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Provided are lipid particles encapsulating a nucleic acid
capable of expressing an E6 antigen and an E7 antigen of
human papillomavirus, whereby a vaccine for preventing
and/or treating infection with human papillomavirus type 6
and/or type 11 can be provided. The lipid particles comprise
a lipid that is a cationic lipid having the general formula (Ia),
or a pharmaceutically acceptable salt thereof.
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Fig. 4

Template plasmid DNA for IVT of HPV6 E6-E7 fusion

gctagegtaatacgactcactataaggagacccaagctacatttgettctgacacaactgtgttcactagcaacctcaaacaga
caccgccaccatggactggacciggatectgttectggtggecgecgecacaagagtgeacagegaaagegecaacgecage
accagcgcecaccaccatcgaccagcetgtgecaagaccticaacctgagceatgeacaccctgecagatcaactgegtgttetgeaa
gaacgcecctgaccaccgecgagatctacagetacgectacaageagetgaaggtgetgttcagaggeggcetaccectacgee
geetgegectgeggactggaattccacggcaagatcaaccagtaccggeacticgactacgecggetacgecaccacagtgg
aagaggaaacaaagcaggacatcctggacgtgetgatecggtgetacctgtgecacaagecectgtgegaggtggaaaaagt
gaagcacatcctgaccaaggeecggticatcaagetgaactgeacctggaaaggceagaggectgeactgetggaccacctge
atggaagacatgctgcccagaggecggaagagaagaagecacggcagacacgtgacecctgaaggacategtgetggacctg
cagcccceccgaccecgtgggactgecacggatacggecagetggtggacagcagegaggacgaggtggacgaagtggacgg
ccaggacagccagccactgaagcagcactaccagatcgtgaccigetgetgeggetgegacagcaacgtgegactggiggtg
cagtgcaccgagacagacatcagagaggtgcageagetectgetgggeacccetgaacategtgggecccatetgegececca
agacctgagctcgctttcttgetgtccaattictattaaaggttcctttgttccctaagtccaactactaaactgggggatattatg
aagggcectigagceatctggattctgectaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaadaaaaadadaandaalaaaaaaaadadaaaadaaadaaadaadaaadaaaaaaaaaadaaaaaaaaaaag
agcactagt
(SEQ ID NO: 1)

GCTAGC (Nhel site): base Nos. 1 to 6
T7 promoter sequence: base Nos. 8 to 24
G: Transcription start point: base No. 25

5'-UTR sequence (including transcription start point and KOZAK
sequence of base Nos. 89 to 94): base Nos. 25 to 94

Translated region of IgE leader sequence: base Nos. 95 to 148
Translated region of E6 of HPV type 6: base Nos. 149 to 595
Furin cleavage site: base Nos. 596 to 616

Translated region of E7 of HPV type 16: base Nos. 617 to 910
3'-UTR sequence: base Nos. 911 to 1042

polyA: base Nos. 1043 to 1144

ACTAGT (Spel site): base Nos. 114910 1154
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Fig. 5
Sense primer

TAATACGACTCACTATAAGGAGAC
(SEQ ID NO: 2)

Antisense primer

PETTTEE TR e e v e v et e v rrrre et e e v e e vt
TTTTTTITTITTTITTITTITTTTTTTTTTGCAATGAAAATAAATGTTTTTTATTAGGC
(SEQ ID NO: 3)
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Fig. 6
HPV6 E6-E7 fusion template DNA

taatacgactcactataaggagacccaagctacatttgettctgacacaactgtgticactagcaacctcaaacagacaccgee
accatggactggacctggatcctgttectggtggecgecgecacaagagtgcacagegaaagegecaacgecageaccageg
ccaccaccatcgaccagcetgtgcaagaccttcaacctgageatgeacaccctgcagatcaactgegtgtictgcaagaacgec

ctgaccaccgcecgagatctacagetacgectacaagcagetgaaggtgetgticagaggeggcetacccctacgecegectgege
ctgcggactggaattccacggcaagatcaaccagtaccggeacticgactacgecggctacgecaccacagiggaagaggaa
acaaagcaggacatcctggacgtgetgatecggtgetacctgtgecacaageccctgtgegaggtggaaaaagtgaageaca
tcctgaccaaggceccggticatcaagetgaactgcacctggaaaggeagaggectgeactgetggaccacctgeatggaaga

catgctgcccagaggecggaagagaagaagcecacggceagacacgtgaccctgaaggacategtgetggacctgeageeece
cgacccegtgggactgcacggatacggecagetggtggacagcagegaggacgaggtggacgaagtiggacggecaggaca

gccagecactgaagcagcactaccagategtgacctgetgetgeggetgegacagcaacgtgegactggtggtgeagtgeac

cgagacagacatcagagaggtgeagceagcetectgetgggeaccctgaacategtgggecccatetgegeccccaagaccetga

gctegcettictigetgtccaattictattaaaggticctttgticcctaagtccaactactaaactgggggatattatgaagggectt
gagcatctggatictgcctaataaaaaacatitattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarraaalraaaaaaaaaaaaa

(SEQ ID NO: 4)

Fig. 7
HPV6 EG-E7 fusion mRNA

aggagacccaagcuacauuugcuucugacacaacuguguucacuagcaaccucaaacagacaccgecaccauggac
uggaccuggauccuguuccugguggccgecgecacaagagugcacagcgaaagegecaacgecageaccagegecacc
accaucgaccagcugugcaagaccuucaaccugagcaugcacacccugcagaucaacugeguguucugeaagaacge
ccugaccaccgecgagaucuacagcuacgecuacaageagcugaaggugeuguucagaggeggeuaccccuacgecg
ccugcgccugeggacuggaauuccacggcaagaucaaccaguaccggeacuucgacuacgecggeuacgecaccaca
guggaagaggaaacaaagcaggacauccuggacgugcugauccggugcuaccugugecacaagecccugugegags
uggaaaaagugaagcacauccugaccaaggeccgguucaucaageugaacugeaccuggaaaggceagaggecugea
cugcuggaccaccugcauggaagacaugcugcccagaggecggaagagaagaagecacggcagacacgugacccuga
aggacaucgugcuggaccugcagccccccgaccccgugggacugeacggauacggecageugguggacageagegag
gacgagguggacgaaguggacggccaggacagecagecacugaageagcacuaccagaucgugaccugcugeugegs
cugcgacagcaacgugcgacugguggugcagugcaccgagacagacaucagagaggugcagcageuccugeugggca
cccugaacaucgugggccccaucugegeccccaagaccugageucgcuuucuugeuguccaauuucuauuaaaggu
uccuuuguucccuaaguccaacuacuaaacugggggauauuaugaagggecuugageaucuggauucugecuaau
aaaaaacauuuauuuucauugcaaaaaaaaaaaaadaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaadaaaadaaaadaaaaaaaaaaaaaaaaaaaaaaa
(SEQ ID NO: 5)



Patent Application Publication Jun. 5, 2025 Sheet 6 of 13 US 2025/0177510 A2

Fig. 8
Template plasmid DNA for IVT of HPV11 E6-E7 fusion

gctagegtaatacgactcactataaggagacccaagetacatttgettctgacacaactgtgttcactagcaacctcaaacaga
caccgccaccatggactggacctggatectgttectggtggecgecgecacaagagtgcacagegagageaaggacgecage
acaagcgccaccagcatcgaccagcetgtgeaagaccttcaacctgagectgeacaccctgeagatccagtgegtgttctgeag
aaacgccctgaccaccgecgagatctacgectacgectacaagaacctgaaggtegtgtggegggacaacttccecttegeceg
cctgegectgeggectggaactccagggaaagatcaaccagtaccggeacttcaactacgecgectacgeccccacagtgga

agaggaaacaaacgaggacatcctgaaggtgctgatceggtgetacctgtgecacaageccctgtgegagategagaagetg
aagcacatcctgggcaaageccggttcatcaagcetgaacaaccagtggaaaggcagaggectgeactgetggaccacctge

atggaagacctgctgcccagaggecggaagagaagaagecacggeagactggtcaccctgaaggacategtgetggacctg
cagccccccgaccecgtgggactgeacggatacggecagetggaagacageagegaggacgaggtggacaaagtggacaa
gcaggacgcccageccctgacacagcactaccagatectgacctgetgetgeggetgegacageaacgtgeggetggtggtg

gaatgcaccgacggegacatcagacagceigcaggacctgetectgggeacactgaacategtgggecccatetgegecccea

agcectgagctegctttettgetgtccaatttctattaaaggticctttgticcctaagtccaactactaaactgggggatattatg

aagggcctigagcatctggattctgectaataaaaaacattiattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaadaadaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaag

agcactagt (SEQ ID NO: 6)

GCTAGC (Nhel site): base Nos. 1106
T7 promoter sequence: base Nos. 8 to 24
G: Transcription start point: base No. 25

5'-UTR sequence (including transcription start point and KOZAK sequence of base
Nos. 89 to 94): base Nos. 25 to 94

Translated region of IgE leader sequence: base Nos. 95 to 148
Translated region of E6 of HPV type 11: base Nos. 149 to 595
Furin cleavage site: base Nos. 596 to 616

Translated region of E7 of HPV type 11: base Nos. 617 to 910
3'-UTR sequence: base Nos. 911 to 1042

polyA: base Nos. 1043 to 1144

ACTAGT (Spel site): base Nos. 1148 to 1154
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Fig. 9
HPV11 EBG-E7 fusion template DNA

taatacgactcactataaggagacccaagctacatttgettctgacacaactgtgttcactagcaacctcaaacagacaccgee
accatggactggacctggatectgttcctgstggecgecgecacaagagtgeacagegagageaaggacgecageacaage
gccaccageatcgaccagetgtgcaagaccttcaacctgagectgeacacectgeagatccagtgegtgttctgeagaaacge
cctgaccaccgecgagatctacgectacgectacaagaacctgaaggtegtgtggegggacaactteeccttegeegectgeg
cctgeggcctggaactccagggaaagatcaaccagtaccggeacttcaactacgecgectacgeccccacagtggaagagga
aacaaacgaggacatcctgaaggtgctgatceggtgetacctgtgecacaageecctgtgegagatcgagaagcetgaageac
atcctgggcaaageceggticatcaagctgaacaaccagtggaaaggeagaggectgeactgetggaccacctgeatggaag
acctgctgcccagaggcecggaagagaagaagecacggcagactggtcaccctgaaggacatcegtgetggacctgeageece
ccgaccecgtgggactgeacggatacggccagetggaagacagcagegaggacgaggtggacaaagtggacaageaggac
gcccageccctgacacageactaccagatectgacctgetgetgeggetgegacageaacgtgeggetggtggtggaatgeac
cgacggcgacatcagacagctgeaggacctgetectgggeacactgaacategtgggecccatetgegeccccaagecctga
gctegetttettgetgtccaatttctattaaaggttectttgttccctaagtccaactactaaactgggggatattatgaagggcectt
gagcatctggattctgectaataaaaaacatttatittcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

ddddddddddddddddddddddddddddddddddddddddddddddadddddadddaadadaadad
(SEQ ID NO: 7)

Fig. 10
HPV11 E6-E7 fusion mRNA

aggagacccaagcuacauuugcuucugacacaacuguguucacuagcaaccucaaacagacaccgecaccauggac

uggaccuggauccuguuccugguggccgecgecacaagagugcacagegagagcaaggacgecageacaagegecac

cagcaucgaccagcugugcaagaccuucaaccugagecugeacacccugcagauccagugeguguucugeagaaacg
cccugaccaccgecgagaucuacgecuacgccuacaagaaccugaaggucguguggegggacaacuuccccuucgee
gccugcgecugeggecuggaacuccagggaaagaucaaccaguaccggeacuucaacuacgecgecuacgeecccaca
guggaagaggaaacaaacgaggacauccugaaggugcugauccggugecuaccugugecacaagecccugugegaga

ucgagaagcugaagcacauccugggcaaageccgguucaucaageugaacaaccaguggaaaggcagaggecugeac
ugcuggaccaccugcauggaagaccugcugcccagaggecggaagagaagaagecacggeagacuggucacccugaa
ggacaucgugcuggaccugcagccccccgaccccgugggacugeacggauacggecageuggaagacageagegage

acgagguggacaaaguggacaagcaggacgcccagecccugacacagcacuaccagauccugaccugeugeugegge
ugcgacagcaacgugcggcuggugguggaaugcaccgacggegacaucagacageugcaggaccugeuccugggeac
acugaacaucgugggccccaucugcgeccccaageccugageucgcuuucuugcuguccaauuucuauuaaagguu
ccuuuguucccuaaguccaacuacuaaacugggggauauuaugaagggecuugagcaucuggauucugecuaaua
aaaaacauuuauuuucauugcaaaaaaaaaaaaaadaaaaaaaadaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
3aaaaaaaaaaaaaaaaaaadaaaadaaaaaaaaaaaaaaaaaaaaaa

(SEQ ID NO: 8)
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Fig. 11
HPV6 E6-E7 HPV11 EB-E7 fusion template plasmid DNA

gctagegtaatacgactcactataaggagacccaagctacattigettctgacacaactgtgttcactagcaacctcaaacaga
caccgecaccatggactggacctggatectgttectggtggecgecgecacaagagtgeacagegaaagegecaacgecage
accagcegccaccaccatcgaccagetgtgcaagaccttcaacctgagceatgeacaccctgeagatcaactgegtgttctgeaa

gaacgccctgaccaccgecgagatctacagetacgectacaageagetgaaggtgetgticagaggeggcetaccectacgece

gecetgegectgeggactggaaticcacggeaagatcaaccagtaceggeacttegactacgeceggetacgecaccacagtgg

aagaggaaacaaagcaggacatectggacgtgetgatecggtgetaccigtgecacaageccctgtgegaggtggaaaaagt
gaagcacatcctgaccaaggceccggttcatcaagetgaactgeacctggaaaggeagaggecetgceactgetggaccacctge
atggaagacatgctgcccagaggecggaagagaagaagecacggeagacacgtgaccctgaaggacategtgetggacctg
cagccccccgacccecgtgggactgeacggatacggecagetggtggacagcagegaggacgaggtggacgaagtggacgg

ccaggacagccagecactgaagcagceactaccagatcgtgacctgetgetgeggetgegacageaacgtgegactggtggte
cagtgcaccgagacagacatcagagaggtgcagcagcetectgetgggeaccetgaacategtgggecccatetgegeecccea

agaccagaggaagaaageggagaagcgagagcaaggacgecageaccagegecaccageatcgaccagetctgeaaaac
cttcaacctgagectgecacacactccagatccagtgegtgtictgecggaacgecctgacaacagecgaaatctacgectacge
ctacaagaacctgaaggtegtgtggegggacaacttccecttcgecgectgegectgeggectegagetgecagggaaaaatea
accagtacagacacttcaactacgecgectacgeccccaccgtcgaggaagagacaaacgaggacatectgaaggtecteat
ccgetgetacetgtgecacaaaccecectetgegagategagaagetgaaacacatectgggeaaageccgctteatcaagetea
acaaccagtggaaaggeceggggactccactgetggacaacatgeatggaagacctgeteccecggggeagaaagaggege

agccacggaaggcetggtecacactgaaagacategtectggacctecagecacceggacccagteggectgeacggetacggac
agctcgaggacagcagegaggacgaagtggacaaggtggacaageaggacgeccageccctgacccageactaccagate
ctgacatgctgctgeggcetgcgacageaacgtgeggetggtegtggaatgecaccgacggegacatcagacagetgecaggacc
tgctcectgggaacactigaacategtgggacceatetgegeccccaagecctgagetegetttcttgetgtecaattictattaaag
gttcctttgttccctaagtccaactactaaactgggggatattatgaagggcectigageatctggattctgectaataaaaaaca

tttattttcatigcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaazaaaaaraaaaaaaaaaaaa
2aa3aaaaaaaaaaaaaaaaaaaadaaaaaaaaaaaragageactagt

(SEQ ID NO: 9)

GCTAGC (Nhel site): base Nos. 1t0 6
T7 promoter sequence: base Nos. 8 to 24
G: Transcription start point: base No. 25

5'-UTR sequence (including transcription start point and KOZAK sequence of
base Nos. 89 to 94): base Nos. 25 to 94

Translated region of IgE leader sequence: base Nos. 95 to 148
Translated region of E6 of HPV type 6: base Nos. 149 to 595
Furin cleavage site: base Nos. 596 to 616

Translated region of E7 of HPV type 6: base Nos. 617 to 907
Furin cleavage site: base Nos. 908 to 928

Translated region of E7 of HPV type 11: base Nos. 929 to 1375
Furin cleavage site: base Nos. 1376 to 1396

