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WD 2007/ 100584 PCT/ US2007/ 004506 ANTI VI RAL AGENTS AND
VACCI NES AGAI NST | NFLUENZA Rel ated Applications This

weappl7wedsion cl ai ns the benefit of US Provi si oralr/us2007/004506
Application No. 60/774,923 5 filed February 16, 2006
which is hereby incorporated by reference inits
entirety. Field of the Invention The present invention
relates to the field of nol ecular biology. The present
i nvention discloses influenza virus proteins, rel ated
nucl eoti de sequences, and usage for immuni zation by
gene-based vacci nes and reconbi nant proteins. 10
Descr.i on of the Related Art The significant public
heal T PARALSGERNTS AN, VA GRINES/A GAINST ENFLAHRNZS
conpounded by the threat of energing virus strains.
Concerns exi st that avRaRiddhhp&A&Bns Vi rus (HBN 1),
endemic in ?oultr in Southeast Asia, may trigger a
pandBhPRRiGRtinn Faims thabenefit ofeUS) Proyisivel viplicatqr éhud 60/774,923

f nsed.influ

e TR 200 AT holtfy %B%eﬁfﬁfur%ﬁezrgmsae A saBres’
propagated in enbryondigmhﬂhhehﬁmnﬁmgs (i.

r),. Chiro

T T e e N—

invendbal- cﬁﬁﬁﬁﬁe@dnﬂhéd&ﬁ vitusepioadifg reltkddBRABYRL Sddinces, and usage for
del.i ver i ntranasal |y (Flun1st( ),

immOniEating ﬁé\&&@%‘?’ﬁ%‘é‘ vaggjgies andgecpmbHIaghpipteins.i caci ous,

these, vaccines densadrdRbiolBhataliahons! ve et hods

and |imted manufacturli fi 20 Pasteur, :

I ncrrheaﬁ@ﬂ’@ﬁ?ﬂmonum ﬁ@ahhllmpaat ef baflbeppraodu@hdgB virus infections is
HS5N 1 an i nfluenza. The.

comgggﬁzcgeld\/@ ﬁ\ eur 2 ng%e%g%guvdf“s%’?"ﬁr o@@ﬂcet"?ﬁ fist that avian influenza

virugwe HONtl QI ardetdd in podHy iV SbuhbarRr Ssif %ﬁ?fthgﬁ’é-sé BHhiden®® in humans
shoug gleev | d-wi.de web a 4 sanof i past eur. contf sanofi -
dGTys PYRIYT fungead Som Bumpnrie-humen: ribgequrieatly licensed influenza

vacc‘n'rlx’bs\faﬁli?xkle SnaiRated SRSt ted
28 ang=EN&codeRubr i qule Icgggcsad%rsgg%a %1 My Yt chicken eggs

(ie ,( lnzepg® c Sapefl Pesteps,  1po05 Fluvikip®ev @h;ronheﬁ@'poﬁatlon Flaurix™,
Gl aﬁ%‘)ﬁﬂéluﬁao ﬁﬁﬁgt ﬁl‘i(h at CJ]H eddga;ﬂ&g eP\tfxla %{tgﬁlﬁt?f lnf?lbegZﬁ u\ﬁlf)?lee delivered

product i on not
intrajnasdlth (ﬁb&nllst®,SM@hmhnm3Watenba; olmgi esWhiléehightle le@dRious, these

o B AL B O h3E T ke BB ! Bl . Sanor
Pastelir diod. eni:da@hjrm tCIrpblatien zae Amrﬁﬁfb@\éh@nmaeﬁbé{@@ Z«@cé‘ﬁé\élfor H5N1

st.rains (Protein SC| ences Corporation, on the
avx%?ﬁ%ewd The-pangfi Basteur, Inc. product has proven to be well-tolerated in 300

voluRfcetsel (Sﬁﬁbﬁn}i@s‘t"elﬁo%ﬁb% u§/oplgf\41 Rasgly - Li 1 LS L%:tel‘}r cgm/sanoﬁ-

€2005-2. pdf T cited June 14, . VIrosonges oF
Pa“%ﬁ‘{j%/ﬁ@’p?@?émapﬁgatmwl-b%thfagcma\rmueut i cal s)

kg3, el s ROBIBEELTS 32 (SR i D

15, Refpin, HowevanDRG0 7k 106684 Badér/SRa0 MQdhOfly available production

methodology cannot meet world-wide public health needs.

Several new technologies have undergone evaluation in hundreds of research
subjects in clinical studies, including protein subunit vaccines directed against Influenza A
and avian influenza H5NI strains (Protein Sciences Corporation, on the world-wide-web at
proteinsciences.com/aboutus/pdf/PhaseII—IIIresults—JuneZ005-2.pdf., cited June 14, 2005),
virosomes or lipid antigen-presenting systems (Solvay Pharmaceuticals) (de Bruijn, LA. et

al. 2005 Vaccine 23 (Suppl 1):S39-49), adenoviral vectored vaccines (Vaxin (Van Kampen,
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K.R et al. 2005 Vacci ne 23:1029-1036)) and an

epi dermal DNA vacci ne, coated onto gold beads and
wdebivesssd by the PowderJect device (Drape, R PCTAIS217/004506

2005 Vacci ne 24:4475- 4481 2005). O her technol ogy,

i ncl udi ng reconbi nant particul ate vaccines wth

i nfluenza proteins assenbled into virus-1like

particles, are in preclinical stages of evaluation

(Grard, 5 MP. et al. 2005 Vaccine 23:5708-5724).

A report of a February 2004 Wrld Health O gani zation
K.RIBE4l. RO0SIDESE5E 988826 %3@3%%? afno{%m fha P‘i\ﬂ,g v?l eflet: rc§”%ed onto gold

i nfl uenza vacci nes capab
beadsypch delivesed brighe P@migsbctt devitg (Drapt, RLJ P QDD OMECEhdIne 24:4475-

9 e nee partl ci pants. recommended
448F 20bSE ) OHet Hecheh i B i R B e e e P Pt influcnza
protpms(iissemlb:laﬂ idto dfustitd@Cyartitlds,f a8 tin @Péi:hhﬁ]aﬂ&ﬂaﬁ@sl ¥f EdhhYation (Girard,

MRl A0 Ve LR ARl i nf | Lena sty at et oo
( Casgepdrt of M ﬁbr@érydOO42‘@JQ>5ld\'ﬁ€£H‘ Byrgatridtion méé% um?erscored the

g(g oaI woul d be to _devel op a broader nore univ
need, breedrsprelawe ipfluenzst vaceigas nanabhepf ingdueinigribhgdastiag immune

respShéed| (‘@asséﬂ RREY ePhi (s D’erecnrtz% 93. 1%29 E%Z§b a%epftglggg}%jpamclpants

descri bes the devel opnent 0
recoppggmﬁ@ t@(lApbsmnda/ IPNGt- bamdbmhobgy athagings dEﬁfonstrated preclinical
HSNI ,

t enza. These vaccines tar
crn b G LR eUBb NI, B RRRIRRChSa bnd B s a an
altemieavg ttecbrtv@nﬁdmaa mﬂmua EtdteZied ECAREDRATE St 212800 E e 23:1529-
he DNA vacci nes ~express

ul ar
153 nt@% Eﬂﬁluwg (b%’ d&velﬁeéi epdstreee Ykprsy rocdne shat vomld protect

agaih§ifrhURpIRintiibEh @aths20 codon optini zed and/or contain
nodi fi cations to protease cl eavage sites of HA which

affect the nornal fWMteln They have

be t grent / .
ex g?‘éi gﬁ%h{lglgéﬁ g é i g S d é} ﬁBw Paf mCN%/ ﬁ?ﬁ‘&q P%/‘g{pYalé’g‘é‘Fﬁ gnd plasmid
DNA mmtéln beosttstraﬂa:gwe foemevaniinnefdnaderdfzar pri me boost
based on protein

pro Lg : %nélf’ g‘%@@?ﬁo%ﬁaﬁ%&?ﬁ‘ Ptasg| $ubtypes efsinflpenza and are

desxgmiddt@rblicﬁtl feRiralAhp QAtIBSAB, lak Zadll ARSIt Ble DNA vaccines
out CleavaeS|teStO assist in purlflcatlono

exPrngc HGW%IQF‘H@ e Pevvrlerpratesp &NP) miptsinsn from |lmﬂ1uenza which are
coddi¥ EptirHiRed and/Rf 56&511%6&?1@&%4‘5({5 p?&Eetlsreoc déav?ge Lipdd yqnza Which affect

epi demi cs, including avian Cross over
the Resmp) fapiont <rfeth§ spmem r Zhey bave been cumdtreead dnal diffetent CMV/R or

t he |nvent on i s designed to .
CM?ﬁeI{a? Q% %iﬂélgs% n C?%anac%d% {ra ﬁPWu&bs g)(pq' SHING HEdF%me inserts
havq[h@nemgmeereﬂéox:prﬁtae béﬂﬁtshefegedg‘oodl ment of this

t he HA pseudot yped | entiviral
X’{ 0@&??% Wg’as ag @aotfﬂ@ rredwiont pmpiasack ar mapmalian cells

usm@%lﬂbﬂ dhﬁ&ntﬂuﬂﬁitblﬁﬁk&uﬁpgoﬁlgm§ GHiREBr wh Bughllgg%%%tglt%s to assist in
therapeutic antivirals such as nonocl ona

pun@qﬁqosdzg jsueh profeins have been developed.

This invention provides a vaccine strategy for controlling influenza epidemics,
including avian flu, should it cross over to humans, the 1918 strain of flu, and seasonal flu
strains. In addition, the invention is designed to lead to a combination vaccine to provide a
broadly protective vaccine.

Another embodiment of this invention is the work with HA pseudotyped lentiviral
vectors which would be used to screen for neutralizing antibodies in patients and to screen

for diagnostic and therapeutic antivirals such as monoclonal antibodies.
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WD 2007/ 100584 PCT/ US2007/ 004506 Brief Description of
the Drawi ngs Figure 1. Schematic di agram and nucl ei c

weacid/iseguence of VRC. 9123. Figure 2. SchemaPCT/US2007/004506

di agram and nucl eic acid sequence of VRC 7702. Figure
3. Schematic diagram and nucl eic acid sequence of VRC
7703. 5 Figure 4. Schematic diagram and nucleic acid
sequence of VRC 7704. Figure 5. Schematic di agram and
nucl ei ¢ acid sequence of VRC 7705. Figure 6.
Schemati c di agram and nucl ei ¢ aci d sequence of VRC
7706. Figure 7. HolvfiRkérdptitinagfitheandiudcl ei c acid

sequenc f, VRC. 7707. Figure 8. Schematic di agram and
nuclel'& agF‘&e‘gRgh&fgﬁ%rém&"d\mefeﬁesd SEELImCE OF YRS 0125,
Sc Pt 2¢ Sehagitaraiandn el Rickidstid sSURBCE VAic YR%.

7712. Figure 10. Schematic di agram and nucleic acid
sefiBHed- deheprgticrdiagram amdguickeid acid Sedpesmee iof VIR@G7aIN

angk; lset ' f.VRC.7714. Fi e

SehiueE e G At MERANER ool iid Seiimatiof VB 2.

77 Figure i §ohemdR: diSgrhenmid imcthia geid veqitshc8 UE VR EC 7205.d

se uenc? $H1VR9'Z§16' 15 Figyte 14. Schematic di agram

and ‘U8 PeP el dagramand prlaigecid pequenceph YRE 7806.

Sc et i7c S chagirdiagemuiel Ricfeidtid sSERE6E VRic YRS
ure 16. Schematic di agram and nucleic acid

77]18. E €
schifmes gfhwécvd?q@?m rdgineleia eid seareange o€ VERGFTeEN
an@igi#6 bekehasdtd dsHHAHNR 13 §c4i§ 'sg%ll:éngg N V]t%} %?3%25 0

Schemati ¢ di agram and nucl ei ¢ aci quence 0
20 Frguged 8- Schenstisatiagrin adilagckic zoid saypched of ¥&IA7713.

se 0 2. Flagure 20 .Schematic di m and
ud HERE 1 St RE dingt e aiiei Sl Hiushog o RRATHAN
di Higraent 2AnSchencitieidiagiainting eguRRER:i@beRabSof VRO 1S
22 .Sch? i.C diag{an1and nucl ei ¢ .aci d sequence of

53 5ERIC gf%ﬂ}e@agg_ 128 pE AR PRCi GG AP RIsaCHOE VRIGCT HS: d

SeqURAE @4 08 cIRAREB diRRarhidH rn%cl%igf: acgéli gﬁo{{gh%?ﬁ'{ég%f #fp-and

nucl ei c_acid sequence of 53359. emati c
di Higuaen! Andchematieidiagnan dnd eydeircaidbed8B6d of VRIQYITIS.

26g; ' e=To s nd.nucl ei c.aci d sequ

O T e B B NSl G o PP BT HS:

seljupme &7 03 clisBRfi¢ diagrargune nd8leicSehe Bafuescdlbasyam and

nu [ cl d seguence of 53365, 30 Figure 29.

Sc:ﬁg?%‘% ! g %“S‘aea‘raﬁﬁ]%éﬂ%mﬂﬁe gPelegacd sehgaccel 313583367.

Fi Higuee 39. Sdehane didprah aga amtianthdid sdRichic6H Sh3%99uence
re 31. Schematic diagram and nucleic

of ..5332 Fi gu : ( )
acl ’c?u§‘égﬁ':e$f3‘§’g”§f‘°§§§2"2? angpyeleic & sepigperef T33dBagr am
anHighe€ b &1 Schfiaflc IEHHWEAGRd BlicRR345% sequence of 53355.

Figure 22. Schematic diagram and nucleic acid sequence of 53356.

Figure 23. Schematic diagram and nucleic acid sequence of 53358.
Figure 24. Schematic diagram and nucleic acid sequence of 53359,
Figure 25. Schematic diagram and nucleic acid sequence of 53361.
Figure 26. Schematic diagram and nucleic acid sequence of 53362.
Figure 27. Schematic diagram and nucleic acid sequence of 53364.
Figure 28. Schematic diagram and nucleic acid sequence of 53365.
Figure 29. Schematic diagram and nucleic acid sequence of 53367.
Figure 30. Schematic diagram and nucleic acid sequence of 53320.
Figure 31. Schematic diagram and nucleic acid sequence of 53322.

Figure 32. Schematic diagram and nucleic acid sequence of 53325.
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-3 WD 2007/ 100584 PCT/ US2007/ 004506 Figure 33.
Schemati ¢ di agram and nucl ei ¢ acid sequence of 53326.

woi2gurie0s84. Schemati ¢ di agram and nucl ei ¢ aci dPEEMSENCO04506

of 53328. Figure 35. Schematic di agram and nucl ei c
aci d sequence of 53331. Figure 36. Schematic di agram
and nucl eic acid sequence of 53332. 5 Figure 37.
Schemati ¢ di agram and nucl ei ¢ aci d sequence of 53334.
Fi gure 38. Schematic di agram and nucl eic acid sequence
of 53335. Figure 39. Schematic diagram and nucl eic
acifigeediie Scherohti&3iagmm arfd Gubl€c46id ssghenmtdrs3dhegr am

nucl.ej i d.se f 53337. Fi a1,
i RN R WM ST L S
10 FigGte' 3. $2hersahieimbiam SiAMANL aRG &Hﬁér?dg%f%@kﬁjl.

sequence of 53340. Figure 43. Schematic diagraman
nucgve 3 Sghyagicdiasrapt asB98teic afidpegeents.of S3R3MEL i C

di | §:.AG] f 53367. Lgure
45 B P R 0B RETEE Bo s 00t
535308ure 38. §ohemdtic disghenaid mudkiageidnsegichcawElsesss.aci d
se nce, 0 3510. .15 Figure 47. Schematic di agram and
T EIE 392 PR Bt Shmkdc apiganuenes of SaRdamt | ¢
di agpasandchetthel GiagahfaRBAlene %ci‘&fs_eglﬂ’éﬁ%'of skegpre

49. Schemati c di agram and nucl ei ¢ aci d sequence of

5458gure 4 §ehemaltys disgmnennd ruclitio geidreeancherwé158838.aci d
seqy 0 o E . I ¢ di and
o] Sz BORGIA dala i e SRR i A9,
ScHégwei43. Schenatin dagramuaidencleic hcidsequanre o 68953956.
Fi . tkc diagram and nycl ei ¢ aci d_sequence
of kB SEOSIR 4 el AR P e heneR e a0 el o
aciRigwedife 8 ckerndti GBGEm ank @idtdc 36id sSehaIBlIFS3 Shagr am

an .nucl4§i g aci d. sequence of 53329. i gure 56.
scHARHEF40- arigiratin diagramandaiicleie peidsegurnse of 535 BB330.
25 Hiingru. SdhersahanBiiaf MAGAR, 300 SUELREG 36!
sequence of 53331. Figure 58. Sgﬁer?awg gi agr%%’ and
nudRBHTE 43 Pehagpifisediegranf ang380Bic adidgaquensd of SéHEhat i ¢
di agg,amand ﬁgﬁgitfc' . acid sequence of 51490. . Figure
60. Schematic di ag(?l%%gglnad%nng]g Feé? %c'géf‘%ueg‘ga QEREW %
5149gure 5pi §ehenbik. diSphenmiditiclbiagéid ReqitshcB e b 856, aci d
se enrc% o% 51492. ..30 Fia%ér e 62. Schematic di a%r am and
nucl @1 ¢ e gleé%ﬁlfeqﬁ%a@f Tsteic ag gequengs of Sthihmt i c
di ggamsanschvedtr da@einthnrIGHRAC Seileiched of sToQUT €
64..Schematic di agram and nucl eic acid sequence of
511? ire 53. Schematic diagram and nucleic acid sequence of 53957.

Figure 54. Schematic diagram and nucleic acid sequence of 53967.

Figure 55. Schematic diagram and nucleic acid sequence of 53329.

Figure 56. Schematic diagram and nucleic acid sequence of 53330.

Figure 57. Schematic diagram and nucleic acid sequence of 53331.

Figure 58. Schematic diagram and nucleic acid sequence of 53503.

Figure 59. Schematic diagram and nucleic acid sequence of 51490.

Figure 60. Schematic diagram and nucleic acid sequence of 51491.

Figure 61. Schematic diagram and nucleic acid sequence of 51492.

Figure 62. Schematic diagram and nucleic acid sequence of 51493.

Figure 63. Schematic diagram and nucleic acid sequence of 51494,

Figure 64. Schematic diagram and nucleic acid sequence of 51495,

Figure 65. Schematic diagram and nucleic acid sequence of 51497.
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Fi gure 65. Schematic di agram and nucleic acid sequence
of 51497. -4 WD 2007/ 100584 PCT/ US2007/ 004506 Figure

w6@o0780088mat i ¢ di agram and nucl ei ¢ aci d sequeneeTmi2007/004506

51498. Figure 67. Schematic di agram and nucleic acid
sequence of 51499. Figure 68. Schematic di agram and
nucl ei ¢ aci d sequence of 51804. Figure 69. Schematic
di agram and nucl eic acid sequence of 51805. 5 Figure
70. Schematic di agram and nucl ei ¢ aci d sequence of
51803. Figure 71. Schematic diagram and nucleic acid

s eqligure 6608 cHirddidle. diagrafiling nfikleiSed8 RBtncebagi 498 and
nu?'el c acid sequence of 53336. Figure 73. Schenatic
di

GFHRPAnTChFRAtis Gagiampndanglaie acid fe@sngy of SHYUr e

74 ifenthtRGH L 6.8 f
53500 10 B it 6 raeea B fl AR

acifdgwe §lebehenuticsiggam anginpelaic 76d sSpireradt 61&05gr am

ang.: [ i.d. sequence ,of 53323. Fi qure..
SoTAE YS! Lol RIMER RIS 0 sednebt B Sfsass544.
Fi Fuguwre 78. SSehenitdisgrdinagianchicadd ctQicacasF 93 seRuence

of F5334 Fi %galri.e 79. Scherrat'k{;ﬁdi agram and nucl ei c

aci &#‘Esgaeﬁ?!’é icghiagram apg nucleig acid sequsare /R 336.
di mg@ama.nsicmtﬁi(ﬁagﬁindana%%?eﬁk?&i&%e(gfeéééofsfisgﬁ; e

81. Schematic di agram and nucl ei ¢ aci equence o
53%tgire 7 Sehemagiz disgrhmrmadimcliaarid se@rdca ot 535@5. aci d
Segyan aiadel QUI .Schenmat i c di and
nucl e g?g{ﬁc g%gﬁedﬁ%éh%% n@g@%he_xc a?&ﬁﬁ?‘?”ﬁﬁf)?%ﬁﬁgﬂat ic
di &gguaren/anSchencitiei dagremthndagieRiC scio keidn02 of 39343, gur e
85..:Sc i,c_di.agy.am and .nuc] ei c .aci d sequence of
5356%{r992?%ﬂ}egla§g%gﬁlgmir@c %@?imwmemﬁw- aci d
sedigire @8 05 cHedbitid . diadrb@Wing rdéleickdi8 B8 iencd bags 4y, and
Lei c §$$3ﬁsequence of 53511. Figure 88. Schematic

nu ) . F

di ?@%‘Hﬁ? atisidiagiamand egleicecid feBrBeRof 533Gur e
e el Pl © I of

Sab e ST Hendh R P ARAMCICR! i B SL I AEEBERERSY

acFigwse §liebrhematicsdgzan anBingutetc &dd sGphanabt §33H6agr am

ang: i i d sequence ,of 54673 Fi gure ,
e EiE B8 SRl e SR TR0 BRI sestisie o 513584675,
Fi figee 83. Schehewiatdidprathagt ancrRitadid séfichc@6F s s1g9UENcCe

of 54678, . Figure 94. Schematjc diagram and nucleic
act Y% gﬁ-e%%g%‘f‘céh@f@?ﬁ agd npelsin eFid sequsnpR AR} 202

di EghREBENSLHRH ki8I dGa@shGng %gel%fk%i&’ﬁecg:%ﬁ@@ofsﬂc%‘.” e

96.  Schemati c di agram and nucl eic acid sequence of

53Efpre 86. Schematic diagram and nucleic acid sequence of 53508.
Figure 87. Schematic diagram and nucleic acid sequence of 53511,
Figure 88. Schematic diagram and nucleic acid sequence of 53512.
Figure 89. Schematic diagram and nucleic acid sequence of 54671.
Figure 90. Schematic diagram and nucleic acid sequence of 54672.
Figure 91. Schematic diagram and nucleic acid sequence of 54673.
Figure 92. Schematic diagram and nucleic acid sequence of 54675.
Figure 93. Schematic diagram and nucleic acid sequence of 54678.
Figure 94. Schematic diagram and nucleic acid sequence of 54679.
Figure 95. Schematic diagram and nucleic acid sequence of 53500.
Figure 96. Schematic diagram and nucleic acid sequence of 535009,
Figure 97. Schematic diagram and nucleic acid sequence of 53513,

Figure 98. Schematic diagram and nucleic acid sequence of 53514.
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Figure 97. Schematic di agram and nucl eic acid sequence
of 53513. Figure 98. Schematic diagram and nucleic

weacia/iseguence of 53514. -5 WD 2007/ 100584 PCT/US2007/004506

PCT/ US2007/ 004506 Fi gure 99. Schematic di agram and
nucl ei c acid sequence of 56382. Figure 100. Schematic
di agram and nucl ei c acid sequence of 54580. Figure
101. Schematic di agram and nucl eic acid sequence of
54581. Figure 102. Schematic diagram and nucleic acid
sequence of 54582. 5 Figure 103. Schematic di agram and

nudfigine 99C Beh&RALATaSraf aRfB&3eic aBlddeLGonk@f se58EMRL i C
di gglr am and _nucl ei c_aci d sequence of 54680. Figure
105.

ggedfabshempticsHagrmmndminslais acidsequancg 0B AEE8MF
54 - 1 5. i i ¢ diagr. d i i d
e 1010500 0 T BT A Loty 20

sequence of 54682. Ia "and
nucdiiguis 182 Scheompientizgrain HatRleid Aciffisgyuichcd 6854582,

Sc 1:6:0dkadram and nucl ei ¢ aci d .sequence qof 54564.
D ARl s S R e i il SPaebes of 4555
sedligwed 08f SGwhfiflic dikgraty MdlkRiciSahiaRBhidncebRgagD. and
nucgl.ei C_I@gl sequengce of 94566, Fl,gure 111 .
ScHeREi 12~ ar APaic ireramand niucleic acid searsnee 0b 546346 70.

Fi Qe 1D62S cHeaneRi Al AQT AUEL Rinfe A6
se ugﬁge of C54676. 15@&?19&396@%11%{?‘9%2% lf‘étn?%aglsg%srzam

and 1&eI18Y cSdemptissippameanginiE ki 7cid sequynce ofl 34563.

Schepati 9gdé 0.3 cl i ci d.seguence 957.

R e S R R S

se g’uglmd 08f SGwebiblic didgramrandiilGleiSadie Requcncebagssen. and
Fi.gure 117. Schematic

nugd. el id,sequence of 54671, .

di gﬂd ht 136 SR A Sty as;lédwel?e%afa segsAoe OB PA M6 ur e
11&Fige He 0BS dhenthiia GF AfuRthd Hiel §d Soid Gl f
543:715. Fi gsure 11%9. @é%qu]ermti c di a&lgﬁﬁrﬁsﬂgg?ﬁf]gpaci d
se f

uBHEd 1 ofSdepngc diggramrand ypolei Sedid requencal B and
NUQ; &iE 1861 g . Fi.gure 121. matic
di a l%Lgmland #S?Ilg?? ‘;é;gg% agl gg’é‘gﬁé%@é? g%%?@%‘? of idure
12 ¥1gwe f dfretdhemgtia giagramraad mucledi acideéqgheneso s 70f

56 i . . Schenmatic.di agram and cleic
ac %gdé’ é‘ééﬁ%ﬁ%‘g’go tléé am af—'gad‘blfgmlfd‘? Seéﬁ‘ﬁ@ﬁ"a??g“%ioagr am
andigire ! €6.c3cheirdtis dipgennendinubli/id séjueHESoASR71.

nd nucl eic acid sequence of VRC

Sc%em:}gi&? S’l}.cggramc% ugiel '
77005 & ohc dggramant augleryraidremeneref #&d2aci d
seqigie @19fSHBRaté Hhorarhiag', aci PEORERAL |38r am
an% nucl ei c Caci g sequgg;lceal ofn@{:/}ll-%g:c a%cgg SOEéngfg%ir@glz&
Sc

it il £5-dichigmatic dineram endingcledd abid eqpuenceoDi467RC

77 $8%ure 120. Schematic diagram and nucleic acid sequence of 54679.
Figure 121. Schematic diagram and nucleic acid sequence of 56383.
Figure 122. Schematic diagram and nucleic acid sequence of 56384.
Figure 123. Schematic diagram and nucleic acid sequence of 56478.
Figure 124. Schematic diagram and nucleic acid sequence of 56479.
Figure 125. Schematic diagram and nucleic acid sequence of VRC 7700.
Figure 126. Schematic diagram and nucleic acid sequence of VRC 7710.
Figure 127. Schematic diagram and nucleic acid sequence of VRC 7720.
Figure 128. Schematic diagram and nucleic acid sequence of VRC 7730.
Figure 129. Schematic diagram and nucleic acid sequence of VRC 7731.
Figure 130. Schematic diagram and nucleic acid sequence of VRC 7732.
Figure 131. Schematic diagram and nucleic acid sequence of VRC 7733.
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Figure 129. Schematic di agram and nucleic acid

sequence of VRC 7731. Figure 130. Schematic di agram
wand7meeisei c aci d sequence of VRC 7732. Fi gur eCt@%2007/004506

Schemati c di agram and nucl ei ¢ aci d sequence of VRC

7733. -6 WO 2007/100584 PCT/ US2007/ 004506 Figure

132. Schenmatic di agram and nucl ei ¢ aci d sequence of

VRC 7734. Figure 133. Schematic di agram and nucl ei c

aci d sequence of VRC 7735. Figure 134. Schematic

di agram and nucl eic acid sequence of VRC 7742. Figure

135F1g3m1h’ﬂa6|cherdatagdxagnaaﬂﬁk?]mhmdlab@gﬂ@eénéﬁ@%gm@c |<7f734
VRG..7721 Figure 136. Schematic di agram and nucl eic
atF:{lclél1 seq{?gnégﬁ%’f’ t\?ﬁéﬂﬁmm d prleicacirquench of MR G 7735.

di apigars B Sehth&iCdiasiath SEAHENGE affd s‘ééﬁn%@ vrE! 795 ©

138, Schemati c di agram and nucl eic acid sequence o
VRA g1 35. ﬁF‘@Q&Ffélcl‘ngfa&Mmqlmc@mdgseamrm:n«bfmm airzl.

aci g SRAUYNS 6 ure 140 Sche
di agrggm and glb acat?é?gg%r %%dq]ﬂuen? S\?ﬁi@“f?&%ﬂ“-

F| gthgarel VBT, SSQﬂmtﬂidlaglﬂnﬁg{cBﬂm@ﬂd abldGegidhca ok YRC 7744.
gl'—*%ﬂ el3%f 8\4é t74 Fi e 142. Schematic dlkﬁgram
U8 &% SEptis s n%??@gequqchef ¥R 3745.

SChlélg’atel mwsaggrﬁdﬁoaﬁd%raﬂ%&l SudGit deidSONERE RS,
773%.gH Ff'z%?rse 144, Schematic di agr(a:\lm aﬁ‘g&ngg?gl{c ac?’éd

Of Seheaipgbagran gnd ruclels acigshewrace of ¥R 724,
andrigufd 11 SatdnchtRef ﬁlearﬁ’f nfie ézlﬁ%eq\}e%ce b %’?4?8

Schemati c di agram an ucI el c acl ence of
7 750 gureridgy Pebemgttic Begremearidcnwdiaig aamsambnﬂe of ¥RC agdgl

af g 5 48. h t d
?{ uclelel c %‘cfél(f}'daaé ncefg] (o ??g%eg‘%?égfﬁ%g?)”l
SC HEgattei 1@4ds&@nmmamgrmcarﬂ ruchéié dma@ad,@ae@opim\@%sz
775}8 4gu§%ﬁ€‘ 50. Schematic di agram and nucl ei ¢ acid
sedUBHEL Yo ajieslasrony andqcleiq sad spqueare ARVIRE 7753.
di aypaee 19k S&}féni?attl"cléﬁ Zgléﬁ £l ﬁd&?ex# Q&hg?@éﬁc&ﬁvﬁz‘&??nz;

particle. gure 15 D agram o enza

herﬁsléb‘]el}ﬁﬂ n$¢he(rmyz dirgyemwi and rictpic acid anueﬁbangRICO??SS
f N t |
| o a8 S LR B Fl el kit B O KRon 13
NLfSElgt(ISE@QJ &H\i@atlt&«ﬂagéarﬁl @dﬁ@cﬂé&am%&ﬁfeﬁﬂé 8f VRC 7758.
In eu m.nl gase roteln ure
éJ g‘%é‘é?ﬁ?ﬁq‘o a?‘ﬁﬂ“’t%?f?a?“ %‘E leys apid ??ﬂueppaaf‘égg’é;?w

Ex 160. Afscivdnmial
[ﬁlgﬁSI scivdnfidtic di'égraxﬁi\%g ?)etstflsﬁgtglée( %gakrﬁlggg ;\5%)31;3 particle.

918)%5@’ %@@QPlb'?meh&M)henmg@umm g1A) prateinal  and
Eﬁllfl%uargg Sgg‘tl?iggaﬁle 8P M¥PSehizh A ]x%igeobFHt!ﬂHem ciieSional nuclear
localization signal (NLS), (SEQ ID NO: 183), bipartite NLS, (SEQ ID NO: 184).
Figure 154. Diagram of influenza A neuraminidase {NA) protein.

Figure 155. Diagram of influenza A M2 protein.
Figure 156. Expression of viral HAs; wild type, (SEQ ID NO: 151), H1(1918)ACS
(SEQ ID NO: 152), H5APS (SEQ ID NO: 153), and H5APS2 (SEQ ID NO: 154).

Figure 157. Humoral and cellular immune responses to 1918 influenza HA after
DNA vaccination.

Figure 158. Immune protection conferred against lethal challenge of 1918 influenza
and lack of T cell dependence.

Fig. 159. Immune mechanism of protection showing dependence on Ig.

Figure 160. Development of HA-pseudotyped lentiviral vectors.
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15

20

30 Figure 158. |Inmune protection conferred agai nst

| ethal challenge of 1918 influenza and |lack of T cel
wdependessee. Fig. 159. | mune nechani sm of pr oPeTHISBW7/004506

show ng dependence on Ig. Figure 160. Devel opnent of

HA- pseudot yped |l entiviral vectors. -7 WO 2007/100584

PCT/ US2007/ 004506 Figure 161. VRC 7720:

CWI/ R(8Kb) I nfl uenza H5( A/ Thai | and/ 1( KAN- 1)/ 2004)

HA h, (SEQ ID NO. 161). Figure 162. VRC 7721:

CW/ R(8KB) I nfl uenza H5( A/ Thai | and/ 1( KAN-1)/2004) HA

nutPghre (SEQVRIT NOI201 62 V/R (S Uifuch63 . HRETRL 1)/
%&f% nza A/ New Cél e!gonl al 20/ 9%<( HI Nll)i)a%\(/?»{](KAN 1/2004)
&/@2 1 S Fi gure 164. VRC 7723 (VRC 7727):
CM# #Kipsp.n Al
(R R R oy v e el JatA Hhioti an-1)r2000
HAm#tM@r(S&lemm h62)3/ 03 (H3N2)wt, (SEQ 10 ID NO
16 r 5 (VRC.7729): CWIR 8iB
Im?l?l enzgé{)’A/%ﬂ}é‘g%%g%ﬁ ‘é%@u%? A{NepEaedain@0/99(HINT) wt,

(SELQBH) NGi ge3)e 167. Sequence alignment of CW/R and
CWI/ R 81cB Pronoters. Figure 168. Am no acid sequence
al ifjawEnt 16 WRC770R3antVREC T720): | GMVIRS. 8kB FirgleBza A/New

c anal ysis of 145
Calée(%?/nasf%%?@%ﬁh@%ﬂg{ algéﬁ%y(fig) res pgnlses of P
i T poekh STIVRG 7?2@LEMWK08KIEWQHMZQtA/W}LdﬂﬁthB?Oso{H3N2)wt (SEQ

y responses in mce vaccinated with wl
1D I%EMI% br CWI/ R 8KcB pl asm d DNA expressing H 'V gpl 45

Ml Qedrelids. VRR! 9955 @ HETMIONY Ve hBLLs A/wyoming/3/03

I nfl uenza challenge in mce 20 vac
(H3](§R’Rlﬂﬂt81<®1%ﬂlal§d’ﬂ@ D&B).vect or expressi ng H5

L{%zné Fle‘%re 172. .Schemati c di agr am of
pseu GEy BéuS TRRPESA M enE S5 MY /B aad MV IR 8y Promoters.
200 1k0BBIARGIS b5 ABAIAIOE afEBorn St yr VRE WD and YHC Pr80 inserts.

00D ONMd- t2 -0 -1
n ARgure 169 Intgeg]wlanfinwieytpinetic analysis- ofNeMI4G -envrspecilic CD4+ and

CDE+ TR reBobsdd ¢t ifnfhd itz n &Y, © M cn ap o0

Figure 170. End-point dilutions of antibody responses in mice vaccinated with wild-
type CMV/R or CMV/R 8kB plasmid DNA expressing HIV gp145.

Figure 171. Protective immunity to lethal H5N1 Influenza challenge in mice
vaccinated with a CMV/R 8xB plasmid DNA vector expressing H5 Hemagglutinin.

Figure 172. Schematic diagram of pseudotyped lentiviral reporter assay.
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cu Vn .
seralogically- ‘yaﬁned antigenic subtypes of the hemagglutinin (HA) and neuraminidase

(NA) major surface glycoproteins (WHO Memorandum 1980 Bull WHO 58:585-591). The
nomenclature meets the requirement for a simple system that can be used by all countries
and it has been in effect since 1980. It is based on data derived from double
tmmunodiffusion (DID) reactions involving hemagglutinin and neuraminidase antigens.

Double immunodiffusion (DID) tests are performed as described previously (Schild,
GC et al. 1980 Arch Virol 63:171-184). Briefly, tests are carried out in agarose gels (HGT
agarose, 1% phosphate-buffered saline, pH 7.2 containing 0.01 percent sodium azide).
Preparations of purified virus particles containing 5-15 mg virus protein per ml (or an HA
titer with chick erythrocytes of 10°°-10%3 hemagglutinin units ;;er 0.25 ml) are added in 5-
10 pl volumes to wells in the gel. The virus particles are disrupted in the wells by the
addition of sarcosyl detergent NL97, 1 percent final concentration). The precipitin
reactions are either photographed without staining or, the gels are dried and stained with
Coomassie Brilliant Blue.

The DID test, when performed using hyperimmune sera specific to one or other of
the antigens, provides a valuable method for comparing antigenic relationships.
Similarities between antigens are detected as lines of common precipitin, whereas the
existence of variation between antigens is revealed by spurs of precipitin when different
antigens are permitted to diffuse radically inwards toward a single serum. Based on the
results of DID tests on influenza A viruses from all species, the H antigens can be grouped
into 16 subtypes as indicated in Table 2).
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Talge 2. Mangglotinlin\sulitypés bDinfluen¥a A virudeKisola@d ﬁorﬁ\I hu@hans, lower
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UUUUuU 555 - U0U0US S 2 SBELieD0f bt pio84 -

SUolypes20Q7/ OQdpURs DT al T8, [ESCT Pt T O R The Birds
H1*r et erred gAY Ment [/A3./45/30 - Dk/AIb/35/76
H2 Sing/1/57 - - Dk/Ger/1215/73
H3 HK/1/68 Sw/Taiwan/70 Eq/Miami/1/63 | Dk/Ukr/1/63
H4 - - - Dk/Cz/56
HS5 - - - Term/S.A./61
Ho6 - - - Ty/Mass/3740/65
H7 - - Eq/Prague/1/56 | FPV/Dutch/27
H8 - - - Ty/Ont/6118/68
H9 - - - Ty/Wis/1/66
H10 - - - Ck/Ger/N/49
Hi1t - - - Dk/Eng/56
Hi2 - - - Dk/Alb/60/76
H13 - - - Gull/MD/704/77
Hil4 - - - Dk/Gurjev/263/82
H15 - - - Dk/Austral/3431/83
H16 - - - A/Black-headed

Gull/Sweden/5/99

*The reference strains of influenza viruses, or the first isolates from that species, are
presented.

Current subtype designation. From WHO Memorandum 1980 Bull WHO 58:585-591.

The influenza A genome consists of eight single-stranded negative-sense RNA
molecules (Figure 151). Three types of integral membrane protein -hemagglutinin (HA),
neuraminidase (NA), and small amounts of the M2 ion channel protein-are inserted through
the lipid bilayer of the viral membrane. The virion matrix protein M1 is thought to underlie
the lipid bilayer but also to interact with the helical ribonucleoproteins (RNPs). Within the
envelope are eight segments of single-stranded genome RNA (ranging from 2341 to 890
nucleotides) contained in the form of an RNP. Associated with the RNPs are small
amounts of the transcriptase complex, consisting of the proteins PB1, PB2, and PA. The
coding assignments of the eight RNA segments are also illustrated in Fig. 151.

