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ABSTRACT 

The present invention discloses synthetic oligonucleotides 
complementary to a nucleic acid spanning the translational 
start site of human papillornavirus gene E1, and including at 
least 15 nucleotides. Also disclosed are methods and kits for 
inhibiting the replication of HPV, for inhibiting the expres 
sion of HPV nucleic acid and protein, for detection of HPV, 
and for treating HPV infections. 
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HPV-SPECIFIC OLIGONUCLEOTIDES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
Ser. No. 08/471,974, ?led June 6, 1995. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to the human papillomavirus. 
More speci?cally, this invention relates to the inhibition, 
treatment, and diagnosis of human papillomavirus-associ 
ated lesions using synthetic oligonucleotides complemen 
tary to human papillomavirus nucleic acid. 

[0003] Human papillomaviruses (HPV) comprise a group 
of at least 70 types, based on DNA sequence diversity as 
measured by liquid hybridiZation (P?ster et al. (1994) Inter 
virol. 371143-149). These nonenveloped DNA viruses infect 
epithelial cells resulting in a range of lesions from benign 
skin and genital Warts (condyloma acuminata) and epider 
modysplasia verruciformis (EV) to respiratory or laryngeal 
papillomatosis and cervical carcinoma. Each virus type 
exhibits host speci?city. 

[0004] Several HPV types infect genital epithelia and 
represent the most prevalent etiologic agents of sexually 
transmitted viral disease. The genital HPV types can be 
further subdivided into “high-risk” types that are associated 
With the development of neoplasms, most commonly HPV 
16 and HPV-18; and “loW-risk” types that are rarely asso 
ciated With malignancy, most commonly HPV-6 and HPV 
11. The malignant types may integrate into the genome of 
the host cell, thereby eliminating the requirement for viral 
DNA replication gene products. In contrast, the benign 
types, most commonly HPV6 and HPV11, rely on viral 
proteins E1 and E2 for replication of the episomal genome. 

[0005] Current treatment for HPV infection is extremely 
limited. There are at present no approved HPV-speci?c 
antiviral therapeutics. Management normally involves 
physical destruction of the Wart by surgical, cryosurgical, 
chemical, or laser removal of infected tissue. Topical anti 
metabolites such as 5-?uorouracil and podophyllum prepa 
rations have also been used. (Reichman in Harrison’s Prin 
ciples oflnternal Medicine, 13th Ed. (Isselbacher et al., eds.) 
McGraW-Hill, Inc., NY. (1993) pp. 801-803). HoWever, 
reoccurrence after these procedures is common, and subse 
quent repetitive treatments progressively destroy healthy 
tissue. Interferon has so far been the only treatment With an 
antiviral mode of action, but its limited effectiveness 
restricts its use (CoWsert (1994) Intervirol. 37:226-230; 
Bornstein et al. (1993) Obstetrics Gynecol. Sun 4504:252 
260; BroWder et al. (1992) Ann. Pharmacother 26:42-45). 

[0006] TWo HPV types, HPV-6 and HPV-11 are com 
monly associated With laryngeal papillomas, or benign epi 
thelial tumors of the larynx. Neonates may be infected With 
a genital papillomavirus at the time of passage through their 
mother’s birth canal. By the age of tWo, papillomas Will have 
developed, and infected juveniles Will undergo multiple 
surgeries for removal of benign papillomas Which may 
occlude the airWay. To date there is no method of curing 
juvenile onset laryngeal papillomatosis. There is conse 
quently a serious need for a speci?c antiviral agent to treat 
human papillomavirus infection. 
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[0007] NeW chemotherapeutic agents have been devel 
oped Which are capable of modulating cellular and foreign 
gene expression (see, Zamecnik et al. (1978) Proc. Natl. 
Acad. Sci. (USA) 75:280-284). These agents, called anti 
sense oligonucleotides, bind to target single-stranded 
nucleic acid molecules according to the Watson-Crick rule 
or to double stranded nucleic acids by the Hoogsteen rule of 
base pairing, and in doing so, disrupt the function of the 
target by one of several mechanisms: by preventing the 
binding of factors required for normal transcription, splic 
ing, or translation; by triggering the enZymatic destruction 
of mRNA by RNase H, or by destroying the target via 
reactive groups attached directly to the antisense oligonucle 
otide. 

[0008] Improved oligonucleotides have more recently 
been developed that have greater ef?cacy in inhibiting such 
viruses, pathogens and selective gene expression. Some of 
these oligonucleotides having modi?cations in their inter 
nucleotide linkages have been shoWn to be more effective 
than their unmodi?ed counterparts. For example, AgraWal et 
al. (Proc. Natl. Acad. Sci. (USA) (1988) 85:7079-7083) 
teaches that oligonucleotide phosphorothioates and certain 
oligonucleotide phosphoramidates are more effective at 
inhibiting HIV-1 than conventional phosphodiester-linked 
oligodeoxynucleotides. AgraWal et al. (Proc. Natl. Acad. Sci. 
(USA) (1989) 86:7790-7794) discloses the advantage of 
oligonucleotide phosphorothioates in inhibiting HIV-1 in 
early and chronically infected cells. 

[0009] In addition, chimeric oligonucleotides having more 
than one type of internucleotide linkage Within the oligo 
nucleotide have been developed. Pederson et al. (US. Pat. 
Nos. 5,149,797 and 5,220,007) discloses chimeric oligo 
nucleotides having an oligonucleotide phosphodiester or 
oligonucleotide phosphorothioate core sequence ?anked by 
nucleotide methylphosphonates or phosphoramidates. 
AgraWal et al. (WO 94/02498) discloses hybrid oligonucle 
otides having regions of deoxyribonucleotides and 2-0 
methyl-ribonucleotides. 

