lzast one
LNA, More preferably, the 3-end part, R4, of the reverse primer of formula I contains only
one LNA. In a particularly preferred embodiment the LNA is situated in the & position or the

4
position adjacent to the % position of the R part of the reverse primear.

In a preferred embodiment the nuclestide sequence of the reverse primer is designed to
specifically hybridize to a specific microRNA molecule using the primer design rules described

in the definition of "primer desigil’ {see DEFINITIONS section)

Desian of primers

The invention also provides methods for designing the nucleotide sequence of the forward
primers and the reverse primers used in the invention. Systematic approaches and

experimental evaluation of the primers are presented in the EXAMPLES 3 section.

Examples of applications of the present invention

The present invention is useful for amplification and guantification of small RNA molecules
such as microRMAs or siRNA% in varicus cells or tissuss originating from humans or other
organisms as described in EXAMPLES 5 and 9. As illustrated in example 10 the present

somewhat similar single tube ¢cDNA synthesis approach which is commercially available.

Thus one aspect of the invention is a method for measuring the amount of a target microRNA

in a sampile from a living organism, the method comprising the steps of:

a) amplifying the target microRNA according to the method of any one of daims 1 to 28

b} measuring the amount of the amplified DNA molecules.
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The amount of the amplified DNA moelecules is typically measured using flucrescence-based

e

®
quantitative real-time PCR by e.g. monitoring SYBR — green fluorescence as a function of PCR

cycle number.

Accordingly, the present invention can be used as a ool for microRNA profiling of different
cell and tissue types within a living organism. Thus, the number of specific micrgRNAs and
the amcunts of specific microRNAs present in different cell and tissue types can be
determined using the present invention. Similarly, the invention can be used to discriminate
between the levels of mature microRNAs, pre-microRNAs and pri-microRNAs in different cell
and tissue types by using appropiate primers targeting the mature microRNA or its

precursors (see fig 5).

i)

In another aspect, the present invention can be used as a tool for microRNA profiling of
patients suffering from varicus diseases such as cancer. By way of example, the

microRNAomes of various cancer tissues can be established using the invention.

In vet another aspect the present invention can be used for diagnosis of various diseases
such as cancer by measuring microRNA expresssion in tissues and body fluids from normal
individuals and from individuals having a disease, and subseguently analyse for differances in

the microRNA profiles.

In another embodiment the present invention may be used for measuring changes in the
amount of specific microRNAs in response to treatment of a disease affected individual by

means of pharmaceuticals, such as chemotherapeutical agents, and by means of surgery.

in another embodimeant the present invention may be used for measuring specific predictive
microRNA biomarkers that correlate with re-currence free survival of patients having a

disease, such as a cancer diseasa.

Due to its simplicity: one "universal-RT’ step and one discriminatory PCR step, the present
invention is also suitable for high-throughput methods on robot platforms directed to the
quantification of a single microRNA or a coliection of microRNAs., Thus, the method is
particularty suitable for multiple subseguent PCR reactions of individual microRNAs as
described in EXAMPLE 5, 9 and 10.

In a certain embodiment the method of the invention may be used to guantitatively

determine the amount of mature microRNA in a sample without interference from the
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corresponding pre-miR, and vice versa the amount of a pre-miR can be determined without

interference from the mature microRNA as describad in EXAMPLES 6, 7 and 8.

In another embodiment the method of the invention may be used for discrimination between

targets with single nucleotide differences as describad in EXAMPLE 4,

In ancther aspect, the present invention provides kits for detecling at least one target
microRNA, the kits comprising one or more primer sets specific for the detection of a target
microRNA, each primer set comprising firstly, a8 universal extension primer for producing a
cDNA molecule complementary to a target microRNA, and secondly, a8 PCR primer set
comprising a forward primer specific for the Swand of the target miRNA and a reverse primer

specific for the 3end of the target miRNA for amplifying the cDNA molecule.

Accordingly in one aspect the invention a kit for detecting at {east one target RNA is
provided. The kit comprises atf least one primer set specific for the detaction of a targaet RNA,

said primer set comprises:

. 1 Z
a) an extension primer of formula I R —(T)y -R {11}

1
wherein R is a 5S-end nuclectide sequence, (T)y is a central part of consecutive thymineg

. 2
residuas in the amount of v, wherein v is an integer of from 1 to 100, and R is a 3-end

nuclectide seguence.

3 4
b) a reverse primer of formula II: R ~(T)y -R (I}

3 .
wherein R is a S-end nuclectide sequence, {T)x is a central part of consecutive thymine

R 4
rasidues in the amount of X, wherein ¥ is an integer of from 1 to 100, and R is a 3-end

nuclectide sequence that specifically hybridizes to a nucleotide sequence of a target RNA

molecule, and
¢y a forward primer

In one embodiment the kit is designed for detecting at least one mammalian target microRNA

comprising at least one primer set specific for the detection of a targst microRNA.
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Preferably, the extension, the reverse and the forward primers are designed following the
design rules given in the “primer desigri~part of the DEFINITIONS section and elsewhere and
forward and reverse primers which includes at least one LNA molecule are especially

preferred embodiments.

A non-Hmiting example of an extension primer is shown as SEQ ID NO 5.

Forward and reverse primers included in the kit may be designed fo detect any mammalian
target microRNA In accordance with the methods described herein. Non-limiting examples of

forward and reverse primers are listed in TABLE 16,

In certain embodiments, the kit includes multiple primer sets that may be used to detect
various mammalian microRNA targets, such as two microRNA targets up to saveral hundred

microRNA targets.

A kit of the invention may also provide an array of primers delivered in microtiter gPCR plates
such as 96, 768, 8869, 1536 or even 3456-well microtiter gPCR plates suitable for reobot

handling as indicated in EXAMPLE S,

A kit of the invention may also include reagents required for the poly-A-tailing, primer
extension and PCR reactions, such as buffers, salts, reducing agents, deoxy nucleoside
triphosphates, nucleoside triphosphates, and enzymes. A detection reagent for the gPCR such

as SYBR® green may also be included. Similarly a kit for RNA isolation may also be included.

A further aspect of the invention is a high-throughput method for measuring the amount of
specific target microRNAs in a sample from a living organism by using the method of the
present invention and integrating an automataed wherein the combined poly-A-tailing and
reverse transcription reaction is aliquoted into individual wells of a microtiter plate containing

microRNA specific primer sets of forward and reverse primers, resulting in the steps of:

a) adding poly-A tails to a population of small RNA molecules in a sample and producing
cDNA molecules of the poly-A-tailed small RNA molecules using an extension primer

in a reverse transcription reaction; and

b} pipetting aliquots of the combined poly-A-tailing and reverss transcription reaction

into individual wells of a microtiter piate
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¢y amplifying specific targat microRNAs in individual wells of a micretiter plate containing

microRNA specific primer sets
d} measuring the amount of specific microRNA molecules in individual wells,

being performed in a fashion compatible with a high-throughput experimental set-up. Such a

set-up will typically comprise one or more pipetting robots.



183}

16

15

20

25

WO 2010/085966 PCT/DK2010/050029

EXAMPLES

EXAMPLE 1: PRODUCTION OF SPECIFIC DNA MOLECULES USING MIR-SPECIFIC QPCR.

In this example hsa-miR-197 was amplified from a human RNA sample using the miR specific

quantitative reverse franscription polymerase chain reaction {gRT-PCR) of this invention.

Mixad on ice:

» 1 pl 10x Poly{A) polymerase buffer (New England Biclabs)

s 1 pllmMATP

« 1 pl 10 pM RT-primer {(=extension primer) (LZTA: Y-ggtactagittiittiitttttvn (SEQ 1D
NGO 5), v designates cytosine, guanine and adenine residues, n designates cytosine,
guanine, adenine and thymine residues)).

» 1 pbmix of 1 mM dATP, 1 mM dCTR, 1 mM dGTP, 1 mM dTTP

« 0,5 ul (200U/u) MULV reverse transcriptase (New Cngland Biolabs Inc., Ipswich, MA,
Ls)

o 0,2 pb (BU/u) Poly{A) polymerase (New England Biclabs)

» 1 pl RNA sample {total human RNA sample =100 ng of a mixture of 25 ng human
heart RNA, 25 ng human brain RNA, 25 ng human liver RNA and 25 ng human fung
RNA all from Amblon, Austin, TX, US. Synthetic templates were prepared in 10ng/ul
phage MS2 RNA in TE, approximately 107 copies are added to the reaction. Synthetic
template is obtained from Integrated DNA technologies Inc., Coralville, IA, US)

«  Walerio 10

Negative controls: water control and a total human RNA control without PolyA Polymerase in

the RT reaction.

The mixture was incubated at 42 °C, 1 hour followed by 95 °C, 5 minutes.

