
MODIFIED STEM-LOOP OLIGONUCLEOTIDE MEDIATED REVERSE TRANSCRIPTION AND
BASE-SPACING CONSTRAINED QUANTITATIVE PCR CROSS-REFERENCE TO RELATED
APPLICATION [0001]This application claims benefit of, and priority from,
U.S. provisional patent application No. 61/354,683 filed on June 14, 2010,
the contents of which are hereby incorporated herein by reference. FIELD OF
THE INVENTION [0002]The invention relates to methods of detecting a target
RNA in a sample, including detecting a target miRNA in a sample. BACKGROUND
OF THE INVENTION [0003]MicroRNAs (miRNAs) are small non-coding RNAs
(typically about 22 



nucleotides in length) that were discovered as important
post-transcriptional regulators of gene expression in metazoans (Bartel,
2004). While expression of miRNAs are critical in various physiological
processes (Harfe, 2005; Miska, 2005; Carthew, 2006; Lindsay, 2008),
dysregulation of miRNAs are implicated in pathologies of many human
diseases such as cancer (Visone & Croce, 2009), muscle disorders (Chen et
al., 2009a) and neurodegeneration (Hebert & De Strooper, 2009).
[0004]Recently, mature miRNAs were found to be remarkably stable in blood,
and thus hold great promise as potential noninvasive biomarkers of human
diseases (Chen et al., 2008; Mitchell et al., 2008). To date, hundreds of
unique miRNAs have been identified in many species and each of these is
predicted to regulate diverse target genes (Bartel, 2009). With the
continual discovery of more miRNAs by both in silico prediction and in vivo
validation (Mendes et al., 2009), profiling of miRNA expression remains an
essential tool not only for assessment of distribution and regulation of
miRNAs but also for identification of novel biomarkers and potential
therapeutic targets.  WO 2011/159256PCT/SG2011/000210 [0005]Mature miRNAs
can be detected by either direct or indirect methods. Although direct
detection methods (eg. fluorescent, colorimetric and electrical-based
methods) can minimize variations introduced during sample measurements,
these methods are limited by low assay sensitivity and poor discrimination
among miRNA homologs (reviewed in Hunt et al., 2009). [0006]Indirect
detection methods include primarily Northern blotting, microarray and
reverse transcription PCR (RT-PCR). Although widely used, both Northern
blotting and microarray are semi-quantitative and suffer from poor
sensitivity and require large amounts of starting RNA. Although microarrays
offer high-throughput detection of miRNAs and the potential capability of
absolute quantification (Bissels et al., 2009), a recent study showed that
real-time PCR remains superior in sensitivity and specificity in comparison
(Chen et al., 2009b). Recent attempts to measure miRNA with isothermal
methods have met with some success but are labor intensive (Cheng et al.,
2009; Yao et al., 2009). [0007]To date, real-time RT-PCR remains the most
sensitive and efficient 



method for quantification of RNA species. TaqMan probe-based real-time
RT-PCR has been reported and widely used for efficient and specific
detection of miRNAs. However, due to an additional probe hydrolysis step,
TaqMan assays were not compatible with fast thermo-cycling protocols for
rapid detection of miRNAs. Furthermore, with the escalating identification
of hundreds of candidate miRNAs by deep sequencing (Bar et al., 2008; Goff
et al., 2009), design of TaqMan probe for each of the novel miRNA is not
only cost-prohibitive but also technically challenging and faces practical
difficulties (Varkonyi-Gasic et al., 2007). [0008]Attempts have been made
to improve miRNA detection without reliance on fluorescent probes (Raymond
et al., 2005; Shi & Chiang, 2005; Sharbati-Tehrani et al., 2008), however,
these assays usually involved multiple sample processing steps (Shi &
Chiang, 2005) and suffered from limited dynamic range of detection (Raymond
et al., 2005) and/or poor specificity against homologous miRNAs (Raymond et
al., 2005; Shi & Chiang, 2005; Sharbati-Tehrani et al., 2008). A common
strategy of these assays and  some other TaqMan assays (Varkonyi-Gasic et
al., 2007; Yang et al., 2009) is to use universal or common reverse PCR
primer and/or fluorescent probe for amplification and detection of multiple
miRNAs. In such assays, specificity of real-time PCR is only achieved by
the forward PCR primer, which is not sufficient for discrimination of many
homologous miRNAs. Furthermore, it is yet to be determined whether these
assays are capable of rapid, multiplexed and direct detection of miRNAs
without RNA isolation. [0009]While the number of microRNAs in various
genomes are still being identified, the number of different miRNA is
expected to be as many as a few thousand. Since the Nobel prize was awarded
in 2006 for RNA interference (A.Z. Fire & Craig C. Mello), the demand for
assays to detect miRNA has steadily increased. [0010]Thus, there exists a
need for alternative methods of detecting a target RNA in a sample,
including an miRNA. SUMMARY OF THE INVENTION [0011]The invention provides a
method of detecting a target RNA molecule in a 



sample. The target RNA molecule may be any RNA molecule, and may be an
miRNA in some embodiments. [0012]The methods of the present invention use a
combination of reverse transcription (RT) and polymerase chain reaction
(PCR) amplification to specifically identify a target RNA from a sample
containing the target RNA. The methods use a combination of a modified
stem-loop RT oligonucleotide and hemi-nested PCR primers to specifically
select for the target RNA. Use of a modified nucleotide within the RT
oligonucleotide provides a block for DNA polymerase to prevent mis-priming
during the amplification reaction. Thus, carry-over of the RT
oligonucleotide to the amplification reaction may be reduced or even
eliminated, while the specificity for a target miRNA may be enhanced even
with the presence of miRNA homologs in the sample. [0013]The methods of the
invention may provide specific and rapid detection of target RNA species,
such as mature miRNAs from precursor miRNAs and from homologous family
members. It may be possible to use a fast thermo-cycling profile (10
seconds per cycle) yet still retain specificity and sensitivity. [0014]The
methods may also be used in multiplex format, which may be useful for
screening and detection of miRNAs directly from cell lysates without the
requirement for laborious total RNA isolation. [0015]The methods of the
invention may be tailored to existing real-time PCR methods. Real-time PCR
has become the standard method for gene expression measurements and has
become an extremely useful technique for gene profiling and for biomarker
discovery. 



[0016]The methods may be economical, high-performance, easy to use, rapid
and sensitive. [0017]Thus, in one aspect, the present invention provides a
method for detecting a target RNA molecule in a sample, the method
comprising: reverse transcribing the target RNA contained in the sample
using an RT oligonucleotide, the RT oligonucleotide comprising a stem-loop
portion containing one or more nucleotides modified or modifiable to block
DNA polymerase 'extension and a target annealing portion that is
complementary to a downstream portion of the target RNA, the target
annealing portion located 3' to the stem-loop portion, to produce a reverse
transcription product that comprises the RT oligonucleotide and a 3'
extended region; amplifying the reverse transcription product using (i) a
first amplification primer that anneals to a downstream portion of the 3'
extended region of the reverse transcription product and (ii) a second
amplification primer that anneals to an interface portion of a DNA strand
complementary to the reverse transcription product, the interface portion
comprising a region that is complementary to a 3' portion of the RT
oligonucleotide and a 5' portion of the 3' extended region in the reverse
transcription product, to produce an amplification product; and detecting
the amplification product; wherein the stem-loop portion adopts a stem-loop
structure under conditions used for said reverse transcribing but does not
adopt the stem-loop structure under conditions used for said amplifying and
wherein when the stem-loop portion contains one or more nucleotides that
are modifiable to block DNA polymerase extension, the method further
comprises modifying the modifiable nucleotide  prior to said amplifying.
[0018]In some embodiments, the one or more nucleotides modified or
modifiable to block DNA polymerase extension is located within the loop of
the stem-loop portion. [0019]In some embodiments, the stem-loop portion
contains one or more nucleotides modified to block DNA polymerase
extension. For example, the loop of the stem-loop portion may comprise a
nucleotide modified with an aliphatic carbon chain, for example a C6
aliphatic chain. [0020]Alternatively, in some embodiments the stem-loop
portion contains one or 



