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ABSTRACT

Described herein are novel oligonucleotide primers for efficient
reverse transcription of Hepatitis C Virus (HCV) RNA. Also provided are methods

and kits tor detecting HCV nucleic acid sequences in biological samples.
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OLIGONUCLEOTIDE PRIMERS FOR  EFFICIENT REVERSE
TRANSCRIPTION OF HEPATITIS C VIRUS (HCV) RNA AND METHODS
OF USE THEREOF

Field of the Invention

The present invention pertains to improved methods for detecting

nucleic acid sequences 1n biological samples, particularly sequences derived from

infectious microorganisms.

Background of the Invention
Hepatitis C Virus (HCV) 1s a parenterally transmitted virus

responsible for the majonity of cases of post-transfusion hepatitis and a substantial
portion of sporadic (or community acquired) hepatitis cases worldwide. It is
estimated that more than 1% of the world's population 1s infected with HCV. HCV
infection 1s associated with acute hepatitis (which is often mild), chronic hepatitis
(of varying seventy), cirrhosis, and subsequent hepatocellular carcinoma.

HCV 1s currently classified as a separate genus, Hepacivirus, in the
family Flavivinidae. Its genome consists of a positive-stranded RNA molecule of
about 9,500 nucleotides with a single, large open reading frame (ORF) which
encodes a polyprotein precursor of about 3,000 amino acids. The large ORF is
preceded by a 5' non-coding (NC) region of about 340 nucleotides, which 1s the
most highly conserved region of the genome. The 5' region of the ORF encodes (in
a 5'-to-3' direction) a capsid protein, two envelope glycoproteins (E1 and E2), and a
small protein of unknown function (P7). The 3' portion of the ORF encodes

nonstructural proteins which include a protease, protease/helicase bi-functional

protein, RNA polymerase, and regulatory peptides.
Analysis of HCV coding sequences from around the world has
revealed considerable sequence varniation among 1ndividual viral isolates.

Furthermore, analyses of HCV sequences from individual patients have shown that
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the virus circulates as so-called "quasi-species,” which contain related but not
identical sequences. The variation that exists among isolates and within individual
patients 1s believed to be the result of the low fidelity of the virally-encoded
RNA-dependent RNA polymerase. The degree of genetic variability of HCV has
5 important implications for prevention, diagnosts, and control of infection.
Serodiagnosis of HCV infection is typically determined by
commerclally available enzyme immuno-assays (EIA) which detect antibodies that
bind recombinant HCV proteins or peptides. Positive EIA results can be confirmed
by a recombinant immunoblot assay (RIBA), but neither EIA nor RIBA assays
10 distinguish past from present infections. Because of the typically low titer of
circulating virus, a direct assay for viral proteins has not been successfully
developed. Furthermore, antibody-based assays fail to detect HCV infection for

usually 2 to 3 months after exposure

Thus, there 1s a need in the art for improved assays for HCV that are

15 sensitive enough to detect HCV viremia within a few days after initial exposure of a

patient to HCV.

Summary of the Invention

Thus, in one aspect, the present invention 1s directed to a method for
20 reverse transcribing Hepatitis C Virus (HCV) RNA in a biological sample. The

method comprises:

(a) contacting RNA denved from the sample with an

oligonucleotide under conditions in which the oligonucleotide primes synthesis of

DNA complementary to at least a portion of the RNA,;

25 where the oligonucleotide is selected from the group

consisting of:
(1) 5%
AGGCCAGTATCAGCACTCTCTGCAGTC-3'(57R27) <SEQ ID NO.: 1>,

CDS5-212
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(i) 5-GTATCAGCACTC-3' (66RT12) <SEQ ID

NO.: 2>,

(iiiy S-AGTATCAGCACTC-3' (66RT13) <SEQ
ID NO.: 3>,

(iv) 5-CAGTATCAGCACTC-3' (66RT14) <SEQ
ID NO.: 4>, '

(v) 5'-CCAGTATCAGCACTC-3 (66RT15)
<SEQ ID NO.: 5>,

(vi) S5'-GCCAGTATCAGCACTC-3' (66RT16)
<SEQ ID NO.: 6.>, and

(vil) any combination of any of the foregoing.
The method may further include the step of recovering the cDNA.

In another aspect, the present invention is directed to a method for
detecting the presence of Hepatitis C Virus (HCV) RNA 1n a biological sample. The
method comprises:

(a) performing a reverse transcription reaction using as a
template, RNA derived from the sample and using as a primer an oligonucleotide
complementary to a sequence contained within the RNA to produce HCV-specific
reverse transcription products, where the prnimer 1s selected
from the group consisting of:

(1) 5%
AGGCCAGTATCAGCACTCTCTGCAGTC-3' (57R27) <SEQ ID NO.: 1>,

(1) 5-GTATCAGCACTC-3' (66RT12) <SEQ ID
NO. 2>,

(m) S-AGTATCAGCACTC-3' (66RT13) <SEQ
ID NO.: 3>,

(iv) S5-CAGTATCAGCACTC-3' (66RT14) <SEQ
ID NO.: 4>,
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(V) S-CCAGTATCAGCACTC-3' (66RT15)
<SEQ ID NO.: 5>,

(vi) 5-GCCAGTATCAGCACTC-3' (66RT16)
<SEQ ID NO.: 6>, and

(vi1) any combination of any of the foregoing.

(b) amplifying products of the reverse transcription reaction to
produce amplification products; and

(c) detecting the amplification products;

where detection of the amplification products indicates the
presence of HCV RNA 1n the sample.

