WD 2012/ 174220PCT/ US2012/ 042426 YEAST- BASED COVPCOSI TI ONS AND METHODS FOR
THE TREATMENT OR PREVENTI ON OF HEPATI TI S DELTA VI RUS | NFECTI ON

CROSS- REREBENEA 7420 RELATED APPLI CATI ONS [ 0001] Thi s appl ipcatuseon2okabés t he
benefit of priority under 35 U S.C. 119(e) from U.S. Provisional Patent

Appl i catd ' ) i f
05, pea-BRsPEa S oNS AR ﬁg@&@@%ﬁ%ﬁﬁwﬁf%@%@?ﬁm&
by reference. REFERENCE ‘Agg ﬁ ﬁl %hi s application
contains a Sequence Listing submtted electronically as a text file by
EFS-Web. The text file, named "3923-39-PCT 5T25", has a size in bytes of
66KB, and was recorded on 12 June 2012. The infornmation contained in the

text file is incorporROSY-KEFERBNOY TE RS IED IAPPLISAGNONSEt y pursuant to
37 CFR 1. 52(]e)(5 FI ELD OF THE | NVENTI ON [ 0003] The present invention

gener al | y0P@]at es%lii%amﬁ?ﬁﬂ‘éﬁ rlemapigtbicacitorppiarity gader adU et hd d$9(Ebfrom
preventi ng capgiQliohd LRI NRAS . B8)4A 059" YTed T 14 MAGLT Me entire
disclosure of U.S. Provisional Patent Application No. 61/497,039 is incorporated herein by
reference.
REFERENCE TO A SEQUENCE LISTING
[0002] This application contains a Sequence Listing submitted electronically as a text
file by EFS-Web. The text file, named "3923-39-PCT_ST25", has a size in bytes of 66KB,
and was recorded on 12 June 2012. The information contained in the text file is
incorporated herein by reference in its entirety pursuant to 37 CFR § 1.52(¢e)(5).
FIELD OF THE INVENTION
[0003] The present invention generally relates to immunotherapeutic compositions
and methods for preventing and/or treating hepatitis delta virus (HDV) infection.
BACKGROUND OF THE INVENTION
[0004] Hepatitis D is a disease caused by infection with a small, circular enveloped
RNA virus known as hepatitis delta virus (HDV). HDV was first discovered in 1977
(Rizzetto et al., Gut 1977; 18: 997-1003) and was later shown to be the infectious agent of
a new form of hepatitis (Rizzetto et al., J Infect Dis 1980; 141: 590-602; Rizzetto et al.,
Proc Natl Acad Sci USA 1980; 77: 6124-8; Wang et al., Nature 1986; 323: 508-14;
Mason et al., In: Fauquet CM, Mayo MA, Maniloff J, Desselberger U, Ball LA, eds. Eight
Report of the International Committee on Taxonomy of Viruses. London:
Elsevier/Academic Press, 2005; 735-8). It has been recently estimated that 15-20 million
people are infected with HDV, which requires concurrent infection with hepatitis B virus
(HBV) for its life cycle, although this number may be underrepresented due in part to the
lack of systematic screening for HDV infection in HBV-infected individuals (Pascarella
and Negro, Liver International 2011, 31: 7-21).
[0005] Hepatitis D viruses are spherical particles that contain a core structure formed
from an HDV genomic RNA that is complexed with about 70 molecules of HDAg (in both
small and large forms) (Ryu et al., J Virol 1993; 67:3281-7). HDV is believed to enter the

cell using the same receptor as HBV, utilizing the HBV envelope proteins as its outer coat.
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i nf i | HDV R | d HDA h
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Wang et ajgs, 56‘3’ ’)’4 rQ |the]-19§fect B&mpRARA gfi‘ahe g[eg&gg]aﬁﬁ'% rbll5\§dag§n BE‘@uré: lrbughHDV

uses host cell ul ar RNA" pol ynerases Thr ee accunmul ate duri ng Vi FUs
replicat iRNAptiecedsRYA TinehdsB\Vivikos ranyi BNz mwmwldaxtesn@@m ateal., Proc Natl

I b 7 cl d ., J Virol
Zl()(r)]?l e?Zt%g$e4%$‘|}lAﬁg&c% 82%15 %]? %\Mﬁ %ﬁﬁ{eﬁ%@%‘gﬁ?ﬁﬁbﬁc?eotl des o
680- 780, [a067]a purltd 4@nPf ORDERIWnSprbeid SicotlE ey HNAIOBeRheme! andlit conbisid ol
1996; 70: 4986 95). The anh&gnom& whi ch contai ns the open reading frane

codi ng f o tMDAgrnasna 22k begs/the FHdAaI(HDASHR orbdADAR) §114 angnwpeids) andad4 62:
(2: grYrgI 2meE i ?m%?hésabg@r?o r%e&%lgjag Stga$ g{)IﬁA%)gEﬁ) 3 nél?)lgg %glsd-sf'hr %éﬁ&%ﬁt&% ﬁ:fgrrgoﬁ ed
RNA synt hsiits] ahimowcidany thINA-temtigisetihatlage 0O¥en €he Al-termfAuoof MrtHDAcad
Sci USA 1a?1t81§en ?53 res%ggsdfblg)for Lﬁglegﬁll\&aﬂlza{tleogt Sslglgaql?lg,s )t/IPet Pnelgclilg doofrna|1_|IP Ao HDV
antigen is responsible for RNA binding, and the C-terminus is involved in virion assembly
and inhibition of RNA assembly. HDAg-S is produced in early stages of the viral
infection and supports viral replication. HDAg-L is produced later in viral infection,
inhibits viral infection, and is required for assembly of viral particles.
[0008] HDYV infection occurs only in individuals who are co-infected with a different
virus, hepatitis B virus (HBV), and more specifically, only in HBV surface antigen
(HBsAg)-positive individuals. As discussed above, HDV requires the HBV HBsAg for
particle formation and transmission, and so HBV is essential for HDV virion assembly and
release. There are two primary known ways in which HDV infects an individual. In the
first, called co-infection, HDV and HBV can simultaneously co-infect an individual as an
acute infection, and this type of infection results in about 95% recovery of most persons,
similar to recovery rates for acute HBV infection alone. The second type of HDV

infection, which is more common, is “superinfection”, where HDV acutely infects an

individual who already has chronic HBV infection. In this case, the HDV infection
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[ 0007] There is only one known protein encoded by the HDV genone, and it
consists of two forns, a 27kDa |arge (L) HDAg (HDAg-L or L-HDAg) (214 am no
aci ds) amsoao247kDa snmall (S) HDAg (HDAg-S or S-HDAg) (Pe%5/sneino4meé ds).
The proteins differ by about 19 am no aci ds at the C-termnus of the large

HDAg. The N-term nys of Vant | s,fesponsible for nuclea
| ocal i zatﬁ%@%@?@%&r c H{l?i ereﬂnem %%P %(59 M%Vl(ﬁwgvﬂwnﬁétasé@aah@vm e for
RNA bi ndippgy iapdtibh taCid t% M SevePe fd?Mloéf\&ﬁg diseasw rTh‘éfbf@r%S%i%the@M can

i nhibition of RNA assenbly. HDAg-S i s produced in earl es of the viral
i nf ect i orbcaniabsEied ps thescaviieraicutedpDV capéroricctidDAg-alchirenip i cadct at the later vi r al

par i ol o9 DYooy ieiPict f o Bl <y Sieh i & moidhed TR Vaintecton ! ¥

co- i nf ect@fedM Helper-ittichERIcBNtatkhi’ %ﬁectﬂﬁipasilést it 1y irpsited HBV) 199 &N dndrok £
specifically, only in HBV surface anti %Bn (HBsAg) - positive i ndi vi dual s. As

di scussedleatibed, asHpurrErudnideg diver HBWSPHBSAGNT Gtigbaeltiiatlad., fQ)CFSﬁQt?WéWl%d
transm ssj n \Y, n n ase.
Ther o ar219t9@\b1(?1 %ﬁ& 5"5*5 i ﬁuﬁo%% (Sfl%t%ﬁ&g a:jgve}{% hégp{&to%gﬁe s ?{tv %dﬁlg{c?é o he
first, Ca,blhleﬁlm-ald’mﬁqeggl Cdmmgmvéeﬁﬂdndﬂ&‘ﬂtai@ﬁ whauHBanganssliysiaoisi gitesitedan
|nd|V|duaI as an acute infection, and this type of infection results in
about 95%r ddBNsHatign ﬁﬁshepgféﬁl%%slmr@mﬁgmﬂ% B¢ olf eFspidugh ddBY opscapen e HBV
|nfect|o itBe PRLinG n, is
"superi mﬂ1 eg%r?%%tlogméﬁiﬁﬁﬁg/t %)é@ferﬁfse %&%@g&gﬁl\?ﬂl |%§ﬁ§f ﬂ\?%o al ready has
chroni c HBNS inndyelsd Feicuctn tThiis fcn'asheas bdea ddddnistafited tim @nimad rmogrteds das smah
chronic EP)%/’ i.nfection in about 80-90% of indjviduals, and it is this
chronic cfioh @iy RRAOCYES RRINFOBIQEF¥Ak form of the di sease.
Ther ef or qoogg{Per i (V84| RPaGANDPR vAsshdidGed 5 bk NBe Gt k&Fer@Uhe oFPal
superinfection of a chronic HBV carrier or the later HDV chronic infection.
A third, Hepatittont howensi(&r, a fdstathedfrepowent ithd dHDwse pfieessosmfcd &l edsce

P BT ot AR APl e, LR A BT PR B g,

Gastr oentgr! maynd@9d 20013116495 SPdividals Rhoni@rniskctedhvatt HOV, have an
patient's hepatocytes m ght be infected with HDV al one (e.g., duri ng liver

t ranspl ariceglPigtedviiesrchBw tor ﬁhrmswcmsquﬂw @ﬁ/b@nawewara@ﬁwmp@ﬂr @nd W lyof
hepatitis b §3C | on,
or IOt he pa e|‘I§Oeﬂr[11 Qt%i{ ﬁl er wsg@lé Ol?lé rr é)sis w seq tal%gl%ﬁ%oﬁ% ect ed

cells nawlbtenoﬂ-gﬁeeLiMympT&m aho) lﬂm diagndsBanayd@itn l@@ctdr@heaccbrﬁpladmaﬂd apjsedel s,
but such infection, of human hepatocytes renains controversi

[ 0009] Chrébrihe e tege ofjthe a%ns‘?@é‘ﬁ%oﬁ@%o%@sf%@enﬁﬁlﬂ)sé%raépaF@Fem of
| h
vira eg%ﬁlh%ﬂra%sfe?as%& abZ \1/\e§ Rlar @%&%ﬁgﬂgge%ﬁéﬁ S1V¥n9§t Blﬁh&t%hﬁ?@aﬁ%e Qd to

associ at see yer, 2010 sease ©133-138;
or Pascarmbditorahd diegsco, Wnthmrﬂlﬁtmamatasana& 2@]7!1) W% o7f- cﬂﬁ@mclh@amﬂﬂal S

chronically infected w e an accel er at rogression to fj osis,
i ncr eased’a%/lf:‘?ﬁ 58y ﬁi&ﬁéﬂt’ HP‘EFIIS&?%’(%WB ﬁbr?g ?I&ﬁlgll @Pe&eigz%ﬁpe%ia‘ﬁ% % in the
setting Qhiowhddlj@steal., Haﬁat@l@?qsgé @54@34)8&%&{%6/%&&101 -or eWs‘%§ﬁQécoV@ttah

non-speci fic symnmptons, and di agnosi s ‘may only occur “once conplications
appear at/ Hapatel AP$iEss: 52%8@9 IDY hefediigreave. algd andaheratgnthaclevelnpmentasie

(ALT) an St§ élte am not ferase (AST) levels are persistently elevated
i n nost PHRRAY S H 8 YD ed to nonitor the disease. Wthin 5-10 years,

as many geo0¥l)- 80%DV iafucash & MeRhddaldcnt B MatNeditcsraf®in KheiehRPVEddid Regl s
(Rizzetto et al., Ann Intern Med 1983; 98: 437-41; Govi ndaraj an et al.