Antigenic Shift and Drift

The segmentation of the influenza A genome facilitates reassortment among strains,
when two or more strains infect the same cell. Reassortment can yield major genetic
changes, referred to as antigenic shifts. In contrast, antigenic drift is the accumulation of
viral strains with minor genetic changes, mainly amino acid substitutions in the HA and NA

proteins. Influenza A nucleic acid replication by the virus-encoded RNA-dependent RNA

-16-




10

15

20

25

30

Influenza A Influenza A is an envel oped negative
single-stranded RNA virus that infects a wwde 5 range
woho@vioess4 and manmal i an speci es. The i nf | uenzaP&1/US2007/004506
viruses are classified into serologically-defined
antigeni c subtypes of the hemagglutinin (HA) and
neur am ni dase (NA) mmjor surface gl ycoproteins (WHO
Menor andum 1980 Bul | WHO 58: 585-591). The
nonmencl ature neets the requirenment for a sinple system
that can be used by all countries and it has been in
polphémse ceinplea it 38Ativély erdriproes] 208 tHakH AR el ohs f1/10* bases per
re lﬁgaxjg)l e )(11:? [ mnglgogiffusi on (DID) reactions involving o
PRENSE PR Pnih B KNAUESHATS 48 dhariprige rrourcepefigenetic variation for
antiigemuedi.f fusion (DID) tests are performed as descri bed
previously (Schild, GC et al. 1980 Arch Virol
63: Setqctigufavomsrhuananyinfluesza Aasteinawithehtiguticidrfagal sk involving
% phosphat e- buffered, saling,. pH .
the 964 Snd NA or 35 BaGmsd L ERIATS, As ¢ fLste ontealizind dntibody from
prioPrinfestian ioorvecohatipur | Thetkeldctiv alidisi it Seiafidtiah rhiziﬂgﬁ new subtype
. Vi rus protei r .(or an HA 15 titer with
Cohif bR s e St Qs furltfs Anidsle e coyspatess f thmasor influensa
A ppaderlicRSnrthy tee@icll deskuiry) Belulthd 1ol HRER 19 (‘Q?)h:l]ﬁh 'fh), the 1957
H.’z]&gf gel. The virus particles are disrupted in e
frsiapflu) grd the lH68 B3NS (Hene Kong flpemthrgaest AifsEpicldrift accounts
for RS SROA Adtha i | pidin .
reacti ons tgkr%eOfgﬁ?%g?&gﬁ%t ggélg%%ggla%{sﬁ ﬁ% B?dt"%‘f%FﬁCﬁ&Y gf influenza A
vac¢iRaliQye|vehigh is biased dn amdtralizing edtivedyh Fofa pagiais subtype, if the amino
- BLL ] 0 The DID.test,. when perfornmed using
ocidbedtch 0ot T 314 gl 1ot it kg Res gt matef that encountered
duriagtthgyepidemiz; amitebely reualizaidnaniebbarrhegveonpari ng
H ant il enic.relationships. Simlarities between
N 73 agﬂg‘ 4re detected as |ines of common precipitin,

Whe 838 ehftfled Dl SiARRe RINA %619&19”&%\6%\’}5?&]}/@5‘ i i attachment to

IS reveal ed by spurs of precipitin e er en
termypgl; geli agif aepidpen on bdst celldghkopetaind o lygolipddar dsfter viral entry

it l - gk ' S on 25 result f DD .

ol G080 SRR SES00151 6023 SR Tl o it

cell gnembems, waichbesgitoipable intrdcellbbr SulehyePes tas vidih 63li&ds. HA is
tn. e 2)r. -15 VWO 07/100584 PCT/ US2007/ 004506

syoth g P Pt i P Ot e TER PR bl s omayTimsean the vira

surfaceo| "BlieeH Aly 'ppeduRsoTas sleal €1'BY holeTBRhsesaRd &gi&%ilds%%ghﬁé residue to

of on Ena Sﬁgéype Humans Swi ne Horses Bir
creabyvg sepurils, \[Han gped dlAq, pyhish arg msswiated bgjansingls7disulfide bond (Fig.

> nt 536 i c1nE/M i/1/63
lszjgk«*flgﬁgel&}?%%%/&%mt 1'5'341'1#%{( f/@iégﬁgfglﬁbé"ﬁ&é £3n! am

A is a critical determinant of the pathogenicity of avian influenza viruses, with a
clear link between HA cleavability and virulence. The HA proteins of highly pathogenic
HS5 and H7 viruses contain multiple basic amino acid residues at the cleavage sites which
are recognized by ubiquitous proteases, furin and PC6. For this reason, these viruses can
cause systemic infections in poultry. Two groups of proteases are responsible for HA
cleavage. The first group recognizes a single arginine and cleaves all HAs. Members of
this group include plasmin, blood-clotting factor X-like proteases, tryptase Clara,
miniplasmin, and bacterial proteases. The second group of proteases that cleaves HA
proteins comprises the ubiquitous intracellular subtilisin-related endoproteases furin and
PC6. These enzymes are calcium dependent, have an acidic pH optimum, and are located

in the Golgi and/or trans-Golgi network.
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perThe major viral protein jn the ribonucleoprotein complex is the NP, which coats the

RNA. A schematic representation of the influenza A NP is shown in Fig. 153. The relative
positions of the nuclear localization signals (NLS) are indicated, and the amino acids
critical for activity are shown in bold type. Additional NLS have been postulated.
Investigators proposed that an NLS is located between amino acids 320 and 400 and that
NP may contain a conformational NLS.
Neuraminidase

NA is encoded on a separate RNA molecule. A schematic representation of the
influenza A NA protein is shown in Fig. 154. NA cleaves terminal sialic acid residues of
influenza A cellular receptors and is involved in the release and spread of mature virions. It
may also contribute to initial viral entry. NA is the target of inhibitor drugs such as
oseltamivir and zanamivir.
M2 Protein

A single RNA segment encodes two matrix proteins, M1 and M2, which are

generated by mRNA splicing. M1 is entirely internal and located immediately below the
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HA and stabilize the protein by linking HA1 covalently to HA2. These deletions were
introduced into full-length and COOH-terminal truncation mutants.

The ability of these influenza proteins to elicit an immune response was determined
in mice by injection with these plasmid DNA expression vectors. Antibody responses were

monitored by the microneutralization assay and viral psendotype assay.
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The mature HA forns honotriners. The crystall ographic

study of HA revealed the nmajor features of the triner
webkoarciesse: (a) a long fibrous stemthat is corpTiUSem7/004506

of a triple- stranded coiled coil of a-helices derived

fromthe three HA2 parts of the nolecule, and (b) the

gl obul ar head, which is also conprised of three

i dentical domai ns whose sequences are 5 derived from

the HAL portions of the three nononers.

A igonerization Mtifs Several exogenous

ol i Jondeteuainowhatiet f thedit\odiBeRion Chsdely | @I . responses,
of sol ubl e reconbi nant

bl
va C%‘rngpgt e. maﬁs%‘é e trl <{T§{5§n riBCEpssyaantige-BRA%ie £ and CD8 T cells, as
deté&ﬂﬁecﬁﬁy eneRclliar 1—:%1&49&1}1mé a)em%%s! ?{bélﬁaé}h?hesrzm%_ §1§er TFN-y or

fromthe lung surfactant protein
TNEEBS Lett 344:191-195), collagen (MAl inden et al.

200 278: 42200-42207), d.th h T4
F1 o1 MRt ah b SR B P Rt Bt?‘g?ha%@mmo acid

reSlﬂ&ﬁQﬁQtl&l@Al/ﬂlm tlehvagdd Bitd QinghPr, todthd? sédl P pathogenic avian
nasgegyence Y| PEAPR YVRKDGEW/LLSTF, SEQ I D
i =17 i V"é‘if‘a%t ng CRIRCHERY fequr vagting ﬁlmagm oras tadeletathis staich of basic

itB0adidd BRA it8 Qonk n
o Structure 1t5 5: 7%13%18?;1 A @{TQ Egs -E?%pg(;rr{régv "h&??ﬁ tfls?txon of its

antiggnicity.n Thebh @isnes af wilddype zsbwtd:sywmdnomﬁsedaio ltiee cDNA level so that

t fibrous notifs such as
el BRAE AT o8LNSEGILPERLEN TR 95050 82, BOPAT ol vires e
wermde&}ted)uhanddmnunmdﬁébmhe REsid WS a@HCHRXFhE 1 lﬂ@lc@vage site to
resem Eﬁ%r (['1 éNW) The mpjor, viral protein in the

BruCI 'QYPT 3R &P RAgRAcBIC 7dan Kisainp (e.ghiliBureobd®). tHes mutation is

denB&dM(dﬂj&@h&K&hhpAr&QﬁﬂgﬁtﬂAatl on of the influenza . A

NP is shown in Fig. 153. The relative positions of

t hePnifEre gmbrdiagity sicneiedsishorT $14 NeSps, ave thmdhedt el carboxy end

o ' | t t
(trallﬁ‘sﬁﬂl gﬂ%gaﬁagﬁ %ﬁdgﬁsl}lﬁ Htkﬁ.g Eéc\?/ 8 a& I—%X:O o%f {él{n Eeﬁ zw%cated 10 amino

aCquWé%@qr’gﬁpm Qlertramqsesedbtalna&e@nn NLS is |ocated between
NP may contain a

d 40
co nP g’r ﬁnelqarltﬁ%gor? é ‘T@ﬂ ' ﬁf"o%?@ S, \€ plso dpmseted) thercarboxy end

(trax@ﬁzepﬁ)rzate& p%fl’t‘ﬁé Mbﬁbtelﬂ %@@A'@né@ﬁi@t@ﬂ%@ lﬂﬁhogmmo acids
than nglgﬁnzaANA protein is shown in
8&?\%‘& RRAHEorsYepions-adhe longsyasies ls)fwnqzaitd tehtzleefére the trans-

merﬁlﬁlahel kefionl BERRIAAS BHL HA béﬁé%&%%}a&xﬁ RS 8l e%x%sigqo %lds upstream

spread of mature virions. SO contri
of fhﬁr#%qsavembmp regipn pf Hathiag th&t@ftﬂaﬁ gett A verkiohi t or

dr WQsneS tamyv a anam vir. €M

Pr ot el nlé%h) S.ﬁﬁﬁf‘ﬁgéﬁi% mventlo%n"@%od Vf b MRASFT x The same spacer

sequsnet & nlgvayls/lusadrd WeRen \bhtrﬁ Husdtnal adpesat @k, P¥oliBNAomain, His Tag
etc)zme Ji ; aS tlreglnternal and Iocated ’
g &? 0, anyb 1 %Rﬂﬁ%’ ﬁ:élstl g grotein (e.g., HA), extra amino acids may be added

ely

between the regions to provide extra physical space, commonly called a spacer. The spacer
is mainly for different functional regions to properly fold to their functional structural
motifs without hindering each others’ region.

Some embodiments denoted TT-M2(dTM) gene encode an influenza matrix 2 gene
that has a transmembrane deletion.

Other embodiments denoted /h contain an influenza gene that is codon optimized
for humans.

Some embodiments are denoted “Foldon-His”. In order to obtain the HA protein in

its more native form, a foldon region is added to help the HA protein monomers to form the
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WD 2007/ 100584 PCT/ US2007/ 004506 |ipid bilayer of the

virus. M2 serves as an ion channel that has a small
wexbto7aoeish ul ar surface domain. A schematic PCT/US2007/004506

representation of the influenza A M2 protein is shown

in Fig. 155. M is the target of the antiviral drugs

amanti dine and rimantidine. Types of Modifications 5

Descri bed herein are nodified influenza HA proteins

that inprove the i Mmune response to native HA and

expose the core protein for optimal antigen
natige ddeet atqlmlanﬁi’he ﬂ-h@ @bﬁ aos as Wihg FONABA I &ti o purposes of the HA
roé? A\/?%: ?e 8??5 616 oses a core protein
Profgst oy § e? 6?0 %\“‘%‘hgf HﬁtIEP ¥tugingfanii-Hig antibodies, such as by
the gd;ey@mnpnw FumeBFSnAtBEr ?},%/copr oteins are

characterized by a centra riple stranded coil ed coil

foll owed by a disulfide-bo®#eRT|2o0op 10 that reverses
Defiifoff@i N direction and connects to an a helix packed

antiparallel to the core helices, as, for exanple, in
t heUzlesedefinedhmhervwisd, nech@R]l ahilistieatifib ka@nRYuske WeRSTh Rave the same

55 d t of the TM sub t
e s B S TB e Se bsmien his vetion
belangsi sBante. gorfﬁngétoldl ¥ & BaindhélySHV 1%%'1&10]391? of tl\l]ﬁ‘:roblo]ogy nd
1st rat for OVI qu the _inmmune response
—&Q%lé%giél—&}% >e1a-s lleysfs Bams, %?@S%M@eymzw aand Fields
Vlro/]bgy?ﬂSt}l%d nﬂﬁﬂf)@rlﬁl\«i U&icppIoWI%St i) %g?thpﬁmg? Y%Fﬁer Iszgdwllkms a

a central trlgl e stranded colle
Woléeraﬂ‘émvﬁi BusipessdRbiladsighia BB®7.r ever ses the chain

di rget &PQ ects to an.a heli -
ant i parr a tgg{lﬂe&%@?mlﬂ%l 1% S@E“’FB%%%‘F‘ BRfHfINgen Sontaining,”
or “gharpcierizedithalt isnhglakive fol epém—‘éﬁﬂéd drﬂlddtfé@ nBreRI e é’d’lﬂtxonal unrecited
nity, a series of plasmd expression

ele"%:e%t%gr@e%gflgpuﬁﬁher ated. |Influenza proteins are 20

encu@ashnditiondCpiirhse &indisBRE Wen NA . ;
c?tér uct ures thait) ey Inrrlls %egeg’g%&reggé %Pe% t gp or ingredient not
speqiiieq dp dh W@n}ah@rteﬁm%ngymﬂegq: zaddltmahg;omp@namsf@umeps that are

unreldled BB iGRAES S{JQ?L? ?Jx %eté I?)F ifari I)ﬁra%%otcu ! gcg tl?étaw

elimnated wt out ctin
To Télettéﬁﬂsmnahﬁuﬁ@'écmnslstmg emmlaiﬂ)ebﬂ’alhmdg et e \M% claim to the

L ilize.,and xpose functional donmai ns
specfifc] UL of kP droHERE il B REL RibtsrHAlian ettt dhadsic and novel
charheibrigtai(s) Q’f&hstlaijﬁéd,lhﬁ/eﬂﬂid)@r to the formati on of the
|Ied coil structure in the hairpin
N“cﬁeﬁ? éﬂfﬁgf ‘Es\/\él ssenhom Wet al. 1997 Nature
38As4a§56m4%@)hera_ﬁ ge86iAlchd Myicuhit ;
cture, the cl eavage i te Was r(gtn%ggresgﬁgm%hug may be in the

form( ﬂ OB e forpy oE PSRN phtaifed bﬂAclandlgSm'&!hDHuczﬁel dylehetically. The
DN@?’%)?II)% rc]igﬂbv\lg'rsgjéh{ﬂ%it Fp%l gP dﬁ% ?%c!l lﬁl gl?mﬁ‘ﬁxe(g:%aﬁﬁhx or RNA may be

the coding steandi alab knpwmcatthe Rersetsaihd,. ordD mbyebeatk InbhYeoling strand, also

refr“heé enza proteins to elicit an i mune response
© etﬂle}érlf‘nr&{1 To)0 e S% W?ce by injection with these

pI lel’ﬁlﬂ)lm BddEie 28idomolREIely) Is irfdeRAYudi &S ng&srﬁme ule, DNA or
ni.tored by the m croneutralization assay a nd

RN/\“VP(ngFh g‘gé LP&S’E gﬁl@oggcg ggpm ity gpative environment. For example, recombinant

DNA molecules contained in a vector are considered isolated for the purposes of the

present invention. Further examples of isolated DNA molecules include recombinant DNA
molecules maintained in heterologous host cells or purified (partially or substantially) DNA

molecules in solution. Isolated RNA molecules include iz vive or in vitro RNA transcripts

21-



10

15

20

25

30

WD 2007/ 100584 PCT/ US2007/ 004506 To determ ne whet her
these nodifications adversely affected CTL responses,
woacwimessed ani mals were tested for an increasecrms2007/004506
antigen-specific CD4 and CD8 T cells, as determ ned
by intracellular cytokine staining to nmeasure cells
synthesizing either IFN-y or TNF-a. 5 The HA gene of
human i nfl uenza viruses contains nultiple basic am no
acid residues at the HAI/HA2 cl eavage site simlar to
that seen in highly pathogenic avian influenza
of the LN dsmoliveles mifjin preserafinesitiona dshipRd R cdNaMB ndilcules according
0

t.his stretch of basic amno acids and t
to € bk Eot ko W5lnds stetbeiaenles roduged Kpthetically.
al t Bivaldi®aciamélbsulePott the SRiseht; - N o
t %ge i sol ates wer ee nmodi f?eo? atlxmﬁgtbgldﬁgu?g\%\l? Ag{‘)m?%]ué S compnsing
an open geading framq (@REXs3leo Aermed “iobait’; e adwaki-type dafliierza gene; and
DN endlbQ&AYA9S; S - WM Vi Tr.us,. wer e del et ed. ]
I'n addit | o%?"ca? %ﬁ?‘g‘f‘o‘ﬁ%esg?‘é%‘f%gusé‘b%%“a:@d‘é‘gﬁb%x‘%}ﬁlth?%f described

abovp but hicha e o thee degenereseobtie gdnatic £6ak) diil Rncode an ORF of a wild-
., ,Figure 168). This

0 ic ayian.strains (e.
oy AR BE NGl Sdo A Reme b5  SmatsAban ior el knawn. in the. art
Degenesapereararto dptiaiica f@lﬂmﬁﬁdcc';&m%'a%e ﬁﬁgﬂngf’éﬁ%d we
S- rane) part of

trupcat?e)t?l the carboxy end 15 (tra
t he "HAMYIPEE @FRECtThE BMetionHnrapedasi amuckid roidcaiodatuld comprising a
pol Pt tideGiKkieh UPSdie L Ans; renbrane regj on. .

In ot hfer _enbod??_rﬁenlt gﬂgé%ggatr;é%gml %%é‘%’ Of ERRE ORI Bertion of the
POI?E{‘}#E??@GH (;arwméw bmynemuze(qfnﬁa mwe?ﬁbﬁ ala(&)lirju%arabooé__ By "stringent
hybliRE; I Ren 3 enes, have ten more ani no o

yo aci gsf F %gnﬁf e 1(% gﬁr}rg%{%o‘%’ff?fﬁms‘ﬁ%ﬁat\?@raé %‘Br%.m Fpiutign gomprising:
S0% épmiagnidies S ttimerc88€d 750 gt NECHI Ve thiddsin 28trate), 50 mM sodium

rang regiqn of the HA. Long HA constructs contain
Ph"?@%?“ng?@ 2fPng tErasDeEritearmioen.: e deviennevifitanend 20 pg/m
den#t@gdQ Shé&red Eaiidanpb DA foﬁgw%ﬁ%rytwa%inv & Egﬁg’ésr i%?&?ﬁgles SSC at

enbodi ments of the invention also-have
abo‘é*aﬁ?ecspacer sequence i s always used: Wen extra

f ungy i LADS 8. Gens - FO! in, Hs Tag,
et 0%  FEBmERII S AP BPGn g viieotde i intende
2 pofyaugleotida) eitteer DNARRNA RBY s BRY tH8: RAdeB D) pﬁ&&ﬁ(ﬁ{}]es (nt), and

he feqi.ons.to ovi de extra physical space, compD
m‘“% é’l‘?‘éeﬁg"éy ?Eé%aélﬂ .g{’%ﬁez%ﬁbéél}l mpee prgferRlyfasleait fabented® nt, and even

moré peftiablakboue G0t IR RS RREEA fdtlhciddtbel I
fungtional structural notifs w thout hindering each

ot H&f & PPEGRoH. 2 ohmusinstide mfntas Idenc2®eat TT-IMEEHTMor example, is
intelHRA2EHE AlRe QBnJiE’T‘ﬂJuH%ﬂEI% [ AnSteafifdtias. &

transnenbr ane defletion. gg&(iﬁéflztg%ﬁlgaﬁeﬂéﬁ? SCQ¥ERSH Bfjthe reference
polyppclggtidai Pfaroursd, | aipalyaugeoiidd haich Bylaatiosn oty @i & @6mplementary
stretbRbf : g diLent s enoted e dom S

i3 qm@oreog?%vﬁo@ goyhe B\‘:B?{gﬁ in @Iposyqugleﬁgfi@ of Hq ipgention used
to hylyidige do faopoitionregi anclet: added the iRRlmbiohNginke sBEP LS dlynuceotide
woul IPRONEES toform&he .

yoridize 10 any nucleic acid molecule containing a poly T (or U) stretch or the

complement thereof (e.g., practically any double-stranded DNA clone).

As indicated herein, nucleic acid molecules of the present invention which encode
an influenza polypeptide may include, but are not limited to those encoding the amino acid
sequence of the full-length polypeptide, by itself, the coding sequence for the full-length
polypeptide and additional sequences, such as those encoding a leader or secretory
sequence, such as a pre-, or pro- or prepro-protein sequence, the coding sequence of the

full-length polypeptide, with or without the aforementioned additional coding sequences,
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-20 WD 2007/ 100584 PCT/ US2007/ 004506 native trimer
nol ecul e. The His region acts as a tag for
woOderrioésseat i on pur poses of the HA protein an8CT/US2007/004506

facilitates isolation of the HA protein by using
anti-H s antibodies, such as by the use of anti-Hs
col umm chromat ography. PART 2 5 Definitions Unless
defi ned ot herw se, technical and scientific terns used
herei n have the sane neaning as conmonly under st ood
by one of ordinary skill in the art to which this

togethiey @vith additibAhl) mga-coddg, sequénces, Shl@lﬁﬁ{g)fbr%xaﬁtﬂ)le but not limited to

intrq%g: o ur%l-%cgp%n@Dlg?cfjgggsaeal)l/?p%fewl\ﬂﬁlg{pom o ogX'anscnbed non-translated
sequ@Hbé‘shﬁﬁatt eﬁla}bl\ﬁ\ﬂblgofnk tra&gﬂatloﬁmfhfﬁ*l}i' Eﬁ)c@&xﬁé riabREgdEhlicing and
ed., Kni M and How eds Llpplncott
polywlml%tm &isnelyi s, examw/w FE‘PSS)"}G biRding psidn stability of mRNA; and
addllt:)ghillagc%ug%o&i@eggg wh-f&? f:&%nﬁk tahaﬂi%lnalt &hifo Q&Hprguﬁh 19 those which
I'S synon us wt I'nc i ng, cont ai ni ng,
pn»ﬁdmamhnbmﬂﬂhmukhyhhess i ncl usive or open-ended and
not exclude additio unrecite el ement s. .or
s Per<h v i ARl 8 R PR ETRE R Ahpjecutes of the
preseﬁt nﬁ&ﬁd)(bﬁi&ﬁhﬁﬁ)/en@b@é'@ﬂﬁtbon§tfﬁﬂlog@forl dtgrvadbwa fietinfluenza protein.
specified in the claim but does nat exclu

Varightsi PRy P4FUE BRFEHER S4ctops 8 mepyal ﬁ‘éﬁhcané‘anEm rPéf a@ epflqlis variant” is
mteﬁ&% Sy Sf“}.é\%?al%ﬂla?éfdrﬂﬁlﬁf' [ ¢ 2% ReHhRAg ! vé'}'nsﬁ)‘éﬁé 8h 8@%enome of

herewi th. The transitional phrase "conSistin
an @gsrsnm €Genesoll, Lewim, tB., ehe ngnpwﬂof' & ¥imej rINemo Yianle (1985)). Non-
natur. n@f gl?ﬁf:cged%ﬁg%ugdt? l“}saﬁe%@as‘ﬁ%e% using ggte eo»\térgrarlxtuta%%nens(i)st techniques.
chawmht eafisits chsludefthbdee pﬁdcﬂﬂcﬁﬁéd)yi nvelBbiidn subknrhtecbm; deletions or

Aci d | ecul es. As i ndi cated her nucjl ei c aci
add{fgps AP BIYOREORF ST THRVS ALY Bl Fains mpopgyaltered in

codRg rBMOn ndndcddiy fé%idﬁso(f)r v AlMeAdtivRd nbﬂlecédamg"ﬁg%s may produce
produced synthetica The

congpEYAsivie- Sy me@mrvgﬁw@%m@pr aﬁ@e@ugs;itﬁg%s, stelghesd or additions.
Esp%bg é %({TQ%OgE t%%e FEeSIFteg %lmt {o%g dadcﬁ'{é&% mod’gpet%‘?ls which do

nse stran e non-coding stra
not altacthe Ipecbmesjaﬂd)aaisnmdse)fam infRensepslypeptile ddyportions thereof. Also

"I.spl at ed eic id nolecule(s) j.s.intended a
copsi e T B ateE oGy S T RbstiftioR s bean
I e nEueEr fehbodimhentd @Eltmen@emusrommme. michdic @¥idibReules comprising a
reconmbi nant. DNA nol ecul es containedJ n a vector are
polyiyslecldr dgvingst Bedertidsseanncp @t e8> Gridenfical@nd maerg preferably at

Jeast @3%‘ t 973% ok L1869 LxRMRLE S0 Of nﬁééﬂtﬁfeeﬁq%e@"lcggﬁﬁ%ecﬁ polypeptide
i ncl ude reconbi nant DNA nol ecul es mai nt'ai ned 1 n

havingt 8reo o ackbsequesr of or wild-tybeeigfispera palypypiole or a nucleotide

Seq%ﬁﬁ? gP%hq#&%&WQN@_ ol ecul es in solution. Isolated

es Pncrudé in vivo or in vitro RNA
t r aBg o ipplyucleotide having a nucleotide sequence at least, for example, 95%

"identical" to a reference nucleotide sequence encoding an influenza polypeptide is
intended that the nucleotide sequence of the polynucleotide is identical to the reference
sequence except that the polynucleotide sequence may include up to five point mutations
per each 100 nucleotides of the reference nucleotide sequence encoding the influenza
polypeptide. In other words, to obtain a polynucleotide having a nucleotide sequence at
least 95% identical to a reference nucleotide sequence, up to 5% of the nucleotides in the
reference sequence may be deleted or substituted with another nucleotide, or a number of

nucleotides up to 5% of the total nucleotides in the reference sequence may be inserted into

-23-



10

15

20

25

30

-21 WD 2007/ 100584 PCT/ US2007/ 004506 of the DNA

nol ecul es of the present invention. Isolated nucleic
weacia/wedsecul es according to the present i nveRCTMS2007/004506

further include such nol ecul es produced synthetically.

Nucl ei ¢ acid nol ecul es of the present invention

i ncl ude DNA nol ecul es conprising an open reading

frame (ORF), also terned "insert", of a wild-type

i nfl uenza gene; and 5 DNA nol ecul es which conprise a

sequence substantially different fromthose described

the adforeacdsdquehca NThebdanb@tib 1S Yor 3'

st |ql | encode an &Fﬁ%ﬂggw I (j:"i\‘éé/sélfue}x&fevﬁg%%dr at the 5" or 3
temaa?&,%mqrﬁé) f the reégq;pg@nuqlp@m@@ngmwe@odeywheménletwéenolwse terminal
positidnk hﬁte@iﬂersed%@ﬁp ﬁ#d?\tlau&c/lﬁ{ Arﬁ‘c% cg?otgggé zrg {]IeorrFfFéen ce r;«:equence or in

codon usage are preferre
ONC|Of VRATE iconti groms i glespsawithiel the tbfaemeé geghienddl € conpri sing

a leotid i ch hybridizes under stringent
R L T S A S
95%8(?@%1%%0&1 W% iifertidall €d ﬂie&e%%érﬂ:erﬂiic?éaﬂt'ﬂd@ Q6udi€ can be determined
on descri bed above. By "stringent

C"“H%‘r“ﬂ‘81l% B IEN YHR iCPTMIST Rregrams g chsothe ansgtﬁn program (Wisconsin

S uékﬁﬂébﬁhéﬂ §is Hachife, | 0 !

oAb Pt A SN B g, U

Reseqrf:lg Reek 57g(§3q1mcg&tp‘(mﬂ\/1¢ﬂqmp WéﬂseSi?ﬁiH)?lﬁ}tﬁthséﬂ llIﬁESoca] homology
I 109 tran sul f at

W ehah B e e ety 2452-489, 10

find\the hestgeghentfdafl Itoemdogylbélwkeﬁ bi® Seqohest! M@Jﬂ%nﬁ&tﬁﬁyr any other

smn%nBQQXnUC|%9t'de mhlegﬁ%éggldlzes to a "portion”

ETTSR BOEram Ry © ¥ 66169 ARk P equenen for nstance,
95%]&5112%{}1 :Rglggefgﬁb @b&ieﬂg%gfbg%mé Q&eﬂtt rfvléntl?n tl[1J ® pgrameters are
set, Qg CAYrse,syuch |t & I:fyr@mgqggmfydmhty easalcallaﬁidt oaf thd fulBleflgth of the
refeR%ESnudCotily & QE]’?JCGE{I]% A g%gg W hg’nQOIZol%gmf STEP tQ 5";|/eof the total number of

reference polynuc eot |
n“dﬁeﬂ@ﬁﬁueFhﬁmqﬁdénwﬁséQacndaamshnémhdn in length," for

ded
ﬁﬁ?{mg O[tﬁ'b dé Hgaetn nels ?Zjnéefcg%(% FD é&gg%%%g ggcgl?:cwglﬁ% at least 95%, 96%,
7%5 OB en©8% }IrtdnymmlCioemel iR1eiChcioidySenced sHQlu}ﬁrﬁé%xﬁ Cﬂ'x'tﬁj% Sequence

bridi,zes only to a conplenentary stretc
L‘St‘(’% WEH q‘?é’é‘? a \RolyrerHde baving dnfluenrai polypeptide activity. By "a

polypqitid’eufalvﬁfg in‘ﬂﬁeﬁia s ity }é%ﬁ%éngé'd P§l$fg e}%?deg %xF%?tmg Jg%]HSI’éza activity

ortlon of a nucl éi c aci I nvent | on
ina Qﬁ‘é‘ﬁ“ r btlgsigal assey-dEor mmnme,ri;lbc N, 24P tand g pmteilneicﬁvlty can be

meaﬁﬁédjdeQ:hlﬁﬁ‘éQSQn% !ﬁfo (%11&1 %hg'ac%r I?)é%rl) AR Iopfjgtrgﬁyxmunologlcal assay.

co n‘p enent ere
doQ(fIC@UW{ é‘miédﬂlﬁl‘d&gcﬂtemm) of tHS gbﬂ&did‘c&fd& dohtesLbMinary slﬂll in the art

cid nole of the present invention I C
will %?xjxeg atel rec%ﬁla%ﬁg%{ rg«b é‘f:}ff} gé oﬁéb inyeleigl acidpmplegnles having a
sequmnie dtiledst 889, 0694) 959, &1RCH Ar VBt R
) %uglngg of the.ful [-length poly Sgtm.‘ma fﬂ?m %ngequence shown
ere‘t“h SaPreRES bdtite il epepder apolypentda "Mly@eqnﬂumhea polypeptide
activithd  afldhéti ORRE RBEMSICSRiriafkCeY tﬂés%ﬂvgagot?cpe %equgxgcres dilpencode the

| eader or secretory sequence, sucC

samed‘l)olm@ﬁfig, thiowil he g@qu@rtbe skr!lhé antzdn Bgers @QmeﬁC@r%nEﬂ?the above
described comparison assay. It will be further recognized in the art that, for such nucleic
acid molecules that are not degenerate variants, a reasonable number will also encode a
polypeptide having influenza polypeptide activity. This is because the skilled artisan is

fully aware of amino acid substitutions that are either less likely or not likely to
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full-length pol ypeptide, wth or w thout the

af orenenti oned additional coding sequences, -22 WD
waQe1h@8584 PCT/ US2007/ 004506 toget her wi th PCT/US2007/004506

addi ti onal, non-codi ng sequences, including for

exanpl e, but not limted to introns and non-coding 5'

and 3' sequences, such as the transcri bed,

non-transl ated sequences that play a role in

transcription, nRNA processing, including splicing and

pol yadenyl ati on signals, for exanple, ribosone binding
siguifigathabifédt tpyotefn filtbion a8, Sefaclhi bRSalipkAl Hino acnd ith a second
ali %%guence whi.ch codes for additional am no acids, uch

PRSUE ABARC §Hfkh  provi de additional functionaliti es

TheF&r esanble] BYiARG rian

oL he nucleic ag?(dgrr%eogz:{éég&slgggl C)t(lﬁeoa Lrl%rﬁg YRV @ﬁnt amino acid
subifutinng i prowidsdr ini Bowie, dndl. aysl. owmeSazmlmasmfs Ijle) wherein the

Var i ant occ naturally, such
autlg(g'g gﬁkﬁgat?tg F}g{t Bgﬂalﬁ'ﬁ are sugp?%ﬂgly%r of aning acid §1gﬁtlgmons
Polypell@désrmdﬂmgmm of several alternate forns of a

gen occu glven |l ocus on a genome of an
org He@mlh Previfigs ap, inflygnza pelipentidechavingdhs amino acid

seqﬁhWeYcﬁchdécﬂ-Bﬁ@)l) opehoRadiat ﬁ'ﬁrﬁé | RIS C LIk 't&gne\ﬁa‘rmger};”s of a wild-type
be produced using art-known nutagenesis Yp
’“ﬂt’%‘éﬁ‘rﬁeaﬁ’e%r a RERie\paPokmeptide eompdsing egerpon thecad (by., HA, NA, NP
andqug}eotlde substitutions, deletions or additions,
whi ch nmay involve one or nore nucl eotides. The
var It anllsberagcognizad tinrtad alrhthalSomGCEhﬁl@orz&ﬂﬂ Q@Bgquences of the influenza

re S bat h: erations in the codin
pohﬂ ghg%ghﬁyep‘%o gc\g'ﬂg%lﬁssé%‘gt:?‘i‘fe frg ct (i rth EW@W@W\@H%W of the
protgimi. n&f awhddiffetemices i s@fiencs ﬁfeeédrﬁé}ﬁpﬁfedaqtdéﬁdui’@ﬁe remembered that
ther Eﬁgcq i al lt%/: referred anmong these are sif
§ MRV easa‘HUﬁelRSﬂ@"hWthbéeﬁmaCtMﬂych do not
aI t’ﬂ{ust bR PVeREIH ﬁﬁ“ﬁ)eﬁ%lﬁ(g 2 eoa#—xtaluiﬁ ng the qggi}?fgaﬁggpepndes which

peptlde or portions t

showr @*f@ﬁ“@é imlyanize podgpepdider activitgser walith énclude regions of influenza
nts aof the invention

Pmt’g“@sstul LLgsl t?JP epro%@n th?%?}%g%‘g‘f“ngggdc geﬁlm” Slsﬁﬁh Anutants include deletions,

i'nclude nuc
insepipingn gwewmsdeeﬁmgs ﬂgdayﬁw&'fl&ﬂmgldﬁxss efqyi%&ﬁ@até&g g
o I dent.i.c an e preferably at east N 97%
Whl%g IS0 8986 a‘%%ﬁﬂaé%ﬂf'a t9 ‘?ﬁﬂ‘-’é‘@fﬁ%@“ﬁ’é@f@éﬁ@@ bmfmmdng Bowie, J.
U. aqboig@pesa:tané924ha\30a93t1be am no aci d sequence of a
ygle | nfl uenza_ pol ypeptide or a nucl eotide
S e alive e petlog of BieB;olwqmﬂdy fithedivetton may be
3 Vh Rhich &kec&ex%f LeliGast .
O o o Qb Er ARG e el e BT RN f comserved or
non-gAegAYgammg pfitl Uresidue [{piefgelyi adeom@wadnarﬁﬁﬁe@bla hédidue) and such
b ence of the nucl eotide is
subs e b B RS orte B fHepeasedep oy thieniie code, or (i)
one memnbmbl n‘EDrs of] UeNSRAinBBdCid REHURS iHBulS cft bﬂ@stlﬂfén?gmup or (iii)

one r&a C&é each 100 nucl eotides of the referenc
H’u%’ h LH@H@ea% ¥§itHepd: tadhe rfatere pelypeptide, such as an IgG Fe

ﬁmﬂiﬂi‘eﬁ&ﬁ%éﬂi@e orNeddep F sm&gg)r ({?1 gpé & D s@uence phigh is employed for

ol ynucl eoti de having a nu e sequ ce a
puriigepsion  efit the amatuge ap¢1§f>@m§hc er ruigirepiotale S@OUERCE, Sk fragments,

derivafivedamd aﬁﬁ@g@%l &%Hcget% ﬂe w:tﬁm the scope of those skilled in the art from

the teachings herein.

concerning

As indicated, changes are preferably of a minor nature, such as conservative amino
acid substitutions that do not significantly affect the folding or activity of the protein (see
Table 3).
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15

reference sequence may be deleted or substituted with

anot her

nucl eot i de,
wo20arf10033e t ot al
may be inserted into
PCT/ US2007/ 004506 t he reference sequence.

or a nunber of
nucl eotides in the

nucl eotides up to
ref erence BEQWSRDE/004506

-23 WO 2007/ 100584

These

mut ati ons of the reference sequence nay occur at the

5 or 3

t er m nal

positions of the reference

nucl eoti de sequence or anywhere between those term na

positions,
nucl eoti des
nore conti guo
5 As a practi
nucl eic acid
or 99% i denti
can be deter
progranms such
Sequence Ana
Cenetics Conp
575 Science D
the | ocal homn
1981 Advances
find the best
sequences. W
al i gnment pro
sequence is

reference séqhgnee—ae%ﬁy&@mm
the paranet erjsaPROIAE Hydgephohie)

per cent age of
| ength of the
that gaps in
of nucleotid

i nterspersed either individually anong

cal—patter  whet

N the referencgapRa@ience or in

IS CORSUNALVE Mihﬂmt&adfﬁft%m&‘&&.ss equence.

ny oartlcu

one or

hdrematie | s at Ieast
ral to the reference
ned conventionally

PImylaB@ihe 97%
Mirgptepharde slequence

@3irdXGnd NOWN

98%

conput er

si s Package,

banizdldeBasidi¢ t pr ogr ABpaMicseaasin
Ver si oy caufa%c W&

Par k,
Best flit uses

en using Bestfit or a
gramto determ ne whe
for instance 95% i d

identity is cal cul af
15 reference nucl eot

Bl ogy. %Pﬂfs&we

honol ogy of up to 5% bfutihe t ot al
es in the reference s&rpisrce are

Uidiiz4B184URasibIN1 VEr ST T\ arcn

rive, Madi son, Ws. E c

pl ogy 10 algorlthn1of1§ gﬁ and Wat er man,
Nﬁnﬁ%’idb‘i‘?Pé 482489, 10
segment 0

UGBS sdquence
RlEnogyshRe t ilcul ar
Sffiftal to 3
t_inventi on,

Alanigd t hat |t he
&dvaver the |ful |
Iteuwweguence and

nunmber
al | oned.