Amplification may be carried out by any method, preferably
polymerase chain reaction (PCR). The use of HCV-specific reverse transcription
primers according to the invention provides a sensitive method for detecting HCV in
a sample, preferably plasma.

In yet another aspect, the present invention 1s directed to a kit for

detection of HCV 1n a biological sample. The kit comprises a reverse transcription

primer selected from the group consisting of:

(1) S-AGGCCAGTATCAGCACTCTCTGCAGTC-3
(357R27) <SEQ ID NO.: 1>,

(11) 5'-GTATCAGCACTC-3' (66RT12) <SEQ ID NO.:

2>,

(m) S-AGTATCAGCACTC-3' (66RT13) <SEQ ID NO.:
3>,

(iv) S5-CAGTATCAGCACTC-3' (66RT14) <SEQ ID NO.:
4>,

(V) 5'-CCAGTATCAGCACTC-3" (66RTI15) <SEQ ID
NO.: 5>,
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(vi)  5-GCCAGTATCAGCACTC-3' (66RT16) <SEQ ID
NO.: 6>, and

(vil) any combination of any of the foregoing.
The kits may additionally comprise reagents and instructions for reverse

transcription, amplification, and product detection.

Detatled Description of the Invention

The present inventors have discovered that detection of Hepatitis C
Virus (HCV) RNA 1n biological samples is more efficient when oligonucleotides
having sequences complementary to certain sequences present in HCV RNA are
used as pnimers for reverse transcription reactions. Preferably, the sequences of the
primers correspond to sequences near the 3' non-coding region of HCV RNA.

The 3' non-coding (NC) region of HCV 1s only 98 nucleotides long,
which 1s too short to support the use of random primers to prime the reverse
transcription process 1n this region. The present invention provides novel, specific
oligonucleotide primers that allow reverse transcription (and hence amplification
and detection) of sequences derived from the 3' non-coding region of the HCV
genome.

Many techniques in molecular biology, microbiology, recombinant
DNA, and protein biochemistry are used in practicing the present invention, such as
those explained 1n, for example, Current Protocols in Molecular Biology, Volumes I,
II, and III, 1997 (F.M.. Ausubel ed.); Sambrook et al., 1989, Molecular Cloning: A
Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York; DNA Cloning: A Practical Approach, Volumes I and II,
1985 (D.N. Glover ed.); Oligonucleotide Synthesis, 1984, (M.L. Gait ed.);
Transcription and Translation, 1984 (Hames and Higgins eds.); A Practical Guide to

Molecular Cloning; the series, Methods in Enzymology (Academic Press, Inc.); and
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Protein Purnfication: Principles and Practice, Second Edition (Springer-Verlag,
N.Y.).

"Nucleic acid" or "pdlynucleotide" as used herein refers to purine-
and pyrimidine-containing polymers of any length, either polyribonucleotides or
polydeoxyribonucleotides or mixed polyribo-polydeoxyribo nucleotides.  This
includes single- and double-stranded molecules, such as, for example, DNA-DNA,
DNA-RNA and RNA-RNA hybnids, as well as "protein nucleic acids" (PNA)
formed by conjugating bases to an amino acid backbone. This also includes nucleic
acids containing modified bases.

A "complement"” of a nucleic acid sequence as used herein refers to
the antisense sequence that participates in Watson-Crick base-pairing with the
original sequence.

A "primer" as used herein 1s an oligonucleotide between about 10 and
about 50 nucleotides 1n length, preferably between about 12 and about 25
nucleotides 1n length and most preferably between about 12 and about 18
nucleotides 1n length, that forms a duplex with a single-stranded nucleic acid
sequence of interest and allows polymenzation of a complementary strand using,
e.g., reverse transcriptase or DNA polymerase.

An "1solated" nucleic acid or polypeptide as used herein refers to a
component that 1s removed from 1ts onginal environment (for example, its natural
environment 1f 1t 1s naturally occurring or a reaction mixture if it is synthetic). An
1solated nucleic acid or polypeptide typically contains less than about 50%,
preferably less than about 75%, and most preferably less than about 90%, of the
components with which it was onginally associated.

A nucleic acid sequence that 1s "derived from" a designated sequence

refers to a sequence that corresponds to a region of the designated sequence. This

encompasses sequences that are homologous or complementary to the sequence.
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An 1nternal positive control (IPC) target nucleic acid refers to a
synthetic nucleic acid sequence cloned into a plasmid vector which is subsequently
linearized, typically by the action of a restriction endonuclease. An IPC will
typically have multiple primer binding sequences surrounding a generic probe-
binding region, and acts as a generic control against false negative results in nucleic

acid amplification reactions.

The sequence of a preferred internal positive control target DNA 1is:
5.
CGCCAGCGTGGACCATCAAGTAGTAATGAACGCACGGACGAGGACATCA
TAGAGATTACACCTTTATCCACAGTTCTCGGTCTAACGCAGCAGTCAGTG
TATCAGCACCAGCATCCGTAGTGAGTCTTCAGTGTCTGCTCCAGGATCGT
G-3' <SEQ ID NO.: 7>.

As used herein, conditions appropriate for reverse transcription, i.€.,
conditions in which an ohgonucleotide will prime ¢cDNA synthesis, encompass
incubation of RNA and primer oligonucleotides with a reverse transcriptase enzyme
and nucleotides at a temperature and for a time that results in synthesis of cDNA
(see, e.g., Sambrook et al.)