Hepat ol odyeniraBend dlorha AyiagMest 804 WichhirlnAfrica, (heapmapenism bawun.eY crgzucla’
Hepat ol t
of  hepat aca e rihlsatiRer Bl BB Rl IRR AR FERRIAN St PSRRI,

the Medi twesidndare gaRussial Nerthvbidindia-Eotithetse Mlbzalia, angnad tdieng aﬁﬂl some\est
and Central Africa, the Amazoni an basin, Venezuel a, Col onbia and certain

i sl ands dfacifielsisags)s i D Vainetsag s parenigrallystransmyicds ost é’ﬁéﬂagy theugly Aty
wor | dwi de,f %r%x osﬁlésﬁ I odmrbtl(m%lrﬂ}?dim aSex%QluMh%ﬁl'iksi%ln By 1@5@&@?&8@' na,
and sone Pacitic [|slands HDV infection is parenterally transmt nost
typi cal l yandrpﬁnngmltmlssmafnheewpmswaeeto bl ood or bl ood products. Sexual
transm ssion of HDV is | ess conmon, and perinatal transm ssion of the virus
is rare. WD 2012/ 174220PCT/ US2012/ 042426
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[ 0011] Regardl ess of the nobde of HDV infection, there is currently no good
option for the treatnent or prevention of HDV infection. The anti-viral
drugs useaoto1tr7erd ot her viruses that infect hepatocyt @esT(US2¢2/04806 1 Vi r al
drugs for HBV or HCV), are not effective against HDV. |munonodul atory

drugs such cortl costeraqids or m.vasol e have nat been effectjve,.
(R 22ett JORfTla) Tt rthe W@&efgé@Vge cctias thare Ineprgily negoeq Optioghn

| ntern Mg, él%%at&&t %9§@venﬂ&9f o BPY 1’&1@6%1’% flﬁé 'aﬂt@qurgﬁ&h%aﬁs%d(tg%hﬂ&h&t al .

Dig Liver D's 85-9; Zavaglia et al stroenterol 1996;
23: 162- 3)1rusé|'mihet inéwélspatmmsf @ronartttrverat dergs f()IeH@.V, opHE§M)ateedndt effectiar on- a;

pegl FN- a) t resently a oV treat.nent for HDV.infection

Fooever - e AR MRS m Ry rh B SR b S Er eI o SRR GV AR ¢ r o
and i ndeagen terRatvEeRizRkto ML WANR RESH bR 198, fger 3hromAkigahin®ndl., faid ures
and | ow response rates. In one Er ospective trial, Onlﬁgﬂ% of the patients

achi eved Ipwn Mgl KEgaOBUi024), and hayd @yw%dnaﬁechpmttd@hé sed ot dsgdigslevemi r o
el al . HsRanghony 4905744 1030 CiAnd SIl g 085U hae figen oft ai ned

in ot her rira Wier e S F e he résponse era ure) ’remal Nns ve

| ow. Therigfeefen tiRefhent Sed.,npeglated tingrrdn- &Olpegllﬂ\l @y aphtheachlyc pﬁe@ehtly
t herapeutic approaches for HDV_ infection. SUMVARY OF THE | NVENTI ON
[ 0012] OnexpefRYSHitREmenbfor tHAVinfpetinn: dhoweicatibls kngwarihat HRM cen drefeatyit:

conposi tiy ?ﬁ%@%hﬁ 8- vz& Jan ¥A8H, MGRhGHCor AR (ﬁ}m%\gﬁbﬁ 8% PERL GbM

conpri sing t1gens. he conposition elicits an specitic i mune
response trdagneradailuics taad ddwt sporsubptest . Inf Gkl Biospeodive taslpemly af %t bt she

enbodi nent .of t t he. HDV t | east._one
i mmunogeMaEeHy 1ﬁve§r\"§"1§${ P&%@qe&?ta’étyﬁ |°Bbgf¥%lbﬁ‘g Eoch?m’éfﬁ TBRPISHENC &t i gen
(HDAQ- S) , o) WRE&0T oy M 0BLEL €8 2'0‘)'“%?1‘1'01I s%ﬁilh%sﬁ?sqﬁbﬁv@%eﬁ Nb@ncdas RRENrials,

i nactivated by substitution or deletion of one or nore am no acids of the
NLS. For vehaorpisgginairepioBse tnthbrpy faet)irvatied vy loive Thetdoicothenfis aimgedmt i r e

NLS, alt h.the invention ig not .m t ed i X [0014] I n one
hspect. ofthi i SrdioapRae B s eh SR eh o R AERGEh Consists of at
| east one full-I|ength HDAg-$UOMARAOB THIXRERENTIGN t he nucl ear

| ocal i zati on sequence (NLS) of the HDAg-L or HDAg-S has been inactivated by

substi t utl08Rlor deéncet ¢rabpdimerineofothgromacatiion ockiédsddo ofnt hramnsthefapeutsy | n
cnother RGN0y SUpLRE s DYSTY n bR R
that the antigens. The composition elicits an HDV-specific immune response when administered
to a subject.
[0013] In one aspect of this embodiment of the invention, the HDV antigens consist
of at least one immunogenic domain of an HDV large antigen (HDAg-L) or an HDV small
antigen (HDAg-S), wherein the nuclear localization sequence (NLS) has been inactivated
by substitution or deletion of one or more amino acids of the NLS. For example, an NLS
can be inactivated by the deletion of the entire NLS, although the invention is not limited
to this example.
[0014] In one aspect of this embodiment of the invention, the HDV antigen consists
of at least one full-length HDAg-L or HDAg-S, except that the nuclear localization
sequence (NLS) of the HDAg-L or HDAg-S has been inactivated by substitution or
deletion of one or more amino acids of the NLS.
[0015] In another aspect of this embodiment of the invention, the HDV antigen
consists of a fusion of two or more full-length HDAg-L or HDAg-S, except that the
nuclear localization sequence (NLS) of each of the HDAg-L or HDAg-S has been

inactivated by substitution or deletion of one or more amino acids of the NLS. For
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nucl ear | ocalization sequence (NLS) of each of the HDAg-L or HDAg-S has
been inactivated by substitution or deletion of one or nore am no acids of
t he NLS. wonroi1xwwazpl e, in one aspect, the NLS is del et edCTiUS20204B3peCt oOf
t hi s enbodi nent, each of the HDAg-L or HDAg-S is froma different HDV

genot ype. 6 yet anot her aspect. of this enb t of the ention,
the HDV dff tnaﬁen LR B NS b dof noRF @pactd U i S&t@t%lfﬂtﬁ&gwf t9pAg- s,
except ”I@IbA%h?oPHE'A%aS 1s|t?&ﬁ|a'd%ﬁé&9m9©0%é%8®g c(NLS) of each of the HDAg-L
or HDAg-S has been inactivated by subst iron or deletion of one or nore

am no acil@8laf t He yNLSnother @spectaﬁptbmtermjodtmtm o rthodivierien, thath bfantigen

an ROV arfergen o P PE e G, B A FiEsetonter SR ardhed, “seo

I D NO 2 (IQéaléaﬁ&f §e‘a§@&@CtNM) %?%M&ﬂ&tethfe TPHFAQJLOEWHDA@DS/ had b&dnhatviatedaby
del etion of positions 66-75 (the NLS) is ITnked to a full-length genotype 2

HDAg- L segb#neion epeesion efiony OIsmgrt BN® 8cidypf she diLSe shopii &@e@e@ﬁf@rﬁce
from anot Qﬁ; hlrl?\{lts ac orf')t V\f{bg ll—ﬁ%A%'gAgffrEHtogld}ffe?&ﬁ Pﬁ?\f %nét leqe whi ch
ype

is |inked eng sequence rep ented SEQ I D

NO 8 (or eaamptercﬁ’ssnandm B@\seﬁm@npe fiflr- tmgalngbhb@zpe HD‘IDAQIIan&l)leWeh’GpI&SGM’é(EtI on
of positions 66-75 (the NLS). The arrangenent of these three HDAg's.in the
fusi on priotF@ IEdﬂOQe(omefernfiegeﬁﬁweP@epﬂbwtltréﬁwétrawé wathgyeeletian one

aspect, tﬁo{s@{yﬁ? éé%(tftg%ﬁ]%)f 1omidh el 81 Q{Eh%é%gfpo% Pﬁb‘Rg ?éo%ﬁﬁﬁée of

HDV t han above I n one aspect o odi nen
I nvent i ongprckentddDy SiQ ¢ie NOdnfari s esrr@poadim@ ocq@enct Sequemtkert HAY stgaia)

SEQ | D NO¥ 455 S5l<Tan 5 PP LRGN A5 (i Wos 0 G JOELE § AU RBCRSPORDY
strain. Ifpagg. %&gﬁ‘eﬁ&e régiEschifdy WtS'Eﬂf@DCNm (&€ &ﬁre%@da%gaQéq%eﬁ&q%&CE

that is at | éast 96% 1 denti cal, | east 97% 1 dentica | east 98%
i dent i calanother DV etisin) 981%& delntlon:af posipommno@id Kthe LY. sEBrpuanagesehteet ed

f SE E
1 om snorthee st pRER ik Then afiel, HR It BR Y BT o e BRSRCS
SEQ | D NQ@bdde. BFEGhd Rpbk2 88, thRE HD ALK LS ROROdiNGrehe guritER:s for @b 2netpey ofHDV

strain. [0018]1n one aspect of this enbodi nent of the invention, the fusion
prot ei n HidVdhamhsterbabwyed sequence sel ected from SEQ I D NO 36 or SEQ I D

No 36 or D" Nt oREENERBR ARG hndef B ey RO R M T b @hchfionR |

rel ated t# dohi@o iaoidleqldiet apeud hiclea@OPOSIdehtdul of at bgindwEdséq@Rncd ftedtidy
antigens consist of at |east one inpmunogenic dorral n of an HDV | ar ge antigen