more nucleotide modifiable to block DNA polymerase extension and the method
further comprises modifying the modifiable nucleotide prior to the
amplifying. For example, the modifiable nucleotide may be dU and the
modifying may comprise treatment with uracilDNA glycosylase. In another
example, the loop of the stem-loop portion may comprise one or more
ribonucleotides and the modifying may comprise treatment with RNAse.
[0021]In some embodiments, the target RNA is an miRNA. [0022]In another
aspect, the invention provides a method for detecting a target miRNA
molecule in a sample, the method comprising: reverse transcribing the
target miRNA contained in the sample using an RT oligonucleotide, the RT
oligonucleotide comprising a stem-loop portion containing a dU nucleotide
and a target annealing portion that is complementary to a downstream
portion of the target miRNA, the target annealing portion located 3' to the
stem-loop portion, to produce a reverse transcription product that
comprises the RT oligonucleotide and a 3' extended region; modifying the dU
nucleotide by treatment with uracil-DNA glycosylase; amplifying the reverse
transcription product using (i) a first amplification primer that anneals
to a downstream portion of the 3' extended region of the reverse
transcription product and (ii) a second amplification primer that anneals
to an interface portion of a DNA strand complementary to the reverse
transcription product, the interface portion comprising a region that is
complementary to a 3' portion of the RT oligonucleotide and a 5' portion of
the 3' extended region in the reverse transcription product, to produce an
amplification product; and detecting the  amplification product; wherein
the stem-loop portion adopts a stem-loop structure under conditions used
for said reverse transcribing but does not adopt the stem-loop structure
under conditions used for said amplifying. [0023]In some embodiments of
methods of the invention, the amplification primers have nucleotides that
display thermal stability when hybridized to DNA as the 3' terminal
nucleotide. For example, the nucleotide that displays thermal stability
when hybridized to DNA may be locked in an N-type furanose conformation.
[0024]In some embodiments, including where the RNA is an miRNA, the
distance in the sequence of the amplification product between the position
of the 3' end of the first amplification primer when annealed to the
reverse transcription product and the position of the 3' end of the second
amplification primer when annealed to the DNA strand is from -4 to 5
nucleotides. [0025]In some embodiments the target annealing portion of the
RT 



oligonucleotide is 5 to 15 nucleotides in length. [0026]In some embodiments
the stem portion of the stem-loop is 4 to 6 nucleotides in length and the
loop portion of the stem-loop is 4 to 12 nucleotides in length. [0027]In
some embodiments the second amplification primer anneals to a sequence
complementary to 13 to 24 nucleotides of the stem-loop portion of the RT
oligonucleotide, 5 to 15 nucleotides of the target annealing portion of the
RT oligonucleotide and 1 to 5 nucleotides at the 5' end of the 3' extended
region of the reverse transcription product. [0028]In some embodiments the
first amplification primer is 12 to 27 nucleotides in length. [0029]In some
embodiments the detecting comprises detecting with a fluorescent
intercalating dye. For example, the fluorescent intercalating dye may be
SYBR Green or Eva Green. WO 2011/159256PCT/SG2011/000210 [0030]Other
aspects and features of the present invention will become apparent 



to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with
the accompanying figures. BRIEF DESCRIPTION OF THE DRAWINGS [0031]The
tables and figures, which illustrate, by way of example only, embodiments
of the present invention, are as follows. [0032]Table 1. Discrimination
between mature and precursor miRNAs using stem-loop or linear real-time
RT-PCR. 109 copies of each synthetic mature miRNAs or in vitro transcribed
pre-miRNAs were reverse transcribed with either stem-loop or linear RT
oligonucleotide and quantified using the same PCR primers. Discrimination
between mature and precursor miRNAs was expressed as ACt values (ACt =
CtPrecursor CtMature) [0033]Table 2. Primer squences for cloning and
real-time RT-PCR of miRNA precursors. [0034]Table 3. Primer sequences for
detection of mature miRNAs. [0035]Table 4. Comparison of stem-loop and
linear RT oligonucleotides. The 



most stable secondary structure was adopted to calculate AG for linear RT
oligonucleotides. Sequence differences between stem-loop and linear RT
oligonucleotides for each miRNA are underlined. [0036]Table 5 lists the
various sequences set out in Tables 1 to 4 and in the Figures, assigning a
SEQ ID NO for each sequence. [0037]Figure 1 is a schematic representation
that provides an overview of the reverse transcription stage of the method
of the invention. [0038]Figure 2 is a schematic representation that
provides an overview of the amplification stage of the method of the
invention.  WO 2011/159256PCT/SG2011/000210 [0039]Figure 3. Schematic
diagram providing overview of an embodiment of the method of the invention.



[0040]Figure 4. DNA block (dU) inhibits DNA extension by DNA polymerase.
[0041]Figure 5. Schematics for the design of a hemi-nested real-time RT-PCR
assay. Pf, forward primer; Pr, reverse primer. [0042]Figure 6. Placement of
first amplication (Pt) and second amplification (Pr) primers, showing gap
or overlap. [0043]'Figure 7. Comparison of size of loop. Small loops (4
bases) perform comparably to larger loops (12 bases). [0044]Figure 8. Flow
Chart and example for designing hemi-nested real-time RT-PCR assay.
[0045]Figure 9. Performance of miR-21 hemi-nested real-time RT-PCR assay.
(A, B) miR-21 cDNA (108 to 10 copies) were amplified by real-time PCR assay
under fastcycling conditions compared to standard cycling protocol. (C, D)
Dilutions of synthetic miR-21 miRNA (109 to 102 copies), (E, F) dilutions
of total RNA from A172 cells (100 ng to 1 pg) and (G, H) total RNA isolated
from dilutions of U251 cells (100,000 to 10 cells) were reverse transcribed
with miR-21 RT oliionucleotide. The cDNA samples (10% v/v) were amplified
by real-time PCR along with non-template control (NTC). Amplification plots
(A, C, E, G) and standard curves (B, D, F, H) of the assay were shown.
Standard curves were plotted as Ct versus Log (starting material per RT). 



[0046]Figure 10. Quantification of synthetic let-7d and let-7e miRNA
dilutions with U251 total RNA spike-in. Standard dilutions (109, 108 and
107copies) of synthetic let-7d (A) or let-7e (B) were spiked with 100 ng of
total RNA isolated from U251 cells. Control miRNA dilutions or total RNA
spiked-in miRNA dilutions were reverse transcribed with let-7d or let-7e RT
primers. The cDNA samples (10% v/v) were amplified by real-time PCR.
Standard curves were plotted as Ct versus Log (input cDNA  per PCR
reaction). [0047]Figure 11. Discrimination of human let-7 homologs. A)
Sequence alignment of the eight let-7 family miRNAs. B) Relative detection
(%) of each let-7 miRNA by specific hemi-nested real-time RT-PCR assays.
[0048]Figure 12. Dynamic range and efficiency of miR-24 (A, B), miR-92 (C,
D) and miR-218 (E, F) real-time RTPCR assays. Standard dilutions of
synthetic miR-24, -92 and -218 were reverse transcribed with miRNA-specific
RT oligonucleotide. The cDNA samples (10% v/v) were amplified by real-time
PCR along with non-template control (NTC). Amplification plots (A, C, E)
and standard curves (B, D, F) of the assay were shown. Standard curves were
plotted as Ct versus Log (input cDNA per PCR reaction). [0049]Figure 13.
Specificity of hemi-nested real-time RT-PCR assay using dU- incorporated RT
oligonucleotides. A) Sequence comparison of dT and dU RT oligonucleotides.
The dU residues are underlined. B) Relative detection of let-7f miRNA by
let-7a assay. 109 copies of let-7a or let-7f were reverse transcribed using
100 nM or 250 nM of dT, dUl or dU2 RT oligonucleotide. The cDNA samples
(10% v/v) were treated with or without UDG and amplified using let-7a
specific PCR primers. Nonspecific amplification of let-7f miRNA was
calculated and expressed as % of relative detection. Error bars indicate
standard deviations of quadruplicate measurements. Significant differences
in relative detection between UDG-treated and non-treated samples were
calculated by Student's t-test. **p<0.001. [0050]Figure 14. Gel
electrophoresis of miRNA real time RT-PCR products. 



