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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and benefit of United States Provisional Application
No. 61/437,337, filed January 28, 2011, entitled "RNAscope™ HPV for Determining HPV Status
in Head and Neck Cancers".

FIELD OF INVENTION

[0002] Provided herein are methods and kits for determining whether a head and neck cancer
is related to human papillomavirus (HPV) based on the presence or the absence of E6/E7
mRNA of high-risk HPV subtypes. Also provided herein are methods and kits for diagnosing
whether or not a cervical lesion in a subject is benign based on the presence or absence of
E6/E7 mRNA of high-risk HPV subtypes. Further provided herein are methods for determining
the progression of cervical intraepithelial neoplasm (CIN) based on the spatial pattern and
expression level of EG/E7 mRNA of high-risk HPV subtypes. Also provided herein are methods
for determining the risk of developing cervical cancer in a subject diagnosed with cervical
lesion based on the presence or absence of E6/E7 mRNA of certain subgroups of high-risk
HPV subtypes.

BACKGROUND OF THE INVENTION

[0003] The human papillomavirus (HPV) has been shown to cause a subset of head and neck
cancers (HNC), especially the squamous cell carcinoma of the oropharynx (12). HPV-
associated HNC has a distinct clinical profile from that of HPV-unrelated oropharyngeal cancer.
It presents in younger age and more likely male patients, who are less likely to have a history
of tobacco or alcohol abuse. Compared to HPV-unrelated HNC, HPV-associated HNC is also
associated with a more favorable prognosis, likely due to its higher sensitivity to current
radiation and chemotherapies (3). In recent decades, the incidence of HPV-associated HNC
has been increasing rapidly, probably attributable to increasing high risk sexual behaviors (4).
Therefore, to better manage newly diagnosed HNC, it is currently recommended to determine
HPV status in the tumor by the National Comprehensive Cancer Network (NCCN) guidelines.

[0004] Cervical cancer is one of the most common malignancies affecting women worldwide
and a major cause of cancer death for women globally. Cervical cancer screening programs
are effective in preventing cancer and reducing mortality (16); however, there are limitations.
Cervical cancer and the pre-malignant lesions (cervical intraepithial neoplasia grades I-11l1 (CIN
I, I, and 1ll), corresponding to mild, moderate and severe dysplasia) are caused by the human
papilloma virus (17, 18). Most women who acquire HPV develop transient or subclinical
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infections (19, 20); very few women with HPV infections will progress to cervical intraepithial
neoplasia grade Il or Il or cancer (19, 21-22). The major limitations of cervical cancer
screening programs arise from the fact that Papanicolaou (Pap) smears and even biopsy
cannot distinguish benign transient HPV infections from those HPV lesions that will progress
(19, 22, 23). Current management guidelines for the treatment of CIN require that all patients
follow one of the recommended protocols (24). These include cytology, colposcopy, and
combinations of cytology and colposcopy and HPV DNA typing at various intervals (24, 25).
The diagnosis of CIN | or HPV infection leads to multiple medical office visits and various
repeat tests having to be performed to ensure that patients do not progress to higher grade
lesions or cancer. There is a need to improve the diagnosis of CIN and the management of its
treatment.

[0005] The current cervical cancer screening methods have several limitations. For example,
the current clinically approved methods are unable to distinguish transient HPV infections from
true premalignant cervical lesions. The current clinically approved methods also cannot predict
the likelihood that a cervical lesion in a patient will progress to a high grade lesion or cancer.
Clearly, there is a need to improve the current laboratory methods to enhance the accuracy
and reliability of cervical cancer diagnoses. The invention disclosed in the present application
provides answers to this need.

[0006] The best biomarker for HPV-associated tumors is the HPV E6/E7 mRNA (5), which
encodes the E6 and E7 oncoproteins mainly responsible for HPV-induced oncogenesis (6).
The E6 and E7 proteins inactivate the tumor suppressor proteins p53 and pRB, respectively to
deregulate cell cycle control and inhibit apoptosis. Therefore, the best method for determining
HPV status in the tumor is to measure the E6/E7 mRNA in tumor cells (5). However, it remains
impractical in the clinical setting to quantify E6/E7 mRNA using reverse transcription real time
PCR (RT-PCR) due to the cumbersome procedures of RNA extraction from formalin-fixed
paraffin-embedded (FFPE) tissue and RT-PCR. Moreover, RT-PCR does not register
expression in individual tumor cells, which is important for determining HPV status within the
tumor. Therefore, a practical, in situ detection method is needed to detect E6/E7 mRNA with
single cell resolution.

[0007] However, existing RNA in situ hybridization (ISH) methods lack sufficient sensitivity and
specificity for reliable HPV E6/E7 mRNA detection in FFPE tissues. As a result, two alternative
biomarkers are being used in the clinic since they can be detected in situ with existing
methods, one measuring HPV DNA by DNA ISH and another measuring by
immunohistochemistry (IHC) a surrogate protein biomarker p167, which is induced by E7-
mediated pRB inactivation. However, DNA ISH has low sensitivity and p16 expression may be
unspecific to HPV, leading some workers to propose a combined algorithm (8,9).

[0008] Here, we describe an RNA ISH method for HPV E6/E7 mRNA detection in HNC and
cervical cancer, which uses a novel ultra-sensitive and specific RNA ISH technique called
RNAscope®. RNAscope is the subject for the following issued patent and patent applications
US7,709,198; US11/471,278; US60/994,415; US12/284,163; US12/660,516; US12/660,524;
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US61/277,563; US61/279,769; US61/283,503; US61/336,944; US61/336,947; US61/336,948;
US61/310,021; US61/355,244; US61/355,246.

[0009] Although RNAscope® assay is designed to detect mRNA in situ, applying this
technology platform to detect HPV subtypes in cancers such as HNC and cervical cancer is still
challenging in several aspects.

[0010] First, HPV is a family of virus with more than 100 subtypes. The target sequences are
highly homogonous among family members. Thus, the RNA ISH assay for detecting different
subtypes of HPV must be capable of differentiating each subtype at very high specificity. For
example, only a small subgroup of "high-risk" types in the family are considered oncogenic and
thus need to be separated from the rest of the HPV subtypes in the family.

[0011] Second, the multiple oligo target probes required for detecting high-risk HPV subtypes
make it difficult to design an RNAscope® assay. The oncogenic, high-risk HPV comprise a
group of subtypes. The members of high-risk HPV subtypes in such group are different among
different disease indications. For example, the head and neck cancer involves at least 7 high
risk subtypes, while cervical cancer involves at least 15. Furthermore, in order to detect HPV-
related cancers, it is highly desirable to "pool" the individual subtypes together into a group so
that the RNA ISH assay can detect "any" of the subtypes within the group in one test. However,
in RNAscope® assay, each target probe for a specific target must comprise 10-20 oligos and
each target probe set requires two or more of such probes. For a target probe pool which is
designed to detect 15 target nucleic acids, it requires hundreds of different oligos. The
behavior of such a large number of oligos in a single in situ hybridization experiment has never
been tested and its effect is hard to predict. Before the invention, it is unclear whether the
existing RNAscope® assay can be adapted to detect multiple high homology HPV subtypes
simultaneously while maintaining the high specificity characteristic of such assay.

SUMMARY OF THE INVENTION

[0012] Therefore, a purpose of the present invention is to provide an RNA ISH method for
detecting the presence of high-risk HPV subtypes in various cancers, in particular head and
neck cancer and cervical cancer.

[0013] This purpose is achieved by selecting specific high-risk HPV subtypes to be used in
RNAscope® HPV assays. The target probes of the RNAscope® HPV assays are designed to
specifically recognize the selected high-risk HPV subtypes but not other HPV subtypes of the
HPV family. The multiple target probes of the RNAscope® HPV assays are also designed not to
interfere with each other.