[0010] A limited number of antisense oligonucleotides 
have been designed Which inhibit the expression of HPV. 
For example, oligonucleotides speci?c for various regions of 
HPV E1 and E2 mRNA have been prepared (see, e.g., US. 
Pat. No. 5,364,758, WO 91/08313, WO 93/20095, and WO 
95/04748). 
[0011] A need still remains for the development of oligo 
nucleotides that are capable of inhibiting the replication and 
expression of human papillomavirus Whose uses are accom 
panied by a successful prognosis and loW or no cellular 
toxicity. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides synthetic oligo 
nucleotides Which are complementary to a nucleic acid 
sequence spanning the translational start site of human 
papillomavirus gene E1, and Which includes at least 15 
nucleotides. 

[0013] Also provided are pharmaceutical compositions 
including such oligonucleotides, methods of treating, con 
trolling, and preventing HPV infection, methods for detect 
ing the presence of HPV in a sample, and kits for the 
detection of HPV in a sample. 



US 2001/0010899 A1 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing and other objects of the present 
invention, the various features thereof, as Well as the inven 
tion itself may be more fully understood from the following 
description, When read together With the accompanying 
draWings in Which: 

[0015] FIG. 1 is a schematic representation of the HPV 
genome; 

[0016] FIG. 2 is a graphic representation of the antisense 
activity of 20 mer PS oligonucleotides in stably transfected 
cells and corresponding RNase H activity; 

[0017] FIG. 3 is a diagrammatic representation of a tran 
siently transfected luciferase assay used to shoW antisense 
activity of the oligonucleotides of the invention; 

[0018] FIG. 4 is a graphic representation shoWing the 
antisense inhibition of HPV/luciferase expression in tran 
siently transfected CHO cells treated With different concen 
trations of PS HPV1, HPV2 or HPV3; 

[0019] FIG. 5 is a graphic representation shoWing the 
antisense inhibition of HPV/luciferase expression in tran 
siently transfected CHO cells treated With different concen 
trations of PS HPV4, HPVS, and HPV6; 

[0020] FIG. 6 is a graphic representation shoWing the 
antisense inhibition of HPV/luciferase expression in tran 
siently transfected CHO cells treated With a combination of 
different concentrations of PS HPV1, HPV4, and HPV6; 

[0021] FIG. 7 is a graphic representation shoWing the 
effect of different concentrations of HPV1 or random oli 
gonucleotide on the expression of HPV/luciferase in kera 
tinocytes When introduced into the cells via a lipid carrier; 

[0022] FIG. 8 is a graphic representation of the antisense 
activity in the stably transfected CHO cell assay of oligo 
nucleotides With base mismatches; 

[0023] FIG. 9 is a graphic representation of the antisense 
activity in the stably transfected CHO cell assay of oligo 
nucleotides With base mismatches and oligonucleotides With 
mismatches replaced With inosines; 

[0024] FIG. 10A is a graphic representation shoWing the 
antisense activity of HPV1, HPV32, HPV33, HPV30, and 
HPV34 in the stably transfected CHO cell assay; 

[0025] FIG. 10B is a graphic representation shoWing the 
antisense activity of HPV1, HPV31, HPV38, and HPV35 in 
the stably transfected CHO cell assay; and 

[0026] FIG. 11 is a graphic representation of the effects of 
length and chemical modi?cation on the antisense activity in 
stably transfected cells, Where HPVn=phosphorothioate 
(PS); 2‘ OMe 3‘=3‘ end 5 nucleotide 2‘-O-methyl RNA PS 
modi?cation; methylphos 3‘=3‘ end 5 nucleoside meth 
ylphosphonate modi?cation; 2‘ OMe PO or PS=all 2‘-O 
methyl RNA phosphodiester or phosphorothioate; 2‘ OMe 
5‘, 3‘ PO or PS=5 nucleotide 2‘-O-methyl RNA PO/PS 
modi?cation at both 5‘ and 3‘ ends. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0027] With recent advances in HPV research, it is noW 
possible to take a more directed approach toWard the devel 
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opment of HPV antiviral compounds. TWo virus encoded 
proteins, E1 and E2, have been shoWn to be essential for 
viral genome replication (Ustav et al. (1991) EMBO J., 
10:449-457; Chiang et al. (1992) Proc. Natl. Acad. Sci. 
(USA) 89:5799-5803). Most HPV types require both pro 
teins for initiation of viral DNA replication; hoWever, it has 
recently been shoWn that in certain in vitro experiments only 
E1 is required (Gopalakrishnan et al. (1994) Proc. Natl. 
Acad. Sci. (USA) 91:9597-9601). 

[0028] E1 is one of eight viral proteins encoded by the 
circular, double-stranded, 7,900 base pair DNA genome of 
all HPV types (see FIG. 1). The genome can be divided into 
three distinct functional domains: the upstream regulatory 
region (URR), Which contains the origin of viral DNA 
replication and enhancers and promoters involved in tran 
scription; the L region that encodes the structural proteins, 
L1 and L2; and the E region that encodes genes required for 
vegetative functions. The eight viral proteins shoWn sche 
matically in FIG. 1 are translated from complex families of 
alternatively spliced mRNAs. 

[0029] E1 is an AT P-hydrolyZing DNA helicase Which is 
thought to be involved in unWinding DNA at the viral origin 
during replication of the HPV genome by the human host 
DNA replication complex (Hughes et al. (1993) Nucleic 
Acids Res. 21:5817-5823; ChoW et al. (1994) Intervirol. 
37:150-158). Thus, E1 provides a virus-speci?c target With 
a de?ned biochemical function, Which can be measured in 
cells expressing this gene. 

