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(57) ABSTRACT 
Methods for screening a patient for a cancer Wherein the 
methods comprise detecting an HPV in a biopsy from a 
patient are disclosed. Also disclosed are compositions and 
products for screening and for treating cancer in a patient, as 
Well as methods of treating a patient af?icted With a cancer. 
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COMPOSITIONS, METHODS AND PRODUCTS 
COMPRISING HUMAN PAPILLOMAVIRUS FOR 

DETECTING AND TREATING A CANCER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to products, compo 
sitions, methods and apparatus for identi?cation of cancers 
and pre-cancerous cellular changes. In another aspect, the 
present invention relates to products, compositions, methods 
and apparatus for identi?cation of breast cancers or pre 
cancerous cellular changes in breast tissues. In even another 
aspect, the present invention relates to products, composi 
tions, methods and apparatus for treatment of cancers and 
pre-cancerous cellular changes. In still another aspect, the 
present invention relates to products, compositions, methods 
and apparatus for treatment of breast cancer and pre-can 
cerous cellular changes in breast tissues. 

[0003] 2. Description of the Related Art 

[0004] Breast cancer is the most common form of cancer 
in Women in the United States. It is estimated that in the year 
2000, 182,800 neW cases of female invasive breast cancer 
Will be diagnosed, and 40,800 Women Will die from the 
disease. All Women are at risk for breast cancer, With this 
risk increasing as a Woman ages. Women are generally 
considered to be at increased risk for developing breast 
cancer if they have one or more of the folloWing risk factors: 
a) a family history of breast cancer, b) a previous diagnosis 
of a malignant breast tumor or other gynecological cancers, 
c) hormonal factors, or d) not having had any children or 
having the ?rst child later in their child bearing years. Even 
so, the majority of all breast cancers occur in Women Who 
apparently do not have identi?able risk factors. 

[0005] Breast cancer cannot currently be prevented. But 
detecting and treating it at an early stage, When the tumor is 
small and has not spread beyond the breast, can increase the 
chances of survival signi?cantly. HoWever, not all breast 
cancers are currently detected at this early stage. Therefore, 
screening for breast cancer has become a critical aspect in 
the overall management of this disease. 

[0006] The techniques currently used to screen for breast 
cancer and other breast conditions include monthly breast 
self examination, mammography, and clinical breast eXami 
nation. Also, genetic testing can be performed for BRCA1 
and BRCA2 genes in Women Who have a strong family 
history of breast cancer, since these genes are associated 
With approximately 5 to 10 percent of breast cancer cases. In 
spite of this genetic knoWledge, the genetic changes 
involved in the vast majority of breast cancers remains 
largely undetermined. 

[0007] Human papillomaviruses (HPV) are strongly 
linked to cervical and other cancers. Cervical cancer (CX 
CA) is the second most prevalent female cancer World-Wide. 
HPV 16 DNA is present in 65% of CX CAs, and With the 
other HPV types, more than 90% of CX CAs contain HPV 
DNA. The E6 and E7 genes of HPV 16s can cause contact 
inhibited cells to lose this phenotype. Furthermore, E6 and 
E7 interact With the cellular anti-oncogenes RB105 and p53, 
respectively, leading to their inactivation. Thus, it is Widely 
regarded that HPV-16 is a central etiologic agent and risk 
factor in the development of cervical/genital cancer. The E7 
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protein, and possibly E6 as Well, also function as transcrip 
tional transactivators of heterologous genes. HPVs have also 
been found in oral, penile, and vulvar cancer. 

[0008] It appears that Whatever tissue site HPVs are 
knoWn to infect, they cause pathology. Usually the pathol 
ogy is limited to a tissue hyperplasia or papilloma. HoWever, 
there is a signi?cant risk that this higher than normal active 
cell groWth may become an outright malignancy. 

[0009] HoWever, as recent studies have indicated, the 
relationship betWeen HPV infection and breast cancer is 
controversial. 

[0010] Hennig et al. (1999) have reported that of Women 
studied in NorWay having concomitant advanced genital 
HPV infection (cervical intraepithelial neoplasia III, “CIN 
III”) in addition to breast cancer, 46% of the breast cancers 
also contained HPV 16. HoWever, of the control study of 
eight patients having breast cancer diagnosed before the CIN 
III lesions, none had HPV positive breast carcinomas. Addi 
tionally no cases in the study Were positive for HPV 11, 18 
or 33. 

[0011] Yu et al. (1999) report that HPV 33 is associated in 
pre-malignant and malignant breast lesions in Chinese and 
Japanese populations, and further suggest that HPV 16 and 
HPV 18 are not involved in breast hyperplastic lesion, 
especially breast cancer. 

[0012] In spite of the advancements in the art, there is a 
need in the art for improved compositions, methods and 
products for screening a patient for cancer and/or pre 
cancerous cellular changes. 

[0013] There is another need in the art for improved 
compositions, products and methods for screening a patient 
for breast cancer and/or pre-cancerous cellular changes in 
the breast. 

[0014] There is even another need in the art for improved 
compositions, products and methods for treating a patient 
afflicted With a cancer in any stage of development. 

[0015] There is still another need in the art for improved 
compositions, products and methods for treating a patient 
afflicted With breast cancer and/or a pre-cancerous cellular 
changes in the breast in any stage of development. 

[0016] These and other needs in the art Will become 
apparent to those of skill in the art upon revieW of this 
speci?cation, including its draWings, claims and appendiX. 

SUMMARY OF THE INVENTION 

[0017] It is an object of the present invention to provide 
compositions, methods and products for screening a patient 
for cancer and/or pre-cancerous cellular changes. 

[0018] It is another object of the present invention to 
provide for compositions, products and methods for screen 
ing a patient for breast cancer and pre-cancerous cellular 
changes in the breast. 