[0014] According to one aspect, the invention concerns a method of determining whether a
head and neck cancer in a human is HPV-related, comprising: (a) obtaining a sample from said
human wherein said sample is in a tissue section; and (b) conducting an RNA in situ
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hybridization assay using (i) one or more target probe sets which are designed to individually
hybridize to E6/E7 mRNA of one or more high-risk HPV subtypes, and (ii) a universal signal
amplification system, wherein the presence of E6/E7 mRNA of said one or more high-risk HPV
subtypes indicates that the head and neck cancer in said human is HPV-related.

[0015] In another aspect, the invention concerns a method for determining the progression of
head and neck cancer in a human, comprising: (a) obtaining a sample from said human
wherein said sample is in a tissue section; and (b) conducting an RNA ISH assay using (i) one
or more target probe sets which are designed to individually hybridize to E6/E7 mRNA of one
or more high-risk HPV subtypes, and (i) a universal signal amplification system; and (c)
measuring the levels of E6/E7 mRNA of said one or more high-risk HPV subtypes detected in
step (b); thereby determining the progression of said head and neck cancer based on the
levels of EG/E7 mRNA of said one or more high-risk HPV subtypes.

[0016] In another aspect, the invention concerns a kit for determining whether a head and
neck cancer in a human is HPV-related, comprising, in a suitable container means, agents for
conducting an RNA ISH assay including (i) one or more target probe sets which are designed
to individually hybridize to E6/E7 mRNA of one or more high-risk HPV subtypes and (ii) a
universal signal amplification system.

[0017] In another aspect, the invention concerns a method of determining whether a cervical
lesion in a human is a benign lesion or a CIN lesion, comprising: (a) obtaining a sample from
said human wherein said sample is in a tissue section; (b) conducting an RNA ISH assay using:
(i) one or more target probe sets which are designed to individually hybridize to E6/E7 mRNA
of one or more high-risk HPV subtypes, (ii) a universal signal amplification system; wherein
absence of E6/E7 mRNA of all said high-risk HPV subtypes indicates a benign lesion, and the
presence of E6/E7 mRNA of said one or more high-risk HPV subtypes indicates a CIN lesion.

[0018] In another aspect, the invention concerns a method for determining the progression of
cervical intraepithelial neoplasm (CIN) in a human, comprising: (a) obtaining a sample from
said human wherein said sample is in a tissue section; (b) conducting an RNA ISH assay using
(i) one or more target probe sets which are designed to individually hybridize to E6/E7 mRNA
of one or more high-risk HPV subtypes; and (ii) a universal signal amplification system; and (c)
analyzing the spatial pattern and measuring the levels of the E6/E7 mRNA of said one or more
high-risk HPV subtypes detected in step (b); thereby determining the progression of CIN based
on the spatial pattern and levels of the E6/E7 mRNA of said one or more high-risk HPV
subtypes.

[0019] In another aspect, the invention concerns a kit for determining whether a cervical
lesion in a human is a benign lesion or a CIN lesion, comprising, in a suitable container means,
agents for conducting an RNA ISH assay including (i) one or more target probe sets which are
designed to individually hybridize to E6/E7 mRNA of one or more high-risk HPV subtypes and
(ii) a universal signal amplification system.
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[0020] In one embodiment, the one or more high-risk HPV subtypes mentioned above are
selected from a group of 18 HPV subtypes consisting of: HPV-16, HPV-18, HPV-26, HPV-31,
HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-53, HPV-56, HPV-58, HPV-59, HPV-
66, HPV-68, HPV-73, and HPV-82, or any combination thereof. In one embodiment, all of
above 18 HPV subtypes are used in the RNAscope® HPV assay. In another embodiment, a set
of 15 HPV subtypes of the above 18 HPV subtypes are used in the RNAscope® HPV assay,
including: HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52,
HPV-56, HPV-58, HPV-59, HPV-68, HPV-73, and HPV-82. In another embodiment, a set of 7
HPV subtypes out of the above 18 HPV subtypes are used in the RNAscope® assay assay,
including: HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-52, and HPV-58. In yet another
embodiment, only one of the above 18 subtypes, i.e., HPV-186, is used.

[0021] In another aspect, the invention concerns a method for determining the risk of
developing cervical cancer in a human diagnosed with CIN, comprising: (a) obtaining a sample
from said human wherein said sample is in a tissue section; (b) conducting an RNA ISH assay
using (i) one or more target probe sets which are designed to individually hybridize to E6/E7
mRNA of one or more high-risk HPV subtypes, and (ii) a universal signal amplification system;
wherein said one or more high-risk HPV subtypes are organized into three groups of HPV
subtypes each with a different level of risk of transforming CIN to cervical cancer; wherein the
presence of EG/E7 mRNA of group (1) HPV subtypes indicates the highest risk of developing
cervical cancer, the presence of E6/E7 mRNA of group (2) HPV subtypes indicates a lesser risk
of developing cervical cancer, and the presence of E6/E7 mRNA of group (3) HPV subtypes
indicates the least risk of developing cervical cancer.

[0022] In one embodiment, said group (1) HPV subtypes includes HPV-16; said group (2) HPV
subtypes includes HPV-18, HPV-31, and HPV-33; and said group (3) HPV subtypes includes
HPV-26, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-53, HPV-56, HPV-58, HPV-59, HPV-
66, HPV-68, HPV-73, and HPV-82.

[0023] In a preferred embodiment, the aforementioned ISH assay is an RNAscope® assay.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Fig.1 illustrates the principle of the RNAscope® assay. Step 1: Cells or tissues are fixed and
permeablized to allow for target probe access. Step 2. Target RNA-specific oligonucleotide
target probes are hybridized to multiple mRNAs. Step 3: Multiple signal amplification molecules
that each recognize a specific target probe are hybridized. Each unique label probe is
conjugated to a different fluorophore or enzyme, a universal label probe is conjugated to an
identical fluorophore or enzyme. Step 4: Signals are detected using a standard bright-field or
epifluorescent microscope.
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Fig. 2 illustrates the result of feasibility test of an RNAscope® HPV assay. The RNAscope®
HPV assay was designed to detect and differentiate three HPV subtypes. Target probe sets
designed to hybridize specific to HPV-16, HPV-18, or HPV-45 E6/E7 mRNA are tested in
various HPV-containing cell lines. The figure shows that the HPV-16 probe set produces a
positive signal in SiHa cells which is known to harbor the HPV-16 subtype, the HPV-18 probe
set produces a positive signal in Hela cells which is known to harbor the HPV-18 subtype, and
the HPV-45 probe set produces a positive signal in MS751 cells which is known to harbor the
HPV-45 subtype. Each of the above cell lines does not produce positive signals when the HPV
subtypes which these cell lines do not harbor are tested.

Fig. 3 illustrates the detection of E6/E7 mRNA of high-risk HPV subtypes in FFPE tissue
samples derived from HNC patients. Target probe sets which are designed to hybridize to HPV-
16 (HPV-16 probe set) and target probe sets which are designed to hybridize to HPV-18, -31,
-33, -35, -52, and -58 (HR-HPV probe set) are tested in HPV-infected patients. Patient 1 is a
HNC patient who is known to have been infected with one or more of HPV-18, -31, -33, -35, -
52, and -58 subtypes. Patient 2 is a HNC patient who is known to have been infected with HPV-
16 subtype. The figure shows that the probe sets designed in the present invention are able to
detect both HNC patients. In addition, the probes sets are able to distinguish HPV-16 infected
patients (lower left image) from those HNC patients who harbor other high-risk HPV subtypes
(upper right image).

Fig. 4 illustrates the detection of E6/E7 mRNA of high-risk HPV subtypes in FFPE tissue
samples derived from patients who have been diagnosed with cervical lesions. The target
probe sets pool in this experiment was designed to hybridize with HPV subtypes HPV-16, -18,
-26, -31, -33, -35, -39, -45, -51, -52, -53, -56, -58, -59, -66, -68, -73, and -82. RNAscope®
assay with the above target probe sets pool is conducted on cervical tissue sample of patients
who have been diagnosed with cervical lesions. The figure shows the above-identified high-risk
HPV subtypes were detected in patients diagnosed with CIN1, CIN2, CIN3, and malignant
carcinoma. The figure also shows difference in spatial pattern and levels of E6/E7 mRNA of
high-risk HPV subtypes in CIN1, CIN2, CIN3, and malignant carcinoma.