Translated region of E7 of HPV type 11: base Nos. 1397 to 1690
3'-UTR sequence: base Nos. 1691 to 1822

polyA: base Nos. 1823 to 1924

ACTAGT (Spel site): base Nos. 1929 to 1934
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Fig. 12
HPV6 E6-E7 HPV11 E6-E7 fusion template DNA

taatacgactcactataaggagacccaagctacatttgctictgacacaactgtgttcactagcaacctcaaacagacaccgec
accatggactggacctggatcctgttcctggtggecgecgecacaagagtgcacagegaaagegecaacgecageaccages
ccaccaccatcgaccagctgtgcaagaccttcaacctgageatgeacaccctgeagatcaactgegtgtictgcaagaacgcec
ctgaccaccgccgagatctacagctacgectacaageagetgaaggtgcetgttcagaggeggctaccectacgecgectgege
ctgcggactggaattccacggeaagatcaaccagtaccggeacttcgactacgecggctacgecaccacagtggaagaggaa
acaaagcaggacatcctggacgtgctgatccggtgcetacctgtgecacaageccctgtgegaggtggaaaaagtgaageaca
tcctgaccaaggececggttcatcaagetgaactgeacctggaaaggeagaggectgeactgetggaccacctgeatggaaga
catgctgcccagaggecggaagagaagaagecacggceagacacgtgaccetgaaggacategtgetggacctgeagececc
cgaccccgtgggactgcacggatacggecagetggtggacageagegaggacgaggtggacgaagtggacggecaggaca
gccagecactgaagcagcactaccagategtgacctgetgetgeggctgegacageaacgtgegactggtggtgeagtgeac
cgagacagacatcagagaggtgcagcagctcetgetgggeaccetgaacategtgggecccatetgegeeccccaagaccaga
ggaagaaagcggagaagcgagagcaaggacgccageaccagegecaccageatcgaccagetctgcaaaaccttcaacct
gagcctgcacacactccagatccagtgegtgtictgecggaacgeectgacaacagecgaaatctacgectacgectacaaga
acctgaaggtcegtgtggegggacaacttcccecttegecgectgegectgeggectegagetgcagggaaaaatcaaccagtac
agacacttcaactacgccgectacgeccccaccgtcgaggaagagacaaacgaggacatcctgaaggtcctcateegetgcet
acctgtgccacaaaccectctgegagatcgagaagcetgaaacacatectgggeaaageccgettcatcaagetcaacaacca
gtggaaaggcecggggactccactgetggacaacatgeatggaagacctgetcecceggggeagaaagaggegeagecacg
gaaggctggtcacactgaaagacatcgtcctggacctccagecaccggacccagtcggectgecacggetacggacagetega
ggacagcagcgaggacgaagtggacaaggtggacaageaggacgeccageccctgacccageactaccagatectgacat
gctgetgeggctgegacageaacgtgeggctggtegtggaatgeaccgacggegacatcagacagetgeaggacctgetect
gggaacactgaacatcgtgggacccatctgegeccccaagecctgagetegcetttettgetgtecaatttctattaaaggttectt
tgttccctaagtccaactactaaactgggggatattatgaagggecttgageatetggatictgectaataaaaaacatttatttt
cattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
(SEQ ID NO: 10)
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Fig. 13

HPV6 E6-E7 HPV11 EG-E7 fusion mRNA

aggagacccaagcuacauuugcuucugacacaacuguguucacuagcaaccucaaacagacaccgecaccauggac

uggaccuggauccuguuccugguggecgecgecacaagagugcacagegaaagegecaacgecageaccagegecace
accaucgaccagcugugcaagaccuucaaccugagcaugcacacccugcagaucaacugcguguucugcaagaacge
ccugaccaccgecgagaucuacagcuacgccuacaagragcugaaggugcuguucagaggeggcuaccccuacgeceg
ccugcgccugeggacuggaauuccacggcaagaucaaccaguaccggeacuucgacuacgccggeuacgecaccaca

guggaagaggaaacaaagcaggacauccuggacgugcugauccggugeuaccugugecacaagecccugugegagg
uggaaaaagugaagcacauccugaccaaggcccgguucaucaageugaacugeaccuggaaaggeagaggecugea

cugcuggaccaccugcauggaagacaugeugcccagaggecggaagagaagaagecacggeagacacgugacceuga

aggacaucgugcuggaccugcagecccccgaccecgugggacugeacggauacggecageugguggacageagegag
gacgagguggacgaaguggacggccaggacagccagecacugaagcageacuaccagaucgugaccugcugeugegg
cugcgacagcaacgugcgacugguggugcagugeaccgagacagacaucagagaggugeageageuccugeugggca
cccugaacaucgugggecccaucugegeccccaagaccagaggaagaaageggagaagegagagcaaggacgecagea
ccagcgccaccagcaucgaccagcucugcaaaaccuucaaccugagecugeacacacuccagauccagugcguguuc
ugccggaacgeccugacaacagecgaaaucuacgecuacgcecuacaagaaccugaaggucguguggegggacaacuu
ccccuucgecgecugegecugeggecucgageugcagggaaaaaucaaccaguacagacacuucaacuacgecgecu

acgcceccaccgucgaggaagagacaaacgaggacauccugaagguccucauccgcugeuaccugugecacaaacce

cucugcgagaucgagaagcugaaacacauccugggcaaageccgeuucaucaageucaacaaccaguggaaaggeceg
gggacuccacugcuggacaacaugcauggaagaccugcucccccggggcagaaagaggegeagecacggaaggeugg
ucacacugaaagacaucguccuggaccuccagccaccggacccagucggecugeacggcuacggacageucgaggac

agcagcgaggacgaaguggacaagguggacaagcaggacgeccagecccugacccagcacuaccagauccugacaug

cugcugcggeugcegacagcaacgugeggeuggucguggaaugeaccgacggegacaucagacageugcaggaccuge
uccugggaacacugaacaucgugggacccaucugegeccccaageccugageucgcuuucuugeuguccaauuucy
auuaaagguuccuuuguucccuaaguccaacuacuaaacugggggauauuaugaagggecuugageaucuggau

ucugccuaauaaaaaacauuuauuuucauugcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaanaaaadaaaaaaaaaalaaaadaaaaaaaaaaaaaaaaaaa

(SEQ ID NO: 11)



Patent Application Publication Jun. 5,2025 Sheet 11 of 13 US 2025/0177510 A2

Fig. 14
Amino acid sequence of E6 antigen of HPV type 6

ESANASTSATTIDQLCKTFNLSMHTLQINCVFCKNALTTAEIYSYAYKQLKVLFRGGYPYAACACGLEF
HGKINQYRHFDYAGYATTVEEETKQDILDVLIRCYLCHKPLCEVEKVKHILTKARFIKLNCTWKGRGLH
CWTTCMEDMLP

(SEQ ID NO: 12)

Fig. 15

Amino acid sequence of E7 antigen of HPV type 6
HGRHVTLKDIVLDLQPPDPVGLHGYGQLVDSSEDEVDEVDGQDSQPLKQHYQIVTCCCGCDSNVRL

VVQCTETDIREVQQLLLGTLNIVGPICAPKT
(SEQ ID NO: 13)

Fig. 16

Amino acid sequence of E6 antigen of HPV type 11

ESKDASTSATSIDQLCKTFNLSLHTLQIQCVFCRNALTTAEIYAYAYKNLKVVWRDNFPFAACACGLEL
QGKINQYRHFNYAAYAPTVEEETNEDILKVLIRCYLCHKPLCEIEKLKHILGKARFIKLNNQWKGRGLH
CWTTCMEDLLP

(SEQ ID NO: 14)

Fig. 17
Amino acid sequence of E7 antigen of HPV type 11
HGRLVTLKDIVLDLQPPDPVGLHGYGQLEDSSEDEVDKVDKQDAQPLTQHYQILTCCCGCDSNVRLY

VECTDGDIRQLODLLLGTLNIVGPICAPKP
(SEQ ID NO: 15)
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Fig. 18

Amino acid sequence of protease cleavage sequence

RGRKRRS
(SEQ ID NO: 16)

Fig. 19

Amino acid sequence of fusion protein of E6 antigen and E7 antigen of HPV type 6

MDWTWILFLVAAATRVHSESANASTSATTIDQLCKTFNLSMHTLQINCVFCKNALTTAEIYSYAYKQL
KVLFRGGYPYAACACGLEFHGKINQYRHFDYAGYATTVEEETKQDILDVLIRCYLCHKPLCEVEKVKHIL
TKARFIKLNCTWKGRGLHCWTTCMEDMLPRGRKRRSHGRHVTLKDIVLDLOPPDPVGLHGYGQLV

DSSEDEVDEVDGQDSQPLKQHYQIVTCCCGCDSNVRLVVQCTETDIREVQQLLLGTLNIVGPICAPK
T

(SEQ ID NO: 17)

Fig. 20
Amino acid sequence of fusion protein of E6 antigen and E7 antigen of HPV type 11

MDWTWILFLVAAATRVHSESKDASTSATSIDQLCKTFNLSLHTLQIQCVFCRNALTTAEIYAYAYKNLK
VVWRDNFPFAACACGLELQGKINQYRHFNYAAYAPTVEEETNEDILKVLIRCYLCHKPLCEIEKLKHIL
GKARFIKLNNQWKGRGLHCWTTCMEDLLPRGRKRRSHGRLVTLKDIVLDLQPPDPVGLHGYGQLE

DSSEDEVDKVDKQDAQPLTQHYQILTCCCGCDSNVRLVVECTDGDIRQLODLLLGTLNIVGPICAPKP
(SEQ ID NO: 18)
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Fig. 21

Amino acid sequence of fusion protein of E6 antigen and E7 antigen of
HPV type 6 and E6 antigen and E7 antigen of HPV type 11

MDWTWILFLVAAATRVHSESANASTSATTIDQLCKTFNLSMHTLQINCVFCKNALTTAEIYSYAYKQL
KVLFRGGYPYAACACGLEFHGKINQYRHFDYAGYATTVEEETKQDILDVLIRCYLCHKPLCEVEKVKHIL
TKARFIKLNCTWKGRGLHCWTTCMEDMLPRGRKRRSHGRHVTLKDIVLDLQPPDPVGLHGYGQLY
DSSEDEVDEVDGQDSQPLKQHYQIVTCCCGCDSNVRLVVQCTETDIREVQQLLLGTLNIVGPICAPK
TRGRKRRSESKDASTSATSIDQLCKTFNLSLHTLQIQCVFCRNALTTAEIYAYAYKNLKVVWRDNFPFA
ACACGLELQGKINQYRHFNYAAYAPTVEEETNEDILKVLIRCYLCHKPLCEIEKLKHILGKARFIKLNNQ,
WKGRGLHCWTTCMEDLLPRGRKRRSHGRLVTLKDIVLDLQPPDPVGLHGYGQLEDSSEDEVDKVD
KQDAQPLTQHYQILTCCCGCDSNVRLVVECTDGDIRQLODLLLGTLNIVGPICAPKP

(SEQ ID NO: 19)

Fig. 22
lgE leader sequence
MDWTWILFLVAAATRVHS

(SEQ ID NO: 20)
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HPV INFECTIOUS DISEASE VACCINE

TECHNICAL FIELD

[0001] The present invention relates to a nucleic acid lipid
particle vaccine encapsulating mRNA encoding the antigens
of human papillomavirus (HPV) type 6 and/or type 11.

BACKGROUND ART

[0002] Human papillomavirus (HPV) is a virus having
circular double-stranded DNA as a genome without enve-
lope membrane, and has about 200 genotypes (Non Patent
Literature 1). Some of the genotypes turn infected cells
cancerous, and in particular, genotypes 16 and 18, which
have been demonstrated to correlate with onset of cancers,
including uterine cervical cancer, are classified as high-risk
types (Non Patent Literature 2). On the other hand, most
other genotypes, such as genotypes 6 and 11, cause epithelial
hyperplasia, which is benign and rarely leads to a malignant
tumor, and therefore these genotypes are classified as low-
risk types (Non Patent Literature 3).

[0003] In the genome of HPV, eight viral proteins are
encoded, which are classified into early genes (E1, E2, E4,
ES5, E6 and E7) and late genes (L1 and [.2) depending on the
time of expression in the lifecycle of the virus. The early
genes control virus replication and canceration of infected
cells, and [.1 and L2 are structural proteins forming outer
shells (capsids) of virus particles (Non Patent Literature 4).
[0004] Virus proteins E6 and E7 in high-risk type HPV
cause abnormal cell proliferation of infected cells. This is
because the functions of p53, engaged in induction of
apoptotic cell death, and pRb, one of Rb family proteins
having a cell cycle regulating function, are inhibited by E6
and E7 (Non Patent Literatures 5 and 6). Even for low-risk
type HPV, it has been suggested that p53 is inhibited by E6,
and p130, which performs a cell cycle regulating function
mainly on the epithelial side, is inhibited by E7 (Non Patent
Literature 3). Furthermore, regions important for cancera-
tion activity of E6 and E7 have been revealed, and in the
case where E6 and E7 are used as vaccine antigens, an
inactivating mutation can be inserted to enhance safety (Non
Patent Literatures 7 to 9).

[0005] The HPV genotypes 6 and 11 infect basal cells
through wounded regions in the mucosal epithelia of the
respiratory tract, the genital organs and the like, but are
normally eliminated by the host immune system. However,
in a state of increased susceptibility to infection, prolifera-
tion of mucosal epithelial cells is induced by virus proteins
E6 and E7, so that a papilloma is formed. This may lead to
recurrent respiratory papillomatosis or condyloma acumina-
tum. On rare occasions, a malignant change may occur (Non
Patent Literature 3).

[0006] HPV infection is initiated as the L1 protein, form-
ing a capsid, adsorbs to heparan sulfate proteoglycan, pres-
ent on the surfaces of host cell membranes (Non Patent
Literature 10). Neutralizing antibodies, engaged in protec-
tion against HIV infection by targeting the [.1 protein, are
currently marketed as prophylactic vaccines that contain a
virus-like particle (VLP) antigen of the L1 protein as a
medicinal ingredient. The currently available prophylactic
vaccines also contain .1 VLP antigens of genotypes 6 and
11, so that the frequency of surgical operations in treatment
of recurrent respiratory papillomatosis is reduced (Non
Patent Literature 11).
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[0007] The host protective immunity against HPV infec-
tion consists of induction of a neutralizing antibody and
cytotoxic T cells (CTLs) or helper T cells. In particular,
nonstructural proteins E6 and E7 are target antigens in CTL
induction, and attract attention as therapeutic vaccine anti-
gens for uterine cervical cancer and cervical dysplasia
caused by HPV infection (Non Patent Literature 12). Also,
these nonstructural proteins attract attention as therapeutic
vaccine antigens for the treatment of recurrent respiratory
papillomatosis (Non Patent Literature 13).

[0008] Patent Literature 1 discloses an E6 and E7 fusion
antigen gene sequence of HPV genotypes 6, 11, 16, 18, 31,
33, 39, 45, 52 and 58. In the gene sequence disclosed in the
literature, an IgE leader sequence is added to the N-terminus
of E6, and a furin peptidase cleavage site is inserted between
the translated region sequences of E6 and E7. A mutation is
inserted between the p53 binding region of E6 and the pRb
binding region of E7 to eliminate the canceration activity of
E6 and E7. The gene sequence is introduced into a mam-
malian expression plasmid to form a DNA gene vaccine
against HPV, and its drug effect in a mouse model is
evaluated. The immunization is performed by intramuscular
administration into the mouse’s femoral area by electropo-
ration.
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SUMMARY OF INVENTION
Technical Problem
[0023] An object of the present invention is to provide a

vaccine for preventing and/or treating infection with human
papillomavirus type 6 and/or type 11.
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Solution to Problem

[0024] The present inventors have found that by admin-
istrating lipid particles encapsulating mRNA encoding
E6-E7 antigens of human papillomavirus type 6 and/or type
11 to mice, an immune response specific to the antigens is
induced, leading to completion of the present invention.
[0025] The gist of the present invention is as follows.
[0026] (1) A lipid particle encapsulating a nucleic acid
capable of expressing an E6 antigen and an E7 antigen of
human papillomavirus, wherein a lipid comprises a cationic
lipid having the general formula (Ia), or a pharmaceutically
acceptable salt thereof:

[Formula 1]
(Ia)
Rl
Il\I o] o L!
RZ/ M \"/ Y
0 L?
[0027] wherein
[0028] R'andR? each independently represent a C1-C3

alkyl group;

[0029] L' represents a C17-C19 alkenyl group, option-
ally having one or more C2-C4 alkanoyloxy groups;
[0030] LZ represents a C10-C19 alkyl group, optionally

having one or more C2-C4 alkanoyloxy groups, or a
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C10-C19 alkeny] group, optionally having one or more
C2-C4 alkanoyloxy groups; and
[0031] pis 3 or 4.

[0032] (2) The particle according to (1), wherein each of
R! and R? in the general formula (Ia) is a methyl group.
[0033] (3) The particle according to (1) or (2), wherein p
in the general formula (Ia) is 3.
[0034] (4) The particle according to any one of (1) to (3),
wherein L' in the general formula (Ia) is a C17-C19 alkenyl
group, optionally having one or more acetoxy groups.
[0035] (5) The particle according to any one of (1) to (4),
wherein L? in the general formula (Ia) is a C10-C12 alkyl
group, optionally having one or more acetoxy groups, or a
C10-C19 alkenyl group, optionally having one or more
acetoxy groups.
[0036] (6) The particle according to any one of (1) to (4),
wherein L? in the general formula (Ia) is a C10-C12 alkyl
group optionally having one or more acetoxy groups, or a
C17-C19 alkenyl group, optionally having one or more
acetoxy groups.
[0037] (7) The particle according to any one of (1) to (6),
wherein L' in the general formula (Ia) is a (R)-11-acetyloxy-
cis-8-heptadecenyl group, a cis-8-heptadecenyl group, or a
(8Z,11Z)-heptadecadienyl group.
[0038] (8) The particle according to any one of (1) to (7),
wherein L? in the general formula (Ia) is a decyl group, a
cis-7-decenyl group, a dodecyl group, or a (R)-11-acety-
loxy-cis-8-heptadecenyl group.
[0039] (9) The particle according to (1), wherein the
cationic lipid has the following structural formula:

[Formula 2]
e}

PN

sl Q

he

[0040] (10) The particle according to (1), wherein the
cationic lipid has the following structural formula:

[Formula 3]
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[0041] (11) The particle according to (1), wherein the
cationic lipid has the following structural formula:

\T/\/\O)I\O

[0042] (12) The particle according to (9) or (10), wherein
the lipid further comprises an amphipathic lipid, a sterol and
a PEG lipid.