[0019] It is even another object of the present invention to 
provide compositions, products and methods for treating a 
patient afflicted With a cancer and/or pre-cancerous cellular 
changes in any stage of development 

[0020] It is still another object of the present invention to 
provide compositions, products and methods for treating a 
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patient afflicted with breast cancer and/or a pre-cancerous 
cellular changes in the breast in any stage of development. 

[0021] These and other objects in the art Will become 
apparent to those of skill in the art upon revieW of this 
speci?cation, including its draWings, claims and appendix. 

[0022] According to one embodiment of the present inven 
tion there is provided a method of screening a patient for a 
cancer. The method generally comprises performing an 
ampli?cation technique on a sample from a biopsy taken 
from a patient. The sample comprises nucleic acid, and the 
ampli?cation technique is directed to speci?c ampli?cation 
of a portion of a human papillomavirus (HPV) sequence 
contained therein. The method further includes probing for 
the presence of an HPV sequence in the ampli?ed sequence 
using an HPV speci?c probe. 

[0023] According to another embodiment of the present 
invention there is provided a method of screening a patient 
for a cancer. The method generally comprises contacting 
cellular material together With an HPV speci?c probe. The 
cellular material is generally extracted from a sample, such 
as a biopsy, taken from a patient. The cellular material may 
be any puri?ed or non-puri?ed cellular material such as, for 
example, deoxyribonucleic acid (DNA), ribonucleic acid 
(RNA), polypeptides, or a combination thereof. The cellular 
material may be puri?ed, either partially or Wholly, using 
any of the methods Well knoWn in the art. 

[0024] The probe used in the screening methods of the 
invention may be speci?c to any HPV selected from the 
group consisting of HPV18, HPV31, HPV 33, HPV35, 
HPV45, HPV58. In a preferred embodiment, the screening 
method further comprises contacting the cellular material 
With a second HPV speci?c probe, Wherein the ?rst and 
second HPV are different from one another and are selected 

from the group consisting of HPV18, HPV31, HPV 33, 
HPV35, HPV45, HPV58. Alternatively, in another embodi 
ment, the screening method further comprises contacting the 
cellular material With a second HPV speci?c probe, Wherein 
the ?rst HPV speci?c probe is speci?c to HPV 16 and the 
second HPV speci?c probe is speci?c to at least one HPV 
selected from the group consisting of HPV18, HPV31, HPV 
33, HPV35, HPV45, HPV58. 

[0025] According to even another embodiment of the 
present invention there is provided a method of treating a 
patient. The method generally comprises administering a 
composition comprising an effective amount of an antisense 
HPV DNA sequence to a patient. Preferably, the antisense 
HPV DNA sequence is expressed from a viral expression 
vector, such as an adeno-associated vector. The HPV may be 
any member of the HPV family, such as, for example, 
HPV16, HPV18, HPV31, HPV35, HPV45, HPV58, and any 
combination thereof. 

[0026] According to still another embodiment of the 
present invention there is provided a method of treating a 
patient. The treatment method generally comprises admin 
istering an effective amount of a composition to a patient, 
Wherein the composition comprises an agent that inhibits 
expression of at least one HPV gene. 

[0027] According to yet another embodiment of the 
present invention there is provided a method of treating a 
patient. The treatment method generally comprises admin 
istering an effective amount of a composition to a patient, 
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Wherein the composition comprises an agent that speci?cally 
inhibits an HPV protein. Examples of HPV proteins to target 
for inhibition include the HPV16 E6 protein and the HPV16 
E7 protein. Inhibition of a protein can be by any of the 
methods knoWn in the art, such as, targeting With an anti 
body, inhibition of post-translation modi?cation, inhibition 
of protein stability and half-life. Apreferred agent for use in 
the treatment method of the present invention is an antibody 
speci?c for interaction With an epitope of an HPV protein, 
such as HPV16 E6 protein or HPV16 E7 protein. 

[0028] According to even still another embodiment of the 
present invention there is provided a method of treating a 
patient. The method comprises transfecting dendritic cells 
(DCs) into a patient, Wherein the dendritic cells have been 
altered to stably produce an HPV antigen. Preferably, a 
recombinant retrovirus such as for example an adeno-asso 
ciated virus (AAV) that has been genetically manipulated to 
comprise a portion of an HPV antigen-encoding gene is used 
to infect monocyte precursors Which are then induced to 
differentiate into DCs. Differentiation of monocytes in DCs 
may be accomplished by treating the monocytes With at least 
one cytokine. 

[0029] According to even yet another embodiment of the 
present invention there is provided for a kit useful for 
screening a patient for a cancer. Generally the kit comprises 
a probe that is speci?c for the detection of an HPV family 
member. The HPV-speci?c probe may be a single-stranded 
oligonucleotide sequence, a double-stranded oligonucle 
otide sequence, a polypeptide, or any combination thereof. 
The HPV may be any HPV family member including, 
HPV16, HPV18, HPV31, HPV35, HPV45, HPV58, and any 
combination thereof. In a preferred embodiment the HPV is 
HPV16 or HPV18. The probe may be used on any sample 
derived from a patient. 

[0030] These and other embodiments of the present inven 
tion Will become apparent to those of skill in the art upon 
revieW of this speci?cation, including its draWings and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a Polymerase Chain Reaction (PCR)/Dot 
Blot Hybridization analysis for HPV-16/ 18/31 “super” 
probe. 
[0032] FIG. 2 provides results from a PCR/Dot blot 
analysis for HPVs using an L1 targeting primer set and 
probing With HPV-16 sequences. 

[0033] FIG. 3 is a Polymerase Chain Reaction (PCR)/Dot 
Blot Hybridization analysis for HPVs in breast cancer 
specimens using an L1 targeting primer set and probing With 
HPV-18 probe. 