[0030] In order to design a therapeutic antisense com 
pound against human papillomaviruses, the E1 gene of HPV 
types 6 (Gen Bank HPV6b accession no. M14119) and 11 
(Gen Bank HPV11 accession no. X00203) has been targeted. 
Types 6 and 11 together are associated With over 90% of 
cases of non-malignant genital Warts. A46 nucleotide region 
(from —17 to +29 of the E1 open reading frame) centered on 
the initiation site for protein translation has been examined 
in detail. This region is conserved in a number of clinical 
isolates of HPV types 6 and 11. The entire open reading 
frame of the gene (from —17 to +1950) has also been 
investigated as an antisense target. This entire region shoWs 
high sequence identity betWeen HPV type 6 and HPV type 
11. 

[0031] It has been discovered that speci?c oligonucle 
otides complementary to particular portions of nucleic acid 
encoding the translational start site of human papillomavirus 
E1 gene can inhibit HPV replication and expression. This 
discovery has been exploited to provide in the present 
invention synthetic oligonucleotides complementary to 
regions spanning or beeing nearby the translational start site 
of mRNA encoding the HPV E1 protein. 

[0032] As used herein, a “synthetic oligonucleotide” 
includes chemically synthesiZed polymers of about ?ve and 
up to about 50, preferably from about 15 to about 30 
ribonucleotide and/or deoxyribonucleotide monomers con 
nected together or linked by at least one, and preferably 
more than one, 5‘ to 3‘ internucleotide linkage. 

[0033] For purposes of the invention, the term “oligo 
nucleotide sequence that is complementary to nucleic acid or 
mRN ” is intended to mean an oligonucleotide that binds to 

the nucleic acid sequence under physiological conditions, 
e.g., by Watson-Crick base pairing (interaction betWeen 
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oligonucleotide and single-stranded nucleic acid) or by 
Hoogsteen base pairing (interaction between oligonucle 
otide and double-stranded nucleic acid) or by any other 
means, including in the case of an oligonucleotide binding 
to RNA, causing pseudoknot formation. Binding by Watson 
Crick or Hoogsteen base pairing under physiological con 
ditions is measured as a practical matter by observing 
interference With the function of the nucleic acid sequence. 

[0034] In a ?rst aspect, the invention provides synthetic 
oligonucleotides complementary to a nucleic acid spanning 
the translational start site of human papillomavirus gene E1, 
and including at least 15 nucleotides. In preferred embodi 
ments, the oligonucleotides of the invention are from about 
15 to about 30 nucleotides in length. 

[0035] In some embodiments, these oligonucleotides are 
modi?ed. In one embodiment, the modi?cations comprise at 
least one internucleotide linkage selected from the group 
consisting of alkylphosphonate, phosphorothioate, phospho 
rodithioate, alkylphosphonothioate, phosphoramidate, car 
bamate, carbonate, phosphate triester, acetamidate, or car 
boXymethyl ester, including combinations of such linkages, 
as in a chimeric oligonucleotide. In one preferred embodi 
ment, an oligonucleotide of the invention comprises at least 
one phosphorothioate internucleotide linkage. In another 
preferred embodiment, all internucleotide linkages in the 
oligonucleotide are phosphorothioate internucleotide link 
ages. In yet another preferred embodiment, the oligonucle 
otide comprises at least one methylphosphonate internucle 
otide linkage. In a further particular embodiment, the 
oligonucleotide comprises at least one n-butyl phosphoro 
midate linkage. In one embodiment at least one methylphos 
phonate or n-butyl phosphoromidate linkage is at the 3‘ end. 
More preferred, about ?ve such linkages are at the 3‘-end. 

[0036] In other modi?cations, the oligonucleotides of the 
invention may also include at least one deoXyribonucleotide, 
at least one ribonucleotide, or a combination thereof, as in a 
hybrid oligonucleotide. In a particular embodiment, the 
oligonucleotide may consist of deoXyribonucleotides only. 
An oligonucleotide containing at least one 2‘-O-methyl 
ribonucleotide is one embodiment of the invention. In par 
ticular embodiments of the invention, the oligonucleotide 
has ?ve 2‘-O-methyl ribonucleotides at the 3‘ end of the 
oligonucleotide, or at the 3‘ and the 5‘ ends of the oligo 
nucleotide. Other embodiments include at least one or at 
least tWo inosine residues at any position in the oligonucle 
otide. 

[0037] More speci?c, in one embodiment, the oligonucle 
otides of the invention have a sequence set forth in Table 1A 
or in the Sequence Listing as SEQ ID NO: 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 31, 32, 36, 37, and 38. In another 
embodiment the oligonucleotides of the invention have a 
nucleotide sequence set forth in Table 1B as SEQ ID NO: 41, 
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 
74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 
104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 
116, 117, 118, 119, 120, 121, 122, 125, 126, 127, 128, 129, 
and 130. All these oligonucleotides may be further modi?ed 
as outlined in the speci?cation. 

[0038] In other aspects, the invention provides a pharma 
ceutical composition. The pharmaceutical composition is a 
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physical miXture of at least one, and preferably tWo or more 
HPV-speci?c oligonucleotides With the same or different 
sequences, modi?cation(s), and/or lengths. In some embodi 
ments, this pharmaceutical formulation also includes a 
physiologically or pharmaceutically acceptable carrier. Spe 
ci?c embodiments include a therapeutic amount of a lipid 
carrier. 

[0039] The oligonucleotides of the present invention or 
suitable for use as a therapeutically active compounds, 
especially for use in the control or prevention of human 
papillomavirus infection. 