[0043] (13) The particle according to (11), wherein the
lipid further comprises an amphipathic lipid, a sterol and a
PEG lipid.

[0044] (14) The particle according to (12), wherein the
amphipathic lipid is at least one selected from the group
consisting of distearoyl phosphatidylcholine, dioleoyl phos-
phatidylcholine and dioleoyl phosphatidylethanolamine.
[0045] (15) The particle according to (13), wherein the
amphipathic lipid is at least one selected from the group
consisting of distearoyl phosphatidylcholine, dioleoyl phos-
phatidylcholine and dioleoyl phosphatidylethanolamine.
[0046] (16) The particle according to (12) or (14), wherein
the sterol is cholesterol.

[0047] (17) The particle according to (13) or (15), wherein
the sterol is cholesterol.

[0048] (18) The particle according to any one of (12), (14)
and (16), wherein the PEG lipid is 1,2-dimyristoyl-sn-
glycelol methoxypolyethylene glycol and/or N-[methoxy-
poly(ethylene glycol) 2000]carbamoyl]-1,2-dimyristyloxy-
propyl-3-amine.

[0049] (19) The particle according to any one of (13), (15)
and (17), wherein the PEG lipid is 1,2-dimyristoyl-sn-
glycelol methoxypolyethylene glycol and/or N-[methoxy-
poly(ethylene glycol) 2000]carbamoyl]-1,2-dimyristyloxy-
propyl-3-amine.

[0050] (20) The particle according to any one of (12) to
(19), wherein the lipid composition of the amphipathic lipid,
the sterol, the cationic lipid and the PEG lipid is amphipathic
lipid: 5 to 25%, sterol: 10 to 55%, cationic lipid: 40 to 65%
and PEG lipid: 1 to 5% on a molar amount basis.

[0051] (21) The particle according to (20), wherein the
proportion of the amphipathic lipid is 10 to 25%.

[0052] (22) The particle according to any one of (12), (14),
(16) and (18), wherein the lipid composition of the amphip-
athic lipid, the sterol, the cationic lipid and the PEG lipid is
amphipathic lipid: 5 to 15%, sterol: 35 to 50%, cationic
lipid: 40 to 55% and PEG lipid: 1 to 3% on a molar amount
basis.

[0053] (23) The particle according to (22), wherein the
proportions of the amphipathic lipid, the sterol, the cationic
lipid and the PEG lipid are 10 to 15%, 35 to 45%, 40 to 50%
and 1 to 2.5%, respectively.

[0054] (24) The particle according to (23), wherein the
proportion of the PEG lipid is 1 to 2%.
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[0055] (25) The particle according to any one of (13), (15),
(17) and (19), wherein the lipid composition of the amphip-

[Formula 4]
e}

N

il e]

athic lipid, the sterol, the cationic lipid and the PEG lipid is
amphipathic lipid: 10 to 25%, sterol: 10 to 50%, cationic
lipid: 40 to 65% and PEG lipid: 1 to 3% on a molar amount
basis.

[0056] (26) The particle according to (25), wherein the
proportions of the sterol, the cationic lipid and the PEG lipid
are 10 to 45%, 42.5 to 65% and 1 to 2.5%, respectively.
[0057] (27) The particle according to (26), wherein the
proportion of the PEG lipid is 1 to 2%.

[0058] (28) The particle according to any one of (20) to
(27), wherein the ratio of the total weight of lipids to the
weight of the nucleic acid is from 15 to 30.

[0059] (29) The particle according to (28), wherein the
ratio of the total weight of lipids to the weight of the nucleic
acid is from 15 to 25.

[0060] (30) The particle according to (29), wherein the
ratio of the total weight of lipids to the weight of the nucleic
acid is from 17.5 to 22.5.

[0061] (31) The particle according to any one of (1) to
(30), wherein the human papillomavirus is HPV type 6.
[0062] (32) The particle according to (31), wherein the
human papillomavirus is HPV type 6, and the E6 antigen of
HPV type 6 consists of an amino acid sequence having an
identity of at least 95% with the amino acid sequence of
SEQ ID NO: 12.

[0063] (33) The particle according to (31) or (32), wherein
the human papillomavirus is HPV type 6, and the E7 antigen
of HPV type 6 consists of an amino acid sequence having an
identity of at least 95% with the amino acid sequence of
SEQ ID NO: 13.

[0064] (34) The particle according to any one of (31) to
(33), wherein the human papillomavirus is HPV type 6, and
the nucleic acid capable of expressing the E6 antigen and the
E7 antigen of the human papillomavirus encodes a fusion
protein of the E6 antigen and the E7 antigen of HPV type 6,
which consists of an amino acid sequence having an identity
of at least 95% with the amino acid sequence of SEQ ID NO:
17.

[0065] (35) The particle according to any one of (31) to
(34), wherein the human papillomavirus is HPV type 6, and
the nucleic acid capable of expressing the E6 antigen and the
E7 antigen of HPV type 6 is an mRNA comprising a cap
structure (Cap), a 5' untranslated region (5'-UTR), a leader
sequence, a translated region of E6, a protease cleavage
sequence (furin cleavage site), a translated region of E7, a 3'
untranslated region (3'-UTR) and a poly A tail (polyA).
[0066] (36) The particle according to (35), wherein the
sequence of the nucleic acid capable of expressing the E6
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antigen and the E7 antigen of HPV type 6 consists of a
nucleotide sequence having an identity of at least 90% with
the sequence of SEQ ID NO: 5.

[0067] (37) The particle according to any one of (31) to
(34), wherein the human papillomavirus is HPV type 6, and
the nucleic acid capable of expressing the E6 antigen and the
E7 antigen of HPV type 6 is an mRNA having a structure
comprising a cap structure (Cap), a 5' untranslated region
(5'-UTR), a leader sequence, a translated region of E6, a
protease cleavage sequence (furin cleavage site), a translated
region of E7 and a 3' untranslated region (3'-UTR).

[0068] (38) The particle according to (37), wherein the
structure comprising a cap structure (Cap), a 5' untranslated
region (5'-UTR), a leader sequence, a translated region of
E6, a protease cleavage sequence (furin cleavage site), a
translated region of E7 and a 3' untranslated region (3'-UTR)
consists of a nucleotide sequence having an identity of at
least 90% with the sequence of residues 1 to 1018 in SEQ
ID NO: 5.

[0069] (39) The particle according to any one of (1) to
(30), wherein the human papillomavirus is HPV type 11.
[0070] (40) The particle according to (39), wherein the
human papillomavirus is HPV type 11, and the E6 antigen
of HPV type 11 consists of an amino acid sequence having
an identity of at least 95% with the amino acid sequence of
SEQ ID NO: 14.

[0071] (41) The particle according to (39) or (40), wherein
the human papillomavirus is HPV type 11, and the E7
antigen of HPV type 11 consists of an amino acid sequence
having an identity of at least 95% with the amino acid
sequence of SEQ ID NO: 15.

[0072] (42) The particle according to any one of (39) to
(41), wherein the human papillomavirus is HPV type 11, and
the nucleic acid capable of expressing the E6 antigen and the
E7 antigen of the human papillomavirus encodes a fusion
protein of the E6 antigen and the E7 antigen of HPV type 11,
which consists of an amino acid sequence having an identity
of at least 95% with the amino acid sequence of SEQ ID NO:
18.

[0073] (43) The particle according to any one of (39) to
(42), wherein the human papillomavirus is HPV type 11, and
the nucleic acid capable of expressing the E6 antigen and the
E7 antigen of HPV type 11 is an mRNA comprising a cap
structure (Cap), a 5' untranslated region (5'-UTR), a leader
sequence, a translated region of E6, a protease cleavage
sequence (furin cleavage site), a translated region of E7, a 3'
untranslated region (3'-UTR) and a poly A tail (polyA).
[0074] (44) The particle according to (43), wherein the
sequence of the nucleic acid capable of expressing the E6
antigen and the E7 antigen of HPV type 11 consists of a
nucleotide sequence having an identity of at least 90% with
the sequence of SEQ ID NO: 8.

[0075] (45) The particle according to any one of (39) to
(42), wherein the human papillomavirus is HPV type 11, and
the nucleic acid capable of expressing the E6 antigen and the
E7 antigen of HPV type 11 is an mRNA having a structure
comprising a cap structure (Cap), a 5' untranslated region
(5'-UTR), a leader sequence, a translated region of E6, a
protease cleavage sequence (furin cleavage site), a translated
region of E7 and a 3' untranslated region (3'-UTR).

[0076] (46) The particle according to (45), wherein the
structure comprising a cap structure (Cap), a 5' untranslated
region (5'-UTR), a leader sequence, a translated region of
E6, a protease cleavage sequence (furin cleavage site), a
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translated region of E7 and a 3' untranslated region (3'-UTR)
consists of a nucleotide sequence having an identity of at
least 90% with the sequence of residues 1 to 1018 in SEQ
1D NO: 8.

[0077] (47) The particle according to any one of (1) to
(30), wherein the human papillomavirus is HPV type 6 and
type 11.

[0078] (48) The particle according to (47), wherein the
human papillomavirus is HPV type 6 and type 11, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of the human papillomavirus encodes a fusion
protein of the E6 antigen and the E7 antigen of HPV type 6
and the E6 antigen and the E7 antigen of HPV type 11,
which consists of an amino acid sequence having an identity
of at least 95% with the amino acid sequence of SEQ ID NO:
19.

[0079] (49) The particle according to (47) or (48), wherein
the human papillomavirus is HPV type 6 and type 11, and
the nucleic acid capable of expressing the E6 antigen and the
E7 antigen of HPV type 6 and the E6 antigen and the E7
antigen of HPV type 11 is an mRNA comprising a cap
structure (Cap), a 5' untranslated region (5'-UTR), a leader
sequence, a translated region of E6 of HPV type 6, a
translated region of E7 of HPV type 6, a protease cleavage
sequence (furin cleavage site), a translated region of E6 of
HPV type 11, a translated region of E7 of HPV type 11,a 3"
untranslated region (3'-UTR) and a poly A tail (polyA).
[0080] (50) The particle according to (49), wherein the
sequence of the nucleic acid capable of expressing the E6
antigen and the E7 antigen of HPV type 6 and the E6 antigen
and the E7 antigen of HPV type 11 consists of a nucleotide
sequence having an identity of at least 90% with the
sequence of SEQ ID NO: 11.

[0081] (51) The particle according to (47) or (48), wherein
the human papillomavirus is HPV type 6 and type 11, and
the nucleic acid capable of expressing the E6 antigen and the
E7 antigen of HPV type 6 and the E6 antigen and the E7
antigen of HPV type 11 is an mRNA having a structure
comprising a cap structure (Cap), a 5' untranslated region
(5'-UTR), a leader sequence, a translated region of E6 of
HPV type 6, a translated region of E7 of HPV type 6, a
protease cleavage sequence (furin cleavage site), a translated
region of E6 of HPV type 11, a translated region of E7 of
HPV type 11 and a 3' untranslated region (3'-UTR).

[0082] (52) The particle according to (51), wherein the
structure comprising a cap structure (Cap), a 5' untranslated
region (5'-UTR), a leader sequence, a translated region of E6
of HPV type 6, a translated region of E7 of HPV type 6, a
protease cleavage sequence (furin cleavage site), a translated
region of E6 of HPV type 11, a translated region of E7 of
HPV type 11 and a 3' untranslated region (3'-UTR) consists
of a nucleotide sequence having an identity of at least 90%
with the sequence of residues 1 to 1798 of the sequence of
SEQ ID NO: 11.

[0083] (53) The particle according to any one of (1) to
(52), wherein the nucleic acid comprises at least one modi-
fied nucleotide.

[0084] (54) The particle according to (53), wherein the
modified nucleotide comprises at least one of pyrimidine
nucleotide substituted at the 5-position and/or pseudouridine
optionally substituted at the 1-position.

[0085] (55) The particle according to (53), wherein the
modified nucleotide comprises at least one selected from the
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group consisting of S5-methylcytidine, 5-methoxyuridine,
5-methyluridine, pseudouridine and 1-alkylpseudouridine.
[0086] (56) The particle according to (53), wherein the
modified nucleotide comprises at least one selected from the
group consisting of 5-methylcytidine, 5-methyluridine and
1-methylpseudouridine.

[0087] (57) The particle according to any one of (1) to
(56), which has an average particle size of 30 to 300 nm.
[0088] (58) Use of the particle according to any one of (1)
to (57), for producing a composition for preventing and/or
treating infection with human papillomavirus.

[0089] (59) Use of the particle according to any one of (1)
to (57), for producing a composition for preventing and/or
treating a disease caused by infection with human papillo-
mavirus.

[0090] (60) The use of the particle according to (59),
wherein the disease caused by infection with human papil-
lomavirus is recurrent respiratory papillomatosis or condy-
loma acuminatum.

[0091] (61) The use of the particle according to any one of
(58) to (60), wherein the infection is caused by human
papillomavirus of type 6 or type 11.

[0092] (62) A composition comprising the particle accord-
ing to any one of (1) to (57).

[0093] (63) The composition according to (62) for
expressing the E6 antigen and the E7 antigen of human
papillomavirus in vivo or in vitro.

[0094] (64) The composition according to (62) or (63) for
use as a medicament.

[0095] (65) The composition according to (64) for induc-
ing an immune reaction against human papillomavirus.
[0096] (66) The composition according to (64) or (65) for
preventing and/or treating infection with human papilloma-
virus.

[0097] (67) The composition according to (64) or (65) for
preventing and/or treating a disease caused by infection with
human papillomavirus.

[0098] (68) The composition according to (67), wherein
the disease caused by infection with human papillomavirus
is recurrent respiratory papillomatosis or condyloma acumi-
natum.

[0099] (69) The composition according to any one of (66)
to (68), wherein the infection is caused by human papillo-
mavirus of type 6 or type 11.

[0100] (70) A method for expressing an E6 antigen and an
E7 antigen of human papillomavirus in vitro, comprising
introducing the composition according to (62) or (63) into
cells.

[0101] (71) A method for expressing an E6 antigen and an
E7 antigen of human papillomavirus in vivo, comprising
administering the composition according to any one of (62)
to (66) to a mammal.

[0102] (72) A method for inducing an immune reaction
against human papillomavirus, comprising administering
the composition according to (64) or (65) to a mammal.
[0103] (73) A method for preventing and/or treating an
infection with human papillomavirus, comprising adminis-
tering the composition according to any one of (64) to (69)
to a mammal.

Advantageous Effects of Invention

[0104] By the present invention, infection with human
papillomavirus type 6 and/or type 11 can be prevented
and/or treated. In addition, by the present invention, diseases
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caused by infection with human papillomavirus type 6
and/or type 11 (recurrent respiratory papillomatosis, condy-
loma acuminatum and the like) can be prevented and/or
treated. The particles of the present invention have excellent
properties in terms of metabolic stability, in vitro activity, in
vivo activity, rapidity of onset of a drug effect, persistence
of a drug effect, physical stability, drug interaction, safety
and the like, and are useful as a medicament for preventing
and/or treating the above-described diseases.

BRIEF DESCRIPTION OF DRAWINGS

[0105] FIG. 1 shows the HPV6E6— and HPV11E6- spe-
cific INF-y production levels of mRNA-encapsulating
nucleic acid lipid particles in C57BL/6 mice. Examples 4, 7,
10: group receiving mRNA-encapsulating nucleic acid lipid
particles, NC: negative control group receiving a buffer, No
peptides: peptide-non-treated negative control group,
HPV6E6 peptides: HPVGOEG pool peptide-treated group,
HPV11E6 peptides: HPV11E6 pool peptide-treated group.
The bar graph represents the average value for each group,
and the error bar represents the standard deviation.

[0106] FIG. 2 shows the HPV6E6— and HPV11E6- spe-
cific INF-y production levels of mRNA-encapsulating
nucleic acid lipid particles in C57BL/6 mice. Examples 5, 8,
11: group receiving mRNA-encapsulating nucleic acid lipid
particles, NC: negative control group receiving a buffer, No
peptides: peptide-non-treated negative control group,
HPV6E6 peptides: HPVGOEG pool peptide-treated group,
HPV11E6 peptides: HPV11E6 pool peptide-treated group.
The bar graph represents the average value for each group,
and the error bar represents the standard deviation.

[0107] FIG. 3 shows the HPV6E6— and HPV11E6- spe-
cific INF-y production levels of mRNA-encapsulating
nucleic acid lipid particles in C57BL/6 mice. Examples 6, 9,
12: group receiving mRNA-encapsulating nucleic acid lipid
particles, NC: negative control group receiving a buffer, No
peptides: peptide-non-treated negative control group,
HPV6E6 peptides: HPVGOEG pool peptide-treated group,
HPV11E6 peptides: HPV11E6 pool peptide-treated group.
The bar graph represents the average value for each group,
and the error bar represents the standard deviation.

[0108] FIG. 4 shows a nucleotide sequence of template
plasmid DNA for IVT of HPV6 E6-E7 fusion (SEQ ID NO:
D).

[0109] FIG. 5 shows nucleotide sequences of a sense
primer (SEQ ID NO: 2) and an antisense primer (SEQ ID
NO: 3).

[0110] FIG. 6 shows the nucleotide sequence of HPV6

E6-E7 fusion template DNA (SEQ ID NO: 4).
[0111] FIG. 7 shows the nucleotide sequence of HPV6
E6-E7 fusion mRNA (SEQ ID NO: 5).

[0112] FIG. 8 shows the nucleotide sequence of template
plasmid DNA for IVT of HPV6 E6-E7 fusion (SEQ ID NO:
6).