The present acid

nol ecul es at

pplication is directgeWaline nucl ei g
| Sdfir Gbftaifimyy 97% C98Umer 99%
identical tothe nucleic acid sequrng@dnsown|herein
in the Sequence Listing which encode a pofypeptide

ha\ﬁ)ﬂ'l gourné, | the nmhw|queﬁﬁirﬂodﬁnacshb§titht{en@¥ skﬁ%e%oeamgan would make
is inten

i.d | uenza activity"
O YRR EeRE P Pl ghostresahed abevey Cegerai spraking,the muhe
of aﬂﬂﬂd ucid bt b 0T ahny A898Y infliRhzE Y ARBL Giqd B L}V% bdore than 50,

protein activity can be or ¢
40, ﬁﬁ%Pxﬁ% |cal character by an approprlate
I nm&ﬂﬁioo.ﬂ:hcfsaib tBS FANz to Lh ner.ac
onfX RO Sics it QbR IR U e cssntia

g§ t he genetic code,
for fpndtiop kg ibst gj@tlﬁ@d o’gh i imethiodait klawha rigetheuaersuth 4shGite-directed

mut Cor@ S [ 5 seguence_ at | east
oy, B R Ol k| RS adpap Science
244: é@&h’é ﬁ&@ Sﬁm/\htthepmadurﬁ ihfed Ry eRfCalkhidt et atibld at every residue
lnthEQ@ﬁggle Qﬁ xg gtlde "having influenza pol ypept |
Y PASHERS mEYaﬁE@Oél"é“g‘é‘?ﬁeﬁfﬁﬂ@n\ﬁaﬂ?éfﬂrsbl@lbgtdab&mwty such
as C}mugémtmﬂﬁurﬁﬁ@%i&ﬂ%&aa{elr encode the sane pol ypepti de,
be ear to the skilled artisan even w thout

wi ||
ﬁ‘S ARRGPYPRS Hlibe dressat bviebtion @mwpramesmntlywa\yded in an isolated

fi vmlg b ni. he a for
Ormnucl ei ?%%{E&aglﬁf dYﬂ r@ﬁggulles Eeﬁlg?& ar é)okaepg%géﬁ’é‘f’ﬁ? om its native
envispameaht SThus, » pabpeptide prodioed anillor BhBhANGAER & recombinant host

cell is considered isolated for purposes of the present invention.

Also intended as an "isolated polypeptide" are polypeptides that have been purified,

partially or substantially, from a recombinant host cell or a native source. For example, a
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pol ypepti de having influenza pol ypeptide activity.

This is because the skilled artisan is fully aware of
wamoraoessid substitutions that are either | essptrhskon7/004506

or not likely to -24 WO 2007/100584 PCT/ US2007/ 004506

significantly affect protein function (e.g., replacing

one aliphatic amno acid with a second aliphatic

am no acid). For exanple, guidance concerning how to

make phenotypically silent am no acid substitutions

is provided in Bowe, J. U et al. 1990 Sci ence

rec@@Binb80§-ptadited Weesic Of tHeSinfReAM F@l"y?eﬁtﬁﬁ:‘ Sl %J%@ttantially purified

[ ly tol
by BiS3eE TR Peiied dobAsess it and chrgnrd 68 CRne 67-31-40,
| NVERE | KAy fphilBE of %Qvﬁx‘é?élt ARvERd ! ?xgalgdegm éﬁlyﬁ Hﬁa comprising a

haV|ng the ami no acid ~ sequence enco
PolyReptids Furedadeby amprleiaicd stquaned ShDWﬁdrdrem 1ﬁ)fthe”:lSequence Listing; as

we]YV'aE %oﬁ%ﬁg txdé@%%ﬁngrg a?qgast 9er5A( éd é}?’gztﬂ:,_ld&gd %N;prgom!%tp E@E%ggleast 96%,

n£r|3| a portion there
7%,429 %l or PV 1d§=athédoghb§’eedeslcﬁbk‘ﬂl%b@f/é ahaaﬁsos%ﬁd@rﬂbd?@ons of such

th f | tid
polfepHage RS s Cl0 Aot e Py st leats Srenioe acids
f unBy i Drpodfpeptidte Hav@igChn- athinoS H&la ?éqfu%ﬁéee f qﬁgg‘t nfo(g example, 95%

d gwgnce are contenplated, it shou e reme
"i f-‘t”ﬁ " 10 Retefergiqel anpigo @eid $qgapn<@r efamn trfluchen polgqu:ttrale is intended that

the WHifd a@ﬁi %q{ﬁbﬂ@e @F{He\/ﬁch%% 1‘1%6 ﬁéntlcﬁf Fﬁ elzrgrl;]ce sequence except

further includes variat
thatptbp edyReptides sedvicobe xralyowclsdbsipamt fiad abiid bkﬁﬂ Zferations per each 100

| o tivit i ncl ude regi ons of
amlﬂg f#ﬁ%nézfatgg prr Krence ﬁv\gls r? the IBﬂBP@anp wpertigas In other words, to
obtajn scpaspeptidel lemwingSue Bmliﬂﬁ Qﬂﬂ%ehﬁ&{dédeﬁ lsa%lt 055 O R ntical to a reference

nsertions, inversions, repeats, and

amm% BEH LAPSTISHUP o> Yornd itherato asid srsidnes dothearferage sequence may be

deletdd ehsdRlifRReERit HOMRDES A filll &8
ﬂhenot ypically silent ca}l be drjoun%xm%ggbc\%aé?ma -amdﬁ@p to 5% of the
total jaming “ag)d repglygs dpjthe gefegetﬁ:el@@ﬁeﬂg& iy Bhitsertédinto the reference

sque'h@Q.mEse deLby Gl cbfethgr e?epegxﬁg %&Qﬁgpgﬂ yoﬁ%:%g Ig% h%?aégxgp or carboxy

the invention may
temtm@ rosifions ®f dthe esifetass aﬁﬁn@ ui@iid isbaiiede Worl Bnﬁvhere between those
HQS$E¥§d or ;.oon- cqg am no _acid residu
preferaply A" ESREETY &t s ‘Hélvé‘%‘i'a&lyr @moaaeyesms swicfthe reference
sequenbes b Mﬂlﬁxbraﬁbrﬁ@oﬁﬁgxﬁbdsﬁd)&&ewm tBE ré@ﬁén@é’geﬁgg ¢ ne

encoded br t he ?enetlc code, or (i1) 25 one
oné %t PrsHgalgpat qﬁewh?fh?roaramamtmdsn mJEBeptmlclmaiGSasa 95%, 96%, 97%,

98%Stx08995t 8kYical 1O UBr nﬁ?fn(: % arr? H all ¥ V%P%cgg%%ééedo Q)O gucleic acid

am no acids are fuse ure P
SequgRce, she Wi heeein fip ghe ﬁeﬂﬁ@ce anpepg icde ber dét&ﬂdﬁ‘éd anventxonally using

c e ce whi ch enpl oyed for
MDA L

Packgggu¥natéon 8ufbh UniagGenéiics CaRpuleaiGAes, @ﬁﬂ/e@é?gj ?ﬁs%tafh%ﬂxePark 575

Sc1egc?ete 98’:%9[8‘?]60?’ \é(h% 33@ ﬂﬁng (})1%12 pgn{ngtBhe%?fi oSr Etlnl/ Ioteher sequence alignment
program to determine whether a particular sequence is, for instance, 95% identical to a
reference sequence according to the present invention, the parameters are set, of course,
such that the percentage of identity is calculated over the full length of the reference amino
acid sequence and that gaps in homology of up to 5% of the total number of amino acid
residues in the reference sequence are allowed.

The polypeptides of the invention may be produced by any conventional means.

Houghten, R. A. 1985 Proc Nail Acad Sci USA 82:5131-5135. This "Simultaneous
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As indicated, changes are preferably of a m nor _

nature, such as conservative amno acid substitutions
woOhedi71dessmot significantly affect the fol di ng BCT/US2007/004506

activity of the protein (see Table 3). -25 WO

2007/100584 PCT/ US2007/ 004506 Tabl e 3 Conservative

Ami no Acid Substitutions Aromatic Phenylal anine

Tryptophan Tyrosine |onizable: Acidic Aspartic Acid

GQutam c Acid lonizable: Basic Arginine Histidine

Lysi ne Noni oni zabl e Pol ar Asparagi ne d utam ne

MuBgdle Repticst SyrthesBe(SMES FHirads iefurleP B Ribed in U.S. Pat. No. 4,631,211
I;y ophobi | anine dycine |Isoleucine Leucine
to%’rgﬂeﬁeet a@é?% “Sul fur Containing Cysteine Methionine
er1.Qf ] ag] uhst it uti.ons . )

ki Lo r QO 810 AN Ra Rk laR Wi FAUPES 4 mucteic acia

molegiles, gf tbe Presset tveotiomdibsalvelle whien efeagfn/eti‘ém@ﬁléhgiﬁeered with the
0 1no acid syhstitutions for any given

re o A e e o S e memies0r Soarpents therso by
rec@abin@@, ted@iiqiesor 3. 5 Amino acids in the influenza

Co s Pl ASPIsPig b i sl 4o 8RR wHichysemshexds “backbone”,
contaiving al selédigbl@mharksEd? HSpadatibndh/ £16& Generally, a plasmid vector is
introduced in a precipitate, such as a calcium phosphate precipitate, or in a complex with a
charged lipid. If the vector is a virus, it may be packaged in vitro using an appropriate
packaging cell line and then transduced into host cells.

The DNA insert should be operatively linked to an appropriate promoter, such as
the phage lambda PL. promoter, the E. coli lac, trp and tac promoters, the SV40 early and
late promoters and promoters of retroviral LTRs and cytomegalovirus (CMV) such as the
CMYV immediate early promoter, to name a few. Qther suitable promoters will be known to
the skilled artisan. The expression constructs will further contain sites for transcription
initiation, termination and, in the transcribed region, a ribosome binding site for translation.
The coding portion of the mature transcripts expressed by the constructs will preferably
include a translation initiating at the beginning and a termination codon (UAA, UGA or
UAG) appropriately positioned at the end of the polypeptide to be translated.

As indicated, the expression vectors will preferably include at least one selectable
marker. Such markers include dihydrofolate reductase or neomycin resistance for
eukaryotic cell culture and tetracycline or ampicillin resistance genes for culturing in E. coli
and other bacteria. Representative examples of appropriate hosts include, but are not
limited to, bacterial cells, such as E. coli, Streptomyces and Salmonella typhimurium cells;
fungal cells, such as yeast cells; insect cells such as Drosophila S2 and Spodoptera Sf9
cells; animal cells such as CHO, COS and Bowes melanoma cells; and plant cells.
Appropriate culture mediums and conditions for the above-described host cells are known
in the art.

Among vectors preferred for use in bacteria include PQE70, pQE60 and pQE-9,
available from Qiagen; pBS vectors, Phagescript vectors, Bluescript vectors, pNHSA,
PNH16a, pNH18A, pNH46A, available from Stratagene; and ptrc99a, pKK223-3, pPKK233-
3, pDR540, pRITS available from Pharmacia. Among preferred eukaryotic vectors are
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mut agenesi s or al ani ne-scanni ng nut agenesi s

(Cunni ngham and Wells, 1989 Science 244:1081-1085).
woher7l1aesser procedure introduces single al ani nBCT/US2007/004506

nmut ati ons at every residue in the nolecule. The

resulting nmutant nol ecules are then tested for

bi ol ogi cal activity such 10 as changes in

i mrunol ogi cal character. The pol ypepti des of the

present invention are conveniently provided in an

i solated form i sol ated pol ypeptide" is intended
PWANKDy pEMEChel ,rréﬂéeéd pXIdnaid pSEaavaitable frpi @rmmtne and pSVK3,

u t ofuce and/or nt a

P B}F{e}c Yol nané ¥E§}g“t A\dagle ggmclglﬁsr SPdefe t|(i2’so F Z’ge ?’%?tors will be readily
quuapﬂs&sskﬂkﬁhengmesent i nvention. 15 Also intended as

at ed I R tide" e pol ypeptides_that have
beeFPti?g‘PF‘r“?‘bBP& d%?‘g rugt footﬁl edg 5rﬂarlére| gffectaddny galcium phosphate
trarsE6RiIoR] MEUENRS trak Shkdfedd (AR b MBS Wkibhic fi e
R 26 VD 2007/ 100584 PCT/ US20071 804508t gfdnﬁ‘)éﬁ'g%d {yansfection,
elegfwggtw, Viepsdustions lrtfh‘élqmﬁll othey mqﬂmdﬁpe‘b\uqhdmeﬁ@ds loee descnbed in

Y K e, S DRSS et n i

BiOT'b@'(tiQB@peptr des of the present invention include a

pol ept de conpri si a ol ypepti ncoded by a

nucl ?én )Ge%’é’gg% ﬁ@’@vﬁ’ @F%Yeﬁe‘? r"}n$ ulspr@erecombinant cell

culbured by‘lg'ella@m“&r M@dhbd@&cﬂlﬂilﬁg ARSI ER G &haol BFe@ﬂJltatlon, acid
95% i dentical, and npre preferably at |east 96%

eXtEEHOTr ABYYLOF FSHPP Schinge %@@ammm shosmbeedldpsr girematography,

hydé'ﬂlﬂ{dlb‘i’@ RRELLEAS Rhroth&Berap nitge%lhe rhg]to%phﬁﬁasﬂaldmxy]apame

am no aci ds and nore pre er ab ast
chrgmiptpgrapBy @%&Oylpephnomtmvpmg éhrioanpmﬁeraidyﬂ h@qpmﬁ@ﬁlance liquid

596 d
B L TR R o —

mvenrﬁ(endxeﬂldehtadmral]Q ;hhﬁieﬁhpx@ﬂu&@} ﬁroﬂﬁﬂt@&im@leﬂflcilr@nthetlc procedures,
é trd ﬁ identical to the reference sequence
an eRr £ R UE é’yp%ﬂ‘:?ﬁ'é’b‘ﬁ“& éechiyeh dlomngyprokeryatie ogsukayyotic host,
inchild, afdr NexARHIE, HabRirl,l 98BSt PRI f‘cﬁla&toomséd'p R4 3Ghdfhatian cells.
of the reference am no acid of the influenza
Depssrdinge pincge the nhest hemplwieds int @ resbirbimeng pmdypreqm |]niecedure the
t :95% i den
pol alagse er e?@&nﬁ%ﬂeg%ggl g 1seq%%’r‘% zilsted bt 6“%’% 'f’ori ﬁéfcosylated In
addmtma @odmieptides plives inventibe maf ersermehﬂeowrenﬁﬁalnﬁydmd methionine

| b h d,
resifle, U BB LR 00 o8 300t Bt R MdohasBl Broine L o1l e o

PhaochatendealB@milations, D 6§a2e6 R PRAYE BE A didiistation
insgrted into to:}e reference sequence. These

al t LRAFTBRRUNSTS qiihe inyeatien sayepimisistersg vsiwe dechumiquen avell known

to @BkIth e 6AI DPXYerabBl RbAPbukS hde! f’?ﬁ‘ﬁﬁuﬂjteci Iaﬁd aﬁfrﬁﬁﬁ%‘?&l by genetic
am no_aci d sequence or anywhere between
immwizgtion.  pdschpighes font Erspdatinad asidt raémmznuramm uaky ybe found in
“Rm F er © on
or %%r eseg%%@gﬁlg%gi g?lg&%]:ss Wﬁ? gd ? %9 er eﬁbclesli“ng CG.aston, PA.
Suigblpueoates sy alnphdet pa@htenat tieliveryyh eﬁdflﬁ rasafiframuscular, intradermal,
rticul ar ti.de j.s at | east 95% %. 97% .98%
ool S BOLURERS 02l SR oSl S in it

intra@dieas Giatapatoachl Dihtanig! & E)t@ﬁb&iar injections, just to name a few. For

injection, the compounds of the invention may be formulated in aqueous solutions,

preferably in physiologically compatible buffers such as Hanks’ solution, Ringer’s solution,

or physiological saline buffer.
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sequence shown herein in the Sequence Listing can be
determ ned conventionally using known conputer
wonogriacs4such the Bestfit program (W sconsin Bequsmme004506
Anal ysi s 25 Package, Version 8 for Unix, Genetics
Computer Group, University Research Park, 575 Science
Drive, Madison, Ws. 53711). Wen using Bestfit or any
ot her sequence alignnent programto detern ne whether
a particular sequence is, for instance, 95% i dentica
to a reference sequence according to the present
| NYSRldees W?)%rd?xﬂrﬁ%%ﬂﬁﬁr %ﬁﬁnﬁﬁ}andﬁfofctﬁé' c8BipousSACHY the invention
that the percentage of identity is cal culated over the
is prefeinted) eabpiuest welh knpwhde dhase cdwrdivar3Gkitindths agfuepy be utilized. For
exal nl% tsﬂ@ﬁ c%%*%%uh@s t;'t? b%gé/ncglhs&igteh o&ng %h &H«@s tt@)%ﬁ‘l administered as
nunber of am no aci resi I'n erer ence
descsibgd eatogear tipglsbmwe chre Tdphepcdl yipeidt b%&rsof\mt}h aqueous interiors. All

molggy %Eplé%gngaann 1 ; O%]lig gg"ly{é‘flfm%‘c g‘benvent 9 posome Sformation are

incoggoréﬂealin@h% aqidtus infekiad! The e@usomal%nv&ts’z&@%m@ﬁﬁécted from the
CT/ US2007/.004506 Multiple Peptide Synthesis (SNPS "

)
extefpad c BUGTOPRVIFM N 2tbs bEPANSE [1Rogniss Bage, it Cell mémbranes, are
effeén@e?}d@ﬁ«kre& s ARG 1 Ghadh.. (1986) . The present

invention also relates to vectors which include the o

nudegleotilsi gquenses ofi tes irvfentipe wiids argt toj hwmmapdivlarhy) gfministered
may(r:tg% 8)?% essen?n \?:éc gr érlggtglu%%getggglgﬁuetssge% tcbwﬁ P? l'tjl(})onse: of skill in the
art. POFyP egxahids ekplfeﬁéiqtménécsoﬁsh dedoéd biyomr @’ﬁﬂﬁéﬂ rsagh as retroviruses,

t echni ques. The pol ynucl eofi des may be joined to a
adew&rt'ua?s a\%ﬁlilq: ASSQE: vituses, herpek HB‘H%&S Va“c“b‘ﬁ?a‘i‘ﬂisﬁ%; pc?ho viruses, or

sind®® &SRS l@lek{%s S P NAGREL Afhyl B el 98t delivery and expression of
General ly, plasn1d vector is introduced in a

sucly peelrepﬁldeamuemfé lintasthg tergetadiselloprpiiptione Methodsifexthe, construction

of é?lrch' &ﬁesﬁﬁﬁp{/&%r\é‘ 4 @eﬂ%&w g%el 'f&’ gxar{x{ﬂet I)«?ol)é&?ﬁzprClonzng a
I's a vir It be packaged in Vitro us .

Labamfoothaduel %@Hagmngswdirbok iener/aR@0t iid tSmanaémr Laboratory

st ¢ n houl,d he.operative .

Pres'sr ﬁlﬂ%gp rgend ﬁroz%cogsp i %eﬁzf% mg{zgll?a ,Sugﬁlpbel R cﬁ o %erag Wiley &
Sonkard®da PL pronoter, the E. coli lac, trp and tac

praonoters, the SvV40 early and |ate pronoters and

pr ohtist wventign peends,ior the yserd aplasais [y PRy (priming)
of aSH(S‘sj@ afd thdSubkaqidMy us8BR Al RESMBRIhY viRhY @Eﬁ hs atr@trﬁ‘ﬁi‘@s @denovirus,

QG her suitable pronoters will be known to th
ade@%ﬂﬁﬂoétﬂlt@r Ymﬁwrpﬁseﬂ@;sp Vaenie Vit nBelQ Kirgsy@1 $mdbls or other RNA
v1rufsu'fc;1ht%osﬁg Qfdnhg‘ét 5?(11(/9:"6 &Jr@ansf’élf %;( gle i ho@b Q)D’oe immunized
rmnatio transcri a r| sone

(pnmed}im@ asplhanfd)by Dﬁ\hﬁns:hmahnmunoﬁlwd cogHi Yiga bom&t ivath tiuka corresponding

. the ture transcrlpt re t he construct
vire o Bl B i o PR BCA Y B! AT PRAPH R dprimed) with a
plasnfid beDNAI figmanikatioh edrnd Badeivena daden wWilh ot W\ cofresplihding viral
ro rlatel ositioned at the end of the

congaidBabt PUEES i EPIeIch B e VAR cat ed. ¢ he

ex F’W}ﬁxlslré% eaflqstﬁmem Lirké efRr s, mp%iduﬁ@ YProtedPSbquences of the
one sel ec

invention, they may be used as therapeutics or prophylatics (as subunit vaccines) in the

treatment of influenza virus infection. A therapeutically effective dose refers to that
amount of the compound sufficient to result in amelioration of symptoms or a prolongation
of survival in a patient. Toxicity and therapeutic efficacy of such compounds can be
determined by standard pharmaceutical procedures in cell cultures or experimental animals,

e.g., for determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the
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mar ker. Such markers include di hydrofol ate reduct ase
or neonycin resistance for eukaryotic cell culture
wand7ietssacycl i ne or anpicillin resistance geneeTfise007/004506
culturing in E. coli and other bacteria.
Representati ve exanpl es of appropriate hosts include,
but are not 25 limted to, bacterial cells, such as E.
coli, Streptomyces and Sal nonel |l a typhi murium cells;
fungal cells, such as yeast cells; insect cells such
as Drosophila S2 and Spodoptera Sf9 cells; aninal
dos&%f@eﬁtﬂ@d’llyﬁfﬁ@ﬂ% 1@/@6&h8@6§ﬁlaﬂﬁhﬁ®h@d6ﬁ fafio bateen toxic and
plant cells. . Appropriate culture nmediuns and

thergRSHEIF TGS 1F S1€ IREPRYR Ilgs 888 1 BoRPresssd & thegatio LDSOUEDSO.
t V: e

Con'ﬁﬂﬁwgsé tu}ehp?ﬁag)-@r}]lgﬁ l}aregg gheﬁ‘ﬂ%aﬂlc ﬁ@k@ﬁ §re°%r%fe@fe?1 dIélslegt:ia}té‘ %lﬁteauned from

cell fcubme@saaggmndp@ﬁnab&tudms carPhage@;i:m ﬁ)trmutmmgrag'ange of dosage for use

n hl%nu g? gt’)llL ?c\fsg:%%% Ség%}g é:grﬁ]gbu% sgll_%ﬁ PreggngHL\K@?éj éange df circulating

con@ﬁl(rZBan Bhat 1DB04Es tHRREDS0awah! lakikeorf fi® o:Abidy. Melticadosage may vary

wit A@ﬁyg ¥ f er o eukar éhe %gﬁ ot o o @/edpz;s\zgsizt&-foutﬁ@gfmmxstranon

utlhﬂéﬁr | lacﬂ'da:%s@oﬂl\p@hﬁ@bis@d fih Ofie ShefoadeN&ie ARENASY, Kﬁ)e therapeutically

pB and pSVL avail abl e from Phar naci a
effegquq %smeéav@é@étﬁ@awmmm@léyf@aawlyculagsaw@m polospaay be formulated
I | t |
o LS A S ] AR AR s e s
(e.gt, than sémeniration DEAS @eiktorapouredivhichcachicars hdmifrmaximal inhibition of
. catiqgnic lipid-nedated, transfec
vira e ARt Riec ot PARSLET M ehhiel Aiense o g fost compound) as
detefideddi céletiltirel hSsih sferaass thete iuded @ MyorstaabEiatelly determine
*@boratory manual s, such as Davis et al., Basic
usefigh idosess 1 huppAnsc u LV els Bito PRSTRA Tey6ehe Mensuteds [fores3ample, by high
r1BAhREAI AT Enr6 Tkt @rerefl and purified from
pe reconblnant cel agbﬁcu tu#gg by wel | - known net hods
[ ncTh;d pwgpamrbnpﬁ thes ihvfeation onaye,t fuathet, srecitipd relei @fha prophylactic
vaccaﬂé OVH% er)eé}n:tgghyg 01%6020 ?cﬁ S ark g{)% héf ga?sgugpséesha%amst influenza virus
HAhMdy, O{il’lbe.’l pfﬂtehaomh@ﬂreemmtl&@r;aﬁfeyablﬁfséﬂvﬂltb Veutralize influenza

viru(ls:%sggrmt o %ﬁ%‘&g Péﬂhgy&/ggﬁ%ﬂ t@.ﬁgP chr O }% A ae{]almmxstratlon of the

comPRuh@y ﬂﬁn@lﬁa lihGétitidn GBI @nﬁbgﬁf/ﬁﬂﬁw \(achﬁlec therlefore, would comprise
enpl oyed for purification ypepti des of t he present
admingsieRipgntol 8rhqsh@ eRRECAHRERM,(OF w%\mqunﬁwfiﬁ%w d® gaising an immune
resﬂ%ﬁ%j%f& Rfsuffied 68 letisl ALBBL dyFardly HEons@NE influenza virus HA,
products produced by reconbi nant techni ques froma
NApNBk(HrMétprctem, ae%amy@taiaemnﬂuemmlwi, hy, fof example inhibiting the
abilﬁgmlug ghrlaggﬁg ?rwegl! Ienexalj:pgzcﬁrrl(i% rati %r% tvwﬁsc? oy(g upon the specific
comj:onﬂd aotien acﬂrhnﬁmad:dp buo Mmayr & deidfrainet g, uﬁﬁg Yoyt G&hmques for
pr esent |nv nti on may be glycosylated o
aSS%‘r% E'F"y JEESIPBIPERt OF /P BrsRIEe tTRRAPDSH IYRiFR pA°e el tyﬂweto those of

ordinAMEYKLT pNtH¥RYt. @l so include an initial nodified
met hi oni ne
The compounds may be formulated with a suitable adjuvant in order to enhance the

immunological response. Such adjuvants may include, but are not limited to mineral gels
such as aluminum hydroxide; surface active substances such as lysolecithin, pluronic

polyols, polyanions; other peptides; oil emulsions; and potentially useful human adjuvants

such as BCG and Corynebacterium parvum.
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resi due, in sone cases as a result of host-nedi ated

processes. Pharnaceutical Fornul ations, Dosages, and
woOhdesioesfs4 Adm ni strati on The conpounds of the PAYEISRI00K04506

may be admi ni stered using techni ques well known to

those in the art. Preferably, conmpounds are fornmnulated

and adm ni stered by genetic 25 inmmuni zati on.

Techni ques for formul ati on and adm nistrati on may be

found in "Rem ngton's Pharnmaceutical Sciences", 18th

ed.,. 1990, Mack Publishing Co., Easton, PA. Suitable

r ohkdps/antsysuitablalfle @aadningdtakiot ghiacesyiansdiGithathe present invention

h %*%ranusgular, intfﬂde%nal, subcut aneous,. . ) i

ShoU P BREIART AP POIAELY siiis Vel dolgrafed and effsstivgimpeaple including QS-

21, BiefCPCl NIPAVSB! NISGMLCSF, | THERKRIGUSERI-1005, GERBU, TERamide,
intraperitoneal, intranasal, or intraocular

PSCYH b tlivenas; Pod46, (@Sl MABWB-tghirg0 MR €26i 8djuvekeCpG ODN,
BetafdtihO libngﬁl oéfndt WPFéé“Y?e‘%‘ I a%?%l"ib%()&ﬁ r{}]a'cl: %ee dlé:nf%? and references

aqueous sél utions,” “pre phiysi ol 0gi cda
theregmppat i bl e buffers such as Hanks' solution, Ringer's

solut i on or, physi.ol ogi cal. saline huffer. -29 .
20%?0%%%“5@%%@%?‘%663%‘08‘% ng? ﬁg{"éﬁ‘é@?w&‘wm% growth

factarf)t ¢ya6lkihbsiland 1981PhBk ks 3Lét0As AlphDRi &GAIPRUBSEmAlintdtRron, platelet
invention is preferred, techanges wel | known to

derived ggawBt Taster (RRIGE)s BOSF, MG He T¥E. epaderpal grawthAeetor (EGF), I1L-1,

IL-20L4, IBXQNRLE 1LSUrdhEL@npounds may be encapsul ated into
1 osones, then admnistered as described above.

Li pos ortbssunhe togstroeits aledcriped bbdwayette wixatt dquedaton, route of

i [ A.0r I ul,es._pr.esent .i n eqQus . .
aambEERA" g Aolaet, TLIEURRGRIEEN 5P HER in view of e
patientig orqueiitidred {Seboe.gheFiagueouws., | IM78] iier<ThEh@hhinpesRERdal Basis of

contents..are th protected fromthe externa

Thmﬁ?%%@@n JP&ﬂﬁgﬁt and, because |iposones fuse with cel
NMERSHRORE be dided Bz @Rd bi@Ading Phi V616 dvb il AdoBELES! o and when to
cytopl asm Nucl eoti de sequences of the invention which

termyiate, { 1§tasRIPLN OF AEBIST @HEyimiirating diettertodicity) onety ¢rgan dysfunctions.

Conv¥et LAgiGE! 0f i , ' . igue [y .
on A BELALRE )Pl S ) DGR ER Bbder et i

the dipealsmisponseewtenr ol eadieqeade f (pestluding tegicityh e magnitude of an

retroviyuses,, adenovirus adeno-associ ated viruses, )
admipf G408 58 e BlARRermnd e Sue! PHErRG: Of injsiest Wi vary with the
sevestyndDitlse @bnditioar toRNA tiehfedSaR (HY rdut@ OfPAESistatioRY DPEe dose and
used.for delivery and expression of such nucleotide

Pe‘h%dﬂgﬁﬁwoﬁhﬁe&ff*ﬁk Wil et serycasrordingis ﬁf’i 38R, Weighhgag response of
the thaividd® ga@RAL I UC Hr@RathOocthipAHGE BXRLEARCAQ Y SHLOE 5%@' Be used in

wel I known., See, for exanple, Ml ecular C oning:
vetenngsy madifipe-Manual , 3d edition, Sanbrook et al. 2001

Co ' ] r . and rrent .
L N P—
accoffighpe WiltheypngentBoms meli®dd of FhlenicptanhaonogtbéngsnédicinBBagents for

aamifiafton % Bl o BEE GLIAPE PSS 2. ctonbi naht

Vi The cotipolindsofithi€inventién!San BE@RRYYedSin admixture with conventional
excipients, i.e., pharmaceutically acceptable organic or inorganic carrier substances suitable
for parenteral, enteral (e.g., oral) or topical application which do not deleteriously react
with the active compounds. Suitable pharmaceutically acceptable carriers include but are
not limited to water, salt solutions, alcohols, gum arabic, vegetable oils, benzyl alcohols,
polyethylene glycols, gelatine, carbohydrates such as lactose, amylose or starch, magnesium

stearate, tale, silicic acid, viscous paraffin, perfume oil, fatty acid monoglycerides and
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adeno-associ ated virus, herpes virus, vaccinia virus,

polio virus, or sindbis or other RNA virus, for
woaowtioesg4 sai d host, and vice versa. For exanpber/ushm7/004506

host may be inmmunized (prined) with a plasm d by DNA

I muni zation and receive a boost with the

corresponding viral construct, and vice versa.

Al ternatively, the host may be i munized (primed) with

a 25 plasm d by DNA i nmuni zation and recei ve a boost

with not the corresponding viral construct but a
diglydefidessn noevtaﬁarthncmh stfattyct acidndsteisc e hyéxfo&& ﬁﬂéthmcellulose polyvinyl

t enza v
PYESRRTRL ke ot WU R Rl re iy v B vtsebaedand i desired mired
withhaxépey bpess o g.p hipitnh@] preSer(@sycs bbilizery aﬁ/@itﬂl%%)geht@ emulsifiers,
atnment of influenza virus 1 nfection.,

Salfsh g?"a ﬁ‘c‘?’?f‘é‘?g YOS TGRSV Fo S TFas.e cglorigey hﬂ%vosmg and/or aromatic
subizbandd a&f tHehac&@mWn&Lﬁéiéceﬁz‘?@W tQct 63l el a tive compounds. They

anel i oration of synptons or a prol ongation
carsgipg bg §pmpined whare dasiredTwith ofhey acthe: agheisapey tvntamms

ef f ipgacy, h 1) be et.erm.ne
st aﬁg dpaq %ur%%gcegﬁil cgﬁgﬁrocgl Uy ed in] acel ' t&ffPP%/ﬁ”&f orintradermal,
sulesxlpwleomaa nnmdlnmalll nmlra:apsuiarg intrdspinal] ehaastemial ndnigirk & dus injection,
‘&ﬁg ldos t|>let hal %}50% of. the popul atign) and the
(tSH e85 VW? o/SieTH8 salupeny. wsolstrbln o4y 06 agereas solutions, as
wellhgy appuidies, | sm@kioast by ﬁnbﬁnéo%&ﬁdlhgesufﬁﬁgéﬁ(ﬂé?onﬂ'ormulatlons for
The dose ratio betvveen toxic and therapeutic

injectiopmayhbe fyewanied ot despset famm @g,empnmse@sag in multi-dose
corfthifefsatvlitn L gl Cegjresemgun%e Cé)nilHOSl dglltl bi L grl%e goch forms as

t herapeutic in are preferred
suspesionse eddlutienst wreemsbays andibniomhqubusli ﬁﬁnﬂaﬁ] Bl may contain

fort oy el s o e e BRI 1 DEpess e catlpy Altematively
the\Mctlhe lingrediengma®fbeCinl Soil ddrifogn fEOOGRM RN FNE 4 falable vehicle, e.g.,
¢ {(}clud he EDS%ﬁ\Qathlrttle or no toxicity. The
sty elqﬂéyeq,\gpgpr ?Hi4§et hi s range depending upon the

dosaefe heha epmlQysH, s 0

utili zgd Forﬁm;ny cogﬁ%ﬁlﬁgﬁﬁge ﬁle E gﬁig{lﬁ%d&{)géé rhqulds drops,

SUNPAGEHSSo reT tCﬁEglther a atpllfmnlayeut@ﬁl‘ mnpneltdms emaanbbeprepared by
corﬁz%ﬁL&?a? Gfled \tvﬁtg I%%anfnragéyt%% agcl:’lel tt e a§%§%§%§gc}has %mdmg agents

or nu at e I N ani
(egi Pl@gblatlmsgd piaa;aenaamhn pelmmalpymhﬂaﬂ@ er hi?@bxy]ﬁl@bﬂdxﬁéthylcellulose)

oncentration of the tes
ﬁ“éfsﬁpggﬁ CAgR AR SULE° SSRUPFE FRRHRET FHHOBER PbpSRYRLS); lubricants

(e.&tj makmdsitira Gldagdte) Rl A6 MBcd)Odishife Q@tb‘ Rt g9fpotdNE s%Yﬁm)r d¥ium starch
bsence, of the test conpoun geterm ned in

gly‘&@?ﬁe O VEHRE agsals (e .crodim dapry Wlbbzat@)s efihe tablels enay be coated by
me&fé@h’ Wﬁkﬂo@lﬁtﬁ e Bk, aglfduéreﬁé}gﬁgné fb rblfgpgcﬁml%s%r i’gn may take the

é)' asnma may be nmeasure
fon@eq HmereERple) lvtionsh sonmns oy slaq@hmeHPlg@)theﬂ' hmy be presented as a dry

proﬁQ&p?H{n&ﬁlsﬂtutfoﬁean%V%{ O OB su%bg? é)eﬁ%rgt use. Such liquid

rol e of a prophylactic vacei e
preparatimsemaanbd: lpoehazad aylydddmwﬁ]'dnal RGN S\Sﬁh qgﬁlnlﬁ%éeun cally acceptable

addll fd uenca Vi rus NP or groteln whi ch
MOREAE A aHpsniNis BG5S e THTUEYRIR sesllulose derivatives or
hydréiddnd @Az 8dib¥é rUR$S eilsiffle XaWR! @g.i ﬁ@élﬁi ih | 9 aEM5HD Slon-aqueous
i.nfluenza_infection. Adm nistration of
vehicles (e.g., almond oil, oily esters, ethyl alcohol or fractionated vegetable oils); and
preservatives (e.g., methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations
may also contain buffer salts, flavoring, coloring and sweetening agents as appropriate. A

syrup, elixir, or the like can be used wherein a sweetened vehicle is employed.
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20 compounds of the invention as a prophylactic

vacci ne, therefore, would conprise admnistering to a
wboasd7/1@0ssoncent rati on of conpounds effective i RCTAISS0MYO4506

an immune response which. is sufficient to elicit

anti body and/or CTL responses to influenza virus HA

NA, NP or M2 protein, and/or neutralize an influenza

virus, by, for exanple, inhibiting the ability of the

virus to infect cells. The exact concentration wll

depend upon the specific 25 conmpound to be

adnburtained od ditsatedmieabe cdepesitibne daib peuirmglaed nogy diposomcs or

ek S e SO BAE 1 HUF DRSSl SRSt comings,

e.g.$ sy Imicionédpeuiation, thiRipl® BRRIHBE Set&BYt i alsEQJo@Mbﬁat R0 dMzE Bry the new
a sw tabl e adjyvant_.in order to_enhance t

compapifd prd Preathelpepialisates @areweﬂdioa%ﬁvglenﬁv the repgeation of products
for ltctRne not limted to mneral gels 30 such as

al'um num hydr oxi de; surface active substances such as

| ysbBoreadmimigtgatioh lhwmmlapohyﬂiesqormmwlamfongse acdfmdmg to the present

S I ons p tent aII ul human .
inv BER, AR5 ol RRRRa " Bl DBk B iR Pt s pation. from
preMﬁékD?bddk@SéM BC'HeUSBfJ@?/ QﬁﬂS@ﬁe A Ucyfarﬁ Ssuitabteatﬁrepellant, eg.,
i n,accor dance th the present

. for -adm npi strati.o
dichlgtd By dAmetatiPg BRI R elARS o sl prarFiyAtapesthane,  carbon
dioklortothé&rsaitable B fiRCdsy @fiaNpReeREEd 'anQJsHld{H%Q(io%%e unit may be
21, Detox-PC, MPL- SE MoGW CSF, Tit er Max

deteyprpgd by Proyidiae 2 vawesy Belive alm;teredv@lg@@t Capsules and cartridges of
e,g.Gg,MgF n 6 %e%f&!a %&%ﬁ@&@%@“ﬂf&qjﬂ% feot%glla%\'{é%rgammg a powder mix

afecti see
of tha cainpeyndlgid esgﬂtaatﬁdpmecﬂcerbammh aks hestederyr. staztiher

cont.enpl at ed uva t hat e adm ni st

i nc‘: ?fggp‘icéﬁ?ﬂpﬁgl‘m%‘? gf}ﬁrﬁ arg %IBP a%??‘bﬁ?‘ﬁé%belﬁg‘&‘ms viscous to semi-
solidyoTotili foffis so@Priginedd ehidet &trﬁﬁzﬁﬂﬂé’ ith to Wplcal application and having a

gamma-i nterferon, platelet derived ?

dyn@pqggqscosgtggqcre egmpgrearwptha@ iHagRsT rﬁmltag}eofmmufaé@p@ include but are not
llmlitﬁﬁlz% sr,olllil:tg(?rlls s%gnélknsz 'err}ultsmd‘ns L gﬁrs, Jnkxgﬁgntg,tpo]&de@? qlemments, salves,

such freat nents Cri ove
aer@ﬁ!ﬁetetﬁor\ﬁhnbht angn if rdesired,ofterilided rirstmisgd omtlamﬂlxﬂi:Bﬁggents eg.,

pre%;e%{']atgl% St Jﬁ@.ﬁﬁg@r? Z\g%p a(ngtrjelll'l%l( g\éfz'lcrg %Sysg %If(?{glfllﬂglFI\]/(‘éPg OSlT.lOth pressure,

etc.1 Fob topmal"éliipencﬁ’hm nele® koigihta hreBasrhgabdd acrbB6lr pRPLtati6ss wherein the
shoul d he nqoted that the attending

Ch., | p. 1). |
actigh et REIPRORH P HONE G ARG arhd B DG material i

packadedl ihUDiqueBie BEHE D iR dEinbitaid @ith Qhrédi@rit0d VEtif, h¥rmally gaseous
or_to organ dysfunctions. Conversely, the attending

Propelipst. G &an? #690-d al so know to adj ust treatment to
hi ghgs C(lnﬁ}\((@lﬁo gi? dgéll'églr Bél;)ré’sgﬁ@g MG pie r‘[l) ge lagsftperésr?r device which

adequate (prec t ox
mamcmtmmsmmdn@@smm dostpefomas agetaBrbg d‘fe ddnieevngradlient. The pack may
for exargf):ltel coorllmg)rfse meta{ of tplavs\iil: lfoiY,ast%thstahbltlsqgr pack. The pack or dispenser
device may be accompanied by instructions for administration.
Genetic Immunization '

Genetic immunization according to the present invention elicits an effective
immune response without the use of infective agents or infective vectors. Vaccination
techniques which usually do produce a CTL response do so through the use of an infective
agent. A complete, broad based immune response is not generally exhibited in individuals

immunized with killed, inactivated or subunit vaccines. The present invention achieves the
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20 severity of the condition to be treated and the
route of adm nistration. The dose and perhaps
wonrTaotssest regi men, will al so vary accordi ngrCo/ush®m7/004506
age, weight, and response of the individual patient.
A program conparable to that discussed above may be
used in veterinary nedicine. The pharnmacol ogical ly
active conpounds of this invention can be processed in
25 accordance with conventional nethods of gal enic
pharmacy to produce nedicinal agents for
fullgepmpliesientiof onmuoe patpicestsin @. @fe mTHRABRLWSthORC HHIH S and problems

...The conpounds of. thi.s i nvention can be
ass&eﬁpgﬁ%g%gj Yaﬁc‘é'agr?‘_}& PEUSHPHFCEBIR & fonal  exci pients,
| . eApcqiimign@oBe prés2hi InRAGSRIBRIAS 0P R@@Q'tﬁatoéncgﬁ?sre % g{}lggt protein is

. trc(ixrride.r sgibst ances suitable for parenteral,
infrpuegd migy theycells of i individund I wheae iitois eMpressediahnoproducing the target

@al etrRE DRUS loY RAERAGL 1; j t aciive. conmpounds. L
PrOSit abl e p hé’r rlﬁal\?g% 1’@’2‘?‘1“;9 %@%‘Eﬁ%’%%fﬁgle@ﬁ IP‘TH%FS?W ﬁ‘lfl rgeession in the
cellpyef dhe indiyidual.ni Regutatoryatiemensalfor SONWL iifflade a promoter and a

. um ay.abic.. vegetahl e oils, benzyl al cohols,

pol RIS SR, T8l ion o Hlemebls, iy adearab osionmay also be
inclbded tsthe ganaticamaswictst ar ch, magnesi um stearate, talc,

siljcic acid, viscous paraffin, perfune oil, fatty

aci tMhSABYIy cusiets efh genatizovagoines 0P &84 nucleotide sequence that
encbek/ 84 bik g ' rvthritol. fatty )

ac 'dauggét}grﬁs, hy rf)axs/ISL n‘é%‘ﬁi{dc%?@afoggg&%o Syl\]ﬁ”erq)?? for gene‘expression.
Accgg}lfléﬁﬁ Hﬁ%@t@ Oﬁ'ﬁ@ P ng@é‘_i%irgallect!ﬂbﬁp&r a!li:v_ﬂfgscélﬁfbsults in the

ioh&df a .8 xed with auxiliary .

xRS I HEITAPGERNA RELEE ok e Dlstein Sidusbpd dbpguction o the
targgleprotaiy agents, emulsifiers, salts for influencing

0s [ essure, buffers, coloring, flavoring and/or

ar % %ctg s ﬁBs‘f%ﬁ‘cg‘gﬁ’aﬂ’& EFNEUC] RBSHMEtc Whikh iresludes the nucleotide
sequike bacddmsihg tir@aChroWih BptfaBlyAGIKUe Q}RJ] :}% i

can. a‘lshso e conbi _nﬁecj whel e dg?i red wit %ttiﬁg(?yggtﬁn?%ﬁés fmay remain
presgRbint i9e cgll gs a fynstigming extrphromesomad madleaplp lor damibp integrate into the
cell'Withfdind ol #R9A | | ader mpl . .

subcut a_nepa us, i ntriélg%z;ms{ gf BL‘ %??déggééé}f’é’gﬁs hers, & gpmains as separate
gengtify materiel imthe fand dfret plwmidbu s lempaRivieiy) lineaBNA Wﬂié{) lbah integrate

: ' e inj.ectable sterile solutions, preferably
into gfl’i'% %ﬂ%lrn%g(glﬁg ot QJbseolfla'f)fl‘é‘lL‘Fg, n tlhf §ehe WY heégmg'ggp@ﬁg LBhA into the cell,

reagents| $ihoubs pramotenPNAL atedrtidl Ghidd cBHPRAS Q! fnﬁg' be added. DNA
se qugergulw tions for | nj ection may be presented ih unit
TGRS Afe wseful tq prompisuintegraion mayuplsp-fosecluded in the DNA

moledild. aBIRE SntePdatibn &oAHE  Hr RESSRIAY Btk X & : . . .
ositions may take such forns as gllfg%%ﬁgllyorﬁg?“es manipulation

co

of the hipmgseme, it inpieirenksto maisitaiy the DA eonstrue his ®@plicating or non-
replidRn 1RYir&Mb:Bbsbhmdl or ent s sych .as :
ep, sus p%ﬁdirng, st akﬁl% ﬁgﬁgwga%hd%c})‘%gr :aélﬁ%sr enﬁaéggrﬂagx_agmg the cell by
splicipg et the e FlyronmkBomiee veittdut eafifegingditient effdYivBigess Nof the vaccine.
Alt rr,constitution wth a suitable vehicle, .

