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7) ABSTRACT

An isolated protein sequence or peptide from the E2, E6 or
E7 early coding region of human papillomavirus (HPV) that
is soluble in an aqueous medium, and characterized by a
relative paucity of tryptophan, methionine and cysteine
residues, and a relative abundance of glycine and asparagine
residues. Also disclosed are isolated protein sequences or
peptides from the E2, E6 or E7 early coding regions of HPV
16 and 18 and methodologies for detecting or diagnosing
cancer or cellular abnormalities. Detection or diagnosis of
Cancer or cellular abnormalities may include detecting or
diagnosing pre-cancerous or pre-malignant conditions, cer-
vical dysplasia, cervical carcinoma, koilocytosis,
hyperkeratosis, intraepithelial lesions, and other cancers. A
methodology for detecting or diagnosing cancer or cellular
abnormalities comprises the steps of (1) reacting a sample of
body fluid or tissue with isolated protein sequences or
peptides; (2) forming an antibody-peptide complex; and (3)
detecting the antibody-peptide complex.

18 Claims, 2 Drawing Sheets
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Table 1. Pap Smear Cytology, Digene HPV DNA Hybrid Capture Assay Results, and Diagnosis
or Status Regarding Dysplasia from Subjects Tested for Cervical Disease Via Enzyme-Linked
Immunosorbent Assay (ELISA) Using Peptides Comprising Invention.

Subject Pap Smear Digene HPV
Number Interpretation* Hybrid Capture? Diagnosis or Status®
1 Not done Not done Virgin, 14 years old
2 Not done Not done Virgin, 15 years old
3 No cell abnormalities found  Negative No history of dysplasia
4 No cell abnormalities found  Negative No history of dysplasia
5 No cell abnormalities found  Negative No history of dysplasia
6 No cell abnormalities found ~ Negative No history of dysplasia
7 Cell abnormalities present Negative CIN1
8 No cell abnormalities found  Positive CINI
9 Cell abnormalities present Positive CINTI
10 Cell abnormalities present Positive CINIO
11 Cell abnormalities present Positive CIN IO
12 Cell abnormalities present Positive CIN I
13 Cell abnormalities present Positive Squamous cell carcinoma
14 Cell abnormalities present Positive Squamous cell carcinoma
15 No cell abnormalities found  Positive Adenocarcinoma
16 Cell abnormalities present Positive Adenocarcinoma

'"ThinPrep slide interpreted by a Board Certified Cytopathologist

2DNA test for ascertaining presence/infection by “oncogenic” HPVs

3Where applicable, includes diagnosis or status after taking into account results from
colposcopy and biopsy; CIN = Cervical Intraepithelial Neoplasia; CIN I = mild abnormalities
that rarely develop into cervical cancer; CIN II = lesions appearing more aggressive under the
microscope, involving about one-half of the thickness of the surface lining of the cervix; CIN
I = the most aggressive form of dysplasia in which the entire surface lining is abnormal,
high probability of progressing to invasive cancer if not removed and includes carcinoma in
situ.

Fig. 1
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Table 2. Absorbance Values for Enzyme-Linked Immunosorbent Assays, or ELISAs, Using
Peptides Comprising Invention. A reaction, oxidation of the bound enzyme-labeled antibody-
antigen complex, produces a color for which intensity is proportional to the amount of antibody
in the serum sample. Detection and quantification were done with absorbance at 450 nm, with
values rounded to the nearest hundredths of absorbance units.

Subject SEQUENCE ID NUMBER (SEQ ID NO:)
Number 1 2 3 4 5 6 7 8
Blank Control 0.04 005 004 004 003 004 004 005
1 014 020 019 0.17 017 018 0.24 0.20
2 0.17 014 021 020 0.17 015 0.18 0.16
3 020 016 015 011 020 021 0.16 0.22
4 023 0.18 0.18 024 015 023 025 0.13
5 020 017 023 0.14 024 018 015 020
6 044 032 049 0.17 024 021 0.19 0.22
7 0.21 024 018 018 018 023 0.14 0.19
8 0.40 034 051 049 057 040 046 053
9 044 025 029 043 027 053 044 0.24
10 031 036 032 056 044 041 053 0.35
11 032 033 029 041 046 048 041 037
12 0.14 050 026 058 038 053 042 041
13 0.19 024 037 049 050 063 044 047
14 031 039 043 0.60 051 055 046 0.50
15 036 040 045 044 061 044 055 0.59
16 035 021 028 040 047 039 044 048

Kruskal--Wallis one-way analysis of variance on samples of unequal size:

Absorbance Values for Subjects 1-6 versus Absorbance Values for Subjects 7-16, p < 0.001
(Extremely Significant)

Conclusion: Subjects with mild to severe cervical dysplasia and cancer have significantly
greater antibody titers with respect to peptides of invention than do non-diseased or healthy
subjects.