Real time RT-PCR assays were performed with 106 copies of synthetic miRNA
(a), 10 ng U251 total RNA (b) or non-template control (c). U6 was amplified
from 10 pg of U251 total RNA. The amplified products and the 25bp marker
(M) were resolved by 4% agarose gel. Product sizes: miR-7 (37bp), miR-21
(38bp), miR-218 (36bp), let-7f (45bp), let-7g (42bp), let-7i (38bp) and U6
(94bp). [0051]Figure 15. GDNF regulated miRNA expressions in U251 cells.
Regulation of selected mature miRNAs (A, B) were quantified by hemi-nested
real-time RT-PCR and expressed as fold changes to non-stimulated control
samples. Error bars indicate standard deviations of triplicate
measurements. Significant differences in gene expression between treated
and control samples were calculated by Student's t-test. *p<0.01;
**p<0.001. [0052]Figure 16. UDG treatment of dU-incorporated RT
oligonucleotide prevented it from serving as PCR primer after RT. A)
Sequence of standard (dT) and dUincorporated (dU) RT oligonucleotides for
miR-21. Synthetic miR-21 (109 copies) were reverse transcribed with of dT
(B) or dU (C) RT oligonucleotides. The cDNA samples (10% v/v) were then
treated with (red amplification curves) or without UDG (blue amplification
curves) and subjected to real-time PCR with both forward and reverse
primers (+ Pr) or forward primer alone (- Pr). D) RT oligonucleotide with
RNA sequences in the loop with or without treatment with RNAse.
[0053]Figure 17. Multiplexed quantification of the six GDNF regulated
miRNAs. Expressions of miR-7 (A), miR-21 (B), miR-218 (C), let-7f (D),
let-7g (E) and let-7i (F) was quantified by multiplexed real-time RT-PCR
assays of 24 miRNAs. Regulation of these miRNAs was expressed as fold
changes to non-stimulated control samples. Error bars indicate standard
deviations of triplicate measurements. Significant differences in gene
expression between treated and control samples. were calculated by
Student's t-test. *p<0.01; **p<0.001. [0054]Figure 18. GDNF-induced
signaling activation in U251 human glioblastoma cells. Control and GDNF
stimulated U251 cells were lysed with 2% SDS. Total protein lysates were
quantified using microBCA protein assay (Pierce, Rockford, IL, USA). Total
protein (10 rig) were separated by SDS-PAGE and probed with antibodies
against phospho ERK1/2 (Cell phospho-Signaling Technologies, Danvers, MA,
USA). The blots were striped in Western Blot Stripping Buffer (Pierce) and
re-probed with total ERK1/2 (Cell Signaling Technologies) to verify equal
loading. Chemiluminescence was imaged and analyzed by ChemiDoc system
(Bio-Rad). A) Time-course of ERK1/2 MAPK activation by GDNF (100 ng/ml) in
U251 cells. B)  



GDNF-induced ERK1/2 MAPK activation was inhibited by pre-treatment of MEK
inhibitor U0126 (5 p.M). [0055]Figure 19. Direct and multiplexed detection
of miRNAs from cell lysates. U251 cells cultured in 96-wells at various
density (10, 100, 1000, 10000 and 100000 cells per well) were directly
lysed and reverse transcribed in reaction mixture containing 24 miRNA RT
oligonucleotides. The cDNA samples (2.5% v/v) generated from isolated RNA
or cell lysates were amplified by (A) miR-21 and (B) miR-222 real-time PCR
assays. Standard curves for isolated RNA were plotted as Ct versus Log
(cells per RT). RI; RNase inhibitor. [0056]Figure 20. Quantification of
GDNF-regulated miRNAs by single-plexed and multiplexed realtime RT-PCR.
Total U251 RNA samples were reverse transcribed by single miRNA-specific RT
oligonucleotide (black lines) or 24-plexed RT oligonucleotides (red lines).
The cDNA samples were then quantified for expressions of (A) miR 218 and
(B) let 7i. Regulation of these miRNAs was expressed as fold changes to
non-stimulated control samples. DETAILED DESCRIPTION [0057]There is
presently provided a method for detection of RNA from a sample. The method
may be used to detect any RNA species, and may be useful in detecting
mature miRNA, including directly from a cell containing the miRNA.
[0058]The method is an RT-PCR (reverse transcription-PCR) amplification
method that combines an RT oligonucleotide primer designed to have
stem-loop secondary structure and a nucleotide modified to block DNA
polymerase during an amplification reaction together with a pair
hemi-nested amplification primers in the amplification reaction. 



[0059]Figures 1 and 2 provide a schematic representation of an overview of
the method; the 5' and 3' end of each nucleic acid molecule depicted is
indicated. Figure 1 represents a reverse transcription reaction and Figure
2 represents an amplification reaction.  WO 2011/159256PCT/SG2011/000210
[0060]In the reverse transcription stage (Figure 1) of the method, the
initial reaction mixture 100 contains the target RNA 102 that is to be
reverse transcribed, and a reverse transcription (RT) oligonucleotide 104
that acts as a primer for the reverse transcription reaction. RT
oligonucleotide 104 has stem-loop portion 106 and target annealing portion
108. Under the conditions used in the reverse transcription reaction, for
example a reaction temperature of about 37C, the stem-loop portion 106 is
in an annealed conformation having a stem-loop structure, as depicted in
Figure 1. The stem-loop portion 106 contains one or more nucleotides 110
modified or modifiable to block DNA polymerase extension. [0061]In the
reverse transcription reaction Al, the target annealing portion 108 anneals
to a downstream portion 112 of target RNA 102 and is then extended by a
reverse transcriptase enzyme to produce a reverse transcription product 114
that comprises RT oligonucleotide 104 and a 3' extended region 116.
[0062]In the amplification stage (Figure 2) of the method, the initial
reaction mixture 200 contains the reverse transcription product 114, a
first amplification primer 202 and a second amplification primer 204. In
addition, the initial reaction mixture 200 may also contain some RT
oligonucleotide 104 carried over from the reverse transcription reaction,
which may thus also act as a primer. Under the conditions used in the
amplification reaction, for example a reaction temperature of about 50C or
higher, the stem-loop portion 106 is in a melted conformation that does not
have a stem-loop structure, as depicted in Figure 2. [0063]In the first
round of amplification Bl, the reverse transcription product 



114 acts as a template and the first amplification primer 202 binds to a
downstream portion 206 of reverse transcription product 114. A DNA
polymerase enzyme extends first amplification primer 202 until nucleotide
110 is reached, blocking further extension, thus producing a complementary
DNA strand 208 that is complementary to the reverse transcription product
and that has a 3' end in the vicinity of the complementary position to
nucleotide 110. Complementary DNA strand 208 has an interface portion 210
that comprises a region that is complementary to interface in reverse
transcription product 114 formed by the interface between the 3' end of RT
oligonucleotide 104 and the 5' end of 3' extended region 116. [0064]In the
second round of amplification B2, second amplification primer 204 anneals
to complementary DNA strand 208 at interface portion 210, and complementary
DNA strand 208 acts as a template for DNA polymerase extension to produce
DNA strand 212. Since second amplification primer 204 is thus nested in
from the end of complementary strand 208, DNA strand 212 has a portion of
the sequence of reverse transcription product 114, but is shorter than
reverse transcription product 114. [0065]In subsequent rounds of
amplification B3, first amplification primer 202 and second amplification
primer 204 will anneal to available DNA template strands. When first
amplification primer 202 anneals to DNA strand 212, the complementary DNA
strand 208' that is formed is shorter than complementary DNA strand 208.
DNA strand 212 and complementary DNA strand 208' thus form amplification
product 214. Although some longer DNA strands such as reverse transcription
product 114 and complementary DNA strand 208 will be present to serve as
template, as the amplification reaction progresses through multiple rounds,
more amplification product 214 is produced, due to the inclusion of
nucleotide 110 and due to the nesting of second amplification primer 204.
[0066]A further schematic depiction of the method is provided in Figure 3.
Figure 4 depicts the effect of the modified nucleotide to block DNA
polymerase on the specificity of the amplification reaction. [0067]In a
number of previous reports (Chen et al., 2005; Raymond et al., 2005; Shi &
Chiang, 2005; Duncan et al., 2006; Varkonyi-Gasic et al., 2007;
Sharbati-Tehrani et al., 2008; Yang et al., 2009), reverse amplification
primers were designed to anneal directly to sequences in the RT
oligonucleotide. To achieve specificity in such methods, a unique
miRNA-specific fluorescent probe is required to discriminate the targets
from nonspecific amplicons (Chen et al., 2005). In the case of some
TaqMan-based assays, this specificity was compromised for the convenience
of throughput by using one common probe for detection. In contrast, in the
method as described herein, increased  



specificity can be achieved by designing a hemi-nested reverse PCR primer
that is designed to anneal to part of the reverse transcription
oligonucleotide primer and part of the 3' extended region the product of
reverse transcription. [0068]In contrast to quantitative real-time PCR
methods, the method described herein does not require the use of a
fluorescent probe, as the hemi-nested reverse amplification primer enhances
the assay specificity, and may allow quantification of as little as
subzeptomole amounts of miRNA using a fluorescent intercalating dye such as
SYBR Green I under rapid thermo-cycling conditions. [0069]Thus, in one
aspect there is provided a method for detecting target RNA in a sample.
[0070]The method comprises a reverse transcription reaction. A reverse
transcription reaction is performed on a sample that contains the target
RNA, using an RT oligonucleotide as a primer for the reaction. [0071]As
will be appreciated, the RT oligonucleotide thus acts as primer for a
reverse transcriptase enzyme that uses the target RNA as a template and
extends the RT oligonucleotide to form a reverse transcription product that
comprises the RT oligonucleotide at the 5' end and an extended region at
the 3' end of the reverse transcripton product. [0072]The RT
oligonucleotide comprises a stem-loop portion and a target annealing
portion located 3' to the stem-loop portion. 