[0113] FIG. 9 shows the nucleotide sequence of HPV11

E6-E7 fusion template DNA (SEQ ID NO: 7).

[0114] FIG. 10 shows the nucleotide sequence of HPV11
E6-E7 fusion mRNA (SEQ ID NO: 8).

[0115] FIG. 11 shows the nucleotide sequence of HPV6
E6-E7 HPV11 E6-E7 fusion template plasmid DNA (SEQ
1D NO: 9).

[0116] FIG. 12 shows the nucleotide sequence of HPV6
E6-E7 HPV11 E6-E7 fusion template DNA (SEQ ID NO:
10).
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[0117] FIG. 13 shows the nucleotide sequence of HPV6
E6-E7 HPV11 E6-E7 fusion mRNA (SEQ 1D NO: 11).
[0118] FIG. 14 shows the amino acid sequence of an E6
antigen of HPV type 6 (SEQ ID NO: 12).

[0119] FIG. 15 shows the amino acid sequence of an E7
antigen of HPV type 6 (SEQ ID NO: 13).

[0120] FIG. 16 shows the amino acid sequence of the E6
antigen of HPV type 11 (SEQ ID NO: 14).

[0121] FIG. 17 shows the amino acid sequence of the E7
antigen of HPV type 11 (SEQ ID NO: 15).

[0122] FIG. 18 shows the amino acid sequence of a
protease cleavage sequence (SEQ ID NO: 16).

[0123] FIG. 19 shows the amino acid sequence of a fusion
protein of the E6 antigen and the E7 antigen of HPV type 6
(SEQ ID NO: 17).

[0124] FIG. 20 shows the amino acid sequence of a fusion
protein of the E6 antigen and the E7 antigen of HPV type 11
(SEQ ID NO: 18).

[0125] FIG. 21 shows the amino acid sequence of a fusion
protein of the E6 antigen and the E7 antigen of HPV type 6
and the E6 antigen and the E7 antigen of HPV type 11 (SEQ
1D NO: 19).

[0126] FIG. 22 shows the IgE leader sequence (SEQ ID
NO: 20).

DESCRIPTION OF EMBODIMENTS

[0127]
in detail.
[0128] The terms used herein are described below.
[0129] The term “lipid particle” as used herein denotes a
particle comprising an amphipathic lipid, a sterol, a cationic
lipid and a PEG lipid as a constituent lipid.

[0130] The term “capable of expressing” as used herein
means that a target protein can be produced in cells in vitro
or in vivo.

[0131] The term “C1-C3 alkyl group” denotes a linear or
branched alkyl group having 1 to 3 carbon atoms. Examples
thereof include a methyl group, an ethyl group, a propyl
group, and an isopropyl group.

[0132] The term “C2-C4 alkanoyl group” denotes an
alkanoyl group having 2 to 4 carbon atoms. Examples
thereof include an acetyl group, a propionyl group, a butyryl
group, and an isobutyryl group.

[0133] The term “C2-C4 alkanoyloxy group” denotes a
group in which the C2-C4 alkanoyl group is bonded to an
oxygen atom. Examples thereof include an acetyloxy group,
a propionyloxy group, a butyryloxy group, and an isobu-
tyryloxy group.

[0134] The term “C17-C19 alkenyl group” denotes a lin-
ear or branched alkenyl group having 17 to 19 carbon atoms.
The C17-C19 alkenyl group herein includes all of a C17-
C19 alkadienyl group, a C17-C19 alkatrienyl group and a
C17-C19 alkatetraenyl group. Examples thereof include a
heptadecenyl group, an octadecenyl group, a nonadecenyl
group, a heptadecadienyl group, an octadecadienyl group, a
nonadecadienyl group, a heptadecatrienyl group, an octade-
catrienyl group, and a nonadecatrienyl group.

[0135] The term “C17-C19 alkenyl group optionally hav-
ing one or more C2-C4 alkanoyloxy groups” denotes a
group in which a hydrogen atom at any position on the
C17-C19 alkeny] group is replaced with the C2-C4 alkanoy-
loxy group. Examples thereof include a 11-acetyloxy-8-
heptadecenyl group, and a 11-propionyloxy-8-heptadecenyl
group.

Hereinafter, the present invention will be described
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[0136] The term “C10-C19 alkyl group” denotes a linear
or branched alkyl group having 10 to 19 carbon atoms.
Examples thereof include a decyl group, an undecyl group,
a dodecyl group, a tridecyl group, a tetradecyl group, a
pentadecyl group, a hexadecyl group, a heptadecyl group, an
octadecyl group, a nonadecyl group.

[0137] The term “C10-C19 alkyl group optionally having
one or more C2-C4 alkanoyloxy groups™ denotes a group in
which a hydrogen atom at any position on the C10-C19 alkyl
group is replaced with the C2-C4 alkanoyloxy group.

[0138] The term “C10-C19 alkenyl group” denotes a lin-
ear or branched alkenyl group having 10 to 19 carbon atoms.
The C10-C19 alkenyl group herein includes all of a C10-
C19 alkadienyl group, a C10-C19 alkatrienyl group and a
C10-C19 alkatetraenyl group. Examples thereof include a
decenyl group, an undecenyl group, a dodecenyl group, a
tridecenyl group, a tetradecenyl group, a pentadecenyl
group, a hexadecenyl group, a heptadecenyl group, an
octadecenyl group, a nonadecenyl group, a decadienyl
group, an undecadienyl group, a dodecadienyl group, a
tridecadienyl group, a tetradecadienyl group, a pentadeca-
dienyl group, a hexadecadienyl group, a heptadecadienyl
group, an octadecadienyl group, a nonadecadienyl group, a
decatrienyl group, an undecatrienyl group, a dodecatrienyl
group, a tridecatrienyl group, a tetradecatrienyl group, a
pentadecatrienyl group, a hexadecatrienyl group, a heptade-
catrienyl group, an octadecatrienyl group, and a nonadeca-
trienyl group.

[0139] The term “C10-C19 alkenyl group optionally hav-
ing one or more C2-C4 alkanoyloxy groups” denotes a
group in which a hydrogen atom at any position on the
C10-C19 alkeny] group is replaced with the C2-C4 alkanoy-
loxy group. Examples thereof include a 11-acetyloxy-8-
heptadecenyl group, and a 11-propionyloxy-8-heptadecenyl
group.

[0140] The term “C17-C19 alkenyl group optionally hav-
ing one or more acetyloxy groups” denotes a group in which
a hydrogen atom at any position on the C17-C19 alkenyl
group is replaced with an acetyloxy group. Examples thereof
include a 11-acetyloxy-8-heptadecenyl group, and a 11-pro-
pionyloxy-8-heptadecenyl group.

[0141] The term “C10-C12 alkyl group optionally having
one or more acetyloxy groups” denotes a group in which a
hydrogen atom at any position on the C10-C12 alkyl group
is replaced with an acetyloxy group.

[0142] The term “C10-C19 alkenyl group optionally hav-
ing one or more acetyloxy groups” denotes a group in which
a hydrogen atom at any position on the C10-C19 alkenyl
group is replaced with an acetyloxy group. Examples thereof
include a 11-acetyloxy-8-heptadecenyl group, and a 11-pro-
pionyloxy-8-heptadecenyl group.

[0143] The term “treatment” as used herein means that in
apatient having developed an infection with a virus, bacteria
or the like, or a disease caused by the infection (for example,
precancerous lesion or cancer), the clinical symptoms of
such a disease are cured, caused to remit, alleviated and/or
delayed from worsening.

[0144] The term “prevention” as used herein means reduc-
ing incidence of a disease caused by an infection with a
virus, bacteria or the like. The prevention includes lowering
the risk of progression of a disease caused by an infection
with a virus, bacteria or the like, or reducing aggravation of
such a disease. The particles of the present invention are
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effective in prevention and/or treatment of the disease
because they induce a preventive immune reaction.

[0145] The term “identity” as used herein refers to a
relationship between two or more nucleotide sequences or
amino acid sequences which is determined by comparison
between the sequences as known in the art. In the art, the
identity also means, as the case may be, a degree of sequence
relatedness between nucleic acid molecules or polypeptides
when determined by a match between two or more nucleo-
tide sequences or two or more amino acid sequences in one
row. The identity can be evaluated by calculating a percent-
age of the exact match between the smallest of two or more
sequences and a gap alignment (if present) addressed by a
specific mathematical model or computer program (i.e.,
“algorithm™). Specifically, software such as Clustal W2
provided by European Molecular Biology Laboratory-Eu-
ropean Bioinformatics Institute (EMBL-EBI) may be used
to evaluate the identity, but the tools for calculation of
identity are not limited thereto as long as they are used by
those skilled in the art.

[0146] The present invention provides lipid particles
encapsulating a nucleic acid capable of expressing an E6
antigen and an E7 antigen of human papillomavirus type 6
and/or type 11, wherein a lipid comprises a cationic lipid
having the general formula (Ia), or a pharmaceutically
acceptable salt thereof.

[Formula 5]
(Ia)
Rl
Il\I o) o L!
R27 T \[r Y
0 L?
[0147] wherein
[0148] R'andR? each independently represent a C1-C3

alkyl group;
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[0149] L' represents a C17-C19 alkenyl group, option-
ally having one or more C2-C4 alkanoyloxy groups;
[0150] L? represents a C10-C19 alkyl group optionally
having one or more C2-C4 alkanoyloxy groups, or a
C10-C19 alkeny] group, optionally having one or more

C2-C4 alkanoyloxy groups; and

[0151]
[0152] In the general formula (Ia), R' and R? each inde-

pendently represent a C1-C3 alkyl group, preferably a
methyl group.

pis 3 or 4.

[0153] In the general formula (Ia), p is 3 or 4, preferably
3.
[0154] In the general formula (Ia), L' represents a C17-

C19 alkenyl group, optionally having one or more C2-C4
alkanoyloxy groups, preferably a C17-C19 alkenyl group,
optionally having one or more acetoxy groups. Specifically,
a (R)-11-acetyloxy-cis-8-heptadecenyl group, a cis-8-hepta-
decenyl group, a (87Z,117)-heptadecadienyl group or the like
can be exemplified as L.

[0155] In the general formula (Ia), L* represents a C10-
C19 alkyl group, optionally having one or more C2-C4
alkanoyloxy groups, or a C10-C19 alkenyl group, optionally
having one or more C2-C4 alkanoyloxy groups, preferably
a C10-C12 alkyl group, optionally having one or more
acetoxy groups, or a C10-C19 alkenyl group, optionally
having one or more acetoxy groups. It is also preferable that
L? in the general formula (Ia) be a C10-C12 alkyl group,
optionally having one or more acetoxy groups, or a C17-C19
alkenyl group optionally having one or more acetoxy
groups. Specifically, a decyl group, a cis-7-decenyl group, a
dodecyl group, a (R)-11-acetyloxy-cis-8-heptadecenyl
group or the like can be exemplified as L.

[0156] Specifically, (7R,9Z, 267, 29R)-18-({[3-(dimeth-
ylamino)propoxy|carbonyl}oxy)pentatriaconta-9,26-diene-

7,29-diyl diacetate, 3-dimethylaminopropyl(9Z,127)-oc-
taoctacosa-19,22-dien-11-yl carbonate, and (7R,97)-18-({
[3-(dimethylamino)propyloxy]carbonyl }oxy)octacos-9-en-

7-yl acetate having the following structural formulae:

[Formula 6]
e}
Q)k
R
e}
[Formula 7]
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-continued

\T/\/\O)I\

O

respectively, are examples of cationic lipids which are
components forming the particles of the present invention.
[0157] The cationic lipid having the general formula (Ia)
may be one type of compound, or a combination of two or
more types of compounds.

[0158] A method for producing a cationic lipid having the
general formula (Ia) is described in International Publication
No. WO 2015/005253.

[0159] The lipid according to the present invention may
further comprise an amphipathic lipid, a sterol and a PEG
lipid.

[0160] The amphipathic lipid has affinity for both polar
and non-polar solvents, and specifically, distearoyl phospha-
tidylcholine, dioleoyl phosphatidylcholine, dioleoyl phos-
phatidylethanolamine, a combination thereof or the like are
examples of amphipathic lipids. The amphipathic lipid used
for the particles of the present invention is preferably
distearoyl phosphatidylcholine and/or dioleoyl phosphatidy-
lethanolamine, more preferably distearoyl phosphatidylcho-
line.

[0161] The sterol is a sterol having a hydroxy group, and
specifically, cholesterol or the like can be exemplified.
[0162] The PEG lipid is a lipid modified with PEG, and
specifically, 1,2-dimyristoyl-sn-glycelol methoxypolyethyl-
ene glycol and/or N-[methoxy poly(ethylene glycol) 2000]
carbamoyl]-1,2-dimyristyloxypropyl-3-amine, a combina-
tion thereof, or the like can be exemplified, with 1,2-
dimyristoyl-sn-glycelol methoxypolyethylene glycol being
preferable. The average molecular weight of PEG lipid is not
particularly limited, and is, for example, 1,000 to 5,000,
preferably 1,500 to 3,000, more preferably 1,800 to 2,200.
[0163] The lipid composition of the amphipathic lipid, the
sterol, the cationic lipid and the PEG lipid is not particularly
limited, and is, for example, amphipathic lipid: 5 to 25%,
sterol: 10 to 55%, cationic lipid: 40 to 65% and PEG lipid:
1 to 5% on a molar amount basis. Preferably, the lipid
composition of the amphipathic lipid, the sterol, the cationic
lipid and the PEG lipid is amphipathic lipid: 10 to 25%,
sterol: 10 to 55%, cationic lipid: 40 to 65% and PEG lipid:
1 to 5% on a molar amount basis. More preferably, the lipid
composition of the amphipathic lipid, the sterol, the cationic
lipid and the PEG lipid is amphipathic lipid: 10 to 22.5%,
sterol: 15 to 55%, cationic lipid: 40 to 65% and PEG lipid:
1 to 5% on a molar amount basis. In the lipid composition,
the proportion of the PEG lipid is more preferably 1 to 3%,
further more preferably 1 to 2%, further more preferably 1.2
to 2%, further more preferably 1.25 to 2%, further more
preferably 1.3 to 2%, further more preferably 1.5 to 2% on
a molar amount basis. In the lipid composition, the ratio of
the total weight of lipids to the weight of the nucleic acid is
not particularly limited, may be from 15 to 30, and is
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[Formula 8]
e}

A

mtile)

preferably from 15 to 25, more preferably from 15 to 22.5,
further more preferably from 17.5 to 22.5.

[0164] When 3-dimethylaminopropyl(9Z,127)-octaocta-
cosa-19,22-dien-11-yl carbonate or (7R,9Z, 267, 29R)-18-
({[3-(dimethylamino)propoxy]carbonyl }oxy)pentatria-
conta-9,26-diene-7,29-diyl diacetate is used as the cationic
lipid, the lipid composition of the amphipathic lipid, the
sterol, the cationic lipid and the PEG lipid is not particularly
limited, and is, for example, amphipathic lipid: 5 to 25%,
sterol: 10 to 55%, cationic lipid: 40 to 65% and PEG lipid:
1 to 5%, preferably amphipathic lipid: 5 to 15%, sterol: 20
to 55%, cationic lipid: 40 to 65% and PEG lipid: 1 to 5%,
on a molar amount basis. More preferably, the lipid com-
position of the amphipathic lipid, the sterol, the cationic
lipid and the PEG lipid is amphipathic lipid: 5 to 15%, sterol:
35 to 50%, cationic lipid: 40 to 55% and PEG lipid: 1 to 3%
on a molar amount basis. Further more preferably, the lipid
composition of the amphipathic lipid, the sterol, the cationic
lipid and the PEG lipid is amphipathic lipid: 10 to 15%,
sterol: 35 to 45%, cationic lipid: 40 to 50% and PEG lipid:
1t0 2.5% on a molar amount basis. Further more preferably,
the lipid composition of the amphipathic lipid, the sterol, the
cationic lipid and the PEG lipid is amphipathic lipid: 10 to
15%, sterol: 35 to 45%, cationic lipid: 40 to 50% and PEG
lipid: 1 to 2% on a molar amount basis. In the lipid
composition, the PEG lipid is more preferably 1.2 to 2%,
further more preferably 1.25 to 2%, further more preferably
1.3 to 2%, further more preferably 1.5 to 2%. In the lipid
composition, the ratio of the total weight of lipids to the
weight of the nucleic acid is not particularly limited, may be
from 15 to 30, and is preferably from 15 to 25, more
preferably from 15 to 22.5, further more preferably from
17.5 t0 22.5.

[0165] When  (7R,97)-18-({[3-(dimethylamino)propy-
loxy]carbonyl }oxy)octacos-9-en-7-yl acetate is used as the
cationic lipid, the lipid composition of the amphipathic lipid,
the sterol, the cationic lipid and the PEG lipid is not
particularly limited, and is, for example, amphipathic lipid:
5 10 25%, sterol: 10 to 55%, cationic lipid: 40 to 65% and
PEG lipid: 1 to 5%, preferably amphipathic lipid: 10 to 25%,
sterol: 10 to 50%, cationic lipid: 40 to 65% and PEG lipid:
1 to 3%, on a molar amount basis. More preferably, the lipid
composition of the amphipathic lipid, the sterol, the cationic
lipid and the PEG lipid is amphipathic lipid: 10 to 25%,
sterol: 10 to 45%, cationic lipid: 42.5 to 65% and PEG lipid:
1 to 2.5% on a molar amount basis. Further, more preferably,
the lipid composition of the amphipathic lipid, the sterol, the
cationic lipid and the PEG lipid is amphipathic lipid: 15 to
22.5%, sterol: 15 to 40%, cationic lipid: 45 to 65% and PEG
lipid: 1 to 2% on a molar amount basis. Further, more
preferably, the lipid composition of the amphipathic lipid,



US 2025/0177510 A2

the sterol, the cationic lipid and the PEG lipid is amphipathic
lipid: 17.5 to 22.5%, sterol: 15 to 40%, cationic lipid: 45 to
65% and PEG lipid: 1 to 2% on a molar amount basis. In the
lipid composition, the PEG lipid is more preferably 1.2 to
2%, further, more preferably 1.25 to 2%, further, more
preferably 1.3 to 2%, further, more preferably 1.5 to 2%. In
the lipid composition, the ratio of the total weight of lipids
to the weight of the nucleic acid is not particularly limited,
may be from 15 to 30, and is preferably from 15 to 25, more
preferably from 15 to 22.5, further, more preferably from
17.5 to0 22.5.