Fig. 2
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PEPTIDES FROM THE E2, E6, AND E7
PROTEINS OF HUMAN PAPILLOMA
VIRUSES 16 AND 18 FOR DETECTING
AND/OR DIAGNOSING CERVICAL AND
OTHER HUMAN PAPILLOMAVIRUS
ASSOCIATED CANCERS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/394,172, filed Jul. 2, 2002, and
entitled “NOVEL PEPTIDES FROM THE E2, E6 AND E7
PROTEINS OF HUMAN PAPILLOMAVIRUSES 16 AND
18 FOR DIAGNOSING OR DETECTING CERVICAL
AND OTHER HUMAN PAPILLOMAVIRUS ASSOCI-
ATED CANCERS” and is a cont-in-part U.S. patent appli-
cation Ser. No. 09/828,645, filed Apr. 5, 2001 now U.S. Pat.
No. 6,743,593, and entitled “IMMUNOLOGICAL METH-
ODOLOGY FOR DISCERNING HUMAN
PAPILLOMAVIRUS,” which are incorporated herein by
reference.

BACKGROUND

1. Field of the Invention

The present invention relates generally to the field of
peptides reactive with antibodies formed against human
papillomavirus (HPV). Some have termed this type of
peptide as antigenic or immunoreactive. More particularly,
the invention relates to peptides isolated, purified or derived
from the early coding region of the E2, E6, and E7 onco-
proteins of HPV and method for use for the detection and/or
diagnosis of HPV associated epithelial cell abnormalities,
precancerous conditions and cancers via an immunoassay.

2. The Background Art

The human papillomaviruses (HPV), named because cer-
tain types induce warts or papillomas, cause virtually all
cervical cancers (Nobbenhuis et al., “Relation of human
papillomavirus status to cervical lesions and consequences
for cervical-cancer screening: a prospective study,” The
Lancet, 354:20-25, 1999; Cuzick et al, “A systematic
review of the role of human papilloma virus (HPV) testing
within a cervical screening programme: summary and
conclusions,” British Journal of Cancer, 83:561-565, 2000).
These encompass not only squamous cell carcinomas
(Nobbenhuis et al., 1999) but also adenocarcinomas (Pirog
et al., “Prevalence of human papillomavirus DNA in differ-
ent histological subtypes of cervical adenocarcinoma,”
American Journal of Pathology, 157:1055-1062, 2000).
These viruses are also strongly associated with vulvar and
vaginal carcinomas (Frisch et al., “Human papillomavirus-
associated carcinomas in Hawaii and the mainland US,”
Cancer 88:1464-1469, 2000; Sugase et al., “Distinct mani-
festations of human papilliomaviruses in the vagina,” Inter-
national Journal of Cancer, 72:412-415, 1997), as well as
cancers of the anus (Frisch et al., 2000) and penis (Gregoire
et al., “Preferential association of human papillomavirus
with high-grade histologic variants of penile-invasive squa-
mous cell carcinoma,” Journal of the National Cancer
Institute, 87:1705-1709, 1995).

Moreover, HPV may be responsible for certain carcino-
mas in the head and neck region (Mellin et al., “Human
papillomavirus (HPV) DNA in tonsillar cancer: clinical
correlates, risk of relapse, and survival,” International Jour-
nal of Cancer, 89:300-304, 2000; Zumbach et al., “Anti-
bodies against oncoproteins E6 and E7 of human papillo-
mavirus types 16 and 18 in patients with head-and-neck
squamous-cell carcinoma,” International Journal of Cancer,
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85:815-818, 2000), seem associated with the more deadly
melanomas (Dreau et al., “Human papillomavirus in mela-
noma biopsy specimens and its relations to melanoma
progression,” Annals of Surgery, 231:664-671, 2000), and
could play a role in lung carcinomas (Soini et al., “Presence
of human papillomavirus DNA and abnormal p53 protein
accumulation in lung carcinoma,” Thorax 51:887-893,
1996) and perhaps other cancers.