[0040] In this aspect of the invention, a therapeutic 
amount of a pharmaceutical composition containing HPV 
speci?c synthetic oligonucleotides is administered to a cell 
to inhibiting human papillomavirus replication. In a similar 
aspect, the oligonucleotides of the present invention can be 
used for treating human papillomavirus infection compris 
ing the step of administering to an infected animal or cell a 
therapeutic amount of a pharmaceutical composition con 
taining at least one HPV-speci?c oligonucleotide, and in 
some embodiments, at least tWo HPV-speci?c oligonucle 
otides. In some preferred embodiments, the method includes 
administering at least one oligonucleotide, or at least tWo 
oligonucleotides, having a sequence set forth in Table 1A or 
in the Sequence Listing as SEQ ID NOS: 1-32, 36-38, or as 
set forth in Table 1B as SEQ ID NOS: 41-122, 125-130, 
including modi?cations thereof. 

[0041] In all methods involving the administration of 
oligonucleotide(s) of the invention, at least one, and pref 
erably tWo or more identical or different oligonucleotides 
may be administered simultaneously or sequentially as a 
single treatment episode in the form of separate pharmaceu 
tical compositions. 

[0042] In another aspect, the invention provides a method 
of detecting the presence of HPV in a sample, such as a 
solution or biological sample. In this method, the sample is 
contacted With a synthetic oligonucleotide of the invention 
or With an oligonucleotide having the complementary 
sequence thereof. Hybridization of the oligonucleotide to the 
HPV nucleic acid is then detected if the HPV is present in 
the sample. 

[0043] Another aspect of the invention are kits for detect 
ing HPV in a sample. Such kits include at least one synthetic 
oligonucleotide of the invention or an oligonucleotide hav 
ing the complementary sequence thereof, and means for 
detecting the oligonucleotide hybridiZed With the nucleic 
acid. In a kit having more than one oligonucleotide of the 
invention, these oligonucleotides may have the same or 
different nucleotide sequences, length, and/or modi?ca 
tion(s). 
[0044] Synthetic oligonucleotides of the invention speci?c 
for E1 nucleic acid, especially mRNA, are composed of 
deoXyribonucleotides, ribonucleotides, 2‘-O-methyl-ribo 
nucleotides, or any combination thereof, With the 5‘ end of 
one nucleotide and the 3‘ end of another nucleotide being 
covalently linked. These oligonucleotides are at least 6 
nucleotides in length, but are preferably 12 to 50 nucleotides 
long, With 20 to 30 mers being the most common. 

[0045] These oligonucleotides can be prepared by art 
recogniZed methods. For eXample, nucleotides can be 
covalently linked using art-recogniZed techniques such as 
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phosphoramidite, H-phosphonate chemistry, or methylphos 
phoramidite chemistry (see, e.g., G00dchild (1990) Bi0c0n 
jugate Chem. :165-187; Uhlmann et al. (1990) Chem. Rev. 
901543-584; Caruthers et al. (1987) Meth. Enzymol. 
1541287-313; US. Pat. No. 5,149,798) Which can be carried 
out manually or by an automated synthesizer and then 
processed (reviewed in AgraWal et al. (1992) Trends Bio 
techn0l. 101152-158). 
[0046] The oligonucleotides of the invention may also be 
modi?ed in a number of Ways Without compromising their 
ability to hybridiZe to HPV nucleic acid. For example, the 
oligonucleotides may contain other than phosphodiester 
internucleotide linkages betWeen the 5‘ end of one nucle 
otide and the 3‘ end of another nucleotide in Which the 5‘ 
nucleotide phosphate has been replaced With any number of 
chemical groups, such as a phosphorothioate. Oligonucle 
otides With phosphorothioate linkages can be prepared using 
methods Well knoWn in the ?eld such as phosphoramidite 
(see, e.g.,AgraWal et al. (1988) Proc. Natl. Acad. Sci. (USA) 
8517079-7083) or H-phosphonate (see, e.g., Froehler (1986) 
Tetrahedron Lett. 2715575-5578) chemistry. The synthetic 
methods described in Bergot et al. (J. Chr0mat0g. (1992) 
559135-42) can also be used. Examples of other chemical 
groups Which may form an internucleotide linkage include 
alkylphosphonates, phosphorodithioates, alkylphosphono 
thioates, phosphoramidates, carbamates, acetamidates, car 
boxymethyl esters, carbonates, and phosphate triesters. 

[0047] As an example, for a combination of internucle 
otide linkages, U.S. Pat. No. 5,149,797 describes traditional 
chimeric oligonucleotides having a phosphorothioate core 
region interposed betWeen methylphosphonate or phospho 
ramidate ?anking regions. Other chimerics are “inverted” 
chimeric oligonucleotides comprising one or more nonionic 
oligonucleotide regions (eg alkylphosphonate and/or phos 
phoramidate and/or phosphotriester internucleoside linkage) 
?anked by one or more regions of oligonucleotide phospho 
rothioates. Chimerics and inverted chimerics may be syn 
thesiZed as discussed in the Examples for methyl phospho 
nate containing oligonucleotides. These “chimerics” and 
“inverted chimeric” oligonucleotides are a preferred 
embodiment for the modi?cation of the oligonucleotides of 
the present invention. 

[0048] Various oligonucleotides With modi?ed internucle 
otide linkages can be prepared according to knoWn methods 
(see, e.g., G00dchild (1990) Bioconjugate Chem. 21165-187; 
AgraWal et al. (1988) Proc. Natl. Acad. Sci. (USA) 8517079 
7083; Uhlmann et al. (1990) Chem. Rev. 901534-583; and 
AgraWal et al. (1992) Trends Bi0techn0l. 101152-158). 