[0073]Thus, the RT oligonucleotide used in the reverse transcription
reaction is a DNA oligonucleotide that is designed to have a 5' portion
that contains a stem-loop structure. As will be understood, the stem-loop
structure is a self-annealing structure that has complementary base
sequences that pair together to form a short duplex DNA stem. The loop is
formed by nucleotides that intervene between the two complementary regions
that form the stem and forms a single stranded section at one end of the
stem, connecting the two portions that form the double stranded stem.  WO
2011/159256PCT/SG2011/000210 [0074]The stem-loop portion is designed to
adopt the stem-loop structure under conditions used for the reverse
transcription reaction, meaning under the conditions including the buffer,
salt and temperature conditions and any other parameter that would affect
DNA secondary structure, which are chosen to permit the reverse
transcriptase enzyme used in the reaction conduct the reverse
transcription. The stem-loop portion is also designed to melt, or to not
adopt the stem-loop structure under the conditions used for the
amplification reaction as discussed below. Thus, the sequence of the stem
portion may be selected to anneal at the temperature used for reverse
transcription, including taking into consideration the relevant buffer
conditions, but not to anneal at the temperature used for amplification
reaction, again including taking into consideration the relevant buffer
conditions. For example, the stem-loop portion may adopt the stem-loop
structure at 37C or lower, but may not anneal to form the stem-loop
structure at about 50C or higher. [0075]The stem-loop portion of the RT
oligonucleotide includes a DNA polymerase blocking position. The DNA
polymerase blocking position is a position in the stem-loop region that,
when linearised and not adopting the stem-loop structure, acts as a block
for an elongating DNA polymerase that is extended an amplification primer
in the amplification reaction, using the reverse transcription product as a
template. [0076]The DNA blocking position may be positioned anywhere within
the stem- loop portion of the RT oligonucleotide. In one embodiment, the
DNA blocking position is positioned within the loop of the stem-loop
portion. [0077]The DNA blocking position can be any modification to the
stem-loop 



region that blocks primer extension by the elongating DNA polymerase. For
example, the DNA blocking position may be a modified nucleotide that cannot
be read by the DNA polymerase, for example using a derivative of a DNA
nucleotide or a modified DNA nucleotide having an attached chemical group.
[0078]The modification may be an altered structure of the nucleic base of
the modified nucleotide; that is it may be an analog of A, G, C or T which
DNA polymerase cannot use as a template or extend past. WO
2011/159256PCT/SG2011/000210 [0079]The modification may be a group that is
a substituent on a nucleotide at the DNA blocking position, including a
non-nucleotide group, and may be a pendant group or may be attached to two
nucleotides so that the group forms part of the oligonucleotide backbone.
For example, the DNA blocking position may be in the loop region and may
include an aliphatic carbon chain connecting two nucleotides, for example a
C6 aliphatic chain. Thus, the modification may include incorporation of a
non-nucleotide group, including incorporation into the backbone, in order
to block extension by DNA polymerase. [0080]In some embodiments, the DNA
blocking position may be already modified so as to block DNA polymerase
when the RT oligonucleotide is added to the transcription reaction. For
example, modified nucleotide 2-amino-5-(2'-deoxy-b-Dribofuranosyl)
pyridine-5'-triphosphate (d*CTP) or 5-(2'-deoxy-b-D-ribofuranosyl)-3-
methy1-2-pyridone-5'-triphosphate (d*TTP) may be used. Both modified
nucleotides have been demonstrated to exhibit strong inhibition in PCR
catalysed by Taq polymerase (Guo et al., 1998). [0081]In other embodiments,
the DNA blocking position may be a nucleotide or group that is modifiable
upon treatment to block DNA polymerase. That is, when added to the RT
reaction, the modifiable nucleotide or group is further treated in order
form a modified nucleotide at the DNA blocking position. [0082]For example,
in one embodiment the modifiable nucleotide is a dU 



nucleotide, which is treated with uracil-DNA glycosylase (UDG). In another
embodiment, the modifiable nucleotide may be a ribonucleotide, which is
treated with RNase. In both cases, the modification treatment results in a
modified nucleotide, including cleavage of the RT oligonucleotide,
effectively preventing extension by DNA polymerase. [0083]The modification
of the modifiable oligonucleotide is performed prior to the amplification
reaction, and may be performed after the RT reaction. [0084]The stem loop
portion may be of any suitable length to provide the stem-  loop structure
during reverse transcription and to melt during the amplification reaction.
For example, the entire stem loop structure may be from 12 to 24
nucleotides in length. In some embodiments the stem portion of the
stem-loop may be4 or 6 nucleotides in length. In some embodiments, the loop
portion of the stem-loop may be from 4 to 12 nucleotides in length. Design
of oligonucleotides that form a stem loop structure is known, and computer
programs that will calculate annealing temperature for a given sequence or
that will design a stem-loop structure for certain annealing conditions are
available, for example MFOLD software. As indicated above, the sequence of
the stem portion may be designed to anneal at the temperature used for the
reverse transcription reaction but to melt at a temperature used for the
amplification reaction. [0085]As indicated above, the RT oligonucleotide
includes a target annealing portion. The target annealing portion is
located 3' to the stem-loop portion and is designed to be complementary to
a downstream portion of the target RNA. In some embodiments the target
annealing portion of the RT oligonucleotide is 5 to 15 nucleotides in
length. [0086]Thus, following the reverse transcription reaction, the
reverse transcription product is produced, the reverse transcription
product comprising the RT oligonucleotide at the 5' end of the RT product,
and an extended region 3' to the RT oligonucleotide that is complementary
to a downstream portion of the target RNA, downstream of (or located 3' to)
the region to which the target annealing portion of the RT oligonucleotide
is complementary. 



[0087]An amplification reaction is performed on the reverse transcribed
sample. [0088]The PCR methods used may include real-time PCR methods, as
are known in the art. Such methods involve the use of a fluorescent probe
to detect the amplification product as it is produced. [0089]As will be
appreciated, the amplification reaction is conducted using a pair of
amplification primers, a forward primer and reverse primer. [0090]The first
amplification primer (i.e. forward primer) is designed to anneal  to a
downstream portion of the 3' extended region of the RT product. The primer
may be any suitable length to anneal to the desired portion of the 3'
extended region of the RT product. The length of the primer may be partly
determined by the annealing temperature and conditions chosen. The design
of amplification primers for annealing to a desired sequence within a
template nucleic acid is known. In some embodiments the first amplification
primer is from 12 to 27 nucleotides in length. [0091]The second
amplification primer (i.e. reverse primer) is designed to anneal to an
interface portion of a DNA strand complementary to the RT product. The
interface portion of the complementary DNA strand includes a region that is
complementary to point where the RT product transitions from the RT
oligonucleotide into the 3' extended portion. Thus, the interface portion
comprises a region that is complementary to a 3' portion of the RT
oligonucleotide and a 5' portion of the 3' extended region in the RT
product. In some embodiments, the second amplification primer is designed
to anneal to a sequence complementary to 13 to 24 nucleotides of the
stem-loop portion of the RT oligonucleotide, 5 to 15 nucleotides of the
target annealing portion of the RT oligonucleotide and 1 to 5 nucleotides
at the 5' end of the 3' extended region of the reverse transcription
product. In some embodiments, the second amplification primer is from 13 to
24 nucleotides in length. [0092]In some embodiments, including where the
RNA is an miRNA, the 



distance in the sequence of the amplification product between the position
of the 3' end of the first amplification primer when annealed to the
reverse transcription product and the position of the 3' end of the second
amplification primer when annealed to the DNA strand is from -4 to 5
nucleotides, meaning there may be an overlap of from 1 to 4 nucleotides
between where the 3' end of the first amplification primer anneals to the
RT product and where the 3' end of the second amplification primer anneals
to the DNA strand that is complementary to the RT product, or there may be
a gap of from 1 to 5 nucleotides, or there may be an alignment between the
3' ends of the amplification primers when annealed on the respective
template nucleic acids. [0093]Either or both of the amplification primers
may have a nucleotide that  displays thermal stability when hybridized to
DNA as the 3' terminal nucleotide. Inclusion of such a thermal stable
nucleotide allows for use of an increased melting temperature, resulting in
preferential annealing of the amplification primer to the DNA as compared
to DNA that does not include such a nucleotide. For example, the nucleotide
that displays thermal stability when hybridized to DNA may be locked in an
N-type furanose conformation. [0094]The amplification reaction is performed
and yields an amplification product. [0095]Once the amplification has been
produced, it is then detected. [0096]Detecting the amplification product
may involve any method of detecting, including for example hybridizing the
amplification product with a microarray having immobilized complementary
sequences, size separating using techniques such as gel electrophoresis or
using real-time PCR methods to detect the amplification product as it is
being produced. [0097]Detecting may comprise detecting the amplification
product with a 