[0166] As a specific combination of lipids in the present
invention, distearoyl phosphatidylcholine, dioleoyl phos-
phatidylcholine or dioleoyl phosphatidylethanolamine as the
amphipathic lipid, cholesterol as the sterol, (7R,9Z, 267,
29R)-18-({[3-(dimethylamino)propoxy]carbonyl }oxy)pen-
tatriaconta-9,26-diene-7,29-diyl diacetate, 3-dimethylami-
nopropyl(97,127)-octaoctacosa-19,22-dien-11-yl carbonate
or (7R,97))-18-({[3-(dimethylamino)propyloxy]
carbonyl}oxy)octacos-9-en-7-yl acetate as the cationic lipid,
and 1,2-dimyristoyl-sn-glycelolmethoxypolyethylene glycol
or N-[methoxy poly(ethylene glycol) 2000]carbamoyl]-1,2-
dimyristyloxypropyl-3-amine as the PEG lipid may be used
in combination. A combination of distearoyl phosphatidyl-
choline or dioleoyl phosphatidylethanolamine as the
amphipathic lipid, cholesterol as the sterol, (7R,9Z, 267,
29R)-18-({[3-(dimethylamino)propoxy]carbonyl }oxy)pen-
tatriaconta-9,26-diene-7,29-diyl diacetate or (7R,97)-18-({
[3-(dimethylamino)propyloxy]carbonyl }oxy)octacos-9-en-
7-yl acetate as the cationic lipid and 1,2-dimyristoyl-sn-
glycelol methoxypolyethylene glycol as the PEG lipid is
preferable. The specific combination of lipids in the present
invention is more preferably a combination of distearoyl
phosphatidylcholine as the amphipathic lipid, cholesterol as
the sterol, (7R,9Z, 26Z, 29R)-18-({[3-(dimethylamino)
propoxy |carbonyl}oxy)pentatriaconta-9,26-diene-7,29-diyl
diacetate or (7R,97)-18-({[3-(dimethylamino)propyloxy]
carbonyl}oxy)octacos-9-en-7-yl acetate as the cationic lipid
and 1,2-dimyristoyl-sn-glycelol methoxypolyethylene gly-
col as the PEG lipid.

[0167] In the present invention, the nucleic acid encapsu-
lated in the lipid particles is capable of expressing the E6
antigen and the E7 antigen of human papillomavirus type 6
and/or type 11. The E6 antigen and the E7 antigen of human
papillomavirus type 6 and/or type 11 which are expressed by
the nucleic acid encapsulated in the lipid particles may be in
the form of a fusion protein of the E6 antigen and the E7
antigen of human papillomavirus type 6, a fusion protein of
the E6 antigen and the E7 antigen of human papillomavirus
type 11, or a fusion protein of the E6 antigen and the E7
antigen of human papillomavirus type 6 and the E6 antigen
and the E7 antigen of human papillomavirus type 11, and a
protease cleavage sequence may be present between the
neighboring antigens. The antigen may form a fusion protein
with a signal peptide. Examples of the signal peptide for
secreting the antigen into the extracellular space include an
IgE leader sequence. Preferably, the signal peptide is fused
to the N-terminal side of the antigen. For example, the fusion
protein of the signal peptide and the antigen is an amino acid
sequence of SEQ ID NO: 17, and the amino acid sequence
extending from the 1st to 18th of the amino acid sequence
of SEQ ID NO: 17 is the amino acid sequence of the IgE
leader sequence.
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[0168] The amino acid sequence of the E6 antigen of HPV
type 6 is set forth as SEQ ID NO: 12. The nucleic acid
encapsulated in the lipid particles encodes an E6 antigen of
HPV type 6 which consists of an amino acid sequence
having an identity of at least 95%, preferably 96%, more
preferably 97% with the amino acid sequence of SEQ ID
NO: 12.

[0169] The amino acid sequence of the E7 antigen of HPV
type 6 is set forth as SEQ ID NO: 13. The nucleic acid
encapsulated in the lipid particles encodes an E7 antigen of
HPV type 6 which consists of an amino acid sequence
having an identity of at least 95%, preferably 96%, more
preferably 97% with the amino acid sequence of SEQ ID
NO: 13.

[0170] The amino acid sequence of the E6 antigen of HPV
type 11 is set forth as SEQ ID NO: 14. The nucleic acid
encapsulated in the lipid particles encodes an E6 antigen of
HPV type 11 which consists of an amino acid sequence
having an identity of at least 95%, preferably 96%, more
preferably 97% with the amino acid sequence of SEQ ID
NO: 14.

[0171] The amino acid sequence of the E7 antigen of HPV
type 11 is set forth as SEQ ID NO: 15. The nucleic acid
encapsulated in the lipid particles encodes an E7 antigen of
HPV type 11 which consists of an amino acid sequence
having an identity of at least 95%, preferably 96%, more
preferably 97% with the amino acid sequence of SEQ ID
NO: 15.

[0172] The amino acid sequence of the protease cleavage
sequence (furin cleavage site) is set forth as SEQ ID NO: 16.
The protease cleavage sequence is a sequence that is cleaved
by furin protein, and examples thereof include sequences
represented by R-X-K/R-R (R represents arginine, K repre-
sents lysin, and X represents an arbitrary amino acid) (J.
Biol. Chem. 1992, 267, 16396; J. Biol. Chem. 1991, 266,
12127).

[0173] The amino acid sequence of the fusion protein of
the E6 antigen and the E7 antigen of HPV type 6 is set forth
as SEQ ID NO: 17. The nucleic acid encapsulated in the
lipid particles encodes a fusion protein of an E6 antigen and
an E7 antigen of HPV type 6, which consists of an amino
acid sequence having an identity of at least 95%, preferably
96%, more preferably 97% with the amino acid sequence of
SEQ ID NO: 17.

[0174] The amino acid sequence of the fusion protein of
the E6 antigen and the E7 antigen of HPV type 11 is set forth
as SEQ ID NO: 18. The nucleic acid encapsulated in the
lipid particles encodes a fusion protein of an E6 antigen and
an E7 antigen of HPV type 11, which consists of an amino
acid sequence having an identity of at least 95%, preferably
96%, more preferably 97% with the amino acid sequence of
SEQ ID NO: 18.

[0175] The amino acid sequence of the fusion protein of
the E6 antigen and the E7 antigen of HPV type 6 and the E6
antigen and the E7 antigen of HPV type 11 is set forth as
SEQ ID NO: 19. The nucleic acid encapsulated in the lipid
particles encodes a fusion protein of an E6 antigen and an E7
antigen of HPV type 6 and an E6 antigen and an E7 antigen
of HPV type 11, which consists of an amino acid sequence
having an identity of at least 95%, preferably 96%, more
preferably 97% with the amino acid sequence of SEQ ID
NO: 19.

[0176] The identity of amino acid sequences is a quanti-
fied ratio of matched amino acids with respect to the
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full-length sequence where amino acids are considered
identical to corresponding amino acids when completely
matched therewith. The identity of the sequence in the
present invention is calculated using sequence analysis
software GENETYX-SV/RC (manufactured by GENETYX
Corporation), and its algorithm is commonly used in the art.
Amino acids encoded by the nucleic acid encapsulated in the
lipid particles of the present invention may undergo muta-
tion (substitution), deletion, insertion and/or addition of
amino acids as long as the amino acids maintain a certain
level of identity with SEQ ID NOS: 12 to 20.

[0177] The amino acids encoded by the nucleic acid
encapsulated in the lipid particles of the present invention
maintain a sequence identity described above, and at several
(preferably 5 or less, more preferably 3, 2 or 1) positions in
each of the amino acid sequences of SEQ ID NOS: 12 to 20,

[Formula 9]
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several (preferably 10 or less, more preferably 7 or less,
further more preferably 5, 4, 3, 2 or 1) amino acids per
position may be substituted, deleted, inserted and/or added.
[0178] The nucleic acid capable of expressing the E6
antigen and the E7 antigen of human papillomavirus type 6
and/or the E6 antigen and the E7 antigen of human papil-
lomavirus type 11 is an mRNA comprising a cap structure
(Cap), a 5" untranslated region (5'-UTR), a leader sequence,
a translated region of E6, a protease cleavage sequence
(furin cleavage site), a translated region of E7, a 3' untrans-
lated region (3'-UTR) and a poly A tail (polyA). The cap
structure (Cap) is a site which is present at the 5'-end of
mRNA in many eukaryotes and has a 7-methylguanosine
structure. Examples of the cap structure include cap struc-
tures associated with the use of cap 0, cap 1, cap 2 or ARCA
(Anti-reverse Cap Analog). The cap structures have the
structural formulae shown below.

Cap 0

(€] (€]
l |

(€]
l

P P P O Base
O/l\o/l\o/l\o
o o o

wherein Base represents any unmodified or modified nucleic
acid base, and RNA represents any polynucleotide.

Cap 1

(€] (€] (€]
l l l

P P. P O Base
O/l\o/l\o/l\o
o o o



US 2025/0177510 A2
11

wherein Base represents any unmodified or modified nucleic
acid base, and RNA represents any polynucleotide.
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[Formula 11]
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wherein Base represents any unmodified or modified nucleic
acid base, and RNA represents any polynucleotide.
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ARCA
HQ, OMe o}
(€] (€] (€] / 2 W
AN L
| AN N o N N NI,
N V 0”7 | Yo7 | Yo7 | o
N* O O O
0 o‘\\ on
O—P=0
/
(6]

wherein Base represents any unmodified or modified nucleic
acid base, and RNA represents any polynucleotide.

[0179] The cap structure of mRNA in the present inven-
tion is preferably cap 0 or cap 1, more preferably cap 1.

[0180] The sequences of the 5' untranslated region and the
3" untranslated region are not particularly limited, and an
untranslated region of stable mRNA such as @-globin,
p-globin, actin or GAPDH can be used. The untranslated
region used for the nucleic acid encapsulated in the lipid
particles of the present invention is preferably an untrans-
lated region of B-globin. For example, a sequence compris-
ing base Nos. 15 to 64 in the sequence of SEQ ID NO: 2 can

be used as a 5' untranslated region of f-globin, and a
sequence comprising base Nos. 887 to 1018 in the sequence
of SEQ ID NO: 2 may be used as a 3' untranslated region of
[p-globin.

[0181] Examples of the sequence of the 5' untranslated
region (5'-UTR) include the sequence of base Nos. 1 to 70
in the sequence of SEQ ID NO: 5, the sequence of base Nos.
1 to 70 in the sequence of SEQ ID NO: 8, and the sequence
of base Nos. 1 to 70 in the sequence of SEQ ID NO: 11.

[0182] Examples of the sequence of the leader sequence
include the sequence of base Nos. 71 to 124 in the sequence
of SEQ ID NO: 5, the sequence of base Nos. 71 to 124 in the
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sequence of SEQ ID NO: 8, and the sequence of base Nos.
71 to 124 in the sequence of SEQ ID NO: 11.

[0183] The sequence of the translated region of E6 is
capable of expressing the whole or a part of the amino acid
sequence of the E6 antigen and may comprise a start codon
and/or a stop codon. Examples thereof include the sequence
of base Nos. 125 to 571 in the sequence of SEQ ID NO: 5,
the sequence of base Nos. 125 to 571 in the sequence of SEQ
ID NO: 8, and the sequences of base Nos. 125 to 571 and
905 to 1351 in the sequence of SEQ ID NO: 11.

[0184] Examples of the sequence of the protease cleavage
sequence (furin cleavage site) include the sequence of base
Nos. 572 to 592 in the sequence of SEQ ID NO: 5, the
sequence of base Nos. 572 to 592 in the sequence of SEQ ID
NO: 8, and the sequences of base Nos. 572 to 592, 884 to
904 and 1352 to 1372 in the sequence of SEQ ID NO: 11.
[0185] The sequence of the translated region of E7 is
capable of expressing the whole or a part of the amino acid
sequence of the E7 antigen and may comprise a start codon
and/or a stop codon. Examples thereof include the sequence
of base Nos. 593 to 886 in the sequence of SEQ ID NO: 5,
the sequence of base Nos. 593 to 886 in the sequence of SEQ
ID NO: 8, and the sequences of base Nos. 593 to 883 and
1373 to 1666 in the sequence of SEQ ID NO: 11.

[0186] Examples of the sequence of the untranslated
region (3'-UTR) include the sequence of base Nos. 887 to
1018 in the sequence of SEQ ID NO: 5, the sequence of base
Nos. 887 to 1018 in the sequence of SEQ ID NO: 8, and the
sequence of base Nos. 1667 to 1798 in the sequence of SEQ
ID NO: 11.

[0187] Examples of the sequence of the poly A tail
(polyA) include the sequence of base Nos. 1019 to 1118 in
the sequence of SEQ ID NO: 5, the sequence of base Nos.
1019 to 1118 in the sequence of SEQ ID NO: 8, and the
sequence of base Nos. 1799 to 1898.

[0188] The sequences of the cap structure (Cap), the 5'
untranslated region (5'-UTR), the leader sequence, the trans-
lated region of E6, the protease cleavage sequence (furin
cleavage site), the translated region of E7, the 3' untranslated
region (3'-UTR) and the poly A tail (polyA) may be altered,
and the sequence of the nucleic acid capable of expressing
the E6 antigen and the E7 antigen of HPV type 6 may consist
of a nucleotide sequence having an identity of at least 90%,
preferably 95%, more preferably 97% with the sequence of
SEQ ID NO: 5. The sequence of the nucleic acid capable of
expressing the E6 antigen and the E7 antigen of HPV type
11 may consist of a nucleotide sequence having an identity
of at least 90%, preferably 95%, more preferably 97% with
the sequence of SEQ ID NO: 11. Further, the sequence of the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of HPV type 6 and type 11 may consist of a
nucleotide sequence having an identity of at least 90%,
preferably 95%, more preferably 97% with the sequence of
SEQ ID NO: 11.

[0189] The length of the poly A tail is not particularly
limited, and is, for example, a length of 10 to 250 bases,
preferably a length of 15 to 120 bases, more preferably a
length of 15 to 115 bases, particularly preferably a length of
20 to 110 bases.

[0190] The mRNA according to the present invention may
be an mRNA consisting of a nucleotide sequence in which
the sequence comprises a cap structure (Cap), a 5' untrans-
lated region (5'-UTR), a translated region of E6, a protease
cleavage sequence (furin cleavage site), a translated region
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of E7 and a 3' untranslated region (3'-UTR), and a part
consisting of the cap structure (Cap), the 5' untranslated
region (5'-UTR), the translated region of E6, the protease
cleavage sequence (furin cleavage site), the translated region
of E7 and the 3' untranslated region (3'-UTR) has an identity
of at least 90%, preferably 95%, more preferably 97% with
the sequence of residues 1 to 1018 in SEQ ID NO: 5, the
sequence of residues 1 to 1018 in SEQ ID NO: 8 or the
sequence of residues 1 to 1798 in SEQ ID NO: 11.

[0191] The nucleic acid encapsulated in the lipid particles
may be in any form as long as it is capable of expressing the
E6 antigen and the E7 antigen of human papillomavirus type
6 and/or type 11. Examples thereof include single-stranded
DNA, single-stranded RNA (for example, mRNA), single-
stranded polynucleotide in which DNA and RNA are mixed,
double-stranded DNA, double-stranded RNA, hybrid poly-
nucleotide of DNA-RNA, and double-stranded polynucle-
otide comprising two polynucleotides in which DNA and
RNA are mixed. mRNA is preferred.

[0192] The nucleotide forming a nucleic acid encapsulated
in the lipid particles may be natural or modified nucleotide,
and at least one modified nucleotide is preferably included.
[0193] The modified part in the modified nucleotide may
be any of a base, a sugar and a phosphoric acid diester bond.
There may be one or more modification sites.

[0194] Examples of the modification of a base include
S-methylation of cytosine, 5-fluoridation, N4-methylation,
5-methylation of uracil (thymine), 5-fluoridation, N6-meth-
ylation of adenine, and N2-methylation of guanine.

[0195] Examples of the modification of sugar include
2'-O-methylation of D-ribofuranose.

[0196] Examples of the modification of a phosphoric acid
diester bond include phosphorothioate bond.

[0197] The modified nucleotide is preferably one that is
modified at a base part. Examples thereof include pyrimi-
dine nucleotide substituted at the 5-position, and pseudou-
ridine optionally substituted at the 1-position. Specifically,
S-methyleytidine,  5-methoxyuridine, 5-methyluridine,
pseudouridine, 1-alkylpseudouridine can be exemplified.
The 1-alkylpseudouridine may be 1-(C1-C6 alkyl) pseudou-
ridine, and is preferably 1-methylpseudouridine or 1-eth-
ylpsedouridine. Examples of the more preferred modified
nucleotide include 5-methylcytidine, 5-methyluridine, and
1-methylpseudouridine. Examples of the particularly pre-
ferred modified nucleotide include a combination of 5-meth-
yleytidine and S-methyluridine, and a combination of
5-methylcytidine and 1-methylpseudouridine.