( HDAg- L) fsrm iR dRaNO: %t$Fg%r1D( Nokgt-q)r, a\mer:gwﬁ ingeaming agit PYBIANGSs Pl s
than a f %Ffﬂe??@\*ﬁ sting 1h 0?1 R RV %hﬁ‘geen ﬁ%ngﬁﬁe@érp%ﬁno ihe sk ant i gen

consists o sion of at e ‘two or or HDAg-S protelns,

wher ei n ahatlieasleast 96% identical, at least 97% identical, at least 98% identical, or at least 99%
identical, to an amino acid sequence selected from SEQ ID NO:34, SEQ ID NO:28, or a
corresponding amino acid sequence from another HDV strain. In one aspect, the HDV
antigen is selected from SEQ ID NO:34, SEQ ID NO:28, or a corresponding sequence
from another HDV strain.
[0018] In one aspect of this embodiment of the invention, the fusion protein has an
amino acid sequence selected from SEQ ID NO:36 or SEQ ID NO:30 or an amino acid
sequence that is at least 95% identical to SEQ ID NO:36 or SEQ ID NO:30, respectively.
[0019] In yet another embodiment related to the immunotherapeutic composition of
the invention, the HDV antigens consist of at least one immunogenic domain of an HDV
large antigen (HDAg-L) or HDV small antigen (HDAg-S), wherein the HDV antigen is
less than a full-length HDAg-L or HDAg-S protein. In one aspect, the HDV antigen

consists of a fusion of at least two or more HDAg-L or HDAg-S proteins, wherein at least
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one of the HDAg-L or HDAg-S proteins is less than a full-1length HDAg-L or
HDAg- S protein. In one aspect, each of the HDAg-L or HDAg-S proteins is
froma diwbeoemt74#dDV genotype. |In one aspect, the HDV amCirgsmoicomyré ses an
am no acid sequence that is at |east 95%identical to an am no acid

cid SoqUBRCE Ths S ADt HePDHBGA SEF'ainn 1 1o e s S eE WO ARG

conpri Se%}r@@itﬁnﬂl%e %%éét,%ﬁ&k'%@ HIBD@%-L' Sr IE}DAlg@Sigfotquso/?sifﬁﬁﬂrai(ﬁﬁérenﬁtlDiVeaSt
97% i dentiical, at |east 98% identical, or at 1east 99% identical, to an

am no acigtnsygaehcens ebmet, dbic HIDVnaBEn @nyDistO an SEI BriNGeq@ncothag is at
correspondi n m no..aci.d sequence. from anot her V s in. ) ect,
Che rov dit qerr IGRUS 8 o R e s B RO s S TEING M1 GrEGIReet
cor respongbnNg, €4 b&RGBoRdiREMANMY Red sdddhtffdth Anoth@OBBM draanerrasReshe@f this
enbodi ment of the invention, the fusion protein is selected from SEQ I D

NO: 12, SHyr HDWentisn eQrisey Nomino agrd SEarneD thitig 8t lep@9%q idantags)s apicashe

above- de i bed.. ' - the I nv 088, : LN - -L has
an am no ot ARQETARTE R 3 Ry b sk PN ig i AR B A8 i v 5
or a corrsekpeddidig SBO MO NOi1d, SEQUEND®: {6, h Aatd3pendiid/aminoaddd séqueane
aspect, the HDAg-S has an am no acid sequence selected from SEQ I D NO 3,

SEQ | D Ndr@n aggiher HING straingr Iy opg raseeghohgi G Vs ajigsnde selesied Sip ngiQ HBv

strain. | e eh i i ! |.d sequence
That 15 a0 s Pog B O 4 A R R AT T BRLE G T om sEQ
| D NO 2, [86D]I D N@ &ne Sipcct bf s &miardimentoofr €sporvdntivg, ahe rfosiac i piotsagisence
from anot her HQV s in.. [0022]l e ve-descri bed enpodi nents
rel at ed tSS{%ﬁWdi%ﬂ%%_Eﬁﬂg)rgbé]&t %lgmg’sf{ ish?\l2 ]&a%?)hﬁlioﬁ_égﬁyﬁsoﬂp:{gi one
aspect, tigg2#DV 4RthgSR tHcSabBYRUERFBE] Bbs DR HRITtYBYERIS; inl SheORBeRSRECT .
the yeast vehicle is"a whole yeast. In one aspect, the whole yeast is

killed. |HhDégd. baypacming hedwhqloncy sdeted o ediQ 162 Vi@ dD NO:SoREQdBpect ,
t he yeast_xehicle is froma yeast. genus sel ected fr t he. group consi sting
of : SaceRiDamyEaSonBoufiRg iy Arig SEiheS Tkt AN NGB Brgpseshes chi &,
Rhodot or 4h@ HIRERISZRSaGC AamONEE ScRfceY 6@ from! SEQNE AEPSCSEQLIMEN(RaSt
vehicle is from Saccharonyces. |In one aspect, thgm{east vehicle is from

Sacchar oM ED NP 8y pr i gerrcgpondsy sedugnse Gomtanetheh BNV deaiar ilbede asrseditlitent s
Coted c - - o p ; . .
related t @’”ad};%%@é‘?or%@rﬂe?% gh{n?o cg{i’rg%ﬁl:e}fl]éeg‘tﬂaﬁs of NGt JR¥e gcfe%{;&é ééc grb ?rg@oe

aspect, the co nis fornmu phar neceuti’'c

exci pi entaciluist@iehee fsolectadmiroms SEQL TONNOE2,aSEQLJIBCNO:§,08RQ)] D Ay 8,0br tahe
above-descri bed enbodi nents related to an inmmunot herapeutic conposition of
the i nverforigipondingsmung agd sequepsrelrenmgediet HBY ¥6Wt-ai ns greater than 90%

yeast pr c{h@if] In any of the above-described embodiments related to an immunotherapeutic
composition of the invention, in one aspect, the HDV antigen is expressed by the yeast
vehicle. In one aspect, the yeast vehicle is a whole yeast. In one aspect, the whole yeast is
killed. In one aspect, the whole yeast is heat-inactivated. In one aspect, the yeast vehicle
is from a yeast genus selected from the group consisting of: Saccharomyces, Candida,
Cryptococcus, Hansenula, Kluyveromyces, Pichia, Rhodotorula, Schizosaccharomyces
and Yarrowia. In one aspect, the yeast vehicle is from Saccharomyces. In one aspect, the
yeast vehicle is from Saccharomyces cerevisiae.
[0023] In any of the above-described embodiments related to an immunotherapeutic
composition of the invention, in one aspect, the composition is formulated in a
pharmaceutically acceptable excipient suitable for administration to a subject.
[0024] In any of the above-described embodiments related to an immunotherapeutic
composition of the invention, in one aspect, the composition contains greater than 90%

yeast protein.



WO 2012/ 174220PCT/ US2012/ 042426 [ 0025] Anot her enbodi nent of the invention
relates to a nethod to treat hepatitis D virus (HDV) infection or at | east
one synptwonoesuak2zong from HDV infection in a subject ofCrmscaee4ss vi val

of a subject who is infected with HDV. The method includes a step of

d t t bj ect that b fected th HDV at | t.
munot haPMRut | RS HBSE RO o CRPBERD B0t TENeRuhdrel PRBID
wherei n agni QHW)%fe@ﬂo@Br Jhea® %HPQﬁhfaﬂoﬁ{‘reﬁﬁtlﬁﬁ' EroftBIDRE {nfé&gﬁqﬁ% siNct

infection or at |'east one synptomresulting fromHDV infection in a
subj ect . dramprocaspect of & BildDJﬂEtV\HIQdS addited wnhIHDVI Atk e dadetudésst step ofg t o

th bj t t f t
el | or b PACE ot of (B | iedi oReooP eSshpl i (2K &% sh: Otan

i nclude, jRiudothef@eutié NddnSdsitdn a8 dé@&l@‘ééderaﬁﬂve | g3t @IsERR&BS hérdR, U%ereﬁlu'[ are
not limted to, interferon-a, including, but not limted to, pegylated

i nt er f er cWministration efic aopwesition He thaiselieesriednacs HIDY énfestion o at [BE2B]9 n one

aspect Ofs\XHﬁh epalﬁﬁ{ng‘af?@oﬁﬁx}‘ Vex{“{woei‘ subfigt, SUR ‘Sﬁ% asﬁec?hﬁ?e“' e?ﬂotd%e ;

i nfected VI Tus n one  aspect net hod

i ncl udes addiioapllypincadies aldhﬁm@td:rn@ tthé hshjsbhe ot mare additiondl agdntCapddnd to
treat the HBV infection. Such an anti-viral conmpound can include, but is
not |imi ttEdtingor pRHeBUNE 2 YA @ FEDVAREcHIn r Fof EKuNRIGAIUSE ancteBic e r

and_conbinah oy LIRLERG; Q02 ThYSler ARG e AR sdin%ﬁfa% Bl kbeof Myenbi@n

relates to a Aethod to elicit an anti gen- speC| cell-nedi at e

response iagakrnsito, ancltﬂﬂMgahmu gﬂrhmrmimr |p@gyigteddmerfemnaﬂan glnt oncaaspaly, dot  at
| east one | nother ic composition as described above or el sewhere
her ei n. P@@ TORAD NS odi ment of the invention relates to a nmethod to

prevent Higyg] “f e%'cﬁh@ dsPec® of Wk Rfhod HRAFPLF B vad NN HRE &ihj20ist GhrénisHRi ect
that has not been infected with HDV, at |east one | mmunotherapeutic

conposi t iinfecad vddslmpabieoB atoy ¢1BV) elsewhspecthibe siathod fartberanels gesct stgf oft hi s
(rev) Ao GERR B b eE o SR ornart oS et UGS R o e
subj ect amtiantal t¥mpalind eAPRURMAe! Buttik @dt lihhiRdHBY thidfeet, 1@ﬂuv1{d%2 ahéfablr
anot her enbodi nent of the invention relates to a method to i mmuni ze a
telbivudine, entecavir, and combinations thereof.
[0027] Yet another embodiment of the invention relates to a method to elicit an
antigen-specific, cell-mediated immune response against an HDV antigen, comprising
administering to a subject at least one immunotherapeutic composition as described above
or elsewhere herein.
[0028] Another embodiment of the invention relates to a method to prevent HDV
infection in a subject, comprising administering to a subject that has not been infected with
HDV, at least one immunotherapeutic composition as described above or elsewhere herein.
In one aspect of this embodiment, the subject is chronically infected with hepatitis B virus
(HBV). In one aspect, the method additionally includes administering to the subject an
anti-viral compound to treat the HBV infection.
[0029] Yet another embodiment of the invention relates to a method to immunize a
population of individuals against HDV, comprising administering to the population of
individuals at least one immunotherapeutic composition as described above or elsewhere
herein. In one aspect of this embodiment of the invention, the population of individuals is
chronically infected with HBV.