fluorescent intercalating dye. For example, the fluorescent intercalating
dye may be SYBR Green or Eva Green. [0098]In one embodiment exemplary of
the method, there is provided a method for detecting a target miRNA
molecule in a sample, the method comprising: reverse transcribing a sample
containing the target miRNA using an RT oligonucleotide, the RT
oligonucleotide comprising a stem-loop portion containing a dU nucleotide
and a target annealing portion that is complementary to a downstream
portion of the target miRNA, the target annealing portion located 3' to the
stem-loop portion, to produce a reverse transcription product that
comprises the RT oligonucleotide and a 3' extended region; modifying the dU
nucleotide by treatment with uracil-DNA glycosylase; amplifying the sample
containing the reverse transcription product using (i) a first
amplification primer that anneals to a downstream portion of the 3'
extended region of the reverse transcription product and (ii) a second
amplification primer that anneals to an interface  portion of a DNA strand
complementary to the reverse transcription product, the interface portion
comprising a region that is complementary to a 3' portion of the RT
oligonucleotide and a 5' portion of the 3' extended region in the reverse
transcription product, to produce an amplification product; and detecting
the amplification product; wherein the stem-loop portion adopts a stem-loop
structure under conditions used for the reverse transcribing but does not
adopt the stem-loop structure under conditions used for the amplifying.
[0099]The present methods are further exemplified by way of the following
non- limiting example. EXAMPLES [00100]EXAMPLE 1 [00101]High Performance
Quantification Of Mature MicroRNAs By Real- Time RT-PCR Using
Deoxyuridine-Incorporated Oligonucleotides And HemiNested Primers 



[00102]Materials and Methods [00103]Mature and precursor miRNA templates
and sequence analysis. Mature miRNAs were synthesized by Proligo (Sigma, St
Louis, MO, USA) or Integrated DNA Technologies (Coralville, IA, USA). T7
promoter sequenced tagged PCR primers were used to clone precursor. miRNAs
(Table 2). The purified PCR products were validated by sequencing and
subjected to MEGAscript T7 Transcription kit (Ambion, Austin, TX, USA) for
in vitro transcription of precursor miRNAs according to manufacturer's
instructions. Both mature and precursor miRNAs were quantified by
spectrophotometry and diluted to desired concentration to serve as
standards. Sequence alignment and phylogenetic analysis of miRNA homologs
were performed using Vector NTI software version 8.0 (Invitrogen, Carlsbad,
CA, USA). [00104]Cell culture and total RNA isolation. Human glioblastoma
cell lines A172 and U251 were cultured in DMEM supplemented with 10% fetal
bovine serum  (FBS, Sigma) and antibiotics (100 U/ml penicillin and 100
pg/rnl streptomycin) in a 5% CO2 humidified incubator at 37C. U251 cells
were seeded at 200,000 cells per well in 6- well plate for 24 h and
incubated with FBS-free DMEM medium for 12-16 h. The cells were then
stimulated with 100 ng/ml of GDNF for defined periods of time in DMEM. For
MEK inhibitor studies, the cells were pre-incubated with 5 pM U0126
(Promega, Madison, WI, USA) for 45 min in DMEM prior to GDNF stimulations.
Total RNA from untreated or GDNF treated glioblastoma cells was isolated
using TRIzol reagent (Invitrogen) in the presence of 20 jig/ml linear
acrylamide (Ambion) according to the manufacturer's instructions. The
extracted RNA samples were then quantified using spectrophotometry and the
integrity examined by denaturing RNA gel electrophoresis. [00105]Reverse
transcription (RT). Total RNA samples were treated with RNase-free DNase I
(Promega) at 37C for 30 mm. The DNase was inactivated at 80 C for 5 min.
For RT of primary and precursor miRNAs, 100 ng of DNase I treated total RNA
or dilutions of in vitro transcribed precursor miRNA standards were
initially heated at 80C in the presence of 150 nM of gene specific reverse
primers for 5 mm, snapped chilled on ice and reverse transcribed [lx
buffer, dNTPs (10 mM), dithiothreitol (DTT), RNase inhibitor, Thermoscript
(15 U)] as specified by the manufacturer (Invitrogen). The reverse
transcription was carried out at 60C for 45 mm and terminated by a further
incubation at 85C for 5 min. For the detection of precursors, both RT and
real-time PCR were carried out with pre-validated gene-specific primers as
reported previously (Jiang et al., 2005). [00106]For RT of mature miRNAs,
100 ng of DNase I treated total RNA or dilutions of synthetic human mature
miRNA standards were reverse transcribed using 100 U of Improm II (Promega)
and 100 nM of either stem-loop or linear RT oligonucleotide in a total
volume of 10 p.1 for 30 min at 42C. The reaction was terminated by heating
at 70C for 5 min. For multiplex RT of 24 mature miRNAs, 100 ng of DNase I
treated total RNA samples were reverse transcribed using 400 U of Improm II
and 100 nM of each RT oligonucleotide (2.4 pM of total) in a total volume
of 40 pl for 



30 min at 42C. The cDNA samples were then used for real-time PCR using
miRNAspecific primers. Primers for both RT and real-time PCR were listed in
Table 3. Linear  RT oligonucleotides were listed in Table 4.
[00107]Uracil-DNA Glycosylase (UDG) treatment. RT oligonucleotides with
deoxyuridine (dU) incorporation were synthesized by Integrated DNA
Technologies. Reverse transcription was performed as described above. The
cDNA samples were then treated with 5 U UDG (New England Biolabs, Beverley,
MA, USA) at 37C for 10 min. The reaction was inactivated at 95C for 10 mm
and subjected to real-time PCR. [00108]Detection of miRNA without RNA
isolation. U251 cells in 96-well plate at various cell densities (10 to 105
cells per well) were washed once with PBS, lysed and reverse transcribed
directly in the wells with 40 IA of RT mixture containing 0.5% Triton X-100
(Thermo Fisher Scientific, MA, USA), 400 U Improm II (Promega) and 100 nM
of each RT oligonucleotide (2.41aM of total) in the presence or absence of
RNase inhibitor SUPERase-In (1 U/gl, Ambion) for 30 min at 42C. For
comparison, total RNA from the identical densities of cells were isolated
and reverse transcribed in the same RT mixture. The cDNA samples were then
used for real-time PCR. [00109]Real-time PCR. Real-time PCR was performed
on the CFX96 system (Bio-Rad, Hercules, CA, USA) using SYBR Green I.
Real-time PCR for precursor miRNA and U6 snRNA was performed according to
previous reports (Schmittgen et al., 2004; Jiang et al., 2005). Fast
thermo-cycling of miRNA cDNAs was performed after 10 min initial
denaturation at 95C followed by 50 cycles of 5 s denaturation at 95C and 5
s annealing/extension at 60C. One pl of each cDNA sample was subjected to
realtime PCR in a total volume of 25 ill in 1X XtensaMix-SGTm (BioWORKS,
Singapore), containing 2.5 mM MgCl2, 100 nM of each primer and 1.25 U
KlearTaq DNA polymerase (KBiosciences, Hoddesdon, UK). The threshold cycles
(Ct) were calculated automatically using the CFX manager software
(Bio-Rad). Where applicable, all miRNA expression levels were normalized to
U6 snRNA expression. [00110]Calculation of real-time RT-PCR assay
efficiency and specificity. Efficiency and specificity of real-time RT-PCR
were determined as previously described (Too, 2003). Briefly, 10-fold
dilutions of miRNA were subjected to real-time RT-PCR. Standard curve of
the miRNA were obtained by plotting Ct vs Log (copies) of synthetic 