[0034] FIG. 4 is a Polymerase Chain Reaction (PCR)/Dot 
Blot Hybridization analysis for HPVs in breast cancer 
specimens using an L1 targeting primer set and probing With 
HPV-31 probe. 

[0035] FIG. 5 provides results from a PCR/Dot blot 
analysis for HPVs using an E6-E7 junction targeting primer 
set and probing With HPV-16 sequences. 

[0036] FIG. 6 provides results from a PCR/Dot blot 
analysis for HPVs using an E6-E7 junction targeting primer 
set and probing With HPV-18 sequences. 
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[0037] FIG. 7 is a PCR/Dot Blot Hybridization analysis 
for contaminating plasmids by using a primer set Which 
targets the pBR322/ColE1 ori region. 

[0038] FIG. 8A shoWs a structural map of the AAV/NE6/ 
NEO (a.k.a. d16-95/E6p5/NEOSV4O) virus With the names of 
the components at the top. 

[0039] FIG. 8B shoWs the analysis of various 293/vector 
producer cell lines. 

[0040] FIG. 8C shoWs a titering analysis of the AAV/E6/ 
Neo virus stock used in this study. 

[0041] FIG. 8D shoWs a graphic description of the experi 
mental protocol. 

[0042] FIG. 9 provides E6 mRNA eXpression in infected 
DC. 

[0043] FIG. 10 provides the ef?ciency of Mo/DC-pulsing 
analyZed by intracellular staining. 

[0044] FIG. 11 shoWs the amount of chromosomal inte 
gration by AAV/E6/Neo in DC. 

[0045] FIG. 12 shoWs the early appearance of priming 
rosettes during AAV-mediated priming. 

[0046] FIG. 13 shoWs the cytotoxic response resulting 
from AAV vector and DOTAP-protein lipofection after 7 
days of priming. 

[0047] FIG. 14 is a tWo-color ?oW cytometric character 
iZation of primed cell populations. 

[0048] FIG. 15 is the characteriZation of DC at day 7 
under different conditions. 

0049 FIG. 16 rovides the characteriZation of CD80 in P 
pulsed DC. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] According to one embodiment of the present inven 
tion there is provided a method of screening a patient for a 
cancer. The method generally comprises performing an 
ampli?cation technique on a sample from a biopsy taken 
from a patient. The sample comprises cellular material, 
preferably nucleic acid, and the ampli?cation technique is 
directed to speci?c ampli?cation of a portion of a marker for 
a cancer. In a preferred embodiment, the marker is a human 
papillomavirus (HPV) sequence. In a more preferred 
embodiment, the cancer is breast cancer in any stage of 
development. The method may further include probing for 
the presence of an HPV sequence in the ampli?ed sequence 
using an HPV speci?c probe. 

[0051] The methods of the invention may comprise ampli 
?cation of at least one HPV sequence selected from the 
group consisting of HPV18, HPV31, HPV 33, HPV35, 
HPV45, HPV58, or any combination comprising at least 
HPV sequences. Suitable combinations include: HPV16 and 
at least any one of the group consisting of HPV18, HPV31, 
HPV 33, HPV35, HPV45, HPV58; HPV18 and at least any 
one of the group consisting of HPV16, HPV31, HPV 33, 
HPV35, HPV45, HPV58; and at least any tWo of the group 
consisting of HPV 18, HPV31, HPV 33, HPV35, HPV45, 
HPV58. 
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[0052] With respect to probing for a speci?c HPV 
sequence, the methods of the invention may comprise prob 
ing for at least one HPV sequence selected from the group 
consisting of HPV18, HPV31, HPV 33, HPV35, HPV45, 
HPV58, or any combination comprising at least HPV 
sequences. Suitable combinations include: HPV16 and at 
least any one of the group consisting of HPV18, HPV31, 
HPV 33, HPV35, HPV45, HPV58; HPV18 and at least any 
one of the group consisting of HPV16, HPV31, HPV 33, 
HPV35, HPV45, HPV58; and at least any tWo of the group 
consisting of HPV 18, HPV31, HPV 33, HPV35, HPV45, 
HPV58. 

[0053] The samples used in the present invention may be 
obtained from a biopsy from a cervical intraepithelial neo 
plasia III (CIN III) positive patient or a CIN III negative 
patient. Preferably the sample is obtained from a biopsy 
from a patient Who is not afflicted with CIN III (a non-CIN 
III patient). Thus the sample may ?rst be tested/assayed for 
the presence of any CIN III-marker knoWn in the art. 

[0054] The sample may be derived from the patient by any 
method knoWn in the art, such as, for eXample, any Well 
knoWn method for obtaining a biopsy, including the recently 
reported technique of breast duct lavage (Dooley W. C. et al., 
Lancet, 2001, 357(9265):1335-6; Evron, E. et al., Obstetrics 
& Gynecology, 2001, 97(4):S2, both of Which are incorpo 
rated herein by reference). Numerous methods for obtaining 
a sample via biopsy are knoWn in the art and include for 
eXample bite, brush, cone, cytological, aspiration, endo 
scopic, eXcisional, exploratory, incisional, percutaneous, 
punch, and surface biopsy. Breast duct lavage, also referred 
to as ductal lavage and intraductal lavage, is a relatively 
non-invasive procedure and enables the retrieval of breast 
epithelial cells that line the ductal/lobular systems of all milk 
ducts. Whereas a needle is used in aspiration biopsy, the 
technique of ductal lavage comprises use of a microcatheter 
Which is inserted into the milk ducts through the nipple 
surface ori?ces. Saline is then ?ushed through the ducts to 
Wash out epithelial cells for collection and further evalua 
tion. 