ARV, KA b RBTI AL i ll, o3 oo coemplased 5 provide the
genetint @matruasl 4 tidbaroMiniPRioMdEUhR! ittt d AR1eRtrBiEre, telomeres and an
ori 1 g%.l etls, t.dr agees, liquids, drops, suppositorie$, or

EEREE O he phar maceutical conpositions may be

pr Qﬁéﬁ%&e@dry elements of a genetic construct of a genetic vaccine include a
nucleotide sequence that encodes a target protein and the regulatory elements necessary for
expression of that sequence in the cells of the vaccinated individual. The regulatory
elements are operably linked to the DNA sequence that encodes the target protein to enable

expression.
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conventional nmeans with pharmaceutically acceptable
exci pi ents such as binding agents 20 (e.g.,
wonegabessi ni sed mai ze starch, pol yvinyl pyrrol i #HOmasSe07/004506
hydr oxypropyl nethylcellulose); fillers (e.qg.,
| actose, microcrystalline cellulose or calcium
hydr ogen phosphate); lubricants (e.g., nmagnesium
stearate, talc or silica); disintegrants (e.g., potato
starch or sodiumstarch glycolate); or wetting agents
(e.,igl.@,tl sodi um | auryl sul phate). The tablets may be
coa nwecum;lﬂabd@ode* h tkrgetprotein ifie p&ﬁtbin—éﬂ;@tlir% m%lsecule which is
: r oral adm.nistr n t ake the
anflo RO b e PRI brBe DG A g ich comprise a nucteotide
sequarspehdi arsdesohe tdigyt proveile THeSs fifi&MiaSmay g8 Y:D_NA,b%enomic DNA,
e

S t@éodu(?:tn{ér (;gant.i tutiopn with water or other suita )
YRGEHFR £or&YRed heaaepliprandiiNg mglesplerweh ensRg. Heccordingly, as
used hefat, @He Momﬁtcbﬁﬂﬁict'qﬁg&%ﬁ@ ddhsRBA" TRE eHl%éé&?iedeé sequence” are

acceptable additives such as suspendi ng agen

meagh iyefey) todpih BNA and RNgs modiesulesat | ves or  hydr ogenat ed
edipl&ed v Bl sd fyl ents (e.g...lecithin or .
acaci a) gﬁ %ag%ryaequeéﬁésﬁ%dﬁg%éﬁ ?%rl %eé‘e(eé‘?g?s?m&m&& folecule include:

a proiojeresnangiatiet leptom)| « slopl codbnf bad bi INHRAYMEELEAREE In addition

enhé)ﬁcle§s) 'reagﬁ Fr eservatives g. g., nmethyl or ’
SIShy e p-hy SFBL A9 gFuss © TeEYPbi dt cpepessaryighat these elements be

opepbBPAT did Vaccind®Y irdiwiQusloNhAdrBoif 1efs SRSy that these elements be
%}3 vgr ncg, col ori ng_and sweeteni ng agents agy

ope Bf B*(? f@ theanudgetide sesupree thaprenpodes| thk gaxgen pheeinsath that the
MBEAE B Rnsvest | €l el S loyed. . - NO. .

2007/ 100584 BT %%gﬁl\c{i’gggoﬁ‘s%‘g el s Wecgl%fe%d'i\rl’\?bvé‘il% and thus the

targetairetede caobppodnéains can be fornul ated, e.g.,
e conppound is

[ e .wherein the actjv

B T L SRS T N W—
sequenge thabyennodas abe eaps rateinn HoWdver, At & §Q2%JaR0fhat BlcSe elements are
funcI.t 'ﬁi 3_{130 possi l S t,i freeze dry the new conpounds

A9galindhe Ka CP%?S%‘" M#MAs obtained, for exanple, for

t hesSiiieAe! fohidter® bnd pORHEL 10L& h AR bR e s

adpi ni st ?a]??on bry_ ?nﬁgﬁ’gt i%%?&trﬁsgé%%ﬁ%%?n gafbg rfgﬂ%téonal within the
cells,odthe yrerinated idévidvalsent i nvention are conveniently

deld, g1, | r n_aerosgl spray .presentation .

fr Qr)r(1 6)? gssgﬂp {Az?lgocf&%ac e§110t§ Dragiag e, F,Ser&/i lgﬁe&tw& G&pecially in the
prodgttion ofiiatgebktic prepe foahimagsginclude but are not limited to promoters from

. dichlorogdif onet han trichlorofl uoronet hane,
s’m%%‘pﬁli"g‘rs o%det(#gg PhorgHh Z‘ﬁ%}m’é‘a\f DGO Vaius xNIMIY) pravester, Human
Immsnbdefidiengavirud (HIVIEsGhSS @ @rP rL%%“férﬁﬁQaﬂ%;%ﬁf glléﬁggpromoter,

dosage unit_ mmy be determ ned by providing a‘va
Molgagy, 8’érl'usa %Yer@ﬂo@ﬁ%ﬂflmm@@%ﬁ%hd ag ather Cifésinpiediate early

pronot@r, , EgediatBdr MaFusUGSB 1Y) | ghal £l | ator  may
be for%u@ffl at ed contsaﬁﬁ?% 126%0\?\5%? g{r% glmg ﬁgﬁé acsoWB%LfﬁdpmmOterS
from, Rymgnsgnea Huh s viiamarh Asating Unimans MyastroSamedn $feidplobin, human

mus&@rcréa@iﬂ.ls%g%Pgﬁ?h Wedhbfondpere are enpl oyed as

non-spray or s, Vi St0Ys to sem - 15 solid or
soE!de[pbqserf thwdesyla@om sig@ald Qisefd n%ab_féétise Whi I'bresent invention,
espe&gﬂl ggl a 0I [ ctatl on andthaw ng a dynam c viscosity o
Brer & A @‘DSP% et 1 ReErtiRaterine Sor himives, frslvdd butiasa got limited to
SV40 nolyideniidtion signiktand LTR! }?(qyé&f@&ltiﬂh's? 1s. Iwarticular, the SV40
1 s(rsg, nsions, enulsjons, creams, Ol ntnents, powders,
polyaqeR signghwhich is in pCEP4 plasmid (Invitrogen, San Diego Calif.), referred

to as the SV40 polyadenylation signal, can be used. Additionally, the bovine growth

hormone (bgh) polyadenylation signal can serve this purpose.
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aerosols, etc., which are, if desired, sterilized or

m xed with auxiliary agents, e.g., preservatives,
webteadrilosser s, wetting agents, buffers or saltspPEoUS2007/004506

i nfluencing osnotic pressure, 20 etc. For topica

application, also suitable are sprayabl e aeroso

preparati ons wherein the active ingredient,

preferably in conbination with a solid or liquid inert

carrier material, is packaged in a squeeze bottle or

in adm xture with a pressurized volatile, normally

gadeadditiqr opbk regitiatos. demettsfre@ared fHhOANGXPSIskioRNSther clements
ack or di spenser

i f. desired resented in_a

may( B0 bs bR oo By R BRISH. o TorddigP e shmentp ngede enhancers
Thef dhafices G R b8 isBRcled Frddk ithe BroupGheRHidgY %)ut_-r{fkﬁ Hfisd Bhuman Actin

for_ exanple conprise netal or plastic foil, such as a ’
hungn; Myesing heman fhemegleking hupias pansde cradting aed rvasal leehancers such as
thosRGERARNIVE R SRY addWgB{UCt i ons for admi ni stration.

Genetic I fAmuni zatTon Genetic i nmuni zation according to

t héGqnetisentstrumie s onpelvidsidtwitian redthertiay origdlof MpU&Rion in order

' t _the use of .infegctive agents or .
R T s R BTN i KT —
in thesoell.| Plabmifs pdBPe mdFREPLFRANILVIEOSP (S0 95@% 3BT contain the
use_of an infective ,agent. A conpl ete, broad based
1

Epsieiniiae YELponee 9fseplinatige sed anucleap ptigen EBNAr! coding region which

produddé HighURp$ epi'sﬂmdmfeﬁﬁgaﬁ’gnt\fbit&dtliﬁl% fdfict i vated or
subunit vaccines. The present i nvert1on achi eves the
- 3\ w\asidigonalidenent 1POTheISAdRl7WDHSEEvEsLES| a ogey fen®ilt destruction if -

‘s i : S i .safe manner w thout the risks
¢ sl AARAGOERS e TERIR s S SS” A e
thynhidfreckinases(tilggmiesn aAexpredsibly foomt i@ Wy RSRIAE i MR Ednee construct.

Wit e anehe i e ERE<LERY e BB Paoedn e dree Eengeyclovir

can ¥ prAfsRthred fIthePMhARAEINEnd MRt BLISHN Qb MleCidlectiTP i
DNA or, RNA is |inked to regulator% élengntse%ecgggg%yhngOfany

cell rpypdugipe ks obhusn 2 Rystera| ¢20 & prewideddwhiduallows for the selective

destFREUh JFQhYciRAE BLS for DNA include a promoter and a
pol yadenyl ati on signal. In addition, other elenents,

sudh <_a‘§ela tKdeak fegion] gengtialicensthest, ihec regibdorynelei@nts must be
opergglgfellgﬁl&dctgr}ﬁé Eﬂ&gotidghsee ?g‘?ﬁ%ittb% grgzgatg% Cttfsnfgg{ P o%gst IA?ccordingly, it

cines conprise a nu

is nesessatpsfon tharigitiatipi aingi Rrofeeh dodohdkedod o RS il Yhe coding
Selghggents needed for gene expression. Accordingly,
q|nCOrporation of the DNA or RNA nolecule into a |iving

celOpehastdibg frands"OR®YRLESHEhL MO brdiba (QN@té?ést RN& another or other
encodi ng the target protein and thus, production A

Proteips, of.tiggeg%qt @@)bpéiiﬁt_r.ow!a] ingk the gell b)’]l Ehecmnlxe? vedter or on different
s oncbd e TheY (s SRR, bY B BISBI G Femcay by o single
promaer. hia the daflatanygehertewhhgiyes gseiona p@lyeiseBhicinfeskdl®, the ORFs
will ﬁa%/ Lelp% aetgc}fa 2%%%@%%&%%%%(&5 gg rs(t)arxttosélogrrrl% s. rm’llh%C}l)Jl!eseen%L c|>ft an internal
ribosome entry site (IRES) site between these ORFs permits the production of the
expression product originating from the second ORF of interest, or third, etc. by internal
initiation of the translation of the bicistronic or polycistronic mRNA.

According to the invention, the genetic vaccine may be administered directly into
the individual to be immunized or ex vivo into removed cells of the individual which are
reimplanted after administration. By either route, the genetic material is introduced into

cells which are present in the body of the individual. Routes of administration include, but
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cell's chronmosomal DNA. DNA may be introduced into
cells where it remains as separate genetic materi al

wonod7neosser m of a plasm d. Al ternatively, |ineaCTmDN£007/004506
whi ch can integrate into the chronbsone may be
introduced into the cell. Wen introducing DNA into

the cell, 20 reagents which pronote DNA i ntegration
into chronbsones may be added. DNA sequences which
are useful to pronote integration may al so be included
in the DNA nolecule. Since integration into the
are it rionived b | inBhitvusadas datraficyitoneglyi ineadermal, paiibguiapepuspfntravenous,

intra%%?&qﬁﬂé&n rzé)(r:rcgﬂa}r%la:né a?{a ggsg:\n(?e IOLa% ?rgisﬁecian}ltﬁggr l%@l'a‘inhalation or
suppo¥itdrgc hPesesedalout®| ef idinidttition’ eEileds ithanticalkar Ointraperitoneal,
. da][xrr%gi ng the cell by 25 splicing into the chroposone

intrageprd And SPPRERTI0YS IHECHAT: cERNSHEROBSITRHS FIiEy Repdipipistered by means
inchﬁiﬁ%r Bt | nek! Mmit%hlAt@HYragﬁioﬁglms%ﬁ%e?s[ efleddfeltfie igetton Idevices, or

I's al so contenplated to providé t e genetic construct

micrapragedtile dmmbandmient zeno svme. | Adienutitivgha bengenstier gaccine may be
e Y Sl B0 O By HERLEOL Sy FHE ORAEFAZ 8 mcans
inclidig | 6te exandblenuet eohioderarfitanae tleatropsradsles microinjection and

. target protein and the regul atory el enents necessary
miciogFolsqsil PRRCPEIH: SEEHE GOPHII & IABED EPGP (i Gels, they are
reimpREdd i€ thd RdivibaMal 1t isTBehtéaplaket Day otlRIWIBeNo%-idfrRunogenic cells

0

perably linked to the DNA sequence that encodes the .
that gy genshicoapimuaty ingempsirated dhgspidseandie inpgantgghinto the individual even

if the 0944 95@413%9&/&%'@95{&6&0@0&%0{@ Gt yhnat
encodes a efarget protein I's a protel n-encogu ng
nol'éegesetivhvadrines actording] tatthelprasent ipvatteincongurcie about 1 nanogram

I es. i ncl ude or., RNA which gomarise . .
o it 0D st RS CL A ndp ‘EREUAEE FAG e By apfcines contain
abouthEP BarBrafis k& SbHmys (0emedebifram@ s TODNGA . DNAsoms \péfbesd eeBodiments,
DNA or a hybrid thereof or an RNA nol ecul e _such as
the yrpginesaeemspiai 3y, 0- hstosabeub P ORemisrAgramife ot &R » Iyaome preferred
& vacaRBE bbitafn® YClo attiifl 3UGEGOLIaAR of DNA. 1
emb? ggﬁér{r%%gﬁjez;,rag ﬁﬁi%ﬁ’?aﬁo% er t% bot h DNA a%llg RI§?A il Some
prefoned embedimdfits the yatcines songtinrmbnut 2h de @beulr 35¢ pricrggrams of DNA.
expressi on o DNA | ecul e include:
in sERP PR & = Rbadrnts R B koo TP RABRL RS 30,
Si grnad genktic @acihdsaecorddghanbe psesanieingétéon areqformadtefiaccording to
ene e ession. It .is necessary that these engnt s .
the PSR SToBRRETIEOPR DS Witor (IR GV IR G IRE K Th BT By can readily
forrhiilaieS an@ep&FAMctinat tHihesanSiReat gelidic epastaltty In cases where
~ linked to the nuc| eotide sequence that encodes the o
intrargpggalar gRisCHPR 15 Has chersp eRde o GEMEBIEITEOT s BALOBIG mulation is

prei}a?agﬁxﬁ&ﬁs iﬁgaeinﬂ])l, BEqiEoLd ﬁ)r%ot@ni\‘ﬁg chi flcpehe dih dHRkide, dextrose,
and thus the target protein can be produced.
marinitiot,isettitoh apd twtesea da seme passsdsptoni solefeanssath gs phosphate buffered
.consi der ed .t .part of. a nucl eqt .15 seqgue . _
saifp B3 et SRl psRios e S i To R BB Siments, a vaso
conftEicHSs aganttih adldddesthe €bemtien. alTke pharmaceutical preparations according
to the present invention are provided sterile and pyrogen free.
Genetic constructs may optionally be formulated with one or more response
enhancing agents such as: compounds which enhance transfection, i.e., transfecting agents;
compounds which stimulate cell division, ie., replication agents; compounds which

stimulate immune cell migration to the site of administration, i.e., inflammatory agents;
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functional in the vaccinated individual. Simlarly,

pronoters and pol yadenyl ati on signals used nust be
wouomioessal within the cells of the vacci nat eBCT/US2007/004506

i ndi vi dual . Exanpl es of pronoters useful to practice

the present invention, especially in the 20

production of a genetic vaccine for humans, include

but are not limted to pronoters from Siman Virus 40

(Sv40), Mouse Mammary Tunor Virus (MMIV) pronoter,

Human | mmunodeficiency Virus (H V) such as the HV
comdq‘@*}“q:}hgphap@cb R {MMURR) regpanseit i, adjAngh ey cempoinds having two
or b of BdsQEGRALQVi rus (CW) such as the CW imedi ate

early pronoter, Epstein Barr Virus (EBV), Rous

Sar bomme Vembedi(rRBY) bapivaedihe,as pelinkhews 2&d facommbneimly available

PR S b el R Y S o A it o subsequent
the [Fehélc0donb@ing] BupbXaiiteesd dhe fHeyiddenthat 2 bl BARLIBted in the same
useful to practice the present invention, especially )
comppsitian. ;BYBiyasaine ippaticBleHyuseiv) as @ ¢rdl stypulstingmgent in view of its
hP iR RUAnAL&INALs WHER! i .a(iﬁﬂ)\ﬂ '
ma_s?%al slandn LTR po%@?yg}ﬁyﬁ?lﬁgﬁa@gﬁgﬁ% fyl n va%tdfngrbromotes and
faciiates thel uptake hé govtl: B@tepial padbeykeht | An seilgritiis whiankfecting agent.
| S . P lasm d. (lpvitrogen, Sa i ego Calif..).,
Adbrlyb B SRS P el shRE R P s GegRa ciiges entry of the
gerletic ﬁ&mﬂmlcﬁdgid édll@a!ﬂtypjvatcbﬁelbﬂlﬁémﬁ/eg R@Msﬂllqpthﬂrom&lﬁise render the cell
ol yadeny] ati on_si gnal cap serve this purpose. ) )
mel R PSR TTeEs, Bk s rubassation dygtimudiicd &y bupivacaine.
Acddi8inERY BLpHAEHNE LERBRL S rdpfidhtid e Godn®l AMRNEHRNRR Bhpivacaine also
. .other elements nay also be included in the DNA
irritginseand| damaggs tha digdus oAaisueh.direntssasi arcinfldemaationnegang which elicits
; C . i.ncl udi ng,...
migsaforf BRPRE QR s TmpRrElal i B MirphBulafEh, h daicion to the
cellsgrooghidp presefiuatehe sits of edorisiatrativer, ahnel celly of thenhaneer s/stem which
.such g those fro . RSV and EBV, Genetic X
migi% Yoriic el EAAEBnST By PRci Y i PR OB gl cagact with the
adnfi@fhéréd it @tid Matiidle and tRe B’gjﬁ%@diﬁ?e.t BRpHRBSIE Usdting as a transfection
extrachronosomal |y and produce mnul ti pﬁe copi es 015 the
agephris tavgtdle tg RREIoge Wpiake| @fsgensticpuperiah by RERELs rafnthe immune
systefVad wogen (San Diego, Calif.) contain the Epstein
Barr virus origin of replication and nucl ear antigen
EBN& addition rtg hupgyasaingh medpivab@ingy didocase,hpghaiospyarbocaine, methyl

' I icati. wi t.hout integratiop. An .
bungﬂ&ﬁﬁgg ﬁ%‘? %g]}leé' rrérﬁ)tﬂ%rggya g _Compounds niay. E? olggd 4§ rgsponse enhancing
agehtsr gBbcH agerrtf hét shesdll wiinubitingf agehts whicH gsofrind ‘Ehe]Ic Optake of genetic
elimnate. cells receivjng the genetic construct. for
conSiye® aRochS SRt RE Ry LU CRI v ge (kg daHialc 1 igfammatory
resofRe asthie Rlte of admimiaratiom. i ncl uded in the genetic

construct. \Wen_ the construct is introduced into the

cel Pther gopemplaed sespapsccenhanpiag hegnts gukigh yeofinctians as transfecting
n drd pestiSs € t [ Ngl M1 ! n t UQy.
age\fjxwﬁsl laﬂ@/o@l Rapcatifg ehednis Q@/(}rln ?%féérg#ﬁltaor{g Qgérl@ afd "Shich may be

M || cause the sel ective Ki
administered include lectins, growth factors, cytokines and lymphokines such as alpha-

interferon, gamma-interferon, platelet derived growth factor (PDGF), gCSF, gMCSF, TNF,
epidermal growth factor (EGF), IL-1, 1L-2, IL-4, 1L-6, IL-8, IL-10 and IL-12 as well as
collagenase, fibroblast growth factor, estrogen, dexamethasone, saponins, surface active
agents such as immune-stimulating complexes (ISCOMS), Freund's incomplete adjuvant,
LPS analog including monophosphoryl Lipid A (MPL), muramyl peptides, quinone analogs

and vesicles such as squalene and squalane, hyaluronic acid and hyaluronidase may also be

-
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cell producing tk. Thus, a system can be provi ded
which allows for the selective destruction of
woacwimessed cells. In order to be a functi onal PQEMSRIOC/004506
construct, the regulatory el enents nust be operably
linked to the nucl eotide sequence that encodes the
target protein. Accordingly, it 20 is necessary for
the initiation and term nation codons to be in franme
with the coding sequence. Open reading frames (ORFs)
encodi-ng the protein of interest and another or other
admpnstemdnsnofconnmem@st witthy the igenetird uesdtriigit olit heome| pmbodiments,
comglenéa% 8?5 3 {ﬂ%%é/ ae%cggn)st arrgI Peglnglmfs erec? ﬂlt %on\jgr%cg%msi%n}% %lréltlg construct.

In otteR @nﬂ)oﬁﬁnﬁ[’t@ ngdnes entsdihg ehd:s%tetgemsafré amngedainin, th&hﬁa@’fh or different
ives rise to a onC|stron|c nmessage, the ORFs wil|
gengiic CORSHERCHEsd fonfip- ‘P‘rpé‘i‘%}oé’t? f3hapredttyp and start signals.

TheyRhgegReetPintRRnzNVELE A, NADOIOIRY 8 hicRbli€e sequences of the
(I RES) site between these ORFs pern1ts t he production

inveption eart@sebrlysgxrwg}p eeteit impugiFtionngndyr bmused e thymepeutics or
propgﬁﬁitl%g 11!1 mee{r%ﬁ{nﬁ gza Oirfis r#%((ﬁioplt €A Qﬂéra%eultxézag¥ effective dose

ation rans atl on of e bicistr
refepsatoythatstni@mit of ﬁﬁl%m;ﬂﬁmﬁcmﬁﬁdbmgotreswm anmlimnsticonof ¢yneptoms or a

e tl C VaCC| m ni st e ctl i nt
prol B R Pe KR B SR SIS @t SheraPdRE 5 icaiey o guttl Sompounds
can &8l deferffinddgy ktagddart qﬂﬁhn%ﬂu@lhala;ﬁr@cecﬁﬁdzsmﬁ' &t @dnaés Gf expenmental
adnmini stration. By either route, enetic_mater

animals; g5 G desermining the 4020 (e éﬂsealﬁ@ab Q3@ of thetmaulahon) and the

t t
ED%US@%( e Bdse! tE&abMic%ll%ﬁ%c&b\%ﬁ%o%g Y 5, OF t}é ggagl%)%? o"(l)"ljrg Scésearratéo between

toxinaind| thmapsdxq effedtnis theuberapemntic mﬂex aqnelrit cambelexpressed as the ratio

j ergal . subcut.ane |ntr veno
L33 [ Enag S BT SaHD1, L] RERRCHT ndices feg profermed. The data
obtdiﬁél?ﬁ’dﬂ %&lﬂ dultuoé aﬂyiyé Bl haiia0 Rtudlies @uﬂﬁﬁs@d jetl 9 Yformulating a range of
Preferred routes mn tion include
dosagst for Mg Py frugpans; r?ﬁ‘ﬁé%’é?g"t aﬁ%zfﬁ compqppdsiassriefegph]y within a range of

circilaBaY BRQAHSbRY B&L ineRideSBIREED S0 GRRIIIEGF fo MWcRE The dosage may
adm ni stered by neans 5 including, but not limted to,

vary peighin| i iranggr fleppading span ethesdosegg dermn opmpleyed cand ghe route of
adnﬁhg{rgt%rpju%ﬁ%éd 2’&%%@@&&? rh%e% l{HSr eAnbBoRab+ YRl Yavention, the

eneti c vaccin ntro uce by vari ous
therapans:a]mteﬁ‘ectwd dosehein hﬂ: estimated aolitihlp frdnh eell olilturel asshys. A dose
C ncl u f.or exappl e, ex vivo .
mast bS RalEaRed, in Bt g el 45, GV R o iAo, rigsma gqnoentration range
thatMn@ludies Ghe qt.igl, &hbmaéﬂfﬁifb&x ofitiiee kest RBmPOARE iVehich achieves a half-
construct is taken up.by the cells, they are 10
maxigahyiubitien of gl frrfsctil%rf«}ﬁﬂm?aqo the @mogng shihengpieat &ythe absence of

the tt&@tcoﬁ%ﬁﬁﬁdy 5808 h 8N G Rhftufee! $ifch ﬁq'?@‘iné%\‘necan be used to more

genet constructs |ncorporated t herei n can
accynatsily Wetegminet wsefiledosediin iragnsey éqvels fin tﬂi@sm@mm‘ac gujeasured, for

a%i) 4 %g\ﬁ’z%h &%&r%aﬂ@é 1¥uxd% L{og{@gﬁ%, ﬁ%pﬁ&él ndi vi dual .

vacci nes accor sent
[ nVElm cmp@maip r(fqr@eabtwimﬂnunmngm)wﬁ tht mmwlnouh ni@.Q(i‘urther serve the

rolev%tﬁ p&)é:gy]ea;& }Jﬁ\(ﬁ:me querem thg ngteprrg(? %ese narJ[xjtob 1es and/or B%L responses
against influenza virus HA, NA, NP and M2, which responses then preferably serve to
neutralize influenza viruses by, for example, inhibiting further influenza infection.
Administration of the compounds of the invention as a prophylactic vaccine, therefore,
would comprise administering to a host a concentration of compounds effective in raising

an immune response which is sufficient to elicit antibody and/or CTL responses to
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15 about 10 nanograns to about 800 mi crograns of DNA

In sone preferred enbodi nents, the vaccines contain
wahoor10@s84 t o about 500 micrograns of DNA. | n BOWAIS2007/004506

preferred enbodi ments, the vaccines contain about |

to about 350 m crograns of DNA In sone preferred

enbodi nents, the vaccines contain about 25 to about

250 micrograns of DNA. I n sone preferred enbodi nments,

t he vaccines contain about 100 m crogranms DNA. 20 The

genetic vaccines according to the present invention
inflgenzar iy, Hat, QA adoant] Mj2 od/or meumalilee miffluenza virus, by, for example,

; t di Kil)
T4 0 2,85 5515 08 L BREERE NS L, ceend oo

the tﬂpa@ﬁcocmnp@.esl o Hensimipitans! bucimay Be Qﬁ%ﬁ“ﬁnm b§ using standard
technm rea scul ar Itﬂ%ﬁm ion is the chosen node of
S 10F FSipyig the, AeyGRIBRRICOf B3 FRIPEDS BHPpESC whish@rabie)l known to

thosesEbrdimanediall iyiheagdi tives for isotonicity can include
sodi um chl ori de, dextrose, 25 mannitol, sorbitol and
Prigg angsBoost Imyawpizatiern Regimex oni ¢ sol utions such as
phogph ine. are erred. Stabilizers
i ncl udgIte ggpat {/eﬁ{ngﬂd el%?ég i RS ngﬁ‘gﬁ%osénﬁ%'af’ﬂ’@ﬁ?%n regimes in which

the ympymeoesminst dodwrd dgemmhﬁstaﬂ@adoﬂ ® ptififing %ﬂ?;bbﬁbbﬁ Ns boosted by
par ations accordi ng

har utical

admﬂr?gtsfgn %gﬂ?ﬁt% Cé’BB’OﬁFWr J&d expwple, éffsﬁwegm%g% can be achieved
usufgl&ghc@ﬂﬁdeféctmlﬁfeﬁblﬁhﬁs V&¥orPHIIRRAE )Snprﬁn% Q\Mﬂ"l\\? §6a variety of
dippM tp one o€ nore response 30 enhancinhg agents such

et LRFS ofh RETHAE IPnaRnsHiRTS- t FANs Prseitomyentian employs replication-
defitieanadeolird RS e Lnul at

di vi si on, |Q§%%elbggl?l on agzthr@ gﬁe&we %ags\%ﬂ %rl‘?V‘dmgabOOSt
to agy IIFAAUEE EeFnARSR @rizedd toriagtigen alnmtgoaﬁ}hef 2 t/ﬁ-leﬂfl of different priming
Com%g%p& tration, i.e., inflanmatory agents; -38 WO

0584 PCT/ US2007/ 004506 conmpounds whi ch enhance
an Rephcaﬁor[—ésﬁmaﬁe aden@irusaQieHvad!t fofll KATRPWMSype 5 has been
nore of these activities. In one

de"egﬁ%g ?%Taﬁ”ve B‘EFAu‘(?&E’éuhé/e rahageppd Rﬂ%%gua&wﬁGmbnme&cPlaﬂqu 1995 Mol
Biom¥midl 39 ®7-2Phd"B&E Y} hF 3bog Wx%"% g(gir-]rbf td%%(?YxHéses are non-

prior to, sinmultaneously W th or St seq
envejapfst Virugssreonfaieing a3hp¢araixmbiEStaamﬁeﬁ BN geg@ionte of around 3600 bp.

RE"C&QB%BU Qﬁué'@ycaﬁ %e | CU C%t (F §}’dg é’tftm? rsa lgeg}qnoge!tsvlegr{] an adenovirus

Bupi vacali ne is par
gencgtw [ﬂ,ﬂsanﬁ |agd acphnttlel vecmre;kunm‘imhgﬁhe BB o PRt b &fhé@ With a strong
#) S when admi.ni. sterfﬂ]@to tissue. Bupivacai ne

%ﬁﬁ .2 permissiye ce elﬂ{)‘iﬂﬁk é\ll@wsg&@fgétr{amlcatlon High viral

tlterm&rbeabblhjheﬂhﬁoﬁedhb peihissiecell tink Sbat Me%&l%ﬁé'\qglses although
33%1 {J Adm ni strati on of genetl C ConSt ructs I n

capabis, PLIEES NG aWide 10ge oheall Aewesads npt rephsatent ryty G114 bther than the

permdifsi0€ NBhd, C afh@NLT H%Tréfol‘é]teﬁ &8l 'a?m uDde\:ﬁ?vfe%Ié nsgléﬁm Recombinant

bel i eved to disrupt or otherw se der
adewwﬁe@ﬂ@avmn ,gbpwg 4b Ieécn@bdecdve/ irsinane asspon&R| dpaitist @humber of

anti ug Islbglgg | e ac?smgge?ﬂ y G},G%PF Cvdmsﬁgggd)épﬁeln {I'acobs et al. 1992 J Virol
66: 2%&) sid aichgies afusmmnéb@ﬁabﬁxe@@bﬁ@ez AT 19953851081 $10:456-65).

?fgerﬂ%a hl? i ssue. such, It acts as an
B ‘iff NI V\W?F dressnf énventionialowsifon regsanbinant replication-
defeﬁh&i‘@kﬁ&bﬁu@éxﬁr%ﬁﬂt Zon tt{? bB?% an ibfm e response primed by a DNA

adm ni stration. |In addition
vaccine. Replication-defective adenoviruses induce an immune response after

euk

intramuscular immunization. In prime/boost vaccination regimes the replication-defective
adenovirus is also envisioned as being able to prime a response that can be boosted by a

different recombinant virus or recombinantly produced antigen.
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15 cells normally present at the site of

adm nistration, the cells of the i nmune system which
wonRgrranessto the site in response to the infl amrarmsyo07/004506

agent can cone into contact with the adm nistered

genetic material and the bupivacai ne. Bupi vacai ne,

acting as a transfection agent, is available to

pronot e uptake of genetic material by such cells of

the i mune systemas well. 20 In addition to

bupi vacai ne, nepi vacai ne, |idocai ne, procains,

car Noodiumein pridhiel imbupinaCaith lasaiid IRACInEhEBAS bith replication-
ounds na¥ be, used as_response enhanci ng

defa‘éwﬁt ddengips S aYenPYterted agaipsl cchallengay atBally megembmant replication-
defitfint hadeh ViR ahd H1aRHAKBNK  HENBLLGes FRRSLE uscaﬁ? fbtmi:ge in humans.