For gPCR 1 pl or {ess of the polyA-tailing/RT reaction {step 1 on fig 1) was used for each PCR
reaction with gene-specific forward and reverse primers for hsa-miR-197; forward primer %
ttmCaccacctictcca (SEQ ID NO 1) and the reverse primer S-ctittittttttitttGetgggt (SEQ 1D NO
2} {in the nuclectide sequences lower case designates a natural cccurring nucleotide, upper

case designates LNA, mC denotes LNA methyl cytosine).
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Real-time PCR was done on @ ABI 7500 thermocycler (Applied Biosystems Inc, Foster City,
- o ® . .
CA, US) by monitoring SYBR 7 green fluorescence as a function of PCR cycle number. A

typical PCR reaction mixture contained:

« 10 pl 2x PCR mastermix {Roche cat#04 673 484 001, Roche Diagnostics A/S,
Hvidovre, Denmark)

» 1 plor less of the RT reaction

s 1 ul TE buffer with 2.5 yM miR-specific forward primer and 2.5 yM miR-specific
reverse primer {TE buffer: 10 mM Tris/HC {(pH 8.0}, 1mM EDTA).

s  Water to 20 pl.

The mixture was incubated at 95°C for 10 min followed 40 cycles of 85°C for 5 sec; 60°C for

60 sec with measurement of the flucrescence.

Ampilification of the correct product was measured by comparing the melting curve profile of
the PCR product to the melting curve profile of a PCR product obtainad by amplification of a
synthetic template {Fig. 2}. No signal was was obtained with the negative controils. The

experimant shows that the same and correct hsa-miR-197 PCR product was obtained both

using the total human RNA sample and a ¢ hsa-miR-197 as template in step 1.

EXAMPLE 2: EFFECT OF LNA IN THE REVERSE PRIMER.

The effect of different designs of miR-specific PCR primers of step 2 can be tested on artificial
DBNA templates with the same sequence as the product of the reverse transcription reaction,
An important advantage of using an artificial DNA template for PCR is that experimental
variations in the efficiency of the reverse transcription step are eliminatad.

Hsa-let-7a DNA template:

S-tgegatgacacggaggtactagtiittititttitttaactatacaacctactacctea-3' {(SEQ ID NO 6)

Salmon DNA: 2 ng/ul in TE buffer

MiR-specific forward primer:
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F7a: 5-tGaGgtagtaggttg (SEQ IO NGO 7)) (lower cass designates a natural occurring
nucleotide, upper case designates LNA).
MiR-specific reverse primers:
r7a.2: 5-cggtgacacggagatactagtitifttitttittaactata (SEQ ID NO 8)
v7a.7: S-cggtgacacggagatactagtitttittttittttaamClata (SEQ ID NO ©)
A PCR mix was prepared:
s 550 gl 2x PCR mastermix (Roche cat#04 673 484 001)
« 440 ul water, and as described i tab 1.
TABLE 1:Four PCR reactions were prepared:
Sample Template 10 M 10 M PCR Mix
forward reverse
primer primer

#1 1wl salmon DNA 3,5utF7a i G,5 1 r7a.2 18
#2 10000 copies of hsa- let-7a 0,54l F7a | 0,5 ulr78.2 18 pi

DNA template in salmon DNA
#3 1yl salmon DNA 0,5ulF7a | 0,5 gl r7a7 18 yi
#4 10000 copies of hsa- let-7a 0,5ul F7a | 0,5 plr7a.7 18 yi

DNA template in salmon DNA

: _ ® o RGY

Real-time PCR was carried out on a ABI 7500 7 thermocoyder by monitoring SYBR  green

fiuorescence as a function of PCR cycde number.

The mixture was incubated at 95°C for 10 min followed by 40 cycles of 95°C for 5 sac; 60°C

for 60 sec with measurament of the fluorescence,

Amplification of the correct product was measured according to the recommendations from

the manufacturer of the thermocycler (Applied Biosystems, Foster City, CA, US). Briefly, the

PCR reaction was incubated at 50°C for 1 minute and fluorescense was measurad during a



(%4}

WO 2010/085966 PCT/DK2010/050029

28

slow increase of the temperature to 95°C. The first derivative of the melting curves is shown

in figure 3:

The results show (Figure 2} that the reverse primer without LNA (r7a.2) gives a positive
signal in the negative control whereas the reverse primer with LNA {17a.7) does not. Thus the
LNA base in r7a.7 is necessary in order to avold an unspecific PCR product developed in the

negative control reaction. Both primers amplify the positive control template.

As can be seen from table 2, it was found that the inclusion of one LNA in the miR-specific

sequence of the reverse primer reduced background signal in PCR.
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TABLE 2: Effect of LNA in primer pairs for miR specific gPCR

Reverse primer Cr Oy
52>3
hfa Forward primer Nte?_sgw Tem-
. 5 >3 ive
miR control plate
cggigacacggaggtactagtitttttttitttttaactata 28 25

(5EQ ID NG 8)
jel- tGaGgtagtaggttg

cggtgacacggagatactagtitttuitiiitttaamCat nd 24
7a {(SEQ IO NG 73}
a

(SEQ I3 NO 9)

cacggaggtactagtitittiiitititicgecaat 27 24
miR | tAgm{Cagcacgtaaa | {SEQ ID NOC 11)
=16 | {SEG ID NO 10) cacggaggtactagttttittiittttttmCgecaat nd 26

(SEQ ID NO 12)

gegotgacacggagetactagtitiitiittttitttcaac 32 25
tAgmCtiatcagacty i
miR {SEG ID NO 14)
atg (SEGQ ID NO
~21 13 gcggtgacacggaggtactagrttittttitttittmCaac 38 24
- (SEQ ID NO 15)
{gacacggagglactagiittttttittttitggaaate 34 25
miR | atmCamCattgecag | {SEQ ID NQ 17)
-23a | {SEG ID NO 16) tgacacggaggtactagittitttittittGgaaatc 38 28
{SEG ID NC 18)
. tgacacggaggtactagtitttttttttttttmCactggta 28 23
i
tmCimCcoaacecttg | {SEQ 1D NO 20)
150 {SEG ID NQO 19) fgacacggaggtactagiitittttittittteactggta 38 25
o (SEG 1D NO 21)
mCggtgacacggaggtactagttitittititttttacaag 35 25
mig )
ataaGamCgAgeaa | (SEQ ID NO 23)
208 aaag {SEQ ID NO | cggtgacacggaggtactagtittttititititticaage nd 25
{3
22} {SEQ ID NG 24)
a
cgaigacacggaggtactagitiittiittitittTacaage nd 25

(SEQ 1D NO 25)

Lower case designates natural cccurring nucleotides, upper case dasignates LNA, 1 mC
denotas LNA methyl cytosine, Gy dasignates cycle threshold, nd, not detectable.
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EXAMPLE 3! MANUAL PRIMER DESIGN AND VALIDATION OF PRIMERS FOR MIRS.

Primers were manually designed following the design-rules presented in the “primer desigr-
part of the DEFINITIONS section.

Primer validation:
By using the primer design rules it is possibie to achieve PCR primers that have »>70 %

success rate in real-time PCR experiments according to the following validation criteria:
Prepare Rtmix for four reverse transcription (RT) sampies:
1. Water
2. 100 ng total human RNA mix* (as default we use a mix of 25 ng of each heart, brain,
fiver and lung total ANA from Ambion).
*RNA mix: tul Tug/ul heart RNA, 1yl Tug/ul brain RNA, 1l 1pg/ul liver RNA, 1ul Tpg/ul lung RNA,
36ul TE. Store in 1y aliquots at -830°C
3. 100 ng total human RNA mix without PolyvA tailing.
4. 107 copies of the synthatic miR in 10 ng phage MS2 RNA in TE {synthetic mifis were
obtained from Integrated DNA technologies Inc., Coralville, 1A, US.}. The miR can be

added as a pool comprising up to at least 20 miRs.

RTmix Total
10x% PAP buffer 4 44
TmiM ATP 4,44

1M LETA RTprimer (4,44l

4x TmM dNTP 4,44
Transcriptor 1:10 2,214
Water i

PAP buffer = Poly(A) pelymerase buffer {New England Biolabs).

LE6TA = S-igcggtgacacggaggtactagiiiftiitttttettviN (SEQ ID NO 129).

Transcriptor = Reverse Transcriptase. (Roche Diagnostics A/S, Hvidovre, Denmark, cat# 03
531 295 001).
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Reverse transcription reactions:
8.1 pglul 0, 5U .
sampls A ui water RTmix
P RMAmix* # PAP® (NEB)
#1 Tl 2 7l
#2 14l 24l 7l
#3 14 2u 7l
#4 te?7miR 214 7l

incubate 42°C,1h>85°C.5'
Add 90ut TE to each sample and store at -20°C

3} Remeamber to diluta the poly(A) polymerase (FAP) 1:10 before use!

miR~specific gPCR:

Run PCR with the forward and reverse primers on 1 ul of each reverse transcription (RY)

reaction:

Sampleiiyl RY reactioni5uM forward primer|SuM reverse primer{2xfasistaniWater
#1 #1 0,544 0,5u 10u 8ud
#2 #2 0,54 G, 5ul 104 &
#3 #3 0.5 0,5u 101 ul
#4 #4 0,544 0,5u 1014 B4

Real-time PCR on the ABI 75080:
95°, 10 min
95°C, 15 sec; 60°C, 60 sec; 40 cycles

Run melting curve analysis

Acceptance criterias

Sample 11 Cyde threshold (Ct) above 40 compared to exponential area for #2 and 4.
Melting peak derivative below 5000,

Sample 21 Ct below 35

One peak on bell shaped melting curve, unless gtherwise justified the peak should
be betwaen 69 °C and 80 °C. Peak at same temperature {+/- (1.5 °C) as in sample
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In the exponantial area the crossing point at 10 times delta Rn minus the crossing
point at delta Rn should be hetween 2.2 and 4.4
3.2 < {C107-CTy < 4.4

Sample 3: Gt above 40 compared to exponential area for #2 and 4.