[0055] Preparation of samples for ampli?cation is Well 
knoWn in the art, and any such technique may be used 
herein. Ampli?cation methods are Well knoWn in the art and 
include techniques such as, for eXample, polymerase chain 
reaction (PCR) ampli?cation and reverse transcription PCR 
(RT-PCR), as Well as others. The ampli?ed products may be 
detected and analyZed using any of the numerous techniques 
Well knoWn in the art. 

[0056] The ampli?cation technique used herein may be 
speci?c for ampli?cation of a portion of at least one HPV 
sequence selected from the group consisting of HPV18, 
HPV31, HPV 33, HPV35, HPV45, HPV58. The ampli?ca 
tion technique used herein may be speci?c for ampli?cation 
of a portion of at least tWo HPV sequences selected from the 
group consisting of HPV18, HPV31, HPV 33, HPV35, 
HPV45, HPV58. The ampli?cation technique used herein 
may be speci?c for ampli?cation of a portion of HPV16 and 
at least one HPV sequence selected from the group consist 
ing of HPV18, HPV31, HPV 33, HPV35, HPV45, HPV58. 

[0057] Another embodiment of the present invention pro 
vides for a method of screening a patient for a cancer. The 
method generally comprises contacting cellular material 
together With an HPV speci?c probe. The cellular material 
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is generally extracted from a sample, such as a biopsy, taken 
from a patient. The cellular material may be any puri?ed or 
non-puri?ed cellular material such as, for example, deox 
yribonucleic acid (DNA), ribonucleic acid (RNA), polypep 
tides, or a combination thereof. The cellular material may be 
puri?ed, either partially or Wholly, using any of the puri? 
cation methods Well knoWn in the art. 

[0058] The HPV probes useful in the screening methods of 
the present invention may be any type of probe useful in 
detecting the presence of HPV. These probe types include, 
but are not limited to, a single-stranded or double-stranded 
oligonucleotide sequence complementary to the plus or 
minus strand of an HPV DNA sequence, a single-stranded or 
double-stranded oligonucleotide sequence complementary 
to a portion of an HPV mRNA sequence, and an antibody 
speci?c to an epitope of an HPV protein. Suitable examples 
of HPV proteins include, but are not limited to, the HPV16 
E6 or HPV16 E7. Oligonucleotide sequences speci?c to 
HPV sequences are knoWn in the art, such as, for example, 
those disclosed in Breast Cancer Rch. Trtmt, 53;121-135, 
Anticancer Rch. 19;5057-5062, J. Gen. Virol. 76:1057 
1062, J. Pathol 165: 301-309, and J. Clin. Microbiol. 34: 
2095-2100, With all of these articles herein incorporated by 
reference. Oligonucleotides may also be designed according 
to the Los Alamos National Laboratory Database nomen 
clature for the different HPV genomes, incorporated herein 
by reference. 

[0059] Methods of detecting targeted sequences With a 
probe are Well knoWn in the art and are included herein. Any 
type of hybridiZation method is suitable for use in the 
present invention. 

[0060] The screening methods of the present invention 
may be performed on a sample from any organism/patient 
capable of developing cancer. Preferably, the method of the 
present invention is performed on a samples taken from a 
mammal, more preferably a human. The patients on Which 
the methods of the invention are used may be CIN III 
positive or CIN III negative. In a preferred embodiment, the 
patients are not afflicted With CIN III (CIN III negative). The 
screening methods described herein are useful in detecting 
numerous types of cancer, such as, for example, breast, 
dermal, oral, penile, vulvar cancer, and any combination 
thereof. In addition, the screening methods of the present 
invention are useful in detecting a cancer in any stage of 
development. 

[0061] Even another embodiment of the present invention 
provides for a method of treating a patient afflicted With a 
cancer. The method generally comprises administering a 
composition comprising an effective amount of an antisense 
HPV sequence to a patient. The siZe of the sequence is not 
limited and can range in siZe from that of an oligonucleotide 
to that of a transcript. The antisense HPV sequence may 
comprise DNA, RNA, ribosomal RNA, or any combination 
thereof. The HPV may be any member of the HPV family, 
non-limiting examples of Which include, HPV16, HPV18, 
HPV31, HPV33, HPV35, HPV45, HPV58, and any combi 
nation thereof. Preferred HPV’s include HPV 16 and HPV 
18. Non-limiting examples of combinations include: HPV 
16 With at least one of HPV18, HPV31, HPV33, HPV35, 
HPV45, and HPV58; HPV 18 With at least one of HPV16, 
HPV31, HPV33, HPV35, HPV45, and HPV58; both HPV16 
and HPV18 With at least one of HPV31, HPV33, HPV35, 
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HPV45, and HPV58, and at least any tWo of HPV16, 
HPV18, HPV31, HPV33, HPV35, HPV45, and HPV58. 

[0062] The HPV sequence may be expressed from a 
recombinant expression vector. Suitable vectors are knoWn 
in the art and include, for example, mammalian expression 
vectors and viral vectors. Examples of viral vectors suitable 
for use in the present invention include: retroviruses; aden 
oviruses; adenoviral/retroviral chimeras; adeno-associated 
viruses; herpes simplex virus I or II; parvovirus; and reticu 
loendotheliosis virus. Other possible viral vectors may be 
derived from poliovirus, papillomavirus, vaccinia virus, 
lentivirus, as Well as chimeric vectors incorporating favor 
able aspects of any tWo or more of the above viruses. 
Preferably, the antisense HPV sequence is expressed from a 
recombinant viral expression vector, such as an adeno 
associated vector. 