Adt he cell and stinulate cell replication as
Yaniagesrdyan vagsinaiemeesine ‘I’Selﬂ) orrengsculah ensmumzaﬂfon for both prime

and2 8561 Stn' 8L &H{)logg\% (ﬂ%ﬂt\ﬁ n%ra?dlgr{rpeﬁ %gt?(g{;{?%ﬁle suitable for

enhanC|ng agents |on a
in %é&ﬁ%lmmmresp@pk@,@a;mgmagmm s and/or inflammtory

. adm ni stered .i ncl ude | ectins,
o oo PRSI RO tn MRS R ke reramovs & replication-

defaith adenmmrsf\eercm, er@odINR- dnNiRigks rf@Pb Bét =]
owt h f t or Pw: gCSF g 0 ’ ﬁ{g:pl er n%b\{'gg)onse to the

anti F’E)W? yd?retn[g@p:)adn}lgsg'atlcpq__oﬁ thq: La.nngen lor Byucldic &cid encoding the
antigkn.10 and IL-12 as well as 30 col | agenase, fi brobl ast
growt h factor, estrogen, dexanethasone, saponins,
Sur,ﬁa@eg@tqspgct olg et grestmthna&ltldmrmfw-ldﬁsl foul| the iudg of a replication-

defiSRIP eund' s inconplete adjuvant, LPS
“anal %‘ggﬁﬁﬁgﬁi ‘% ng n%R%%ﬁw’% aﬂé‘?’ﬂm’f RGP m\hﬁn 9gHr any |
pepPiel aspeat uifniheepraseait Ogsentﬁbﬂ dpﬁb&ﬁie@ | 22 g eBittieh ofBoosting an immune

res e e and s ual.a aLuro ic acid and
xﬁD ur Ol anpieen' Eg/bdlﬁl t inglydingopnggigion in the individual of
a rﬁﬁ%txﬁi—ﬂ@ﬂﬁ@ﬁﬁ%@éno@ﬁm Wcﬁrefrﬁ:ﬂxdlﬁ‘g %éﬂ@ CE;CIICP rlan‘%&ﬁg the antigen

’@gﬁb?ﬁg (;I Cc Construct I n sone enbod
ope £ dpgegn afoméssgq\a?g@ﬁ% §orapre>d@gu<ad mfmrmgem gd tha individual by
expFeR8ibH Tdrh Qe Wautiid A4 g@g[&%g)(; : ﬁqgl%d’n%(:t f%ongf) Jo itﬂ% pRtigen previously

embodi nents, genes enco ese agen
primqq intibe indieidual igbposiednt genetic construct(s) for

co 0 e ents. 5 Wth respect to
i E%‘S’%ﬁiv. ‘%ﬁg&ﬁﬁq SN TR T oIt Yogensg ETRwyzation, by
infepffiort tvith amnn@ntloﬁmagqna ol bg lﬂée’iﬂiﬂiﬁn&dﬁy%@&u&%%h@@n
g‘f’l on, gﬂ used as therapeutics or
prn"(;%h{‘/’rt i Ca§p?‘?i & PEPHentPTeYIdeha mathed wif rinducing an immune

respbﬂieeo:d i@ anudrh 4 aReiHdinahdy oel Fosth
g *{3’3 am)untﬁ%f t he conpoundyéuf ?Ség]ééd/nt%ot ?1‘%1 éj?{h%mmenng to the
indigiongl g pRMEE EPMBYTHIO® rPeMPrising ﬁ!eoamimgcat monudﬁlc acid encoding the

tiSH Yhdf Bherd Rdfig herapeutc
" l%ﬁl cacy of suc {énﬁg‘pounggﬂr%g ﬁ&b T Y UPRSEPrisgs a replication-
defi I%IFWGVE%Ymemﬂueimg probde duxﬂemcbﬂmtgahh a0t b&aBly linked to

e & g{l‘?é for. term nj ng the LD50
oY SCReh (s, SR P Eipge s Pertis® o F ArTUHPALRY SAEssion from the
nuclEiD%lqt he dose therapeutically effective in 50% of the
pogl t{‘l %s The d e ratio between toxic and
h 5@% PEFY 3‘59(" qssfof RiEe o ey Epigatien-fefikiantasdtnpriral vector, as
discloaed, he tl@é(ﬁfaﬁﬁﬁi%ﬂzré%f hRfedi@inhht for administration to a mammal to boost an
immune response to an antigen. Such a medicament is generally for administration
following prior administration of a priming composition comprising the antigen or nucleic

acid encoding the antigen.
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LD50/ ED50. Conpounds whi ch exhibit |arge therapeutic
i ndices are preferred. The data 15 obtai ned from cel
woubd7unessassays and ani mal studi es can be usedPCW/US2007/004506

fornmul ating a range of dosage for use in humans. The

dosage of such conpounds |lies preferably within a

range of circulating concentrations that includes the

ED50 with little or no toxicity. The dosage may vary

within this range dependi ng upon the dosage form

enpl oyed and the route of - adm nistration utilized.

Fofrhamymuogrmmmsumdmam comerigeahp irel vedteriincludingoadenoviral, or
othef H1api Fﬁt1€v16¥r g%ué A512 X%c[cter{}% S/g:rtglgvgctglo g\%h %gepe%hcan% nﬁéﬁgent strain

suchf @ bdifee ditil mml(mmﬂ)etraayxoetaahumzanmm Bbaxerzag 167:375-90;
pl asma concentration ran that includes the (e.
Sutterrandddaee KPP N G54 taqel%xéztf:l@@nﬁ@ruﬁcnlm% Pathin 24 032:40) or
I | { I [
Ny PABAbia BRI 1590 Bl R 1YL55)] o B B6K BBk 8L bd/fowlpox. or
canacyzpmoagd)thastrainﬂceownrwdALﬁA&(lKammx lBaelettSet:hl 1994 Dev Bzol Stand

tion can he used to nmore 25 accurately
199415% gg:é? EPE VHYS e§gcf "n humans. Levels in plasna nmay
be mq&uﬁﬁ@ ccfrﬁﬁomﬁdrﬁﬁﬁé}e coprifd TINAesicodimgnde dritipgh dsuch DNA
chr omat ogr.aphy ( HPhg) The conpounds (for gelgéi
prefergbhynbing B ihie Jprp Rl ¢ rsHier plasms, thety bt ARl canabls, gf peplicating in
manﬁrﬁgl?anogel?s PIAARNYd18GhblE MAKe! @ﬁoulm e rdsti@arliASt an antibiotic used
produces antibodies and/or CTL responses agai nst
chmcmlﬂy, uenfer ekarnpleHKananyciNPreaisthnke is wihelerred elop drmpisillin resistance.
e r
Antl\gen ﬁlj’egi i g? 61\rfd ég él¥1%f31tx gy;%gﬂ%"l&gxlﬂfé;r %}h%}ﬁ ! t% 1L/g I%‘ mmahan cells, for
mstariazéﬂﬁht(t)mdimega@dm mimedthmaﬂjz (CNeV tBpotmtks. of t he

i nyention as a hyl acti ¢ vacci ne, therefore, would. .
corpr PEBCHaR FPaedMel @ endatow @SRetnt Fathprotent invention,
adm%QQﬂPé?Hﬁd& &f frifidgy @oﬂnﬁoﬁﬁéﬁ i©Gollded BYLRRSHRS RARS €irst and second
Is sufficient to elicit antibody and/or CTL

boo;tegpmegsm@s -the ﬁ/@ zo@ﬁeszmmo@@g/ EsPpoTriony bemg the same or

diﬁ‘ér@x}t: #504fhe anbHR: }_%% @@o@n %ﬁLﬁﬂﬁ‘}é“ B@%ét&% compositions
I 'nfl'uenza Vi rus, ST ek anp e, inhibitingt

mayabe leiripjoyefl Whhowtl dmrting frofretite prebdig . inTérgiomx abt one cmbodiment a

concentration wl| e end t he s ecifi
B RTGUAART T SPEPE B ey e Bt B9NGA L forhg Tt boosting
con@b&ﬂdﬁ! ghd trRahVAIes o SdcoRd bavitig tdmpsiavel, apenilipfollowed by a
an i mmune response which are well known t 5 those _of
ﬁaﬁ}éqrdﬂﬁg})wogktprpg COTRPPHHOR PF Subsequgnt QHBStBEgo ministration of one or other

or dmmtﬁéfsme JEGHERS NARtdPs. e S6hdryfidhl RNDRA @t&@ﬁM\@A then Ad,
prinme and boost" inmunization reginmes in which

optipnathhfollomed dns subisadernd bobstingiadminsstration g asfe er ﬁﬁhﬁ’fﬁ)h oth of the

Sm“% g@?ﬁ%&hqgckﬁstOSted by admnistration of a
oosting conposition. For exanple, effective boosting

carrhze aﬁﬁgme \tedbd Gnelsdedy in eyebpepsil e opridafee ahd Vigoosting  compositions
adenOV|ru§ vectors, follomnng r|m

(hovygyer apgny, Poosiiie gqngﬂ?smwegre By g@eegowag%/ ifentidal, but should

sharENitBp&S €The b map CBABYNE th QRlongAbicQMtigelet &itaRbt pathogen or
adenovi rus whi ch have been found to be an effective

celln®aris fqagfnem é@@raq)fhg Peptide gpitopes or artificial strings of epitopes may be

employed, more efficiently cutting out unnecessary protein sequence in the antigen and
encoding sequence in the vector or vectors. One or more additional epitopes may be
included, for instance epitopes which are recognized by T helper cells, especially epitopes

recognized in individuals of different HLA types.
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to an i mmune response prinmed to antigen using any of a
variety of different primng conpositions. 15
we&epd7itoessi on- def i ci ent adenovirus derived fromPoumsmo07/004506
serotype 5 has been developed as a |live viral vector
by G aham and col | eagues (G aham & Prevec 1995 M
Bi ot echnol 3:207-20; and Bett et al. 1994 PNAS USA
91:8802-6). Adenoviruses are non- envel oped viruses
containing a |linear doubl e-stranded DNA genonme of
around 3600 bp. Reconbi nant viruses can be
conWithirct tbd m§pli6ﬁtlv¢-ﬁ¢ﬁcipet odenpidtdl ovedter, weegulatory sequences for
exp?esgln]gvénff t:l% %%o@eec{]e %% %eg'n WS{inechlufle ag%rég%eﬁ \?VI Ve‘cgggn}o}ea ds meant a
sequdnicaloy atitleotide3fadm rwhith trangeiptios Shaschbe liiatkd BE DMA @perabl y linked
al | ows élral repllcat|on H gh viral titers can
dowgisirgpetf-er Bimtihe p@iFtion 9B the| fenps igrang f @ﬁeble-stranded DNA).
“Opefal, LidkGdV i héas _lou?écf QQ% o‘FQB@béaﬁ)eofmé]@fceQél'dnﬂm"]’ecule suitably
wi de’ range of cell types, do not replicate in any
posttigined apd logientet £or trh@scnpépmt@, Sk vmitipted droma e arcenoter DNA operably
hnkfgqr ef (%ér\(?;lio?elﬁsg gu (%Ctéra scn I%:L']!%llvi?lgt a(_t)i%%srtég Mhtic g{)){n‘?l r})\al}cgrtnoter Other
regmlmmyu eeqmmnselsdﬁmeﬁainamrrfmgawms)fpol;&ﬁémgm sequences, enhancer
i ncluding tick-borne encephalitis vi | .protein
seqygizenunger Bines uanal PrrPre SEnoYHHILES) aHd ARk geRuences may be
inchidédl Ss @@gf@@:ﬂfeotlﬁld&c&lﬁ@ﬂ@\ﬁﬂl - kob%88dgd sl Bktice of the ordinary
210: 456 Use of enbodinments of the present .
persan Bl edoin Bie1asthssaee forr exvamie-nkalectiep|Glening on-Laboratory Manual, 3
diti], eShii@oRAGNAY 1 5 i G50 AN b t
el|nmJne regponse p#ﬁﬂegﬁﬁ 5%% 0 V%J%ﬁﬁg&?]ﬂ%&? Moy Jnown
techReqbds candi mntqtefsefﬂrimmlaulenomorf usigkeid ndd,c ﬁ)rasxarrmd@mm preparation of
i ntranuscul ar

HUCECIC gm coggltruc%s gmlltﬁg%rregﬁ Fec;élepr(élgg,t lﬁné%g Lion oil BNA into cells and gene

eXpr@sionnp ahtl oaraliRi L Off | YiBteiny] 1O VddsuSbéd ikl &faiE AN 6188RA Protocols in
M. g belng able to prine a response that can be boosted
o

lgr Biglog ramibelet ghifidsadehny, Wiley &Sopeddfi nant | y
Pr oglieie RhOGR forddseVi %%QZ&%%&?A;@&%H@ZQP ?}{cof}éc@&ﬁ invention

Non- human pri mat es i nmuni asm d
inclyde ﬁt@d'tqvmtgalmepm ivané¢datedafly CEMM I%)dunmpmruw:throe without intron A,

andparn o?lgertepgorggf%l chjvleenq eamma ‘l;al?’l & ?lconbi ”a.m
I on- T & Ent CAdERoviT e anad pl asm d DNA are
VaCEitMSDrtbl@ﬂt ofwhe psahiagfand bmsamgndm;msrtmns may include an adjuvant or
Advant a eousl a_vagccination re
VI 0 T Ao aP RTINS OB BOF I gh : REHetd 5gogrowth factor

(Pmm BeareigyRy SdcropRREd-tdlbhy BEmalGRRahabr (FVLOSERE @locyte-colony

gi.me _suitable for inducing an immne resgons
St“@ﬂ@hng fagtas (REE): tRer PR’ factor(ENF) owidermph eretth factor (BGF), IL-

1, IRSPECIS 1RRIERPA | HRRA $i- qﬂpépéﬁ%o@ing%aue&a&&@ rer&8f.

ci ént Aadenovirus vector encodi ng an anti gen
booéﬁnmgsfaatmmnﬁ ribe hogopiims gompositien largenglelﬂypwmksdobynonths after

s BRURRAS FIBL A bRl DGR ASRBL g P ks, o
weeﬂd’sﬁ&em wbékseﬁt 2@WepkQ vk A8 SvdeRs, dr28 wieRs,afr 32 weeks.
' epﬂe ggll)lgl, administration of priming composition, boosting composition, or both
priming and boosting compositions, is intramuscular immunization.
Intramuscular administration of adenovirus vaccines or plasmid DNA may be
achieved by using a needle to inject a suspension of the virus or plasmid DNA. An

alternative is the use of a needless injection device to administer a virus or plasmid DNA

suspension (using, e.g., Biojector™) or a freeze-dried powder containing the vaccine (e.g.,
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defici ent adenoviral vector for boosting an imune

response to an antigen. One aspect of the present
wonvennism provi des a nethod of boosting an i MRUNAIS2007/004506

response to an antigen in an individual, the nethod

including provision in the individual of 15 a

replication-deficient adenoviral vector including

nucl ei c acid encodi ng the antigen operably linked to

regul atory sequences for production of antigen in the

i ndi vidual by expression fromthe nucleic acid,

in ametcbbye avith tmhmqu6$8mb p&ﬁlu‘c&; dheowaEf&e)) pﬁ’(‘i\ﬂ&in@uﬁk Ynanufacturing
i ndivid oost ed. An i mmune

th
md%%dp% Q}t)agei ﬂo%lelsitthz& ylesg c%lldI qtigag%yTb)éﬁ)&qlé be a great advantage

for; arvm:mne tait erheebyd i2Rirdi Qe bthiMés & el Obp&d fe%#ﬂts of the world.
gent,, or reconblnantlxﬁﬁroduced anti gen.
as p’é&l?n%‘fm’tshe iV Mt ecslipatesafety moondth lofmam dumlungaatxons The

aftioAMdfCrechHHRRARE Ne ANt Lndi vi.dua
* he et hod compr |Bs ?‘ﬁgggém i sﬂtee ?‘P%dé’q ]i’l%lp‘?ﬁ “ MRl FPduthey can be

matglfbetpfﬁdn grepmfueibly | | Un boger qeantigics.he amting@tuld administration of

n the anti
R BRI el ot RO e tenarophyiactic o
themapgiticceddcontidb of &in‘rﬁlhe Apaiastedi Sd4séivhiBCdafbel dnldHEd @y an immune

reSnouclelc acid encodi ng the antigen operably |inked t
peﬁfﬂatory sequences for production of antigen in the

| ndTNG amlid BAPhARSE BReddeYP di ' g, _
further aspect 6$OVI des for usegﬁ?mnM&L?ﬁ§‘ﬂﬁvgy‘QWhean“gaﬂand
BeNEIZHPN oft #1b ANEEIE cleapmnsa de rtbei ansiigew ds tofrhenafit or has a therapeutically

hmngﬁégia§§Q in the manufacture of a nedi canent for
dmnistration to a mammal to boost an 30 inmmune

resM@ﬁts ékﬁ‘b’ admamsirgém \RSllC]i]a\& PRHhORBBRE taitnS t) SRRErA!e! Xn immune
respfo%e an'ﬂ at| on Eol | ow 2(? or adm ni stration of
OBFT ShIBEHSHeLoTR dnterigonpr dgyelonsrent aEsenploms.
aC [ ]ﬂlsezmb@ datnﬂgdltsdﬁﬁe@ntﬂlbﬂ @by bé Zre¥¥a
PCT/ US2007/,004506 The prl% ng conggg?glo%gﬁéénéﬁmonhnma“"ﬂ‘ﬂw
pr es&ﬂ&x iRyenypn,inelpde thqsﬁdpu‘éihﬁb 3 bnevine akspoose nutyhplay tahprotective or
therdp@iiR\bleal . such as a vaccinia virus vector such as a

repllcatlon deficient strain such as nodified virus
AnKeerapenamey tq bewpdmétistated 0d@ozdanice aith tHBafsiesért Ghvention may be

7%-9 and l\/b s 199 NAS USA
forndd4ipd ey “Bipmalidigh Finptihag, " Viibe neoraposions 403 cfomprise a
phaﬁnmlryTaa:deﬁgtHeaeﬁdlpﬁht 99, \Bureel 08¥bilit8: &1 GuRe) materials well
kno%n av#g) K@%tor ééCh as fomﬂpox or ~canarypox, e.d.
E\ N a}.vRuchaatepials, shoall dettonetoxid and should not
intedfBQ4w 108 he i flbacSt 1Rk ackR¥4nSedfint. 9the gl!:ec%e I%?iﬁr?%ﬁ& erc%%ler or other

vector. The primng conposition may
mategial \pyay gdensad o ithe rrouteuof dNAnisprEesr a,@l yinteivagpusD cutaneous or

subduffhebBs rﬂlﬁ);m@ccﬁbf %lél n%lr.\n:glnﬂﬁnagal n@ramkﬁgtﬁm e %glpgto%eal routes.

replicating cel
naﬁ@e‘imsfh@dhdmﬁbambasrpee;ﬁcsib@nhhtaderaml ad%bﬂbﬂédtﬁ o $@famuscular.
|.e Kana n resistance is

glr Ielf‘% hX?‘(‘) c%négag Icpmpﬂ 1HQus gener grmclude a liquid carrier such as water,

petroleum, ammal or vegetable oils, mineral oil or synthetic oil. Physiological saline
solution, dextrose or other saccharide solution or glycols such as ethylene glycol, propylene
glycol or polyethylene glycol may be included.

For intravenous, cutaneous or subcutaneous injection, or injection at an
intramuscular site, the active ingredient will be in the form of a parenterally acceptable
aqueous solution which is pyrogen-free and has suitable PpH, isotonicity and stability.

Those of relevant skill in the art are well able to prepare suitable solutions using, for
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Anti gen expression should be driven by a pronoter
which is active in manmalian cells, for instance the
woyoanegsakovi rus i nmedi ate early (CW | E) pronmeCeUs200m004506
particul ar enmbodi ments of the various aspects of the
present invention, 15 admnistration of a primng
conposition is foll owed by boosting with first and
second boosting conpositions, the first and second
boosti ng conpositions being the same or different
fromone another, e.g., as exenplified below Still
exarhple fsetonio oslhitley sﬁﬁnmmdmmnshloﬁay bjectes) RN esh Wnjdt8uh, Lactated
Rj depg&}ln% fromthe present invention. In one
n JSRERE, Bresqythies, stAbRiRe abpilersy apirddanprod/er plisr additives

mayttRaAcladeN Q¥ irtdigredAd) as a first boosting 20
conposition, and then MVA as a second boosti ng

co#p@i@%#eéﬁﬁse@pm%ﬁmrﬂma)fw toplegety a further (third)

b . .
oSO UL SEpRARRE SRR, i, s opions
fornuildticer ef]tsual’epnml%s iAotdiepositidnisp thd pardtiifes thigy bMAndif€ired to an
fo Io d b subsequent boosti ng

mdmgﬁ?lhpgl%ﬁcg andﬂ $ or both of the sane or

di Wcﬁﬁmiﬁtraﬁeﬁtrﬂé)ﬁbe %m-gﬂl%r%ﬁﬁlgle[é & OarP&vibRShHFEDH Simammal such
respectlve primng and boostin conp03|t|ons (however

S amoRseHiEh OF hAGSteHrbRIat B Ebbit.csherp| 29pb Dig.mask, wow, Benkey, dog or
cat. i dentical, but should share epitopes. The antigen may

correspond to a conplete antigen in a target pathogen

or Admeinistragion ais rragiembly tiheraed‘bro;ﬂa@fincndﬁl}epafmnes afount” or a

B gy B RESSa TS G SRS B may be

consndered'l eheﬁmﬂsy)g eliis dethg3SufEBRAL kA GhSW IMPREE t Rhd Ifkﬁil%@ﬁ&lo ' The actual
ors. One or nore additional epitopes may be

mo}”h‘c?qg‘a‘é‘éfterieﬁvraqdrféfeaﬂﬁ‘éé"%?rf‘?‘éfﬁ% of pminstaation; wilbgependbn the nature
and B eFit) 8F ABfat Qsebélﬁg tieafdd C 'ﬁkéc}ﬁtpﬁehto‘?‘%?e}gn%cg%g#§%&1§ pn dosage

i_ndi vi dual s of ferent HLA types
etc., peyithgp g7 respasdelitveh sineral ipeaqtitionecatridovtheefidicaindoctors, or in a

e uences .f qr
vete@?ﬁ?%éhé%&o degé a{nafde%law }caﬁﬁg?ek% cgmﬁ}t %6 ?%o,gger to %e treated
the c:bpdumtce“ rthe 1rf§11wdwitpaaentséﬂl$ﬁee»édelﬁv&w,the aldtislaBof dddhistration and
m@ &Janscrl |t| .DNA operably
othef ackcg'a nag\ﬁntgtpg %OPFrs %-e tEﬁ GR @ﬁotpﬁcgs mentioned
aboveenae tel fand af mﬁbgtan?st Pﬂé}ﬂ%e@w& SGendeRer fd Yod. 1990, Mack

L inked' neans oi ned as part of the sanme nucleic adi
Publishing {/Pe. a?ﬁptgﬁly positioned and oriented for

tr ﬁﬂ%ﬁé'&%fe?x%dtx‘ég%n' %IQAafseeginfn:h%@,rIa@ gg%%é}ﬂﬁ& 1ntra1%hwbularly) at a

operably linked"to a pronoter
doset pfA§cmiigroemms tq ﬁDtmdhgmmsﬁeguhaM Grilovwdd bheadenovirus (preferably

tralh 7at.ory. isequenc cl udi ng

it é’:g?n&%g ) atC% r ag%%%gw I@X%I ﬁ’gﬁ%ﬁl? g?? eézgﬁ’ﬂrences
enﬂ‘hn cempossipnenagsif dﬁﬂf&ﬁ begpiResnted M @riag! pack WRSRERenser, which

d ot her sequences may_ be 10

%m3|te g%REgg a
may <onialpyghe g5 Poropricsees s sontaian dbe aptive geedient. The kit, for
exaniploMRg g mftikelinal iof Siftict 1, ‘3[19’1 rz@ray blift OEQ&QS@UISH pack, or

in the art: see, for éexanple, Mlecular
dispgnsgrmay SF)?meled by ipstructions for administration.

A composition may be administered alone or in combination with other treatments,
either simultaneously or sequentially dependent upon the condition to be treated.

Delivery to a non-human mammal need not be for a therapeutic purpose, but may be
for use in an experimental context, for instance in investigation of mechanisms of immune

responses to an antigen of interest, e.g., protection against disease.
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edi tion, Sanbrook et al. 2001 Cold Spring Harbor
Laboratory Press. Many known techni ques and protocols
woaoo7maesspul ati on of nucleic acid, for exanpl ePCWUS2007/004506
preparation of nucleic acid constructs, nutagenesis,
sequenci ng, introduction of DNA into cells and gene 15
expression, and analysis of proteins, are described in
detail in Current Protocols in WMl ecular Biology,
Ausubel et al. eds., John Wley & Sons, 1994. Suitable
pronoters for use in aspects and enbodi nents of the
present invention include theARAM®NMegal OVirus
MAth'Or Wi t hout

nannallan ceIIs 20 EltheVagﬁnQth of t he prlning and
boosti ng conpositi ons may include an adjuvant or
cyt oG reinarkaile infectiviprand virdeneer of the gQtRenfluerzafvime mesulted in an

unpi%c@@&]t@& pgﬁfem{@ q‘a&f%@ @S(Eit()groff vﬂlf@%czlt’ 1 %r anweQO ¥levelop protective

macr ophage- col ony st nmu fari g
imngpatyutoothys wirgo hod whetlier iminatnieney abiaat may hgCSkpntribufd@rio its spread.

e 2SE 183 DOPRL Tt R PELTY P46 MR Fork htection by
pre\ednﬁodlvﬁgclﬁeLCdr&l weaddfite tikemedihisn? Dr ASHLA QHn%rh%loﬂfwnh plasmid
€ boosting conposition is generally weeks or nont

exP’éqsfleP vegtprt rrseding ihsmagelutipia ﬁﬂﬁmqhnglte@mp@fmt t¢laﬁ and CD8 cellujar
resﬁ@h@és%s&;bélya@ﬁ’&ﬂﬁah%n% EBEFicOr A%tl}é@&l/( %pec%c:%e G Wergéieﬁned by

16 weeks, or 20 weeks, or 24 wee
a miggeneytrabpasiosr anel g/pseadotyné sssexthascoold qmsem zmgbody specificity without

the %Qg@%l‘ tHl% le\}gp%%doqga I%'RQIROSIT%I on %IH{? bat b gfhlgmon asgay can define

and boostTng conpositions, is
evolvmgjmrqta’pes}ﬂf 1r)$ﬁhehm marmseﬂdi ﬁcllaﬁfﬂ mle&Ierélb!pﬁfénPf)f immune sera and
neutageznowrus e? | asm d may be _achi eved by
N onpslnal op! ‘Hf 'EC b MAYS IR SPBIY papdemig ipflyenge.  Notably,

mlcal\a&‘&%dte@m;th/‘\lDlSilH& adohie DA d REoWSE
ection device to admnister a virus 8%%3? n@%“%ﬁé? to lethal

chal fe H‘Sﬁxgh gtpq{ghadencgeffe@ogj isgnerthpubpassive transfer of punﬁed IgG

o SEEAI199 SN RRN) hA SVBERLC Skl e mic

chaljenghdivejthe infegtibusricd BotlmsofTrRmy\ﬂempml tinmpiiovdigeotd 4tOthe viral HA
Canﬁﬁﬂﬁﬁﬁg%ﬁgﬁ 9195§d' dua prepared doses that do not
eed C iy

orage be a great advantage
Innhdncﬁmwaccine that is needed inthird world countries

vel oped regions of the world. Adenovirus is a_
o1 PR PR G i B eSS T YRkt Vs Rabsnificant increases in
humamfuali#ad ieesaholhihthe @o&&nﬁé ﬁ&l'hﬁﬂrko(ﬁf ﬁﬁxggﬂﬁ s”a&tnon them, the 1918
Vviruses can be acconplls ed sinply, can pe

straipaway Betebleder itsfxserttonsl nfeetivity ags! @Q@sbw@vaﬁy in otherwise healthy
mdlhﬂﬁﬁ]@mﬁﬁy W Rrt AP IY 26 l‘gﬁil&p 81 50 rrﬁ‘i?ﬁg lie wls?rl&mlcgf, Through

ication-deficient adenovirus is
molgqyxﬁqr aabysisopf prespived apedimens, it hhe bape lpbbﬁb]‘é&@cd}iaﬁictdi’ﬁe the gene

a nst. di sea s which can be controlled b
prod%fcts %@Qﬁls nl'us ! IEFW’]&&% nppdg@ af ba>s/1s for its

i mune - resp oﬁ%eanlﬁ e ¥n
1mrmineﬁ£tB®g@n‘emd I(Sﬁﬁféh’;kl’ J &4t poobtrBEBIY B85%: 1@5131ﬂ%53ﬁ*5\5&%gerger JK et

at. 2808 Nature 437:889-803; Glaser L et al. 2005 7 Virol 79:115331 1536; Reid AH 2004
J Virol 78:12462-12470; Kobasa D 2004 Nature 431:703-707; Tumpey TM et al. 2004
Proc Natl Acad Sci USA 101:3166-3171; Stevens J et al. 2004 Science 303:1866-1870;
Gamblin SJ et al. 2004 Science 303:1838—1 842; Basler CF et al. 2001 Proc Natl Acad Sci
US4 98:2746-2751; Reid AH et al. 2000 Proc Natl Acad Sci USA 97:6785-6790).

Recently, this virus was reconstructed fully from lung specimens stored in 1918 (Stevens J
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generation of an inmune response to the antigen is of

benefit or has a therapeutically beneficial effect.
woORhed7/looisel y, administration will have prophyl aCTiUS2@7/004506

to generate an i rmune response agai nst a pat hogen or

di sease before infection or devel opnment of synptons.

15 Diseases and disorders that may be treated or

prevented in accordance with the present invention

i nclude those in which an i mmune response may play a

rotective or therapeutic role. Conponents to be

et agc&ﬁoméM@i &bl %SaHdGFﬁihiﬁ;éFanﬂ)Eﬁbdr@ﬁ m es8ln 00 Wikl W37:889-893;

%3 f t cal osi tions.
Gl a1, AR R Ty PEEIT SR RSL PRt coted 2mipgsz-12470
Kotass @p b4 Vel 48 EM3—708f Mulipey 0Kl &ral, S66DIAbLZ %tPAcad Sei US4
materials well known to those skilled in

101531 Itgﬁ‘%Uc‘h Stayessi et ak AR oSsienasodn: biGec- 18R §lamha|hd Sibtt al. 2004
ScidHdb B ar: t f tpe agti,v
< The pr ecglg gleM Etnliait’ ljgr]ag]egf&f- %g%%:/aérgrqlejrgmc R’ta h/gr ap‘g‘ﬂt Qpﬁ gfs 2746-2751;
Reidrg\H @t pb rRP0ONProlaeNatd uliced i &isii 917 SVB%G?QU) afd Ghown to cause highly
]cth%lnir{f&\f%rr]lqu)s l‘thCCUt eggtgqleﬂ rl}aﬁtsqligﬁﬁgg g(;n%]pspoglug}t; %ﬂ%glsygelz the genetic
basils mtfnapemlmﬁemﬂ 6 @htbR¥e nbehMisti9be ‘i’mrrﬁﬂff&'}bl%bmtﬂﬂFe Héveiopment

referably intradernmal, subcutaneous or intramuscu

f acges) apf Antinialst fos dhuscash edier iinfieenge ndruskd yVIthn phnitbeia potential.
Spebllfi‘&leﬂl§d v@@ﬁ&dgﬁf o d&BmARie We%e’r 1t ﬂ ots.??{)fel'ltm %en'arate pro?ectlve immunity

veget abl e oi m neral ol l
to tbﬁ;ygxrgq;,o@ defing dotameial smd:ahamsm,s dténhfrﬁme PotetibB and to ascertain

cols such a hyl ene
Whe%?e)?c oﬁﬁtelgtr?%a%& gcan gaay‘é%?fy Briosenipi ﬂ‘fftl?’ Sglycol may
espBsi ncl uded. 30 For intravenous, cutaneous or

GearSubeut aggous |nJP tion, or injection at an
enertPghatEypLgss ecte¥se active ingredient will be in

t herd evalugle MePpFRORE HrhMuRC g@:g%g?eh %éai%gtu (?l? 1 8 I_nfnﬂuenza virus,

sol ution which I s pyrogen-fre sui ta
syntheti leseid gxpressien abetors gncodifippBle whera gémammﬂ Smhérhldb I’éxpressmg

i e TR A1 P BLSEC, SHASLE, BRLUSLORS e 1 it o

mut@tj@a‘nm tée HA @:le@nage MEh@GHnmnB woh lﬁlﬁ@@d.ﬁﬁﬂ%%&fuﬁé@ influenza virus
' Lactated. Ringer's

dun*lgj v“?l 5??1“%"8 eVV\?’%Ft R%lga?‘ta‘it%l y§i5%  RONViygl f @adons, both to ensure

compaibitint At Maatdildh bMR udddl LAY 85 exTRMicPhie! Qxﬁ Iéégﬁ%bs&bxhty of
required. A slowrel ease Tormulation nmay be
romEhagees

y5 dgasssrtmgnt gyt gVpr bflienzorviofes that might generate replication-
comf)@tﬁhﬂ HQFE@@) debl prgntU@g?g%; paro?li C% 5, Sori%irtrrbe%dm transfected human

gtlona ornu atron o
renal gApH B sells byisVesttin Pat pialyds usiny dnesadnftoth shReedcinaed with these

DNAgg#PéstH{?L Ctggrd:i le%géi y human or ot her primte.

N Strat o another animal, e.g., an
aviRaferspgao éégmﬁe BSSI&ﬁt”ﬁﬁJssﬁﬂC‘Jf vidd I@Aaqy%%plcie@t M Fig. 156A, the

rudlast I nea pi.g, rabbit, sheep, goat, pig, horse

S c&s fg%% Ng%}orsd efifer with the indicated specific mutations in the c]eavage site,

for immunogens and lentiviral vector pseudotypes 1s shown. In Fig. 156B, expression of

the indicated viral HAs was determined by Western blot analysis with antisera reactive to

the 1918 influenza HA. Expression was evaluated after transfection of the indicated

plasmids in 293T cells. Arrows indicate the relevant viral HA bands.

Vaccination with DNA Vaccines and Analysis of Cellular Immune Responses

Antisera to the 1918 HA were generated by intramuscular inoculation of BALB/c
mice with DNA vaccines. DNA vaccines included the WT 1918 HA as well as an
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10 cat. Administration is preferably in a

"prophylactically effective anount” or a
woORheriapssut i cal |y effective anmount” (as the caBeTmB007/004506

be, al though prophyl axis may be considered therapy),

this being sufficient to show benefit to the

i ndi vidual. The actual anount adm ni stered, and rate

and time-course of adm nistration, will depend on the

nature 15 and severity of what is being treated-

Prescription of treatnment, e.g., decisions on dosage
atteppaied HA (WP 1§ ¢leavage rsetop@isT)omitany (Big. d&64).alImmunization with HA
mdﬁ)ée% 1%,1{1585}1? glh@ o({ Hgm?gﬁ Ir%sgﬂn%ﬁs]ogor gx%mgfl’ecké]ﬁﬁg)l 8()&g§ induced a
>1 (laftﬂd) Uﬂ&reﬁtfe hH1di"e)-dpecifio dnabbdye ateadured thie ELISW (IFh g) N157A Left).

of the individual patient he site of livery
Thepg Z%trona%vwg'ﬁsa%qn%ﬁmsﬁé’y the HEFYOPE‘&%‘@“R% a%aayelamg live 1918
(HIN Bk '(P@e i 574 Righg) S&u&fﬂ:iéﬁ%nttﬁsﬁ r ey % W& observed with both the

Tgrotoco s nmentioned 20 above can be found in
end mgatani HAPRsprassteutveeials Beingibissassayl 8vith edmodéggd@grease in the

neu?%glgeﬁ%oﬁ ?@%ﬁi@s&g/eg%iths A e§1u(apr eg%!;’vaagﬁf;n@ rnq\fxt%{ elqlext, the cellular

imrvmte aevpensgl wad yharattedzed] os émofunidnmineogVacansted Simals showed a

PorEiam g o Fa AR antiferr i CEHARE GPYET, ol Riey 1578), as

deté!mil;ﬁédz bpahtrhcdliRidri djtlhé @mlmag tbhBesRRPesild kpth&Ring idither IFN-y
desired, be presented in ack or dispenser,
andjen ENF-tregy Tetsiht a§ Ipagh@2- é?ldrﬁﬂdei Fhfald @B_yg ther background response for

cachONEA] Qlvder, Eék%eawézyema&r&%&@&s cc}nf;ar%at; tfavofrmy with those observed
exanpl e, may C onprise netal or plastic , suc

with [otlgretirap spike pTdteinki mchplamngIUr sev@respmhs eevsprratprjo &yndrome (SARS),

corggag/(flgggfz{]nde]gbotfy vl nst %I“r/]l'lngﬁ &0 tamaa[ num nﬂ)efgﬁ rf%ﬁecf) cted% cell epitopes.

co nhbfbﬁﬁlh@fb Wi ghfb Dih&furﬁdr@ﬁﬁﬂméﬁlﬁllar iPm@rie RReponses to 1918 influenza
si pul t aneously or sequentlallﬁbdependent gon t he

HAc#fteri PNoh veeritndion, argtisdicatsd) i eFig- t1974> asHbedinegsponses induced by

Dmmmklnaﬁ&q aotinde afe0r1 a8t RS ARSH! HO PHERRRG BHMIEIRA (Left) or
be for use in an experinental context, for instance

miqrenquingligatiogatRight) gire whewani Elmesnu(%ronﬁwmgatw@@msl@sng dilutions of

BTl OSSPt o el RS WAyt o o

reCi?r@ctaé cifithe bighesindilytiéro of st tichalduenlizedol 0@ Ipdagh®Brming units of

fluenza Vi.rus cci,natjon The )
i i i Oy SRR v BV BT Shlfie t Sodgwell plate (Right
ELISA( forevizA nvicledSapsib pilot€itl (NP) avaspertfopined Foleddtthining the presence of
andem sing _the question of whether it is
the de§§.%| ﬁe tf%ada%q}e?'aﬁtapﬂrstpéﬁews as; thenmsanyiof Gaghh geoup; (IpsFig. 1578,

intraBdidied Askint IR W@S%%rﬂﬁ% tlaaé&ﬁlfze nhé "lb 313 Qesi)gnéet f viral HA
spread. = Here, we report that the hi et hal

pepfidess The pgtcgetélsﬁ ol Iaétwaiecﬂ ihesble tbatmregwedrmwr &FN-y and/or TNF-a in

reS}ch:x}%I}é gﬁtsﬁ%ﬁ Ia\{%ﬁ% Qt?bv%@%tpﬁ\?%sg M% 3 llJI b?)mel%t‘ﬁjm r%Q (Right) is shown.

nmmunit z a
Lymphocytes from mice (n = 5 per group) immunized with empty plasmid vector (control)

or mice (n = 10 per group) immunized with the indicated plasmid at 0, 3, 6, and 12 weeks
were assessed, and immune responses were measured 11 days after the final boost.
Nonstimulated cells gave responses similar to controls at background levels. Symbols
indicate the response of individual animals, and the median value is shown with a

horizontal bar.
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expression vectors encodi ng hemaggl utinin (HA)
elicited potent CD4 and CD8 cellular 10 responses as
worbd71aessmeut ral i zi ng anti bodi es. Anti body speecrius2i0y/004506
and titer were defined by a mcroneutralization and a
pseudot ype assay that coul d assess anti body
specificity without the need for high-Ievel
bi ocontai nment. Thi s pseudotype inhibition assay can
define evolving serotypes of influenza viruses and
facilitate the devel opnent of immne sera and
Immene¢ Pabieztioy Cunfiastd by DNAL Vhadhesord had M@c}haﬁiiﬁxﬂ of Action

d fl Not abl y.
vacks R Baethcepy o iR Vor e e pRdeeR idhcadnpiier 918 influcnza

virupy wdcefiatednarialsol 8l givé 86 £NGO. of-rll\?ée%k'usdﬁﬂjaﬁ%shﬁ? lgquys after the

g effect on immunity, but passive transfer
ﬁnag g,

JPNA adasyds mﬂ‘?“é‘ﬁ?’anﬁu Hitedies gYith nliven irewastmicted 1918 virus were

rBRAY A&t RiAG v
P Chal | engeeg g\ng? Jtha?mhtl ogb}%ggfgr Vi ?édsg fﬁﬁ "ce%u{‘%%]’éﬁ» laboratory
Condlﬁﬁuﬁlmyaqstprdaottedw&t ghivelines alf thé Nattonaprinstieles a;ffaHBﬂth and the

Conlf P BRTEEN G B 2 WAL DU e 235 85 e wors

wxds-lvgsibl Y] ea@gownﬁmawsss hfin) hus®R fat el tahéscléalvagygmldht H1(1918)
the hal |l mark of pandem cs. Anong th

plas?@é%m‘é‘ﬁ%lcﬂ%e REttegsion againgt tethabviegtdheHege measured by survival
(Figl f]fSEAt U‘]Sb&ﬁj RNJelflias ee@&éﬁt %ﬁv@&fgﬂy bdsg (1%?11}% V&t %‘iatggceo%ltrtoﬁy (Fig. 158A

individual §, with nortality o
Lowigr). | Fordefae ;ﬂwemmhaxuwm infimreupret2BonoT eellldepletion was performed

S S TR, ROk 1R S0 M, o v

mougé f@ﬂ?O(BO-MEZ)Qnm@E?tSﬁBSUQh&\(;@]DtQO ('lllfﬂﬁlzg)o gmiiﬁ shown to deplete
n at e vens et_al.