Nucleic acids comprising any of the sequences disclosed herein or
subsequences thereof can be prepared by conventional methods. For example, DNA
can be chemically synthesized using, e.g., the phosphoramidite solid support method
of Matteucci et al., 1981, J. Am. Chem. Soc. 103:3185, the method of Yoo et al.,
1989, J. Biol. Chem. 764:17078, or other well known methods. The nucleic acids
may also be modified by many means known in the art. Non-limiting examples of
such modifications include methylation, "caps”, substitution of one or more of the
naturally occurmng nucleotides with an analog, and internucleotide modifications
such as, for example, those with uncharged linkages (e.g., methyl phosphonates,
phosphotriesters, phosphoroamidates, carbamates, etc.) or charged linkages (e.g.,

phosphorothioates, phosphorodithioates, etc.). Nucleic acids may contain one or
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more additional covalently linked moieties, such as, for example, proteins (e.g.,
nucleases, toxins, antibodies, signal peptides, poly-L-lysine, etc.), intercalators (e.g.,
acridine, psoralen, etc.), chelators (e.g., metals, radioactive metals, iron, oxidative
metals, etc.), and alkylators. PNAs are also encompassed by the term "nucleic acid".
The nucleic acid may be derivatized by formation of a methyl or ethyl
phosphotriester or an alkyl phosphoramidate linkage. Furthermore, the nucleic acid
sequences of the present invention may also be modified with a label capable of
providing a detectable signal, either directly or indirectly. Exemplary labels include
radioisotopes, fluorescent molecules, biotin, and the like.

Amplification as used herein refers to an iterative process by which a
nucleic acid 1s copied. Suitable methods for amplification include without limitation
polymerase chain reaction, ligase chain reaction, strand displacement reaction,
nucleic acid single base amplification, and transcription mediated amplification.

Hepatitis C Virus (HCV) as used herein refers to viruses in the genus
Hepacivirus. Isolates of HCV that may be detected by the present invention include,
but are not limited to, HCV serotypes 1-6.

The present invention provides methods for reverse transcribing HCV
RNA 1n biological samples. Efficient reverse transcription of HCV RNA allows for
sensitive detection of HCV 1n biological samples. Reverse transcription of HCV
RNA 1s cammed out by contacting DNA denved from the sample with an
oligonucleotide of the invention under conditions in which the oligonucleotide
primes synthesis of DNA complementary to at least a portion of the RNA.

Detection of HCV RNA 1n a biological sample is performed by
performing a reverse transcription reaction using as a template RNA contained
within the sample or RNA denved from the sample, using as a reverse transcription
primer an oligonucleotide of the invention which 1s complementary to a sequence
contained within HCV RNA, to produce HCV-specific reverse-transcription

products, followed by amplification of the reverse-transcription products to produce
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HCV-specific amplification products, followed by detection of HCV-specific
amplification products. Detection of HCV-specific amphification products indicates
the presence of HCV RNA 1n the sample.

According to the invention, a biological sample is obtained from a
patient by any conventional means. Suitable biological samples include, without
limitation, blood, serum, plasma, saliva, urine, breast milk, and cerebrospinal fluid.
Preferably, plasma is used as the source of HCV RNA.

The biological sample 1s treated 1n any manner that provides access
of the reverse transcription reagents to RNA, specifically HCV RNA, contained
within the sample. RNA "derived from" a biological sample 1s any RNA which was
originally present in the sample and to which access has been gained by treating the
sample. Preferably, RNA is extracted from the sample using any method well
known 1n the art, such as, e.g., methods employing guanidinium thiocyanate, or
using commercially available reagents and methods such as, e.g., PureScript"t from
Gentra Systems, Inc. (Minneapolis MN). Any extraction procedure may be used
that results 1in separation from the RNA of RNases, other proteins, and/or any other
components that might interfere with reverse transcription.

The sample is then subjected to reverse transcription using primers
derived from the sequence of HCV. Preferably, the primers correspond to regions of
HCV RNA that are downstream, 1.e., 3', to regions whose detection 1s desired.
These regions may include, e.g., the regions encoding the viral capsid protein, El
and E2 proteins, P7 protein, protease, protease/helicase, RNA polymerase, and
regulatory proteins, as well as 5'- and 3'-noncoding regions. Preferably, the primers
correspond to sequences in the 3' non-coding region, which includes a 98 bp
nonhomopolymeric sequence at the extreme 3' terminus (Tanaka et al., J. Virol. 70:
3307, 1996, Kolykhalov et al., J. Virol. 70: 3363, 1996). The primer sequences may
be used to specifically identify particular 1solates or serotypes of HCV (e.g., HCV 1-
6). A primer may identify a particular isolate or serotype by hybrnidizing to RNA

* Trademark
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derived from that isolate under conditions in which it does not hybridize to RNA
from a different isolate, 1.e., the primer itself may comprise a sequence that differs
between isolates. Alternatively, the primer sequence may be used to prime synthesis
of a fragment of HCV RNA that differs between isolates, i.e., the sequence that
difters between the 1solates may be downstream of the primer sequence.

Reverse transcription primers useful in practicing the present
invention are selected based on theoretical considerations of sequence conservation,
intra- and inter-molecular interactions, and the predicted secondary structures of the
amplicon and surrounding sequence. Furthermore, the primers and assay system are
designed to allow the co-amplification (and co-detection) of multiple regions of the
HCV genome, multiple viral species, and an internal positive control (IPC) RNA (or
DNA).