DETAILED DESCRIPTION

[0025] The present invention relates to the use of RNAscope® assay to detect EG/E7 mRNA
of one or more high-risk HPV subtypes that are known for relating to cancer. The inventors
developed this mRNA in situ hybridization (ISH) assay based on the well known fact that some
HPV subtypes are related to head and neck cancer and some HPV subtypes are related to
cervical carcinoma and the precursor cervical lesions. In a HNC patient who is infected with
HPV, E6/E7 mRNA of one or more of the following seven HPV subtypes are most likely to be
found: HPV-16, 18, 31, 33, 35, 52, and 58 (defined here as "the HPV subgroup of 7").
Detection of any of the aforementioned seven HPV subtypes helps to determine that an HNC is
HPV-related. Such determination in turn helps to determine the progression of the cancer, and
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to design the proper treatment. A group of eighteen HPV subtypes including HPV-16, 18, 26,
31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82 (called here as "the HPV
subgroup of 18") or a group of fifteen HPV subtypes including HPV-16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 68, 73, and 82 (called here as "the HPV subgroup of 15") can also be used
in the above test. The individual HPV subtype in the HPV subgroup of 18, or a combination of
the 18 subtypes, other than the ones identified above, also have prognosis power in various
degrees.

[0026] In a patient who is diagnosed with having cervical lesions, determining the present of
E6/E7 mRNA of one or more of the following HPV subgroup of 18 will help to determine
whether the cervical lesions are benign or related to CIN. The eighteen high-risk HPV subtypes
include HPV-16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82. A group
of fifteen HPV subtypes including HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 can
also be used in the test of cervical lesion. The individual HPV subtype in the HPV subgroup of
18, or a combination of the 18 subtypes, other than the ones identified above, also have
prognosis power on nature of cervical lesion in various degree. The presence of E6/E7 mRNA
of the aforementioned high-risk HPV subtypes in a cervical lesion indicates a CIN lesion or
cervical cancer (15).

Definitions

[0027] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. The following definitions supplement those in the art and are directed to the current
application and are not to be imputed to any related or unrelated case, e.g., to any commonly
owned patent or application. Although any methods and materials similar or equivalent to those
described herein can be used in the practice for testing of the present invention, the preferred
materials and methods are described herein. Accordingly, the terminology used herein is for
the purpose of describing particular embodiments only, and is not intended to be limiting.

[0028] The term "polynucleotide" (and the equivalent term "nucleic acid") encompasses any
physical string of monomer units that can be corresponded to a string of nucleotides, including
a polymer of nucleotides (e.g., a typical DNA or RNA polymer), peptide nucleic acids (PNAs),
modified oligonucleotides (e.g., oligonucleotides comprising nucleotides that are not typical to
biological RNA or DNA, such as 2'-O-methylated oligonucleotides), and the like. The
nucleotides of the polynucleotide can be deoxyribonucleotides, ribonucleotides or nucleotide
analogs, can be natural or non-natural, and can be unsubstituted, unmodified, substituted or
modified. The nucleotides can be linked by phosphodiester bonds, or by phosphorothioate
linkages, methylphosphonate linkages, boranophosphate linkages, or the like. The
polynucleotide can additionally comprise non-nucleotide elements such as labels, quenchers,
blocking groups, or the like. The polynucleotide can be, e.g., single-stranded or double-
stranded.
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[0029] A "nucleic acid target" or "target nucleic acid" refers to a nucleic acid, or optionally a
region thereof, that is to be detected.

[0030] A "polynucleotide sequence" or "nucleotide sequence" is a polymer of nucleotides (an
oligonucleotide, a DNA, a nucleic acid, etc.) or a character string representing a nucleotide
polymer, depending on context. From any specified polynucleotide sequence, either the given
nucleic acid or the complementary polynucleotide sequence (e.g., the complementary nucleic
acid) can be determined.

[0031] The term "gene" is used broadly to refer to any nucleic acid associated with a biological
function. Genes typically include coding sequences and/or the regulatory sequences required
for expression of such coding sequences. The term gene can apply to a specific genomic
sequence, as well as to a cDNA or an mRNA encoded by that genomic sequence.

[0032] The terms "biomarker" and "marker," as used interchangeably herein, refer to both the
protein/gene-product in question and the gene coding for this product.

[0033] The terms "biological sample" or "tissue sample," as used herein, refer to a sample
obtained from a biological subject, including sample of biological tissue or fluid origin, obtained,
reached, or collected in vivo or in situ. A biological sample also includes samples from a region
of a biological subject containing precancerous or cancer cells or tissues. Such samples can
be, but are not limited to, organs, tissues, fractions and cells isolated from a mammal.
Exemplary biological samples include but are not limited to cell lysate, a cell culture, a cell line,
a tissue, an organ, an organelle, a biological fluid, and the like. Preferred biological samples
include but are not limited to a skin sample, tissue biopsies, and the like.

[0034] A "label" is a moiety that facilitates detection of a molecule. Common labels in the
context of the present invention include fluorescent, luminescent, light-scattering, and/or
colorimetric labels. Suitable labels include enzymes and fluorescent moieties, as well as
radionuclides, substrates, cofactors, inhibitors, chemiluminescent moieties, magnetic particles,
and the like. Patents teaching the use of such labels include U.S. Pat. Nos. 3,817,837,
3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149; and 4,366,241. Many labels are
commercially available and can be used in the context of the invention.

[0035] A "target probe" is a polynucleotide that is capable of hybridizing to a target nucleic
acid and capturing a label probe to that target nucleic acid. The target probe can hybridize
directly to the label probe, or it can hybridize to one or more nucleic acids that in turn hybridize
to the label probe; for example, the target probe can hybridize to an amplifier or a preamplifier.
The target probe thus includes a first polynucleotide sequence that is complementary to a
polynucleotide sequence of the target nucleic acid and a second polynucleotide sequence that
is complementary to a polynucleotide sequence of the label probe, amplifier, preamplifier, or
the like. The target probe is preferably single-stranded. The target probe is also called "capture
probe" in U.S. Application No. 11/471,278 and "label extender" in U.S. Patent No. 7,709,198.
The three terms are used interchangeably in this application.
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[0036] An "amplifier" is a molecule, typically a polynucleotide, that is capable of hybridizing to
multiple label probes. Typically, the amplifier hybridizes to multiple identical label probes. The
amplifier also hybridizes to at least one target probe or nucleic acid bound to a target probe.
For example, the amplifier can hybridize to at least one target probe and to a plurality of label
probes, or to a preamplifier and a plurality of label probes. The amplifier can be, e.g., a linear,
forked, comb-like, or branched nucleic acid. As noted for all polynucleotides, the amplifier can
include modified nucleotides and/or nonstandard internucleotide linkages as well as standard
deoxyribonucleotides, ribonucleotides, and/or phosphodiester bonds. Suitable amplifiers are
described, for example, in USPN 5,635,352, USPN 5,124,246, USPN 5,710,264, and USPN
5,849,481.

[0037] A "preamplifier" is a molecule, typically a polynucleotide, that serves as an intermediate
between one or more target probes and amplifiers. Typically, the preamplifier hybridizes
simultaneously to one or more target probes and to a plurality of amplifiers. Exemplary
preamplifiers are described, for example, in USPN 5,635,352 and USPN 5,681,697.