>99%: T CH8 3 NS sl bergos- 3 K el 2088 MetpUHREEQIr864). The same

#A3/8. E8ra3 BBNACHRSRIG v
B9 11533, 1153?;) P Aeﬁ&r@wr’%qp%r‘g%r%%efii‘gﬁd 8 bgih the DNA

vacquphard, the degletionstudies. 4B gely deplatdon oflid hfi@y 3)hretiniabd animals did not

ofreq U 0. % AN B pERE i) s R 18 mparable with

nonigmudlzitrSged ammamelgsBﬁHBé&pr)Bas lcontr&sdt, wherdigG BOMlimmunized
USA 98:2746-275]1;  Rei d AH et al .

. I d
mlcg rgﬁ%ﬁ% tbg S %m glbrogtﬁto FRAGYag PasSIVENY Gpnstemed & ppye recipients,

neuttdlizéngy hiitito NBScOURE B Abtebetiaf thelbdoypibaom IHRR SiRRal ¥R
stored in 1918 (Stevens_J -47 Cyp21007 00584 RRAY TR those of

the WP‘EJ%E%@?P%%W%@ ) Fi0GGAILABH Ieimoktantly, passive transfer of this

immah6 146 43nietRD; 2
i o %%9 18193 18%}% etﬁ@félm? §Zog{lga%uce Qgﬁpg}@& Wifh 0 of 10 animals

that W&Vféésfiﬂ% gontreliwhvageinged aginiAls (ﬂng 7&9132 4’6=29.’DP)@7})

Ko t
203{26? Prog Rt é@?’]‘tﬁ E??I‘O?, 18T 1aga§tsé@%th§1 ghallenge of
191 %tnﬂ%\ienZQ@@fﬂlaSkIOé Mt eelBASpehdbficeli8 Z0owhamhIHi g 1S3 A imdunization with

1 RASE. 550 505 AT A9 STt S ot
mlcezgo& 5] @61” giaiub) A@adsosmedtz%n%yﬁﬂﬁ%tﬁa?ﬁ% E&eﬁ%om‘ﬁ—sm, and

gﬁ lethal infection™in mce.
Suwb’la WUaaer a‘f?doh’ﬁm Jass QLQ‘ﬁel’ér}é‘iﬂYZ‘é’aNﬁéedgeﬂéim gatistical significance

between these groups are P = 1.08 % 1075 and P = 1.08 x 10~ with respect to controls by

Fisher's exact test. In Fig. 158B, monoclonal rat anti-mouse anti-CD4, CDS8, and CD90 (T
cell depletion) were used to deplete T cells in H1(1918)ACS immunized mice, in
comparison with a control group of vaccinated animals injected with nonimmune IeG

(Control IgG). Vector-immunized animals that received no depletion served as additional
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basis of its virulence and to expl ore nmechani sns of
immunity relevant to the devel opnent of vacci nes and
wanvonviooaks for this and ot her influenza viruseeTmiStiv7/004506
pandem c potential. 10 Specifically, we sought to
determ ne whether it is possible to generate
protective immunity to this virus, to define
pot enti al mechani sns of i mrune protection, and to
ascertain whether counternmeasures can be devel oped to
contai n outbreaks. Results Generation of Expression
conivelst (festatd 'IMi®V\abn¢a2thnini’seerpd dg@cdtivk +3msh eande’shiodm after viral

chaen Wi, SO ARG R e BT e s A (0P and weigh

lossRILa&/ Y] N & ¥pdrefse i gmmitink Prdt¥don( W9 oiterRg gh Ut defiLdepldtéy animals.
(GenBank accessi on no. D@68374). or HA with a

mutB¢iening 19 ¥igaredd % pl@g\)lgﬁéngqh@@smgpﬁgu% showing dependence on
1g iPBRESS 7 W Hipalsox ROUatRE, bNELHRIZAonthdntishe, 365 (&fhtrol), or anti-HA

viral replication were prepared by using nonvira
immwdg$ (abtithhl (tlal&)hmeZ@scbngqut(YIang%th al. 280drdlaitiene 428:561—
odon S d X de the unli 033|b|I|t
soaf ou sHaROFERL TR e i e i kTSt Belnde = v per
grouip)g hPag;evtenahﬁef & déeysiated oin- anonﬁeBentrthskésl:%8)prmewee effects of

(Fi 156A Expr.essi on was confir e nsf ect ed
im G, Puif feostied ipatne 063?0%%1?1{5 PSFPOA afvstw@ Wigh 40 LDS0 of
1918MNihRer Briéd VBT HARTdrBR S dsuM hva1 hRESRigHPNbs s throughout a 21-day

expression vectors (Fig. 156B). 25 Referri n%( gure
obsemygtion pgried s bie étffemcglbmen thegispingne do—Hl 19ﬂ§) IgG) and control
ctors, together with the
IgGi](n%_'?)C%r:oUgsw%EE {ﬁgaﬁt?{at H)bﬁ)gy n the cl eavage site,
DexfeMpthﬂo@ﬁddlI&ﬂiﬁwnalﬂep‘ﬂeﬁirﬁr pseudotypes is

sh . In 568, ressi on of n at ed

vi bR miGad R a iR T3 Vet el BB e biCof p meudotyped
lentiVitdl SRERT iR AGKICN €hd 0918 PR\ 18 Siskd ihAZSE A retroviral envelope. The

Expressi on was eval uated after transfection of the

HA, H?EP‘B%W%’&CS woreihen sharacterizabter thar pusceptiiilifydo inghiraligipe antibodies
by {Jﬁﬁg relRYRR: evxjeﬁ?xjter'_fenlgan%eféﬁécﬁfi %&ﬁ&%ﬂ%ﬁ@n%l vectors readily

VaccCi nes an sis of Cel I'mMune Responses
mediatef sertay, t et Hé(LQ@&B stpinweae igestorealidg. BGOA Left vs. Center, second
a n tion.of B/c ce W
co B THEH R SRS SRR ol e Bplldided g proadiy by
pro@asan the 4380%63626!@2\%3@@05&%@% 920 QY3 &(M;Sﬁﬁ)stltuted into the relevant

atten 1 cl eavage site
SCAYEER)C zﬁ“ﬁiﬁﬁ@z‘g (ﬁ% R 1t‘Jh‘“Pﬁgsei iHRRO8 S&ggtﬂlaf E‘Qﬂtcgmpge‘em form. A
mo@ifichtib ihaA s 1dHde@nal ad 63%0[@&@,- H5APSeX &R fhe cleavage site improved
H1(1918)i CS i nduced a >10-fold increase in 111(1 g
entry) mgpr hap; & shghthb shytendaanutida. byo4s FSAPSFiagditipgaKig. 160A Center,
r i i . . o
o IS B % L3, S P s
enttly) fori raps irffdepgndens 71Al I%tgdnm) PRD(Eu(tan,I i16@A | Brght),t srgzegting that such
wer e abserved., w t.h
moB ot sRufoRThY vty eRietmSi s e cptionatly active

psendeypabeedidrs i could be used to assess neutralizing antibody activity.

Humoral immunity in mice immunized with 1918 HA plasmid DNAs was assessed
by using the viral pseudotype assay. To analyze the ability of antibodies to neutralize virus,
the pseudoviruses were incubated with antisera from control and HA-immune animals, and
the reduction in luciferase activity was measured. Sera from animals immunized with the
H1(1918) or H5(Kan-1) HA expression vectors neutralized pseudotyped lentiviral vectors

encoding the homologous, but not the heterologous, HAs at dilutions of 1:400 in this assay,
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neutralization titers observed with the attenuated

cl eavage site nutant. Next, the cellular inmmune
woespanes4was characterized in inmuni zed m ce. PCT/US2007/004506

Vacci nated ani mal s showed a marked increase in

H1(1918) antigen-specific CD4 and CD8 T cells (Fig.

157B), as 10 determ ned by intracellul ar cytokine

staining to neasure cells synthesizing either IFNy

and/or TNF-a, at levels at |east 62-fold and 122-fold

above the background response for each T cell subset,

n qosbpectd wehimmiihe serd, eshiehsE&l GONPRFERAFIAY066H). Y ™eld titers were

h h | k
TN T R o
hen(a@éﬁﬁhatlorcﬁﬂﬁlﬂﬁ&hrﬁ]%geﬁﬂﬁ tEoha p‘ééﬁd&ypee\Lécton nﬂ‘@gfb@) assay is more

contain a nunber_ of predicted T cell “epitopes
Semp‘?é‘feer r ThigS, t sty énlﬁﬂ lethatoehallenged nowdel uvay réaditynmeasured and

correBERONRE “hegﬁﬁﬁﬁfkﬁ za HA after DNA vacci nation

are 1 ndi ate 7A anti body responses
i ndRefeningyto Hmke\amcmapmﬁo@gea RsitivirAEveBdr8 wdné hmmd In Fig.

d.Db m croneutralizatio
160 BRETHIER B BTt o REiry b dalrpshwB S B BBt san-1),
or (ﬂhérquAtBna)meimlrigeaie HEafrbotendd @RbabRcAsifd trak I th&strddf Wlﬂzloa Iuciferase

rus neuﬁ %I 4 anti body were deternined as the
repaf CiPiBcal™ of&t ]rﬁéﬁ?a RvEatizafion by entissra fegmymichdmmunized with the

indibaed HR ipFRehid Qpr%lsﬁgﬂ Q/et:@'}%w{[])%%%ge}tls cBIltr?l;f G):izys%lld lblgA vectors was

Madi_n- Dar by cani ne dney es on
meagyred ayith &ealp@qu@msyy WIEI_%SMAmseudatﬁiedrian‘ﬂvaﬂﬂ apstots. Reduction

of g@x{é)&aﬁis?er(nm@ fé\@?exﬁ:g un{s ﬁgrrarvgagst g%vgh %gfl go%q dependent fashion.

presence o he virus a
__ngag_ant ed as the nmean for each group. In Fig. 157B,

[ ntratglel | ul,ar ét%ki%g stai ning was perfornmed to

analt yJE gy 8Be-Paseds yasrinatiog” wiep arsediopsligje mellules .and humoral
immbe rpPonsdl R0te0f 9 1RCHHNRRLH S

eit hg?fl FN-y and/or TNF-a i Kﬁfgé)or%%qﬁuﬁé@?%ﬁjﬁpe Jponse was

able, tpineutrolize HBISL) ivirgspapt thees antibadies (eef tdcessarChBd @ﬁif@ﬁﬁrx) to confer
protéélﬁwmumt} ﬂﬁ%ﬁykﬁﬁ}eﬁﬁg l?)‘e{ 158 (?n (cggﬂ'gsﬁ,o Ia?ﬂ \.@?l airebnst T cell

i mruni zed enpty pla vect or
respgxpﬁe—wq_sooqugk @hlp)respmsm wae dlovwddmfeh ol pfbt€tivedmmunity. Whereas

d d
slng}f?iﬁixg?gg?%ts wgi’ gloss vyag C%@ ¥\B 3 1(161%&3@6:%3 ggﬁr?ztelh éelgt?%qo controls

this Brfﬁstnce%asl\klm bbmﬁ/ai ROsdifd bEeABMEonBDPAMBRIs, 3ikely Rfecting stress
round |l evels. Symbols indicate

ont t.. bac
asso?‘ﬁ'ée%r‘é’étbothg sdgitiongly guopsi mhhus, altheughnit wewampossible that T

cellsv alaye comribhR Wb Wnt Bn@yird? 0P i
2007/ 100584 PCT/ US2007/ 004506 Ichgl%Eei ?“MB Spptribute fo cross-

cterebyiie PFYIGCSn Neanant clinkes. sheyaa mthmlr@rrfm‘f mﬁﬁtﬁna)protectlon for
this 3&&%%1@16&9&% fffgl‘i\%)(ax%f hl e VAGE! Elss ﬁ%z% af"s gg h(?y dependent,

i nfection intluenzsa <OV
but g Earios exg@née thewerssib0dy k6 Qelddlat in‘ééhaﬂls"m&of ProfeRfias ﬁ{zlyyconmbute

r the f.inal asmd_injection. Al
to vigdl BRI 1o e cidiisrenyes Biat SOMEYIA TS thef & pandemic spread

are aﬁmrﬁrﬂ:lhmazd UAIiecu g t88re0 18 hakh §fhlatibh A8 gh&hY t)ép%\é ek vﬁ'uses that may
SL3)) | aborat Or%}@ condi tions I n accordanc

havevﬁnfcﬁ%%ﬁja orpike epidemis apd thsiraimnlisstipes faeshend erarainith, neither the

virusAiBélate @or sera from these times are available, and the present epidemiologic data do
not permit further analysis, although recovery of such viruses through methods used for the
1918 rescue could be informative in the future.

The ability to use a pseudotyped lentiviral vector with viral HA allows for analysis

of neutralizing antibody response with increased sensitivity in the detection of neutralizing
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Centers for Disease Control (Tunpey TM et al. 2005

Sci ence 310:77-80 and the world- w de-web at
woden7gosssk | u/ h2n2bsl 3. htnrn). Both the WI' and eCeasa@e/004506

mut ant H1(1918) plasm ds i nduced conpl ete protection

agai nst lethal viral chall enge nmeasured by survival 10

(Fig. 158A Upper) as well as extent of weight |oss

conpared with controls (Fig. 158A Lower). To define

t he mechani sm of imune protection, T cell depletion

was performed with nonoclonal antibodies (anti-nouse
anitheriicygonsared with- tho it Antihdyal agayarth iaddARHS e ability to perform

- . d CDOO_(Thyl .2
sorHaU S Lf) Bhdenled oF SORlicbaomost Tiree Pler for mmeghadsdo sercen for
nepllzarg giiingicd adets shersBMiN WcARSIH Y $M) pallnic infhuenzs
u

virs@me 12 ne%g%'}ieﬁg éo.ntrol DNA pl asm™d vectors wtho

S5 oSyl gs Nd dnflgenzgstirpstangd ofhi¢a possablyiighlzpdthiogenic influenza

virdep!igtal RvVEHHaEBios I ' 1918) 1 it s

i nmuni zed ani mel s_mgi g&ﬁfg’tv eld%%gf:att&guﬁ{/}vﬁﬁls? éleéi.emfgé%m the future

fo eR5pRATY Tesaa frome Shis pssay veitfoherdagetitiitioh ABILRDRY K e its ability to
)

elfidt BrotBANY Ja-treated animals (Fig. 158B Lower).
P In %{)%tras?t, é!r?’giflgh@n?al’“gm i mmuni zed mce purified by

Pr oFgitheregtinpoinehoicied as WasfipmsE R IDN AN ARehS S gaxtgonfer similar
eci pients, 20 neutralizing antibodies cou e

oo |
h“‘g’éqiaé g‘%‘g‘d‘“f" ACTHESTSIT; Byyaanss  Brevioms experigricg hab showeh abat this mode of

vadciasion G§ soin@&hhO 848 irdBitht Th GRndafl Ofodlsts. Frle (L20A
deeft). Lmportant|y, passive tra%]g?%prl%oédte s ﬂ%ﬁ?ﬁﬁgs nonetheless
er{x%;é Glsn that r*é’am?rﬁhﬂtﬁéﬂmeme@mnsgn arq) pBotettivkD agaiGst, viral infection and
proCRI¥PBFRE ¥ 1B Qpef -anj - th ived | from
contr ol unyacgi r?gtté%pa{ﬁ?ﬁna saﬁl(o Bi 8’%‘1%@%%]5 :"6’.9"&%75’5.' gene-based
VacRErCRr FACAbInAnKingoteins] 58, innctinatel piras,ent iiRElyCONHE 18 bssful for the
d

i ns, chal | enge of 25 1918 influenza an
fgen[%gbgfi??lp f bl"_%‘(i:%%}/é Join %&g}]g‘ﬁg?}o e54 dafaj ¢fso paggest that there is no
mirirshuhmahe oesistaide ofiKid PhBdemidlinhQdB)A G us. OFFh'fkng%\bl\éSge together
In ’

-contral pl 1.d expression vectors was perforne
wﬁl?n %eeer?}?ngecqébqbgf tog’i“&?ﬁﬁ‘)re 3ud gereen forenbuprzlinipg\anfivbdyt ash correlate of
pro®0A6n, SwilE TegtiRld the’ d ! Lpper ) .and

igei ght | oss (1 L_ovvere) g\/\@%p Igélgl ?Jtz'?&(e‘él%’ \{D%tggté égltv f"!);cf’i’e(f’a‘lmd monoclonal
antippdiss fordhe 4818 indlugaemvirtmasl fr ocoapsmadrypandenti8 6 thikak.

Matd¥$h1€amd MARolts 10-5 W th respect to controls by 30
Fisher s exact test. In Fig. 158B, nonoclonal rat

Immgppogenoamd Plasimid @kstGR¥ionand CDI0 (T cel | depl etion)
verg, used grgco%el%l eéaﬁ. T cells in HI(1918) ACS i muni zed
mce.in> comparg SOHEWPE hvessiesnof oHAy rrsatsimf[A/South  Carolina/1/18,
GenBaoki wdtidd24ni meiThailahd cedNw)iAboRond | :
Gen%%o é; I %]gG). Vectao_r-i mmni.zgd ani %I st at&ggg%?]vsédNPRJS/M’
NG ;S’lgé?' WO PHhsized hysingheman-peden@l 200Hs H8QESeibed (Yang
Z-YRE A URRROVALP4 398: 5650 A enh G pere
43gministered 1gG at @-%4)?356%%%%%&5@%@%%@%&%@?' All of the H1
and i A clermgectifemutinte were mad® with thgr@rigphalarg dd€Bge amino acid

sequithidsuattded @ P ' p nduei ght  loss
4 (Lower )?. gilo (tgjec e%?é@il fé#ﬁnﬁ%@%r gtsggt o WQSCho’@s‘é?g)@%lly from a
lowipathpgewitity Hpisetaed(BRhiRbMIRIRS 138104 GEEg AAPP4297). and the
modﬁg.ﬁ%&'i%ﬁ rrée‘ﬁge%}nsm?of protection show ng dependence on ~
g sy ; Evpsin-fspondephgheotynd (i Sfetcdnt 999 J Infect Dis
179:0032-+1T88Land Bfay @HePiHcinkive@t BNakieF To make the pseudotyped lentiviral
vector for H1(1918), the original viral cleavage site was changed to IPQRERRRKKRG
(SEQ ID NO: 157), APS, and SPQRERRRKKRG (SEQ ID NO: 158), APS2, which is
originally from a highly virulent HS (A/Thailand/1(KAN-1)/2004), and the modification

should result in the trypsin-independent phenotype. Protein expression was confirmed by

)
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i mune 1gG (anti-H (1918)), purified as descri bed
(Yang Z-Y et al. 2004 Nature 428:561- 564), was
woaonf7imessd by ELI SA before passive transfer i nPOTUER002/004506
recipients (n = 10 per group). Passive transfer is
depicted in Fig. 159B. To assess the protective
effects of immune IgG mce received i nmune or
control 1gG 24 h before infection with 100 LD50 of 10
1918 virus. Mce were then nonitored for survival and
wei ght | oss throughout a 21-day observation peri od.
Wedthen tldi fapnlysise(egigwimet Bie 2008UNiHA 771038480 7h 9@ &rum from

.control.  1g¢ gG groups was_significant. (P =
mlcg_lwzedgg\%yoﬁyﬁmfswg lﬂgér@efb d Lentiviral
Repps t §frthekhR frkd Cé'daﬁﬂgle axgtﬁéénv't{)y tgg ) EE&%A,%@%g-optimized cDNA

assessed through the u a pseudot ype
coryegpridyng bl aa &de $B0i waswtlonéd frte CMIVER HABNapresash vector for efficient

lasiea .retroviral.envel ope.. The .
ex%%é{?go% ?%%r}é@gl\}én?é: eﬁ}{‘e nﬂ:’ﬁa?"a@% r“i%}‘éﬁs flag %ﬂé/i/?‘ plasmid backbone
(Bamwsh dpHi dbial.i 20055 Vivedd 7068 8281888 Hrbikih eslices mB&’iﬁ%ﬁﬂi&Q & the NF-«B

- d.uci ferase, reporter gene. \Wiereas H5-pseudotyped.
oinditl st 31 SRR p it esser i e BR T yTanicty of the inert

exprbtd®ibdthe Pldsaiid DIA doRSeddty eFEE 6B bRy Litdstin VRe enhancer/promoter
r colum). Because H5 viruses contain a

Center, second
regigp é’é‘?{ﬁ@&%ﬁ%by bt AT &2 wensenprsodRi syquspc (Laungtkhsesl, 2004 Cell
11814%-RED! RABMHsCAYALS: R bf) 869 '&‘AEE%”AKQ;%@MCTTT (SEQ

substituted into the r sequence o
ID NOuAS8) st chapged do eACF AAGCARAATEANCGGGAATTC (SEQ ID NO:

.usiQn- ification that extended
1605138 GOTRAEER SR of B vigomasd iy G4 ETT (SEQ 1D NO:
168); mp 1668 ERGGATTHT INID:31 69) iWa y .
robFlg, 156A o DAY g?kﬁ%ﬁhggﬁ?&% (fFQID NO:

705080 ot 1407 HAMAT CGREEGGERGo(SER HD c(NOavag#) sivdse changed to
GAAONTRECE A | I N6 NGES 84N R ent.r.y for an. .

i ndepen@gﬁ? %Qt(rgggnfﬁ g@B?Z@T g].zwcl %%‘ii{’gﬂj [ip§h sites were introduced

upstsegig F thaneriginalk enhanter/moaiofer cegibnas feltuld malS50MGGCAGTACATCA

(5.4 t funct i onal |
SE?E:??’LQ’&S%Z%%S%@%%‘ﬁ%é&%%ﬁﬁﬁ (SEQ AP NO: 174); nt 497
GGASTSRT M D Xion twhoehanasd tov Ry . 176}
714%@2&;& i %ﬂiged W tgﬁd H\éﬁ}gﬂl—ﬁkgl asmsolli%l{IRSNO' 176); nt

28 Zr??'f@ D INOHh&E7Yi s ghaegrdotoyGAASSEEGCATA (SEQ ID
NOangigy.zand h 38i | bbG@fc@W@@?'gggﬁé@ RBUNG !1%? \é@v%ﬁ%ange i to
u

0 the gseudow ruses were inc W th antisé
GGEAMGHIC ARBQHA NI ariVhen testedrio nibe, o ENMAR 8KB phismid induced

hiblH& § A ured. Sera fromanimals
o ights MRERRBICRRE! Kripbnff R cHES 54k P lelphe Mhuncgen, with higher
antigoppipesidicdtiD¢ eot (7138 Meedll sisparmes FRAUTIINVYRE8nd 8RbiiMpEed antibody
resp [%%gor & F]%%%I ng the hom#o%o%s, but not_the ]
et er ol ogous, ACTYTYCh TToHs dBFterionfage | T t fifpritim sreasy introduced

U

follovkel M0a 2DDABIA QRS B T ISROQT ' t ;

th ntoni e. sera vvhia%)h I%ad n% Ig%gg%? b ﬂiﬁngg%%’%g %e%lgsmld was
ony ﬁng?%yegae%o 2 %Fﬁs‘fe(l}é’r anst )ﬂ'.lqﬂ peJhatediah aontainiree theesestated] protein was

colldeyedr@ gHMed B tigiedl BNk bﬂroni]:é(?@%%]é; t};}gateﬂrh%ed protein contains the

aggl utination inhibition, sugges
follogapg ot yp@ddiiendr i nhitskiduen assagt i s nothe sensCtive. terminus

(RSLI@%?;@G@”?%EM@ ﬁ@ﬁ&ﬁﬁﬁnéﬁ%%ﬂ@ﬂ%uﬁaﬁm (SEQ ID NO:

181), where the thrombin site is in italics, the fibritin trimerization sequence 1s underlined,

and the His tag is in bold. Similar modifications used for HA molecule structural studies

have been described (Stevens J et al. 2004 Science 303:1866—1 870).
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5 correlated with protection in this assay. Referring

to Figure 160, HA-pseudotyped lentiviral vectors were
wdevwliogssd. I n Fig. 160A, gene transfer nedi aped/usg007/004506

l entiviral vectors pseudotyped with H1(1918),

H5(Kan-1), or other HAs containing the H5 protease

cl eavage site was neasured with a luciferase reporter

assay. In Fig. 160B, neutralization by antisera from

mce i munized with the 10 indicated HA plasnd

expression vectors or no insert (control) plasm d DNA
Vacobgdtbors was neasured with the |uciferase assay with

t he,HA-p g } ped | entiviral vectors. Reduction of
gen’éef{l?lgf@' B Rieerg-p wssksTiol drcksenrinkoraierias e Harbor, ME) were
ImrADELEY BrahithsduldAy %i@eﬁﬁggﬁlagf?%m in HA0® u(ff?%?@%? {-4) at weeks

this st Udi’ gene-based vaccl nation Wwas Uus
0, Zepdf &r AdumphaertedepleBon, gGnpassbsponsts, sml vid dRl8nge. T cell

depldiifohV .t < Ng hunmoral i ne re se was .
doplfion” FAF oDy, Ssge ety PrOmsd a1 eenBe st es An additional
mnuengatiecaswacky 12anhssparfortie@nh grouOofth &he ilFRERGhI ¥rokine staining
assdyyTUNI Yy to | et hal challenge by virus. In contrast]

3’I‘though a robust T cell response was observed, this

FloWeS peonsétritdn 19dis bf fitrh Sl A CRIRLEG | Ve 1 muni ty.
Whereas sli &htl£ i ncreased wei ght Toss was observed

i n §D¢& mdyeRat Epelimepnanses vlese evaluated dyntsimg $ntra26llular cytokine
R _ y i
St o T O AN K e A S WP 3R 003 gL Bl 1 warsa-12772)

control ani mal s,
w:th,\p@m?ctq I@Oéﬁ@!ﬁbfflm alv eﬂmﬁimb?? 1 an2.5 Tiglis), ‘?aghj foughg e HA protein.
e that cell.s contribute to_an

ColsSTe MerPRR&L Befincall =8, UDERDY P10 HORPRTaUERH aptmouse CDS3,
CD4r@Bs; IHetypamt YNFCo (BDIRREMYEhOSY DGR ) USRSEN-PEHhd TNF-o-

re not required for imrune protection for this
POS{IYE c‘feﬁé nthe &d. CPE™ ishaprpulstipng neere camahakd i with the program
FlowJKelrée gképAgmgj,@Qﬁy)_ dependent, 25 but we cannot

exclude the possibility that cellular mechanisns of
ELISA fardMioyse dayi-HenlgG buddgM o viral cl earance. The

oL WAL TES A BRISA O et Sified &7 dingsa described
methesk (Y s Z0Y &t iab 2000 QUYirbhe8:uypes1006).v PLkfES HA 3totBRYwas made by
purif ot § B R OB S domAifuireeGptod b rafcin Wath atrinysization domain,
throinbon aleasagensites RidEHEY @k hRsRatih ﬁﬁécﬁwﬂé&gée :regﬂegsior? 08ctor. H1 or

Hs t he iﬁr esent epidem ol ogic data do 30 not
PER'e eWaﬁﬂwgﬁsﬁoﬁl ransiested 8831 egejl ofltwe chpetinptastssas detailed in

Inndudo @44 Bn P scue could bhe
e gr mat | Vgﬁ?ﬁ&%@ u{tﬁﬁé%ﬁgﬁg&%&?ﬁ ﬁ)ya ? U 8(5 glela‘Od (Stevens J et
al. 209 Jaistrge30B:1 86111870k knd esddan coht thewpilatal HA al | ows for

@ﬁ‘@lji ' f tralizing antibody response wth
P . s
o ncr(}e‘gks)ggl{ /g(;r?gl ‘?(I)t\)/’P fé/ﬂeﬂgif’ﬁé‘i épéafE%tsia&’i'D Measuipmentiof Neptralizing
Activigg ofDniif0i¢ $bR4 PCT/ US2007/ 004506 anti bodi es

tradjtional antiviral assa I n

co red with th .

ad gﬁ?‘?‘?%’ﬁ?%éé’sgbﬁ?mv tegtipisals wroers sxpEssFina g Ywifmee reporter gene
werdprrRinced aé deRpibbe aVhon 70 vj ] ’ -

met hods to scr een@?ofgzngﬁ?gﬂvgﬁnéy/gﬁ% ?gggly%siog% paietly, 203T
cellsywresr spteansfrcied bpsing dbe folowihgrplodneidt91 GigpahpERIVARS 2, 7 g of
pHR'EULERE 2and 125 ng CMV/R 8«B H1(1918), H1(1918)(APS), H1(1918)(APS2), or

HI1(PR/8)(APS), or H5(Kan-1). Cells were transfected overnight, washed, and replenished

with fresh medium. Forty-eight hours later, supernatants were harvested, filtered through a
0.45-uym syringe filter, aliquotted, and used immediately or frozen at —80°C. For

neutralization assays, antisera were mixed with 100 ul of pseudoviruses at various dilutions
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virus, as well as avian H5N1 influenza virus and ot her
possi bly highly pathogenic influenza 5 viruses in a
woaowvantisonal bi osafety level 2 | aboratory. |t PrParius2007/004506

al so be desirable in the future to conpare results
fromthis assay with hemaggl utination inhibition to
explore its ability to predict protective immunity in
humans. Further testing is envisioned as confirm ng

t hat DNA vacci nation can confer simlar hunora

i mmune responses i n humans. Pr evi ous experience has

andsarlsied toHRA3 A fvells Kbovitragen, DArIVRECIQNRY i A8iveelB BV 0,000 cells per
n rodents. The results

bust in, h
Welhonefl %el“éesf% Waaéﬂ%‘ﬁsapacheéﬂ féft‘urﬂdﬁ?ﬁaﬂdep A€ by latspo fiery-eight hours
aftenirdfeqiol, eells weralyaédimt m¥nhialiah 0Ele ?)tsis‘:lfhf?é}((lPrd?ﬁ%é Q/ﬁdlson, WwWD. A

¢ 5ff of. co eia that i mmunization with HL(191
5 Eu&ﬁ W&m'&f/ g &eid Iysateatias yeeddp adyciferasmasanavith lpciferasnassay reagent

(Pr(ﬁﬁega')‘ A64driR igqg ¥ fn‘éﬁufabt%rér K elpcdo be successful for
the generation of protective immunity in humans.

Mlcrnggletrghzzgum Assayuefg9ds (HAMT) blyevieussImnaukie Andiserisi C
E @fh Eé&& fethJst andem c i nfluenza, virus.

Thi & ROBOR sDhencictisd toE wrIaStd ip miconegtratization
assayefas whe pmdmsac o8 enmlfcmﬁesnmutt héltraliz6d e idBaityaSr P00 TCIDS0 (50%
' corrﬁgate of. e&g@qulon wll facilitate the

S OEIEH IREIH RSLPT (1S Bt ) @/imsepmBEDERdoell monolayers by using
tonWé]E;Cﬂe@ AAltiod BhidRlel QL al H@scﬂl%ﬁ Hkb"&z% 1oheT. fﬁgb‘bsgm Microbiol

and for contenporary pandemc f
37:B3 {594k hOdisr Zodqyﬁmfnogmtlamdcelﬂlsasmdi)@dn ahd WIS ANwas performed to

dete[B{A/ ﬁ%%?%n%@agg rﬁq’ulg: efé rtéelgtéN ggt%ﬁfglfélggﬁe geutra?lzatlon activity.

ChalleRgeaiof dhige i(lKRiN-e 1918I0AN1) G‘ﬂﬂﬁank AAS65615;
A/%QLS/S QEnt % P034521 were synthesized by usin
hurtahS prers i talorrscmations mige, 3iery vhalenged vintranasplly with 100

LDﬂD@ﬂlM o EN4§Z $ir@6 In 26blurhy oﬁgﬁqﬁ‘r tAﬁgeﬂl%lﬁRH gﬂce > were monitored
of the H 25 and HA cl eavageZ si

daﬂl‘%‘f I F%asﬁéP%“srPéH‘edW}t fPftQHed&yma@en mfewcmal Im‘hwaduaigmdy weights and
deatBli 0 r@é‘ered ?&qﬁgﬁcﬁ&rﬁgﬂqrgﬁ&st ?a ter moéu?l%%n A{\qm 8 influenza

156), \CS, which 1 s origina
virug gmmt\’mxg emrformyd Hﬁdqréng}atcmtamment blosafety level 3 enhanced (BSL3) as

AT T

DephdtivmodfyP el Sulsse® inddive 1999 J Infect D s
17%;1&3% 1138) ..and may alter the antigenic character.
ek P eSS IR bt %?Heﬂ’b}s%tﬁ’t kngwm rat3gonecional 4mibodies (anti-mouse

CDHYGHOLLS),, ahﬂem%éeg'dﬁéa\ﬁ?a lor 1%@?% Sléafg%)@é }ﬁg?) gprepared as

to | PORERRRKKRG ( SEQ
describeskiMRRE IRY (GSEQ 2@%4&58?8 J6PS264;WBpsthini SL. et al. 2005 Vaccine

235@6 i1 and/
PRAD) Aol o b KalBpiopl i et dbtinpeapgti, M),
werEt zmanmns}gsdnp (UepesdBit | PRGTRBPES disBeFbiz BENERIINB. 9, and 15
days{%is GRD v gel_clj % 3 WD 2007/ 100584 PCT/ US2007/004506 "

er 41 gﬁ aa{ g@s or PWW g trgatmenp (epngrol), pa lisotype-matched
anti-HifinaR Tﬁﬂcoﬂ:?t—ga%}lﬁﬁh lgFlﬁﬁDBmdhgmloHél%tl'bHHy QagfiegM th

HA- expr SSIHP asm d

Passive Transfer of Ig

IgG from mice immunized with plasmid DNA encoding HAACS (immune) or no
insert (controls) was purified from sera by using a Montage Antibody Purification Kit
(Millipore, Billerica, MA), and antibody titer was confirmed by ELISA. Briefly, 0.3 ml of

purified IgG (from =0.7 ml of serum) was administered i.v. into each recipient naive mouse

(n = 10 per group) by tail vein injection 24 h before challenge.
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To synthesize the coating antigen for the ELI SA,

codon-optim zed cDNA corresponding to as 1 to 530 was
wolaeradoismt o CW/ R 8i cB expressi on vector for e€riuse®mno4506

5 expression in manmalian cells. This vector utilizes

the CW/ R pl asm d backbone (Barouch DH et al. 2005 J

Viral 79:8828-8834) with several nodifications at the

NF- KB binding sites in the enhancer/pronoter region

to enhance i munogenicity of the inserts expressed in

the plasm d DNA constructs. Four icB binding sites in
Statisicanosadgsis / pronoter region were nodified by two

pai LS t%ﬁl.ﬁozgsensu .XB sequence (Leung TH et al. 2004
Cel FATp™f{ a0 2nimal immung|regppese wFs| @8picdeas am ndigidual value for

] | h d
A T R e
calmﬂyy-ﬁ;q@@ t eskGails 673, typs=>ENan gaticited BEMACP VahBEFor immune

: £8), T.(SEQ I D _NO. 169 S
ol 588l gl H SR R P PN, e e
wasiaARTIEEOEABEET@IeSEQ | D NO. 171) was changed to 15
GAACTTCCATAAGCTT (SEQ I D NO é?ig Two addi ti onal such
sites were introduced upstre 4t he ori gi nal

PresithanBRpéied® viith 'ENTWR a5-offtbOWBR C{012° Plasmi
vaGECAGTACATCA (SEQ ID NO. 173) was changed {asmid Backbone DNA
AGHERATTTOCA (SEQ ID NO 174); nt 497 GEGACTTTC (SEQ

| D YRC Vi&in¥e %t dyRe:. 2 ( D N, 176) X
nt 714 TAA%TG%%%%? %E\(Skl%Di G %f‘%}% \REpi Jep (i tanstational
enhwﬁw,ep{( SRQHuUMar0 TN@Il Lé®emiaridirad 136E Terminal Repeat (the R

- .D N .. 179) was.changed to )
cler AT TLCLEeS RO 107 CHoRuSrR [aMYDcg, mranstated region
haveyider@nkBstahdadi grdchidical dafoby hegher (hiBBRHWRGhC Ahd repeated-dose
toxieg o?%% to HV dade B envel ope i nmunogen, with _ o

Al gﬁe afCCHER -CopRirysted incthas hagkbopg eve bieen ewalpaind és nonclinical
GLE baicdIbl¥ fhd BiodisHiB@tid | NSES... 4
Crimerization e ugﬁédﬁﬁgﬁgggg%%ggﬁgageeeﬁ'%%fl?%rsm‘ﬁ?f under BB-
INR, 44993 (P ARV etr=d Wi edeandh BRINDBr b2 (Ebalay doe2 Sistijects). In
ddised ' ' .The.pl.asmid was .th )
B e oy Rt BDEL YR igiif Bl Gt o BV vaceine
(BBCBH? al 1715AY tahed swc pebeduprant etperiense vidh liRe tlsblAREccine (BB-IND

112840 if i.ckel . cpl chr.omat ogr aphy. . The purified

013, s, R ik ipichl sy130 SRS TeOrees onfhis PEY. Yhseiseqoduct has

advarived Got Bhaeniis testiROL(BB-IND 12326) as part of a DNA prime- i
TELEHHHE) ( SEQTRTecombinant

ade VP PGSGYl PEAPR YVRKDGEW/L L 1
TGEPC8h L@t e gy dt Az beawradmipistesed to 5§ subyests at thesYRC Clinic and
is cirfentlyl daoling ih thieB §halati ' r1inged, . :
e g ih thiGE ARl SEHER Phd BredIAREL 1B Gimical grperience
with ¥RGXaeginescinl EesEMIGR paimateiRES 10 Haptashié backbone suggests that

o t al . 2004. Sci ence . C e
mod BB REeY 110, o s bRaermEn et yresipesbipdistibution.
Furtherowire auiven dhgial eafBAl Bit€ withahis(footRHese Abd betATEERA in over
100 hﬁ‘&% d 1%{3 {8 %hdgasrevle_lr%li ler)’s, a'\s/%?Jm\Arfarriezed below.

Descriptions of Modified Influenza Plasinid DNA Vaccines

The new influenza vaccine products utilize the 1012 plasmid backbone constructed
with a CMV /R 8«B promoter that has not yet been tested in humans, but is very similar to
the CMV/R promoter that has been tested in over 100 human subjects (see below). The
sequences of both the CMV/R and CMV/R 8xB promoters are compared below.