WO 2011/159256PCT/SG2011/000210 miRNA dilutions. Assay efficiency was
calculated by (l01) x 100%, where S was the slope of the standard curve.
For calculation of specificity, identical amounts (109 copies per RT) of
perfectly matched miRNA and mis-matched miRNAs were quantified by real-time
RT-PCR. ACt was then calculated as Ctperfectly matched =RNA Ctrms-matched
miRNA. Relative detection of mis-matched miRNAs was then calculated by
10Ac115 x 100%. [00111]Results [00112]Overview of hemi-nested real-time
RT-PCR assay. In the present study, we have designed a simple method for
specific detection of mature miRNAs by heminested real-time RT-PCR (Figure
5). Initially, we noticed that in a number of previous reports (Chen et
al., 2005; Raymond et al., 2005; Shi & Chiang, 2005; Duncan et al., 2006;
Varkonyi-Gasic et al., 2007; Sharbati-Tehrani et al., 2008; Yang et al.,
2009), the reverse PCR primers were designed to anneal directly to
sequences in the RT oligonucleotide. To achieve specificity, a unique
miRNA-specific fluorescent probe is required to discriminate the targets
from nonspecific amplicons (Chen et al., 2005). In the case of some
TaqMan-based assays, this specificity was compromised for the convenience
of throughput by using one common probe for detection. We hypothesized that
increased specificity can be achieved by designing a hemi-nested reverse
PCR primer instead of using a common or universal reverse PCR primer.
Figure 6 demonstrates the design of the forward and reverse primers in this
method with different distances between the 3' ends of each primer on the
double-stranded template. Figure 7 shows that a smaller loop of 4
nucleotides is as effective as a larger loop of 12 nucleotides. [00113]To
test this hypothesis, mature miRNA was first reverse transcribed at 42C by
RT oligonucleotide which adopted a stable stem-loop secondary structure
during RT. The cDNA sample was then amplified using a tagged forward primer
(Pt) and a hemi-nested reverse primer (Pr), where 3-5 nucleotides extend
beyond the RT oligonucleotide. Amplification of the cDNA sample was
monitored in real-time PCR using SYBR Green I. RT oligonucleotide can be
incorporated with deoxyuridine (dU) residues and the cDNA generated was
subsequently treated with Uracil-DNA Glycosylase (UDG) at 37C before
amplification. To assist in the user defined designs of  



any real-time RT-PCR assays, a flow chart was presented in using hsa-miR-21
(hereafter miR-21) as an example (Figure 8). [00114]Performance of the
hemi-nested real-time RT-PCR assay. The performance of the hemi-nested
real-time PCR assay was first evaluated using miR-21 cDNA dilutions under
both fast (10 s per cycle) and standard (75 s per cycle with 15 s
denaturation and 60 s annealing/extension) thermo-cycling profiles. The
assay exhibited excellent dynamic range and linearity under both cycling
profiles (Figure 9A,B), demonstrating the robustness of this assay for
rapid detection of miRNAs. To evaluate the performance of both RT and PCR,
synthetic miR-21 was diluted over 7 orders of magnitude (109 to 100 copies
per RT) and quantified by hemi-nested realtime RT-PCR. Excellent linearity
of the standard curve suggested that the miR-21 assay had a wide dynamic
range of at least 7 logs and was able to detect as few as 100 copies
(subzeptomoles) per RT reaction (Figure 9C,D). [00115]We next examined the
performance of this assay in detecting miRNA from total RNA samples. Total
RNA dilutions from 100 ng to 1 pg (Figure 9E,F) and total RNA isolated from
100,000 to 10 cells (Figure 9G,H) were quantified using miR21 heminested
real-time RT-PCR assay. The standard curves again showed excellent
linearity (Figure 9F,H), suggesting that this assay was capable of reliably
detecting miRNAs from a minute amount (1 pg) of total RNA or from as few.
as 10 cells. The capability of this assay in quantifying mature miRNA from
total RNA without RNA fractionation was further supported by total RNA
spike-in experiments. Here, 100 ng of total RNA from U251 cells, which did
not contain let-7d and let-7e (data not shown), was spiked with varying
amounts of synthetic let-7d or let-7e miRNAs. The presence of total RNA did
not affect the quantification of mature let- 7d/let-7e miRNAs (Figure 10).
[00116]Hemi-nested real-time RT-PCR assays for three other miRNAs (miR-24,
rniR-92 and miR-218) were also evaluated (Figure 12). All the three assays
showed excellent dynamic range (at least 7 logs), sensitivity (103-104
copies per RT) and RT-PCR efficiency (88%-100%). Furthermore, these assays
showed specific amplifications of target miRNAs from both synthetic
standards and total RNA samples. The sizes of the  amplicons were verified
by gel electrophoresis (Figure 14). [00117]Specific detection of mature
against precursor miRNAs. The capability of the hemi-nested real-time
RT-PCR assay in discriminating mature against precursor miRNAs were
investigated using 9 mature miRNAs and their corresponding precursors
(miR-21, miR-7-1, miR-7-2, miR-218-1, miR-218-2, let-7f-1, let-7f-2,
let-7g, let-7i). For comparison, we have also evaluated linear RT
oligonucleotides that do not form favorable secondary stem-loop structures
during RT (AG? -0.5 kcal/mol). For better comparison, these stem-loop RT
oligonucleotides and their corresponding linear RT oligonucleotides were
designed to 1) differ by only 4-5 bases at the 5' end; 2) have identical GC
content and similar Tm (< 1C difference) and 3) have identical 3' sequence
so that same primers can be used in PCR. 



[00118]The same amount (109 copies per RT) of mature miRNAs and pre- miRNAs
were individually quantified using either stem-loop or linear RT and
heminested real-time PCR. Depending on the 9 pre-miRNAs examined, mature
miRNAs were detected 3-14 cycles (average ACt of 8.7 cycles) earlier than
pre-miRNAs using stem-loop RT oligonucleotides. In contrast, the assays
using linear RT oligonucleotides were less discriminative (average ACt of
4.8 cycles) and failed in discriminating some mature miRNAs from their
precursors such as pre-miR-21, pre-let-7f-1 and pre-let-7i (Table 1).
[00119]Discrimination of human let-7 miRNA homologs. Several miRNA families
(eg. hsa-let-7, hsa-miR-30) consist of highly homologous miRNAs which
differ by only a single or a few nucleotides. The eight let-7 family miRNAs
share up to 63.6% overall sequence identity, among which let-7a and let-7c,
let-7a and let-7f, let-7b and let-7f differ only by a single nucleotide
(Figure 11A). In this study, hemi-nested real-time RT-PCR assays for each
let-7 miRNA were designed. [00120]Each assay was used to amplify all eight
synthetic let-7 miRNAs and the relative detection was compared. Briefly,
specific reverse transcription of each let-7 miRNA (109copies per RT) was
first achieved using stem-loop RT oligonucleotide targeting the less
homologous 3' region. Discrimination of let-7 miRNAs was further improved
by a miRNA-specific forward PCR primer and a hemi-nested reverse primer
preferably with miRNA-specific 3'-terminal sequence. All of the eight let-7
assays showed excellent discrimination against homologous miRNAs with less
than 1% nonspecific detection, except for let-7a assay with 1.778% relative
detection against let-7c (Figure 11B). For let-7 miRNAs that differ by 2
nucleotides or more, these assays were able to specifically detect the
target miRNA with less than 0.3% cross-target amplification. This result
suggests that the hemi-nested real-time RT-PCR assay was capable of
discriminating highly homologous miRNAs at levels comparable to fluorescent
probe-based real-time RT-PCR assays (Chen et al., 2005), with inexpensive
SYBR Green I detection chemistry. [00121]Improved assay performance by
dU-incorporated RT oligonucleotide and UDG treatment Discrimination between
certain highly homologous miRNAs can be further improved using a novel
strategy involving uracil-DNA glycosylase (UDG) treatment. In this study,
we observed that the amount of RT oligonucleotides carried-over was able to
serve as amplification primers during PCR, although with poorer efficiency
(Figure 16). Interestingly, after treatment with UDG, dU-incorporated RT
(dU-RT) oligonucleotide but not standard RT (dT-RT) oligonucleotide was not
able to serve as reverse PCR primer (Figure 16B,C). We then hypothesized
that discrimination between let-7 miRNA homologs may be further improved
with similar strategy. Indeed, while standard (dT) RT oligonucleotide for
let-7a showed relative detection of 0.03% against let-7f miRNA, let-7a RT
oligonucleotides with dU incorporation at either loop (dUl) or stem (dU2)
region were significantly less capable of cross-amplifying let-7f after
treatment with UpG (Figure 13). Both the let-7a dT and dU RT
oligonucleotides were able to prime reverse transcription of let-7a equally
well (data not shown). [00122]Application of multiplexed assays to identify
GDNF-induced miRNA 