Applications in Head and Neck Cancer Management

[0038] One aspect of the present invention was conceptualized on the idea that detecting HPV
biomarkers associated with head and neck cancer will help to determine whether or not the
tested head and neck cancer is HPV-related. It is proposed that if HPV subtypes, such as HPV-
16, 18, 31, 33, 35, 52, and 58, which are known to be high-risk for causing head and neck
cancer are present in the sample tissue of a patient. The patient, who was known to have head
and neck cancer, is likely to have the type of head and neck cancer that is HPV-related. In one
embodiment of the invention, the RNAscope® HPV assay is designed for the in situ detection
of E6/E7 mRNA of high-risk HPV subtypes in a tissue section. The tissue sample is first
obtained from a patient who has been diagnosed with head and neck cancer. The tissue
sample can be in a formalin fixed, paraffin embedded (FFPE) tissue section, or being captured
on a solid surface by other means, or being suspended in a solution. When the sample is in a
FFPE tissue section, the tissue can be treated with a tissue pretreatment agent, such as being
heated in a citrate buffer followed by digestion with a protease. The purpose of pretreatment is
to allow for RNA access by the target probes through the disruption of formaldehyde cross-
linking created in the sample preparation procedure. A "target probe" is a polynucleotide that is
capable of hybridizing to a target nucleic acid and capturing a label probe to that target nucleic
acid. The target probe thus includes a first polynucleotide sequence that is complementary to a
polynucleotide sequence of the target nucleic acid and a second polynucleotide sequence that
is complementary to a polynucleotide sequence of signal amplification system. In a preferred
embodiment, two target probes hybridize contiguously onto one target nucleic acid. The two
target probes which hybridize onto a target nucleic acid is called a target probe set. After the
optional pretreatment, the RNAscope® assay is performed on the tissue sample.

[0039] In the RNAscope® assay, a plurality of target probe sets are designed to hybridize to a
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plurality of target nucleic acids, i.e., E6G/E7 mRNA of HPV subtypes. Each of the target probe
sets is designed to specifically hybridize one target nucleic acid. In a preferred embodiment,
the plurality of target nucleic acids include E6/E7 mRNA of HPV-16, 18, 31, 33, 35, 52, and 58.
In another embodiment, only E6/E7 mRNA of HPV-16 is the target nucleic acid. HPV-16 is
associated with head and neck cancer in most of the cases. In another embodiment, the rest of
the HPV subtypes in the HPV subgroup of 7 are used as a group of target nucleic acids, i.e.,
HPV-18, 31, 33, 35, 52, and 58. In another embodiment, the plurality of target nucleic acids
include E6/E7 mRNA of HPV-16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73,
and 82 or any combination thereof. In another embodiment, the plurality of target nucleic acids
include E6/E7 mRNA of HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82.
Since each target probe set recognizes one HPV subtype, the target probe sets can be used
individually or in pools depending on the HPV subtypes intended to be detected in a given
assay. For example, if only HPV subtype HPV-16 is intended to be detected, only the target
probe set for HPV-16 is used. In another case, if only HPV subtypes HPV-16 and HPV-18 are
intended to be detected, only the target probe sets for HPV-16 and HPV-18 are used.

[0040] In a preferred embodiment, each target probe set contains the same recognition
sequence for a signal amplification system. Such signal amplification system is called a
universal signal amplification system because it allows the HPV subtypes to be "pooled" and
detected by a single signal amplification system. The benefit of using the universal signal
amplification system lays in its simplicity and scalability. It allows seamless addition of new HPV
subtypes without redesigning of the signal amplification system. If a new high-risk HPV subtype
is identified in the future, it can be quickly added to the RNAscope® HPV assay without much
change of the assay system.

[0041] The signal amplification system contains either a horseradish peroxidase (HRP) or
alkaline phosphates (AP) label, which can be detected by the formation of a precipitate
following incubation with DAB or Fast Red substrates, respectively. Optionally, the signal
amplification system contains amplifiers and pre-amplifiers which are designed to help amplify
the signals from the target nucleic acid.

[0042] In another embodiment, a distinct signal amplification system for each target nucleic
acid in the pool of target nucleic acids is designed. In this case, each target probe set is
designed to contain a specific recognition sequence for each different signal amplification
system. This allows the differentiation of target nucleic acids based on the distinct signals
emitted from the signal amplification systems which they each correspond to. Although this
design loses the simplify and scalability described above, it allows differentiation of target
nucleic acids when such requisite is needed.

[0043] In another embodiment, the result of the in situ detection of HPV E6/E7 mRNAs can be
used to guide the treatment plan of head and neck cancer. For example, if the head and neck
cancer is determined to be related to HPV, the treatment plan can be set up to target HPV, and
more specifically, those HPV subtypes which are identified by the RNAscope® HPV assay.
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[0044] In another embodiment, the present invention provides a method for determining the
progression of head and neck cancer in a patient. For example, the HNC-specific RNAscope®
HPV assay described above is used to quantify the levels of E6/E7 mRNAs of the high-risk HPB
subtypes in the patient. Based on the levels of the E6/E7 mRNAs, the status of the HNC is then
determined. If such test is performed repeatedly, the status of the HNC can be followed over a
period of time and subsequently used for prognosis of the cancer and guiding its treatment.

[0045] In another embodiment, the present invention also provides a kit comprising reagents
and instructions for practicing the methods described herein.

[0046] The present invention presents a novel concept of using RNAscope® assay to detect
E6/E7 mRNAs of one or more high-risk HPV subtypes that are known to be related to a cancer,
e.g., a head and neck cancer or a cervical cancer. The assay detects a small number of HPV
subtypes among more than 100 subtypes in the HPV family. The HPV subtypes are highly
homologous within the family and thus make it very difficult for an ISH assay to differentiate
each subtype with very high specificity. This problem is compounded by the requirement of
pooling the target probes of different HPV subtypes in one assay, which requires hundreds of
oligos to be included in a single reaction but still being able to bind to their own target nucleic
acids but not to interference with the binding of other oligos to their targets. It is surprising that
the pooled target probes designed in this invention did not interfere with each other, and the
final design of the target probes is indeed capable of differentiating target HPV subtypes from
non-target HPV subtypes with high specificity.

Applications in Cervical Cancer Management

[0047] One aspect of the present invention was based on the idea that detecting HPV
biomarkers associated with cervical cancer will help to determine whether a cervical lesion
observed in a patient is a benign lesion or a CIN lesion. Traditionally, cervical intraepithelial
neoplasm (CIN) is graded based on histology. Biopsy specimen of the cervical tissues is
observed by clinicians who then grades the CIN by their morphology. When CIN grade is
diagnosed, the reliability of the diagnosis is problematic, since the histologic diagnosis of CIN
relies on subjective interpretation of cellular findings and morphology. Poor diagnostic accuracy
and reproducibility can complicate and affect patient care. Incorrect classification of CIN grade
on biopsy can lead to inappropriate follow-up or treatment of patients. Clinicians risk over-
treating benign lesions or mismanaging precancerous lesions. The present invention provides
a method to assist in the evaluation and diagnosis of cervical biopsy specimens based on the
presence of HPV high-risk subtypes.

[0048] Currently, Pap smears obtained during cervical cancer screening suffer from the same
limitations as processing of cervical biopsy on histology. Morphology of cervical cells on
cytology cannot conclude on the cause of the HPV infection. Morphology changes due to
benign HPV infections cannot be distinguished from malignant, precancerous HPV lesions. An
advantage of the method disclosed herein is that it can test the nature of the cervical lesion on
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a molecular level, and thus determine whether the cervical lesion is a benign lesion or a CIN
lesion. It is proposed that if any of E6/E7 mRNA of HPV subtypes of HPV-16, 18, 26, 31, 33,
35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82 is detected in the cervical tissues of a
patient, the cervical lesion can be ruled as a CIN lesion. If none of the aforementioned high-risk
HPV subtypes is detected, the cervical lesion will be ruled as benign lesion. In other
embodiments, the HPV subtypes of HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73,
and 82, either alone or in various combinations, can be used as the biomarker(s) for evaluating
the cervical lesion.