[0063] Still another embodiment of the present invention 
provides for a method of treating a patient afflicted With a 
cancer. The treatment method generally comprises admin 
istering an effective amount of a composition to a patient, 
Wherein the composition comprises an agent that inhibits 
expression of at least one HPV gene. The patients of the 
present invention may be CIN III positive or CIN III 
negative. Preferably, the patient is negative for CIN III. 

[0064] Mechanisms for inhibiting the expression of a gene 
are numerous and Well knoWn in the art and include, but are 
not limited to, inhibiting gene transcription, inhibiting the 
messenger RNA (mRNA) of a gene, inhibiting translation of 
an mRNA, inhibiting post-translational modi?cation of a 
gene product, and inhibiting a gene product. These inhibi 
tion methods may be direct or indirect. Any of these mecha 
nisms may be used in the present invention. 

[0065] Agents that inhibit expression of at least one HPV 
gene suitable for use in the present invention include, an 
oligonucleotide or longer stretch of nucleic acid comprising 
antisense HPV DNA, RNA or ribosomal RNA, and an 
oligonucleotide or longer stretch of DNA, RNA, or riboso 
mal RNA comprising a sequence complementary to the plus 
or the minus strand of HPV DNA. The HPV targeted in the 
present invention may be any HPV family member, non 
limiting examples of Which include, HPV16, HPV18, 
HPV31, HPV33, HPV35, HPV45, HPV58, and any combi 
nation thereof. Preferred HPV’s include HPV 16 and HPV 
18. Non-limiting examples of combinations include: HPV 
16 With at least one of HPV18, HPV31, HPV33, HPV35, 
HPV45, and HPV58; HPV 18 With at least one of HPV16, 
HPV31, HPV33, HPV35, HPV45, and HPV58; both HPV16 
and HPV18 With at least one of HPV31, HPV33, HPV35, 
HPV45, and HPV58, and at least any tWo of HPV16, 
HPV18, HPV31, HPV33, HPV35, HPV45, and HPV58. 

[0066] Administration of the compositions of the present 
invention to a recipient may be by any method knoWn in the 
art. Thus, administration of the present invention to a 
recipient may be by a route selected from oral, parenteral 
(including, subcutaneous, intradermal, intramuscular, and 
intravenous) and rectal. For increased ef?cacy, the compo 
sitions of the present invention may be administered via 
localiZed delivery to the targeted tissue, such as, for 
example, breast tissue in the case of breast cancer. A 
modi?ed breast duct lavage technique, also knoWn as ductal 
lavage, may be used for localiZed directly of the anticancer 
compounds and compositions of the present invention to a 
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breast duct and breast epithelial cells. Similar to the tech 
nique for ductal lavage, a microcatheter may be inserted into 
a nipple surface ori?ce and subsequently into a milk duct. 
However, instead of simply ?ushing the duct in order to 
obtain epithelial cells, as is done With ductal lavage, the 
microcatheter may be used for localiZed delivery of a 
composition of the invention directly to the breast duct and 
breast epithelial cells. 

[0067] Yet another embodiment of the present invention 
provides for a method of treating a patient afflicted With a 
cancer. The cancer may be any cancer in any stage of 
development. In a preferred embodiment, the cancer is 
breast cancer. In addition, the patient may be CIN III 
positive or CIN III negative. Preferably, the patient is 
negative for CIN III. The treatment method generally com 
prises administering an effective amount of a composition to 
a patient, Wherein the composition comprises an agent that 
speci?cally inhibits an HPV protein. Examples of HPV 
proteins to target for inhibition include the HPV16 E6 
protein and the HPV16 E7 protein. Inhibition of a protein 
can be by any of the methods knoWn in the art, such as, 
inhibition of gene expression, targeting a protein With an 
antibody, inhibition of post-translation modi?cation, and 
inhibition of protein stability and half-life. Apreferred agent 
for use in the treatment method of the present invention is an 
antibody speci?c for interaction With an epitope of an HPV 
protein, such as HPV16 E6 protein or HPV16 E7 protein. 

[0068] Additional inhibitory agents suitable for use in the 
compositions and methods of the invention include agents 
Wherein the agent is a DNA, cDNA, RNA, ribosomal RNA, 
or polypeptide sequence. Suitable examples of such agents 
include, an antisense HPV sequence Which inhibits tran 
scription or translation of a HPV gene or gene product, 
transcription factors Which decrease expression of an HPV 
gene, factors Which affect translation of an HPV mRNA, 
factors Which decrease the stability/half-life of an HPV 
mRNA molecule, factors Which decrease the stability/half 
life of an HPV polypeptide, and factors Which interact With 
an HPV polypeptide, such as a polypeptide encoding an 
antibody Which speci?cally interacts With an epitope of a 
HPV. The material and methods for producing these types of 
inhibitors (DNA, cDNA, RNA and polypeptide) are knoWn 
in the art and are included in the present invention. 

[0069] For example, expression vectors expressing a 
sequence inhibitory to transcription of a HPV gene or 
expressing a sequence inhibitory to translation of a HPV 
mRNA are Within the scope of the HPV inhibitors de?ned 
herein. Expression vectors suitable for the present invention 
may comprise an antisense HPV sequence, or a sequence 
encoding a negative regulator of transcription of a HPV 
gene. 

[0070] Even still another embodiment of the present 
invention provides for a method of treating a patient afflicted 
With a cancer. The method generally comprises transfecting 
dendritic cells (DCs), primed T cells or a combination 
thereof, into a patient, Wherein the dendritic cells have been 
altered to stably produce an HPV antigen. The basis for 
using DC cells for human immunotherapy has recently been 
established as described in Young, J. W., and Inaba, K. 
(1996) DCs as adjuvants for class I manor histocompatibility 
complex-restricted antitumor immunity. J. Exp. Med. 183:7 
11, and Santin, A. D., Hermonat, P. L., Ravaggi,Al, Chiriva 
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Internati, M., Hiserotdt, J. C., Pecorelli, S., and Parham, G. 
P. (1999) Kinetics of expression of surface antigens during 
the differentiation of human dendritic cells versus macroph 
ages. Immunobiology 200, both of Which are incorporated 
herein by reference. 