expressions in U251 cells. To evaluate the robustness of this miRNA
detection method, hemi-nested realtime RT-PCR assays were designed and
applied to identify GDNFregulated miRNAs in U251 cells. A total of 26 miRNA
were examined including 18 miRNAs (miR-7, -10b, -15b, -21, -124, -128,
-137, -139, -146b, -181a, -181b, -181c, - 218, -221, -222, -425, -451,
-486) reported to be dysregulated in human glioblastoma (Pang et al., 2009)
and the 8 let-7 family miRNAs. Twenty miRNAs (except for miR-  137, -146b,
-181c, -451, let-7d and let-7e) were found to be expressed in U251 cells
(data not shown). Stimulation of the cells with GDNF induced time-dependent
activation of ERK1/2 MAPK, which was inhibited by pretreatment of MEK
inhibitor U0126 (Figure 18). We then quantified the temporal regulation of
expressions of these 20 miRNAs in U251 cells by GDNF. Interestingly, GDNF
stimulation induced timedependent up-regulation of miR-7, -21, -218 (Figure
15A) and let-7f, -7g, -7i (Figure 15B). No significant regulation of the
other miRNAs was observed. [00123]We then developed a multiplexed assay for
simultaneous reverse transcription of the 26 miRNAs (corresponding to 24 RT
oligonucleotides) and subsequent detection of individual miRNA by
hemi-nested real-time PCR. Using this 24- plex assay, we found that
up-regulation of the 6 miRNAs by GDNF was effectively inhibited by
pretreatment of the cells with U0126, suggesting that MEK-ERK1/2 signaling
pathway was required for GDNF-induced miRNA expressions (Figure 17).
Similar result was obtained by standard single-plex assay using miR-218 and
let-7i as examples (Figure 20). [00124]Direct and multiplex detection of
miRNAs in cell lysates. Direct detection of miRNA from cell lysates can
avoid the time-consuming multistep RNA isolation process and dramatically
increase the throughput of the assay. We then further investigated the
capability of the hemi-nested real-time RT-PCR assay in direct and
multiplex quantification of miRNAs from 10 to 100,000 cultured U251 cells
in 96-wells. Isolated total RNA from these cells were used as controls for
quantification. Similar to Figure 911, excellent linearity of the miR-21
and miR-222 standard curves of isolated RNA controls suggested that miRNAs
can be reliably quantified from total RNA extracted from as few as 10 cells
(Figure 19). Importantly, both miR-21 and miR-222 can be detected equally
well from lysates of 10-1000 cells using this multiplex assay, as compared
to isolated RNA controls. However, it is worthy to note that direct
quantification of miRNAs was compromised with lysates from near confluent
(104 cells/ well) or over confluent cell densities (105 cells/ well).
Interestingly, no significant difference was observed in detection of
miRNAs from cell lysates with or without RNase inhibitors, suggestive of
remarkable stability of mature miRNAs.  WO 2011/159256PCT/SG2011/000210
[00125]Discussion [00126]It is now known that miRNAs play important roles
in modulating gene 



expression and it has been suggested that up to 60% of human genes are
targeted by miRNAs (Friedman et al., 2009). With the increase interest in
the expression profiles of miRNAs, rapid, robust and cost-effective methods
for the detection of mature miRNAs are highly desirable. The hemi-nested
real-time RT-PCR assays described herein were simple to design and showed
excellent performance and provided the flexibility for the design of any
miRNAs that may be identified in the future. [00127]With synthetic miRNA
targets, the hemi-nested real-time RT-PCR assay showed wide dynamic range
of at least 7 logs, high sensitivity of as few as 100 molecules per RI
(subzeptomoles) and high RT-PCR efficiency of greater than 90%. Besides
relative quantification of miRNA expression, the synthetic miRNA standards
could also allow absolute quantification of miRNA expression from total RNA
samples. In contrast to previously reported miRNA real-time PCR assays
which were performed under standard thermo-cycling profile of 45 to 75 s
per cycle (Chen et al., 2005; Raymond et al., 2005; Shi & Chiang, 2005;
Sharbati-Tehrani et al., 2008; Yang et al., 2009), our assay was capable of
fast thermo-cycling (10 s per cycle) without modification of reaction
mixtures. The fast-cycling capability of this assay may in part be
attributed to the short amplicon (<50 bp) generated by hemi-nested primers
and rapid fluorescence acquisition of SYBR Green I without the necessity of
probe hydrolysis. [00128]Specific and sensitive quantification of mature
miRNA from total RNA samples usually requires size-fractionation and
pre-amplification, respectively. It has been reported that besides
additional sample handling steps, size-fractionation can result in
consistent loss of miRNAs (Wang et al., 2007) and pre-amplification
efficiency is significantly affected by number of A bases in miRNAs
(Mestdagh et al., 2008). With our miRNA quantitative assay, small amounts
of total RNA (1 pg to 100 ng) and total RNA isolated from as few as 10
cells can be efficiently detected without the need for fractionation or
pre-amplification. Previously, Megaplex miRNA assays for simultaneous
reverse transcription of 220 to 450 miRNAs has been applied to quantify
miRNA  expression from minute amount of total RNA or single cell (Tang et
al., 2006; Mestdagh et al., 2008). Because much lower concentration of RT
oligonucleotide was used for each miRNA, pre-amplification was required
prior to real-time PCR especially when starting total RNA is less than 350
ng. In this study, we have shown that multiplex of 24 miRNAs resulted in
conclusions comparable to single-plexed assays without reduction of RT
oligonucleotide concentration or the necessity of pre-amplification.
Therefore, we suggest that multiplex of relatively small number of miRNAs
with this method could reduce sample and reagent requirement and yet allow
reliable quantification of miRNAs. These multiplexed assays can further be
used for direct quantification of miRNAs from cultured cells in 96-wells.
Therefore, the method reported herein is capable of reliable, rapid and
high throughput quantitative profiling of miRNA expressions not only from
minute amounts of isolated RNAs but also directly from lysed cells without
the need for laborious, time consuming methods of RNA isolation. [00129]In
this study, specific detection of mature miRNAs from precursors is achieved
by RT oligonucleotides with stem-loop secondary structure. Although the
expression levels of precursor miRNAs often correlate with mature miRNAs
(Calin et al., 2004; Schmittgen et al., 2004), it is not uncommon that
maturation of miRNA can be regulated whereby precursor miRNAs were
expressed but their mature forms were undetectable (Ambros et al., 2003;
Michael et al., 2003; Wulczyn et al., 2007; Schmittgen et al., 2008). In
order to discriminate between the regulations of miitNA processing and
maturation, specific assays for both mature and precursor miRNAs are highly
desirable. We found that stem-loop but not linear RT oligonucleotides
preferentially reverse transcribed mature but not precursor miRNAs. The
stem-loop strategy has been previously applied successfully for specific
reverse transcription of sense strand of replicating retrovirus (Anwar et
al., 2006). It has been suggested that linear RT oligonucleotides should
contain at least 7 nucleotides of miRNA-specific sequence for efficient
reverse transcription of mature miRNAs (Raymond et al., 2005). The poor
discrimination of mature against pre-miRNAs by linear RT oligonucleotides
(with 6 miRNA-specific nucleotides) used in this study, is likely to be due
to the inefficient reverse transcription of mature miRNAs, consistent with
the previous finding (Chen et 



al., 2005). These results suggested that the stem-loop secondary structure
may stabilize  the short base-pairing between RT oligonucleotide and the
mature miRNA during reverse transcription. [00130]MiRNAs are grouped into
families (eg. let-7 family) based on identical seed sequence that spans 2-7
nucleotides at 5' of miRNAs, which is a critical determinant of target
recognition (Lewis et al., 2005). Although miRNAs of the same family are
likely to share some common targets and functions, specific members of the
family may be involved in certain physiological processes and disease
states. For instance, let-7b was found to be specifically up-regulated with
age and responsible for the declined stem cell self-renewal (Nishino et
al., 2008). Low expression of let-7d was suggested as prognostic marker for
head and neck squamous cell carcinoma (Childs et al., 2009), and let-7i was
identified as a novel biomarker for human epithelial ovarian cancer (Yang
et al., 2008). As such, specific and quantitative detection of these miRNAs
is required for the development of biomarkers and for studies on the
biogenesis of miRNAs. Previously, discrimination of let-7 homologs was
achieved with TaqMan real-time RT-PCR assays, whereby after miRNA-specific
RT, a common reverse primer was used for PCR and a miRNA-specific TaqMan
probe was required for discrimination (Chen et al., 2005). Assays with
similar strategy but without the use of fluorescent probes suffered from
significantly poorer discrimination of the let-7 homologs (Raymond et al.,
2005; Shi & Chiang, 2005; Sharbati-Tehrani et al., 2008). We hypothesized
and showed that specificity of the assays can be dramatically enhanced by a
hemi-nested rriiRNA-specific reverse PCR primer and do not require the use
of fluorescent probe. Using this method, all the let-7 miRNAs can be
specifically detected using inexpensive SYBR Green I, with excellent
discrimination, comparable and in some cases, superior to the TaqMan
real-time RTPCR (Chen et al., 2005). [00131]The presence of excess RT
oligonucleotides can serve as reverse primers during PCR, which will
contribute to non-specific amplification. This is problematic especially
when the forward primer in PCR can also hybridize to shared sequences (eg.
cDNA from homologous miRNAs). A common practice to mitigate this problem is
to reduce the carryover of RT oligonucleotides by diluting cDNA samples
after RT. However, this approach will invariably reduce the assay
sensitivity, especially with low  abundance target miRNAs. For low
abundance miRNAs, the assay is further improved by modifying the RT
oligonucleotides with deoxyuridine residues and treating the cDNA with UDG
prior to real-time PCR. UDG was first purified from E.Coli and found able
to cleave uracil from uracil-containing DNA (Lindahl et al., 1977). Release
of uracil residues results in apyrimidinic sites on the DNA, which can
block the replication by DNA polymerase during PCR (Longo et al., 1990). It
is likely that UDG treatment disabled the unused dU RT oligonucleotides
from serving as PCR primers. This is a simple and attractive approach in
situations where maximum specificity is desired or discrimination is
difficult to achieve during RT (eg. let-7a and let-7f share identical 3'
sequences for RT priming). [00132]It is known that miRNAs are
differentially expressed in glioblastoma as 