[0049] In one embodiment of the invention, the RNAscope® HPV assay is designed for the in
situ detection of E6/E7 mRNA of one or more high-risk HPV subtypes in a tissue section
derived from the cervix of patients. The tissue sample is first obtained from a patient who has
been diagnosed with HPV lesion. The sample can be captured in formalin fixed, paraffin
embedded section, or captured on a solid surface by other means, or suspended in a solution.
When a FFPE tissue section is used, the tissue is then treated with tissue pretreatment agent,
such as being heated in a citrate buffer followed by digestion with a protease. After the sample
is prepared, the RNAscope® assay is performed to detect the high-risk HPV subtypes in the
sample.

[0050] In the RNAscope® HPV assay, a plurality of target probe sets are designed to hybridize
to a plurality of target nucleic acids which are E6/E7 mRNA of high-risk HPV subtypes. In a
preferred embodiment, the plurality of target nucleic acids include the HPV subgroup of 18. In
another embodiment, the plurality of target nucleic acids include the HPV subgroup of 15. In
another embodiment, the target nucleic acid is HPV-16 alone. Similar to the method described
in the previous section regarding HNC, each target probe set is designed to recognize one
HPV subtype, and the target probe sets can be used individually or in a pool, depending on
whether the HPV subtypes are intended to be detected individually or indistinguishably. In a
preferred embodiment, each target probe set contains an identical recognition sequence
suitable for being detected by a universal signal amplification system.

[0051] The ampilification system contains either a horseradish peroxidase (HRP) or alkaline
phosphates (AP) label, which can be detected by the formation of a precipitate following
incubation with DAB or Fast Red substrates, respectively. Optionally, the signal amplification
system contains amplifiers and pre-amplifiers which are designed to help amplify the signals
from the target nucleic acid. In another embodiment, the capture probe set is each designed to
contain specific recognition sequence for a specific signal amplification system, and thus
allowing detection of different target nucleic acids based on the different signals emitted from
each specific signal amplification system.

[0052] Furthermore, the method disclosed herein can use the spatial pattern and levels of
E6/E7 mRNA of one or more high-risk HPV subtypes in a patient diagnosed of cervical lesion to
assess the state of progression toward full malignancy, and thereby assist in the management
and follow-up treatment of such patient. Currently, there are no good methods to assist in the
management of patients with low-grade cervical lesions where such lesions can either



DK/EP 2668290 T3

progress or regress. Currently available methods test state of progression towards full
malignancy based on histological grading, which classifies intraepithelial cervical neoplasia
lesions into CIN1, CIN2, CIN3 and invasive cancer (10). A classification of CIN2 or worse
(CIN2+) is considered to be the threshold for aggressive surgical procedures. However, CIN2
diagnosis by histology alone is highly variable and imprecise, leading to both under- and over-
treatment (11). The inability to predict which women will progress to higher-grade lesions from
those women who will have regression results in all women being given the same intensive
follow-up and testing, which wastes financial and medical resources and also reduces the
patient's work productivity. HPV E6/E7 mRNA-based test can better define the oncogenic
activity of the cervical lesion and better reflect disease progression or regression (12).
Therefore, an embodiment of the present invention is to use RNAscope® HPV assay to detect
the spatial pattern and levels of E6/E7 mRNA of high-risk HPV subtypes. One group of such
subtypes is the HPV subgroup of 18. Another group of such subtypes is the HPV subgroup of
15. HPV-16 alone can also be used. By determining the progression of CIN in a patient, the
present invention allows one to triage patients more specifically based on risk of disease
progression, rather than require all patients to have multiple office visits and repeated cytology
and colposcopy examinations.

[0053] In another embodiment, the present invention can be used to separately detect the
presence of several groups of HPV subtypes. Each of such group contains HPV subtypes
having the same risk of viral persistence and cervical cancer. It is now established that different
HPV subtypes carry widely different levels of risk for causing pre-cancer (CIN3) and cancer
(13, 14). The RNAscope® HPV assay can be configured to detect HPV subtypes associated
with different risk levels. For example, the inventors developed a RNAscope® HPV assays
which can test for three group of HPV subtypes, e.g., group 1 which contains HPV-16 alone,
group 2 which contains a pool of HPV-18, 31, 33, and group 3 which contains a pool of HPV-
26, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82. The inventors have discovered that
positivity of group 1 HPV subtype indicates highest level of developing cervical cancer.
Positivity of group 2 HPV subtypes indicates a lesser risk of developing cervical cancer. The
group 3 HPV subtypes indicates the least risk of developing cervical cancer. This test can be a
highly efficient genotyping strategy that provides individualized risk assessment. By better
assessing the stage of disease progression and risk for viral persistent and cancer
development, the RNAscope® HPV test can thus provide objective information for optimal
disease management. For example, based on the assessment of the stage of disease
progression and risk for cancer development, one can select treatment options that are best
for the patient. One can also optimize the frequency for repeating test by the patient.

[0054] In another embodiment, the present invention also provides a kit comprising reagents
and instructions for practicing the methods described herein for detecting E6/E7 mRNA of high-
risk HPV subtypes in cervical lesion.

[0055] The present invention presents a novel concept of determining whether a cervical
lesion in a patient is a benign lesion or a CIN lesion based on the presence or absence of
E6/E7 mRNA of high-risk HPV subtypes. Before the disclosure of the present invention, it has
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not been obvious to the people in the field that detecting high-risk HPV mRNA in cervical tissue
specimens can have significant clinical utility in follow-on diagnosis for patients with positive
screening results. The inventors of this application discovered a method for using spatial patter
and level of E6/E7 mRNA of high-risk HPV subtypes in a patient to assess the state of
progression toward full malignancy. The inventors of this application also established a method
for using grouped E6/E7 HPV mRNA subtypes to assess the level of risk for a low-level lesion
to progress to a higher level, malignant lesion and to a cancer.

RNAscope® Assay Technology

[0056] The inventors of this application have developed an in situ hybridization method
(United States Patent No. 7,709,198, and United States Patent Application No. 11/471,278;
called RNAscope®, that allows for the direct visualization of RNA in situ. This method utilizes
the oligonucleotide probe sets and novel signal amplification systems described below. The
assay can be used on a variety of sample types including cultured cells, peripheral blood
mononuclear cells (PBMCs), frozen tissue, and formalin-fixed paraffin embedded tissue. In
addition, the assay can utilize both chromogenic and fluorescent detection reagents.

[0057] The RNAscope® assay technology provides multiplex nucleic acid assays in single
cells (see Fig. 1). At the core of this technology is the "double Z" probe design, which allows
robust amplification of specific hybridization signals without also amplifying nonspecific events.
Each target probe ("Z") has a target-specific sequence, which binds to the target mRNA, a
spacer, and a "tail" sequence. Two target probes (double Z) hybridize contiguously onto a
target mRNA, and the two "tail" sequences form a hybridization site for the PreAmplifier. For
example, the length of the hybridization site can be 28-base long. The double Z probe design
ensures high fidelity of signal amplification because 1) it is highly unlikely that a pair of target
probes will hybridize nonspecifically juxtaposed to each other to form a binding site for the
PreAmplifier; and 2) neither tail alone can bind efficiently to the PreAmplifier under the assay
conditions. The PreAmplifier, Amplifier and Label Probe are hybridized sequentially to each
target probe pair, resulting in the accumulation of as many as 8,000 label molecules per 1 kb
of target RNA. The Label Probe can be conjugated to either a fluorophore or a chromogenic
enzyme (e.g., HRP), enabling viewing of hybridization signals under a standard bright-field or
epifluorescent microscope, respectively. With a fluorescent Label Probe, the signals can
contain at least 100-fold more fluorescent molecules than traditional RNA fluorescent ISH
methods and are readily visible under a standard fluorescent microscope.

[0058] In addition, multiple signal amplifiers have been built that each recognizes a unique tail
sequence on the target probes, allowing for the simultaneous visualization of multiple target
RNAs. Importantly, this assay is compatible with partially degraded RNA present in archival
FFPE tissues, since the double Z probe pairs target short regions of nucleotides in length.