[0049] Oligonucleotides Which are self-stabiliZed are also 
considered to be modi?ed oligonucleotides useful in the 
methods of the invention (Tang et al. (1993) Nucleic Acids 
Res. 2012729-2735). These oligonucleotides comprise two 
regions: a target hybridiZing region; and a self-complemen 
tary region having an oligonucleotide sequence complemen 
tary to a nucleic acid sequence that is Within the self 
stabiliZed oligonucleotide. These oligos form looped 
structures Which are believed to stabiliZe the 3‘ end against 
exonuclease attack While still alloWing hybridiZation to the 
target. 

[0050] On the other hand, examples of modi?cations to 
sugars include modi?cations to the 2‘ position of the ribose 
moiety Which include but are not limited to 2‘-O-substituted 
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With an —O— loWer alkyl group containing 1-6 saturated or 
unsaturated carbon atoms, or With an —O-aryl, or allyl 
group having 2-6 carbon atoms Wherein such —O-alkyl, 
aryl or allyl group may be unsubstituted or may be substi 
tuted (e.g., With halogen, hydroxy, tri?uoromethyl, cyano, 
nitro, acyl, acyloxy, alkoxy, carboxy, carbalkoxyl, or amino 
groups), or Wherein the 2-O— group is substituted by an 
amino, or halogen group. None of these substitutions are 
intended to exclude the native 2‘-hydroxyl group in case of 
ribose or 2‘-H— in the case of deoxyribose. PCT Publication 
No. WP 94/02498 discloses traditional hybrid oligonucle 
otides having regions of 2‘-O-substituted ribonucleotides 
?anking a DNA core region. Another form of a hybrid is an 
“inverted” hybrid oligonucleotide Which includes an oligo 
nucleotide comprising a 2‘O-substituted (or 2‘ OH unsubsti 
tuted) RNA region Which is interposed betWeen tWo oli 
godeoxyribonucleotides regions, a structure that is inverted 
relative to the “traditional” hybrid oligonucleotides. Hybrid 
and inverted hybrid oligonucleotides may be synthesiZed as 
described in the Examples for oligonucleotides containing 
2‘-O-methyl RNA. The hybrid and inverted hybrid oligo 
nucleotides of the invention are particularly preferred due to 
the enhanced stability and activity over time in the presence 
of serum. In another embodiment the hybrid or inverted 
hybrid oligonucleotide may comprise at least one n-butyl 
phosphoramidate or methylphosphonate linkage. 

[0051] Preferably, the ribonucleotide is a 2‘-O-methyl 
ribonucleotide. In another embodiment, the oligonucleotide 
comprises at least one, preferably one to ?ve 2‘-O-methyl 
ribonucleotides at the 3‘ end of the oligonucleotide. More 
over, the oligonucleotide may further comprise at least one, 
preferably one to ?ve 2‘-O-methyl ribonucleotides at the 
5‘-end. 

[0052] Other oligonucleotide structures of the invention 
include the so-called dumbell and nicked dumbell structures 
(Table 1B). Ashly and Kushlan (Biochem. (1991) 3012927 
2933) describe the synthesis of oligonucleotide dumbells 
including nicked dumbells. A dumbbell is a double-helical 
stem closed off by tWo hairpin loops. The antisense activity 
of nicked dumbells (dumbbell molecules With free ends) is 
discussed by YamakaWa et al. (Nucle0sides and Nucleotides 
(1996) 151519-529). These structures are believed to have 
bene?cial properties similar to those of the self-stabiliZed 
oligos described above. 

[0053] Other modi?cations include those Which are inter 
nal or are at the end(s) of the oligonucleotide molecule and 
include additions to the molecule at the internucleoside 
phosphate linkages, such as cholesteryl, cholersterol, or 
diamine compounds With varying numbers of carbon resi 
dues betWeen the tWo amino groups, and terminal ribose, 
deoxyribose and phosphate modi?cations Which cleave, or 
crosslink to the opposite chains or to associated enZymes or 
other proteins Which bind to the viral genome. Additional 
linkers including non-nucleoside linkers include, but are not 
limited to, polyethylene glycol of varying lengths, e.g., 
triethylene glycol, monoethylene glycol, hexaethylene gly 
col, (Ma et al. (1993) Nucleic Acids Res. 2112585-2589; 
Benseler et al. (1993) J. Am. Chem. Soc. 11518483-8484), 
hexylamine, and stilbene (Letsinger et al, (1995) J. Am. 
Chem. Soc. 11717323-7328) or any other commercially 
available linker including abasic linkers or commercially 
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available asymetric and symetric linkers (CloneTech, Palo 
Alto, Calif.) (e.g., Glen Research Product Catalog, Sterling, 
Va.). 
[0054] Other examples of modi?ed oligonucleotides 
include those With a modi?ed base and/or sugar such as 
arabinose instead of ribose, or a 3‘,5‘-substituted oligonucle 
otide having a sugar Which, at one or both its 3‘ and 5‘ 
positions is attached to a chemical group other than a 
hydroxyl or phosphate group (at its 3‘ or 5‘ position). 

[0055] Additionally oligonucleotides capped With ribose 
at the 3‘ end of the oligonucleotide may be subjected to 
NaIO4 oxidation/reductive amination. Examples of such spe 
cies may be found in Table 1B. Amination may include but 
is not limited to the folloWing moieties, spermine, spermi 
dine, Tris(2-aminoethyl) amine (TAEA), DOPE, long chain 
alkyl amines, croWnethers, coenZyme A, AND, sugars, pep 
tides, dendrimers. 

[0056] In a further embodiment, at least one cytosine 
bases may be modi?ed by methylation as is knoWn in the art, 
e.g. 5-methylated deoxycytosine (5-Me-dC) (see Table 1B). 
Such methylation may be desirable, for example, to reduce 
immune stimulation by the oligonucleotide if necessary. 