[0071] Brie?y, DCs are presently believed to be the most 
effective antigen presenting cells for activating naive T cells. 
Blood monocytes can be induced to differentiate in to DCs 
by treatment With at least one cytokine. DCs When pulsed 
With antigen (Ag) results in a class I restricted cytotoxic 
response against the Ag. In most DC-pulsing protocols of the 
art, antigen proteins to be targeted are transfected into DCs 
for immune stimulation. These DC protocols may be used 
herein. HoWever, both the antigen to be presented by the 
Dcs, and the cytokines used to generate the DCs degrade 
With time as a re?ection of their half-lives. Thus, a more 
effective technique for pulsing/treating the DCs may be the 
in situ generation/production of the antigen protein such as 
at least a portion of an HPV protein, and/or a cytokine Within 
and by the DC itself. By delivering a tumor-antigen gene 
and/or cytokine gene directly in the DC, a stable and 
continuous production of the proteins may be achieved. 

[0072] Thus, a recombinant viral vector that has been 
genetically manipulated to comprise a portion of a HPV 
gene and thus expresses at least a portion of an HPV gene 
may be used to infect monocyte precursors Which have been 
acquired from a blood sample of a patient. The infected 
monocytes are then induced to differentiate into DCs by 
treatment With at least one cytokine. Examples of suitable 
cytokines include, but are not limited to IL-2, IL-4, other 
interluekins, GM-CSF, TNF, INF, and any combination 
thereof. The dendritic cells may also stably produce a 
cytokine from a recombinant vector. 

[0073] Techniques for transferring genes are Well knoWn 
in the art, and any of those techniques may be used to 
produce dendritic cells that stably produce the antigen of 
choice. Preferably, a recombinant retrovirus such as, for 
example, an adeno-associated virus (AAV) that has been 
genetically manipulated to comprise a portion of an HPV 
antigen-encoding gene is used to infect monocyte precursors 
Which are then induced to differentiate into DCs. In a 
preferred embodiment, an AAV-HPV is used to infect mono 
cytes Which are then induced to differentiate into DCs. 

[0074] Materials and techniques for the design, generation 
and production of recombinant retroviral vectors and 
genomes are Well knoWn in the art. All such standard DNA 
materials, techniques and methodologies are suitable for use 
herein. An example of a recombinant retroviral vector suit 
able for use herein may comprise the general purpose p5 
transcriptional promoter to express the antigen genes. 
Recombinant adeno-associated virus (rAAVs) may be pro 
duced by ?rst generating high producer cell lines to make 
high-titer virus stocks, as knoWn in the art. As also knoWn 
by one of skill in the art, these stocks may then be CsCl 
puri?ed and titered by quantitating the amount of encapsi 
dated genomes (virus) by Southern blot. 

[0075] Suitable non-limiting examples of HPV’s useful in 
the present invention include, HPV16, HPV18, HPV31, 
HPV33, HPV35, HPV45, HPV58, and any combination 
thereof. Preferred HPV’s include HPV 16 and HPV 18. 
Non-limiting examples of combinations include: HPV 16 
With at least one of HPV18, HPV31, HPV33, HPV35, 
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HPV45, and HPV58; HPV 18 With at least one of HPV16, 
HPV31, HPV33, HPV35, HPV45, and HPV58; both HPV16 
and HPV18 With at least one of HPV31, HPV33, HPV35, 
HPV45, and HPV58, and at least any tWo of HPV16, 
HPV18, HPV31, HPV33, HPV35, HPV45, and HPV58. For 
example, for HPV16 the DCs stably produce HPV 16 E6, 
HPV 16 E7 or both. Any portion of the HPV, full-length or 
not, may be utilized herein. 

[0076] The treatment methods of the present invention 
may be performed on any organism having a cancer. Pref 
erably, the methods of the present invention are performed 
on a human. The patient may be positive for CIN III or 
negative for CIN III. In a preferred embodiment, the screen 
ing methods are carried out on patients Who have tested 
negative for CIN III, and/or are not afflicted With cervical 
intraepithelial neoplasia (CIN III). The treatment methods 
described herein may be useful in treating numerous types of 
cancer, such as, for example, breast, dermal, oral, penile, 
vulvar cancer, and any combination thereof. In addition, the 
treatment methods of the present invention may be against 
a cancer in any stage of development. 

[0077] The compositions and methods of the present 
invention are suitable for any individual afflicted With a 
cancer. Suitable individuals include mammals such as, 
humans, dogs, cats, horses, coWs, sheep, goats, pigs, rats and 
mice. As mentioned, preferably the patient is human. The 
compositions and methods of the present invention are also 
suitable for use in any tissue or cell line that serves as a 

model for the study of cancer. Thus the present invention is 
useful to medical and health care professionals including, 
medical doctors, and veterinarians, as Well as research 
scientists. 

[0078] It should be noted that the present invention 
encompasses any and all methods for screening a patient for 
a cancer, Wherein the method comprises detection of an 
HPV. Any and all methods for treating a patient having a 
cancer, Wherein the method comprises inhibition of an HPV 
are also Within the scope of the invention. 

[0079] The compositions useful in the methods of the 
present invention further comprise a pharmaceutically 
acceptable carrier/vehicle. Pharmaceutically acceptable car 
riers/vehicles are knoWn in the art and include aqueous 
solutions, non-toxic excipients, including salts, preserva 
tives, buffers and the like, propylene glycol, polyethylene 
glycol, vegetable oil, injectable organic esters such as ethy 
loleate, Water, saline solutions, parenteral vehicles such as 
sodium chloride and Ringer’s dextrose, glycerol, lipids, 
alcohols. 