Using RNAscope® for Detection of HPV subtypes



DK/EP 2668290 T3

[0059] The marked improvement in signal-to-noise ratio with RNAscope® allows detection of
multiple RNA molecules as punctuate dots on the stained slides. To demonstrate this, an
RNAscope® assay for detecting three HPV subtypes of HPV-18, HPV-31 and HPV-33 is
illustrated below. It is clear that the target probe sets can be expanded or reduced to detect
any reasonable number of HPV subtypes.

[0060] RNAscope® was used to detect three nucleic acid targets, HPV-18, HPV-31 and HPV-
33, in a cervical tissue sample of a patient. In the methods, a sample comprising the cell is
provided. The cell tested comprises, or is suspected of comprising, HPV-18, HPV-31 and HPV-
33. Provided in the assay are: a first label probe comprising a first label, a second label probe
comprising a second label, and a third label probe comprising a third label, wherein the signals
from the three labels are distinguishable from each other. Alternatively, HPV-18, HPV-31 and
HPV-33 labels are identical and the signals emitted from the three markers are
indistinguishable from each other. For each of the three nucleic acid targets HPV-18, HPV-31
and HPV-33, three target probe sets, each comprising at least two target probes, are provided.

[0061] In one embodiment of the present invention, the first nucleic acid target is HPV-18, the
second nucleic acid target is HPV-31 and the third nucleic acid target is HPV-33. When
identical labels are used for HPV-18, HPV-31 and HPV-33, detection of label signals in a
sample indicates that either HPV-18, HPV-31 or HPV-33, or all of them existed in the sample.
The detection of uniformed label signals suggests the presence of HPV in the sample. When
the three labels are distinguishable, detection of each individual labels provides further
information regarding the expression of the individual genes in the sample.

[0062] The first target probe set is hybridized, in the cell, to the first nucleic acid target HPV-18
(when the first nucleic acid target is present in the cell), the second target probe set is
hybridized, in the cell, to the second nucleic acid target HPV-31 (when the second nucleic acid
target is present in the cell), and the third target probe set is hybridized, in the cell, to the third
nucleic acid target HPV-33 (when the third nucleic acid target is present in the cell). In the case
when the distinguishable label probes are used, the first label probe is captured to the first
target probe set, the second label probe is captured to the second target probe set, and the
third label probe is captured to the third target probe set, thereby capturing the first label probe
to the first nucleic acid target HPV-18, the second label probe to the second nucleic acid target
HPV-31 and the third label probe to the third nucleic acid target HPV-33. The first signal from
the first label, the second signal from the second label and the third signal from the third label
are then detected. Since the first, second and third labels are associated with their respective
nucleic acid targets through the target probes, presence of the label(s) in the cell indicates the
presence of the corresponding nucleic acid target(s) in the cell. The methods are optionally
quantitative. Thus, an intensity of the first, second and third signal can be measured, and the
intensity of the first signal can be correlated with a quantity of HPV-18, HPV-31 and HPV-33 in
the cell. As another example, a signal spot can be counted for each copy of the HPV-18, HPV-
31 and HPV-33 genes to quantitate them. In the case when the distinguishable label probes
are used, identical label probes are captured to the three different target probes.
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[0063] In one aspect, the label probes bind directly to the target probes. In another aspect,
the label probes are captured to the target probes indirectly, for example, through binding of
preamplifiers and/or amplifiers. Use of amplifiers and preamplifiers can be advantageous in
increasing signal strength, since they can facilitate binding of large numbers of label probes to
each nucleic acid target.

[0064] In the above classes of embodiments, one target probe hybridizes to each label probe,
amplifier, or preamplifier. In alternative classes of related embodiments, two or more target
probes hybridize to the label probe, amplifier, or preamplifier.

[0065] In embodiments in which two or more target probes are employed, the target probes
preferably hybridize to nonoverlapping polynucleotide sequences in their respective nucleic
acid target. The target probes can, but need not, cover a contiguous region of the nucleic acid
target. Blocking probes, polynucleotides which hybridize to regions of the nucleic acid target
not occupied by target probes, are optionally provided and hybridized to the target. For a given
nucleic acid target, the corresponding target probes and blocking probes are preferably
complementary to physically distinct, nonoverlapping sequences in the nucleic acid target,
which nonoverlapping sequences are preferably, but not necessarily, contiguous. Having the
target probes and optional blocking probes be contiguous with each other can in some
embodiments enhance hybridization strength, remove secondary structure, and ensure more
consistent and reproducible signal.

[0066] As noted, the methods are useful for multiplex detection of nucleic acids, including
simultaneous detection of more than three nucleic acid targets. Thus, the cell optionally
comprises or is suspected of comprising a fourth, fifth, sixth, seventh or even more nucleic acid
target. For example, the method detecting a fourth nucleic acid target comprises: providing a
fourth label probe comprising a fourth label, wherein a fourth signal from the fourth label can
be either distinguishable or indistinguishable from the first three signals depending the degree
of information to be collected, providing at least two fourth target probe, hybridizing in the cell
the fourth target probe to the fourth nucleic acid target (when the fourth target is present in the
cell), capturing the fourth label probe to the fourth target probe, and detecting the fourth signal
from the fourth label.

[0067] In detection of nucleic acid targets in a cell, the cell is typically fixed and permeabilized
before hybridization of the target probes, to retain the nucleic acid targets in the cell and to
permit the target probes, label probes, etc. to enter the cell. The cell is optionally washed to
remove materials not captured to one of the nucleic acid targets. The cell can be washed after
any of various steps - for example, after hybridization of the target probes to the nucleic acid
targets to remove unbound target probes, after hybridization of the preamplifiers, amplifiers,
and/or label probes to the target probes, and/or the like.

[0068] The various capture and hybridization steps can be performed simultaneously or
sequentially, in essentially any convenient order. Preferably, a given hybridization step is
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accomplished for all of the nucleic acid targets at the same time. For example, all the target
probes (first, second, etc.) can be added to the cell at once and permitted to hybridize to their
corresponding targets, the cell can be washed, amplifiers (first, second, etc.) can be hybridized
to the corresponding target probes, the cell can be washed, the label probes (first, second,
etc.) can be hybridized to the corresponding amplifiers, and the cell can then be washed again
prior to detection of the labels. As another example, the target probes can be hybridized to the
targets, the cell can be washed, amplifiers and label probes can be added together and
hybridized, and the cell can then be washed prior to detection. It will be evident that double-
stranded nucleic acid target(s) are preferably denatured, e.g., by heat, prior to hybridization of
the corresponding target probe(s) to the target(s).

[0069] In some embodiments, the cell is in suspension for all or most of the steps of the
method, for ease of handling. However, the methods are also applicable to cells in solid tissue
samples (e.g., tissue sections) and/or cells immobilized on a substrate (e.g., a slide or other
surface). Thus, in one class of embodiments, the cell is in suspension in the sample comprising
the cell, and/or the cell is in suspension during the hybridizing, capturing, and/or detecting
steps. For example, the cell can be in suspension in the sample and during the hybridization,
capture, optional washing, and detection steps. In other embodiments, the cell is in suspension
in the sample comprising the cell, and the cell is fixed on a substrate during the hybridizing,
capturing, and/or detecting steps. For example, the cell can be in suspension during the
hybridization, capture, and optional washing steps and immobilized on a substrate during the
detection step. In other embodiments, the sample comprises a tissue section.

Example 1

Protocol for the RNAscope® HPV assay

[0070] For each tumor sample, 5-micron tissue sections were cut and mounted on glass
slides. The following steps were performed for each tumor sample:

1. 1. Obtaining a sample from a subject. The sample can be a tissue sample obtained from
a patient without preservation treatment or in a formalin fixed, paraffin embedded tissue
section.

2. 2. Optionally, if the sample is in a FFPE tissue section, the sample will be treated, first by
heating the FFPE tissue section in a citrate buffer, and followed by digestion with a
protease.