Non-limiting examples of HCV reverse transcription primers
according to the invention include:
S-AGGCCAGTATCAGCACTCTCTGCAGTC-3' <SEQ ID NO.: 1> (designated
57R27, corresponding to nucleotides 57-83 relative to the 3'-noncoding region of
HCV); S-TCAGCACTCTCT-3' <SEQ ID NO.. 8> (designated 63RTI12,
corresponding to nucleotides 63-74); 5'-GTATCAGCACTC-3' <SEQ ID NO.: 2>
(designated 66RT12, corresponding to nucleotides 66-77); and extended versions of
60RT12, 1e., 5-AGTATCAGCACTC-3' <SEQ ID NO. 3> (66RT13); 5'-
CAGTATCAGCACTC-3 <SEQ D NO.; 4> (66RT14); S'-
CCAGTATCAGCACTC-3' <SEQ ID NO.: 5> (66RT15); and .5'-
GCCAGTATCAGCACTC-3' <SEQ ID NO.: 6> (66RT16).

Reverse transcription 1s performed using one or more of the above
primers. Random primers, such as, e.g., random hexamer reverse transcription
primers (N6, Pharmacia Biotech, Piscataway, NJ) may also be added. Reverse
transcription 1s carried out using conventional procedures, such as are described in

Current Protocols in Molecular Biology, Volumes I, 11, and III, 1997 (F.M.. Ausubel
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ed.); in U.S. Patent 5,322,770; in Young, et al., J . Clin. Microbiol. 31(4):882 (1993);
Myers et al., Biochemistry 30(3):7661 (1991),

Following the reverse transcription reaction, the products are
recovered, and may be amplified. Any method for amplification may be used,
including, without limitation, the polymerase chain reaction (PCR), the ligase chain
reaction, the strand displacement reaction, nucleic acid single base substitution, or
transcription mediated amplification. Preferably, PCR is used. Typically, a reaction
mixture containing all of the necessary components for PCR (including HCV-
specific amplification primers) is added directly to the reverse transcription reaction
mixture. Amplification is then carried out using conditions specified by the primer

pairs that are used.

Following amplification, the amplification products may be detected
using any method known 1n the art, including, without limitation, gel electrophoresis
In agarose or acrylamide; capture of the amplification products on a solid support
followed by colorimetric detection (see, e.g., Example 1 below), ECi detection;
chemiluminescent detection, radioisotopic detection, and fluorescent detection.
Reagents for such detection methods are commercially available from., e.g,
Molecular Probes, Eugene, Oregon and Ortho Clinical Diagnostics, Rochester, NY.

The detection of HCV-specific amplification products indicates the
presence of HCV RNA in the sample. When gel electrophoresis is used, HCV-
specific amplification products are confirmed by their size, as predicted by the
location 1n HCV RNA of the sequences corresponding to the amplification primers

used 1n the reaction.



10

15

20

25

CDS-212

CA 02296072 2000-02-01

- 12 -

Kits for detection of HCV in a biological sample may be prepared
which contain a reverse transcription primer selected from:
(i)  5-AGGCCAGTATCAGCACTCTCTGCAGTC-3
(57R27) <SEQ ID NO.: 1>,
(11) S-GTATCAGCACTC-3" (66RT12) <SEQ ID NO.:

2>

(m)  5-AGTATCAGCACTC-3' (66RT13) <SEQ ID NO.:
3>,

(1v) 5-CAGTATCAGCACTC-3' (66RT14) <SEQ ID NO.:
4>,

(V) S-CCAGTATCAGCACTC-3' (66RT15) <SEQ ID
NQO.: 5>,

(vi)  5-GCCAGTATCAGCACTC-3' (66RT16) <SEQ ID
NO.: 6>, and

(vi1)) any combination of any of the foregoing.

The kits may additionally comprise reagents and instructions for reverse
transcription, amplification, and product detection. For example, the kits can
contain reverse transcriptase, deoxynucleotides, thermostable polymerases suitable
for DNA amplification reactions, and reagents for labeling and detection of nucleic
acids.

The methods and compositions of the present invention find use in
the diagnosis of HCV infection in patients; in testing the efficacy of anti-HCV

therapeutic regimens; and in screening the blood supply for HCV-infected samples.

Description of the Preferred Embodiments

The following examples 1llustrate the present invention without

limitation.

Methods:
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1. Sample preparation:

RNA was prepared from plasma samples using PureScript RNA
1solation reagents (Gentra Systems, Minneapolis MN). Modifications to the
manufacturer's protocol for body fluids included use of 40 g g l ycogen, rather than
20 g, as a carrier to aid in the precipitation of viral RNA. Additionally, in most
cases, after 1sopropyl alcohol precipitation of the RNA and washing the RNA pellet
with ethanol, the RNA pellet was resuspended in the RT buffer mix, rather than in
the RNA hydration solution provided by the manufacturer.

2. Reverse Transcription:

The synthesis of cDNA from RNA was catalyzed by the addition of
100 U recombinant Moloney Murine Leukemia Virus (M-MLV) reverse
transcnptase (RT) (Gibco BRL, Gaithersburg, MD) in a 50 | s olution of 50 mM
Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgCi2, 10 mM DTT, 0.4 mM of each ANTP
(Pharmacia Biotech, Piscataway, NJ ), 4 M primers, and 20 units RNasin
(Promega, Madison, Wisconsin) in diethylpyrocarbonate (DEPC)-treated water.
After incubation at 42 C for 30 min, the RT reaction was held at 100 C for 5 min
to destroy RT activity. Each reaction was chilled for 1 min followed by

microcentnifugation at 16000 x g for 4 seconds.