[0030] Another embodiment of the invention relates to an immunotherapeutic

composition as described above or elsewhere herein, for use to treat HDV infection.
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popul ati on of individuals against HDV, conprising admnistering to the
popul ati on of individuals at |east one inmunot herapeutic conposition as
descri bedvahowei7er20el sewhere herein. In one aspect of trcI/useheaireat of
t he i nventi on, the popul ation of individuals is chronically infected with

es to an

i rmunot he[

HBV. [003 oth enbodi nent of the invention relat
Béﬁgut i oY Lothodst tqrvgwdggerﬂé%fcﬁhp b‘é&e“élBB\FéF s 19 A WRBNEORSTAREHIC f of

use to trgaf goﬁ@gn 'a?ﬁé‘s%b&[‘abovw@r 8@&«%&2 ﬁ@%ﬁ?%&%@ﬁ%&%%ﬁ@ ihRBRH i¥et

anot her enb

dinment of the invention relates to an | mrunot herapeutic

conposi t isohjcas ld@sc réfived thelrabrcois ctaltogaxahmraoectted with HBYr use to prevent HDV

i nfectio
with HBV
at | east

ToBu5o7 Ateie: oaPeBRERERE Bt insaCoRvalior Tt Moot ok s or

itRuno B pRITE ESRF3itidh HUPQHH 288V AS desdictDRdeialUR REpLhteaher e

herein in the reparatlon of a medicanment to treat HDV infection. [0033] Yet

anot her
i mmunot h
preparati

enpfo trepe HOW éfestiom- rel ates to the use of at | east one
TR T T A
immunotherapeutic composition as described above or elsewhere herein in the preparation
of a medicament to prevent HDV infection.
BRIEF DESCRIPTION OF THE DRAWINGS OF THE INVENTION

[0034] Fig. 1 is a sequence alignment showing shows the portions of the HDAg used
in the construct represented by SEQ ID NO:16 aligned, to illustrate the homology among
genotypes used in this fusion protein (“genotypel” sequence on line 1 is positions 1-140
of SEQ ID NO:16; “genotype2” sequence on line 2 is positions 141-280 of SEQ ID
NO:16; “genotype3” sequence on line 3 is positions 281-420 of SEQ ID NO:16).
[0035] Fig. 2 is a digitized image showing expression of the yeast-based
immunotherapeutics known as HDV1 (expressing SEQ ID NO:30) and HDV2 (expressing
SEQ ID NO:33), grown in U2 and UL2 medium, and compared to one set of NS3-His
standards.
[0036] Fig. 3 is a digitized image showing expression of the yeast-based
immunotherapeutics known as HDV1 (expressing SEQ ID NO:30) and HDV2 (expressing
SEQ ID NO:33), grown in U2 and UL2 medium, and compared to a second set of NS3-
His standards.
[0037] Fig. 4 is a digitized image showing expression of the yeast-based
immunotherapeutic known as HDV3 (expressing SEQ ID NO:36) grown in U2 and UL2
medium.
[0038] Fig. 5A is a graph showing an interferon-y (IFNy) ELISpot of yeast-based
HDV immunotherapeutic compositions HDV1- and HDV3-vaccinated C57BL/6 mice
using HDV-P2 peptide (OVAX = control yeast expressing irrelevant antigen).
[0039] Fig. 5B is a graph showing the same ELISpot results as in Fig. 5A, with the
medium background subtracted.
[0040] Fig. 6A is a graph showing an interleukin-2 (IL-2) ELISpot of yeast-based
HDV immunotherapeutic composition HDV-1-vaccinated C57BL/6 mice using HDV-P1
peptide (OVAX = control yeast expressing irrelevant antigen).
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BRI EF DESCRI PTI ON OF THE DRAW NGS OF THE | NVENTION [0034]Fig. 1 is a
sequence alignnent show ng shows the portions of the HDAg used in the
constructwoeprewethed by SEQ ID NO 16 aligned, to il ugcratseoizie4benol ogy
anong genotypes used in this fusion protein ("genotypel"” sequence on |line 1

' iti 1-14Q SEQ ID NO 16; " t " . | j 2 1
post 1) ondIH- 250 187 OTsEG ETRaNB e YEany a9 erad e b 1 o i 4
posi ti ong,ZfimAR&k RbymdEdut NP 16) . [0035]Fig. 2 is a digitized imge

show ng expression of the yeast-based i mrunot herapeutics known as HDV1
(expressing SEQ | D NOBONAkdD PEYCRIBKISINE €87 RIGEINGHENTING 33), grown in U2

and UL2 i4m d conpared to .pne,set, of N53-Hi s standards 0036l Fig. 3
0 o AT | G SRR ot oL G ortortimartiaS afd BRI or bRdRty 9

I munot h_@fn@R@ %hﬁ% kﬁg@ﬁ\@s ddtaRiNE (Hmﬁﬁ%%cﬂﬂ ﬁl%@nbéﬂti%i@i&@dde@@@zeh@-\t’%sed
(expressi ng SEQ | 1 33), growmn in U2 and UL2 nedium and conpared to a

second sdmmynoNBmpepic sompaatiens (alpood7yre ¢ ag yeast-haspidgHDVz eamupei§eraghow ng

copr oo gy AR IRGEL RS LIRELALE NP ER A exprgsels

an i nt er figostidactic lahlpy tHekdpSpeé idhuie aspoldasigainbiDVDVNRRabh & agebjtdtCand
conposi tions HDV1- and HDV3-vacci nated C57BL/6 m ce usi ng HDV-P2 peptide
(OVAX = dbhtpop! SuehsompRpitigss fonprey ¢ eneipa ttcaltHD Vg rigetion. The invention also

includes the recombinant nucleic acid molecules used in the yeast-based compositions of
the invention, as well as the proteins encoded thereby, for use in any immunotherapeutic
composition and/or any therapeutic or prophylactic protocol for HDV, including any
therapeutic or prophylactic protocol that combines the HDV-specific yeast-based
compositions of the invention with any one or more other therapeutic or prophylactic
compositions, agents, drugs, compounds, and/or protocols for HDV infection and/or
related co-infections.

[0043] Yeast-based immunotherapeutic compositions are administered as biologics or
pharmaceutically acceptable compositions. Accordingly, rather than using yeast as an
antigen production system followed by purification of the antigen from the yeast, the
entire yeast vehicle as described herein must be suitable for, and formulated for,
administration to a patient. This is in contrast to the use of yeast to produce recombinant
proteins for subunit vaccines, where the proteins, once expressed, are subsequently
released from the yeast by disruption and purified from the yeast so that the final vaccine
combined with an adjuvant contains no detectable yeast DNA and contains no more than
1-5% yeast protein. The HDV yeast-based immunotherapeutic compositions of the
invention, on the other hand, contain readily detectable yeast DNA and contain
substantially more than 5% yeast protein (i.e., more than 5% of the total protein in the
vaccine 1S that belonging to or contributed by the yeast), generally, yeast-based
immunotherapeutics of the invention contain more than 70%, more than 80%, or generally
more than 90% yeast protein.

[0044] Yeast-based immunotherapeutic compositions are administered to a patient in
order to immunize the patient for therapeutic and/or prophylactic purposes. In one
embodiment of the invention, the yeast-based compositions are formulated for

administration in a pharmaceutically acceptable excipient or formulation.  The
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[0039]Fig. 5B is a graph show ng the same ELI Spot results as in Fig. 5A
with the nedi um background subtracted. [0040]Fig. 6A is a graph showi ng an
i nt erl eukwo-28120171228) ELI Spot of yeast-based HDV i mrunot IreTajsea2ioe2426
conmposi ti on HDV-1-vaccinated C57BL/6 mice using HDV- P1 peptide (OVAX =

contr ol yeast e SSI rre] evant anti gen

2012/ 174296}@@@#@%@5@#39@2 {ﬁﬁ@ 411} EPg) 2SR te bg Yhitabls fonadioistratian 4a fe
ELI Spot ngsiint &b Peé&%thg m%fac%ﬁﬂ'g E&ﬁlt%@'sﬁ&lﬁ%kﬂit%@%ﬁh‘é&t 1&1%&%
DETAI LED DESCRI THE | NVENTI'ON [ 0042] This invention generally

rel ates Umd@myweepmmmnsfendHMmmhomsdﬁDﬁnmhdmenmumgnmndhdbrpﬁeamnhgdmw

PPt b S TR ST B GRR  Po
I mmunot hehrsﬁ&‘l Jof GRITRRESidHY y@as‘l—%@&ﬁ Mﬁﬁm@t&r et ERYmPBi1i GRS oinahtc dNe been

designed to elicit a prophylactic and/or theﬂggeutlc | mmune response
agai nst HOwinareton bninjagtion Qﬁﬁljee:@tlentamidumhet, agfoy supgicdgaboyia (eghPnt o

prevent asnﬁ qun E %Etr!élp é’lt&{%ﬁggﬁt{ sculQF olr tfaﬁ%rlrgaﬂ @]lteaboﬂ Q)(f\laﬂgﬁgr TSLrl] able

reconbi nant huctrerc a uf €5 uséd ased comnpositions
the i nverjar@iteralasutel | as the proteins encoded thereby, for use in any

I mrunot her apeuti c conp05|t|on and/ or any therapeutic or prophylactic

prot ocol [P845IHDV,Inj orq geabAdImERi; 'Ehﬁe}’eé‘ﬁ"eﬁﬁréssoﬁhep?@iﬁWI et detsEigblschy & hat

combi nes \SeoAPER fikGteasl RASR0GORRAR I 008 Ahe LR TLORA 1

any one or nore o her therapeutic o actrc ('30 I ons, agents,

drugs, cdn@omnﬂ@pdamdem:pﬁmtamdkec%egnHD%anﬁu&hhmpaﬁdbm(VLE@aMedhm

co-i nfections . . .
large antlgen particles in the yeast. In one embodiment, the antigen is produced as a
soluble protein in the yeast, and/or is not secreted from the yeast or is not substantially or
primarily secreted from the yeast. The yeast-based immunotherapeutics should be readily
phagocytosed by dendritic cells of the immune system, and the yeast and antigens readily
processed by such dendritic cells, in order to elicit an effective immune response against
HDV.

Hepatitis D Virus Antigens, Constructs, and Compositions of the Invention

[0046] One embodiment of the present invention relates to a yeast-based
immunotherapy composition which can be used to prevent and/or treat HDV infection
and/or to alleviate at least one symptom resulting from the HDV infection. The
composition comprises: (a) a yeast vehicle; and (b) one or more HDV antigens comprising
HDV protein(s) and/or immunogenic domain(s) thereof, as described in detail herein. In
conjunction with the yeast vehicle, the HDV antigens are most typically expressed as
recombinant proteins by the yeast vehicle (e.g., by an intact yeast or yeast spheroplast,
which can optionally be further processed to a yeast cytoplast, yeast ghost, or yeast
membrane extract or fraction thereof), although it is an embodiment of the invention that
one or more such HDV antigens are loaded into a yeast vehicle or otherwise complexed
with, attached to, mixed with or administered with a yeast vehicle as described herein to
form a composition of the present invention. According to the present invention, reference
to a "heterologous" protein or "heterologous" antigen, including a heterologous fusion
protein, in connection with a yeast vehicle of the invention, means that the protein or
antigen is not a protein or antigen that is naturally expressed by the yeast, although a

fusion protein that includes heterologous antigen or heterologous protein may also include

10



[ 0043] Yeast - based i mmunot her apeuti ¢ conpositions are adm ni stered as

bi ol ogi cs or pharmaceutically acceptabl e conpositions. Accordingly, rather

t han usi ngoyemst74®e an anti gen producti on system fol | owedThis2@amisfse€at i on
of the antigen fromthe yeast, the entire yeast vehicle as described herein

must be suitable for, and.fornulated for, admnistration to a patient. This
is in contAYSEIYHCEhY RISt orRosEens; hersph gk arcy AlsREI AN Prested; trsy dast

subuni t V(@.ggiaﬁ% haMAS5:Eprt B SR RNBE RSdesOMGR IRXREESSed, are subsequently
rel eased frromthe yeast by disruption and purified fromthe yeast so that

t he final[004ci neOworhibndichont tdf thn iad¢nivantclaeonta@ihidVnentdene atsefol en yaast