The family of transcription factors, NF-xB, plays an essential role in inflammatory

and immunological responses. Members of the NF-xB family function by binding to their
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I mmuni zed intranmuscularly with 15 g of plasmd DNA in

100 I of PBS (pH 7.4) at weeks O, 3, and 6 for T
woyopghoesgt e depl etion, 1gG passive transfer, aRdTAISE@7/004506

challenge. T cell 5 depletion and anti body transfer

were performed as descri bed bel ow. An additional

i muni zation at week 12 was perforned in groups for

the intracellular cytokine staining assay. Flow

Cytonetric Analysis of Intracellular Cytokines CD4+

and CD8+ T cell responses were eval uated by using
DN Arhindips|site lim thecgrooioteréenhinices tregioh of tHeogener Mt thé\dregulate. Several

TNF: a .as descri bed et al. 2003 J Viral
nr-EE bl S585) B AV TR Srordnics Tovs Whehemodified to incorporate
optifma€ kiBagifk 18 aRYeffblt Ra% ; i
- gﬁgt ein. _Ceal I's were rihﬁgﬁe ?{"%’&%ﬂg‘?ﬁ t&%@%icggg&gsﬁglﬁh ere are four
NF-kifp bindéngositassinrthe QM Vnproowlteriedhanctri -IneinseffdcbDeo furlié improve the

oM TR Srbros A iR i T e et Tt RISt GbAE gl binding sitcs

to aGbBsensed fequepdd 1B} dRs RIS 3ha7Rd nvihher .
o (Tree Star, Ashl alnd, % nyEv%?SA Ifagﬁé{}l\/%gg%mtym induce

. 15 Flo
I wrfgseog%?a- | gM The nouse anti-HA 1gG and | gM

(v USSR IRRSENRY BbARE 18 RIS i RpREY to induce
ImmpiAoleiiadiraspeasesTad éreb ATV periel dpeagh Aa50fAGFT)(AV12)(Bal) immunogen.
nsnenbr ane mai.n-truncat e rotein wth a

.t -d d HA
Five I5‘?l"r‘Fe‘is’?rfai’taf"(:}ﬁe“ﬁg P2 Se PII‘TFJB}PoP’ﬁ“’E Pe¥eske0s3 1 and Gnden days after
the HkSvidthativhl &?ﬁﬁ%ﬂd"sﬁl@&ms%e%oﬁéé@d %5P51§tf%ig?%§¥%t3@[ISA and T-

HL or H5 protein was purified fromtran
cell gesgppngqpnalyses.s dhermatltsnisse heloddtshbived that thé meWNONEWR SxB vector

coulf ereIAE T RetRIY PFK, BReed BoRET T030 <O et responses han
CM 808, aGBsdl Bifftpyed atitigdtetpone@at SithiRr Rhatiges iPuRAH644cModel have
sho of ;HA Psguplot]%1 ed.Lentiviral Vectors and Measur enent '

ot "RETFAITPHY Egﬂzgﬂwbﬁv tes{edon nopriyreansetimates (B agaele D.H. et al.

2005 M Iperrd®RYRRE3hpnti viral vectors expressing a
| uci ferase reporter gene were produced as descri bed

VR YaflyenzaPlasmid DN O/acgingsr ol  78: 4029- 4036) . Briefly,

29 nsf.ected b sing the follown .

ol gl&;'ﬁeg!?:vlz ?a%%ﬁe%fh%g%b%gs&eﬁopfdgg%#x 0051&_936%9;‘ E@&g\fmeaﬁgsmld DNA
encotlp® hrgl;n:;m%gguei}h@ bibgélﬁ_' I]ﬂ(i:)gx HS_jM%gg}M éﬂ?@)I—_IISS(NKl sub1 es isolated from

r. .. or an-1).

o NGRS o e ThE M St B8 ez
expresspld diyl SieeR OWwidtider RashbeBatAdiitniSr@ed Yo Hudtns MW Somponent Of the

I ager, .sugerngt}ﬁnts wer e harvested, filtered througﬁ a
UG- HEPrIgerHiear , Vims qubeecing  difezone®d  The H3  protein
(A/W YoTRHIgES/64 H13N2) T %87 Bt oftime \%ftoﬁ‘i’.x%% 89%2}%2(?158%%89 2004-2005 flu

assays, antisera were m xe
Seas‘pi&eﬁz!a@i 2988 s MMWKiar Mowrg didrenli Wy Rep BEYRROBY/ 1100584 The HS

o BETARASRASNE G e 806 B et o
inactivated H5N1 influenza vaccine (NIAID press release). The sources of the HA gene
sequences used in the production of the plasmid DNA vaccines are summarized in Table 4
below.

Plasmid VRC-7727 encodes Influenza HA H1, VRC-7729 encodes HA H3, and
VRC-7721 encodes HA H5. For each construct, the plasmid encodes a modified HA
protein with a mutation at the protease cleavage site. The original viral cleavage sequence
was changed from wild-type of the original strain to PQRETRG (SEQ ID NO: 182) which
is originally from a non-pathogenic HS5 isolate (A/chicken/Mexico/31381/94) and other
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well). Plates were washed, and fresh nmedi um was added

14-16 h later. Forty-eight hours after infection,
woebd7sovmsuee | ysed in manmalian cell |ysis buffeCcT/US2007/004506

(Promega, Madison, W). A standard quantity of cel

| ysate was used in a luciferase assay with |uciferase

assay reagent 5 (Pronmega) according to the

manufacturer's protocol. Mcroneutralization Assay of

1918 (HLN1) by Mouse I mune Antisera Two-fold

di lutions of heat-inactivated sera were tested in a

non-pathogreiststralrsaeith it sadfSaidoOicid BeyuRhES ETER Rfitated sequence makes
theéglbgglgsthat neutralized the infectivity of 100 ) '
PG 382 ErssOiR i tirRRes Byrgedivlar pretesrss €3 2o firypsing furin) which

is orferd ¢ most tgtecal SRpMIPKiaelidfedy0!l ayers by using 10 two

wel I's per_dilution on a 96-wel| plate as descri bed

(RINE Tugleicy jacid) ospquences | forMsiy opbet  Se@Rew8F, ndpding VRC7720,
v I VRERWS i j Ik fi
_Rdglqusév\?\?as pef ?g{rdrre t@ﬁkggﬁg gf Ylﬁg\l)’gr&g’saéﬁiﬂgf 'P&Sr(MRC 7729) are
givepue Fempeot@i-h6§.NP) and deternmine the neutralization

activity. Challenge of Mce with Live 1918 (H NI)

Virus Two weeks after final vaccination, mce were

chal l enged intranasally with 100 15 LD50 of 1918 (H

N 1) virus in a volune of 50 pl. After infection, mce

were nmonitored daily for disease signs and death for

21 days after infection- Individual body weights and

death were recorded for each group on various days

after inoculation. Al 1918 influenza virus studies

wer e perfornmed under high-contai nnent biosafety | evel

3 enhanced (BSL3) as described (Tunpey TM et at. 2005

Sci ence 310:77-80). 20 Depletion of T Cell Subsets in

Vivo To deplete specific T cell subsets, known rat

nonocl onal antibodies (anti-nmuse CH4 (KI.5),

anti-nouse CD8(2.43), or anti-nmouse CDOO(30-H12)),

prepared as described (Yang Z-Y et al. 2004 Nature

428: 561-564; Epstein SL et at. 2005 Vacci ne

23:5404-5410) and obtained fromthe National Cel

Culture Center (M nneapolis, M), 25 were adm ni stered

i.p. (1 mg each in 1 nm of PBS) 3 days before

chal l enge and 3, 9, and 15 days after the vira

chal | enge. For nonimmune Ig treatnment (control), an

i sotype-mat ched anti-human | eukocyte antigen

(SFR3- D5) nononcl onal anti body was used. Passive

Transfer of Ig 1gG frommce immunized with plasmd

DNA encodi ng HAL\CS (i mmune) or no 30 insert

(controls) was purified fromsera by using a Mntage

Anti body Purification Kit (MIlipore, Billerica, M,

and antibody titer was confirmed by ELISA. Briefly,

0.3 mM of purified IgG (from=0.7 m of serun) was

adm nistered i.v. into each recipient naive nouse (n

= 10 per group) by tail vein injection 24 h before

chal | enge. -56 WO 2007/ 100584 PCT/ US2007/ 004506
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Table 4. Description of VRC Influenza Plasmid DNA Vaccines
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WD 2007/ 100584 PCT/ US2007/ 004506 DNA binding site in

t he pronoter/enhancer regi on of the genes that they
woegiiaess4 Several NF-KB binding sites in therCENGR07/004506

81B pronoter have been nodified to incorporate

optimal KB sites in an effort to enhance

i mmunogeni city of the constructs- There are four

NF- KB binding sites in the CW pronoter/enhancer. In

an effort to further inprove the 5 CW/ R DNA

expression system it was rationalized that
Sequpncemoi AMMiRaind OB4€/I0 8RB P ntdtePSand PIANKANSENSUS

gﬁ}en(g b/%tm nor. nucl eotide changes m ght enhance
MY 3pd GM YR, BB nlmﬁ%p@g%h%r peaistbwugﬁm their entire

en lj e o 1SS Pkt e
1 g@M{h&@(%@ Asied Fl?; m%%ﬁ? uaﬁped hg'eg] S fo d{ geﬁ)g S within the

ability to induce I ogi cal sponses

sequenves aigbe GV V4B, {nOCEM\(/RMEICB pRah)teisniunagaFig. 150. Fi ve
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ST e e st
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Natlpnaitlesmu(ee\/dﬂdﬁ\eaﬂm, Bativsdd, MDQ%HI@M)WRWWRM BRismid DNA
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Vecte%r%‘é’ﬁ%smngcffa hE CRYFORM Pifs- cEHYedadnB (el straimranyelope gpl4s
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the b¥f vamn%@duquCFHWDm@nocqmmmmmojvbs@veral assays
werév?l%c? %% ﬁplr\;]lﬁref%aaaﬁsoégﬂﬁ% m{sthgegilpcme Cellular immune

respautiies, rnmsdrmrexd gh@niHITENSY) dhdChubtrGRlcrdstsd Blcfr Aipha (TNF-o) production
b i nacti vat eldWESNl i-nfl uenza vaccine (N Al D press
Y 0EsR SHmuleied celly ckas greaspredHpy gdgeflowe quiemsty-basel intracellular

cytokllﬁetslﬁﬂnﬁfgod@@)'a%h)pf 14 Bgis Qy@l%m A, NG aﬁ{%%i %gsj%;e chegactenzed by

summari zed in Tabl'e 4 below. Plasm
phenofyni¢, bagrhaqateparkgrcaliowhasfor puessseHpaHE ficatitoh of3Be type of cells (for

exan\ﬁgs(?nf)dale Eg g%%§§ a%ngﬁﬁpogygés‘)m esB?%c? gg Ltr u%%%‘l%e Atig§nsyy Humoral

immype t iesp@ses ewse cha@augge r1]1Singe anTiERzGNEedlimadd Midndlnosorbant Assay
Was .chan

e ence fromw.ld-type of the
(ELI§A§%¥ %g?mi’? g aﬁsayanlrggﬁg% q‘%@d—l emlog_gmotqm,, (®reparesl from cells
transtﬁasdtgi withlthe §4aepRsMANDREL RELEHI @ab‘éoﬁxﬁpdoatﬁg test plat t
é E‘II c§en/ Mexi co/ 31381/ 94) aﬂd ot her plate system.
Intracellular Flow Cytometric Analysis of HIV-I Protein-specific CD4+ and CD8+
Responses after Vaceination
Harvested spleen cells (10° cells/peptide pool) were stimulated for 6 hours. The last
five hours of stimulation occurred in the presence of 10 pg/mL brefeldin A (Sigma), with
peptide pools having the same amino acid sequences as those expressed by the vaccine
vectors. All peptides used in this report were 15-mers overlapping by 11 amino acids that

spanned the complete sequence of the genes tested. Cells were permeabilized, fixed and
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strains with the sanme am no acid sequence. This .
woub@riedsssequence makes the HA protein | ess aeCeas2vfe04506

to cleavage by cellular proteases (e.g., trypsin,

furin) which is one of the nost critical steps for

viral infection. The nucleic acid sequences for six

i nsert sequences, including VRC7720, 5 VRC7721,

VRC7722, VRC 7723 (VRC 7727), VRC 7724, and VRC 7725

(VRC 7729) are given in Figures 161-166. -59 WD

stalﬁ&DWﬂlg%Bgéch’géﬁg dﬂ%%gg%ﬁsgt@ﬁ@?@i-mgu% @lpsﬁgacegﬂfﬂnﬁéﬁﬁ (\(%)9 CD4 and

CDgzggg]m:pg@) M]gwgdanmmIWramefylc(ﬂ@w@WomBMy 3o ‘detect €he IFN-y and
TNF:o ﬁ&ltgle tells in thl\é cba? o C9)8-F~ (I:-Scell populatxon? wa @ uu

Statistical analyses of the observed CD4+ and CDS8+ responses between control
plasmid-vaccinated and test article-vaccinated mice were performed by the Mann-Whitney
test using GraphPad Prism 3.0 software, San Diego, CA. Assuming a frequency of >0.1 %
cytokine producing cells represented a positive result, then CD4+ responses were observed
in 5/5 of CMV/R wild-type (wt) vaccinated mice and in 5/5 of CMV/R 8xB (8xB) mice.
There was a significantly higher CD4+ response in 8xB vaccinated mice when compared to
those vaccinated with wild-type vectors (p = 0.021). CD8+ responses were observed in 2/5
of wt-vaccinated mice and in 4/5 8B vaccinated mice as described in Fig. 169.

Referring to Fig. 169, intracellular flow cytometric analysis of gp145 env-specific
CD4+ and CD8+ T-cell responses of immunized mice was performed. Groups of mice
(5/group were vaccinated with 2.5 pg DNA plasmid, by needle-and syringe, three times (at
three week intervals) and immune responses were tested 10 days after the injection.
Spleens were removed aseptically, gently homogenized to a single-cell suspension, washed
and re-suspended to a final concentration of 10% cells/mL. Each symbol represents the
percent positive cells in the CD4+ (left panel) or CD8+ (right panel) T-cell population for
one animal. The mean response for the responding animals is indicated by horizontal bars.
P values represent comparison of groups by Mann-Whitney nonparametric analysis.
ELISA Assays

Ninety-six well ELISA plates were coated with 2 rg/mi of affinity-column purified
gp140(dCF1(dV12)(Bal) overnight at 4°C, blocked with PBS containing 5% skim milk and
2% BSA. The plates were washed with PBS+0.5% Tween-20, and incubated with 100 pL
of serum from the vaccinated mice diluted in PBS + 2% BSA, added in two-fold serial
dilutions to each well, beginning at a dilution of 1:2400, followed by horseradish
peroxidase-conjugated goat antimouse immunoglobulin G (IgG) and substrate (Fast o-
Phenylenediamine dihydrochloride, Sigma). The reaction was stopped by the addition of
50 pL of IN H,S04, and the optical density was read at 450 nm.

The mean antibody responses were much higher (average ELISA titer ~1:23,040) in
8xB vaccinated mice compared to wild-type CMV/R (~1:1,680); p = 0.011 as shown in Fig.
170.
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PCT/ US2007/ 004506 Sequences of CW/ R and CW/ R 8KB
wénwmmesss and Pl asm ds The CW/ R and CW/ R 8KBCT/US2007/004506

plasmds are 99.1 %identical throughout their entire

length (mnus the inserted HA gene). The only areas of

di vergence are within the sequences of the CW /R and

CW/ R 8icB pronoters shown in Fig. 167. 5 Apart from

the nodified protease cleavage sites, the am no acid

sequences in all the influenza plasmds are the sane

as Rh&nwxg o FigpE7Glandpoitl difutiohd veld \@et @8H18e S RAWBABESy responses in
opti mal expression in human

d fied f
mlceeY?°§ma n p‘%‘”élgﬁﬂfs%%v@‘ 198 M VEBn&ieB (pdasaridi MNwh expressing HIV
gp1hB8l %ﬂi%ﬂ%&p@ﬁ%@ﬁ?\/%ﬁ Bs gﬂﬁe&W/ R %}&z%dgm%gortng?sulr%by ELISA,

Referri ng to Fig. 16 mnRo aciq sequences
is repyesented on e YRGS 7 The thaklbasemtﬂae af-exialregresshts the mean of ten test

am@ﬁ%h k}éfgzgnalté’]cg nﬁgln gég%lﬂ% : <?ryd ?‘I? Zéce%? ! %%aégg Iaetxe@g!@x?m the standard

devsd(BnRifaBdEﬁndalDNAaa\dB@HQﬁﬁn' n Mce Non-clinical, non-GP
icity studies were conducted by i nvest | gators

P"tﬁf‘cy ?‘gﬁ‘ et htasraid ANV egtrein Mige | onal I nstitutes
of Nbb-%hﬁbéala'ﬂxgn-lﬁle%ﬁxﬁﬂx% gﬁﬁ@%gles 1?‘%&1&%&7 sonducted at the NIH

I nstitutes of Heal t h, Bet
Vagefpg Ressarcty| Genterg 1{1)[\@11@0%@10 mthexipr €xatangfod Bik®ags Control and

|
Preg%h\]f_%lgo pl@i&__é\x@l mll_1|l|’ll¥ﬁ %1%%3%1 %ﬂar ain) %one%tor expressing
aviaxpniseed hentlpglu@iid RIEDARS piotkif O (@il | Rka
M Sﬂly q‘@it VE{RC- H?V%iNA(;leOO \Q/lgﬂ( éQB/TPIhg%é/ N-1)/2004
5@0@@@@ et Shgllenegayidh agan ﬂvdnefhwnaﬁévnmmn/d 203 (H5N1).
AftEreSRORALS 1B1ce CGlvERImBNitbRE éfzﬁf}p Eﬂ‘edlf %nu for egi;)ésspgstmfectmn

responses, i nterferon ganna nor

(p- l‘aa&tdéY‘dﬂqﬂﬂWéY(WW% )@Cf?)rmmfﬂlfone@ﬁ gntyu;ﬂm v@edsus days p.i.

vt et (o Sea S I BERERVe AfroTeienl s NN eigflenge was
con@sdybylvacbmaeoﬁy@ttﬁﬁh Chevat i B %lgsqnxﬁeUI@Aa{/@ctor expressing HS

racterized by phenotypic |ynphocyte mark
hemggﬁ(swlﬂb‘ foé vamcg@;egea i/ﬁqqu‘(Ya‘@ Foallenge Mﬂw@retayp@ thbé control animals

dieda $oW B Fige XRNPLE 2886én Ofys ?P%nﬁ§%l¥m%g%a§e%) animals experienced

respondlgg to vaccine antlge

less méeg%hs Feramaiasceindtadsvitly mnmﬁmmrwoﬂ%ﬂ :
MRUIGSAENB g A9 VD RRctibE iy
vvher e he Sur igf BAT, &céﬁ%e Uéntart&lgﬁﬁi 5 leg}:ffqg&za challenge in
mic¢ vagpinaed wlthtarﬁhb\f/@c&eﬂ plishiid DA SR0Br I%k?éﬁ%lﬁ‘g B Iemagglutinin is
Sho&fx?(:t’l%g l%%jag&, tfp{z test plate system
T e, 1 14 preedHS) 8FTR apd SHmicefcontrol group) were
;nje&éd)bﬂhtﬁrafﬂpﬂﬁﬂofﬂh@ HishfHtegBREs D8 Hin 5 pg DNA (100mL) at 3 timepoints, each
21 days apart. Mice were injected either with a CMV/R 8xB plasmid DNA vector
expressing H5 hemagglutinin (H5) or an empty CMV/R 8xB plasmid DNA control. Two
weeks after the third and final vaccination, mice were challenged intranasally with 100
LDso of A/Vietnam/1203 (H5N1) in a volume of 50 pl.
Summary of Preclinical and Clinical Experience with Plasmid DNA Backbone
Elements Used in VRC Phase I Clinical Trials
Plasmids containing the VRC-1012 backbone (Hartikka, J. et al. 1996 Hum Gen
Ther 7:1205-1217) and the CMV/R promoter elements (Barouch, D.H. et al. 2005 J Virol
79:8828-8834) have undergone standard preclinical safety testing and have been evaluated

in multiple human clinical trials as elements of DNA vaccines (VRC-1012, CMV/R) with
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Responses after Vaccination Harvested spleen cells

(106 cell s/ peptide pool) were stinulated for 6 hours.
woher7liaes4 30 five hours of stinulation occurredTius2a0he04506

presence of 10 g/nmL brefeldin A (Sigm), with peptide

pool s having the sanme am no acid sequences as those

expressed by the vaccine vectors. Al peptides used

in this report were 15-rners overlapping by 11 am no

acids that spanned the conpl ete sequence of the genes

tested. Cells were perneabilized, fixed and -61 WO
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ele:antibodies .r%L 3phi-nnuse cell surfaces antigens
TS B pmrpagzedpp deRieny B9 ™ ol | owed by nul ti parametric
flow cytonetry to detect the IFN-y and TNF-a positive
cells in the CD4+ or CD8+ T-cell population.
Statistical anal yses of the observed CD4+ and CD8+
responses between control 5 plasm d-vaccinated and
test article-vaccinated mce were perforned by the
Mann- Whi t ney test using G aphPad Prism 3.0 software,
San Di ego, CA. Assuming a frequency of >0.1 %
cyt oki ne producing cells represented a positive
result, then CD4+ responses were observed in 5/5 of
CW/R w |l d-type (wt) vaccinated mce and in 5/5 of
CW/ R 8KB (8KB) nmice. There was a significantly
hi gher CD4+ response in 8KB vacci nated m ce when
conpared to 10 those vaccinated with wild-type vectors
(p = 0.021). CD8+ responses were observed in 2/5 of
Wt - vaccinated mce and in 4/5 8xB vaccinated nice as
described in Fig. 169. Referring to Fig. 169,
intracellular flow cytonetric analysis of gpl45
env-specific CD4+ and CD8+ T-cell responses of
i mruni zed mce was performed. Goups of mce (5/group
were vaccinated with 2.5 g DNA plasm d, by needl e-and
syringe, three tines (at 15 three week intervals) and
i mmune responses were tested 10 days after the
injection. Spleens were renoved aseptically, gently
honogeni zed to a single-cell suspension, washed and
re-suspended to a final concentration of 106 cells/niL.
Each synbol represents the percent positive cells in
the CD4+ (left panel) or CD8+ (right panel) T-cel
popul ation for one animal. The nmean response for the
responding animals is indicated by horizontal bars.
20 P val ues represent conpari son of groups by
Mann- Whi t ney nonparanetric anal ysis. ELI SA Assays
Ni nety-six well ELISA plates were coated with 2 g/n
of affinity-columm purified gpl40(dCFl(dVv12)(Bal)
overni ght at 4C, bl ocked with-PBS containing 5% skim
mlk and 2% BSA. The plates were washed wi th PBS+0. 5%
Tween-20, and incubated with 100 L 25 of serumfrom -
the vaccinated mce diluted in PBS + 2% BSA, added in
two-fold serial dilutions to each well, beginning at
a dilution of 1:2400, followed by horseradish
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Table 5, Preclinical and Clinical Experience with Plasmid DNA Vaccines
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LD50 of A/ Vietnam 1203 (HS5N 1) in a volume of 50 L.
Summary of Preclinical and Cinical Experience with

wohewnoessDNA Backbone El enents Used in VRC PhREE/US2007/004506
Clinical Trials 30 Plasm ds containing the VRC 1012
backbone (Hartikka, J. et al. 1996 Hum Gen Ther
7:1205-1217) and the CW/ R pronoter el enents (Barouch,
D.H et al. 2005 J Virol 79:8828-8834) have undergone
standard preclinical safety testing and have been
evaluated in multiple human clinical trials as

el ements of DNA vacci nes (\tRQ(Tgl;Za cw/ f{) ¥m glh -63
7/ 584 PCT/ US2007/.00450 enonstrated o
d “}ﬁ“n‘."g‘a‘r % Ef‘i}’.d%?’ Red Lsntigirah Ygcters ppddYicasmtenngt of Neutralizing

AeTabT o 5 el oS0 2007/ 100584 PCT] US2007) 004506 Q

o ielylvéra(l}v_ectgrs were gentra@yd by transfiecory bf fred plasmis'idto 293T cells.
A I?{l}%\ﬁgagtvgct%%las%d@x%etg%n@uc?\l:eg%:ffmg _agd\éte%gavg;&nv%alsqvgus (CMV)
promo@d Wa51sed Zs a0BARRE¥Eotbr. =Thd badkaking hsthil?JENVARS 2 (encoding the
HI\ZXS%E%EEI});%F 5%:}253# p;(')tZing) gvas Cﬁsg(? to )ézxg;ess the Iénltiviralugene products.
The influenza HA protein was expressed from a plasmid.

To measure neutralizing activity of immune serum, three plasmids- a plasmid which
encodes luciferase driven ty the CMV promoter; pCMVARS.2, which encodes the HIV
structural and accessory proteins; and a plasmid encoding the influenza HA protein- were
cotransfected into 293T cells and the viral supernatant was harvested 48 h after
transfection. The collected supernatants were placed on 293A cells that express the
receptor for HA.

Referring to Fig. 172, influenza HA-pseudotyped lentiviral vectors expressing a
luciferase reporter gene were produced as described (Yang Z-Y et al. 2004 J Viro! 78:4020—
4036, Naldini L et al. 1996 Science 272:263-267; and Lewis, BC et al. 2001 J Virol
75:9339-9344). Briefly, 293T cells were cotransfected by using the following plasmids: 7
pg of pPCMVARS8.2, 7 pg of PHR'CMV-Lue, and 125 ng CMV/R 8xB H1(1918),
HI(1918)(APS), H1(1918)(APS2), or H1(PR/8)APS), or H5(Kan-1). pCMVDRS.2
encodes all of the structural and accessory proteins for the lentiviral particles. Cells were
transfected overnight, washed, and replenished with fresh medium. Forty-eight hours later,
supernatants were harvested, ﬁltgred through a 0.45-pm syringe filter, aliquotted, and used
immediately or frozen at ~80°C. For neutralization assays, antisera were mixed with 100 ul
of pseudoviruses at various dilutions and added to 293 A cells (Invitrogen, Carlsbad, CA)in
48-well dishes (30,000 cells per well). Plates were washed, and fresh medium was added
14-16 h later. Forty-eight hours after infection, cells were lysed in mammalian cell lysis
buffer (Promega, Madison, WI). A standard quantity of cell lysate was used in a Juciferase
assay with luciferase assay reagent (Promega) according to the manufacturer's protocol.

Example neutralization assay data are given in Table 6.
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Lentiviral vectors were generated by transfiection of
three plasmds into 293T cells. 5 Alentiviral vector
wohewnioessexpr essi ng | uci ferase from an i nt er naPCT/US2007/004506

cytonmegal ovirus (CW) pronoter was used as a transfer
vector. The packagi ng plasm d pCWARS8. 2 (encodi ng the

H V structural and accessory proteins) was used to
express the lentiviral gene products. The influenza

HA protein was expressed froma plasmd. To neasure
neutralizing activity of inmune serum three plasm ds-

a plasmd which 10 encodes |*xe¢iferase driven ty the

Vﬂ} ngter CNVARS %V1Mhi0h encodes the HV
st r UDHilF Bp PrsgRLiny sihear desesibed Hsomelesaitifer purposes of clarity
andtSdeMtagihf o liEN TR ¢

into 293T %‘el | s and tlﬂeﬂé\%rfg@ﬂ%ggreerc%% g’ﬁ‘tt Q/\%&@@&Ia%%@s i form and
detpil oo deanads “ﬁthﬁ'llt depattingrfivine ¢thé tme sToee ofkieitivestion. All figures,
tabI%E,pﬁfd e‘g?%f %Cl%g T&gfagprléﬁlg)%lt%l and h thfg nrs,e?esf‘erred to above,
meMnﬁkuemzmpMMHﬂéau@ﬁ&mﬂed l entiviral vectors expreSS|ng

a luciferase reporter gene were produced as descri bed

(Yang 2;-Y et al. 2004 J Virol 78:4029- 4036, Nal di ni

L et al. 1996 Science 272:263-267; and Lew s, BC et

al. 2001 J Virol 75:9339-9344). Briefly, 293T cells

were cotransfected by using the follow ng plasmds: 7

g of pCWARSB. 2, 7 g of pHR CW-Luc, and 125 ng CW/ R

8kB H (1918), 20 H 1(1918)(APS), H 1(1918)(APS2), or H

1(PR/'8)(d,PS), or H5(Kan-1). pCWDR8.2 encodes all of

the structural and accessory proteins for the

lentiviral particles. Cells were transfected

overni ght, washed, and replenished with fresh nedi um

Forty-eight hours |ater, supernatants were harvested,

filtered through a 0.45-msyringe filter, aliquotted,

and used immediately or frozen at -80C. For

neutralization assays, antisera were mxed with 100

.tl 25 of pseudoviruses at various dilutions and added

to 293A cells (Invitrogen, Carlsbad, CA) in 48-well

di shes (30,000 cells per well). Plates were washed,

and fresh nedium was added 14-16 h |ater. Forty-eight

hours after infection, cells were lysed in manmal i an

cell lysis buffer (Pronega, Madison, W). A standard

quantity of cell lysate was used in a |uciferase

assay with luciferase assay reagent (Pronega)

according to the manufacturer's protocol. 30 Exanple

neutralization assay data are given in Table 6. -66 WO

2007/ 100584 PCT/ US2007/004506 z X X XX € € X X X XX

ON 5V 0o~ X22XNXX ~ 2 X X X XX
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MNXx z ,rr O~x?~Xx e e X X x xx e N
v WV O-Nxzz~ -Ir axz 0 MOXx x NN
we 2807308582 z Xxrh 00 x Ne e Nx x Nx ti
Pa ZIrl ~ d<t Qd4Qddz zZzdd; Z
XXXXXXXZ~z+ >~H c~vooc~c~~c>0+v+UUU+v+U6 WD
2007/ 100584 PCT/ US2007/ 004506 *** Wile the present
i nventi on has been described in sonme detail for
purposes of clarity and understanding, one skilled in
the art will appreciate that various changes in form
wHdis eéehaMesa: be made w t hout departing fromthe
true scope of the invention. Al figures, 5 tables,
andy appeRdiehc a&id m&iehme%o%hemgsa pﬁmdls&me%odlagdm influenza
publlcatlons referred to above, = are ereﬁ/
proqeﬁbml?yéﬁdaﬁ‘g@ B¢ srevp cenfdding of hemagglutmm A (HA), neuraminidase (NA),

M2 Protein, and nucleoprotein (NP), wherein said polynucleotide comprises

MXx e e xe
N aVx

X b
N C
t! ~PamUSa®)7/004506
0

(a) a plasmid taken from Table 1 (or its insert), or
(b) an analog of said plasmid or insert having at least 95% identity thereto.

2. The nucleic acid molecule of claim 1 which is plasmid VRC 9123 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

3. The nucleic acid molecule of claim I which is plasmid VRC 7702 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

4. "The nucleic acid molecule of claim 1 which is plasmid VRC 7703 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

5. The nucleic acid molecule of claim 1 which is plasmid VRC 7704 (or its

nsert) or an analog of said plasmid or insert having at least 95% identity thereto.

6. The nucleic acid molecule of claim 1 which is plasmid VRC 7705 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

7. The nucleic acid molecule of claim 1 which is plasmid VRC 7706 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

8. The nucleic acid molecule of claim 1 which is plasmid VRC 7707 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

9. The nucleic acid molecule of claim 1 which is plasmid VRC 7708 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

10. The nucleic acid molecule of claim 1 which is plasmid VRC 7712 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

11. The nucleic acid molecnle of claim 1 which is plasmid VRC 7713 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

12. The nucleic acid molecule of claim 1 which is plasmid VRC 7714 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.
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-68 WD 2007/ 100584 PCT/ US2007/ 004506 WHAT IS CLAI MED
I'S: 1. A nucleic acid nolecule conprising a
woabyeeiseot i de encodi ng an i nfluenza protei nPeElUSei0ed04506
fromthe group consisting of hemagglutinin A (HA),
neuram ni dase (NA), M Protein, and nucl eoprotein
(NP), wherein said polynucleotide conprises (a) a
plasm d taken from Table 1 (or its insert), or (b) an
anal og of said plasmd or insert having at |east 95%
identity thereto. 2. The nucleic acid nol ecul e of

cl aild | vifiechudisicplcad MdleddRCoP LRdm( PrwHils is gitaai%'ieciaéft}?é 7715 (or its

._an,anal og of said plasmd or insert having
’“sﬁg%’{ e %‘?%/Ois 4 Bragmidor insert haihgiatleasiod Yraleatit) thefo.
claigyl ich is plasmd VRC 7702 (or its insert) or
an affal o\sﬂtﬁ nucl¢ig asidhmsileruls of nhant1 mawdni plash&BYRC 7716 (or its
ins8RYot Aeidld : : cleic acid, ecul e of
Y Z. m 1 mhi%%ﬁéi&? E{ag'?#f & \Tﬁ%‘ %‘Gﬁg (“8‘."'3%‘93 A’ﬂ‘?&%%}ﬁf@&

an agal o f L ' Lnsert. havin t | east )
0506 ent TR SRR of BRRR: 1 VRio Shenll Trg 7717 (or is
IDSETERPTIAN angiRcof saidl plasisiv o MREt HAGHg h0leadt 5% idesefitherlo.

an anal og of said plasm d or insert having at | éast

95%!Pdentliheynuchie atid mbleciieonulali ICwadhdisMh&htd IR 7718 (or its
insEit A M anMYClF lsddgal asmd VRC 7705 (or its ‘insert) or

an anal 0g of S AP Akt havdag ot Ipasy A% identiwyabereto.

950/oli7den\t};hteyutPer etag. 7, The nucleic acid nol ecul e of

claim 1 whrcHelse aFigsmelecyiscot/dlamn (lowhjchsis plaseidt YR 7719 (or its
insent) @real 20glopfofSaidthl BérARIGrdn Rt bog AL, Least

95% i dentity th(g?:et o. 8. T%eﬂlrlmc ei{tclg%glbg%n@%%t&'l Crae-

claiign | wWheehcletc MidsRdIEcY! (Q%;dt:s inser Lo
an aFaI og of said pl)liasrri d grgfiz%gérlt&hg\bilgé’laasfm?égéf'g(or Its Insert)
OF WAt etfiseid plaseidergnsat havtieg anleds O6%aideatityohaety. € of
cl aiérl which is plasmd VRC 7708 (or its insert) or
aglg 5 al o&‘_“%fmflggda%@ smha@l? Ef Flage lrlt whigtiiin glaatnliii Galsso (or its insert)
or iodedttshidynl e nucleie acid nolecule o
claiml v?hiltd%:lph isdg:frggsrn e aitgift ?54"3%@ ithergior ) or
an zpnal ogyo ' 1d.or.insert hayving at |east o
95% i dent i t g‘“?ﬁié’?aéc?%?‘ﬁ%?“‘erﬂ%dﬁﬁ%|1e‘1V 1CHd7 Blaspridedpe? tor its insert)
or ap| 2k heglofwhidaHasisidpir dsserichaVig ot 1dadt 09% ilbtity HRSOLL) OF
an anal og of said plasmd or insert having at | east

959%1i. denthe pudlbieraeidmoléuleTbfclas 1 8L BicRGd i its i
or a6l AfBh b 5. 4Pl asmi d VRC 7714 éor]‘fi ts? laSTAESYI o i insero
an angI oG P AR oF ISR NFVINE at heast Y5 %ddentigy thereteast
95%., dent.i t heretp. -69 WO 2007/100584
perrusoob Brishet molgralenictieim 1 adhigh ipplesuid 5355 (or its insert)
or ag lagaloy bof wdid @lashiid Pk 8%t thaViRg af Tehst §8 ik én%éy g{g Tqé ; lt or

an anal og of said plasmd or insert havin
95%81 derlhd YudidielaeiOmolecule of claim 1 which is plasmid 53356 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

24, The nucleic acid molecule of claim 1 which is plasmid 53358 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

25. The nucleic acid molecule of claim 1 which is plasmid 53359 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

26. The nucleic acid molecule of claim 1 which is plasmid 53361 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.
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14. The nucleic acid nolecule of claiml which is
plasmd VRC 7716 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506

thereto. 15. The nucleic acid nolecule of claiml

which is plasmd VRC 7717 (or its insert) or an

anal og of said plasmd or insert having at |east 95%

identity thereto. 16. The nucl eic acid nol ecul e of

claiml which is plasmd VRC 7718 (or its insert) or

an anal og of said plasmd or insert having at |east

95%7i denTm yud:lbtera&tdamolekulern@claim [1ewkichds plasmid® 63362 @ its insert)
pl asm i,ts. i.nsert) -or

or i o Splastei s AREhaVing ot {68t %0t iy Mot nat

95W den t.her et 8. . The nucl ei ¢ acid nol f. .
ém ﬂw BRcipE aﬁrdgg"r# uéﬂa%fi@lal(narl yhigh I%B’é’F‘Fl}‘? gﬁ?ée%&r its insert)
or aﬁ @ﬁhl@g @saﬁ%l&rﬂh@ﬁ%s@ﬂqavh{gsﬁ &asPO¥deNGerdity Itl?é?étb 95%
identity thereto. 19. The nucleic acid nolecul e of

clajgn 1 yhi ﬁﬁclkﬁ é&kcﬁﬁf@]&u@g’ﬁgaﬁﬂ N Whigh '1§?ﬁ1§1tnld 5§’f65ﬁ r its insert)
anal og of said plasmd I nsert having | east
or apgaaloetof seiderlasnaid ozwseﬂ’cﬁewmg:dtéq:ast %%ddqnitye Cchflreoof
claim1 which is plasmd 53352 (or its insert) or an
anallg ofTheaideis axghindlerule nfseiatm havhing inplasmad 63 3B or its insert)
' It eto.. 21. The nucl J| ul e of
or ah%%nlt mgl%wé% ]asmld r é%sfﬁn } 3$ 1dfrarrﬁ§t¥ :El?e)reto or an
anaj,og o as
nalgs chya gl aﬁm}ﬁn‘%ﬂ%ucf 81“& A S blasiRE 53720 tor s imser)
or aflladhlog b fwhidogladnsid@r dsd@rtchavagbdr 1€43¢ 95%Sdemae tigretoOr an
anal og of said plasmd or insert having at |east 95%

| de3m.i t yThbaneleie. ackBmoldiRiUELRIE 120hidh TObREMI® 59322 (or its insert)
claiml whjch is plasmd 53356 (or its insert) or an

(
or aaﬁaﬁleg ofmaidanlesmid.os pnsgridravingsdeash 33 Yorigentity theagte- 950
identity thereto. 24. The nucl eic acid nol ecul e of

cl atin | Whe 8rcleis apidmplerubpobelaim wb@hulmlasm)d 5832%(pr its insert)
or aﬁ%h% &fsaﬁ?lgan’ild%ggﬁ&?ﬁx{ l‘{?%rléast@ gy%ggerﬂftg E?étto 95%

|dent|ty thereto el c acl e of

ana og o?’ﬂé ﬁﬂﬁleﬁ 2@1@ &u%éggﬁgla{nq n \Ml%h 1@?%@ tSQ%%Cf/?or its insert)

sard pl asn1 I nsert havi ng
or ahchealoigtof shitgrlatnpid o2 Gusefteavingdtdeast aﬁ%ddamitg o:lluéretoof
claiml which is plasmd 53361 (or its insert) or an
anal®og ofThsaudepl asdmmlenulé nfelaim Hawhicl iapldsedd 53984or its insert)

e S P R
al o

pl as#i 36281% a(\ﬁ(il{sﬂ(ﬁ%s %‘élﬂg? 19‘%%0 d&AR Sﬂ’/d 29539 1 (or its insert)

or ahRRERIgOS sdidl plddhel drFGhRirCha3eh Hat TBdse 0 8468 deitits liiddrBiol
which is plasmd 53364 (or its insert) or an anal og

of Fai d whasatldicOdicid AfoREduldar tiatn At whRASS pRiatiid 98834 (ot its insert)
thereto. 29. The nucleic acid nolecule of claiml

or ajranales; of spidpasradars 3essry sving & lpass 8§Y)1def6rf>'é1?ﬁratﬁal 0g

of said plasmd or insert having at |east 95%identity
t het&t o. The nucleic acid molecule of claim 1 which is plasmid 53334 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