3. 3. Performing an RNAscope® HPV assay on the sample, which includes the following
tests:

1.1i) performing negative control using target probes against the bacterial gene
dapB;

2.ii) performing positive control using target probes against human gene UBC;

3. i) performing a test using HPV target probe sets containing either a pool of high-
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risk HPV subtypes or individual target probe set specific to one of these subtypes.
For example, for head and neck cancer, a single pool of 7 high-risk types (HPV-
16, 18, -31, -33, -35, -52, and -58) can be used together. Alternatively, one can
split the HPV probe sets into two separate assays: one for HPV-16 alone, and
another containing all other 6 types (HPV-18, -31,-33, -35, -52, and -58). The
exact pooling and splitting strategy can be adapted to the specific diagnostic
information desired.

[0071] This experimental protocol allows for the assessment of HPV positivity in the context of
RNA integrity (UbC) and assay background (DapB). A sample is considered HPV positive if the
signals emitted from the HPV sample are higher than the DapB sample. A sample is
considered HPV negative if no signal is observed in the HPV sample but the signals in UbC
sample is positive.

Example 2

RNAscope® Detection of E6/E7 mRNA of HPV Subtypes in Subtype-specific Cell Lines

[0072] In order to demonstrate the feasibility of the RNAscope® HPV assay to detect and
discriminate among different HPV subtypes, an experiment was conducted to detect HPV
subtypes in cell lines which are known to contain only specific HPV subtypes. The protocol for
the RNAscope® HPV assay described in Example 1 was used. The target probe sets are
designed to be specific for E6/E7 mRNA of HPV-16, HPV-18, and HPV-45, respectively.
Hybridization of the probe sets to their target was detected using an alkaline phosphatase
conjugated signal amplification system followed by development with Fast Red, which results in
a red, fluorescent precipitate. As shown in Figure 2, the HPV-16 target probe set produced a
positive signal only in SiHa and CaSki cells, both of which harbor only the HPV-16 subtype. The
HPV-18 target probe set produced a positive signal only in Hela cell lines which harbor only the
HPV-18 subtype. HPV-45 target probe sets only produced positive signals in the MS-751 cell
lines which harbor only the HPV-45 subtype. Taken together, these results demonstrate that
the probe set designed in the present invention accomplished its intended result by detecting
specific HPV subtypes. In addition, these results show that the probe sets are capable of
distinguishing highly homologous sequences because the tested HPV subtypes are up to 85%
identical.

Example 3

RNAscope® Detection of HPV Subtypes in Head and Neck Cancer Tissue Samples
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[0073] The following experiment was conducted to detect E6/E7 mRNA of HPV high-risk
subtypes in FFPE tissue samples obtained from HNC patients. In the experiment, the protocol
for the RNAscope® HPV assay described in Example 1 was used. The two groups of target
probe sets were created. In one group, the target probe sets contain only target probes that
only bind to HPV-16. In the other group, the target probe sets contain target probes that bind
to HPV-18, 31, 33, 35, 52, and 58 (called "HR-HPV probe set"). Multiple HNC patient samples
who are diagnosed with cervical lesions were tested using the above groups of target probe
sets. An exemplary result is shown in Figure 3. The result shows detection of positive E6/E7
mRNA of HPV high-risk subgroup in both patients. Both patients are known to have HPV-
related HNC. Thus, the test proves that the RNAscope® HPV assay with the specifically
designed HPV target probe sets can accurately detect those HPV subtypes and thus determine
whether or not a given HNC is HPV-related. In addition, the two groups of target probe sets
were used to distinguish patients harboring HPV-16 (lower left corner of Figure 3) from those
harboring other subtypes of HPV (upper right corner of Figure 3). This allows further
separation of different HPV genotypes. It has been known that different genotypes carry widely
different levels of risk for cancer progression. The genotyping strategy disclosed in this
example provides individualized risk assessment of head and neck patients.

Example 4

RNAscope® Detection of HPV Subtypes in Cervical Lesion Tissue Samples

[0074] The following experiment was conducted to detect E6/E7 mRNA of certain high-risk
HPV subtypes in cervical tissue samples obtained from patients who have been diagnosed to
have cervical lesions. A tissue microarray containing multiple cases of normal cervix tissue,
CIN1, CIN2, CIN3, and malignant carcinoma was stained with a probe set pool designed to
recognize the HPV subgroup of 18. In the experiment, the protocol for the RNAscope® HPV
assay described in Example 1 was used. As shown in Figure 4, E6/E7 mRNAs of HPV
subgroup of 18 were detected in CIN1, CIN2, CIN3, and malignant carcinoma, but not in
normal cervix tissues. The experiment shows that positivity of HPV E6/E7 mRNA correlates
with the malignancy of cervical lesion which is diagnosed by histology method. It was also
observed in Figure 4 that the spatial pattern and expression level of HPV E6/E7 mRNA
(quantified by the number of precipitation dots in the image) vary among CIN1, CIN2, CIN3,
and malignant carcinoma. As disclosed in the application herein, the morphology of E6/E7
RNAscope® HPV assay image helps to define the oncogenic activity of the HPV infection in the
lesion and thus allows better assessment of disease progression.
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Patentkrav

1. Fremgangsmade til at bestemme hvorvidt en kraeft i hoved og hals i et
menneske er HPV-relateret, omfattende at udfgre et RNA-in situ-hybridiserings
(ISH) -assay pé en prgve af kraeft i hoved og hals opndet fra mennesket, hvor

prgven er i et vaevssnit, hvor ISH-assayet omfatter:

(i) mere end et malprobesaet, der er designet til individuelt at hybridisere
til E6/E7 mRNA af mere end en hgjrisiko HPV-undertype, og

(i) et universelt signalamplifikationssystem,

hvor hvert malprobesat indeholder en flerhed af malprober,

hvor hver malprobe i et m3lprobesaet omfatter en farste polynukleotidsekvens,
der er komplementeer til E6/E7 mRNA af en hgjrisiko HPV-undertype, og en anden
polynukleotidsekvens, der er komplementeer til en polynukleotidsekvens af det
universelle signalamplifikationssystem, og

hvor den anden polynukleotidsekvens er identisk pa tvaers af forskellige
mélprobesaet, og

hvor tilstedevaerelsen af E6/E7 mRNA af den ene eller flere hgjrisiko HPV-

undertyper indikerer, at kraeften i hoved og hals i mennesket er HPV-relateret.

2. Fremgangsmade til at bestemme udviklingen af kraeft i hoved og hals i et

menneske, omfattende:

(a) at udfgre et RNA-in situ-hybridiserings (ISH) -assay pé en prgve af
kreeft i hoved og hals opnaet fra mennesket, hvor prgven er i et vaevssnit,
hvor ISH-assayet omfatter:

(i) mere end et malprobesaet, der er designet til individuelt at
hybridisere til E6/E7 mRNA af mere end en hgjrisiko HPV-undertype,

0g

(ii) et universelt signalamplifikationssystem; og
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(b) at male niveauerne af E6/E7 mRNA af den ene eller flere hgjrisiko HPV-
undertyper detekteret i trin (a);

hvor hvert malprobesaet indeholder en flerhed af malprober,

hvor hver malprobe i et malprobesaet omfatter en fgrste polynukleotidsekvens,
der er komplementeer til E6/E7 mRNA af en hgjrisiko HPV-undertype, og en anden
polynukleotidsekvens, der er komplementaer til en polynukleotidsekvens af det
universelle signalamplifikationssystem, og

hvor den anden polynukleotidsekvens er identisk pa tvaers af forskellige
malprobesaet, og

hvor niveauerne af E6/E7 mRNA af den ene eller flere hgjrisiko HPV-undertyper

bestemmer udviklingen af kraeften i hoved og hals.