[0198] The nucleic acid capable of expressing the E6
antigen and the E7 antigen of human papillomavirus (for
example, HPV type 6 and HPV type 11) according to the
present invention can be produced by an in vitro transcrip-
tion reaction from DNA having a desired base sequence. An
enzyme, a buffer solution and a nucleoside-5'-triphosphoric
acid mixture (adenosine-5'-triphosphoric acid (ATP),
guanosine-5'-triphosphoric acid (GTP), cytidine-5'-triphos-
phoric acid (CTP) and uridine-5'-triphosphoric acid (UTP))
that are necessary for in vitro transcription are commercially
available (AmpliScribeT7 High Yield Transcription Kit
(Epicentre), or mMESSAGE mMACHINE T7 Ultra Kit
(Life technologies). DNA for use in production of single-
stranded RNA is cloned DNA, for example, plasmid DNA or
a DNA fragment. The plasmid DNA or DNA fragment used
may be a commercial product or may be produced by a
method generally known in the art (for example, a method
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described in Sambrook, J. et al., Molecular Cloning a
Laboratory Manual second edition (1989), Rashtchian, A.,
Current Opinion in Biotechnology, 1995, 6 (1), 30-36,
Gibson D. G. et al., Science, 2008, 319 (5867), 1215-1220).
[0199] For obtaining mRNA having improved stability
and/or safety, some or all of the unmodified nucleotides in
the mRNA can also be replaced with modified nucleotides
by replacing some or all of the unmodified nucleoside-5'-
triphosphoric acids with modified nucleoside-5'-triphos-
phoric acids in the in vitro transcription reaction (Kormann,
M., Nature Biotechnology, 2011, 29, 154-157).

[0200] For obtaining mRNA having improved stability
and/or safety, a cap structure (the Cap 0 structure described
above) can be introduced to the 5'-end of mRNA by a
method in which a capping enzyme is used after the in vitro
transcription reaction. Further, Cap O can be converted into
Cap 1 by a method in which 2'-O-methyltransferase is
applied to mRNA having Cap 0. The capping enzyme and
the 2'-O-methyltransferase used may be commercial prod-
ucts (for example, Vaccinia Capping System, N2080;
mRNA Cap 2'-O-Methyltransferase, M0366 both manufac-
tured by New England Biolab, Inc.). When a commercial
product is used, mRNA having a cap structure can be
produced in accordance with a protocol accompanying the
product.

[0201] The cap structure at the 5'-end of mRNA can also
be introduced by a method other than a method in which an
enzyme is used. For example, a structure of a cap analog of
ARCA or a Cap 1 structure derived from CleanCap (regis-
tered trademark) can be introduced into mRNA by adding
ARCA or CleanCap (registered trademark) to the in vitro
transcription reaction. Commercially available products can
be used for ARCA and CleanCap (registered trademark)
(ARCA, N-7003; CleanCap Reagent AG, N-7113 both
manufactured by TriLink BioTechnologies, LLC). When a
commercially available product is used, mRNA having a cap
structure can be produced in accordance with a protocol
accompanying the product.

[0202] In the present invention, the nucleic acid encapsu-
lated in the lipid particles may be purified by any a method
such as desalting, HPL.C (reverse phase, gel permeation, ion
exchange, affinity), PAGE or ultrafiltration. Removal of
impurities by purification treatment can reduce production
of inflammatory cytokines in a living body receiving the
nucleic acid.

[0203] The lipid particles encapsulating a nucleic acid
according to the present invention can be produced by a
method such as a thin-film method, a reverse phase evapo-
ration method, an ethanol injection method, an ether injec-
tion method, a dehydration-rehydration method, a surfactant
dialysis method, a hydration method or a freezing and
thawing method. The lipid particles encapsulating a nucleic
acid can be produced by, for example, a method disclosed in
International Publication No. WO 2015/005253. The lipid
particles encapsulating a nucleic acid of the present inven-
tion can also be produced by mixing a nucleic acid solution
and a lipid solution in a microchannel. For example, using
NanoAssemblr (registered trademark) from Precision Nano-
systems Inc., the lipid particles encapsulating a nucleic acid
can be produced by the method described in the accompa-
nying protocol.

[0204] The particles of the present invention have an
average particle size of 30 to 300 nm, preferably 30 to 200
nm, more preferably 30 to 100 nm. The average particle size
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can be obtained by measuring a volume average particle size
on the basis of the principle of a dynamic light scattering
method or the like using equipment such as Zeta Potential/
Particle Sizer NICOMP (registered trademark) 380ZLS
(PARTICLE SIZING SYSTEMS).

[0205] The particles of the present invention may be used
for producing a composition for preventing and/or treating a
disease caused by infection with human papillomavirus type
6 and/or type 11 (recurrent respiratory papillomatosis, con-
dyloma acuminatum, or the like).

[0206] The E6 antigen and the E7 antigen of human
papillomavirus type 6 and/or type 11 can be expressed in
vivo or in vitro using the particles of the present invention.
Accordingly, the present invention provides a method for
expressing the E6 antigen and the E7 antigen of human
papillomavirus type 6 and/or type 11 in vitro, comprising
introducing a composition containing the particles into cells.
The present invention also provides a method for expressing
the E6 antigen and the E7 antigen of human papillomavirus
type 6 and/or type 11 in vivo, comprising administering a
composition containing the particles to a mammal. By
expressing the E6 antigen and the E7 antigen of human
papillomavirus type 6 and/or type 11 in vivo, an immune
reaction against human papillomavirus type 6 and/or type 11
can be induced. As a result, infection with human papillo-
mavirus type 6 and/or type 11 can be prevented and/or
treated. Accordingly, the present invention provides a
method for inducing an immune reaction against human
papillomavirus type 6 and/or type 11, comprising adminis-
tering a composition containing the particles to a mammal.
The present invention provides a method for preventing
and/or treating infection with human papillomavirus type 6
and/or type 11, comprising administering a composition
containing the particles to a mammal.

[0207] The particles of the present invention can be used
as a medicament and as a laboratory reagent. The particles
of the present invention are typically added to a carrier such
as water, a buffer solution or physiological saline. The
resulting formulation (composition) can be introduced into
cells (in vitro), or administered to a mammal (in vivo). In the
case of administration to a mammal, the carrier is a phar-
maceutically acceptable carrier (for example, physiological
saline). The particles of the present invention may be
formulated into a dosage form such as a cream, a paste, an
ointment, a gel or a lotion made using fat, fatty oil, lanolin,
vaseline, paraffin, wax, resin, plastic, glycol, a higher alco-
hol, glycerin, water, an emulsifier, a suspension agent or the
like as a substrate material.

[0208] The particles of the present invention can be
administered to mammals such as humans, mice, rats, ham-
sters, guinea pigs, rabbits, pigs, monkeys, cats, dogs, horses,
goats, sheep and bovines orally, or parenterally by a method
such as intramuscular administration, intravenous adminis-
tration, intrarectal administration, transdermal administra-
tion, transmucosal administration, subcutaneous administra-
tion or intracutaneous administration.

[0209] When the particles of the present invention are
administered to a human, for example, the particles are
intramuscularly injected, subcutaneously injected, intracu-
taneously injected, drip-injected intravenously, or intrave-
nously injected once or several times in a dosage amount of
about 0.001 to 1 mg, preferably 0.01 to 0.2 mg of mRNA per
administration per adult, but the dosage amount and the
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frequency of administration can be appropriately changed
depending on the type of disease, the symptom, the age and
the administration method.

[0210] When the particles of the present invention are
used as a laboratory reagent, the E6 antigen and the E7
antigen of human papillomavirus type 6 and/or type 11 can
be expressed in vitro by introducing the particles into cells
in which the E6 antigen and the E7 antigen of human
papillomavirus type 6 and/or type 11 are to be expressed (for
example, HEK 293 cells and derived cells thereof (HEK
293T cells, FreeStyle 293 cells and Expi 293 cells), CHO
cells, C2C12 mouse myoblast cells, immortalized mouse
dendritic cells (MutuDC1940)). Expression of the E6 anti-
gen and the E7 antigen of human papillomavirus type 6
and/or type 11 can be analyzed by detecting the E6 antigen
and the E7 antigen of human papillomavirus type 6 and/or
type 11 in a sample by a Western-blot method, or detecting
a peptide fragment specific to the E6 antigen and the E7
antigen of human papillomavirus type 6 and/or type 11 by
mass spectrometry.

[0211] The term “treatment” as used herein means that in
apatient having developed an infection with a virus, bacteria
or the like, or a disease caused by the infection (for example,
recurrent respiratory papillomatosis, condyloma acumina-
tum, precancerous lesion or cancer), the clinical symptoms
of such a disease are cured, caused to remit, alleviated and/or
delayed from worsening.

[0212] The term “prevention” as used herein means reduc-
ing incidence of a disease caused by an infection with a
virus, bacteria or the like. The prevention includes lowering
the risk of progression of a disease caused by an infection
with a virus, bacteria or the like, or reducing aggravation of
such a disease. The particles of the present invention are
effective in prevention and/or treatment of the disease
because they induce a preventive immune reaction.

EXAMPLES

[0213] Hereinafter, the present invention will be described
in detail by way of Examples, which are intended to illus-
trate the present invention, and should not be construed as
limiting the scope of the present invention.

Example 1
Preparation of HPV6 E6-E7 Fusion mRNA-001

(1) Production of Template DNA for In Vitro Transcription
(IVT) of HPV6 E6-E7 Fusion

[0214] A plasmid was constructed for producing template
DNA for use in in vitro transcription (IVT). Specifically, a
plasmid (pMA-HPV6) was produced that contains a DNA
fragment (SEQ ID NO: 1) comprising a sequence in which
GCTAGC (Nhel site), a T7 promoter sequence, a 5'-UTR
sequence of human p-globin, a KOZAK sequence, a trans-
lated region of IgE leader sequence-HPV type 6 E6-furin
cleavage site-HPV type 6 E7, a 3'-UTR sequence of human
[p-globin, a poly A tail and ACTAGT (Spel site) connected
in this order. To nuclease-free water (566.4 pl.) in which 8
ng of the plasmid treated with Spel, a restriction enzyme,
10xBuffer for KOD-Plus-Ver. 2 (80 UL, Toyobo Co., Ltd.
catalog #KOD-211), 2 mM dNTP mix (80 UL, Toyobo Co.,
Ltd. catalog #KOD-211), 25 mM MgSO4 (48 UL, Toyobo
Co., Ltd. catalog #KOD-211), a 50 UM sense primer (4.8
UL, SEQ ID NO: 2), a 50 UM antisense primer (4.8 UL,
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SEQ ID NO: 3), and KOD Plus polymerase (16 UL, Toyobo
Co., Ltd. catalog #KOD-211) were added. The mixture was
incubated at 98° C. for 1 minute, incubated at 98° C. for 5
seconds, at 55° C. for 15 seconds and at 68° C. for 2 minutes
20 times, and further incubated at 68° C. for 1 minute to
amplify HPV6 E6-E7 fusion DNA. After the reaction,
template DNA (SEQ ID NO: 4) was purified with Wizard SV
Gel and PCR Clean-Up System (Promega catalog #A9281).
(2) Preparation of HPV6 E6-E7 Fusion mRNA-001 by In
Vitro Transcription

[0215] The 479 pg/ml template DNA (57 UL) obtained in
Example 1-(1), 100 mM CleanCap AG (55 UL, TriLink
catalog #1-7113), 100 mM ATP (55 UL, Hongene catalog
#R1331), 100 mM GTP (55 UL, Hongene catalog #R2331),
100 mM 5-methylcytidine-5'-triphosphate (55 UL, Hongene
catalog #R3-029), 100 mM 5-methyluridine-5'-triphosphate
(55 UL), Nuclease-free water (438 UL, Qiagen catalog
#129114), T7 Transcription 5x buffer (220 UL, Promega
catalog #P140X), an enzyme mix and T7 RNA Polymerase
(110 UL, Promega catalog #P137X) were mixed, and incu-
bated at 37° C. for 4 hours. RQ1 RNase-free DNase (27.5
UL, Promega catalog #M6101) was mixed, and the mixture
was incubated at 37° C. for 15 minutes. An 8 M LiCl
solution (550 UL, Sigma-Aldrich catalog #1.7026) was
mixed, and the mixture was stored overnight at -20° C., and
centrifuged (4° C., 4,000xg, 30 min). The supernatant was
then discarded, 70% ethanol was added, the mixture was
centrifuged (4° C., 4,000xg, 10 min), and the supernatant
was then discarded, followed by drying in air. The obtained
residue was dissolved in nuclease-free water, and the solu-
tion was then purified by using RNeasy Maxi kit (Qiagen
catalog #75162) in accordance with the attached manual.
The obtained eluate (3 mL, 4,809 ng as measured by UV),
nuclease-free water (88 pl), a buffer solution of rApid
Alkaline Phosphatase (Roche catalog #04 898 141 001) (450
UL) and an enzyme (962 ul.) were mixed, incubated at 37°
C. for 30 minutes, and purified by using RNeasy Maxi kit in
accordance with the attached manual, thereby obtaining the
desired mRNA (3 mL, 4.1 mg as measured by UV).
[0216] The obtained mRNA has the sequence of SEQ ID
NO: 5. The mRNA was analyzed with LabChip GX Touch
Standard RNA Reagent Kit (PerkinElmer catalog
#CLS960010) and confirmed to have the desired length.

Example 2
Preparation of HPV11 E6-E7 Fusion mRNA-002

(1) Production of Template DNA for ITV of HPV11 E6-E7
Fusion

[0217] A plasmid was constructed for producing template
DNA for use as an IVT template. Specifically, a plasmid
(pMA-HPV11) was produced that contains a DNA fragment
(SEQ ID NO: 6) comprising a sequence in which GCTAGC
(Nhel site), a T7 promoter sequence, a 5'-UTR sequence of
human p-globin, a KOZAK sequence, a translated region of
IgE leader sequence-HPV type 11 E6-furin cleavage site-
HPV type 11 E7, a 3'-UTR sequence of human p-globin, a
poly A tail and ACTAGT (Spel site) connected in this order.
To nuclease-free water (566.4 UL) in which 8 ng of the
plasmid treated with Spel, a restriction enzyme, 10xBuffer
for KOD-Plus-Ver. 2 (80 UL, Toyobo Co., Ltd. catalog
#KOD-211), 2 mM dNTP mix (80 UL, Toyobo Co., Ltd.
catalog #K0OD-211), 25 mM MgS0O4 (48 ML, Toyobo Co.,
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Ltd. catalog #KOD-211), a 50 UM sense primer (4.8 UL,
SEQ ID NO: 2), a 50 UM antisense primer (4.8 UL, SEQ ID
NO: 3) and KOD Plus polymerase (16 UL, Toyobo Co., Ltd.
catalog #KOD-211) were added. The mixture was incubated
at 98° C. for 1 minute, followed by 20 cycles of incubation
at 98° C. for 5 seconds, at 55° C. for 15 seconds and at 68°
C. for 2 minutes, followed by a further incubation at 68° C.
for 1 minute to amplify HPV6 E6-E7 DNA. After the
reaction, template DNA (SEQ ID NO: 7) was purified with
Wizard SV Gel and PCR Clean-Up System (Promega cata-
log #A9281).

(2) Preparation of HPV11 E6-E7 Fusion mRNA-002 by In
Vitro Transcription

[0218] The 467 ng/ml. template DNA (59 UL) obtained in
Example 1-(1), 100 mM CleanCap AG (55 UL, TriLink
catalog #1-7113), 100 mM ATP (55 UL, Hongene catalog
#R1331), 100 mM GTP (55 UL, Hongene catalog #R2331),
100 mM 5-methylcytidine-5'-triphosphate (55 UL, Hongene
catalog #R3-029), 100 mM 5-methyluridine-5'-triphosphate
(55 UL), Nuclease-free water (436 UL, Qiagen catalog
#129114), T7 Transcription 5x buffer (220 UL, Promega
catalog #P140X), an enzyme mix and T7 RNA Polymerase
(110 UL, Promega catalog #P137X) were mixed, and incu-
bated at 37° C. for 4 hours. RQ1 RNase-free DNase (27.5
UL, Promega catalog #M6101) was mixed, and the mixture
was incubated at 37° C. for 15 minutes. An 8 M LiCl
solution (550 UL, Sigma-Aldrich catalog #1.7026) was
mixed, and the mixture was stored overnight at —20° C., and
centrifuged (4° C., 4,000xg, 30 min). The supernatant was
then discarded, 70% ethanol was added, the mixture was
centrifuged (4° C., 4,000xg, 10 min), and the supernatant
was then discarded, followed by drying in air. The obtained
residue was dissolved in nuclease-free water, and the solu-
tion was then purified by using RNeasy Maxi kit (Qiagen
catalog #75162) in accordance with the attached manual.
The obtained eluate (3 mL, 4, 769 ng as measured by UV),
nuclease-free water (96 pl), a buffer solution of rApid
Alkaline Phosphatase (Roche catalog #04 898 141 001) (450
UL) and an enzyme (954 UL) were mixed, incubated at 37°
C. for 30 minutes, and purified by using RNeasy Maxi kit in
accordance with the attached manual, thereby obtaining
desired mRNA (3 mL, 3.8 mg as measured by UV).
[0219] The obtained mRNA has the sequence of SEQ ID
NO: 8. The mRNA was analyzed with LabChip GX Touch
Standard RNA Reagent Kit (PerkinElmer catalog
#CLS960010) and confirmed to have the desired length.