* Trademark
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3. PCR amplification:

PCR was carried out IN A PE9600 thermocycler (Perkin-Elmer) 1n a
100 1 solution of 25 mM Trnis-HCI, 3 mM MgCl2, 0.725 mM EDTA, 54 mM KCl,
3.72 mM Na(Cl, 40 M DTT, 108 g/ml gelatin (type 1V), 9.5% glycerol, 0.02%
Tween 20, 0.02% NP40, calf thymus DNA (2 g), 1.2 mM of each dNTP, 0.4 M
each primer, 10 copies linearized internal positive control (IPC) plasmid DNA and
16 U of Taq polymerase. Monoclonal antibodies to Taq, TP1-12 and TP4-9, the
preparation of which are disclosed in U.S. Patent 5,338,671, were added to the
reaction at a 50:1 and 5:1 molar ratio, respectively, to provide a 55:1 molar ratio of
antibody to Taq polymerase. After initial denaturation at 96 C for 3 min, 40 cycles
of amplification were performed at 96 C for 5 sec and 68 C for 40 sec. At the
conclusion of cycling, a post-heat step was performed for 5 min at 103 C to
inactivate Taq polymerase. The primers used are shown in Table 3 below.

4. Detection of PCR products:

PCR products were biotinylated by use of 5'-biotin-labeled primers
(sense strand) during amplification. Product was captured by hybridization to
ohgonucleotide probes covalently attached to latex particies, \;vhich were deposited
on the surface of a flow through membrane (SureCell*t e sts, Ortho Clinical
Diagnostics, Rochester, NY). The probes were: 5'-
GCGGCTCACGGACCTTTCACAGCTA-3 <SEQ ID NO.: 9> and 5'-
ATGCGGCTCACGGACCTTTCACAGC-3' <SEQ ID NO.: 10>. The
probe/product complex was reacted with streptavidin (SA)-horseradish peroxidase
(HRP) conjugate, which catalyzes the oxidative conversion of a dye precursor to a
dye (blue color). The blue color intensity was scored visually (0-10) by comparing
color intensity to color standards. All visual color scores > 3 were considered to be

positive results.

* Trademark
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5. Roche Amplicor” Assay: The Roche Amplicor assay was

performed according to the manufacturer's instructions (Roche Diagnostics,

Kaiseraugst, Switzerland).

Example 1: Design of HCV-Specific Reverse Transcription Primers
Derived From the 3' Non-Coding Region

The following experiment was performed to test the efficiency of
reverse transcription of HCV RNA derived from human plasma samples using
HCV-specific 3' noncoding region primers.

An  oligonucleotide  primer having the sequence 5'-
AGGCCAGTATCAGCACTCTCTGCAGTC-3' <SEQ ID NO:1:> (designated
57R27) was used to prime reverse transcription using HCV RNA as a template.
Amplification was  performed wusing as a forward primer 5'-
GGTGGCTCCATCTTAGCCCTAGTCACG-3' <SEQ ID NO.: 11> (designated
1F27) and as a reverse primer 57R27.

The reaction yielded an 83 nt product, which was of the predicted
s1Ze. However, the wuse of the 57R27 in a multiplex reverse
transcription/amplification reaction, 1.e., a reaction which also included an internal

posttive control (IPC), resulted in two non-specific (i.e., non-HCV) products of 100

and 70 nt.

Example 2: Optimization of a 3' Non-coding Region HCV Reverse
Transcription Primer for Use in Multiplex Reactions
The following expenment was performed to test the use of primers
denived from 57R27 in multiplex reverse transcription/amplification assays.
As described above in Example 1, when multiplexed with IPC, the
57R27 reverse primer formed two "side product" bands that included an intense 70

bp and a less intense 100 bp gel band when stained with ethidium bromide. These

* Trademark
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side product bands were preferentially generated and as a result the HCV product
band was usually absent. Closer analysis revealed that there was a strong
interaction between 57R27 and the IPC reverse primers.

T'o overcome this problem, smaller reverse transcription (RT) primers
were designed to eliminate the direct competition of RT primers with PCR primers
during the PCR process. These new RT primers ranged from 8 to 16 bases in length,
and their 3' ends were designed to be downstream from the 3' end of 57R27.

They were tested as follows: After RNA extraction and purification,
reverse transcription was performed using the primers, and PCR was performed
using the same primers as forward primers and the 27-mer reverse primer.

This new design had four distinct advantages. .

1) The Tm of these primers was lower than the Tm of the 27-mer,
therefore they were less likely to anneal and extend under the PCR conditions.

2) The 3" end of the RT primers was downstream from the 3' end of
the 27-mer, therefore eliminating the possibility of cross reacting with the exact
same target DNA as the 27-mer, and thus eliminating primer-dimers.

3) The positioning within the genome was critical to amplifying all
genotypes and reverse primers were designed to correspond with conserved

sequences within the HCV genome.

4) Multiplexed PCR was possible after reverse transcribing with

short RT primers.

A. Charactenstics of 12-mer Primers

Four short RT primers (12-mers) were initially designed and were
tested 1n pair-wise combinations. The goal was to determine (1) if there was any
difference 1n resulting PCR band intensities between combined or single RT primers

used 1n the reverse transcription process and (ii) if these short RT primers could be
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used 1n combination with each other. If short RT primers are used in combination it
may be a benefit in avoiding mismatches at the 3' end.