Cervical cancer is the second most common cancer
among women worldwide. Each year about 450,000 women
worldwide are diagnosed with cervical cancer, and nearly
300,000 women die of this disease. Since the advent of
organized cervical cancer screening by cytology fifty (50)
years ago, the mortality rate of cervical cancer has dramati-
cally decreased in developed countries. In fact, cervical
cancer may be considered preventable. In this regard, an
important key to prevention is the timely identification and
management of precancerous lesions and otherwise early
cancers through accessible and affordable screening pro-
grams and methodologies.

At present, about twelve percent (12%) of female cancers
worldwide are due to HPV infections of the cervix. There is
consensus among the medical community that oncogenic
HPV detection would be an effective way to identify cancer
victims or those at high risk for the disease. Notably, HPV
detection would facilitate earlier detection of cancer or
cellular abnormalities suggesting cancer at a point in time
when the cancer or cellular abnormalities exists at a more
readily curable stage.

A primary methodology for public health screening for
cervical cancer has been the Papanicolaou (Pap) smear. For
a variety of reasons, the Papanicolaou smear is less than an
ideal screening test. Drawbacks may include difficulty of
obtaining samples, high rate of false negatives (up to twenty
percent (20%)), and requirements for specialized labs staffed
by highly trained personnel. Nucleic acid screening methods
have been developed by those skilled in the art, but are not
ideal primarily due to their high cost and like requirement
for highly trained personnel. Another assay developed by
those skilled in the art involves the so-called “DNA Hybrid
Capture.” This method, however, tends to suffer from high
cost and sampling difficulties, thus making it somewhat
disadvantageous as an ideal screening test.

Recently, those skilled in the art have developed meth-
odologies for examining the utility of HPV for diagnostic
purposes. More particularly, IgA, IgG and IgM antibodies
raised against HPV have been used in the detection of
infection with HPV and for diagnosing carcinoma or pre-
stages thereof. Using these prior art techniques, immunore-
active peptides isolated from HPV have been defined to have
an epitope which is reactive with human sera. The prior art
does not, however, disclose the peptides of the present
invention, nor teach that multiple combinations of antibody-
epitope complexes could be contemplated to produce diag-
nostic assays with improved sensitivity and/or specificity.

Such prior art methods for cancer screening, are limited
by their cost, sampling procedures, accuracy, equipment and
personnel requirements. Therefore, and as readily appreci-
ated by those skilled in the art, low cost, simple, sensitive
and specific assays that can be performed on readily obtain-
able bodily samples would be a significant advancement in
the art. Such assays are disclosed and claimed herein.

BRIEF SUMMARY AND OBJECTS OF THE
INVENTION

A primary object of the present invention is to provide
novel antibody reactive protein sequences or peptides
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isolated, purified or derived from the HPV 16 and 18 E2
protein and the HPV 16 and 18 E6 and E7 oncoproteins.

It is a further object to provide these peptides in a
chemically pure form.

A further object to provide a simple, rapid, less expensive
and more sensitive test for detecting or diagnosing not only
HPV infections, but also most, if not all, HPV associated
neoplasms.

It is a still further object is to provide antigens for use in
HPV inoculums that will induce antibody production and
killer T cell activity.

It is also an object of the present invention to provide
novel antibody reactive protein sequences or peptides
isolated, purified or derived from HPV genotypes 16, 18, 31,
33, 35, 45, 51, 52, 56 and 58.

In addition, it is an object of the present invention to
provide novel antibody reactive protein sequences or pep-
tides isolated, purified or derived from HPV further com-
prising one or more additional glycine residues added at a
carboxyl terminal residue end of the protein sequence or
peptide.

It is a still further object of the present invention to
provide novel antibody reactive protein sequences or pep-
tides isolated, purified or derived from HPV further com-
prising one or more additional asparagine residues added at
a carboxyl terminal residue end of the protein sequence or
peptide.

It is another object of the present invention to provide
novel antibody reactive protein sequences or peptides
isolated, purified or derived from HPV further comprising a
combination of glycine and asparagine residues added at a
carboxyl terminal residue end of the protein sequence or
peptide.