DNA and cont ai t hap 1- 5% t protein. The HDV yeast - d
ot hd PG RECHRp GOTPPaHET &F Pha TAVBALIGniY B EHECht Het ARG Eon ai

readi |y dginfoaRlfyyeaatosiin @NehcCRRERIIN. SURSHidhsil hboveDiRrd MaBng%keast
protein (i.e., noré than 5% of the total protein in the vaccine iS that

bel ongi ngiwnamoissmencpiest i thsyHPNegoperst ynd igeprsises pytwoybams. Haddap large
o gener A inaH FAs 0B JHEN 121 AR HoBS ful 3 FRLLM &) ABALOY

i Mmunot hqHaew i SADPQYi(190nsinareidynTh piotsieddiffer By pBéite9taniifo atident t o

i mmuni ze the patient for therapeutic and/or prophylactic purposes. In one
embodi nerfhe rteppiaus plidalarghHDAR yeast - based conpositions are formul at ed

for adm nj at i oy I i LRI:ent

for mat at 100 AildbeR RIS RPEEN S Aol AR BRSPS URIAD acibrypgs of

sui t abl e HOV ddmGal st mhf Ferrg dnfach isaB0&ab] 2t447(-60)g.thret heenotyped act toking
conditions shoul.d be suitahle f use.in s, and any exci,pients. or

f or mul at iBALI TeAoPY aﬁﬂrﬁo_gﬁ;f ﬁﬁ:)pﬁ%g%mrilﬂﬁ-niﬁagaﬂtﬁmﬁ kebe ﬂgte%@edalr the
I munot h%ﬁﬁ@l‘ﬁ(%uﬁl f)§9 Eﬁﬂ%’i@_t%dﬁb@? '}es?ﬁg&iﬂndfrﬁg?ne%‘t' 'lén%lEH ﬁolﬁz{%mﬁﬁn '(I@F]Dl“)mns) :

I n one aspect of the invention, yeast-based immunotherapéutic conpositions
are for mdnalyed fafr pelyineiast r ahhion tepction eCRCRN pfodukes, patquentingr subprect ,

such as by a renteral . route g,, by subcytaneous, i eritoneal,
"t ames CHISRBIERHER Rabr Rt | b ophsSHoS HRES “Bipredip §EhphRES Al
route). [1084& hidufdehe EHIRMM TR, antiBEndrEid N AXAGS Sl tREcleMpB 8te 8nd the
detectabl e by a Western bl otéégand the antigen is not ag%@gat ed in the

yeast, tH&NAringjeg deswin abtHPoe fChae lct gl oK oy e90n 17 He 3t Wastlebr does

not for mﬁi '@Sp%,t%%_ea))(VLPs) or other large antigen particles in

rusS-1i
t he yeast .eplagosz%%}e enmbodi ment, 'the antigen is produced as a soluble protein

in the yqee49] andi@botype hdt meenhey abe fnicym dohenyg adDVogen@yfotnd ubsbant i al |y
or primril iih%ecr eted fromthe yeast. The yeast-based i|nmunot herapeutics

shoul d beVPreadney DAY BaE BppeeMenth irgercg) ATier apdsomenfiid Bgiasm  and
e SoS ARG, L GED oA DYBUORERRES R SUSRAD S, ok T 0o
Ant i gens,AKIdH263 we t@Gl; 1 18227400 msosicpiosarged hetehe by BEEpIDANO:1. SEQ ID NO:1
encodes an HDAg-L represented by SEQ ID NO:2 (also under Accession No.
AAG26087.1 or GI1:11022742) and an HDAg-S represented by SEQ ID NO:3. Genotype
2 is found in Japan, Taiwan and Russia. An example of a genotype 2 HDV partial genome
is represented by Database Accession No. AJ309880 or GI:15212076, also represented
herein by SEQ ID NO:4. SEQ ID NO:4 encodes an HDAg-L represented by SEQ ID
NO:5 (also under Accession No. CAC51366.1 or GI:15212077) and an HDAg-S
represented by SEQ ID NO:6. Genotype 3 is found in South America (e.g., Peru,
Colombia, Venezuela). An example of a genotype 3 HDV genome is represented by
Database Accession No. L22063.1 or GI1:410182, also represented herein by SEQ ID NO:7.
SEQ ID NO:7 encodes an HDAg-L represented by SEQ ID NO:8 (also under Accession
No. POC6M3.1 or GI:226737601) and an HDAg-S represented by SEQ ID NO:9.

Genotype 4 is found in Japan and Taiwan, and genotypes 5-8 are found in Africa. Various
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[ 0046] One enbodi ment of the present invention relates to a yeast-based

i nmunot her apy conposition which can be used to prevent and/or treat HDV

i nfecti orwandi2on74120 al | evi ate at | east one synpt om r esulpCirnug2dizom4the HDV
infection. The conposition conprises: (a) a yeast vehicle; and (b) one or

HDV ant i HDV d/ d
her cof  ‘GRUIES0S! DS Hagtar ReHBPE 1o (DACBAPUREY FEREAR Loy Oue 1) DAL
vehi cl e, &ath%aéé@.\/mh?lg%ﬁo@ & crﬁﬁ%feEtYaPélﬁQE Ip){tl&ff,pil%ﬁ@goﬁeggén%g)gg?&ﬂ@ﬂfy

proteins by the yeast vehicC by an'intact yeast or y
spher opl abminatks.ch can opti onal I y be further processed to a yeast

cyt opl ast ast ost east nenbrane extract or f tion thereqf),
7t hougn MOAS" L FERistinastBR S HED Aroewargire RaraondI3f st ok T
anti gens @ng Ip}asiﬁfi Qld}%@ afd X8R} cN@ALE liRrly SeheloWnSR e % dciVof he
attached to, mxed with or adm ni stered W|th a yeast vehicle as descri bed
herein tdinpﬁ’iﬂrﬁeaob’@ﬁfpo? he |ab®nveo¢esmhleedp$egg@ms prevexsmipbay (Rptoeetpig)t dt the
bresent TGN ol SLEIERS ok Scur ASHERRLROOUE Lol LOL, G O)aaOuS
antigen, Inc udi h et ous fusi on PR connect fon W t

yeast vehidlhtes of thdn@ama\pecnbmoasr ddSYﬁ@ﬁSfr(BIhahe tsbme FHDVenghOWpeang@eﬁerl shenot  a
protein or_anti %en that is naturally expressed by the yeast, although a
I‘t

fusi on pridPAenantigge hasgseradialingbe same gugellapitycges %Boqgeéﬁm%gﬁé@@pmt ein
may al so e t are
al so nat Lgregﬂyygsg%érhg@?eﬁ bs?l(&{%ggg? hé()gér.t Qﬁﬁ)}e%hf? Fg%gﬂlgggﬂogl?é%ér %p%%gé %ﬂ%nce as
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DNA Advi Sorﬁé Conmittee (RAC) of the National Institutes of Health (N'H)
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First, concerns regarding the potential biological activity of the HDV
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WO 2012/ 174220PCT/ US2012/ 042426 Table 1 Epitope Sequence ldentifier HDAg

Positi on HLA Preference 1KLEDENPW

WO 2012/174220 PCT/US2012/042426
Table 1
. Sequence HDAg HLA
Epitope Identifier Position Preference
1 SEQ ID 43-51 Class | A2
KLEDENPWL o
1 SEQID 2634 Class | A2
KLEDLERDL ol
2 SEQID 26-41 Class Ii
KLEDLERDLRKIKKKI oo
2 SEQID 50-65 Class |l
WLGNIKGILGKKDKDG oo
2AGAPPAKRARTDQME SI\IEOQ'ZIC? 66-81 Class Il
2 SEQID 74-89 Class |l
ARTDQMEIDSGPGKRP 24
2KALENKRKQLAAGGKH S,\IEOQ_Z'? 106-121 Class Il
SEQID 122-153 Class 1 (3
2| SKEEEEELKRLTEEDERRERRTAGPSVGGVN NO:26 (122-137, | overlapping
130-145, & epitopes)
138-153)

'Huang et al., 2004, J Gen Virol 85:3089-3098
*Nisini et al., 1997, J. Virol. 71(3):2241-2251

[0055] HDV antigens and fusion proteins of the invention are useful in an

immunotherapeutic  composition of the invention, including a yeast-based
immunotherapeutic composition of the invention. Such antigens, fusion proteins, and/or
the recombinant nucleic acid molecules encoding such proteins, can also be used in, in
combination with, or to produce, a non-yeast-based immunotherapeutic composition,
which may include, without limitation, a DNA vaccine, a protein subunit vaccine, a
recombinant viral-based immunotherapeutic composition, a killed or inactivated pathogen
vaccine and/or a dendritic cell vaccine. In another embodiment, such fusion proteins can
be used in a diagnostic assay for HDV and/or to generate antibodies against HDV.

[0056] One embodiment of the invention relates to novel HDV antigens and fusion
proteins and recombinant nucleic acid molecules encoding these antigens and proteins.
Described herein are several different novel HDV antigens for use in a yeast-based
immunotherapeutic composition or other composition (e.g., other immunotherapeutic or
diagnostic compositions).

[0057]

"antigen" refers: to any portion of a protein (peptide, partial protein, full-length protein),

According to the present invention, the general use herein of the term
wherein the protein is naturally occurring or synthetically derived, to a cellular

composition (whole cell, cell lysate or disrupted cells), to an organism (whole organism,

lysate or disrupted cells) or to a carbohydrate, or other molecule, or a portion therecof. An
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SEQ ID NO 19 43-51 Class | A2 1KLEDLERDL SEQ I D NO 20 26-34 Class | A2
2KLEDLERDLRKI KKKI' SEQ | D
WO 2012/174220 PCT/US2012/042426

antigen may elicit an antigen-specific immune response (e.g., a humoral and/or a cell-
mediated immune response) against the same or similar antigens that are encountered by
an element of the immune system (e.g., T cells, antibodies).

[0058] An antigen can be as small as a single epitope, a single immunogenic domain
or larger, and can include multiple epitopes or immunogenic domains. As such, the size of
an antigen can be as small as about 8-12 amino acids (i.e., a peptide) and as large as: a full
length protein, a multimer, a fusion protein, a chimeric protein, a whole cell, a whole
microorganism, or any portions thereof (e.g., lysates of whole cells or extracts of
microorganisms). In addition, antigens can include carbohydrates, which can be loaded
into a yeast vehicle or into a composition of the invention. It will be appreciated that in
some embodiments (e.g., when the antigen is expressed by the yeast vehicle from a
recombinant nucleic acid molecule), the antigen is a protein, fusion protein, chimeric
protein, or fragment thereof, rather than an entire cell or microorganism.

[0059] When the antigen is to be expressed in yeast, an antigen is of a minimum size
capable of being expressed recombinantly in yeast, and is typically at least or greater than
25 amino acids in length, or at least or greater than 26, at least or greater than 27, at least
or greater than 28, at least or greater than 29, at least or greater than 30, at least or greater
than 31, at least or greater than 32, at least or greater than 33, at least or greater than 34, at
least or greater than 35, at least or greater than 36, at least or greater than 37, at least or
greater than 38, at least or greater than 39, at least or greater than 40, at least or greater
than 41, at least or greater than 42, at least or greater than 43, at least or greater than 44, at
least or greater than 45, at least or greater than 46, at least or greater than 47, at least or
greater than 48, at least or greater than 49, or at least or greater than 50 amino acids in
length, or is at least 25-50 amino acids in length, at least 30-50 amino acids in length, or at
least 35-50 amino acids in length, or at least 40-50 amino acids in length, or at least 45-50
amino acids in length. Smaller proteins may be expressed, and considerably larger
proteins (e.g., hundreds of amino acids in length or even a few thousand amino acids in
length) may be expressed. In one aspect, a full-length protein, or a structural or functional
domain thereof, or an immunogenic domain thereof, that is lacking one or more amino
acids from the N- and/or the C-terminus may be expressed (e.g., lacking between about 1
and about 20 amino acids from the N- and/or the C-terminus). Fusion proteins and
chimeric proteins are also antigens that may be expressed in the invention. A “target
antigen” is an antigen that is specifically targeted by an immunotherapeutic composition

of the invention (i.e., an antigen against which elicitation of an immune response is
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NO 21 26-41 Class || 2W.GNI KG LGKKDKDG SEQ I D NO 22 50-65 Cl ass ||
2 AGAPPAKRARTDQVEl SEQ | D NO 23
WO 2012/174220 PCT/US2012/042426

desired). An “HDV antigen” is an antigen derived, designed, or produced from one or
more HDV proteins such that targeting the antigen also targets the hepatitis D virus.