The results indicate that there is no detrimental effect in using short
RT primers in combination. Where it might be perceived that primers are being
used in two fold concentration (primer being used with itself), the primer is actually
being used at the standard concentration without being combined with any other
primer.

Pair-wise combinations of 12-mer RT primers were used during
reverse transcription as shown in the Table 1. PCR was performed using the 3' NC
region primers 3x1F27 and 3x57R27 forward and reverse primers, respectively (see,
Example 1 above). The HCV target was used at 50 copies per reaction. Standard

RT-PCR conditions were used.

TABLE 1

- 3x63RT 3x66RT 3x76RT 3x&84RT All 4

(+ = positive, - = negative, and w = weak gel band as determined by ethidium

bromide staining).
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3x84RT failed to reverse transcribe when used either alone, or in

combination with 3x76RT. It also seemed to have a detrimental effect on 3x63RT.

Both 3x66RT and 3x63RT reverse transcribed well and the resulting (ethidium
bromide-stained) PCR gel bands were strong regardless of which primer

5 combination was used. There did not seem to be any advantage to combining

12-mer RT primers.

B. Primer Concentration Range:

Both 3x63RT and 3x66RT were selected for further testing. The
10 standard concentration for the 27-mer (3x57R27) had been at 1 M for use in the
reverse transcription process. The 12-mers, due to their shorter length, were
potentially less likely to anneal and extend as efficiently as the 27-mer, and were
thought to be needed at a greater concentration for reverse transcription. When used
individually at 1, 2, 3 or 4 (M concentration, the RT-PCR results for 3x63RT,
15 3x60RT and the 27-mer were equivalent, regardless of the concentration. Standard

practice was to use a 12-mer in the RT reaction, and to add the 27-mer (and 3x1F27)

as reverse and forward primers, respectively, PCR.

C. Effect of Sample Treatment:
20 The 12-mer (3x66RT) and the 27-mer (3x57R27) reverse

transcriptions were compared. Again, when the 12-mer was used as the reverse
transcription primer, the 27-mer and forward primer (3x1F27) were used during the
corresponding PCR.  Samples were placed under varying conditions, and the
resulting ethidium bromide-stained PCR gel bands were compared to determine if

25 any condition had an effect on the gel band quality or intensity.
During the RNA preparation step, ice-cold isopropanol (IPA) was

added to each sample tube and the tubes were rocked 2 min at room temp. RNA

was allowed to further precipitate at -80 C (in IPA), or was immediately prepared

CDS-212
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at room temperature. Prior to performing the reverse transcription, RNA was
resuspended 1n a complete RT mix and either placed on ice or left at room
temperature or 10 min.

Reverse transcription was performed at either 37 C or 42 C. Prior
to amplification, the cDNA either sat at room temperature in complete PCR mix for
4.5 hours, or was added immediately prior to performing the amplification reaction.

Results: The 12-mer RT primer (3x66RT) performed equally well in
any of the aforementioned conditions. The 12-mer and 27-mer RT primers seemed
to be equivalent in terms of band intensities, although the 12-mer was superior

overall as the resulting PCR band was a single, clean band, with no side products.

Example 3:  Use of 12-mer Reverse Transcription Primers for Detection of HCV
RNA at 50 Copies/Reaction

The tollowing experiment was performed to test the ability of the 12-
mer primers described above to detect HCV in patient samples containing HCV of
different serotypes.

Genotyped patient plasma was quantified by the Roche Monitor
assay and serially diluted to 50 copies per reaction. RNA was extracted using a
modified Purescnipt method, and reverse transcription was performed using either
3x63RT or 3x66RT (12-mer) primers. PCR was performed by using
3x57R27/3x1F27 (HCV reverse and forward primers, respectively), multiplexed
with internal positive control primers (IPCF1 and IPC R1). All RNA genotypes
were reverse transcribed with either of the 12-mer RT primers. The results are

shown 1n Table 2 below, with + indicating a positive result.
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TABLE 2

3X63RT | 3X66RT | IPC

Count

USA

Sample
BB1-50
R1156
R1132
1722160

Genotype

Scotland
Scotland |
Tunisia
R1941 Saud: Arabia
HK505

HK 791

Hong Kong

Hong Kong

Use of 12-mer RT primers, followed by a multiplexed (3' NC and
IPC) PCR, resulted in sensitive detection of HCV genotypes. The Roche
Monitor*  quantitative assay (Roche Diagnostics, Kaiseraugst, Switzerland)
detected S0 copies/reaction of genotypes 1 through 6. (Genotype 5 was only tested at
100 copies per reaction. Copy number for this genotype was determined by

endpoint dilution.)

Example 4: Improved Senstitivity Using 13-16 Nucleotide Primers

The following experiment was performed to further optimize
detection of HCV using short reverse transcription primers.

RNA from a common HCV positive plasma source was prepared
using a modified Purescript method. RT was performed using one of the
following primers were tested: 5-GTATCAGCACTC-3' <SEQ ID NO.: 2>
(designated 66RT12, corresponding to nucleotides 66-77), and extended versions of
66RT12, 1e.,, 5-AGTATCAGCACTC-3' <SEQ ID NO.: 3> (66RTI13); 5'-
CAGTATCAGCACTC-3' <SEQ ID NO. 4> (66RT14); 5'-CCAGTATCAGCACTC-

* Trademark
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3' <SEQ ID NO. 5> (66RT15); and 5-GCCAGTATCAGCACTC-3' <SEQ ID NO.:
6> (66RT16).