Melting peak derivative below 5000,

Sample 4: One peak on bell shaped melting curve, unless octherwise justified the peak should
be between 69 °C and 80 °C. Peak at same temperature {(+/- 0.5 °C) as in sample
2.
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Table 3: Design and validation of 17 primer pairs
miR Forward primer SEQ Reverse primer SEQ | Assay
533 9] 5 23 D | valid?
NG NG
fisa~-miR~ | taaGgracgogotga 28 tgacacggaggtactagtittitittittttTggeat 43 Yas
?7§2~mi}'%~ cigtmCHitGgattatctag 27 tgacacggagglactagiitittittittittmCatacag | 44 Yes
:sa—sriiR— aamCattmCaacgetgt | 28 tgacacggagatactagtitittititttittamCicac 45 Yes
;g:miR— tmCamCaglgaaccggt | 29 tgacacggagglactagitittitittitttAaagaga 48 Yes
;gg-miR— tGaaaGygctatitc 30 tgacacggaggtactagtittittittitiGacea 47 No
f‘:iimiR- ciggocetctctgen Y tgacacggaggtactagtitittttitttittAcggas 48 Yeas
Z;iinmi}'%n cgcatcecctagggeat 32 tgacacggaggtactagittittittittittAcacea 49 Yes
;‘;iﬁ—sriiR— cTaGgiatggteoca 33 tgacacgaagatactagtitittittittittGgate 50 No
iiau"nR» tGgoAgtgictiage 34 tgacacggaggtactagtitittittittittamCaacca | 51 Yes
ii;ﬂ-miR— caGiGeaatgtiaaaag 35 tgacacqgaggtactagtittittititiatge 52 No
3
;zme- tGgAatgtaaagaagt a6 tgacacqgaggtactagtittittititttititacata 53 No
;sa—miR~ atmCamCatigccag 37 tgacacggaggtactagtitiitittittittaggTaate 54 Yes
3
ig‘;—sriiR— tTtGgtcocotteaa 38 tgacacggagatactagtitittititttittGagetg 55 Yes
;s;ﬁnR» tTtGgteccettcaa 38 tgacacggaggtactagtitittitittitttAgety 56 Yes
;ig?mﬁ%— cAaaGlgoigiicgty 40 tgacacggaggtaciagtifttittittitimCtacatg 57 No
&
}}iiaﬁﬂiR— aamCattmCattgcigic | 41 tgacacqgaggtactagtittitttittittAceca 58 Yas
;Sa—b'nR tGgetmCagticagea 47 tgacacggaggtactagttitittttttm Cigttc 59 Yes
= Total:
12047
= 7T1%

Lower case designates natural occuring nucleotides, upper case designates LNA, mC denotes
LNA methyl cytosine.

Result {see tab 3): Seventeen primers pairs were designed according to the design rules.

Twelve of the 17 assays were successfully validated according to the validation protocol

corresponding to a success rate of 71%.




n

16

WO 2010/085966

PCT/DK2010/050029

Table 4: Design and validation of 15 primer pairs. The theoretical Ty of the reverse primer
was optimisad to 59 °C:

miR Forward primer SEQ Reverse primer SEQ | Assay
5 >3 D 533 Ip | valid?
NG RO

hsa-miR-146b ctgiGagaacigaaticea 50 | glactaglititttitttitttAgect 75 Yes
hsa-miR-148b-3p | tgeecigtogacion 61 | gtactagtitttitttitttitrmCeagaac 76 Yas
hsa-mik-429 clgtaatamCiGictgata 52 | glactagittitttitttitttAcggt 77 Yes
hsa-miR-193a-3p | asclggectacaaagics 63 | gtactagtifttitttitttitamCigg 78 Yas
hsa-miR-183a gleittocgggegs 54 | gotactagtitttitttitttitrn Catet 79 Yes
hsa-mik-1936 aamClggeccteaaag 65 | gagglactagititttittittttrnCalct | 80 Yas
hsa-mil-149 imCiggeTocgtatetica 56 | tagtittttittitttitgggAgty 31 Yes
fisa-miR-452 aamCiGitigeagaggaa 67 | gtactagtifititttittttmCagti 82 Yes
hsa-miR-452 ctmCatmCigcaaagaagia | 68 | glaclaglifitititttittmCacit ]3 No
fisa-miR-30b tGtaaamCatoctacacte 68 | glactagtifititttitttitaGetga &4 No
hsa-miR-34b ctgcaatcactaacicoact 70 | gagotactagtitttitttittttAtgg 8’5 Yes
fiza-miR-34¢ aggeaGigtagitagelg 71 | laciagittitttitttitttGeaaica 86 Yes
hsa-miR-134 tgtgactggtigaccaga 72 | giaciagititttittitttTecect ]7 Yes
f1isa-miR-671 ctgalgaageccigga 73 | giactagtititittfittttmCleca &8 No
hsa-miR-789-3p | clgggatciceggagict 74 | agglactagittiittitttittAacea 89 Yes

Total:

12/15

= 80%

Lower case designates natural occuring nucleotides, upper case designates LNA, mC denotes
LNA methyl cytosine.

Result {see tab 4): 15 primers pairs were designed according to the design rules. 12 of the

15 assays were successfully validated according to the validation protocsot corresponding to a

success rate of 80%.

EXAMPLE 4

DISCRIMINATION BETWEEN TARGETS

WITH A SINGLE NUCLEOTIDE

There are three miRs that only differ by one nucleotide from the sequence of hsa-let-7a

{table below).
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Table 5: Nucleotide sequence of let-7 family miRNAs

miR Sequancea)

hisa-tet-7a3 | S-ugagguaguagguuguadaguu-3 (SEQ ID NO 80)

hsa-let-7f Y-ugagguaguagguuguauaguu-3 (SEQ ID NO 91)

hsa-let-7¢ | S-ugagguaguagguuguaugguu-3 (SEQ ID NGO 82)

fisa-let-7e | S-ugagguaggagguuguasaguu-3 {SEQ ID NO 93}

a): The difference between the four closely related members of the let-7 family is indicated

by bold letters.

Yo test if the gPCR primmers for Asa-let-7a detect the miRs with a single nuciectide difference

[91]

the following miR-specific gPCR experiment was performed:

Mixed on ice:

RY mix:

» 1 pl 10x PAP puffer {Epicentre Biotechnologies, Madison, WI, US.)

s 1pllmMATP

10 o 1 pl 10 M RT-primer {L2TA: S-ggtactagtttittitttttttivn (SEG ID NO 5), v designates ¢,
g and a, n designates ¢, g, a and 1))

» 1 pbmix of 1 mM dATP, 1 mM dCTR, 1 mM dGTP, 1 mM dTTP

« 0,5 2 units/ul Transcriptor {Roche Diagnostics A/S, Hvidovre, Denmark, cat# 03
531 295 001).

15 o 0,2 b (BU/u Poly{A) polymerase (Epicentre}

s 4.5 pl water

The following samples were prepared and incubated at 42 °(, 1 hour foliowed by 95 °C, 5

minutes:
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Synthetic template RT mix
1 1 10ng/ul phage MS2 RNA In TE S il
1 il 10° copies of Asa-let-7a’ 9 ul
1yl 10° copies of Asa-let-7f 9 il
1 1l 16® copies of hsa-let-7¢ @ i
1 i 16° copies of Asa-let-7¢’ 9 ul

‘The synthetic templates were prepared in 10ng/ul phage MS2 RNA in TE. The synthetic
templates are obtained from Integrated DNA tachnologies Inc., Coralville, IA, US,

For gPCR 1 gl of the polyA talling/RT reaction was used for each PCR reaction with the hsa-
let-7a forward primer 5-tGalgtagtaggitq (SEQ I NO 7} and reverse primer 5-
cggaggtactagtittittttitttttAactat (SEQ ID NO 94)

Real-time PCR was dons on a ABI 7500 thermocyder by monitoring SYBR® green

fluorescence as a function of PCR cycle number. The PCR reaction mixture contained:

s 10 gl 2x PCR mastermix {Roche cat#04 673 484 001)

s« 1 plorless of the RY reaction

e 1 yl TE with 2.5 yM miR-specific forward primer and 2.5 yM miR-specific reverse
primer

s water to 20 pl.

The mixture was incubated at 95°C for 10 min followed 40 cycles of 95°C for 5 sec; 60°C for

50 sec with measurement of the fluorescence.