[0057] Other modi?ed oligonucleotides are capped With a 
nuclease resistance-conferring bulky substituent at their 3‘ 
and/or 5‘ end(s), or have a substitution in one or both 
nonbridging oxygens per nucleotide. Such modi?cations can 
be at some or all of the internucleoside linkages, as Well as 
at either or both ends of the oligonucleotide and/or in the 
interior of the molecule (revieWed in AgraWal et al. (1992) 
Trends Biotechnol. 10:152-158). Some non-limited 
examples of capped species include 3‘ O-methyl, 5‘ O-me 
thyl, 2‘ O-methyl, and any combination thereof, as shoWn in 
Table 1B. 

[0058] In a preferred embodiment, the oligonucleotide has 
a complementary nucleotide sequence selected from the 
group of (SEQ ID NOS: 1 (HPV1), 11 (HPV19), 14 
(HPV22), 15 (HPV23), 18 (HPV30), 19 (HPV31), 20 
(HPV32), 21 (HPV33) and 26 (HPV39) as shoWn in Table 
1A, including modi?cations thereof. 

[0059] In another embodiment, the oligonucleotide has a 
nucleotide sequence selected from the group of (SEQ ID 
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NOS: 54 (HPV56), 11s (HPV53), 119 (HPV52) and 121 
(HPV 50)) as shoWn in Table 1B, including modi?cations 
thereof. 

[0060] In a speci?c embodiment, these oligonucleotides of 
the tWo embodiments mentioned before consist of deoxyri 
bonucleotides and have phosphorthioate internucleotide 
linkages. 

[0061] In another speci?c embodiment, the oligonucle 
otide is selected from the group of sequences having SEQ ID 
NOS: 1, 41-122 and 125-130 as given in Table 1B and 
Wherein the oligonucleotide has the internucleotide linkage 
composition and further modi?cations as set forth in Table 
1B. 

[0062] Most preferred the oligonucleotide has a nucleotide 
sequence and further modi?cations as speci?ed for an oli 
gonucleotide selected from the group consisting of SEQ ID 
NOS: 88 (HPV1 8-4-8 IH 2‘-OMe PO), 88 (HPV1 8-4-8 IH 
2‘-OMe PS), 89 (7-6-7 IH 2‘-OMe PO), 89 (7-6-7 IH 2‘-OMe 
PS), 90 (HPV1 9-6-5 IH 2‘-OMe PO), 90 (HPV1 9-6-5 IH 
2‘ OMe PS), 91 (5-6-9 IH 2‘-OMe PO), 91 (5-6-9 IH 2‘-OMe 
PS), 92 (10-6-4 IH 2‘-OMe PO), 92 (10-6-4 IH 2‘-OMe PS), 
93 (HPV1 6-8-6 IH 2‘-OMe PO) and 93(HPV1 6-8-6 IH 
2‘-OMe PS)., from SEQ ID NOS: 41(SS1), 42 (SS2), 43 
(SS3), 44 (SS4), 49 (SS9) and 51(SS11), from SEQ ID NOS: 
54 (HPV56 CAP), 57 (SS16), 59 (SS18), 65 (SS26), 67 
(SS28) and 104 (HPV56. 0><5 Hybrid), and from SEQ ID 
NOS: 1 (HPV1 5-Me-dC), 24 (HPV36 5-Me-dC) and 112 
(HPV43 5-Me-dC). 
[0063] 20 mer phosphorothioate oligonucleotides comple 
mentary to the E1 gene of HPV strain 6a and 6b (in vitro 
transcribed RNA 2328 bases) Were tested With a ribonu 
clease H (RNase H) assay using 100 nM synthetic oligo 
nucleotide and in vitro transcribed RNA. The RNase H assay 
identi?ed regions of the target RNA that Were accessible to 
the antisense oligonucleotide; cleavage indicated that the 
oligonucleotide had hybridiZed With the target RNA to an 
extent that the target Was digested by RNase H. The results 
of RNase H-mediated cleavage are shoWn in Table 1A. 
Position +1 of the E1 target site is the ?rst base of the 
translation start site. 

TABLE 1A 

% RNa se H 

Oligo Sequence (5' —> 3') E1 target Site cleavage SEQ ID NO: 

I'IPVl GTACCTGAATCGTCCGCCAT + 1 — +2 0 6 0 1 

I'IPV2 CATCGTTGTTAGGTCTTCGG — 1 7 — +3 3 3 2 

I'IPV3 TCGTCCGCCATCGTTGTTAG —9 — +1 1 62 3 

I'IPV4 CCGCCATCGTTGTTAGGTCT — 1 3 — +7 5 8 4 

I'IPV5 TGAATCGTCCGCCATCGTTG —5 — +15 57 5 

I'IPV6 CATTTTCTGTACCTGAATCG +9 — +2 8 3 1 6 

I'IPVl 1 GTCAATGAATCGTCCGCCAT — 8 — +2 0 8 0 % O f 7 

CGTTGTTA I'IPVl 

I'IPVl 5 GTACCTGAATCGTCCGCCAT —5 — +2 0 9 6 % O f 8 

CGTTG I'IPVl 
I'IPVl 7 TTTTCTGTACCTGAATCGTC +7 — +26 28 9 

I'IPVl 8 CCCCTCATTTTCTGTACCTG +14 — +3 3 8 1 0 

I'IPVl 9 ACCCAGACCCCTCATTTTCT +2 1 — 4 0 22 1 1 

I'IPV2 0 GGGTGTCCGCCTCCTGCCTG +2 0 3 — +2 2 2 3 4 1 2 

I'IPV2 1 CGTTTTAGGTCCTGCACAGT +2 3 1 — +25 0 8 1 3 

I'IPV2 2 GCCTCGGCTATAGTGTTTAT +2 8 2 — +3 0 1 1 9 1 4 

I'IPV2 3 CGTCGCTTTACCTTTTTTGG +37 3 — +392 57 15 
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TABLE lA-continued 

