Advanced Cell Diagnostics

Assess Transcriptionally Active HPV Biomarkers
in Head and Neck Cancer Biopsies

Detect HPV E6/E7 mRNA
expression with tissue
morphological context

e High Sensitivity and
Specificity—single molecule
detection with single-target
specificity by proprietary
probe design and detection
technology

e Broadest Spectrum—
with flexibility of individual
genotyping, pooled high-risk
and low-risk panels (HPV-
HR7, HPV-HR18, HPV-LR6)
and custom pooled panels

e Robust and Easy
Methodology—scalable
with automation for routine
analysis

Detection of Gold-standard E6/
E7 Oncogene Transcripts Using
RNAscope® ISH

Evidence for transcriptional active of the viral
oncogenes E6/E7 is regarded as the gold standard
for presence of clinically relevant high-risk human
papillomavirus (HPV), but detection of E6/E7
mRNA can be challenging using conventional
techniques (Bishop et al., 2013). As a causal
agent in head and neck squamous cell carcinoma
(HNSCQ), it is critical that the detection method
enable pathologist review of tissue morphology
and be of the highest specificity and sensitivity
for accurate assessment of within the tissue
microenvironment of FFPE specimens (Figure

1, 2). RNAscope HPV Biomarker Detection
Reagents and its proprietary “double Z”
oligonucleotide probes specific for each subtype
E6/E7 mRNA enable high specificity detection of
viral transcripts in routine FFPE tumor biopsies.

FIGURE 1. Schematic illustration of the Biology of HPV infection
provides points of HPV Detection (Bishop et al). Testing E6/

E7 transcripts by RNA ISH is desirable because it indicates the
presence of transcriptionally active virus and enables visualiza-
tion of viral transcripts directly in tumor cells in tissue sections,
unlike RT-PCR (Upko et al, 2011).

Highest Sensitivity and Specificity

Current methodologies for HPV testing include
PCR-based amplification and DNA in situ
Hybridization (ISH). PCR amplification of

HPV DNA is more sensitive, but it is less
specific than DNA ISH. Published studies
(Bishop et al., 2013, Upko et al., 2011, and
Schache et al., 2013) indicate that RNAscope-
based ISH assay is more sensitive than DNA
ISH in detecting HPV in Oropharyngeal Squamous
Cell Carcinoma (OSCC) and results correlate
well with p16 immunohistochemistry (IHC)
staining (Table 1).

RNAscope ISH technology is an ideal platform
giving the high sensitivity and specificity needed
for detection of HPV biomarkers in Head and
Neck Squamous Cell Carcinoma (HNSCC)
samples.

FIGURE 2. High risk HPV E6/E7 mRNA expression in Head

and Neck Squamous Cell Carcinoma (HNSCC). FFPE section of
HNSCC hybridized with a pool of HPV 16, 18, 31, 33, 35, 52
and 58 genotype probes, showing cytoplasmic punctate dots only
in the tumor cells (40X magnification).
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Assay Methods Sensitivity Specificity
P16 IHC 97% 82%
HR-HPV DNA ISH 94% 91%
Combined p16/HR-HPV DNA ISH | 94% 91%
DNA gPCR 91% 87%
Combined p16/DNA gPCR 91% 93%

PPV NPV

80% 97%
89% 95%
89% 95%
83% 93%
91% 93%

TABLE 1. Using the current “gold-standard” qPCR as the reference method, RNAscope® Technology demonstrated the best sensitivity and specificity for HPV status determination
than existing methods (Schache et al., 2013). Abbreviations: IHC=immunohistochemistry; ISH=in situ hybridization; NPV=negative predictive value; PPV=positive predictive value;
gPCR=quantitative PCR
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FIGURE 3. High Concordance with DNA and RNA E6/E7 ISH for HR HPV (Upko et al., 2011). Panel A
shows positive DNA ISH with the Ventana Il assay with punctate, blue, nuclear staining (magnification,

400X). Panel B shows positive RNA ISH with the same with diffuse, finely granular, cytoplasmic staining
(magnification, 400X).
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FIGURE 4. HPV-related oropharyngeal squamous cell carcinoma detection (Bishop et al., 2013). Panel A
is stained with hematoxylin & eosin stain. Panel B indicates that HPV was not detected using the Ventana
Inform HPV 1l Family 16 probe. Panel C shows the presence of HPV at low viral copy numbers using the
type 16-specific probe (arrows point to small hybridization signals within nuclei of tumor cells). Panel D
clearly shows mRNA transcripts are seen as numerous granular signals.

High Concordance between
pl16-IHC and RNAscope ISH

Case Study: Upko et al., 2011

Here the authors studied 211 oropharyngeal
squamous cell carcinoma using tissue microarrays
(TMAs) and observed high concordance between
RNA ISH and p16 IHC, as well as superior
sensitivity of RNA ISH to HPV DNA ISH

(Figure 3).

Overall RNA ISH showed a consistently strong,
diffuse granular (and or punctate) staining pattern
in the tumor cells. The results are more readily
visualized than those from DNA ISH

High Sensitivity of RNAscope ISH
Independent of Viral Load

Case Study: Bishop et al., 2013

In this study, the authors showed that the
RNAscope® ISH Assay was successful in the
detection of HPV biomarkers—even in samples
with very low viral load.

HPV-related Oropharyngeal squamous cell
carcinoma HPV was not detected using Ventana
DNA ISH, but low copy numbers were observed
by using HPV 16-specific probe with the Dako
GenPoint™ assay (Figure 4, Panel B and C).