[0080] Compositions of the present invention may be in 
any form knoWn in the art, such as an orally digestible form, 
a sterile injectable form, forms suitable for delayed release, 
and forms that are enterically coated. Compositions of the 
invention may be in solid forms, including, for example, 
poWders, tablets, pills, granules, capsules, sachets and sup 
positories, or may be in liquid forms including solutions, 
suspensions, gels and emulsions. 

[0081] The compositions and methods of the present 
invention may be administered to a recipient/patient as a 
single dose unit, or may be administered in several dose 
units, for a period ranging from one day to several years. The 
dose schedule is dependent upon at least the severity of the 
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glomerular disorder, as Well as the mode of administration. 
The effective dose of the compositions of the present inven 
tion is further dependent upon the body Weight (BW) of the 
recipient/patient and also upon the chosen inhibitor. Gener 
ally the compositions of the present invention are adminis 
tered orally or intravenously. 

[0082] Even still another embodiment of the present 
invention provides for a kit for screening a patient for a 
cancer. Generally the kit comprises a probe that is speci?c 
for the detection of an HPV family member. The HPV 
speci?c probe may be a single-stranded oligonucleotide 
sequence, a double-stranded oligonucleotide sequence, a 
polypeptide, or any combination thereof. The HPV may be 
any HPV family member, non-limiting examples of Which 
include, HPV16, HPV18, HPV31, HPV33, HPV35, HPV45, 
HPV58, and any combination thereof. Preferred HPV’s 
include HPV 16 and HPV 18. Non-limiting examples of 
combinations include: HPV 16 With at least one of HPV18, 
HPV31, HPV33, HPV35, HPV45, and HPV58; HPV 18 
With at least one of HPV16, HPV31, HPV33, HPV35, 
HPV45, and HPV58; both HPV16 and HPV18 With at least 
one of HPV31, HPV33, HPV35, HPV45, and HPV58, and 
at least any tWo of HPV16, HPV18, HPV31, HPV33, 
HPV35, HPV45, and HPV58. 

[0083] The kit of the present invention is useful in screen 
ing any organism capable of developing a cancer. Preferably 
the sample to be screened is derived from a human patient. 
The patient may be CIN III positive or CIN III negative, 
preferably the patient is CIN III negative. The kit of the 
present invention may be useful in detecting a cancer that is 
in any stage of development, and may be useful in detecting 
any cancer, such as, for example breast, dermal, oral, penile, 
vulvar cancer, and any combination thereof. 

[0084] Even yet another embodiment of the present inven 
tion provides a composition for treating a patient having a 
cancer. Generally, the composition comprises an effective 
amount of an HPV sequence. The siZe of the sequence is not 
limited. The HPV sequence of the composition may com 
prise single-stranded nucleic acids, double-stranded nucleic 
acids, polypeptides, and any combination thereof. The HPV 
sequence may be any one or any combination of HPV family 
members. Suitable HPV family members include but are not 
limited to, HPV 16, HPV 18, HPV 31, HPV 33, HPV 35, 
HPV 45, HPV58, and any combinations thereof. Suitable 
combinations include: HPV16 and any one of the group 
consisting of HPV 18, HPV 31, HPV 33, HPV 35, HPV 45, 
and HPV58; HPV 18 and any one of the group consisting of 
HPV 16, HPV 31, HPV 33, HPV 35, HPV 45, and HPV 58; 
HPV 16 and HPV 18; HPV 16 and HPV 18 and any one of 
the group consisting of HPV 31, HPV 33, HPV 35, HPV 45, 
HPV 58, and any combinations thereof; HPV 16, HPV 18 
and HPV 33, and any one of the group consisting of HPV 31, 
HPV 35, HPV 45, HPV 58, and any combinations thereof, 
and at least any tWo of the group consisting of HPV 16, HVP 
18, HPV 31, HPV 33, HPV 45 and HPV 58. 

[0085] All references cited herein, including research 
articles, all US. and foreign patents and patent applications, 
are speci?cally and entirely incorporated by reference. 

EXAMPLES 

[0086] The folloWing examples are provided to illustrate 
the present invention. These examples are not intended to 
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and do not limit the scope of the claims of the present 
invention, and should not be so interpreted. 

Example 1 

Analysis of Breast Cancer Tissue for Presence of 
HPV Via PCR 

[0087] In the present example, total DNA Was isolated 
from breast cancer tissues and analyZed for the presence of 
HPV by use of PCR ampli?cation. The ampli?cation tar 
geted the L1 gene and Was broad spectrum, thus alloWing for 
ampli?cation of many different HPV types. 

[0088] Patients, Breast Cancer Specimens, and DNA Iso 
lation 

[0089] 17 Women With breast cancer receiving examina 
tions and treatment at the University of Arkansas for Medi 
cal Sciences (UAMS) from May 1999 to October 1999. 
Portions of needle biopsy tissue Was ?xed in a Phosphate 
Buffered Saline: Ethanol (1:1) solution soon after they Were 
acquired. All of the specimens Were stored at —80° C. The 
specimens Were processed by grinding, and total cellular 
DNA Was isolated from the specimens by pelleting and 
resuspending them in lysis buffer (0.5 mg/ml Proteinase K, 
0.5% SDS, 0.5 mM EDTA, 0.5 mM Tris-HCL, pH7.4). After 
incubation overnight at 37° C., the total cellular DNA Was 
extracted by phenol/chloroform tWice, and then precipitated 
by ethanol. The DNA Was stored at —80° C. before use. The 
research has been approved by the UAMS Human Research 
Advisory Committee and undertaken in a P2 laboratory. 