% RNase H 
Oligo Sequence (5 ' —> 3 ' ) E1 target Slte cleavage SEQ ID NO: 

I'IPV2 6 CCAGACCCCTCATTTTCTGT +19 — +38 35 l 6 

I'IPV2 7 ATAAACCATCCTGTACACCC +3 7 — I 5 6 l 8 l 7 

I'IPV3 0 CCTGAATCGTCCGCCAT +1 — +1 7 l 8 

I'IPV3 l GTACCTGAATCGTCCGCCA +2 — +2 0 l 9 

I'IPV3 2 TACCTGAATCGTCCGCCAT + l — + l 9 2 0 

I'IPV3 3 ACCTGAATCGTCCGCCAT +1 — +1 8 2 l 

I'IPV34 CTGAATCGTCCGCCAT +1 — +16 22 

I'IPV3 5 GTACCTGAATCGTCC +6 — +2 0 2 3 

I'IPV3 6 GTACCTGAATCGTCCG +5 — +2 0 2 4 

I'IPV3 7 GTACCTGAATCGTCCGC +4 — +2 0 2 5 

I'IPV3 8 GTACCTGAATCGTCCGCC +3 — +2 0 2 6 

I'IPV3 9 TGAATCGTCCGCCAT + l — + l 5 2 7 

HPV4 0 GTACCTGAATCGTCCGCCAT — l 0 — +2 0 2 8 

CGTTGTTAGG 

I'IPV2 4a’ tCttttttttTTTTCTGTAC +7 — +2 6 2 9 

CTGAATCGTC 

I'IPV2 8a’ ACCCAGACCCCTCATTTTCT +2 1 — +4 0 3 0 

tttttctttt 

I'IPV7b GTACCTaAATCGTCCGCCAT +1 — +20 100% Of 3 l 

I'IPVl 
I'IPV8b GTACCTaAATCaTCCGCCAT +1 — +2 0 52 % Of 32 

I'IPVl 
I'IPV9b GTACCTaAATCaTCCaCCAT +1 — +2 0 3 3 

I'IPVl 0b aTACCTaAATCaTCCaCCAT +1 — +2 0 3 4 

I'IPV2 9b GTgCCaGAgTCGTCCGCCAT +1 — +2 0 35 
I'IPV12b GTACCTiAATCaTCCGCCAT +1 — +20 61% Of 36 

I'IPVl 
I'IPV13b GTACCTaAATCiTCCGCCAT +1 — +20 74% Of 37 

I'IPVl 
I'IPVl 4b GTACCTiAATCiTCGCCAT +1 — +2 0 8 l % Of 3 8 

I'IPVl 

apotential triplex forming oligonucleotide 
blower case letter represents a mismatched base italicized letters 
represent triplex-forming bases Internucleotide linkage is PS 
unless otherwise mentioned 

[0064] These results suggest that the region close to the 
translation start site (AUG) is accessible to antisense oligo 
nucleotides and susceptible to cleavage With RNase H. The 
data further de?ne a very active region for hybridization and 
cleavage from —13 to +20. The best of these oligonucle 
otides Were HPV1 (+1 to +20) (SEQ ID NO: 1), HPV3 (—9 
to +11) (SEQ ID NO: 3), HPV4 (—13 to +7) (SEQ ID NO: 
4) and HPVS (—5 to +15) (SEQ ID NO: 5). 

[0065] In addition, four regions in the doWnstream coding 
region that appear to be accessible to hybridization by 
antisense oligonucleotides Were identi?ed using the ran 
domer RNase H assay. The oligonucleotides prepared that 
bind to these regions are HPV20 (+203 to +222) (SEQ ID 
NO: 12), HPV21 (+231 to +250) (SEQ ID NO: 13), HPV22 
(+282 to +301) (SEQ ID NO: 14), and HPV23 (+373 to 
+392) (SEQ ID NO: 15). The results are shoWn in Table 1A. 
The data suggest that the region at +373 is the site most 
susceptible to RNase H cleavage in the presence of its 
complementary DNA phosphorothioate sequence. 

[0066] The oligonucleotides identi?ed outside the E1 
luciferase fusion target sequences can be assayed by exam 
ining expression of the full length E1 gene product (see 
Example 6 beloW). 
[0067] These and other antisense oligonucleotides tar 
geted to the translation start site Were tested in mammalian 
cells using ?re?y luciferase reporter gene assays. The 46 
nucleotide region of the HPV E1 gene from —17 to +29 
nucleotides relative to the translation start site Was cloned 5‘ 

to, and in frame With, the entire open reading frame of the 
?re?y luciferase gene in the plasmid pGLori, to produce the 
plasmid pE1Luc6. Transcription of this E1-luciferase gene 
fusion Was placed under the control of the cytomegalovirus 
early gene promoter. Expression of the E1-luciferase fusion 
in mammalian cells Was quanti?ed in a luminometer by 
addition of luciferin substrate and ATP cofactor to cell 
lysates. The reduction in luciferase levels in cells treated 
With antisense oligonucleotides compared to luciferase lev 
els in cells treated With a negative control random oligo 
nucleotide is a measure of the sequence speci?c activity of 
the antisense oligonucleotides. 