Armnplification of the correct product was measured by comparing the melting curve profile of
the PCR product to the melting curve profile of a PCR product obtained by ampilification of a

synthetic template.
The result of the reai-time PCR experiment was analysed according to standard methods
(Bustin, SA {ed.) "A-Z of GQuantitative PCR! International University Line (La Jolla, California,

USA), 2004},

The result is shown in table 6 and as amplification plots in Figure 4,
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Table &:
Templiate Cy % of signal on
hsa-iet-7a template®
10ng/il phage MS2 RNA ng* g
hsa-tet-7a 25 100
fisg-let-7f 38 0.01
hsa-let-7¢ 30 4
hsa-let-7e ngd 4

‘nd, not detected o
“The percent signal was calculated as 10020 (el € seat7a)) secuming an amplification
efficiency of 100,

EXAMPLE 5: QUANTIFICATION OF MIRS IN HUMAN BRAIN TOTAL RNA,

In this example the copy number of miRs hAsa-let-7a, Asa-miR-21, hsa-miR-27b and hsa-miR-

195 in total human brain RNA {Ambion) was determined.

Mixed on ice:

BRI mix:

« 1 gl 10x PAP buffer {New England Biolabs)

s 1pllmMATP

» 1L b 10 pM RT-primer (L2TA: B-ggtactagtitititiitttvin (SEQ ID NO 5), v designates
cytosine, guanine and adenine residues, n designates cytosing, guanine, adening and
thymine residues)}).

e 1 plmixof 1 mMdATP, 1 mM dCTP, 1 mM dGTR, 1 mM dTTP

s 0,5 ul 2 units/pl Transcriptor {Roche cat# 03 531 2985 001, Roche Diagnostics &/S,
Hvidovre, Denmark}.

« 0,5 pl {3U7ul) Poly{A) polymerase {New England Biolabs Inc., Ipswich, MA, US)

» 3 ul water

The following samples were prepared and incubated at 42 °C, 1 hour foliowed by 85 °C, 5

minutes:
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Synthetic Phage M52 RNA | Human brain RNA | RT mix
template/water in TE (10ng/ul) {10ng/ )

1yl water i 8 ul
1yl ~ 10° copies 1y & i
1 ul ~ 10° copies 1 8 pt
1yl ~ 10% copies 1gl & i
1l ~ 10° coples 1y 8 i
1yl ~ 10° copies 1y & i
1l ~ 107 coples 1y 8 i
1yl ~ 10° copies 1y & i
1l ~ 10° coples 1y 8 i
1 ul water ERTE 8 pl

Synthetic template: Equal amounts (number of copies) of synthatic hsa-let-7a, hsa-miR-21,
hsa-miR-27b and hsa-miR-195 in 10ng/pl phage M52 RNA in TE (obtained from Integrated

(%}

DNA technologias Inc).

TE: 10mM Tris/HC {(pH 8.0}, ImM EDTA,

For gPCR 1 i of the polvA tailling/RT reaction was usad for each PCR reaction with the gene-

specific primers:

Table 7:
miR Forward primer Reverse primer
5 >3 5 >3
hsa-let-7a tGaGgtagtaggtty tgacacggaggtactagtittitttittititAactat
(SEQIDNO 7)) {SEQ ID NO 94 )
hsa-miR-21 tagmitatcagactgatg geggtgacacggaggtactagtitttittttttttitimCaac

(SEQ ID NO 13 }

(SEQ ID NO 15 )

fisa-miR-27b mCamCagtggctaag

(SEG ID NO 95 )

tgacacggaggtactagiititittitttGeaga
(SEQ ID NO 96 )

fis3-miR-195 ctgtaGGeaGeacagaa

(SEG ID NO 87 )

tgacacggagotactagtittitttittititaocaat
(SEQ ID NO 98 )
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Real-time PCR was done on a ABI 7500% thermocyclar by muonitoring SYBR® green

fluorescence as a function of PCR cycdle number. The PCR reaction mixture contained:

s 10 pl 2x PCR mastermix {Roche cat#04 673 484 001}

» 1 plorless of the RT reaction

« 1y TE with 2.5 pM miR-specific forward primer and 2.5 pM miR-specific reverse
primer

» water to 20 pi.

The mixture was incubated at 95°C for 10 min followed 40 cycles of 95°C for 5 sec; 60°C for

60 sec with measurement of the flucrescence.

Amplification of the correct product was measured by comparing the melting curve profile of
the PCR product to the melting curve profile of a PCR product obtained by amplification of a

synthetic template.

For each miR, the result of the real-time PCR experiment was analysed according to standard
methods {Bustin, SA {ed.} "A-Z of Quantitative PCR! International University Line (La Jolla,
California, USA),, 2004) and the Ct values from the samples without human brain RNA was

used to construct standard curves.

The Cp of the sample with human brain RNA was compared to the standard curve to

determine the number of miRs in the sample {(Bustin, 5A {(ed.} "A-Z of Quantitative PCR”

International University Line {La Jolia, California, USA), 2004).

Results:

Table 8:

miR Copies per 10 pg brain RNA
hsa-let-7a 16000

hsa-miRk-21 440
hsa-miR-27b 400
hsa-mik-195% 1000
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5: DESIGN OF PREMIR QPCR ASSAYS
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This example shows that the hsa-miR-10a assay does not detect the corresponding premiR,

fhsa-premifR-10a. Similarly, it is possible to use the primer design o make an assay that

detects fisa-premiR-10a but not hsa-miR-10a.

Mixad on ice:

R mix:

1 pl 10x PAP buffer {(New England Biolabs)

L ptLmMATP

1 pl 10 pM RT-primer (LZTA: S-ggtactagtitttitttitttttvn (SEQ ID NO 5), v designates
cytosine, guanine and adenine residues, n designates cytosine, guanine, adenine and
thymine residues)).

1t mix of 1T mM dATP, 1 mM dCYP, 1L mM dGTP, 1 mM dTTe

0,5 ul 2 units/pt Transcriptor {Roche cat# 03 531 295 0013,

0,5 ul (5U7/ul) Poly{A) polymerase (New England Biclabs)

s 3 plwater

The following samples were prepared and incubated at 42 °C, 1 hour foliowed by 85 °C, §

minutes:

RNA sample RT mix
1 ~ water G il
1M o~ 10° copies | 9 ul
hsa-miR-10a

1 pl o~ 10° copies | 9
fhsa-premilR-10a

For gPCR 1 il of the polyA tailing/RT reaction was used for each PCR reaction with the

specific primers in Table 9,
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Target

Forward primer
{523}

Reverse primer {323}

Asa-miR-10a

tAccctGtagatocgaa
{(SEQ ID NC 99)

tgacacggaggtactagtitttiitttiittiCacaaat
{SEQ ID NG 100)

hsa-premiR-10a

tgtGtaaggaatittgtgat
(SEQ ID NG 101

gaggtactagrtitttiiittttttAttc
{SEQ ID NQ 102)

Real-time PCR was dons on

a ABI 7500

thermocycler by maonitoring SYBR® green

fiuorescence as a function of PCR cyade number. The PCR reaction mixture containad:

s 10 gl 2x PCR mastermix {Roche cat#04 673 484 001)

« 1 plorless of the RT reaction

» 1 pyl TE with 2.5 uM miR-specific forward primer and 2.5 yM miR-specific reverse

primer

s water to 20 pl

The mixture was incubated at 85°C for 10 min followed 40 cycles of 95°C for § sac; 60°C for

50 sec with measurement of the fluorescence.

For each miR, the result of the real-time PCR experiment was analysed according to standard
methods {Bustin, SA (ed.})"A-Z of Quantitative PCR International University Line, 2004).

Table 10:
RNA hisa~-miRida hea-premiRila
assay assay
negative control below detection | below detection
hsa-miRida Cy = 28.53 below detection
hsa-premiR10a below detection | C; = 30.82

The result shows that both the hsa-miR-10a and the hsa-premiR-10a assays detect the

correct target and that there Is no cross reaction to premiR-10a or miR -10a, respectively.
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EXAMPLE 7: DETECTION OF PRE-MIR BY QPCR

In this example hsa-miR-10a and the corresponding pre-miR,

detected in fotal human RNA.

Mixed on ice:

RY mix

« 1l 10x PAP buffer {(New England Biclabs Inc., Ipswich, M4, US)
s 1pllmMATP

PCT/DK2010/050029

hsa-pre-miR-10a were

cytosine, guanine and adenine residues, n designates cytosing, guanine, adening and

thymine residues)).
e 1 plmixof 1 mMdATP, 1 mM dCTP, 1 mM dGTR, 1 mM dTTP
» 0,5 2 units/pt Transcriptor {Roche cat# 03 531 2985 001).
s 0,5 pl {(BU/ul) Poly{A} polymerase (New England Biolabs)

@

3 pb water

The following samples were prepared and incubated at 42 °C, 1 hour foliowed by 95 °C, §

minutes:

fisa-premiR-10a

RNA sample BT mix
1 pl water 9 ul
1yl ~ 100 ng/ul i 9l
RNA mix®
1~ 10° coples | 9 i
hsa-miRk-10a
1yl ~ 10° copies | 9 ul

*Mixture of 1 ul of 1 pg/ul heart RNA, 1 pl of 1 pg/ul brain RNA, 1yl of 1 yg/pl liver RNA, 1 i

of 1 pg/ul lung RNA, 1 pi of 1 g/l kidney RNA, 1wl of 1 pg/pt lymph RNA, 1 pl of 1 pg/id

jejunum RNA, 1 pl of 1 pg/ul colon RNA, 1 gl of 1 pg/ul breast RNA and 1 pl of 1 pg/ul

feukemia RNA in TE,

TE buffer: 10mM Tris/HC {pH 8.0), tmM EDTA.
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For qPCR 1 uyb of the polyA talling/RT reaction was used for each PCR reaction with the

specific primers in Table 11.