3. Fremgangsmade til at bestemme hvorvidt en laesion i livmoderhalsen i et
menneske er en godartet laesion eller en livmoderhals-intraepitelneoplasme (CIN)
laesion, omfattende at udfgre et RNA-in situ-hybridiserings (ISH) -assay pa en
livmoderhalsvaevsprgve opnaet fra mennesket, hvor prgven er i et vaevssnit, hvor

ISH-assayet omfatter:

(i) mere end et malprobesaet, der er designet til individuelt at hybridisere
til E6/E7 mRNA af mere end en hgjrisiko HPV-undertype,

(ii) et universelt signalamplifikationssystem;

hvor hvert malprobesat indeholder en flerhed af méalprober,

hvor hver mélprobe i et malprobesaet omfatter en fgrste polynukleotidsekvens,
der er komplementeer til E6/E7 mRNA af en hgjrisiko HPV-undertype, og en anden
polynukleotidsekvens, der er komplementeer til en polynukleotidsekvens af det
universelle signalamplifikationssystem, og

hvor den anden polynukleotidsekvens er identisk p& tvaers af forskellige
malprobesaet, og

hvor fraveaeret af E6/E7 mRNA af alle hgjrisiko HPV-undertyper indikerer en
godartet laesion, og tilstedevaerelsen af E6/E7 mRNA af den ene eller flere
hgjrisiko HPV-undertyper indikerer en CIN-laesion.
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4. Fremgangsmade til at bestemme udviklingen af livmoderhals-
intraepitelneoplasme (CIN) i et menneske, omfattende:

(a) at udfgre et RNA-in situ-hybridiserings (ISH) -assay pa en
livmoderhalsvaevsprgve opnaet fra mennesket, hvor prgven er i et
vaevsshit, hvor ISH-assayet omfatter:

(i) mere end et malprobesaet, der er designet til individuelt at
hybridisere til E6/E7 mRNA af mere end en hgjrisiko HPV-undertype,
0g

(ii) et universelt signalamplifikationssystem; og

(b) at analysere det rumlige mgnster og at male niveauerne af E6/E7
mRNA af den ene eller flere hgjrisiko HPV-undertyper detekteret i trin (a);

hvor hvert malprobesaet indeholder en flerhed af malprober,

hvor hver mélprobe i et malprobesaet omfatter en fgrste polynukleotidsekvens,
der er komplementzer til E6/E7 mRNA af en hgjrisiko HPV-undertype, og en anden
polynukleotidsekvens, der er komplementeaer til en polynukleotidsekvens af det
universelle signalamplifikationssystem, og

hvor den anden polynukleotidsekvens er identisk p& tvaers af forskellige
malprobesaet, og

hvor det rumlige mgnster og niveauerne af E6G/E7 mRNA af den ene eller flere
hgjrisiko HPV-undertyper bestemmer udviklingen af CIN.

5. Fremgangsm%de til at bestemme risikoen for at udvikle livmoderhalskraeft i et
menneske diagnosticeret med livmoderhals-intraepitelneoplasme (CIN),
omfattende at udfgre et RNA-in situ-hybridiserings (ISH) -assay pa en
livmoderhalsvaevsprgve opndet fra mennesket, hvor prgven er i et vaevssnit, hvor

ISH-assayet omfatter:

(i) mere end et malprobesaet, der er designet til individuelt at hybridisere
til E6/E7 mRNA af mere end en hgjrisiko HPV-undertype, og

(i) et universelt signalamplifikationssystem;
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hvor hvert malprobesat indeholder en flerhed af malprober,

hvor hver malprobe i et malprobesaet omfatter en fgrste polynukleotidsekvens,
der er komplementeer til E6/E7 mRNA af en hgjrisiko HPV-undertype, og en anden
polynukleotidsekvens, der er komplementaer til en polynukleotidsekvens af det
universelle signalamplifikationssystem, og

hvor den anden polynukleotidsekvens er identisk pa tvaers af forskellige
mélprobesaet,

hvor den ene eller flere hgjrisiko HPV-undertyper er organiseret i tre grupper af
HPV-undertyper, hver med et forskelligt risikoniveau for transformation af CIN til
livmoderhalskreeft, og

hvor tilstedevaerelsen af E6/E7 mRNA af gruppe (1) HPV-undertyper indikerer den
hgjeste risiko for at udvikle livmoderhalskreeft, tilstedevaerelsen af E6/E7 mRNA af
gruppe (2) HPV-undertyper indikerer en mindre risiko for at udvikle
livmoderhalskreeft, og tilstedevaerelsen af E6/E7 mRNA af gruppe (3) HPV-
undertyper indikerer den laveste risiko for at udvikle livmoderhalskrzeft; og hvor
gruppen (1) HPV-undertyper inkluderer HPV-16; gruppen (2) HPV-undertyper
inkluderer HPV-18, HPV-31, og HPV-33; og gruppen (3) HPV-undertyper
inkluderer HPV-26, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-53, HPV-56,
HPV-58, HPV-59, HPV-66, HPV-68, HPV-73, og HPV-82.

6. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 5, hvor
vaevssnittet er et formalin-fikseret, paraffin-indstgbt vaevssnit.

7. Kit omfattende, i et egnet beholderorgan, stoffer til at udfgre et RNA-situ-
hybridiserings (ISH) —assay, der inkluderer

(i) mere end et malprobesaet, der er designet til individuelt at hybridisere
til E6/E7 mRNA af mere end en hgjrisiko HPV-undertype, og

(i) et universelt signalamplifikationssystem,

hvor hvert malprobesaet indeholder en flerhed af malprober,

hvor hver mélprobe i et malprobesaet omfatter en fgrste polynukleotidsekvens,
der er komplementeer til E6/E7 mRNA af en hgjrisiko HPV-undertype, og en anden
polynukleotidsekvens, der er komplementeer til en polynukleotidsekvens af det
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universelle signalamplifikationssystem, og

hvor den anden polynukleotidsekvens er identisk pa tvaers af forskellige
malprobesaet, og

hvor kittet er til at bestemme hvorvidt en kraeft i hoved og hals i et menneske er
HPV-relateret, eller hvorvidt en laesion i livmoderhalsen i et menneske er en

godartet lzesion eller en livmoderhals-intraepitelneoplasme (CIN) -laesion.

8. Fremgangsmaden ifplge et hvilket som helst af kravene 1 til 6, eller kittet ifglge
krav 7, hvor det universelle signalamplifikationssystem indeholder enten et
peberrodsperoxidase (HRP) eller alkalisk phosphatase (AP) maerke, der kan
detekteres ved dannelsen af et preecipitat fglgende inkubering med henholdsvis
DAB- eller Fast Red-substrater.

9. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 6, eller kittet ifglge
krav 7, hvor det universelle signalamplifikationssystem indeholder amplifikatorer
og prae-amplifikatorer, der er designet til at hjeelpe med at amplificere signalerne
fra E6/E7 mRNA.

10. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 9, eller kittet
ifglge et hvilket som helst af kravene 7 til 9, hvor den ene eller flere hgijrisiko
HPV-undertyper veelges fra en gruppe bestdende af HPV-16, HPV-18, HPV-26,
HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-53, HPV-56,
HPV-58, HPV-59, HPV-66, HPV-68, HPV-73, og HPV-82, eller en hvilken som helst
kombination deraf.

11. Fremgangsmaden eller kit ifglge krav 10, hvor gruppen bestar af HPV-
undertyper af: HPV-16, HPV-18, HPV-26, HPV-31, HPV-33, HPV-35, HPV-39, HPV-
45, HPV-51, HPV-52, HPV-53, HPV-56, HPV-58, HPV-59, HPV-66, HPV-68, HPV-
73, og HPV-82.
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12. Fremgangsmaden eller kit ifglge krav 10, hvor gruppen bestar af HPV-
undertyper af: HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-
51, HPV-52, HPV-56, HPV-58, HPV-59, HPV-68, HPV-73, og HPV-82.

13. Fremgangsmaden eller kit ifglge krav 10, hvor gruppen bestar af HPV-
undertyper af: HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-52, og HPV-58.

14. Fremgangsmaden eller kit ifglge krav 10, hvor gruppen bestar af HPV
undertype HPV-16.
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