Further, it is an object of the present invention to provide
a method for detecting or diagnosing cancer or cellular
abnormalities comprising the steps of reacting a sample of
body fluid or tissue likely to contain antibodies with one or
more protein sequences or peptides isolated from the E2, E6
and E7 early coding regions of HPV; forming an antibody-
peptide complex comprising an antibody and a protein
sequence or peptide isolated from the E2, E6 and E7 early
coding region of HPV; and detecting said antibody-peptide
complex.

It is a still further object of the present invention to
provide novel antibody reactive protein sequences or pep-
tides isolated, purified or derived from HPV further com-
prising substitution of one or more cysteine residues with
one or more carboxymethylcellulose residues.

Additionally, it is an object of the present invention to
provide a method for detecting or diagnosing cancer or
cellular abnormalities through detection or diagnosis of an
HPV Epitope.

It is also an object of the present invention to provide a
method for detecting or diagnosing cancer or cellular abnor-
malities through detection or diagnosis of HPV associated
cell abnormalities.

It is a further object of the present invention to provide a
method for detecting or diagnosing cancer or cellular abnor-
malities through detection or diagnosis of HPV associated
precancerous or premalignant conditions.

It is a still further object of the present invention to
provide a method for detecting or diagnosing cancer or
cellular abnormalities through detection or diagnosis of
cervical dysplasia.

Additionally, it is an object of the present invention to
provide a method for detecting or diagnosing cancer or
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cellular abnormalities through detection or diagnosis of
cervical carcinoma.

It is also an object of the present invention to provide a
method for detecting or diagnosing cancer or cellular abnor-
malities through detection or diagnosis of adenocarcinoma
of the uterine cervix.

Further, it is an object of the present invention to provide
a method for detecting or diagnosing cancer or cellular
abnormalities through detection or diagnosis of HPV asso-
ciated precancerous or premalignant conditions.

It is a still further object of the present invention to
provide a method for detecting or diagnosing cancer or
cellular abnormalities through detection or diagnosis of
cervical dysplasia.

Consistent with the foregoing objects, and in accordance
with the invention as embodied and broadly described
herein, one presently preferred embodiment of the present
invention comprises novel peptides, the sequences of which
were isolated from careful analysis of the early coding
regions of the E2, E6 and E7 oncoproteins of HPV 16 and
18. The peptides may lend themselves to a highly sensitive
and specific diagnostic immunoassay. Antibodies to the E2,
E6 and E7 oncoproteins may be found in those individuals
infected with HPV associated neoplasms.

The peptides of the present invention, ranging in size,
prior to any modifications, from about 17 amino acid resi-
dues to about 23 amino acid residues may be readily
synthesized by chemical means and may be obtained at
purities exceeding 95%. Although the peptides may be
obtained by other means, in their pure form there is typically
a much reduced likelihood for undesirable cross reactivity
with random antibodies. Hence, the pure peptides of the
present invention may lend themselves to diagnostic immu-
noassays of high specificity. One presently preferred
embodiment of a diagnostic immunoassay method of the
present invention may include the steps of: (1) taking a
sample of body fluid or tissue likely to contain antibodies;
(2) if antibodies are present, reacting the sample with one or
more of the peptides of the present invention; and (3)
assaying the reacted sample for the presence of an antibody-
peptide reaction.

Immunoassays employing the peptides isolated, purified
or derived from the E6 and the E7 oncoproteins of HPV 16
and 18 may serve as reliable indicators that HPV associated
malignancy or premalignant cell transformation has taken
place. Likewise, immunoassays employing certain peptides
isolated, purified or derived from the E2 region of HPV 16
and 18 may also be reliable indicators of HPV associated
infection, malignacy or prelmalignant cell transformation.

One of the most useful advancements or aspects of the
present invention is in diagnosing cervical carcinoma, both
squamous cell and adenocarcinoma, as well as any epithelial
cell abnormality associated with oncogenic HPV infection
including, but not limited to, koilocytosis; hyperkeratosis;
precancerous conditions encompasssing intraepithelial neo-
plasias or intraepithelial lesion; high-grade dysplasias; and
invasive or malignant cancers. Besides its utility in cervical
cancer diagnoses, finding antibodies to peptides isolated,
purified or derived from the HPV E2, E6 and E7 oncopro-
teins of HPV 16 and 18 may be valuable for detecting head
and neck cancers, small cell lung cancers, penile and anal
carcinomas, melanoma and other precancerous or cancerous
states caused by or otherwise associated with HPV.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and features of the
present invention will become more fully apparent from the



