Table 11:
Target Forward primer reverse primer
523 5 >3
fhsa-miR-10a tAccctGtagatocgaa tgacacggaggtactagtitttiitttittttrmCacaaat

(SEQ ID NO 99) (SEQ ID NC 100)

hsa-premiR-10a tgtGtaaggaatittgtgat

(SEQ I NO 101)

gagatactagtttttEbtELELLEALEC
(SEQ ID NG 102)

Reai-time PCR was done on a ABI 7500 thermocycier by monitoring SYBR® green

fluorescence as a function of PCR cycle number. The PCR reaction mixture contained:

s 10 gl 2x PCR mastermix {Roche cat#04 673 484 001)

« 1 plorless of the RT reaction

= 1 pyl TE with 2.5 uM miR-specific forward primer and 2.5 pyM miR-spedific reverse
primer

s water to 20 pl

The mixture was incubated at 95°C for 10 min followed 40 cycles of 95°C for § sac; 680°C for

64 sec with measurement of the fluorescence.
For each miR, the result of the real-time PCR experiment was analysed according to standard
methods {Bustin, SA {ed.}"A-Z of Quantitative PCR! International University Line, 2004}, The

result is shown in tab 12.

Table 12

RNA& hsa-miRida hea-premiRida

EEEENY assay
negative control below detection helow detection
total RNA Cr = 26.22 Cr = 37.25
hsa-miRi0a Gy = 28.83 not testet

fhsa-premifila

not testet

Cr = 32.5%

The result shows that the total RNA sample contains more than 10° copies of Asa-miR-10a

because the Cr is below the Cr of the sample with 10° copies of hsa-miR-10a whereas the
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total RNA sample contains less than 10° coples of Asa-premiR-10a because the C; is below

the Cr of the sample with 10° copies of Asa-premif-10a.

EXAMPLE 8: SPECIFIC DETECTION OF PRE-MIRNAS

Aim of the experimeni: To determine if the universal reverse transcriptase quantitative

183}

PCR methodology (UniRT gPCR) described in this application could be usad to detect pre-miR

specifically without co-detection of the corresponding mature miR.

Materials: Synthetic miR 203 RNA (5- qugaaauguuuaggaccacuag) {SEQ ID NO 103} and pre-
miRk 203 RNA {5~ agugguucuuaadaguucaacaguucugu-agograauugugaaauguuuaggaccacuag)
(5EQ ID NO 104) were selected as test subjects. The synthetic RNAs were synthesizaed by

10 Integrated DNA tachnologies Ing., Coralville, [A, US. The BNAs were diluted to 1%10°
molecules/pl in TEMS2 (TE buffer (10 mM Tris HC pH 8, and 0.1 mM EDTA mixed with 10
ng/ul MS2 viral RNA {Roche Applied Science Inc). Primers used were miR-203.Rev (5~
tgacacggaggtactagtittittttttttttCtag) (SEQ ID NG 105), miR-203.Fwd (- gtGaaatGittaggacca)
(SEQ 1D NO 106} and pre-miR~ 203.Fwd {(5-cagltcaacagticigtage) (SEQ 1D NO 187). The pre-

15 miR-203 Fwd primer was designed in the loop structure of the pre-miR-203 molecule. Mature
miR~-243 template and pre-miR-2033 were subject to revarse transcription using Universal
cNA synthesis kit (Exiqon AS, Cat.no #203300).

Mix:
» Synithetic RNA 1¥10° molecules
20 » 5 x UniRT reaction buffer 2 pl
«  10x Enzyme mixture 1k
s  Water up to 10yl
Incubate at 42°C for 60 minutes and heat denature at 85°C for 5 minutes. Dilute 10 x in
water.
25 gPCR with SYBR Green Master Mix, UniRT (Exigon AS, Cat.No. 203400}
Mix:
s  Primer mix (3uM aach} 1k
s  SYBR green master mix 5 pL
« CDNA template 1k

30 s  Water 3 upk
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Two primer mixes weare used: 1) miR-203 {((miR-203.Fwd and miR-203.Rev primer) and 2)
pre-miR-203 (pre-miR- Z03.Fwd and miR-203.Rev primer). Templates used were mir-203
and pre-mir-203. Non template control (NTC) gPCR was also run for sach PCR assay. All

gPCR were done in duplicates.

g-RT-PCR reactions were performed in a 384 well plate in a LightCycder 480 (Roche

Diagnostics) instrument using the following PCR protocol

a5e for 10 minutes
2. 35°( for 10 seconds

60°C for 1 minute

Signal detection with SYBR green (HRM dye) setup. Steps 2-3 repeated for 45 times followed

by meklting curve analysis.

Resuits and discussion

Standard miR-203 primers detect the miR-203 ternplate well with a Cp value of 28,86, Also
the miR-203 assay, partiaily detects the pre-miR-203{Cp of 30,125} since the mik is located
on the ¥ end of the pre-mir-203. Pre-miR-203 assay design detects the pre-miR with the Cp
vaiues of 25,7 however the mature miR-203 is not detected with the pre-miR-203 specific
assay {Cp=40). This data clearly shows that pre-mir specific assays can be designed to

specifically target the pre-miR meolecules.

Table 13: Detection of pre-miR-203 and miR-203 using miR specific primer and pre-mir
specific primers.

Template Assay Mean Cp| Percent detection

NTC miR-233

miR-203 miRk-203 28,86 100,0

pre-miR-203imiR-203 30,125 416

NTC Pre-miR-203

miR-203 Pra-miR-203 140 0.0

pra-miR-2031Pre-miR-203 |25,675 100

Mean Cp represents a mean value of a duplicate gPCR reaction. Percent detection is
estimated as a =100/POWER{(Z;{Cp_test-Cp_ref}) where the Cp_ref is the corresponding
template and primer set Cp value.
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EXAMPLE 8! MICRO-RNAS DIFFERENTIALLYLY EXPRESSED IN HEART AND LIVER TISSUES

Aim of the experiment is to determine if well expressed miRNAs that are differently

axpressed between heart and liver tissue can be discriminated using a gPCR array based on

the SYBR green universal reverse transcriptase guantitative PCR (UniRT gPCR) method of the

present invention.

Matarials and methods

Total RNA from liver and whole-heart was obtained from Ambien Inc., and diluted in nuclease

free water to a concentration of 10 ng/ul and stored at -80%C, We selected a few miRNA that

are known to be differentially expressed in heart and liver tissue samples from the literature

(see for example: liang, Y., et al. (2007) BMC Genomics. 8: ppl6d and Landgraf P, et

T

al.(2007) Nature Biotechnol. {9): pp 9956-7). The miR selected were hsa-miR-1, hsa-miR-1286

and hsa-miR-133b (heart) and hsa-miRk-192, hsa-miRkR-122%, hsa-miR-194 and hsa-miR-122

(tiver}.

Table 14: Primer sequences for the seven miR assays. Capital letiers represent LNA

nuclectides.

SEQ SEQ

Reverse primer ID Forward primer iD

Assay {5 23} NO {5 >3} MO
hsa-miR-122 | tgacacggaggtactagtittttitttittttCaaacac | 108 | 1GuaGtgtgacaatg 115
hsa-mik-194 | gtactagtttttrititttttCeaca 10¢ 1| 1GtaaCageaacteca 116
hsa-miR-122% | gaggtactaghitttittitttittAtitag 118 | sacgecAtTatcacact 117
hsa-miR-192 | gractagttbitittiGgct 111 | rgactGacCtatgaatigac | 118
hsa-mik-126 gtactagrittiittitttTogeat 112 | cegtCataccgtgagta 119
hsa-mif-133b | tgacacggaggtactaatitittittititttAgety 113 | rTeGgtececticas 120
hsa-mif-1 114 121

tgacacggaggtactagiitttititititttAtacata

ctgtGgAatgtaaagaagt

Capital letters represent LNA nuclestides.

RT reactions were performed in triplicate for sach tissus and non enzyme control (NEC)) with

Universal ¢cDNA synthesis kit (Exigon AS, Cat.no #203300}

¢ total RNA

20 ng

s 5% UniRY reaction buffer 4 k.

s  Enzyme mixture 2 pyb

&«  Water

up to 20 ul
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Incubate at 42°C for 60 minutes and heat denature at 85°C for 5 minutes. Dilute the ¢DNA

1/100 in nuclease free water.