PCR was performed using 1F27 and 57R27 primers. PCR product
was passed over beads that contained either 3x32R25 or 3x30R25 probes. The
results are shown in Table 3 below as a percentage of samples yielding positive

results.

TABLE 3

n=_§ =8
RT Length 50 copies 3 copies

| 12-mer* 100% 66%
13-mer 100% 63%

14-mer 100% 75%

15-mer 100% 88%
16-mer 100% 88%

* Results for 12-mer are based on 6 replicates per condition.

This table illustrates the % probe positive results when increasing RT
primer lengths are used. Further improvement in copy number sensitivity can be
seen when RT primers up to 16 nucleotides in length are used in reverse
transcription. Sensitivity differences can be seen when HCV target is used at 3
copies per reaction. As a general observation, greater sensitivity was achieved when
using 14 - to 16-mers as the RT primer. Furthermore, there were no significant
difference in side-product formation, regardless of copy level or RT primer length.
With respect to senstitivity, 3' NC amplification may be more sensitive when reverse
transcription 1s primed with slightly longer RT-primers (e.g. 14 - to 16 - mers). In

this experiment, there were no differences in sensitivity at 50 copies of HCV/rxn.,
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but differences were observed at the 3 copy level, with the longer RT primers appearing

to provide greater copy number sensitivity.

Many variations of the present invention will suggest themselves to those skilled
in the art in light of the above detailed description. Such obvious varniations are within

the full intended scope of the appended claims.



CA 02296072 2000-05-01

22-1

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1) APPLICANT:
(A) NAME: Ortho-Clinical Diagnostics Inc.
(B) STREET: 100 Indigo Creek Drive
(C) CITY: Rochester
(D) STATE: NY
(E) COUNTRY: USA
(F) POSTAL CODE (ZIP): 14626-5101

(ii) TITLE OF INVENTION: Oligonucleotide Primers for Efficient Reverse
Transcription of Hepatitis C Virus (HCV) RNA and Methods
of Use Thereof.

(111) NUMBER OF SEQUENCES: 11

(iv) CORRESPONDENCE ADDRESS
(A) NAME: GOWLING, STRATHY & HENDERSON
(B) STREET: 160 ELGIN STREET, SUITE 2600
(C) CITY: OTTAWA
(D) PROVINCE: ONTARIO
(E) COUNTRY: CANADA
(F) POSTAL CODE: K1P 1C3

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 2,296,072
(B) FILING DATE: 1-FEB-2000

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 60/118,520
(B) FILING DATE: 3-FEB-1999

(viii) ATTORNEY/AGENT INFORMATION
(A) NAME: GOWLING, STRATHY & HENDERSON
(B) REFERENCE NUMBER:08-886085CA

(ix) TELECOMMUNICATION INFORMATION
(A) TELEPHONE: 613-233-1781
(B) TELEFAX: 613-563-9869

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid



AGGCCAGTAT CAGCACTCTC

(2)

CA

(C) STRANDEDNESS:
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single

(D) TOPOLOGY: linear

(1i1) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION:

/desc = "oligonucleotide™

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

TGCAGTC

INFORMATION FOR SEQ ID NO: 2:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS:

single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION:

/desc = "oligonucleotide®

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

GTATCAGCAC TC

(2)

INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS:

single

(D) TOPOLOGY: linear

(1ii) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION:

/desc = "oligonucleotide"

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

AGTATCAGCA CTC

(2)

INFORMATION FOR SEQ ID NO: 4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS:

single

(D) TOPOLOGY: linear

27

12

13
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(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "oligonucleotide"

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

CAGTATCAGC ACTC

(2)

INFORMATION FOR SEQ ID NO: 5:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGBY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "oligonucleotide"

(x1) SEQUENCE DESCRIPTION: SEQ 1D NO: 5:

CCAGTATCAG CACTC

(2)

INFORMATION FOR SEQ ID NO: 6:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TY?E: other nucleic acid
(A) DESCRIPTION: /desc = "oligonucleotide"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

GCCAGTATCA GCACTC

(2)

INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 150 base pailrs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "oligonucleotide"

14

15

16
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(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

CGCCAGCGTG GACCATCAAG TAGTAATGAA CGCACGGACG AGGACATCAT AGAGATTACA 60
CCTTTATCCA CAGTTCTCGG TCTAACGCAG CAGTCAGTGT ATCAGCACCA GCATCCGTAG 120
TGAGTCTTCA GTGTCTGCTC CAGGATCGTG 150

(2) INFORMATION FOR SEQ ID NO: 8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "oligonucleotide"

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

TCAGCACTCT CT 12
(2) INFORMATION FOR SEQ ID NO: 9:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nuclelc acid
(A) DESCRIPTION: /desc = "oligonucleotide™”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
GCGGCTCACG GACCTTTCAC AGCTA 25
(2) INFORMATION FOR SEQ ID NO: 10:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid




CA

(A) DESCRIPTION:
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/desc = "oligonucleotide"

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

ATGCGGCTCA CGGACCTTTC ACAGC

(2) INFORMATION FOR SEQ ID NO: 11:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pailrs

(B) TYPE: nucleic
(C) STRANDEDNESS:

acid
single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION:

/desc = "oligonucleotide™"