compared to normal brain and many of these dysregulated miRNAs are involved
in glioblastoma growth, invasion and chemoresistance (Lawler & Chiocca,
2009; Li et al., 2009). Using the hemi-nested real-time RT-PCR assays for
selected miRNAs, GDNF was found to regulate the expressions of miR-7,
miR-21, miR-218, let-7f, let-7g and let-7i through MEK-ERK1/2 MAPK
signaling pathway. The functional significance of these GDNF-induced miRNAs
remains to be investigated. Using the rapid and high throughput method
developed herein, it is now feasible for drug screening by profiling
changes in miRNA expression. [00133]The number of miRNAs in the public
domain currently is more than 17,000 (Kozomara & Griffiths-Jones, 2011) and
expected to increase with both in silico prediction and in vivo validation
such as deep sequencing. With the continuous demand for miRNA expression
analysis, the hemi-nested real-time RT-PCR assay presented in this study
provides a high performance method for the rapid and reliable detection of
functional mature miRNAs. [00134]All publications and patent applications
cited in this specification are herein incorporated by reference as if each
individual publication or patent application were specifically and
individually indicated to be incorporated by reference. The citation of any
publication is for its disclosure prior to the filing date and should not
be construed  as an admission that the present invention is not entitled to
antedate such publication by virtue of prior invention. [00135]As used in
this specification and the appended claims, the singular forms "a", "an"
and "the" include plural reference unless the context clearly dictates
otherwise. As used in this specification and the appended claims, the terms
"comprise", "comprising", "comprises" and other forms of these terms are
intended in the non-limiting inclusive sense, that is, to include
particular recited elements or components without excluding any other
element or component. As used in this specification and the appended
claims, all ranges or lists as given are intended to convey any
intermediate value or range or any sublist contained therein. Unless
defined otherwise all technical and scientific terms used herein have the
same meaning as commonly understood to one of ordinary skill in the art to
which this invention belongs. [00136]Although the foregoing invention has
been described in some detail by way of illustration and example for
purposes of clarity of understanding, it is readily apparent to those of
ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing
from the spirit or scope of the appended claims. 
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1. A method for detecting a target RNA molecule in a sample, the method
comprising: reverse transcribing the target RNA contained in the sample
using an RT oligonucleotide, the RT oligonucleotide comprising a stem-loop
portion containing one or more nucleotides modified or modifiable to block
DNA polymerase extension and a target annealing portion that is
complementary to a downstream portion of the target RNA, the target
annealing portion located 3' to the stem-loop portion, to produce a reverse
transcription product that comprises the RT oligonucleotide and a 3'
extended region; amplifying the reverse transcription product using (i) a
first amplification primer that anneals to a downstream portion of the 3'
extended region of the reverse transcription product and (ii) a second
amplification primer that anneals to an interface portion of a DNA strand
complementary to the reverse transcription product, the interface portion
comprising a region that is complementary to a 3' portion of the RT
oligonucleotide and a 5' portion of the 3' extended region in the reverse
transcription product, to produce an amplification product; and detecting
the amplification product; wherein the stem-loop portion adopts a stem-loop
structure under conditions used for said reverse transcribing but does not
adopt the stem-loop structure under conditions used for said amplifying and
wherein when the stem-loop portion contains one or more nucleotides that
are modifiable to block DNA polymerase extension, the method further
comprises modifying the modifiable nucleotide prior to said amplifying.  2.
The method of claim 1, wherein the one or more nucleotides modified or
modifiable to block DNA polymerase extension is located within the loop of
the stem-loop portion.  WO 2011/159256PCT/SG2011/000210  3. The method of
claim 1 or claim 2, wherein the stem-loop portion contains one or more
nucleotides modified to block DNA polymerase extension. 



4. The method of claim 3, wherein the loop of the stem-loop portion
comprises a nucleotide modified with an aliphatic carbon chain.  5. The
method of claim 1 or claim 2, wherein the stem-loop portion contains one or
more nucleotides modifiable to block DNA polymerase extension and the
method further comprises modifying the modifiable nucleotide prior to said
amplifying.  6. The method of claim 5, wherein the modifiable nucleotide is
dU and said modifying comprises treatment with uracil-DNA glycosylase.  7.
The method of claim 5, wherein the loop of the stem-loop portion comprises
one or more ribonucleotides and said modifying comprises treatment with
RNAse.  8. The method of any one of claims 1 to 6, wherein the target RNA
is an miRNA.  9. A method for detecting a target miRNA molecule in a
sample, the method comprising: reverse transcribing the target miRNA
contained in the sample using an RT oligonucleotide, the RT oligonucleotide
comprising a stem-loop portion containing a dU nucleotide and a target
annealing portion that is complementary to a downstream portion of the
target miRNA, the target annealing portion located 3' to the stem-loop
portion, to produce a reverse transcription product that comprises the RT
oligonucleotide and a 3' extended region; modifying the dU nucleotide by
treatment with uracil-DNA glycosylase; amplifying the reverse transcription
product using (i) a first amplification primer that anneals to a downstream
portion of the 3' extended region of the reverse transcription product and
(ii) a second amplification primer that anneals to an interface portion of
a DNA strand complementary to the reverse transcription product, the
interface portion comprising a region that is complementary to a 3' portion
of the RT oligonucleotide and a 5' portion of the 3' extended region in the
reverse transcription product, to produce an amplification product; and 



detecting the amplification product; wherein the stem-loop portion adopts a
stem-loop structure under conditions used for said reverse transcribing but
does not adopt the stem-loop structure under conditions used for said
amplifying.  10. The method of any one of claims 1 to 9, wherein the second
amplification primer has a nucleotide that displays thermal stability when
hybridized to DNA as the 3' terminal nucleotide.  11. The method of claim
10, wherein the nucleotide that displays thermal stability when hybridized
to DNA is locked in an N-type fiiranose conformation.  12. The method of
any one of claims 1 to 11 wherein the distance in the sequence of the
amplification product between the position of the 3' end of the first
amplification primer when annealed to the reverse transcription product and
the position of the 3' end of the second amplification primer when annealed
to the DNA strand is from -4 to 5 nucleotides.  13. The method of any one
of claims 1 to 12, wherein the target annealing portion of the RT
oligonucleotide is 5 to 15 nucleotides in length.  14. The method of any
one of claims 1 to 13, wherein the stem portion of the stem-loop is
stem-loop is 4 to 6 nucleotides in length and the loop portion of the
stem-loop is 4 to 12 nucleotides in length.  15. The method of any one of
claims 1 to 14, wherein the second amplification primer anneals to a
sequence complementary to 13 to 24 nucleotides of the stem-loop portion of
the RT oligonucleotide, 5 to 15 nucleotides of the target annealing portion
of the RT oligonucleotide and 1 to 5 nucleotides at the 5' end of the 3'
extended region of the reverse transcription product.  WO
2011/159256PCT/SG2011/000210  16. The method of any one of claims 1 to 15,
wherein the first amplification primer is 12 to 27 nucleotides in length. 



17. The method of any one of claims 1 to 16, wherein said detecting
comprises detecting with a fluorescent intercalating dye.  18. The method
of claim 17, wherein the fluorescent intercalating dye is SYBR Green or Eva
Green. 