Quantitative peolymerase chain reaction {(g-PCR), step 2 of the protocol, was performed as

follows:

5 pl diluted cDNA was mixed with 5 pb SYBR Green Master Mix, UniRT (Exigon AS, Cat.No.
203400) into the 384 well plate with desiccated primer sets of the seven miR assays
described below. The plate was sealed and directly put on to the LightCydler for amplification

and anailysis.

g-RT-PCR reactions were performed in a LightCycler 480 (Roche Diagnostics) using the

following PCR protocol:

g5°( for 10 minutes

95°( for 10 seconds

W N

&07C for 1 minute

Signal detaction with SYBR green (HRM dye) setup. Steps 2-3 repeated for 45 times followed

by meklting curve analysis.

Standard data analysis was performed on the LC480 raw data using the supplisd data
analysis software {Roche Diagnostics). Cp values were collected as Abs Quant/second

derivatives max.

For this experiment of looking at examples of well expressed miRNA genes from both liver
and heart, we used mean of raw data Cp values without normalization or calibration. This s
done since normalization between tissues is not very accurate way of estimating miRs from
different scurces. Then we compare the difference between the two tissues in terms of A Cp
values, Note that a difference of 1 in Cp value represents approximately a two fold difference

in expression.

Resuits and discussion

We selected total of 7 miRNAs that are known previously from the Hisrature, to be
differentially expressed between heart and liver tissue. The results are shown in table 15 and
fig. 7. The data obtained showed thal the three genes miR-1, miR-133b and 126 are all

showing much higher expression in heart samples than liver samples. Similarly the miR-192,
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miR-184 and miR-~-122 and 122* are showing much higher expression in liver than heart. The
difference is ranging from 2.6 to 12.9 Cp which corresponds to a range of from 5 fold to over
1000 fold difference in expression. In general the differentially expressed miRs described
from the literature are easily distinguished by the UniRT expression platform using the assays

described hera.

Table 15: Expression values for the 7 miR selected and tested on the UniRT platform.

mik name Heart {Mean Liver (Mean ACpE
(42} Cpl

hsa-mik-1 20,9 33,9 12,9
hsa-miR-133b | 22,0 34,7 12,7
hsa-miR-126 22,5 25,1 2,6
hsa-miR-192 31,6 25,3 -6,3
hsa-miR-122% | 37.6 36,0 -7,5
hsa-miR-194 32,3 25,9 -8,4
hsa-miR-122 31,8 21,1 -1G.8

Positive ACp values represent excess expression in heart and negative Cps represents excass
expression in liver.

EXAMPLE 10: COMPARISON OF miR SPECIFIC ASSAYS DESIGNED IN PRESENT INVENTION
TO COMPETING METHOD USING PURE DNA PRIMERS

The LNA based design described in the present invention was compared to a commercial DNA
basad product, the miScript Reverse Transcription Kit {(Qiagen, Cat. no. 218060, QIAGEN
GmbH, Hilden, Germany). This DNA based product also relies on a miRNA 3'- polyadenyiation
step followed by reverse transcription with a DNA basad poly dT primer where both reactions
occur in a one-tube reaction. Because both these methods use the same enzymatic steps a
comparison very well iHustrate the surprising advantages of the present LNA based method
since the miScript does not include LNA in the primers. Ancther difference is that the miScript
uses a reverse primer specific to the universal tag added with the RT primer whereas the LNA

based reverse primer of the present method is specific to the miRNA being detected.

Table 1&: Nucleotide sequances of compared miRNAs

miR Sequence SEQ ID NO miR miR Tm
ac%

hisa-tet-7a F-ugagguaguaggquuguauaguu-3’ QG 38 50

fisa-miR-143 | S-ugagaugaagcacuguageuc-3 122 39 54

fsa-miR-155 | S-uuaaugouaaucgugadaggggu-3 123 47 54

hsa-mir-1 S-uggaauguaaagaaguadguau-3 124 27 47
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Table 17: Primer sets used in comparison
miR Forward primer SEQ Reverse primer SEQ corre~
{5 ~>»3"} is {8~>»3"} 0 Spon-~
NO NO ding
Qiagen
’assay
€at. no.
hisa-let- tGaGgtagtaggity 7 cggaggtactagiiiiititittttttAactat g4 MS
73 00006482
fisa-miR- | tGaGatgaageactg 125 tgacacggaggltactagtitttittttttttiGag | 128 MS
143 cta 00003514
hsa-miR- | gacttaaTgCtaategtga | 127 gtactagtitittttitttittAcoecta 128 MS
155 t 00003605
fhsa-mir- | ctgtGgAatgiaaagaagt | 121 tgacacggagatactagtittiiittiittitAta | 114 MSGO0083
1 cata 58
FIRST STEP

Reverse transcription was performed on a dilution series of synthetic miRNA target {obtained
from Integrated DNA technologies Inc., Coralville, IA, US.), with a background of 10 ng/ul
MS2 bacteriophage RNA {Roche Applied Science, Catalog Number 10165848001), using
either Universal cONA Synthesis Kit (Exigon A/S, Vedbaek, Denmark., Prod. No. 203300} or
miScript Reverse Transcription Kit (Qiagen, Cat. no. 218060, QIAGEN GmbH, Hilden,

Germany) according to the manufacturers instructions.

SECOND STEP

{On the cINA obfained using the Universal cONA Synthesis Kit (Exigon, Prod. No. 2083300},
gPCR was performed using SYBR Green master mix, Universal RT (Exigon, Prod. No. 203400)
angd the prirner sets described in Table 17, On the cDNA oblained using miScript Raverse
Transcription Kit (Qlagen, Cat. no. 218060}, gPCR was performed using miScript SYBR Green
PCR Kit (Qlagen, Cal. no. 218073}, In both cases the amplification and detection was
performed on a Roche LC480 LightCyder (Roche Diagnostics A/S, Hvidovre, Denmark), using
the cycling conditions instructed by the manufacturer. Each cDNA/assay combination was run

in triplicate.

RESULTS

Figure 8 shows the triplicate Cp values versus template concentration obtained in the

experiment for each of the four tested miRNAs. In all four compared assays, the method of

the present invention was more sensitive (black lines connecting diamonds) than the miScript
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assay {gray lines connecting sphaereas) as indicated by the lower Cp values consistently
obtained with the assay of the present invention. In the case of hsa-let-7a, there was a 10-
fold improved sensitivity of the assay of the present invention, measurad as the lowest copy-

number detected quantitatively. For hsa-miR-143 and hsa-miR-155 the difference in

(%}

sensitivity was 100-fold better with the assay of the present invention. For Asa-miR-1 with a
very low ge-content (see tabie 16) and thus low melting temperature, the alternative assay
was unable to detect the template even at highest concentration of RNA, The assay designed
in the present invention gquantitatively detected an equivalent of as little as 10 miRNA copiss
in the PCR reaction. This data clearly shows that the assay of the present invention is

10 surprisingly more sensitive. We ascribe the improvement in sensitivity partly to the design of

1
the extension primer which comprise both a STtag-sequencd (R ) as well as a 3™anchor

2
sequence (R} and partly to the design of template-specific (e.g. miR-specific) forward and

reverse primers of the gPCR reaction which includes LNA. Our results indicate that the gens
specific design of the forward and reverse primers allow more sensitive detection than with

15 pure DNA primers using a universal reverse primer.
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TABLE 18: Nuclestide sequences

Lower case designates natural occuring nuclectides, upper case designates LNA, mC denotes
LNA methyl cytosine. v is either an adenine residue, a guanine residue, or a cytosine residue

and n is either an adenine residue, a guanine residue, a cytosine residue or a thymine

residue
Primar/Saguancs . . SEQ ID
name Nuclegtide seguence {5 > 3} NO
i‘;ﬂjr;g;if;;'?rz;r stmCaccaccttcteca 1
?:\‘fp:‘:;iii Zgr CHLELHEL LG cbga gt 2
VLD B [k
- . 3
Reverse primer R Tgacacggaggtactag 3
seguence
Reverse primer tail | Tgacacggaggtactagtitttitittiittt 4
;;i;ﬁjxmns‘on Ggtactagtitttttttttittyn 5
?gi;f;t;a LNA tgcggtaacacggaggtactagtititttttittittaactatacaacctactacctea | 6
i;is_;;ifg—]a forward tGaGgtagtagatts .
hog-fatr-7 -~ NP e
’p?;‘;: 7@ TeVERSE | rggtgacacqgaggtactagtititttiittititaactata 8
g;;;igg—/a FEVEISE | cogtgacacggaggtactagtittittttttitttaamdCtata g
g:;g;f;;‘;mr tAgmCaqcacgtaaa 10
v S o
- iR
;:f\?e:iehp;l'fmer cacqgaggtactagtittttittititticgecaat i1
hsa-miR-16 -~ .
reverse primer cacggaggtactagitttittititttttmCgecaat 12
hsa-miR-21
forward primer tAgmCtiatcagactgatg i3
i:i:::‘?;ji}er geggtgacacggaggtactagtittttitttttttticaac 14
TV ST 2 H
?gf:;;{;}iiwer goggtgacacggagotactagttitittttitittttmCaac 15
R
?;i\i;ia%\pifnaﬂer atmCamCattgecag i6
3-miR-23
fg\feiyjs::pii{ier tgacacggaggiactagtiitttitttiittiggaaatc i7
hsa-miR-23a o -
reverse primer tgacacggaggtactagittititttittititCgaaatce i8
?(;;i\;gjca;r?rf:fs tmCtmCecaaccettg 19