Example 3

Preparation of HPV6 E6-E7 HPV11 E6-E7 Fusion mRNA-
003

(1) Production of Template DNA for IVT of HPV6 E6-E7
HPV11 E6-E7 Fusion

[0220] A plasmid was constructed for producing template
DNA for use as an IVT template. Specifically, a plasmid
(PMA-HPV6_HPV11) was produced that contains a DNA
fragment (SEQ ID NO: 9) comprising a sequence in which
GCTAGC (Nhel site), a T7 promoter sequence, a 5'-UTR
sequence of human p-globin, a KOZAK sequence, a trans-
lated region of IgE leader sequence-HPV type 6 E6-furin
cleavage site-HPV type 6 E7-furin cleavage site-HPV type
11 E6-furin cleavage site-HPV type 11 E7, a 3'-UTR
sequence of 3-globin, a poly A tail and ACTAGT (Spel site)
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connected in this order. To nuclease-free water (566.4 ul.) in
which 8 ng of the plasmid treated with Spel, a restriction
enzyme, 10x Buffer for KOD-Plus-Ver. 2 (80 UL, Toyobo
Co., Ltd. catalog #KOD-211), 2 mM dNTP mix (80 UL,
Toyobo Co., Ltd. catalog #K0OD-211), 25 mM MgSO4 (48
UL, Toyobo Co., Ltd. catalog #KOD-211), a 50 UM sense
primer (4.8 UL, SEQ ID NO: 2), a 50 UM antisense primer
(4.8 UL, SEQ ID NO: 3) and KOD Plus polymerase (16 ML,
Toyobo Co., Ltd. catalog #KOD-211) were added. The
mixture was incubated at 98° C. for 1 minute, followed by
20 cycles of incubation at 98° C. for 5 seconds, at 55° C. for
15 seconds and at 68° C. for 2 minutes, followed by a further
incubation at 68° C. for 1 minute to amplify HPV6 E6-E7
DNA. After the reaction, template DNA (SEQ ID NO: 10)
was purified with Wizard SV Gel and PCR Clean-Up System
(Promega catalog #A9281).

(2) Preparation of HPV6 E6-E7 HPV11 E6-E7 Fusion
mRNA-003 by In Vitro Transcription

[0221] The 413 pg/mL template DNA (67 uL.) obtained in
Example 1-(1), 100 mM CleanCap AG (55 UL, TriLink
catalog #1-7113), 100 mM ATP (55 UL, Hongene catalog
#R1331), 100 mM GTP (55 UL, Hongene catalog #R2331),
100 mM 5-methylcytidine-5'-triphosphate (55 ul., Hongene
catalog #R3-029), 100 mM 5-methyluridine-5'-triphosphate
(55 pL), Nuclease-free water (428 pl, Qiagen catalog
#129114), T7 Transcription 5x buffer (220 pl., Promega
catalog #P140X), an enzyme mix and T7 RNA Polymerase
(110 pL, Promega catalog #P137X) were mixed, and incu-
bated at 37° C. for 4 hours. RQ1 RNase-free DNase (27.5
ul, Promega catalog #M6101) was mixed, and the mixture
was incubated at 37° C. for 15 minutes. An 8 M LiCl
solution (550 pl, Sigma-Aldrich catalog #[.7026) was
mixed, and the mixture was stored overnight at -20° C., and
centrifuged (4° C., 4,000xg, 30 min). The supernatant was
then discarded, 70% ethanol was added, the mixture was
centrifuged (4° C., 4,000xg, 10 min), and the supernatant
was then discarded, followed by drying in air. The obtained
residue was dissolved in nuclease-free water, and the solu-
tion was then purified by using RNeasy Maxi kit (Qiagen
catalog #75162) in accordance with the attached manual.
The obtained eluate (3 mL, 4,345 ng as measured by UV),
nuclease-free water (181 L), a buffer solution of rApid
Alkaline Phosphatase (Roche catalog #04 898 141 001) (450
pl) and an enzyme (869 pl.) were mixed, incubated at 37°
C. for 30 minutes, and purified by using RNeasy Maxi kit in
accordance with the attached manual, thereby obtaining the
desired mRNA (3 mL, 3.8 mg as measured by UV).
[0222] The obtained mRNA has the sequence of SEQ ID
NO: 11. The mRNA was analyzed with LabChip GX Touch
Standard RNA Reagent Kit (PerkinElmer catalog
#CLS960010) and confirmed to have the desired length.

Examples 4 to 12

Preparation of mRNA-Encapsulating Nucleic Acid Lipid
Particles Using mRNAs of Examples 1 to 3

(1) Preparation of mRNA-Encapsulating Nucleic Acid Lipid
Particles

[0223] Distearoyl phosphatidylcholine (1,2-distearoyl-sn-
glycero-3-phosphocholine: hereinafter, referred to as DSPC,
NOF CORPORATION), cholesterol (hereinafter, referred to
as Chol, Sigma-Aldrich, Inc.), (7R,92)-18-({[3-(dimethyl-
amino)propyloxy]carbonyl}oxy)octacos-9-en-7-yl  acetate
(compound described in WO 2015/005253, Example 28)
(hereinafter, referred to as LP), and 1,2-dimyristoyl-sn-
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glycerol methoxypolyethylene glycol having a polyethylene
glycol molecular weight of about 2,000 (1,2-dimyristoyl-sn-
glycero-3-methoxypolyethylene glycol, hereinafter, referred
to as PEG-DMG, NOF CORPORATION) were dissolved in
ethanol at the molar ratio shown in Table 1 so that the total
lipid concentration was 5 mM.

[0224] Meanwhile, the mRNAs obtained in Examples 1 to
3 were diluted with a citrate buffer solution (20 mM Citrate
buffer, pH 4.0).

[0225] Using NanoAssemblr BenchTop (Precision Nano-
systems Inc.), the lipid solution and the mRNA solution
were mixed at a volume ratio of 1:3 and the total lipid-to-
mRNA weight ratio shown in Table 1 in a microchannel to
obtain a crude dispersion liquid of nucleic acid lipid par-
ticles. The dispersion liquid of nucleic acid lipid particles
was dialyzed with a buffer solution in an amount about 25
to 50 times the amount of the dispersion liquid (Float-A-
Lyzer G2, MWCO: 1,000 kD, Spectra/Por) for 12 to 18
hours to remove ethanol, thereby obtaining a purified dis-
persion liquid of mRNA-encapsulating nucleic acid lipid
particles.

[0226] The LP was synthesized in accordance with the
method described in WO 2015/005253, Example 28.

(2) Evaluation of Characteristics of mRNA-Encapsulating
Nucleic Acid Lipid Particles

[0227] The characteristics of the prepared dispersion lig-
uid containing nucleic acid lipid particles were evaluated.
Methods for evaluating respective characteristics will be
described.

(2-1) mRNA Encapsulation Percentage

[0228] Using Quant-iT RiboGreen RNA Assay Kit (Invit-
rogen), the mRNA encapsulation percentage was measured
in accordance with the attached document.

[0229] The amount of mRNA in the dispersion liquid of
nucleic acid lipid particles was determined in the presence
and absence of a 0.015% Triton X-100 surfactant, and the
encapsulation percentage was calculated from the following
expression:

{([amount of mRNA in the presence of surfactant] — [amount of mRNA
in the absence of surfactant])/[amount of mRNA4 in the presence of

surfactant]} x 100 (%).
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(2-2) Ratio Between mRNA and Lipid

[0230] The amount of mRNA in the dispersion liquid of
nucleic acid lipid particles was measured by any of the
following methods.

[0231] The dispersion liquid of nucleic acid lipid particles
was diluted with 1.0% Triton X-100, and the amount of
mRNA was measured by reverse phase chromatography
(system: Agilent 1260 series, column: Bioshell A400 Protein
C4 (10 cmx4.6 mm, 3.4 um) (SUPELCO), buffer A: 0.1 M
triethylamine acetate (pH 7.0), buffer B: acetonitrile, (B %):
5-50% (0-15 min), flow rate: 1 mL/min, temperature: 70° C.,
detection: 260 nm).

[0232] The amount of mRNA in the nucleic acid lipid
particles was measured with an ultraviolet and visible spec-
trophotometer (LAMBDA™ 465 manufactured by Perki-
nElmer, Inc.) by diluting and dissolving the dispersion liquid
of nucleic acid lipid particles to a solution with 90%
methanol. The mRNA concentration was calculated from the
following expression:

{[absorbance at 260 nm] — [absorbance at 350 nm]} x 40 x dilution ratio

(ug/mL).

[0233] The amount of each lipid in the dispersion liquid of
nucleic acid lipid particles was measured by reverse phase
chromatography (System: DIONEX UltiMate 3000, col-
umn: XSelect CSH C18 (130 A, 3.5 pm, 3.0 mnx150 mm)
(Waters catalog #186005263), buffer A: 0.2% formic acid,
buffer B: 0.2% formic acid, methanol, (B %): 75-100% (0-6
min), 100% (6-15 min), flow rate: 0.45 mL/min, tempera-
ture: 50° C., detection: Corona CAD (Charged Aerosol
Detector)).

[0234] The ratio of the total amount of lipids to mRNA
was calculated from the following expression:

[total lipid concentration])/[mRNA concentration]
(wt/wt).

(2-3) Average Particle Size

[0235] The particle size of the nucleic acid lipid particle
was measured by Zeta Potential/Particle Sizer NICOMPTM
380 ZLS (PARTICLE SIZING SYSTEMS). The average
particle size in the table represents the volume average
particle size, and the number following * represents the
deviation.

[0236] Table 2 shows the results of the evaluation of
characteristics.

TABLE 1
Lipids/mRNA
mRNA DSPC  Chol LP PEG-DMG (wt/wt)
Example 4 Example 1 17.5% 26%  55% 1.5% 20
Example 5 Example 2 17.5% 26%  55% 1.5% 20
Example 6 Example 3 17.5% 26%  55% 1.5% 20
Example 7 Example 1 17.5% 21%  60% 1.5% 20
Example 8 Example 2 17.5% 21%  60% 1.5% 20
Example 9 Example 3 17.5% 21%  60% 1.5% 20
Example 10 Example 1 22.5% 16%  60% 1.5% 20
Example 11 Example 2 22.5% 16%  60% 1.5% 20
Example 12 Example 3 22.5% 16%  60% 1.5% 20
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TABLE 2
Encapsulation
percentage Particle size
(%) (nm)
Example 4 99 115 = 16
Example 5 99 111 = 32
Example 6 99 120 = 51
Example 7 99 119 = 36
Example 8 98 120 = 46
Example 9 98 128 + 51
Example 10 96 130 = 48
Example 11 96 128 = 35
Example 12 96 132 £ 43
[0237] The above results reveal that in these nucleic acid

lipid particles, 95% or more of mRNA is encapsulated in
lipid particles, and the average particle size is about 110 nm
to about 140 nm.

Test Example 1

[0238] Ability to produce T cell cytokine specific to HPV
genotype 6EGE7 vaccine antigen (FIG. 1)

[0239] C57BL/6J mice were purchased from CLEA Japan,
Inc. All treatments of the animals were performed under
isoflurane inhalation anesthesia.

[0240] The mRNA-encapsulating nucleic acid lipid par-
ticles were administered into the gastrocnemius muscle of
six-week-old C57BL/6 mice in an amount of 5 ug of mRNA
per mouse twice at an interval of two weeks. One week after
the final administration, the spleen was harvested, and
spleen cells were prepared. The spleen cells were treated
with a HPV6EG6 pool peptide (manufactured by JPT Peptide
Technologies, catalog #PM-HPV06-E6) or a HPV11EG6 pool
peptide (manufactured by JPT Peptide Technologies, catalog
#PM-HPV11-E6), the culture supernatant after culturing for
48 hours was diluted by 2-fold or 30-fold, and the amount
of IFN-y was measured by a cytokine ELISA method.

Test Example 2

Ability to Produce T Cell Cytokine Specific to HPV
Genotype 11E6E7 Vaccine Antigen (FIG. 2)

[0241] The mRNA-encapsulating nucleic acid lipid par-
ticles were administered into the gastrocnemius muscle of
six-week-old C57BL/6 mice in an amount of 5 ug of mRNA
per mouse twice at an interval of two weeks. One week after
the final administration, the spleen was harvested, and
spleen cells were prepared. The spleen cells were treated
with a HPV6EG6 pool peptide (manufactured by JPT Peptide
Technologies, catalog #PM-HPV06-E6) or a HPV11EG6 pool
peptide (manufactured by JPT Peptide Technologies, catalog
#PM-HPV11-E6), the culture supernatant after culturing for
48 hours was diluted by 2-fold or 30-fold, and the amount
of IFN-y was measured by a cytokine ELISA method. When
the amount of IFN-y from the 30-fold diluted culture super-
natant exceeded the upper limit of detection on the standard
curve, a value obtained by multiplying the upper limit by a
dilution factor of 30 was taken as data.

Test Example 3

Ability to Produce T Cell Cytokine Specific to HPV
Genotype 6E6E7-Genotype 11E6E7 Vaccine Antigen (FIG.
3)

[0242] The mRNA-encapsulating nucleic acid lipid par-
ticles were administered into the gastrocnemius muscle of
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six-week-old C57BL/6 mice in an amount of 5 pg of mRNA
per mouse twice at an interval of two weeks. One week after
the final administration, the spleen was harvested, and
spleen cells were prepared. The spleen cells were treated
with a HPV6EG6 pool peptide (manufactured by JPT Peptide
Technologies, catalog #PM-HPV06-E6) or a HPV11E6 pool
peptide (manufactured by JPT Peptide Technologies, catalog
#PM-HPV11-E6), the culture supernatant after culturing for
48 hours was diluted by 2-fold or 30-fold, and the amount
of IFN-y was measured by a cytokine ELISA method. When
the amount of IFN-y from the 30-fold diluted culture super-
natant exceeded the upper limit of detection on the standard
curve, a value obtained by multiplying the upper limit by a
dilution factor of 30 was taken as data.

[Results of Test Examples 1 to 3]

(Results of Test Example 1)

Level of Induction of IFN-y Specific to HPV6E6 and
HPV11E6 in Examples 4, 7 and 10 by mRNA-Encapsulating
Nucleic Acid Lipid Particles and Having Different Lipid
Component Ratios

[0243] To C57BL/6 mice, mRNA-encapsulating nucleic
acid lipid particles in Examples 4, 7 and 10 were intramus-
cularly administered, and one week after the final immunity,
the level of induction of a T cell cytokine specific to
HPV6E6 and HPV11E6 from spleen cells was examined.
The results are shown in FIG. 1. In all groups receiving
mRNA-encapsulating nucleic acid lipid particles, due to the
HPV6E6 pool peptide treatment, production of IFN-y was
enhanced as compared to that in the NC group. The
HPV11E6 pool peptide treatment also led to induction of
production of IFN-y.

(Results of Test Example 2)

Level of Induction of IFN-y Specific to HPV6E6 and
HPV11E6 in Examples 5, 8 and 11 by mRNA-Encapsulating
Nucleic Acid Lipid Particles and Having Different Lipid
Component Ratios

[0244] To C57BL/6 mice, mRNA-encapsulating nucleic
acid lipid particles in Examples 5, 8 and 11 were intramus-
cularly administered, and one week after the final immuni-
zation, the level of induction of a T cell cytokine specific to
HPV6E6 and HPV11E6 from spleen cells was examined.
The results are shown in FIG. 2. In all groups receiving
mRNA-encapsulating nucleic acid lipid particles, due to the
HPV11E6 pool peptide treatment, production of IFN-y was
enhanced as compared to that in the NC group. The HPV6E6
pool peptide treatment also led to induction of production of
IFN-y.

(Results of Test Example 3)

Level of Induction of IFN-y Specific to HPV6E6 and
HPV11E6 in Examples 6, 9 and 12 by mRNA-Encapsulating
Nucleic Acid Lipid Particles and Having Different Lipid
Component Ratios

[0245] To C57BL/6 mice, mRNA-encapsulating nucleic
acid lipid particles in Examples 6, 9 and 12 were intramus-
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cularly administered, and one week after the final immuni-
zation, the level of induction of a T cell cytokine specific to
HPV6E6 and HPV11E6 from spleen cells was examined.
The results are shown in FIG. 3. In all groups receiving
mRNA-encapsulating nucleic acid lipid particles, due to the
HPV6ES6 pool peptide and HPV11EG6 pool peptide treatment,
production of IFN-y was induced as compared to that in the
NC group. This indicates that the HPV genotype 6E6E7-
genotype 11EGE7 fusion vaccine induced a cellular immune
response equivalent to a cellular immune response specific
to HPV6EG in administration of the HPV genotype 6E6E7
vaccine alone and a cellular immune response specific to
HPV11E6 in administration of the HPV genotype 11E6E7
vaccine alone.

INDUSTRIAL APPLICABILITY

[0246] The present invention can be used for preventing
and/or treating infection with human papillomavirus type 6
and/or type 11.