[0060] When referring to stimulation of an immune response, the term “immunogen”
is a subset of the term “antigen”, and therefore, in some instances, can be used
interchangeably with the term "antigen". An immunogen, as used herein, describes an
antigen which elicits a humoral and/or cell-mediated immune response (ie., is
immunogenic), such that administration of the immunogen to an individual mounts an
antigen-specific immune response against the same or similar antigens that are
encountered by the immune system of the individual. In one embodiment, an immunogen
clicits a cell-mediated immune response, including a CD4" T cell response (e.g., THI,
TH2 and/or TH17) and/or a CD8" T cell response (e.g., a CTL response).

[0061] An “immunogenic domain” of a given antigen can be any portion, fragment or
epitope of an antigen (e.g., a peptide fragment or subunit or an antibody epitope or other
conformational epitope) that contains at least one epitope that acts as an immunogen when
administered to an animal. Therefore, an immunogenic domain is larger than a single
amino acid and is at least of a size sufficient to contain at least one epitope that can act as
an immunogen. For example, a single protein can contain multiple different immunogenic
domains. Immunogenic domains need not be linear sequences within a protein, such as in
the case of a humoral immune response, where conformational domains are contemplated.
[0062] A “functional domain” of a given protein is a portion or functional unit of the
protein that includes sequence or structure that is directly or indirectly responsible for at
least one biological or chemical function associated with, ascribed to, or performed by the
protein. For example, a functional domain can include an active site for enzymatic
activity, a ligand binding site, a receptor binding site, a binding site for a molecule or
moiety such as calcium, a phosphorylation site, or a transactivation domain. Examples of
HDYV functional domains include, but are not limited to, the nuclear localization sequence
(NLS), RNA binding domain, and domains involved in virion assembly and inhibition of
RNA assembly.

[0063] A “structural domain” of a given protein is a portion of the protein or an
clement in the protein’s overall structure that has an identifiable structure (e.g., it may be a
primary or tertiary structure belonging to and indicative of several proteins within a class
or family of proteins), is self-stabilizing and/or may fold independently of the rest of the
protein. A structural domain is frequently associated with or features prominently in the

biological function of the protein to which it belongs.
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66-81 Cass |l 2ARTDQVElI DSGPGKRP SEQ I D NO 24 74-89 O ass ||
2KALENKRKQLAAGGKH SEQ | D NO 25 106-121
WO 2012/174220 PCT/US2012/042426

[0064] An epitope is defined herein as a single immunogenic site within a given
antigen that is sufficient to elicit an immune response when provided to the immune
system in the context of appropriate costimulatory signals and/or activated cells of the
immune system. In other words, an epitope is the part of an antigen that is actually
recognized by components of the immune system, and may also be referred to as an
antigenic determinant. Those of skill in the art will recognize that T cell epitopes are
different in size and composition from B cell or antibody epitopes, and that epitopes
presented through the Class I MHC pathway differ in size and structural attributes from
epitopes presented through the Class I MHC pathway. For example, T cell epitopes
presented by Class I MHC molecules are typically between 8 and 11 amino acids in length,
whereas epitopes presented by Class II MHC molecules are less restricted in length and
may be from 8 amino acids up to 25 amino acids or longer. In addition, T cell epitopes
have predicted structural characteristics depending on the specific MHC molecules bound
by the epitope. Some T cell epitopes have been identified in HDV strains and are
identified in Table 1. Epitopes can be linear sequence epitopes or conformational epitopes
(conserved binding regions). Most antibodies recognize conformational epitopes.

[0065] In any of the HDV antigens described herein, including any of the fusion
proteins, the following additional embodiments can apply. First, the N-terminal
expression sequence and the C-terminal tag included in some of the antigen constructs are
optional, and if used, may be selected from several different sequences described
elsewhere herein to impart resistance to protecasomal degradation and/or stabilize or
improve expression, stability, and/or allow for identification and/or purification of the
protein.  Alternatively, one or both of the N- or C-terminal sequences are omitted
altogether. In addition, many different promoters suitable for use in yeast are known in
the art and are encompassed for use to express HDV antigens according to the present
invention.  Suitable promoters include, but are not limited to, CUP/ and TEF2.
Furthermore, short intervening linker sequences (e.g., 1, 2, 3, 4, or 5, or larger, amino acid
peptides) may be introduced between portions of the fusion protein for a variety of reasons,
including the introduction of restriction enzyme sites to facilitate cloning and future
manipulation of the constructs. Finally, as discussed in detail elsewhere herein, the
sequences described herein are exemplary, and may be modified as described in detail
elsewhere herein to substitute, add, or delete sequences in order to accommodate
preferences for HDV genotype, HDV strain or isolate, or consensus sequences and

inclusion of preferred T cell epitopes, including dominant and/or subdominant T cell
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G ass || 2LSKEEEEELKRLTEEDERRERRTAGPSVGGVN SEQ I D NGO 26 122-153 (122-137,
130- 145, & 138-153) overlapping Cass Il (3 epitopes)
WO 2012/174220 PCT/US2012/042426

epitopes. A description of several different exemplary HDV antigens useful in the
invention is provided below.

[0066] In one embodiment of the invention, the HDV antigen(s) for use in a
composition or method of the invention is a protein or fusion protein comprising HDV
antigens, wherein the HDV antigens comprise or consist of all at least one HDAg-L or
HDAg-S protein, and/or at least one immunogenic domain thercof. In one aspect, the
HDAg-L or HDAg-S protein is full-length or near full-length. According to any
embodiment of the present invention, reference to a “full-length” protein (or a full-length
functional domain or full-length immunological domain) includes the full-length amino
acid sequence of the protein or functional domain or immunological domain, as described
herein or as otherwise known or described in a publicly available sequence. A protein or
domain that is “near full-length”, which is also a type of homologue of a protein, differs
from a full-length protein or domain, by the addition or deletion or omission of 1, 2, 3, 4, 5,
6,7, 8,9, or 10 amino acids from the N- and/or C-terminus of such a full-length protein or
full-length domain. General reference to a protein or domain can include both full-length
and near full-length proteins, as well as other homologues thereof.

[0067] The HDV sequences used to design these constructs and the others described
and/or exemplified herein are based on isolates or strains of a particular HDV genotype.
However, it is an embodiment of the invention to add to or substitute into any portion of
an HDV antigen described herein that is based on or derived from one particular genotype,
sub-genotype, or strain/isolate, a corresponding sequence, or even a single or small amino
acid substitution, insertion or deletion that occurs in a corresponding sequence, from any
other HDV genotype(s), sub-genotype(s), or strain(s). In one embodiment, an HDV
antigen can be produced by substituting an entire sequence(s) of an HDV antigen
described herein with the corresponding sequence(s) from one or more different HDV
genotypes, sub-genotypes or strain/isolates. Adding to or substituting a sequence from
one HDV genotype or sub-genotype for another, for example, allows for the customization
of the immunotherapeutic composition for a particular individual or population of
individuals (e.g., a population of individuals within a given country or region of a country,
in order to target the HDV genotype(s) that is most prevalent in that country or region of
the country). Similarly, it is also an embodiment of the invention to use all or a portion of
a consensus sequence derived from, determined from, or published for, a given HDV
strain, genotype or subtype to make changes in the sequence of a given HDV antigen to

more closely or exactly correspond to the consensus sequence. According to the present
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cel lul ar S(Q:gun%ggslt ﬁ%ﬂd@s\lﬁgﬁ[ gbg}eé%o%gkjla{l?@g%%y@' éﬁh h%t ed cel | s%n,ggigos an

or gani smacvdselcecapanissqmentassfrve erchdofsthaphgdr dkabws)genotypes aarc e lbroldibr at e,

or ot her nol ecul e,. or rtion. thereof An _antigen. elicit an
ant i gen- SFBERHTc UREUR 1 sﬁaﬁ%aéﬁ? e%ogtvzaréa Whir &?ﬁaw@%r the caape e of e
| Mune r exRANSE) set%;%@ﬁd'é%,t for Q@aﬁﬁl@? EJ(&arﬁ%E@ b?rsu@}f‘hfoaﬁﬁﬁtiérﬁaér_e all§stRRCOoMt er ed

by an el enent of e immune system (e.g., T cells, antibodies). [0058]An
anti gen canmpbfiadhgpml | as a single epitope, a single i munogeni c domain or

| ar ger, an incl ude |tiple.epit S.or_lnmunogeni ¢ ins. such,
the s v 0pOSIn " o P e ualiy sfodinG i P HES ki e B dn b i T
peptide) raRdhasmiry &8d 88quedcd HpkeskRBIHY PEQLBI RO: B, MMith WRA trudcdtbd® (108
protein, a chineric protein, a whole cell, a whole nmicroorganism or any

por ti ons thiterfelbflenggh)g HDY ygaosgeol WiReLcellhes @ntigsn raddudesothe sequence

m Cr oor gapy n [ Bptlgens. can,i (@ : ch can
be | oadegafrﬁlﬁgtgd}eggs Ege];][?(iﬁ%agr(blgﬁttlonsaéé%r?gocém ﬁlgnﬁf&?ﬂ){i ﬁgﬁl?@]\?%%t%? It

w || be appsselcT atkdpidiat ahd tiRarguairb ¢diEERNBWIeogS EQWIENCL e (pakitiogen24 s
expressed by the yeast vehicle froma reconbi nant nucleic acid nol ecul e),

le f
the anti g¥h Whichais gpefhen MHG Glaseh TiseBeaitene @ e & apewdePasitions 32-kifheht
ther eof, gE?é ﬁBrNbWa@'}e@BM fi€n %MHerCI%SCfIGtQﬁﬂﬂQ'eﬁﬂ%pes (see Table 2). This

antigen can be produced using the corresponding sequence of any HDV genotype,
subgenotype, or strain (i.e., one can use the same amino acid positions of the HDAg-L
from a different HDV strain in place of that selected for SEQ ID NO:10). For use in the
production of a yeast-based immunotherapeutic composition, yeast (e.g., Saccharomyces
cerevisiae) are engineered to express the HDV antigen under the control of a suitable
promoter. Construction and production of yeast-based immunotherapeutic products is
described in more detail below.