WO 2010/085966 PCT/DK2010/050029
52

AR -
nsa FT“" %.50 tgacacggaggtactagitiitttitttittmCactggta 20
reverse primer
Hhsa-miR-150 . .
reverse primer tgacacggaggtactagtittttttttitttticactgota 23
h1sa-miRk-208a - i
forward primer ataaGamCgAgcaaaaag 22

T
;?53 !’-F".ii\ 2.083 mCgaigacacggagytactagitttitttittttttacaage 23
reverse primer
hsa-miR-208a cgatgacacggagatactagtitttttittttAcaage 24
reverse primer
hsa-miR-208a . N .
reverse primer caggigacacggaggtactagittitiittttiTacaage 25
hsa~-miR-124 e .
forward primer taalzgcacgegatga 25
hc’g ~MiR-0 forward ctgemCtitGgttatctag 27
primer

SmiR-18
hs_a mi%‘ 1&'3 aamCattm{aacgcetgt 28
forward primer
hisa-miR-128 . . e
forward primer tmCamdlagtgaaccggt 23
.l‘;_" - |.! —4 =
fisa 'mR Sg ftGaaaGgetatiic 30
forward primer
hsa-miR-328

ﬁf C

forward primer ctggeectetetgee 31
hsa-miR-324 . ;
forward primer cgeatecoctagggeat 32

“miR-3
hs_a e 331 cTaGgtatggiceca 33
forward primer
hsa~-miR-34a ~ . .
forward primear tGgcAgtgtcttage 34
hsa-'rmR—i_BOa caGtGeaatgttaaaag 3%
forward primer
hsfa_in_‘R"]‘ forward tGgAatgtaaagaagt 36
primer
hsa-m_;.-_{—z-_Bb atmCamiattgocag 37
forward primer
hsa-miR-133 - :
jsa m“? 1.3 @ ETtGgtecocticaa 38
forward primer
?X_S‘E_?—‘_rm?"l.ﬁb tTeGgtececticaa 39
orward primer
f1sa-miRk-93
N ; : el 40
forward primer cAaaGtgetgtiegty

- iDATR
hs_a mi%‘ hﬂb aamCattmCatigctgic 41
forward primer
hsa-miR-24 < . .
forward primer tGgetmCagttcagea 42
hsa-miR-124 .

i 4

reverse primer tgacacggaggtactagittiittttittttTggaat 13
g:ﬁ;g:ahg PEVEISE | (gacacggaggtactagtitttttitttttttmcatacag 44
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hog-mil-
nsa FT”T‘ %.813 tgacacggaggtactagrtiiittititittamCicac 45
reverse primer
hsa-miR-128 . A4
reverse primer tgacacggaggtactagtittittitttitttAaagaga 46
2T I-I —4\ 2
h‘_'cé miR 38 . tgacacggaggtactagttittttttitittGacea 47
reverse primer
hisa-miR-328 tgacacggagotactagtttittttittitAcggas 48
revaerse primer ¢ ggaggtactay 9y '
-miR-224
hsa {”‘{ “.2 N tgacacggaggtactagtittiittititttitAcacca 459
reverse primer
fsa-mik-331 . .
reverse primer tgacacggaggtactagititittiiittiitGgate 50
hsa‘—rr‘fR—B_‘i N tgacacggaggtactagtitttitttitttttamCaacca 5%
reverse primer
f1sa-miRk~130a
E i £ f
reverse primer tgacacggaggtactagtittitittttttttAtge 52
- iDa Y o
g?ﬂif;‘;" Lreverse | acacggaggtactagtititt it titAtacata 53
f158-miR-23b :
reverse primer tgacacggaggtactagiitttiittititttggTaatc 54
.l‘;_" - |-! - 3' - = =
hisa-miR-133a tgacacggaggtactagttttatittittGagetg 55
reverse primer
fhsa-miR-133b -
& f t C
reverse primer tgacacggaggtactagtitttttittttittAgetg 55
2-MiR-9
hsa-miR-93 tgacacggagatactagtittttttttttttmCtacctg 57
reverse primer
T 1w
hsa-miR-181b tgacacggaggtactagtttittittititAcoca 58
reverse primer
hsa-miR-24 . .
reverse primer tgacacggaggtactagtiftitttitttmCigtic 59
hsa-'rmR—lééb ctgtGagaactgaaticca 60
forward primer
fhsa-miR-146b-3p o
forward primer tgeectgtggactea 61
-miR-429
?sa n._;-_{ _.29 ctgtaatamCtGictggta 62
orward primer
hsa-miR-193a-3 -
;fsa m“? 1.9 a-=p aactggectacaaagice 563
orward primer
fhsa-miR-19233 ~
forward primer gtettigegggega 64
h1sa-miRk-193b
. ; aan ctes 5
forward primer aamCiggeccicaaag 6
- iR
?s_a e 149 tmCrggcTeogtgictica &6
orward primer
f15a-miR-452 . -
forward primer aamCtGtttgcagaggaa 67
.l‘;_" - |-! —4r * =, -
fisa 'mR .32 ctmCatmtgcaaagaagta 68
forward primer
f?S&-{'ﬂi!‘R-.?pb tGtaaamCatoctacactc 69
forward primer
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heso iR -
hsa-miR-34b ctgcaatcactaactecact 70
forward primer
fisa-miR-34¢ o~ -
forward primer aggealtgtagiiagetg 1
hsa-mik-134
forward primer tgtgactggttgaccaga 72

e
hs_a mi%‘ 6/1_ X ctgaGgaagoectyga 73
forward primer
hsa-miR-769-3p R, ]
forward primer ctgggatctecggyggtet 74
heso iR -
hisa-miR-146b catactagtittitettiititAgect 75
reverse primer
Asa-MiR-1460-3p | o o neetrttetmCeagaac 76
reverse primer
fsa-miR-429 gtactagtttitttttttttttAcggtt 77
reverse primet

- iR -
hsa-miR-1938-3p | o agutttittt i tamClgg 78
reverse primer

~miR-193 . )
hsa-miR-193a qotactagHiitiittittirCatet 79
reverse primer
.l‘;_" - I.! - 3 .y
fisa-miR-1930 gaggtactagtitttttetttsttttmCatet 80
reverse primer
hs5a-miR-149

£ t £

reverse primer tagttttittttitttitgggAgty 81

-MiR-452
hsa-miR-452 gtactagtiitiittttttttmCaqtt 82
reverse primer

LmiR-45 Yk N )
hsa-miR-452 gtactagittiittietitmCactt 83
reverse primer
hsa-miR-30b - )
reverse primer gractagtitttititiitttaiGetga 34
hsa-miR-34b

& (RRRRAN 5

reverse prmer gaggtactagtitittittittittatgg 85
hsa-miR-34c tactagtitttttittittitGeaatea 86
reverse primer
hsa-miR-134 gtactagtiittttetetTecoct 87
reverse primer
hemamiR 67
hsa-miR-671 gtactagrtttiettiettemCloca 88
reverse primer
fisa-riR-765-3p aggtactagtttitttttitttttAacea 89
reverse primer
fisa-let-7a ugagguaguagguugualaguu a0
hsa-tet-7f Ugagguaguagauuguauaguu g1
hsa-let-7¢ UgagguaguagguIgUalgguy 92
hsa-let-7e ugagguaggagguuguasaguu a3
hsa-let-7a reverse | o agqtactagtttttttttitttitAactat 94
primer
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hsa-miR-Z?b ttmCamCagtggctaag 95