Using the RNAscope assay, E6/E7 mRNA
transcripts are clearly detected as numerous
granular signals (Figure 4, Panel D). Here, the
authors confirmed that most oropharyngeal
squamous cell carcinomas harbor transcriptionally
active HPV.



HPV Quantitative Molecular Detection Coupled
with Morphological Context

Broadest Spectrum HPV Quantitative
Molecular Detection

HPV tumor status is the most powerful prognostic
indicator for patients with head and neck cancer.
Research has indicated that with the same
treatment HPV positive cancer cases had a better
overall survival: 80 to 85% versus approximately
35 to 38% for HPV negative cancer cases (CAP
Today article, 2014). Clinical assessment of
HHSCC disease basis requires accurate and
comprehensive detection of active HPV subtypes.
While > 90% of HPV cases are type 16, an

assay assessing all high risk (HR) subtypes is
recommended for labs assessing HPV status in
HNSCC.

RNAscope assays offer a broad spectrum of
probes targeting 18 High Risk subtypes as well as
6 Low Risk subtypes. The HR 18 HPV types were
selected based on thought leader interviews and
are in accordance with published literature and
the International Agency for Research on Cancer
(IARC). Users are able to easily customize probe
pools to evaluate specific HPV genotypes.

Routinely used with FFPE and
Fresh Frozen Tissues

Extensive assay development was done to ensure
that the RNAscope assay will work with a wide
range of tissue types—both FFPE and fresh frozen
are routinely used.

Tissue Morphological Context

In many labs today, oropharyngeal cancer

cases are routinely tested using a surrogate
marker, p16-IHC, which may be followed by an
extraction assay using RT-PCR to determine HPV
involvement. A major concern with an extract
assay of HPV is the loss of morphological context,
which is essential to establish that active HPV

is present in tumor cells. An advantage of
RNAscope ISH is the specific assessment of HPV
is in the context of intact tissue morphology. The
RNAscope ISH signal is identified as strong, clear
punctate chromogenic dots present in the nucleus
and/or cytoplasm. The recommended assay format
includes the use of assay control probes, bacterial
gene Dap B (negative control) and housekeeping
gene UBC (positive control to verify sample RNA
integrity) run on serial sections alongside HPV
probe. For positive identification of HPV, the
staining should have granular cytoplasmic and/or
nuclear brown staining that is measurably higher
than the negative Dap B control slide (Figure 5).

Robust and Easy Methodology

The RNAscope ISH workflow is similar to IHC and
can be automated. Thousands of off-the-shelf
catalog probes and several probe pools are already
available. Custom probes and probe pools are
available in less than 3 weeks.

FIGURE 5. High expressing HR-HPV case study using RNAscope® assay with a positive and a negative control slide. Panel A. HPV-

HR18. Panel B. UBC Poitive Control C. DAP B Negative Control
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RNAscope” with

Molecular Detection visualizes
what genes are expressed.

Morpholocical Context localizes
where those genes are expressed.



Ordering Information

RNAscope® assay is available in both manual and automated formats, to suit individual lab demand. The manual assay workflow is similar
to IHC and only requires a Hybridization oven (HybEZ™ System) to help control the temperature and humidity during hybridization. The
RNAscope automated assay is available on Ventana® Discovery® XT and Discovery Ultra systems.

RNAscope Reagent Kits

CAT # Product Name CAT # Product Name

310035 RNAscope 2.0 HD Reagent Kit - BROWN (20 slides/reagent kit) 320600 RNAscope VS Reagent Kit - BROWN (60 slides/reagent kit)

HPV Catalog Pooled Probes

A broad spectrum of probe selection is available for HPV genotyping. Note each probe vial is sufficient for 20 slides.

312351 Probe - HPV HR7 HPV High Risk 7 Pool: 16,18, 31, 33, 35, 52 and 58

312591 Probe - HPV HR18 HPV High risk 18 Pool: 16,18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73 and 82
407601 Probe - HPV LR6 HPV Low risk 6 Pool: 6, 11, 40, 42, 43 and 44

314551 Probe - HPV LR10 HPV Low risk 10 Pool: 6, 11, 40, 43, 44, 54, 70, 69, 71 and 74

311121 Probe - HPV16/18 HPV Pool: 16 and 18

HPV Catalog Pooled Probes

A broad spectrum of probe selection is available for HPV genotyping. Note each probe vial is sufficient for 20 slides

407501 Probe - HPV 6 407511 Probe - HPV 40 311651 Probe - HPV 59
316431 Probe - HPV10 407521 Probe - HPV 42 311661 Probe - HPV 66
311471 Probe - HPV 11 407531 Probe - HPV 43 404091 Probe - HPV 67
311521 Probe - HPV 16 311591 Probe - HPV 45 311671 Probe - HPV 68
311531 Probe - HPV 18 311601 Probe - HPV 51 407561 Probe - HPV 69
311541 Probe - HPV 26 311611 Probe - HPV 52 407571 Probe - HPV 70
311551 Probe - HPV 31 311621 Probe - HPV 53 407581 Probe - HPV 71
311561 Probe - HPV 33 407551 Probe - HPV 54 311681 Probe - HPV 73
311571 Probe - HPV 35 311631 Probe - HPV 56 407591 Probe - HPV 74
311581 Probe - HPV 39 311641 Probe - HPV 58 311691 Probe - HPV 82

ACD offers an ever-growing selection of RNA biomarker probes for virtually ANY gene from ANY species in ANY tissue.
Don't see your gene of interest? We can design your custom probes within 2 weeks.

Experience unprecedented molecular specificity and
morphological data in one sensitive assay at acdbio.com/hpv
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