[0070] As discussed generally above and further described in more detail below, the
antigen represented by SEQ ID NO:10, and any other HDV antigen described herein, can
also be appended at the N-terminus to add a sequence that imparts resistance to
proteasomal degradation and/or stabilizes expression of the protein, such as the following
protein:.  MADEAP (SEQ ID NO:11). Additional suitable N-terminal sequences are

discussed below. Optionally, this antigen, and any HDV antigen described herein can be
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[ 0059] When the antigen is to be expressed in yeast, an antigen is of a

m ni mum si ze capabl e of being expressed reconbinantly in yeast, and is

t ypi cal | ywet2oi2¢asi2oor greater than 25 am no acids in | ergtrhiS2ar/oad42é east or
greater than 26, at |east or greater than 27, at |east or greater than 28,
at least or greater than 29, at |east or greater than 30, .at .| east or

gr eat er rhedified © igelude 4 -teal?nr@l seqgioc Ratreassix WFtBéEaPﬁHF‘“‘&}’é‘éﬁtn& ictpdn 33,
at | east QAN bPa Abeeift scRARt a AxPRRALRE sbhdhedSwhith ib GRSl For
greater than 36, at least or greater than 37, at |east or greater than 38,
at | east identdyiegtagmrotchanBgWayaif anexsmply, agneen erot¢thanmpbsingtthd Natstmipal

greater than 41, t~or. greater .than 42 at. | east or great n 43,
ot “Teast ngreafard 1T SR Ekeialihg Cuplbinph i ienihodbd Bylid Jp

greater tNEN24&heRtpokRidES 19 of BEIMBNONARoAEspodl tb SBEYIPNOIT EFbSikiohd!AN 48,
at least or greater than 49, or at |east or greater than 50 am no acids in

| engt h, ol46iaf SHQ IR 125com@sparidrie R dB NQ:10e ard nositiens| kHst5230L $HQdRi no
acids in4 t. r . t 35-50 amino acids in length, or at |east 40-50
am no aci%@nigﬁp?ggﬁath%ﬁldi)nr%%% | east 45-50 amino acids in length. Smaller
protei ns [pByl|be eXpr aatgsh ANSEQONE deoaldl ywhiahgesin psots@bsibutee. gith endr eds
of amno acids in length or even a few thousand am no acids . in |ength) may
be expr esoEgsSPoPdingreqeise of a differgnt HDYhgenetcotwhiganotype ar sifainqandio by
functi ong)  dommi 1, 20f: ' rgfqﬁh@ i [ [

| acki ng gahg or %F%Hg%&%{émés&bcfgafa %10 tﬁg&ﬁ ﬁrgﬁ%ﬁ%ﬁﬂ%ﬁg?%%g@rh%& Eﬁgsreérgo;}l be
expr essedrdpecsgnted Ihackn by S We O dBoart SHQ dBdN@bly tbolofawhith e iegkamplaym t he

N- and/or .the C-term nus). Fusio roteins. a hi meric, proteins are al so
anti gens 4@4&@%9%@@&&%@%@&@% %C%ﬂrﬁpéw%h. © %Ppeps?dg&tﬁ%ﬁf%@ﬁus 1% an
antigen that; h&aHHewlidd s%aﬁétﬁée,ti?rdgﬁl;e%d e ﬁi&h'fﬁﬁb‘@ﬁ%&&ﬁ%%}és&@@m%% Ion

of the invention (i1.e., an antigen against which elicitation of an immune

r esponse SEQ 1Q8¥0rlédvhichncah Hp\suastitigd nwith theapormasptondmg sdqudnge df adkefergnied, or

pr oduced m _one,.or _nore i.ns targeti the antigen al so

Parget o iR ARt tios i Gre he POV E PR VNG 1 A Ll R AR Se AR

i mune r agPO MRitiohH €-LJTBEQ MY Rorrkspoad $3OBEOLIDONOL 18 pb&fitas FIL2pen”

and therefore, in sonme instances, can be used interchangeably with the term

"ant i gen"SEQUD NPl Asgapspoad tuSEQ IReNO; 1), ané el 38 3 iSFEhIIMNGRS & i ci t s

a hunoral_and/.ofF ;. | - medi at ed i nmune response (i.e., is inmmunogenic), such

t hat adn’ianll?ég%lgttl?%%{agf t he i nmunogen to an individual nounts an

ant i gen- §pezi|f i ¢ AmirdiDe¥spapseusddiinsic inhentdarne rgressntdil bgrhauhingeosl t hat

are encountered by the i nmune system of the individual. |In one enbodi nent,

an i mundo§e¥enss PE%FQ Y %\Qillé-nﬁblﬁla% affigchneifecapy P ongencaicd diardeelectese + T

cell res : : T r : onse

(o 0. o O sor el afohey iy A et o Sl BR el dffepnt baliges L e

can be amy gpootypanl, 2fand@renprooidee ps b oppglediusian pasttinge prddacga maae peiptisele

fragment or subunit or. an anti bod ecﬁi t.oge or ot her .conformational I«Sg&itope)
Ce¢, 4pin H

that contSQPEICk: This,atiggh&an BF £ OSBRI s

adm ni st eJ86tybAs PO ﬁﬂiirc[j@j, and PEHIREABR, aRN pbiMaH HRPISNHD AAOERI Bt hdlt@laare t han
a single amno acid and 1s at |least of a size sufficient to contain at

| east oneuepiatiopent(hat theaportions e HENG smserb e REQADY NéX dprptee ¢xemnminyg but
protein can,contain nmultiple different i nogeni ¢, domai ns. | npgeni c
Gona ne. B eh BB P hise? roefirenGe el AITHORA P Tas R Bulle wltl MRRE Case
of a humjoabtricimal gﬁrtfdhs@foﬂﬁ SIDAR §Fon GQOSUnBTyFRLT TPV sEafiB{ BencdyRe1” below)
contenplated. [0062] A "functional donmain” of a given protein is a portion
or funct icon&asponds to psitiane 1pk4d ofi SEQ RN € @:ﬁ@@og@é@éﬁegf%gﬁom@g@nqﬁm t hat
is direct indi ) ' ro: | ' . Qr

cher cal 1 HFSE ¢ SRALEEEL; YILEPRRRRhOR (b Mooyl PS8 0F SELOIERCERY: 3 o
protein. podtiorexangl EIDAy fitonetd Qu@ltystoBastrie afigdnacipdse batovalc térvapsindsetof or
enzymatic acti vi tlé’ a | i}&snd binding site, a receptor binding site, a

bi ndi ng 10880y LAAKPEIER ADNOHS; ety such as cal cium a phosphoryl ati on
site, or ans j(vat Bt I : j I i

i ncl ude, [gg?j]ar eq%%dttﬂ isl%ﬁit?% to, tﬁ@nu Ibg rr8 %c?g)ﬁagg%% gdﬁ&;%qtgggi@e?él\leLS),
RNA bi ndiragrestmtai by, SEQADINOR] s 4 fisminwegdhier ovinnare fulddsettbHIP Al prethink) ti on

of RNA assenbl 006 "structural. domaip" o iven otein is a

o £ 1 on Sr i e AREs Firthe Bopriimntrom Sherssr s SedstuyBled redohbes b e
that has an identifiable structure (e.g., it may be a primary or tertiary
structure belonging to and indicative 30 several proteins within a class or
famly of proteins), is self-stabilizing and/or nay fold i ndependently of

the rest of the protein. A structural domain is frequently associated with
or features promnently in the biological function of the protein to which



WO 2012/ 174220PCT/ US2012/ 042426 [ 0064] An epitope is defined herein as a
single i munogenic site within a given antigen that is sufficient to elicit
an i mmunewoeasporiseowhen provided to the i mmune system i RCThis2@ientBzé of
appropriate costi nmul at ory signals and/or activated cells of the inmune

system an epitope is the rt. of an antige

actual l'y %@Bf)gn‘?rz t?pf 8 Tetionhle cr rhrh st bedpqomeredni thagalllleélgthbe
referred sE@uéi’a%esa@aé}P&f' tﬁ@@llﬁAQ@ I%f&r{b%fs bedARQIRN 5 5hdctivhd tﬂé‘ﬁL@% h! |
recogni ze that | ¢ epitopes are different in size and conpositi on fromB
cell or aastdeb@dgedelpot/@(xeg bﬁmdbatﬂuatoneepldtayp@hetlpneﬁefntlé@swmuuglms tsfte). dnass |

IMVHC pat h diff [ i d, st t tt f it

br esont e B Yruckr 20utic iyt abeRa s Ta TR e MR PP hes
present edhybWEGIBSSO!2 (e BRLGMUIRS sef@nty BofPddohd eIWRaRaf) i aldel@BnO
acids in length, whereas epitopes presented by Cass Il MIC nol ecul es are

| ess restOrfl RASEENB OO En (hér ﬁal}/lﬂ@é thrap I Bleagtbngenstings? WP As-125equaigro
acids or [ di ct ur.al
char act erl Itgt&g%eddé) ?ti?iﬂl% Igg 5t Te & sC$er5| B !l)%&ﬁﬁé Jﬁ%ﬁecg{{ogl ] Oéﬁ%dﬁ fBiYu %thaelﬁ)

epi t ope. aehre dEletioh lof @piitioNe66- na\(elebele&) whehtis finketl tona KM cagthagonstyped ar e
identified in Table 1. Ep |to§es can be |inear sequence epitopes or

conf or matiiBA&tL spiucape senressALEr We BN AR NQ:¢ )i amresm@tn&tmquﬁw ggm
recogni z vy

descri be &g@ Ie?ltlwlts{rg‘éqpﬁgtltﬁgd 88&%#0%&%{%@"%:% g;rj\%pglgét Ic\aIlLEZ 'T'R%]/seas;ég+ ot/gxﬁS %agljl

addi t i onallscelbxb Gdbdreseshet am aad:ﬁbt;ent bidestqr differeht dbreadditi@lal @HpY egsotgpess@quence
and the C-term nal ta mcl(gded in some of the anpti. gonstructs are

opt i onal ,SUGRTONRCY Saly bC d0 dRg it B PEOHUSE e r Wi f&?a\‘lf SPBRPOVEERE e s
descri bed alSeVBRT an ttaaﬁfoﬁ &HiduRaLiludsesT Sy ASTCRe m%atleg"ae{y?t s@@%eaat i on
and/or stabilize or inprove expression, stability, and/or al or
identifi aatulnmnmdmﬂieﬂr (qgir ibiyi @lamoomcldfsubmtumﬁtm porrgspord magre vadsely emer or
both of the N or rfm nal sequences g fe omtteddalto ei?her drlltL ddition,
many di ffCQP%eﬁlﬁuﬁoWH%‘tCS LA BOtP/B? PSETIVRIYLAS U™ ith&-&rt and
are encorpasm@d heid Hbstifubo®X R @6fedfold anbicdEBSeRCE Okibiwi0 chschfiR Pr &sient
invention. Suitable promoters include, but are not |Iimted to, CUP] and
TEF2. FurepHepsssha haxpbean asmceafcﬁbmthgmmunké%p@@qamﬂ%’ (e.g., 1, 2, 3, 4, or
5, or lar am be el r of

t he fusi Jﬁﬁ%’r]ot elfﬁgf ggﬁoqwogpale%%%@nt gPYhe oorltr%slé,}{si Oﬁgﬁggﬁ)ggh%% |rﬂ ntF 806 Sglt&?ton of

restricticdiiSBENHY RO:$6 ttefilh'[tsﬁrafeaﬂib hbﬁﬁtcgymlnmgr@naﬂyge@‘ wsed ﬁ@tH@ﬁlSﬁiﬂhﬁbﬂemﬂ of
t he const ruct s Fi nal I yr@as di scussed in detail el sewhere herein,
r