[0068] In all cellular antisense assays, a random sequence 
20 mer phosphorothioate oligonucleotide Was used as a 
negative control compound. In addition a 20 mer phospho 
rothioate antisense oligonucleotide targeting the ?rst 20 
nucleotides of the coding region of the ?re?y luciferase gene 
Was used as a positive control (Luc+1—+20) (SEQ ID NO: 
39). This target is retained in both the E1 fusion and control 
luciferase constructs. 

[0069] Chinese Hamster Ovary (CHO-K1) cells Were sta 
bly transfected With the pE1Luc6 construct. The percentage 
of luciiferase expression measured relative to the control 
effective concentration (ECSO) Was then measured of the 
oligonucleotide that yields inhibition equal to 50% of con 
trol (i.e:, cells treated With lipid only). Phosphorothioate 
(PS) 20 mer oligonucleotides 1, 3, 4, 5, and 17 all exhibited 
sequence speci?c antisense activity against the E1Luc6 
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target, as did the positive control Luc+1—+20 PS antisense 
oligonucleotide targeted against the ?rst 20 nucleotides of 
the luciferase gene coding region. TWo El-speci?c 20 rner 
oligonucleotides, 2 and 6, and the random PS 20 rner 
negative control oligonucleotide shoWed little or no activity 
(FIG. 2). There Was good correlation betWeen the in vitro 
RNase H cleavage of the target RNA and the sequence 
speci?c antisense activity in the stably transfected cells 
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(FIG. 2). None of the oligonucleotides, With the exception 
of the positive control Luc+1—+20 oligonucleotide, eXhib 
ited sequence speci?c antisense activity in CHO-K1 cells 
stably transfected With the parent pGLori construct that 
carries the luciferase gene alone. 

[0070] Other oligonucleotides listed in Table 1B beloW 
also exhibited activity. 

TABLE 1B 

SEQ ID Loop Ec5O 
Oligo NO: Sequence (5'—3') Size (nM) Description 

HPVl CAP l GTACCTGAATCGTCCGCCAT-NH2 44 20mer PS/3' 3—amino—2— 
propanol CAP 

S52 42 GTAccTGAATcGTcc©c©A?‘-tttt-mcgge 4 22 29mer/4 base loop/5 
base stem 

S53 43 GTAccTGAATcGTcc®C(KEAT-ttt-mrtggs 3 24 28mer/3 base loop/5 
base stem 

S54 44 GTACCTGAATCGTCC®C@A?T-tt-mizgge 2 25 27mer/2 base loop/5 
base stem 

SS5 45 GTACCTGAATCGTCC®C<§A?i_t_amgg@ l 61 26mer/l base loop/5 
base stem 

SS6 46 GTACCTGAATCGTCC@c@AqTmEgs@ 0 67 25mer/0 base loop/5 
base stem 

SS7 47 GTACCTGAATCGTCC@C@ATBSE@ l 46 24mer/l base loop/4 
base stem 

SS8 48 GTACCTGAAT@@T@@GCCA-Tggm@g 4 45 25mer/5 base loop/5 
base stem 

SS9 49 GTACCTGAATC®3TCCGCCAT$$$® 5 34 24mer/5 base loop/4 
base stem 

5510 50 GTACCTGAATCGT@@GCCATgg& 5 48 23mer/5 base loop/3 
base stem 

SSll 51 GTACCT®AATCGTCCGCCATTC©B 8 30 23mer/8 base loop/5 
base stem 

SSl2 52 @TA@c-TGAATCGTCCGCCA-Tg$tm@ 15 61 25mer/l5 base loop/5 
base stem 

SSl3 53 gmEg@-TACCTGAATCGTCCG@@A@@ 15 88 25mer/l5 base loop/5 
base stem 

HPV56 54 CTGAATCGTCCGCCATC 81 El —1 > +l6 

HPV56 CAP 54 CTGAATCGTCCGCCATC-NH2 48 l7mer PS/3' 3—amino—2— 
propanol CAP 

SSl4 55 CTGAATCGTCCG@@AT@_L_gm?gg L 55 22mer + PEG loop 

SSl5 56 CTGAATCGTCCG@@AT@@_tttt_samgg 4 94 26mer/4 base loop/5 
base stem 

SSl6 57 CTGAATC@T@@@CCATc$gm@ 4 35 2lmer/4 base loop/5 
base stem 

SSl7 58 CTGAATCGT@@@CCAT@gg& 4 60 20mer/4 base loop/4 
base stem 

SSl8 59 CTGAATCGT®C©CCAT©S$ 4 43 l9mer/4 base loop/3 
base stem 

SSl9 60 CTGAAT@@TCCGCCAT@gmGE 8 53 2lmer/8 base loop/5 
base stem 

SS20 6l @@bf;\@AATCGTCCGCCAT@mg£ ll 47 2lmer/ll base loop/5 
base stem 

SS2l 62 CT©AATCGTCCGCCATC$$ ll 73 l9mer/ll base loop/4 
base stem 

S523 64 CTGAATCGTCCGCCATC-mrg-L-geem L 93 2'OMePS 5 base stem/PEG 
loop 

SS24 63 CTGAATCGTCCGCCATC—1LU_gg_@§-uuuu—gg@_@§ 4 66 2'OMePO 5 base stem/4 
base loop 

S525 64 CTGAATCGTCCGCCATC-m-L-geom L 102 2'PMePO 5 base stem/PEG 
loop 

SS26 65 cTGAATcGTccGccATc-eggee-tttt-ggeem 4 34 3lmer/4base loop/5 base 
stem 3' 

$527 66 CTGAATCGTCCGCCATC-?gg@@-L—gg@@?l L 51 27mer/PEG loop/5 base 
stem 3' 

SS28 67 gge@mttttttgg@e-CTGAATCGTCCGCCATC 4 33 3lmer/4base loop/5 base 
stem 5' 






























































