39. The nucleic acid molecule of claim 1 which is plasmid 53335 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

40. The nucleic acid molecule of claim 1 which is plasmid 53336 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.
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30. The nucleic acid nolecule of claiml which is

plasm d 53367 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506

thereto. 31. The nucleic acid nolecule of claiml

which is plasmd 53320 (or its insert) or an anal og

of said plasmd or insert having at |east 95%identity

thereto. 32. The nucleic acid nolecule of claiml

which is plasmd 53322 (or its insert) or an anal og

of said plasmd or insert having at |east 95% i dentity

t heart 0. TB3 nullic k6 hlﬁﬂ@cuaé? bfl craBh acCwhf:hab pldsadidsB337 (or its insert)

whi c; is plasm d 53325 (or its mser{)/) or an anal og
or a5ranane P W%ﬂﬁaﬂﬁorlﬁg"mammsaws @é‘gfm@s%rre@ent ity

thereto 4. The nucl eic acid nol ec cl

Tg-rea%lﬁ%eac ge3d peplegiyle pf glarrﬁslewb)ch lérplaéﬁnaéaﬁ%@ (or its insert)

or ﬁfaﬁ%g%@a%ma%m orl iiSE Ravidyi M]Q Ro5b4 ﬂ% tlt?ﬁlg{&ﬂefé)em ity

thereto. 35." The nuclelic acid nD ecu larm |

hi g4 1S TRk Rk 233381 e -

of said plasm de‘;jc ﬁﬁlzoer?ﬂ gslélr?hﬂsl %ecgslig é%& ti R/r its insert)
or emrmabigpf B8l pl"ﬁhmdnmhmrt:hmmgiamm O6Yeidehtityl th«:mtol

which is plasmd 53331 (or its insert) or an anal og

of 44i d pfhasmcitioacid medeculdal clagmalt wheshsis pdsdnid 38055 (or its insert)

he 7..Th | d 1 which
or qrfigfegtof syidala St %rlg%q‘%ﬁ%vhgge?‘*fas‘%%ﬁ%ﬁemt Febr sai o

et o, 138 ™Uriae Al Pt Gt PRSIl IS ob Rgsai 5367 (o s insert)

or abhdralod &f AldsmkEi DS33dert Rivihd 8t TeAi©BY) idepfitydRerdRal 09
of said plasmd or insert having at |east 95% i dentity

t heget 0. 188 .nuthsc B8 |ngd16c1AE bfl cIheC Whechok Iﬂés%meBSOtl (or its insert)
which is plasm d 53335 (or its insert or an anal og

or iy anglgegofiaid plagmigh or ingest hamwawga%@ﬂ’)ea@vtlw%reab ntity
thereto. 40. The nucleic acid nolecule of claiml o
whi & i s Theaswleic sgdzeleae pf slaimslewhjch igmlagmid $ap g (or its insert)

or Y e R Pl B B o PG et PRt B o

nuc %’I ¢ %eq'nﬁmlce %‘i{i qncﬁgaﬁla %k’ 9 QIInV\f]bv?lh hI i}, p%L %?915‘%515 (Sor its insert)

533 (or 1ts 1nser or an anal og ot SBi
or annmaidg dlsaidiplasnid meister@ﬁ%mgieﬂbastt)@ﬂ’/hﬂreﬂﬁ@ thérzto. The
nucleic acid nolecule of claim1l which is plasmd

53332 ( orrhietmzclems ecitl imoleculapf aliholg whichsidipllasphid $4567 Qér its insert)
i nsert g at .| east 95%|de tit hereto 43. The

O A gc° o 'Bsest hayying af lea P(h‘qegmal therwio
533 nser, or .an_apal o said plasm.d or
"hadtt | Rl RS RoI88YE PSRy oty B SIS (or its inserd)
or Mamgcoﬁséncd B RCH s hauling B leadtisohidefirif RSt

53955 (or its insert) or an analog of said plasmd or

inseft hawenhchiic hdashol®&fe be %mix‘nt]y“&lm{ﬁtﬁi’asnﬁé 54§5§ (or its insert)
nucleic acid nolecule of claim1 which is plasmd

or apgmetog ofrsaid Blasmishen nserbhavimg allarySes ideatity theratoni d or
insert having at |east 95% i denti t?/ t her et 0.
52. The nucleic acid molecule of claim I which is plasmid 54570 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

53. The nucleic acid molecule of claim 1 which is plasmid 53956 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

54. The nucleic acid molecule of claim 1 which is plasmid 53957 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.
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46. The nucleic acid nolecule of claiml which is
plasm d 53504 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506
thereto. 47. The nucleic acid nolecule of claiml
which is plasmd 53510 (or its insert) or an anal og
of said plasmd or insert having at |east 95%identity
thereto. 48. The nucleic acid nolecule of claiml
which is plasm d 53515 (or its insert) or an anal og
of said plasmd or insert having at |east 95% i dentity
t heyset 0. THOnudibR RULHRICURCH 1M §6Mhigh & plkRid53967 (or its insert)
which is plasm d 54567 &p its insert) or an anal og
or agfnalge @f srid plasmidor inssehaving\at frgst?SYoddentity Gearetdent i t y
thereto. 50. The nucleic acid nolecule of claiml
V\,hi 5%h i sThe avelei¢ @&Bwle(cgle ¢ft daind ayhiph ip plagmid 33 2g(or its insert)
or a gl%%%f B%‘?%ﬂlshe or 1 ﬁrhavnx% dAt ?%S%S%qaé tltg ?l%:’rétgent Ity

nuc el ¢ aci ecule o
4
of sai dsqq mg%l% a% (?%g) g!rctgl k %ﬁ/‘ﬁ%ﬁrﬁ%l{")ch 1¥p b’g@ gent Qor its insert)
or ahheaslep®f s51ﬁ pldsneidrout dhsettchasinigcht rmiseﬁs}%edeitnty tadreno 1
which is plasm d 54570 (or its insert) or an anal og
of %%i d Phaantldicoacid ﬁs)eafomemmlﬁmx atwhiehss pRsiid 48381 (oy its insert)
t her et o. The. .nucl ei acid e of .claiml
or e SH RS dater st o TS 88 o d Sty Sprim o
h %
al d %glrpqlglé:oqrﬂftns?rt &g%élg:%ql 22\&]1 ﬁg; p%%g:u:irggg(gs‘l (tor its insert)

or amhgngI&saildapﬁggn@hdiﬁ%%s%n(ﬁwgtai 1éa§§95¢/o)lde&h Fergodl og
sald plasm d or insert having at |east 55@6|dent|ty

t he(;(?t 0. Thed AuMBZR9T %@&%%otp @i&%&gﬂ&qgfoﬁgﬁx@gM@fbr its insert)

nucl eic acid nolecule of claiml whi [asm d
or a§30alpg(adsaididasmigdertipsertdraving aah@ﬂsoas%ﬁdsmtm tidretoni d or
insert having at |east 95%identity thereto. 56. The
nuctlei c Ehe dualsioe@id asodgculd of elniin Wwhichiis ptﬂsaédﬁsdj@l (or its insert)

o PSR e gl
nucf£i ¢ '?‘ﬁé gugﬁgicegc% jno%cu?e gf' H‘al Vi'hwﬁ h s aasrql %’:9(} g)r its insert)

533 (or i or an anar 0og or'da

or annmelol dfawidigashid rdsdertdMingianédst 95 voidestit. théi&o The
nucl eic acid nolecule of claiml which is plasmd

533@. ( OThé nficliefRsayid nolétuladf lamh AgwhichSaipthspli@SMIB @ its insert)

i nse avj | east 95% |de thereto. 59. The
o A ABplae oL AR AT BBV fhigash i Kl ap g theiog

53503 (o its ipser or _an nalog of said pl.asmd
i ns¥ht h ?ﬁaclgthr ég%olwém i o yVhishrig plpsmid STy Cor its insert)

or aﬁ%hwgcofasiddpmyhﬁwhﬁsewha@k@ améaswbsmdbﬁms}ltﬁée@od
51490 (or its insert) or an analog of said plasmd or

i nsgy.t heyi aqc@;c A&@%x&:@?@ belanih tlywmﬁ §&)9asn§&511§59(or its insert)
nucl eic acid nol ecule of claim1 whi [asm d

or anpaglpg(afsaid asmigleqrtipseridraving eetriaﬁsb@%fldsramtd theratoni d or

insert having at |east 95%identity thereto.
66.  The nucleic acid molecule of claim 1 which is plasmid 51497 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

67. The nucleic acid molecule of claim 1 which is plasmid 51498 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

68. The nucleic acid molecule of claim 1 which is plasmid 51499 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.
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62. The nucleic acid nolecule of claim1 which is
plasm d 51492 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506
thereto. 63. The nucleic acid nolecule of claiml
which is plasmd 51493 (or its insert) or an anal og
of said plasmd or insert having at |east 95%identity
thereto. 64. The nucleic acid nolecule of claiml
which is plasmd 51494 (or its insert) or an anal og
of said plasmd or insert having at |east 95% i dentity
t hegoet 0. TiESnuclbie aeidheidcuRCoftclamh @ ovhieh & plkmids 1804 (or its insert)
which is plasm d 51495 (’la its insert) —or an anal og
or aganalge @f said Phgsgpid or inseehavingat h@Sh?S%éQ%rttltgﬁw?tae ntity
thereto 66. The nucleic acid nolecule of claim

whi th i sThe audeig mchgmk(ca}e 0% QJainy 4 eyhirh l%plaaw%ﬁbwg(or its insert)
d tit
L e e

whi ’Plh ' STTPas mcf%x@ a%%%]&%{ 61‘ élafnp‘clev{/lltul:h 1? f)@%ﬁ} 5 @g{or its insert)

of said | hsert havif
or ahhanleg®f sﬁa plﬁnedmnahgrtdlaamg:bt rmise%%edeﬁtxty lktexirenol
which is plasmd 51499 (or its insert) or an anal og
of %i d Phasucldicarcid nmmldmmlagn atwhiehds pBisAfid 8313 (oy its insert)
2Q07/. 100 PCT/ US2 07 04506, 69. The
or oy HEp T 340 IR DA A AT i %ﬁtw‘aegmod

518 4 (o its .inser or,an nal of sail

Crobtt e hRR R loi g PRt Aowiich S plisPuid STt & its inserr
or aﬂt&bwgvof@@mqﬂmlawIlﬁseafha%ag dméasmbs%hdé;&np iRy BRod

51805 (or its insert) or an analog of said plasmd or

i nspft hand Rbcidic dce@aiol@Rie bLaRkh i YwhiRB 8 bRsmid 5333E(or its insert)
nucl eic acid nol ecule of claiml which is plasmd

or ay peatps(f saidipdasopd artinsertdraving atdedsbyS Gridentity thiretoni d or
insert having at |east 95%identity thereto. 72. The
nucl®i c &k¢ auﬁmcmnl gaddeuld aff ehaim Uhwhighiis plﬁsmsdrﬁBJSOS (or its insert)

o SR AR g

nuclei c J ec N

533 ( o?ﬁcls yclete ag r{lj'no?ecu?e ?]f r?ﬁlexﬂl \ggw%rch §§P§‘Sfﬂ]§] g%,?%g %olr its insert)
or anrzmelol df&k’llkiﬁ:gasﬁﬁldkﬁaﬁﬁeﬂgﬁﬁhﬂgjﬁﬂéﬂst 95%oidestit9 thefdto. The

nucl eic acid nolecule of claiml which is plasmd

533377 ( OThe hﬁclbfdﬁe&ﬁd mol@uleasf daih agwhichgaipthspli@SB3IB @ its insert)
i nse avi q | east 95%| de s\t,\}i ther eto. 75. The
or af fup |gc,° seidd W‘é‘&il"ése&f Vg gh Pénd F%“%I%%Pﬁ‘)d

53505 (or.its |nserél or _an anal Qg of .said plasmd
i nsétt  hals AYclgte qedd molepsdy phglatm oy which g plrsmig 354 lor s insert)

or aRURhRicCA6H1dh1 BRRhiAH sl hathrfd éPléasWQS‘%hdbﬁxthtﬁér@ﬂod
54508 (or its insert) or an analog of said plasmd or

insgyt hané RdciRic d8@alo1&R1 bEeRih tlywﬁﬁﬁr@‘i)%sng 53511‘?(01’ its insert)
nucl eic acid nol ecule of claim1l whi pl asm d

or 253B2leg(saidtpasmpidertipsertdraving %trlaase@fi%ﬂdgmtd thergtomi d or
insert having at | east 95% identity thereto.
80. The nucleic acid molecule of claim 1 which is plasmid 53353 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

81. The nucleic acid molecule of claim 1 which is plasmid 53355 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

82.  The nucleic acid molecule of claim 1 which is plasmid 53356 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.
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78. The nucleic acid nolecule of claim1 which is
plasm d 53344 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506

thereto. 79. The nucleic acid nolecule of claiml

which is plasmd 53346 (or its insert) or an anal og

of said plasmd or insert having at |east 95%identity
thereto. 80. The nucleic acid nolecule of claiml

which is plasmd 53353 (or its insert) or an anal og

of said plasmd or insert having at |east 95% i dentity

t heg®t 0. T8 nudleR: 46 nR16c1AE bl cBhaCWhRhAE pldsaidsh3s8 (or its insert)
which is plasm d 53355 (or .its insert or an anal og

or g angigePipprikpipamishor ingsat haviag prlgas PSVeideptiydheretrent i t y
thereto. 82. The nucleic acid nolecule of claiml
whi 8% i s THE Aupkelr aadmepleele pf slaimglewhich i Plagmid $4PBY (or its insert)

r b entity
o B o o o o e A e R PR SRR ™
nuckei c [ o
55558 ¢ ok ubRICEM Sndlbcific 8 Gladm RIS R ﬁﬁg‘sﬁﬁsgz fgr its insert)
or dmayetdg dfmaidypglashid caasl;ergﬁz%mgl aritadt QSVManuy th&éto. The
nucleic acid nolecule of claim1l which is plasmd
53584. ( oifhé macleitsauid moleculant aldhdgwhfchsigipthsplid $B506 Qir its insert)
i nsert Vi east 95%.i dentit hereto..  85. The
or 4 APl ot ReI AP T R st PeSHoE fh eIt oy
535 or,its jnser or .an alo f said plasm
ool e iclett feid b0l Geus PR wBisr B ROASTG ShHH (or its insert)
or Mamgcofasambmhw ifisé?f h&liRd 59 1éa§e/@5mde§tlngi tﬁ&%d

53506 (or its insert) or an analog of said plasmd or

i nsggt haukngcRic Addshold&lt be %tmt]ywhlb%fﬁtp@asnﬁ& 533_51? (or its insert)
nucl eic acid nolecule of claiml which is plasmd

or apamelp g rsaid Rlasmideoriipserbhavane airlarss §5%r identity thératoni d or
insert having at |east 95%identity thereto. 88. The
nucPi ¢ Abe auplsicertid enadecude af plaimvihwbiehiis pflﬂsarsﬂﬁdSlZ (or its insert)

d
or el sold ol heer Bl e MBI PR RerBR "
R T T
or danmaidg dfaaidygasabid wasterOhdanglaritast psvhidestity. th&@to The

nucl eic acid nolecule of claim1 which is plasmd

54691 ( ofThé macleftsatid moletulanf alaith ngﬁfchsiélpqhsﬂha$%¢2 @ its insert)
| east 95% i denti ;her eto. 91. The
or ma&gco RITRTGTIEssot e i s P therpion
546%% i@l ts | nserél or an _anal og of said plasm d or
i nsért habF RYclstc 2dd molemde phekimy wa"r?@rléﬁ’bamg@ S4qRe (or its insert)

or dhlkiaRigCofatidth AsthRCHH ifisf hAkiRg 4P lleas‘ﬁ’@S‘?ﬂdleﬁm?ltﬁ&Qo
54673 (or its insert) or an analog of said plasmd or

i nse3t haue Rdclic A&@Mo1dale bﬁ@ﬁfﬂ]tlywhfbﬁr@tp@asng@ 543‘5‘?(01’ its insert)
nucleic acid nolecule of claim]l which pl asm d

or ayggplpe(Fsaid Hasmidertipseriohavige @tr!ms@QS%fldsmw thératoni d or
insert having at | east 95%identity thereto.
94. The nucleic acid molecule of claim 1 which is plasmid 54678 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

95.  The nucleic acid molecule of claim 1 which is plasmid 54679 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

96.  The nucleic acid molecule of claim 1 which is plasmid 53500 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.
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94. The nucleic acid nolecule of claiml which is
plasm d 54678 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506

thereto. 95. The nucleic acid nolecule of claiml

which is plasmd 54679 (or its insert) or an anal og

of said plasmd or insert having at |east 95%identity
thereto. 96. The nucleic acid nolecule of claim]l

which is plasm d 53500 (or its insert) or an anal og

of said plasmd or insert having at |east 95% i dentity

t heyet 0. The/ hudllc 200 mnbiétatd o PEAINVTA0M éh ADARGRIPD E350N@r its insert)
nucl ei c acid nolecule of claim1l which is plasmd

or a3 a8plge ©f saidplaspid oF insertdravig afdeasb P> Grdenity thsreteni d or
insert having at |east 95%identity thereto. 98. The
nudi®i c Bk audpicasif molgculg af ehaim Whwlkish iis plabmidP3513 (or its insert)

or aﬁ%ﬁ& gc)grsaﬂd as'rrﬂﬁ %‘i‘tlasertg‘ga /oﬂ‘llé d%g%s?QS% xdérﬁitg ﬂpéégtﬁm d or

nser avi l'ea her et
iC I o
?ﬁ ( o“?ﬁé ggérlglﬁga%ﬁ %o?%cru?éaﬁf Eailﬁia \gmvl% h 1S¢' Flgn 1?1? QS 1 d4 gorr its insert)
or an razselog o amidrpdasatid log aistertd B8 goag iedst 95%héerettp the:]:aﬁ The
nucleic acid nolecule of claiml which is plasmd
5638BW. ( ofh¢ hacleiosamid )nolemuleanf ellaiaah dgwhiﬁ:h SapbsplidSa3&2 @i its insert)

t 50/0 et 101. Th
or ap aaftok o P gid of Pereghaung % a&%? Spigihesitoy

545 or, i ts.inser or . an of sa

"ol { kbs o ik oring Podh ’P’ﬁ’ér‘%?g Bi§3B B is insert
or aRWahRIEGf38idGh] 4818 G iR ePif hafARd 4D IéasV\bﬁ Rhidestith iagsiod

54581 (or its insert) or an analog of said plasmd or

i nspyA  hawd RGcidic dcf@alol&Ril bAsRlh 1YwhiBi€bRsmi®@3453NEor its insert)
nucl eic acid nol ecule of claiml which is plasmd

or ag anglpg(of saidipdasnyd @ diyseridraving atedsb§SGidentitsl theretoni d or
insert having at |east 95%identity thereto. 104. The
nucl@. c &b¢ dudgllcmﬂ madécudd af ahaim \ihwiichis pblsmédrﬁGSSZ (or its insert)

or aﬁﬁ’.%{; Qrsald Slas tn)x ert A?]Il% ?as?QS‘?oHd t% t}QeI md or

I'nser aV| eas The

nuc ( of ﬁ c a%y(% fno%cu% gf Qi]a{ \ghwﬁl h'i (fsn‘lclin SQS%3 gor its insert)

546 sorn or an ana
or annselo dfamldr}gamhdlwaﬁierﬂﬁﬁdmgjaﬂéast 95%héérﬁtt9 the}% The
nucl eic acid nolecule of claiml which is plasmd
S546B15. ( 0Th¢ hscleieseid jnol@ulaof aih Ggwbifch Sapthsilid3a68D (Ur its insert)

i nse avi.n | east W |de hereto.. 107. The
or s R S S GG BB T P Gl R
54682 (or. its inser or an_anal og of said plasm.d
ins h&bs RYclse ftcé‘i@}(’l%’% pfigm d yWhigBAEP stih 3465 pr its insert)

or aRUShRIsGragidch1 ARphia Wi Bsedlf hathird méaswbs%hdeﬁltp kiR Bilod
54563 (or its insert) or an analog of said plasmd or

i syt hané Rdciele A&@ﬁ{ol&%% beleRirh t1ywﬁi3ﬁ r@b&snﬁ@%%é@ for its insert)
nucl eic acid nol ecule of claim1 which pl asm d

or aggnaleg(od saidipdasnpid e tipseridraving atredsd QS%frdg@tntm thdretoni d or

insert having at |least 95%identity thereto.
108. The nucleic acid molecule of claim 1 which is plasmid 54563 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

109. The nucleic acid molecule of claim 1 which is plasmid 54564 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

110. The nucleic acid molecule of claim 1 which is plasmid 54565 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.
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110. The nucleic acid nolecule of claim1l which is
plasm d 54565 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506

thereto. -76 WO 2007/100584 PCT/ US2007/ 004506 1 11.

The nucleic acid nolecule of claiml which is plasmd
54566 (or its insert) or an analog of said plasmd or
insert having at |east 95%.identity thereto. 112. The
nucleic acid nolecule of claiml which is plasmd

54670 (or its insert) or an analog of said plasmd or

| NSEIL.  haké Agcleic ddd@siol&afte bel emmtlywhi&ﬁn%&snﬁ&%zxsé’@ €or its insert)
nucl eic acid nolecule of claiml1l which is plasmd

or 28457l Prsaid Rlaypider dyserighavipe étr#sais@a%ldgm therslori d or
insert having at | east 95% identity thereto. 114. The
nucl ¥-c B¢ duplsicercid ealecule af ﬁ\a!!“v%WbWhH% PisBr#iS4670 (or its insert)

16 ol md or
i T e g D T
nuc c l& [ I ST
53055 of ie FRCRLCEH fudlbaic BF ?ﬁépé@“%&hg%ﬁp ST o it inserdy
or anremelag dfsaidyasnid erdsterOdingsricast P5vhidestitg thdrdf. The
nucleic acid nolecule of claim1l which is plasmd
_545]].D1 ( oThé hecleitsaid noleculant ah&hagwhfchsaipﬂasﬂhd§n'ﬁﬁ7 Qdr its insert)

t 95%.i dentit 117. Th
or Ay R PG A Boo5t TS 7 s fopen gmenﬂa%rmod )

546 (or,its Jinser or .an al og of . sai

"nalF REF RYClsE e brotgaug PG e M Risbria gl 3304 dor its nsert
or ailmhRigCofaaidb1ahRICHH ifsedf halimg A0 16as00b Sidbst i RGeis]

54672 (or its insert) or an analog of said plasmd or

i nSerd. haué RgcRic 8@ sloldae be @ﬁtrhthhfbﬁr@tppasnﬁ&%45T@ %or its insert)
nucl eic acid nol ecule of claim1 which is plasmd

or analpeafrsaid plagmideqripserbhavipe aflars §5%f idsatity theratomi d or
insert having at |east 95%identity thereto. 120. The
nucl ¥i-c Abe auelsiceraid emadecud¢ af slaimyihwbichiis p!ﬂsasénSd671 (or its insert)

or AR Pl ol PR Bl e P Is P igh S FHBR 1c'

nuc c o
i 95 R o T O A e s
or anrmhaldg dfawidygashid @daserOhdbing aribist Pstdudestit9.thddd. The
nucl eic acid nolecule of claiml which is plasmd
56381, ( oﬂ“hé mc]iehsaﬁdi Jnolecul@bf akahagwhichSaipthsplid SF6US Qbr its insert)
i ns & d&ﬂ | egst 95%|det|%twé§hereto 123. The
O P e 28 ﬁ%?’é‘c‘ﬁl‘@s%? B1ag A lpashAp énid P%tlfpflt%%fﬁ’f%

its jnser or an_apal og of . said plasm d

563
insﬁ-’r({- haDF RYCSiC 3 iaole%% phiehin] ngwarlétp simjg H467 4or its insert)

or AMUEaRIgCofaaidb1aRh R ifsef ha)idd & 1&a§6’95mdb§tm9|tﬁ§r€%o
56478 (or its insert) or an analog of said plasmd or

i nsgrt. hauk RgcRic AGaslolOae b %ﬁﬁdutlywhﬂ:ﬁrx@&ﬁasmlz 54%6 (or its insert)
2007/ 100584 PCT/ US2007/ 004506
or an analog of said plasmid or insert having at least 95% identity thereto.

122.  The nucleic acid molecule of claim 1 which is plasmid 56383 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

123.  The nucleic acid molecule of claim 1 which is plasmid 56384 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.

124.  The nucleic acid molecule of claim 1 which is plasmid 56478 (or its insert)

or an analog of said plasmid or insert having at least 95% identity thereto.
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125. The nucleic acid nolecule of claim1l which is

plasm d 56479 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506

thereto. 126. The nucleic acid nolecule of claim1l

which is plasmd VRC 7700 (or its insert) or an

anal og of said plasmd or insert having at |east 95%

identity thereto. 127. The nucleic acid nol ecul e of

claiml which is plasmd VRC 7710 (or its insert) or

an anal og of said plasmd or insert having at |east

95% pslentiierukbREY 8418 mdé&ile 15'?%1&%0! ﬁ/'hféhaiﬁ';ﬂaémh%ubg (or its insert)
of claim1 which is plasmd VRC 7720 (or its insert)

or gy anglogefaishplesmickeringirhbanivs etleasﬁ%% identityrthersto. | east
95% identity thereto. 129. The nucleic acid nolecul e

?&i mThewniclsic ﬁgldpmalmulf ofRdainy Jowhish 1suslasmnis¥&q 7700 (or its
Y1 1

el R R

of [ [ p VRG 7731 (OF | tS .

or a%?amhg"ﬁﬂc eig a§1&1 ‘ln?ge?lrln%d fgﬁal néer et 65%’{&5%?3? 710 (or its
ins@%EpPor alhemaldgyoﬂslaﬂf mhmldlc&]mséi:fﬂﬂa\mhg:hﬁb&t astgidenlighidreto.

of claim1l which is plasmd VRC 7732 (or its insert)

or ams. an&]hegmmieus atid poieticdoDelain Sietvhidhaisi plasnaid VR@SWZO (or its

% i dent 132. The nucl ei c aci d nol
insEiR) ¢ 4 ARl B 1 8TpIH P RO Soq5 D4 oniygbarel.
or ag%anal og of .said plasmid or insert having at |east

95941 eanhPy“‘{cif’é‘f afig, melegulerpfaclan | lewhichcisplapnidc YRE 7730 (or its
ins&k) &l 2 Jﬂalogv\ﬁ‘ sfﬁﬂl 1&1§srﬁid|aoﬁ-r{hg:rt\’i%x e #AedP ES‘Vt ﬁenﬂlw&@o

or' an anal og of said plasmd or inhsert having east

95% s@lentrinkYndeRGE GLR mdREulTOEIANE | BRI ACTsDh
. of claim1l which |sl pllnasmuc? RCC:: w?or 153%%1223? 7731 (or its
nsest) errangmalag foridselpemigh ersnsat hﬁvmmstelp@st RAaY4 idgntéty theratt

95% i dentity thereto. 135. The nucleic acid nol ecule

of &Bhi mThewicksic nasldpnnahw@ Qmaﬁﬁmzw@mh istgastits ¥R 7732 (or its

A R B B
. V -
or a% ;nmrllhg\gmg elcsgfl m?’aeé’ng fo?i‘qnﬁ e?vg‘o%?a Iﬂ@“‘é’{é ﬁg?s? 733 (or its

ins@BpPori aﬂmfaldgwﬁsbiar;aamldkﬁznsemvmg: htdeast 6 VidBRHitg Ghéreto.
of claim1 which is plasmd VRC 7743 (or its insert)

or am3.an alhegmiels aad 1pbRsiedoOlaind SeHhidhadi d,ngsxﬁid VRE&S Y734 (or its
ins 55% i dent her 138. The nucl ei ¢ aci nol ecul e

) 4 el Se’ﬁllf %S%Hddérﬁf‘%Pr\)mlr?g?ﬂtde%% P54 identity dhgretp.

0g .sai smd or insert_ having at |east
0594 Pre ntq.%hF iG agd Bo ulgeebelair dowbish is plasmid VRC 7735 (or its
or B2 4aldt1
o B L

an agsl oghefnueRid¢ aBlasBidur! of H8HK t1 af‘m@hng r+ﬁa§f{C 7742 (or its
. 95%identity thereto. 140. The nucl el c aci m) ecul e
insgt) ot agigeatpafiseid plasmidagringerIRCImT atdeqsd PS>V identity dheretp.
or an analog of said plasmd or insert having at |east
959 3@ entliheyrucleic aeig molecule of claim 1 which is plasmid VRC 7721 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

137.  The nucleic acid molecule of claim 1 which is plasmid VRC 7743 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

138.  The nucleic acid molecule of claim 1 which is plasmid VRC 7744 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.
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141. The nucleic acid nolecule of claiml which is

plasm d VRC 7747 (or its insert) or an analog of said
wohewnioessor i nsert having at | east 95% i denti t PCT/US2007/004506

thereto. 142. The nucleic acid nolecule of claim1

which is plasmd VRC 7748 (or its insert) or an

anal og of said plasmd or insert having at |east 95%

identity thereto. 143. The nucleic acid nol ecul e of

claim1 which is plasmd VRC 7749 (or its insert) or

an anal og of said plasmd or insert having at |east

95% 3glentrhe hutheer a¢ia. mdkdule Tdreclpine l1ewhicRC h1ABMECVRE 7745 (or its

of claiml which is plasmd VRC 7751 (or its insert)
insgjt) rngralog Pt é@ldg%?%m& oxdngedt havingaideast Rakp identiy thesetsr

95% i dentity theretqo. 145. The nucl eic acid nol ecul e

of ¢#Gi mihevmrlelr peidgpalesile ofedaipydowhish istpdasmids¥RE) 7746 (or its
ins%‘é)(yc?‘{&g%@fo Q)fg% dﬁﬁééilmal cggmegth}parvlﬂ 9Edst B% Hgntfl% ﬁ?@t%t

enti ereto. 1 e| C acid
of ?Jlﬁl Mrhe ﬂ: 5&8%?%@1@ a1y§3 {n%% 1|stp§asnjnﬁs?f{b) ?747 (or its
or an ana og o sal asm d i nser eas
ins@BPor aﬂamalogypfshldrréamld]oﬂr'ﬂnseﬁiavmg:datéeast aﬁ,%ddatnitg ¢hireto.
of claiml which is plasmd VRC 7754 (or its insert)
or &2.andheguoleis ad:id mbhwuiedofoclairmslewhxchavipigsmﬁ VR@s7748 (or its

% i d her 148. The d
B R M P St

osod Fuendreyelis v AefeeroicOn NarbichiF P HRECURE 1749 (or is

insért) ¢l ol difalog\WTis6ld plasrRidas Thebr MRVl &t leds0 D59 ientit ?wr&tb
or an anal og of said plasm d or insert having at | east

95% i4lentrht hukled 84id- mdRRulcTorecIBug [1eihiACIsh1ARhaCURE 7751 (or its
of claiml which is plasmd VRC 7758 (or its insert)

insgiit) qrpnaanalogPt spidsepamidi erdmicat havingaideast Aa% idgnidy thaseiot
95% i dentity thereto. 151. The nucl eic acid nol ecul e

of &#&i mlhe wrictele a@dpmabmﬂ@ ofRedainy 39whish istasniids¥RE) 7752 (or its
mserg) /?rlrb aa@x@i g 1d§g%1%n cgéme%’]}?ar\/l qéést Bg‘% ﬁgntﬂ% t]lle%gt%t

entl eIC acC

OfI'hg:I %gci( %cxa%\ofewﬂte (ﬁ’y clg%mrevﬁ{cﬂglsaplafsgg%\?ﬁ&e 7753 (or its

vvhere| n sal one 1s a asmd vec
ins@@0ot/ahCDE¢ oﬂ’@éﬁ/dusé’@ﬁmlcﬁﬁri@@ﬁlai&ﬁg atThsst 05 idegtitgcheteto.
nol ecul e of any of Clains 1-151 further conprising a
bac kébne Theimeckin asidi momnlebafnﬂains laWhmﬂei@whsrrﬁH VRC 7754 (or its
n co risj

insg C#f%%sﬁna@ﬁeofﬁ\aﬁh@ i %urﬁhﬁ‘%%"{ hAIEA st Sy IRt St
the?%% %Edﬁc 1C g? Ut | r Z(gaéce gg\?f e sg! tl Olg \I/IQCa'??SS (or its

ins€®)GIaS Anh Y3 TRl &dnid (ﬁrtlnie@taﬁivn{g‘ﬁ 1&&&@ b@%qaa&it? thereto.
nol ecul e of any of Cains 1-151 and

phanssceghi Gaklec aGaeRbrRRhR épéluﬁxh qnwhﬂ:hais plasmid VRC 7757 (or its
prophyl actically effective dose.
insert) or an analog of said plasmid or insert having at least 95% identity thereto.

150. The nucleic acid molecule of claim 1 which is plasmid VRC 7758 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

151.  The nucleic acid molecule of claim 1 which is plasmid VRC 7759 (or its

insert) or an analog of said plasmid or insert having at least 95% identity thereto.

152.  The nucleic acid molecule of any of Claims 1-151 further comprising a

backbone, wherein said backbone is a plasmid vector.

-79-



156. The conposition of Caim 154 or 155 additionally
conprising an adjuvant or nucleic acid encodi ng an
wadpanaess4 157. The conposition of C aim 156 WReTAISE007/004506
said adjuvant is a cytokine. 158. A nethod conpri sing
the step of adm nistering by gene-based i nmunization
a nucleic acid nolecule of any of Clains 1-151 to a
host to aneliorate the synptons of influenza A virus
i nfection. 159. A nethod conprising the step of
adm ni stering by gene-based inmunization a nucleic
aci @53l aeyl michdic arRid lolédulé BF abylSA Cidim@ DASt fubther comprising a
cggnerate an agtlbod or CTL response against native
RENG Arhesein sy haskpRngds g aaeNvirahvedt®t) | Neur ani ni dase
% M2 Protein or Nucleoprotein (NP). 160. The
o oA Ehamacaual compRRIQHAYIRPEIIAg 2t kastomemuseic acid molecule
[ y [ ‘
of W"Eéﬁ%ﬁf‘% oo and & BTN P BT MOEEh s Mbrapeutically
effgftiveadosggl uti nin A (HA), neuram nidase (NA), M
Protein, and nucl eoprotein (NP), encoded by the
nuclgs.c @dcvatcofe eanypadtial edmprising bflleastGhe nllokei¢ratill ablecule of any

.G aim.159 further co i sing the .of ) .
of A TS L Pt By tse O ARSI SP IR e RO BiaphgActipaly cffective
dodenfl uenza protein selected fromthe group consisting

of hemagglutinin A (HA), neuram nidase (NA), M

Pr ot 86.n, ThBGoMpIsRIRPI Ot Eldim( N or 18916888 AY E(ﬂﬁpnsmg an adjuvant
nucl.eic acid of any of clains 1-151. 162. The net hod

or gicler aridhepsadipe angdiupaBkei n said step is a prinary
i mmuni zation. 163. The nmethod of Caim 158 or 159
wheldéi-n JApgosepition of PagsiS6 wheringidedipyanGs 8 4ytokine.
PCT/ US2007/ 004506 164. The nethod of C aim 158 or 159
wheld &8.n damgthadgomprisang therptapyof ddministerg hgemetttased immunization

a n&kﬂm&d \ﬁ?&]g&g%‘ ec%‘%?xg o;;hglgoﬁm% I'iold‘.i]o{o thgtn?o ?mehorlat]éﬁge symptoms of

erein sail than ~adeno
inflnenzaoA . viri6 Gnfeétiorucl ei ¢ aci d rml ecul e of any of C ains
1-151 for use by gene-based inmunization in

arrell bar atA oretteld ddnepriging thensepodf ddndihisesning bl géﬂ;‘é~based immunization
fecti. nucl ej.c. aci d _nol ecul e of

16 any
a nlgfiaei§ Profges o g a5 ‘gigtel dadda @ hashim BgtE i pibody or CTL

resPEI@ aghinOi v eaRfl@cHza O duP hedd el 1SRN ?ﬁA? gﬁélﬂ'ﬁﬁnm dase (NA), M2
native_influenza A henmagglutinin A (HA),

Protgin s AusicensdeioNP)- M2 Protein or Nucleoproteln (NP) .
168. Use by reconbi nant protein inmunization of an

i nfll ﬁ%nzérhﬁrré?'@Pﬂ of Flaimn dP8 furiher eorapysing phe stepi oft admejnistering by
recgfgagi}gﬁﬁgﬂhéig iRtz an DENEADE Plotas SelellBl &R the group consisting

of hemagglutmm A (HA), neuraminidase (NA), M2 Protein, and nucleoprotein (NP),

encoded by the nucleic acid of any of claims 1-151.

161. The method of Claim 159 further comprising the step of administering by
recombinant protein immunization an influenza protein selected from the group consisting
of hemagglutinin A (HA), neuraminidase (NA), M2 Protein, and nucleoprotein (NP),

encoded by the nucleic acid of any of claims 1-151.

162. The method of Claim 158 or 159 wherein said step is a primary

immunization.

163. The method of Claim 158 or 159 wherein said step is a boost.
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nucl eoprotein (NP), encoded by the nucleic acid of any

of clainms 1-151, for the manufacture of a nedi canent
woaoo7anessior ati on of the synptoms of influenzaPeruss007/004506

infection to individuals receiving in a prine and

boost protocol the medicament of Claim166. 169. Use

by reconbi nant protein inmunization of an influenza

protein selected fromthe group consisting of _

hemaggl utinin A (HA), neuram nidase (NA), M Protein,

and nucl eoprotein (NP), encoded by the nucleic acid

of ahfA.of The amethod- DF1Cldimr 158e or nESUf whéreie safd &tep is a primary

inﬁﬁﬂh%ﬁﬂﬁﬂ&ﬁ g%%%%ﬁ %%@%Rn of an antibody or CT A

response agai i nfl uenza A hemaggl utini

n
HA ukam ni dase Protei n_or . Nuc| eoprotein ,
E NPg ]qsglei Eﬁ? Yk %ﬁ%‘?s(’frg@éf‘vi\%g °f nlS§ Phewen sfid #fsBde a boost with an
adphotieat @kctbhe nedi canment of Caim 167. 170. A
pseudotyped lentiviral particle pseudotyped with an

i nf | 1880z aAHAugler! &idd mEIRBME! ¥ Y of Wlafnd §DLI1V kdr¥ise by gene-based
. vector plasm d expressing luciferase, (b) lentivira
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assemhbly of a lentiviral particle, and (c) influenza
HA plt ei A, nufeiceraid thelepwie | aferma ofiClpinat di 1P 1 for use by gene-based

inﬁlfnﬁrﬁ%tio\ﬁeiny gé}?e‘?é{%%t 4P&n a'ﬁ'ﬁgo‘ll)? %E iCH‘ I[ %las o%gé Iagalxigét na_tl%%:inﬂuenza A
hemagglutinin A (HA), Neuraminidase (NA), M2 Protein or Nucleoprotein (NP).

168. Use by recombinant protein immunization of an influenza protein selected
from the group consisting of hemagglutinin A (HA), neuraminidase (NA), M2 Protein, and
nucleoprotein (NP), encoded by the nucleic acid of any of claims 1-151, for the
manufacture of a medicament for amelioration of the symptoms of influenza virus infection

to individuals receiving in a prime and boost protocol the medicament of Claim 166.

169.  Use by recombinant protein immunization of an influenza protein selected
from the group consisting of hemagglutinin A (HA), neuraminidase (NA), M2 Protein, and
nucleoprotein (NP), encoded by the nucleic acid of any of claims '1-151, for the
manufacture of a medicament for generation of an antibody or CTL response against native
influenza A hemagglutinin A (HA), Neuraminidase (NA), M2 Protein or Nucleoprotein

(NP} to individuals receiving in a prime and boost protocol the medicament of Claim 167.

170. A pseudotyped lentiviral particle pseudotyped with an influenza HA protein
comprising:
(a) alentiviral vector plasmid expressing luciferase,
(b) lentiviral structural and accessory proteins sufficient for assembly of a
lentiviral particle, and
(c) influenza HA protein,

wherein the influenza HA protein effectively pseudotypes the lentiviral particle.
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