[0090] Polymerase Chain Reaction (PCR) Primer Sets 

[0091] An HPV L1-targeting consensus primer set has 
been described elseWhere and Was designed to amplify a 
450-base segment of HPV L1 gene sequence (Bauer, H. M., 
et al., JAMA 1991; 265: 472-7). These primers enable PCR 
ampli?cation of most genital HPV types. A second PCR 
primer set targeting E6-E7 region has also been described by 
elseWhere (Fujinaga, Y, et al., J. Gen. Virol. 1991; 72: 
1039-1044). These primers alloWed for the ampli?cation of 
most of the cancer associated HPVs. PCR ampli?cation Was 
carried out as described by Hermonat et al. (Hermonat P; et 
al., Virus Genes 1997; 14:13-17). Positive controls included 
various amounts of the indicated cloned HPV genome, While 
negative controls included all reagents except specimen 
DNA. 

[0092] In order to identify potential contamination from 
recombinant plasmids carrying HPV sequences, Which are 
used in the inventors’ laboratories, PCR ampli?cation Was 
carried out With pBR322 plasmid targeting primers. The 
primers Were designed to amplify a 414-base segment of 
pBR322 sequence (upstream primer 5‘-ATACCTGTCCGC 
CTTTCTC-3‘, and doWnstream primer 5 ‘-AATCTGCTGCT 
TGCAA AC-3‘), containing the origin of replication (ori). 
The controls included knoWn quantities of pBR322, as loW 
as ten molecules. 

[0093] PCR-Dot Blot Hybridization 

[0094] Ampli?cation of DNA samples Was carried out in 
100 pl reactions using approximately 5 pg of the total 
cellular DNA, 0.2 mM of each dNTP, 1 pM of each primers, 
and 2.5 U of Taq iPolymerase according to the suppliers 
instructions (Fisher Scienti?c Co., Pittsburgh, Pa.) instruc 
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tions. After 5 minutes at 94° C., each sample Was subjected 
to the folloWing ampli?cation cycle: 55 seconds at 94° C., 1 
minutes at 60° C., and 50 seconds at 72° C. for 35 cycles, 
then 10 minutes at 72° C. in the ?nal cycle. 

[0095] The dot blotting Was carried out With all of the PCR 
products as described by Hermonat et al. (Hermonat P; et al., 
Virus Genes 1997; 14:13-17). Brie?y, 5 pl of PCR products 
Was ?rst denatured by the addition of 10 pl of 0.4 N NaOH, 
incubated for 10 minutes, and then ice-bath Was done for 5 
minutes. After the samples Were reneutraliZed by the mixing 
of 200 pl Tris-HCL, pH7.0, 1.5 M NaCL, the samples Were 
added immediately to a dot blot apparatus under suction. 
Multiple nylon membranes Were generated to be analyZe by 
one of several 32P-labeled probes. The HPV probes Were 
made With Primer-a-Gene Labeling System (Promega Co.), 
a random prime labeling kit according to the supplier=s 
instructions, Which templates Were HPV 16, 18 and 31 
genomic DNA respectively. 

[0096] The membranes Were analyZed With the radiola 
beled full length HPV or pBR322 DNA sequences as indi 
cated. The membranes Were soaked in hybridiZation solution 
(100 pg of denatured salmon sperm DNA, 1% SDS, 1M 
NaCL, 10% dextran sulfate) and incubated at 65° C. over 
night. After hybridiZation, the membranes Were ?rst Washed 
by 2><SSC tWice at room temperature for 10 minutes, and 
then Washed by 2><SSC and 1% SDS tWice at 55° C. (super 
probe) or 65° C. (all others) for 30 minutes. 

[0097] FIG. 1 provides the results of an assay in Which 
PCR products Were dot blotted and probed With an HPV 
16/18/31 “super”-probe. As seen in FIG. 1, of the breast 
cancer specimens, six (B2, B4, B10, B13, B15, B17) Were 
positive for HPV. 

[0098] Next, the PCR products Were probed With a probe 
speci?c for HPV-16 only (FIG. 2), a probe speci?c for 
HPV-18 only (FIG. 3), and a probe speci?c for HPV-31 
(FIG. 4) only. As can be seen in FIG. 2, the results for the 
HPV-16-speci?c probe revealed that specimens B2, B4, and 
B13 gave a strong signal, suggesting that B2, B4, and B13 
are most likely HPV-16. The results from the HPV-18 probe 
(FIG. 3) revealed that all six specimens Were positive for 
HPV-18 (B2, B4, B10, B13, B15, B17), but that B15, in 
particular, gave a very strong signal suggesting that this 
specimen Was most likely HPV-18. The results for HPV-31 
probing (FIG. 4) revealed that all of the six knoWn HPV 
positive specimens Were Weakly positive. This veri?es that 
the six specimens are HPV positive, but also further suggests 
that the specimens are most likely not HPV-31. 

[0099] The results from a PCR/Dot blot analysis for 
HPV-16 using an E6-E7 junction targeting primer set and 
probing With HPV-16 sequences are shoWn in FIG. 5. The 
dot blotted PCR products Were probed for HPV-16 and the 
membrane Washed at 65° C. Positive controls are at the top. 
An unlabeled negative control is one roW beloW on the far 
left. Note that this primer/probe combination appears to pick 
up the same specimens as identi?ed by the L12 primer set 
and HPV-16 probe (compare to FIG. 2) (B2, B4, B13). 

[0100] The results from a PCR/Dot blot analysis for 
HPV-18 using an E6-E7 junction targeting primer set and 
probing With HPV-18 sequences are shoWn in FIG. 6. 
Positive controls are at the top. An unlabeled negative 
control is one roW beloW on the far left. Note that this probe 




