forward primer o

::j;;?;i?er tgacacggaggtactagtittitttttitttGeaga 95

g:f;g;f;?r:ar ctgtaGeaGoacanaa 97

ifj;:if‘;s:er tgacacggaggtactagititittiiitttitGoeaat a8

?S;:;?;?;ar tAccctGragatecgaa 99

’:gfegfpfﬁi‘cr tgacacggaggotactagtttitttitttitmCacaaat 100
?Zf;g;ft;:i:jfﬂ tgtGtaaggaatttigtagt 101
f:fe ?i: 'g:;i;_‘)a gaggtactagttttttittitttttAte 102
Has-mif-203 RNA | gugaaauguuiiaggaccacuad 103
’;:i‘;:’fpﬁgfw tgacacggaggtactagittiitttittttCtag 105
?’(;ﬁ;;ﬂf;;:ﬁﬂ gtGaaatGtitaggaces 106
?S:v;girz“;:;‘iﬂ:s cagticaacagtictgtage 107
;szj\?;:ﬁ;;;l'i?n%er tgacacggaggtactagttttitttittiitCaaacas 108
: ’:\‘if_‘s’fpii f’u‘ qtactagtiitttittittttCoaca 109
’;:i ;‘:fpifﬁ; gaggtactagtitttttettittttAtitag 110
ﬁ:’\i:‘:if‘iﬁer gtactagtitttitttetttttGyct 111
?esf;;?piifer gtactagtittttittttitt Tegeat 112
’:gfegfpif; tgacacggaggtactagtttitiittititAgatg 113
: ’:\"/’L;‘S‘fpiimr tgacacggaggtactagtittttittttitttAtacata 114
g:f;g;f;friar tGgaGtgtgacaate 115
?’;ﬁ;;‘;‘;ﬁier tGtaaCagraactoca 116
?Osfwg;?p:}ii; ahcgecAtTatcacact 117
?gii;g:(?;’irzer tgactGacCtatgaattgac 118
?;i;;:f;iim ctgtCataccgtgagta 119
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dvenom He o ol
hsa-miR-133b fTtGgtecocticaa 120
forward primer
hs_a—m:R—i forward ctgtGaAatgtaaagaagt 121
primer
fisa-miR-143 S-ugagaugaagcacuguageuc-3 122
hsa-miR-155 S-udaaugouaaucgugauaqagau-3’ 123
hsa-mir-1 S-uggaauguaaagaaguauguau-3’ 124
hsa-miR-143 <
;fsa m“? 1'.4 tGaGatgaagoacty 125
orward primer
H5a-miR-143 . " -
reverse primer tgacacggaggtactagtitrttittttttttGagcta 125
hisa-miRk-155
N ok teat
forward primer gacttaaTgCtaategtgat 127
1s3-miR-155
hsa-miR-15 gtactagttttitttitttitAccocta 128
reverse primer
;f;fﬁ"mns’o“ tgragigacacggaggtactagtettietiiit iV 129
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CLAIMS

1. A method for amplification of a specific RNA molecule in a sample, the method comprising

the steps of:

a) adding poly-A talls to a population of ENA molecules in a sample;

(%4}

b) producing cONA molecules of the poly-A-tailed RNA rolecules using an primer in a

reverse transcription reaction; and

¢} amplifying the c¢DNA meoelecules by PCR using a forward primer and a reverse primer

both of which are specific for said specific RNA molecule.

2. The method of claim 1, wherein the specific RNA molecule is a small, non-coding RNA.

10 3. The mesthod of claims 1 or 2, wherein the specific small RNA molecule is a microRNA,

4. The method according to of any of claims 1, 2 or 3, wherein the extension primer has a

fength in the range from 10 to 100 nuclectides,

5. The method according claim 4, whereln the extension primer has a length in the range

from 15 to 45 nucleotides,

Pt
(%4}

6. The method according to any one of claims 1-5, wherein said extension primer is a

nuclectide sequence according to formula IIL
1o .2
24 —(T)y -R(GID

1
wherein R is a S-end nucleotide sequence, (T)y is a central part of v consecutive thymine

2
residues, wherein vy is an integer of from 1 to 100, and R is a 3-end nucleotide sequence.

1
20 7. The method according to claim &, wherein R is a nucleotide sequence with a length of

from 1 to 30 nucleotides.
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8. The method according to claim 7, wherein R is a nudlectide saguence with a length of

from 6 to 10 nucleotides.

1
§. The method according fo claim &, wherein R is a nuclectide sequence with a length of 8

nucleotides,

10. The method according to any of claims 6 to 9, wherein v is an integer from 5 to 50.
i1i. The method according to caim 10, wherein y is an integer from 5 to 21,

12. The method according to claim 11, wherein vy is 12, 13, 14, 15, 16, 17 or 18.

13. The method according to daim 12, wherein v is 15.

. 2
14 A method according to any one of claims 6-13, wherein R is a sequence motif VN,

consisting of two 3-end terminal nucleotide residues, wheregin V is either an adenine residus,
a guanine residue, or a cytosine residue and N is either an adenine residue, a guanine

rasidue, a cytosine residue or a thymine residue.

2 .
15. The method according to any one of claims 6-13, wherein R is a sequence motif VNN,
consisting of the three 3-end terminal nuclectides, wherein V is either an adenine residue, a
guanine residue, or a cytosine residue and N is either an adenine residue, a guanine residue,

a cytosine residue or a thymine residue.

16. The method according to any one of claims 1-15, wherein the extension primer comprises

at least one LNA.

17. The method according to any one of claims 1-16, wherein the forward primer has a

fength in the range of from 10 to 100 nuclectides.

i8. The method according to any one of claims 1-17, wherein the forward primer comprises

at least one LNA.

19. The method according to any one of claims 1-18, wherein the forward primer is designed

to specifically hybridize to the complement DNA molecule of a target RNA molecule,
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20. The method according to any one of claims 1-198, wherein the reverse primer is a

nucleotide sequence according to formula I
3 4
R -{Tix -R {ID

3 . .
wherein R is a S-end nucleotide sequence, {T)y is a central part of x consecutive thymine

4
residues, wherein x is an infeger of from 1 to 100, and R is a F-end nuclectide seguence

that specifically hybridizes to a nucleotide sequence of a target RNA molecule.

3
21. The method according to claim 20, wherein R is a nucleptide sequence with a length of

from 1 to 30 nuclectides.

22. The method according to any of claims 20 or 21, wherein x is 5 to 50.
23. The method according to claim 22, wherein x is 5 to 21.

24, The method according to cdaim 23, wherein x is 15.

25, The method according to any of the preceding claims wherein x of formula (I} equals v

of formula (111},

4
26, The method accerding to any one of claims 20-25, wherein R has a length in the range

of from 1 to 10 nuclectides.

4
27. The method according to any one of claims 20-26, wherein R comprises at least one

LNA,

4
28. The method according to caim 27, wherein R contains only one LNA,

4
29, The method according to any one of claims 20-28, wherein R is designad to specifically

hybridize to the 3-end of a target RNA,
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30, The methed according to any one of claims 27-28, wherein the LNA is situated in the ¥

position or the position adjacent to the 5 position of the R4 part of the reverse primer.

31. A method for measuring the amount of a target microRNA in a sample from a living

organism, the method comprising the steps of:

a)} amplifving the target microRNA according to the method of any one of claims 1 to 30.

b} measuring the amount of the amplified DNA molecules.

32. The method according to claim 31, wherein the amount of the ampiified DNA molecules is

measured using a fluorescence-based quantitative real-time PCR method.

33. The method according to any of claims 31 or 32, wherein the amount of the amplified

I
. N ®
DNA molecules is measured using SYBR ~ green dye.

34, A Kit for detecting at least one farget RNA comprising at least one primer set specific for

the detection of a the target RNA, the primer set comprising:

1 2
a} an extension primer of formula III: R ~-(T)y -R - {II}

1 . R
wherein R is a S-end nucleotide sequence, {T)y is a central part of v consecutive thymine

‘ 2
residues, wherein y is an integer of from 1 to 100, and R is a Z-end nucleotide seguence.
3 4
b} a reverse primer of formula 11t B -(The -R - (1D

3
wherein R is a 5-end nuclectide sequence, (T)y is a central part of x consecutive thymine

4
residues, wherein x is an integer of from 1 to 100, and R is a 3-end nucleotide sequence

that spacifically hybridizes to a nudleotide sequence of a target RNA molacule.
¢) a forward primer

35, The kit according to claim 34 for detecting at least one mammalian targst microRNA

comprising at least one primer set specific for the detection of a target microRNA,
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36. The Kit according to claim 34 or 35, wherein the forward primer has a length in the range

from 10 to 100 nucleotides.

37. The kit according to any one of claim 34 to 36, wherein the forward primer comprises at

least one LNA,

38. The kit according to any one of claim 34 to 37, wherein the reverse primer comprises at

least one LNA,

39, The kit according to any one of claims 34 to 38, wherein the forward primer is designed

to specifically hybridize to the complement DNA molecule of a target microRNA molecule.

40. The kit according to any of claims 34 to 39, wherein the reverse primer is a reverse

primer accerding to any of claims 27 to 30.

41. The kit according any of claims 34 to 40, wherein the at least one mammalian target

mHCrORNA s @ human microRNA.

42. The kit according to any one of dlaims 34 to 41, wherein the at least one mammalian
target microRNA is selected from the group consisting of all known human microRNAs

available from the miRBase (hitp://microrna.sanger.ac.uk/).

43, The kit according to any one of daims 34 to 41, wherein the at least one mammalian

targel microRNA is a murine microRNA,

44, A high-throughput method for detecting or measuring the amount of specific target
microRNAs in a sample from a living organism, according to any one of claims 1 to 33, the
method further comprising a distribution step in which the combined poly-A-tailing and
reverse transcription reaction is aliquoted into individual wells of a microtiter plate containing

microRNA specific primer sets of forward and reverse primers, resulting in the steps of;

¢} adding poly-A tails to a population of srnall RNA molecules in a sample and producing
cDNA molecules of the poly-A-tailed small RNA molecules using an exdension primer

in a reverse transcription reaction; and

d} pipetting aliguots of the combined poly-A-tailing and reverse transcription reaction

into individual wells of a microtiter plate
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e} amplifying specific targat microRNAs in individual wells of a micretiter plate containing

microRNA specific primer sets

f)  measuring the amount of specific microRNA molecules in individual wells,

being performed in a fashion compatible with a high-throughput experimental set-up.

5 45, An oligonucleotide selectad from the group of oligonucieotides disclosed in table 18.
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