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 1l:

GGTGGCTCCA TCTTAGCCCT AGTCACG

25

277
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We Claim:

1. A method for reverse transcribing Hepatitis C Virus (HCV) RNA in a
biological sample, the method comprising:

(a) contacting RNA derived from said sample with one or more
oligonucleotides under conditions in which said oligonucleotide or
oligonucleotides primes synthesis of DNA complementary to at least a portion
of said RNA;

wherein said oligonucleotide is selected from the group consisting of:

(i) 5-AGGCCAGTATCAGCACTCTCTGCAGTC-3' (67R27) <SEQ ID
NO.: 1>

(i) 5'-GTATCAGCACTC-3' (66RT12) <SEQ ID NO.: 2>,

(i) 8'-AGTATCAGCACTC-3' (66RT13) <SEQ ID NO.: 3>,

(iv) 5'-CAGTATCAGCACTC-3' (66RT14) <SEQ ID NO.: 4>,

(V) S'-CCAGTATCAGCACTC-3' (66RT15) <SEQ ID NO.: 5>,

(vi) 5'-GCCAGTATCAGCACTC-3' (66RT16) <SEQ ID NO.: 6>, and

(vil) any combination (i) to (vi).

2. A method as defined in claim 1, wherein said sample is selected from
the group consisting of blood, serum, plasma, saliva, and cerebrospinal fluid.

3. A method as defined in claim 1, further comprising (b) recovering said
CDNA.

4. A method for detecting the presence of Hepatitis C Virus (HCV) RNA in
a biological sample, said method comprising:

(a) performing a reverse transcription reaction using, as a template,
RNA derived from said sample and using, as a primer, an oligonucleotide
compiementary to a sequence contained within said RNA to produce HCV-
specific reverse transcription products, wherein said primer is selected from
the group consisting of:

(1) 5'-AGGCCAGTATCAGCACTCTCTGCAGTC-3' (67R27) <SEQ ID
NO.: 1>

(1) S-GTATCAGCACTC-3' (66RT12) <SEQ ID NO.: 2>,
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(i) 8'-AGTATCAGCACTC-3' (66RT13) <SEQ ID NO.: 3>,

(iv) 5'-CAGTATCAGCACTC-3' (66RT14) <SEQ ID NO.: 4>,

(v) 5'-CCAGTATCAGCACTC-3' (66RT15) <SEQ ID NO.: 5>,

(vi) 5'-GCCAGTATCAGCACTC-3' (66RT16) <SEQ ID NO.: 6>, and

(vil) any combination of (i) to (vi);

(b) amplifying products of said reverse transcription reaction to produce
amplification products; and

(C) detecting said amplification products;

wherein detection of said amplification products indicates the presence
of HCV RNA in said sample.

5. A method as defined in claim 4, wherein said sample is selected from

the group consisting of blood, serum, plasma, urine, saliva, and cerebrospinal
fluid.

6. A method as defined in claim 4, wherein said amplifying is performed
by a method selected from the group consisting of polymerase chain reaction,
ligase chain reaction, strand displacement reaction, nucleic acid single base
substitution, and transcription mediated amplification.

/. A method as defined in claim 4, wherein said detecting is performed by
a method selected from the group consisting of agarose gel electrophoresis,
acrylamide gel electrophoresis, colorimetric detection, ECi detection,

fluorescence, radioisotopic detection, and chemiluminescence.

8. An oligonucleotide selected from the group consisting of:
S'-GTATCAGCACTC-3' (66RT12) <SEQ ID NO.: 2>,
5-AGTATCAGCACTC-3' (66RT13) <SEQ ID NO.: 3>,

5'-CAGTATCAGCACTC-3' (66RT14) <SEQ ID NO.: 4>,
5'-CCAGTATCAGCACTC-3' (66RT15) <SEQ ID NO.: 5>, and
5'-GCCAGTATCAGCACTC-3' (66RT16) <SEQ ID NO.: 6>.

9. An HCV-specific reverse transcription primer selected from the group
consisting of:
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5'.GTATCAGCACTC-3' (66RT12) <SEQ ID NO.: 2>,
5'-AGTATCAGCACTC-3' (66RT13) <SEQ ID NO.: 3>,
5'-CAGTATCAGCACTC-3' (66RT14) <SEQ ID NO.: 4>,
5'.-CCAGTATCAGCACTC-3' (66RT15) <SEQ ID NO.: 5>, and
5'.GCCAGTATCAGCACTC-3' (66RT16) <SEQ ID NO.: 6>.

10.  Akit for detection of HCV in a biological sample, said kit comprising:

one or more reverse transcription primers selected from the group
consisting of:

(i) 5-~AGGCCAGTATCAGCACTCTCTGCAGTC-3' (57R27) <SEQ ID
NO.: 1>,

(i) 5'-GTATCAGCACTC-3' (66RT12) <SEQ ID NO.: 2>,

(iii) 5'-AGTATCAGCACTC-3' (66RT13) <SEQ ID NO.: 3>,

(iv) 5'-CAGTATCAGCACTC-3' (66RT14) <SEQ ID NO.: 4>,

(v) 5'-CCAGTATCAGCACTC-3' (66RT15) <SEQ ID NO.: 5>,

(vi) 5'-GCCAGTATCAGCACTC-3' (66RT16) <SEQ ID NO.: 6>, and

(vii) any combination of (i) to (vi); ana

instructions for use of the reverse transcription primers in detecting
HCV in a biological sample.
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