SEQUENCE LISTING
[0247] SEQ ID NO: 1: template plasmid DNA for IVT
of HPV6 E6-E7 fusion
[0248] SEQ ID NO: 2: sense primer
[0249] SEQ ID NO: 3: antisense primer

[0250] SEQ ID NO: 4: HPV6 E6-E7 fusion template
DNA

[0251] SEQ ID NO: 5: HPV6 E6-E7 fusion mRNA

[0252] SEQ ID NO: 6: template plasmid DNA for IVT
of HPV11 E6-E7 fusion

[0253] SEQ ID NO: 7: HPV11 E6-E7 fusion template
DNA

[0254] SEQ ID NO: 8 HPV11 E6-E7 fusion mRNA

[0255] SEQ ID NO: 9: HPV6 E6-E7 HPVI11 E6-E7
fusion template plasmid DNA

[0256] SEQ ID NO: 10: HPV6 E6-E7 HPV11 E6-E7
fusion template DNA

[0257] SEQ ID NO: 11: HPV6 E6-E7 HPV11 E6-E7
fusion mRNA

[0258] SEQ ID NO: 12: amino acid sequence of E6
antigen of HPV type 6

[0259] SEQ ID NO: 13: amino acid sequence of E7
antigen of HPV type 6

[0260] SEQ ID NO: 14: amino acid sequence of E6
antigen of HPV type 11

[0261] SEQ ID NO: 15: amino acid sequence of E7
antigen of HPV type 11

[0262] SEQ ID NO: 16: amino acid sequence of pro-
tease cleavage sequence

[0263] SEQ ID NO: 17: amino acid sequence of fusion
protein of E6 antigen and E7 antigen of HPV type 6

[0264] SEQ ID NO: 18: amino acid sequence of fusion
protein of E6 antigen and E7 antigen of HPV type 11
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[0265] SEQ ID NO: 19: amino acid sequence of fusion
protein of E6 antigen and E7 antigen of HPV type 6 and
E6 antigen and E7 antigen of HPV type 11

[0266] SEQ ID NO: 20: IgE leader sequence

1. A lipid particle encapsulating a nucleic acid capable of
expressing an E6 antigen and an E7 antigen of human
papillomavirus, wherein a lipid comprises a cationic lipid
having the general formula (Ia), or a pharmaceutically
acceptable salt thereof:

[Formula 1]

(a)
Rl

1
Z/N\Vfo 0 L
R ; \ﬂ/ Y
0 L2

wherein

R! and R? each independently represent a C1-C3 alkyl
group;

L' represents a C17-C19 alkenyl group optionally having
one or more C2-C4 alkanoyloxy groups;

L? represents a C10-C19 alkyl group optionally having
one or more C2-C4 alkanoyloxy groups, or a C10-C19
alkenyl group, optionally having one or more C2-C4
alkanoyloxy groups; and

pis 3 or 4.

2. The particle according to claim 1, wherein each of R!
and R? in the general formula (Ia) is a methyl group.

3. The particle according to claim 1 or 2, wherein p in the
general formula (Ia) is 3.

4. The particle according to any one of claims 1 to 3,
wherein L' in the genera formula (Ia) is a C17-C19 alkenyl
group, optionally having one or more acetoxy groups.

5. The particle according to any one of claims 1 to 4,
wherein L? in the genera formula (Ia) is a C10-C12 alkyl
group, optionally having one or more acetoxy groups, or a
C10-C19 alkenyl group optionally having one or more
acetoxy groups.

6. The particle according to any one of claims 1 to 4,
wherein L? in the genera formula (Ia) is a C10-C12 alkyl
group, optionally having one or more acetoxy groups, or a
C17-C19 alkenyl group optionally having one or more
acetoxy groups.

7. The particle according to any one of claims 1 to 6,
wherein L' in the general formula (Ia) is a (R)-11-acetyloxy-
cis-8-heptadecenyl group, a cis-8-heptadecenyl group, or a
(8Z,11Z)-heptadecadienyl group.

8. The particle according to any one of claims 1 to 7,
wherein L in the general formula (Ia) is a decyl group, a
cis-7-decenyl group, a dodecyl group, or a (R)-11-acety-
loxy-cis-8-heptadecenyl group.



US 2025/0177510 A2
19

9. The particle according to claim 1, wherein the cationic
lipid has the following structural formula:

\T/\/\O)]\O

10. The particle according to claim 1, wherein the cationic
lipid has the following structural formula:

\T/\/\O)I\O

11. The particle according to claim 1, wherein the cationic
lipid has the following structural formula:

\T/\/\O)J\O

12. The particle according to claim 9 or 10, wherein the
lipid further comprises an amphipathic lipid, a sterol and a
PEG lipid.

13. The particle according to claim 11, wherein the lipid
further comprises an amphipathic lipid, a sterol and a PEG
lipid.

14. The particle according to claim 12, wherein the
amphipathic lipid is at least one selected from the group
consisting of distearoyl phosphatidylcholine, dioleoyl phos-
phatidylcholine and dioleoyl phosphatidylethanolamine.

15. The particle according to claim 13, wherein the
amphipathic lipid is at least one selected from the group
consisting of distearoyl phosphatidylcholine, dioleoyl phos-
phatidylcholine and dioleoyl phosphatidylethanolamine.

16. The particle according to claim 12 or 14, wherein the
sterol is cholesterol.
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[Formula 2]
e}
Q)k
hd
e}
[Formula 3]
[Formula 4]

17. The particle according to claim 13 or 15, wherein the
sterol is cholesterol.

18. The particle according to any one of claims 12, 14 and
16, wherein the PEG lipid is 1,2-dimyristoyl-sn-glycelol
methoxypolyethylene glycol and/or N-[methoxypoly(ethyl-
ene  glycol)2000]carbamoyl]-1,2-dimyristyloxypropyl-3-
amine.

19. The particle according to any one of claims 13, 15 and
17, wherein the PEG lipid is 1,2-dimyristoyl-sn-glycelol
methoxypolyethylene glycol and/or N-[methoxypoly(ethyl-
ene  glycol)2000]carbamoyl]-1,2-dimyristyloxypropyl-3-
amine.

20. The particle according to any one of claims 12 to 19,
wherein the lipid composition of the amphipathic lipid, the
sterol, the cationic lipid and the PEG lipid is amphipathic
lipid: 5 to 25%, sterol: 10 to 55%, cationic lipid: 40 to 65%
and PEG lipid: 1 to 5% on a molar amount basis.
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21. The particle according to claim 20, wherein the
proportion of the amphipathic lipid is 10 to 25%.

22. The particle according to any one of claims 12, 14, 16
and 18, wherein the lipid composition of the amphipathic
lipid, the sterol, the cationic lipid and the PEG lipid is
amphipathic lipid: 5 to 15%, sterol: 35 to 50%, cationic
lipid: 40 to 55% and PEG lipid: 1 to 3% on a molar amount
basis.

23. The particle according to claim 22, wherein the
proportions of the amphipathic lipid, the sterol, the cationic
lipid and the PEG lipid are 10 to 15%, 35 to 45%, 40 to 50%
and 1 to 2.5%, respectively.

24. The particle according to claim 23, wherein the
proportion of the PEG lipid is 1 to 2%.

25. The particle according to any one of claims 13, 15, 17
and 19, wherein the lipid composition of the amphipathic
lipid, the sterol, the cationic lipid and the PEG lipid is
amphipathic lipid: 10 to 25%, sterol: 10 to 50%, cationic
lipid: 40 to 65% and PEG lipid: 1 to 3% on a molar amount
basis.

26. The particle according to claim 25, wherein the
proportions of the sterol, the cationic lipid and the PEG lipid
are 10 to 45%, 42.5 to 65% and 1 to 2.5%, respectively.

27. The particle according to claim 26, wherein the
proportion of the PEG lipid is 1 to 2%.

28. The particle according to any one of claims 20 to 27,
wherein the ratio of the total weight of lipids to the weight
of the nucleic acid is from 15 to 30.

29. The particle according to claim 28, wherein the ratio
of the total weight of lipids to the weight of the nucleic acid
is from 15 to 25.

30. The particle according to claim 29, wherein the ratio
of the total weight of lipids to the weight of the nucleic acid
is from 17.5 to 22.5.

31. The particle according to any one of claims 1 to 30,
wherein the human papillomavirus is HPV type 6.

32. The particle according to claim 31, wherein the human
papillomavirus is HPV type 6, and the E6 antigen of HPV
type 6 consists of an amino acid sequence having an identity
of at least 95% with the amino acid sequence of SEQ ID NO:
12.

33. The particle according to claim 31 or 32, wherein the
human papillomavirus is HPV type 6, and the E7 antigen of
HPV type 6 consists of an amino acid sequence having an
identity of at least 95% with the amino acid sequence of
SEQ ID NO: 13.

34. The particle according to any one of claims 31 to 33,
wherein the human papillomavirus is HPV type 6, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of the human papillomavirus encodes a fusion
protein of the E6 antigen and the E7 antigen of HPV type 6,
which consists of an amino acid sequence having an identity
of at least 95% with the amino acid sequence of SEQ ID NO:
17.

35. The particle according to any one of claims 31 to 34,
wherein the human papillomavirus is HPV type 6, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of HPV type 6 is an mRNA comprising a cap
structure (Cap), a 5' untranslated region (5'-UTR), a leader
sequence, a translated region of E6, a protease cleavage
sequence (furin cleavage site), a translated region of E7, a 3'
untranslated region (3'-UTR) and a poly A tail (polyA).

36. The particle according to claim 35, wherein the
sequence of the nucleic acid capable of expressing the E6
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antigen and the E7 antigen of HPV type 6 consists of a
nucleotide sequence having an identity of at least 90% with
the sequence of SEQ ID NO: 5.

37. The particle according to any one of claims 31 to 34,
wherein the human papillomavirus is HPV type 6, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of HPV type 6 is an mRNA having a structure
comprising a cap structure (Cap), a 5' untranslated region
(5'-UTR), a leader sequence, a translated region of E6, a
protease cleavage sequence (furin cleavage site), a translated
region of E7 and a 3' untranslated region (3'-UTR).

38. The particle according to claim 37, wherein the
structure comprising a cap structure (Cap), a 5' untranslated
region (5'-UTR), a leader sequence, a translated region of
E6, a protease cleavage sequence (furin cleavage site), a
translated region of E7 and a 3' untranslated region (3'-UTR)
consists of a nucleotide sequence having an identity of at
least 90% with the sequence of residues 1 to 1018 in SEQ
ID NO: 5.

39. The particle according to any one of claims 1 to 30,
wherein the human papillomavirus is HPV type 11.

40. The particle according to claim 39, wherein the human
papillomavirus is HPV type 11, and the E6 antigen of HPV
type 11 consists of an amino acid sequence having an
identity of at least 95% with the amino acid sequence of
SEQ ID NO: 14.

41. The particle according to claim 39 or 40, wherein the
human papillomavirus is HPV type 11, and the E7 antigen
of HPV type 11 consists of an amino acid sequence having
an identity of at least 95% with the amino acid sequence of
SEQ ID NO: 15.

42. The particle according to any one of claims 39 to 41,
wherein the human papillomavirus is HPV type 11, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of the human papillomavirus encodes a fusion
protein of the E6 antigen and the E7 antigen of HPV type 11,
which consists of an amino acid sequence having an identity
of at least 95% with the amino acid sequence of SEQ ID NO:
18.

43. The particle according to any one of claims 39 to 42,
wherein the human papillomavirus is HPV type 11, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of HPV type 11 is an mRNA comprising a cap
structure (Cap), a 5' untranslated region (5'-UTR), a leader
sequence, a translated region of E6, a protease cleavage
sequence (furin cleavage site), a translated region of E7, a 3'
untranslated region (3'-UTR) and a poly A tail (polyA).

44. The particle according to claim 43, wherein the
sequence of the nucleic acid capable of expressing the E6
antigen and the E7 antigen of HPV type 11 consists of a
nucleotide sequence having an identity of at least 90% with
the sequence of SEQ ID NO: 8.

45. The particle according to any one of claims 39 to 42,
wherein the human papillomavirus is HPV type 11, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of HPV type 11 is an mRNA having a structure
comprising a cap structure (Cap), a 5' untranslated region
(5'-UTR), a leader sequence, a translated region of E6, a
protease cleavage sequence (furin cleavage site), a translated
region of E7 and a 3' untranslated region (3'-UTR).

46. The particle according to claim 45, wherein the
structure comprising a cap structure (Cap), a 5' untranslated
region (5'-UTR), a leader sequence, a translated region of
E6, a protease cleavage sequence (furin cleavage site), a
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translated region of E7 and a 3' untranslated region (3'-UTR)
consists of a nucleotide sequence having an identity of at
least 90% with the sequence of residues 1 to 1018 in SEQ
ID NO: 8.

47. The particle according to any one of claims 1 to 30,
wherein the human papillomavirus is HPV type 6 and type
11.

48. The particle according to claim 47, wherein the human
papillomavirus is HPV type 6 and type 11, and the nucleic
acid capable of expressing the E6 antigen and the E7 antigen
of the human papillomavirus encodes a fusion protein of the
E6 antigen and the E7 antigen of HPV type 6 and the E6
antigen and the E7 antigen of HPV type 11, which consists
of'an amino acid sequence having an identity of at least 95%
with the amino acid sequence of SEQ ID NO: 19.

49. The particle according to claim 47 or 48, wherein the
human papillomavirus is HPV type 6 and type 11, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of HPV type 6 and the E6 antigen and the E7 antigen
of HPV type 11 is an mRNA comprising a cap structure
(Cap), a 5" untranslated region (5'-UTR), a leader sequence,
a translated region of E6 of HPV type 6, a translated region
of E7 of HPV type 6, a protease cleavage sequence (furin
cleavage site), a translated region of E6 of HPV type 11, a
translated region of E7 of HPV type 11, a 3' untranslated
region (3'-UTR) and a poly A tail (polyA).

50. The particle according to claim 49, wherein the
sequence of the nucleic acid capable of expressing the E6
antigen and the E7 antigen of HPV type 6 and the E6 antigen
and the E7 antigen of HPV type 11 consists of a nucleotide
sequence having an identity of at least 90% with the
sequence of SEQ ID NO: 11.

51. The particle according to claim 47 or 48, wherein the
human papillomavirus is HPV type 6 and type 11, and the
nucleic acid capable of expressing the E6 antigen and the E7
antigen of HPV type 6 and the E6 antigen and the E7 antigen
of HPV type 11 is an mRNA having a structure comprising
a cap structure (Cap), a 5' untranslated region (5'-UTR), a
leader sequence, a translated region of E6 of HPV type 6, a
translated region of E7 of HPV type 6, a protease cleavage
sequence (furin cleavage site), a translated region of E6 of
HPV type 11, a translated region of E7 of HPV type 11 and
a 3' untranslated region (3'-UTR).

52. The particle according to claim 51, wherein the
structure comprising a cap structure (Cap), a 5' untranslated
region (5'-UTR), a leader sequence, a translated region of E6
of HPV type 6, a translated region of E7 of HPV type 6, a
protease cleavage sequence (furin cleavage site), a translated
region of E6 of HPV type 11, a translated region of E7 of
HPV type 11 and a 3' untranslated region (3'-UTR) consists
of a nucleotide sequence having an identity of at least 90%
with the sequence of residues 1 to 1798 in SEQ ID NO: 11.

53. The particle according to any one of claims 1 to 52,
wherein the nucleic acid comprises at least one modified
nucleotide.

54. The particle according to claim 53, wherein the
modified nucleotide comprises at least one of pyrimidine
nucleotide substituted at the 5-position and/or pseudouridine
optionally substituted at the 1-position.

55. The particle according to claim 53, wherein the
modified nucleotide comprises at least one selected from the
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group consisting of S-methylcytidine, 5-methoxyuridine,
5-methyluridine, pseudouridine and 1-alkylpseudouridine.

56. The particle according to claim 53, wherein the
modified nucleotide comprises at least one selected from the
group consisting of S-methylcytidine, 5-methyluridine and
1-methylpseudouridine.

57. The particle according to any one of claims 1 to 56,
which has an average particle size of 30 to 300 nm.

58. Use of the particle according to any one of claims 1
to 57, for producing a composition for preventing and/or
treating infection with human papillomavirus.

59. Use of the particle according to any one of claims 1
to 57, for producing a composition for preventing and/or
treating a disease caused by infection with human papillo-
mavirus.

60. The use of the particle according to claim 59, wherein
the disease caused by infection with human papillomavirus
is recurrent respiratory papillomatosis or condyloma acumi-
natum.

61. The use of the particle according to any one of claims
58 to 60, wherein the infection is caused by human papil-
lomavirus of type 6 or type 11.

62. A composition comprising the particle according to
any one of claims 1 to 57.

63. The composition according to claim 62 for expressing
the E6 antigen and the E7 antigen of human papillomavirus
in vivo or in vitro.

64. The composition according to claim 62 or 63 for use
as a medicament.

65. The composition according to claim 64 for inducing
an immune reaction against human papillomavirus.

66. The composition according to claim 64 or 65 for
preventing and/or treating infection with human papilloma-
virus.

67. The composition according to claim 64 or 65 for
preventing and/or treating a disease caused by infection with
human papillomavirus.

68. The composition according to claim 67, wherein the
disease caused by infection with human papillomavirus is
recurrent respiratory papillomatosis or condyloma acumina-
tum.

69. The composition according to any one of claims 66 to
68, wherein the infection is caused by human papillomavirus
of type 6 or type 11.

70. A method for expressing an E6 antigen and an E7
antigen of human papillomavirus in vitro, comprising intro-
ducing the composition according to claim 62 or 63 into
cells.

71. A method for expressing an E6 antigen and an E7
antigen of human papillomavirus in vivo, comprising
administering the composition according to any one of
claims 62 to 66 to a mammal.

72. A method for inducing an immune reaction against
human papillomavirus, comprising administering the com-
position according to claim 64 or 65 to a mammal.

73. A method for preventing and/or treating infection with
human papillomavirus, comprising administering the com-
position according to any one of claims 64 to 69 to a
mammal.
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