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• To demonstrate the overexpression and localization of E6/E7 proteins in CIN2/3,
SCC, and cervical adenocarcinoma by IHC using our novel anti-E6 or E7
antibodies.

• To digitize the IHC slides and to use automated image analysis software to
quantitate stains based on color, intensity, and staining pattern.

• To compare and correlate the automated image analysis results to those
obtained from standard microscopic scoring.

Materials and Methods

Objectives

Discussion

Background
Persistent high-risk human papillomavirus (hrHPV) infection is essential for

the development of cervical intraepithelial neoplasia (CIN) and cervical cancer.
Gene expressions of HPV genome identified in different stages of HPV life cycle
alter the physiology of human cervical epithelial cells. Early genes, such as E6
and E7 appear in the very early phase of HPV infection. Increasing expression of
E6 and E7 in high-grade CIN and invasive cancer resulted in an increased
proliferation rate and genomic instability of the infected cell. This phenomenon
highly correlates with the malignant transformation of cells infected by high-risk
HPV types. In our previous study, results of HPV IHC assay using our novel
antibodies generated against HPV E6/E7 oncoproteins demonstrated the
expression and localization of E6 and E7 oncoproteins are detected in the nucleus
of HPV infected cells as well as both nucleus and cytoplasm of dysplasia cells in
CIN2, CIN3, squamous cell carcinoma, adenocarcinoma. The results indicate
early expression of E6, E7 oncoproteins in the nucleus are found in the basal
layer, parabasal, and intermediate layers. In this study, we conducted automated
digital IHC image analysis to quantitate stain intensity and stain pattern and
compare the results to manual microscopic scoring results. Prelimiary results
demonstrate that consistent results can be found from both manual and
automated scoring systems.

Recombinant proteins of full length HPV type 16 E6, E7, L1 and HPV type 18
E6, E7 were produced and purified to immunize rabbits and mice for polyclonal
antibody production and monoclonal antibody development. All the antibody
produced was tested for immunohistochemical (IHC) staining on CIN 2, CIN 3,
cervical squamous cell carcinoma, cervical adenocarcinoma, and breast and
endometrial cancers (negative controls). All tissue slides were sectioned from
paraffin-embedded blocks.

Two monoclonal anti-E6 and two monoclonal anti-E7 antibodies were used to
perform IHC on total of 12 tissue microarrays that contain previously-identified
paraffin-embedded tissue cores including 120 CIN2, 120 CIN3, 48 SCC and
their normal epithelial counterparts that are at least 15 mm away from the gross
tumor border, 48 adenocarcinamas and their normal epithelial counterparts. IHC
staining for each core on the tissue microarrays was scored by a gynecologic
pathologist as percentage of cells with nuclear and cytoplasmic staining.
Staining of adjacent dysplastic and normal epithelia was determined for each
core for comparative purposes.

Tissue microarrays were also used to perform automated image analysis, the
IHC stained glass slides were scanned using the iScanTM automated whole slide
scanning system. The wholeslide digital images were then analyzed using
BioImagene’s iHarness software. Briefly, each digital image was reviewed by a
pathologist, and fields of view (FOVs) for E7 scoring in various cervical tissues
were selected at 20X resolution. The analysis algorithm was authored to
support assessment of staining intensities of nuclear and cytoplasmic
compartments identified within the FOVs. The algorithm was fine-tuned using a
subset of the images, and the same parameter set was then used for analysis of
all the FOVs. The analysis algorithm considered the color, morphology and the
size of the nuclear and cytoplasmic compartments to detect and classify
individual cells as positive or negative within the nucleus and cytoplasm. The
cells were classified as positive or negative, and the total counts were
generated in iHarness. The ratios were then used to compute the percent
staining nuclear and cytoplasmic positivity. Results were reviewed and verified
by a pathologist, and compared to a pathologist’s manual scores for the same
FOVs. IHC staining images were scored by certified pathologist, and were also
analyzed using automated image analysis program. Both manual and
automated scoring systems are based on the percentage of stained nuclei and
cytoplasm.

Results: Automated image analysis on IHC staining t issue samples

Figure 1. (A) Representative images of HPV E7 IHC staining study: 143 cases of CIN2+ on five microarray (TMA). (B) Bar graph shows E7 IHC positive rate
that is determined as >10% of dysplasia cells with staining intensity >1 with normal adjacent staining subtraction for both nuclear stain (light blue bars) and
cytoplasm (blue bars).

Results: HPV IHC on cervical cancer tissues
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Figure 3 . Representative algorithm scoring results obtained using digital quantitative staining
analysis from anti-HPV E7 IHC staining tissues. (A) Benign cervix tissue, (B) CIN1/2 cervix tissue,
(C) CIN2/3 cervix tissue, (D) squamous cell carcinoma cervix tissue, (E) benign gland cervix tissue,
and (F) adenocarcinoma cervix tissue. The algorithm scoring results are compared to the manual
scoring results. Scoring system is based on percent positivity staining in nuclei and percent positivity
staining in cytoplasm. Various color codes are used to denote different staining patters:

Green       : negative nuclei and negative cytoplasm  Blue     : positive nuclei and negative cytoplasm
Yellow : negative nuclei and positive cytoplasm Red : positive nuclei and positive cytoplasm
Dark red : positive cytoplasm

Figure 2. (A) Representative images of HPV E6 IHC staining study: 143 cases of CIN2+ on five microarray (TMA). (B) Bar graph shows E6 IHC positive rate
that is determined as >10% of dysplasia cells with staining intensity >1 with normal adjacent staining subtraction for both nuclear stain (light blue bars) and
cytoplasm (blue bars).
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Figure 4A . Percent (%) positivity in nuclear
staining from algorithm scoring system (blue
bar) and manual scoring system (red bar).

(1) Fig 1-2 show results of E6, E7 IHC
positive rate increase as the disease
progress from CIN to cancer.
(2) For the cases represented in Fig 3A-3F,
the automated algorithm scoring system
are in agreement with what obtained from
the manual scoring system;
(3) Fig 4A shows nuclear stain positivity
increases as the disease progresses from
CIN to cancer (SCC and ADC). Benign
tissues have zero percent positivity
(4) Fig 4B shows cytoplasm stain positivity
is close to 100% for cancerous (SCC and
ADC) tissues; and benign and non-
cancerous (CIN1/2/3) tissues have zero
percent positivity
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Figure 4B . Percent (%) positivity in
cytoplasm staining from algorithm scoring
system (blue bar) and manual scoring
system (red bar).
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• HPV E6, E7 IHC using monoclonal anti-HPV E6 and E7
antibodies described in this study provide promise as critical
biomarkers for cervical cancer diagnosis and staging.

• Automated digital image analysis generates high throughput and
accurate results for HPV E6, E7 IHC staining image scoring
compared to manual scoring from pathologists

•Results from the automated and manual scoring system are highly
agreed. However, manual scoring tends to over rate nuclear
staining.

•More cases study is mandatory to compare and validate the
accuracy of the algorithm.

• Future work will focus on:
• Optimization of the scoring algorithm for better accuracy

• Extending the analysis to staining images from tissues with
different stages of HPV infection

Results