sequenceTREQ I D ferdisplignacakaipibifatcn gt Hay sthachiiappid la@tﬁééf& i bed
in detail or der
to accomionas S Ereagnet dmpf ST LS o p B R FeFRERCRRIG,
consensusimegaenctthe anghenows| in SEGh D NG éfies trencafedc@drtiorepf 4 ddbkngihridDWdi ng
dom nant ﬁﬁg/g r subdominant T cell epitopes. A description of several

di fferent | ary HDV antigens useful in the invention is provided bel ow
[ 0066] I n [gpresjenbogl Reit (1Rf HIDe ahy&At éh@d?hssédhglsé’@\/er@fl{ekegﬁnﬁr%) Nt Qhdiseci n a
conposi tion or method of the invention is a protein or fusion protein
conpri si rtgrnHmvb%&EQd@rﬂétO Idherr & pimitah dus{iv/pratdin gembe eppranded & wcludorveiiges of

omain t REREBEe frtone dBNOTITI RaP B iMoo 8l aRdimtrd relies Pomgt

or near fIpd 1DVl ande COfcdnfial ha;aaﬁMdaabaﬁieﬁ@dﬂtbFaheﬁ\bﬁh BEESIENO: 16/ @i | on,
reference to a "full-length" protein (or a full-Iength functional domai n or

ful | - | engb$ion rmretaB! @@F%aﬂﬂe@i&mﬂﬁ@ IhANQidéss mreduced.| -Rasiignh labrioh SER 1B
sequence &9‘% 1t7hc%r1% 5l Oﬁ%flﬁnﬁb‘ @ﬁg)osﬂ%?'ﬂhz%rof‘ ’18' 19@' ub+ %%g&td‘m as

descri be erein as rwi se or descri b aval | abl e
sequence.SHY DIDCN@HG afd pOGiBisU2A7THBR IFSEQUERING:UY boﬂr@pgﬁchto, a hmdahi@tldlae &gso a
type of honol ogue of a f)l’Otel n, differs froma full-I eng rote| n or

domsu n, Bysieséhcaduicrmpnl seaugaseel SEQDIDNPsS Mgether withh SEQ 11} N@:logandy g,

9, or 100@5%751????15 c%] M fes atﬂg/fﬁglotppto%lmrgyréseﬂ{eds §EQ iNo- i@%gt h

protein omain.  Gener a erenc of el'n or domai n can
i ncl ude hooduckd) threpgtiﬁomrﬂdS%eﬁSEQleNOelﬂgiotremanﬂeo SEQ [2xNwel 3, pasitiotsher
honol ogues t hereof [0067] The HDV sequences used to design these constructs
and the others described and/ or exenplified herein are based on isol ates or
strains of a particular HDV genotype. However, it is an enbodi nent of the
invention to add to or substitute into2any portion of an HDV anti gen
described herein that is based on or derived fromone particul ar genotype,
sub-genotype, or strain/isolate, a correspondi ng sequence, or even a single
or small amno acid substitution |nsert|on or deletlon that occurs |n a

- . . e e o



invention and as generally understood in the art, a "consensus sequence" is
typically a sequence based on the nost conmmon nucl eotide or amno acid at a
parti cul avoposyt7uzn of a gi ven sequence after multipl e segusaCiessHLE
aligned. [0068]As a particular exanple of the above-nentioned types of

2 gi ven SSguBieEi TRt PBraped oS PG e ioratins sbiy Topt sEBIPY° "

with a Tglilk SREERAR tf b AR Aididfdqhent isolate, or to correspond nore
closely or exactly wth a consensus sequence for the T cell epitope.

| ndeed, d00Wldi ngAddtioté HPWerdnitigens, HDYludmg denen camtee, desli gnegosinas

i ncor porat e cons sequences, from a rie of . HDV genot ypes and/ or
SUbLypes o Mg LIPS e qedcuS Ry O NP dre "TBUF GEROTSpes Sniir

subt ypes. SpbAGDIPYs SeRyvisiddy wdRAh in REORSxBIBIRA MDDV S/EHANGRIST fHe@¥heach of
the maj or known genotypes can be rteadily generated using publicly avail able

sof t war e,ofvih¢ chppdrtindycitile mremeisr, feHBY (e @ntional qupmetss gen secudm dws is hofr

exanpl e. | e uch i fH.catiqn il . n i.fied
neror . BURGT oo AL RE P HERY Sl £ B AP BLE TR Ty
anti gen thaDViagDAel anTThe aadipch SeguesstudtePsmgni athdly oofR IFDhNGIDAg whi ch

is atruncated (less than full-length) HDV genotype 1 HDAg-L. This antigen
i ncl udes TEPEsSAAEGURiR a-ISES HROYO & asskey bpgkbqae samplpiss plthaygh ascorrpspgndaieg | D

NG 10) i i C i . PW. or
SEQ 1D o] S8 shaIIDVfibelbiafbl AP o BRI BRI s bR

epi t ope (vekl Habiwd ibstafrbwfihe Resintinded i fhd déhsofictSHQ thid &d@sttOctathe HBYI ons
rich in MHC Class |1 bindi itopes (see.Table 2). This antigen can be
pr oduced %Rggﬁbrqpﬁeéeletsa? P@%ﬁ@aﬁﬁ@@?&y&%%@@%@a J B0 S Al dpidHot ype,
or strai fhyGicaflocalPABof ik (e IBP ARRAR, 3¢ indsiBON $d-959f SEQHIIENIRAD- L
froma different HDV strain 1 h place of that selected for SEQ'1D NG '10).

For use iin ordwe tprcoltuct itenpaténtal yadatytprofised tharaswionpeprgieat il efothp ysasti on,

yeast (e..g.,, Saccharom/ces cerevisiage) are engineered to.. ress the HDV
ot gen Uyt TS o SqTeUPE aBls BN A EoneleRiEl Gy e

product i eipRksiye asthdametudtMyaat MekigPEW il SROID NG:20lesthinbe& ek Tor e
detail below [0070] As discussed generally above and further described in

nmor e det aicll cpeprsy, thatiree aradicirchtor disiterndmmagnchysoEsy INOHRDY . dihd reswting her
HDV ant | ga‘?&teﬁne%?o[ L Bed REnEiy ﬁatQaI%h%&b?g eaﬁ&%gﬂ?da At wLie Lerdy c}’%Hl%lyt o add
a sequence at |rrparts resi stance to pr Ont easonn dlegradatr| on an or

st abi | i zas/deoppobisl@nendd, ahli8o Hiirthce infodiBestion as atdoanf flr hgidopPolfatiof @i notVADEAP
(SEQ ID NG 11). Additional sujtable Nterm nal seqguences are discussed

bel ow. OgPnYdgier yo be gp dmppitanjdpctoniidha desigibof dhit Hibh 2péecdy i PermgpecH can

be nmodi fd.gakto o i Iuagﬁuﬁg%nhgémgpgekre%&ﬂ RER ﬁ;ggtgggy gf(?)%?%vh}’@ht& be

stabilizatron, identiflcation an I sol ati on tein, such as a
hexa- hi stsutlstiteted exjitie tieecorvdspadding serpehed frbor a idierentt MDA saaipy gtmitype 8y way

of an exanple, a fusion protein conprising,.the 1.hal . sequence of SEQ
’D NQ - 1 PUBRIOR eI RUSTEF SPHESONGInG é%%@?ﬁ&"ﬁ@rtba%ﬂbﬁrwllz,

wher e pO%iezéﬁ&l@@ ot 26hRh-h¥E@idcRa DR k2 a8@d ®SPRNdDt ROSEQiH B d¥O:l dmpQs ikitd ons
7- 146 of SEQ ID NO 12 correspond to SEQ ID NO 10, and positions 147-152 of

SEQ | D N®xpik3sips ofitheesnsiges in vitaste(N-taymirfad 0Lk Tére 2natd ettt iGEQficBidcpfl0,

whi ch Can[heb gnt%g%g?bi-tter%i%gl své'iq{[lehnctef €A two amino acid linker (Thr-Ser) which introduces a
Spel restriction enzyme site was inserted between SEQ ID NO:11 and SEQ ID NO:28 to
facilitate cloning of the construct. The resulting fusion protein has the amino acid
sequence represented by SEQ ID NO:30, where positions 1-6 of SEQ ID NO:30 are the N-
terminal peptide of SEQ ID NO:11; positions 7-8 of SEQ ID NO:30 are the two amino
acid linker; positions 9-212 of SEQ ID NO:30 is the HDV antigen of SEQ ID NO:28; and
positions 213-218 of SEQ ID NO:30 is the hexa-histidine tag. SEQ ID NO:30 is encoded
by a nucleic acid sequence represented herein by SEQ ID NO:29, which is optimized for

expression in yeast.
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correspondi ng sequence of a different HDV genotype, subgenotype or strain,
can al so be appended at the N-term nus to add an al pha factor prepro
sequence wo 2t2abiei2znze expressi on (represented herei n by PEEQSk@2M@428 or SEQ
| D NO 14, both of which are exenplary al pha factor pr epro sequences), and

agai n can i onal | ppended at the C-termn hex h| stjdine
sequence, 10 E%]desﬁpe Se@ﬂz} Ffu?tug?sﬁﬂ ‘H}(Slﬂee??PYS @?%@& 2p3PdsEQ 1 D
NO 15, vhiGheaan Eta@m?}eblstmé ng(%e#etnbe mﬁr&ahé@,%pem& RO SEMENE GeRiitirfy
different HDV strain {(incorporati SEQ ID NGO 10 and SEQ ID NGO 13, as

wel | as aanhgmawhthgbspdptnte }teag)blolﬁgg lancil @mlsre&%icagoibtﬂle SEQEdnDNGab6 ¢he pmgpond t o

SEQ I D NO ositi n59 229 of SEQ | I EQ | D .NG 10,
S post cieiheabie o5 ARG otk raprseriod it i SECRRPBGAE VAo Kot ner
HDV ant i g@BsteRfl With thd B&trdspyRihd Q8ueficd BBRES Qi’i‘ftf&@nthUVh@trﬁH‘ &o@yﬁjedor
sequence of SEQ ID NO 16. In this antigen, one cop a truncat HDAg

( sel ect edubgenetspicnisteNTtereingl S@m‘l@mg@gl)rem@ma t@SEQII:D NlOohi et Coermipal t hr ee

1 er ent SRR YRETAINGIAAR G5IPY BET.dlo SN ROt Pt PSRl "ol e
usi on pI‘O efnto uce a nore uni versal nstruc I'S ah en can be

produced dgtpiteRgoh bEtMnltlgsrpﬁﬂyba@g(I\%mﬁm Seqménw))an&i@/f@:ﬁﬁ@tby{@@(tﬁi)caﬁﬁn of
strain(s), and furthernore, any gortlon of .t he HDAT\&( can be used to create
such a f uB¢ sntigen €C-tempeal pesapensas of tADARMENOL3EE linkesgERhi-Beoyvassingpiged

exenpl ar y,. \Pé&geﬁ@ QE‘NOOPM PYEQOMD NS-980 @&‘iﬁthf%”c?om{f? oTE‘Phet %ﬁ\as{ry&' Tt?e”gt h

HDAQ' s cou | S construct, a portion roma
genot ype risutihg $usicai prc(télgdta@ttypalrmndnabmh/\&equemme&pmsdﬁed d»ypS)EQt]D)mﬁ) %3140 of

behow cories sartens bl EROHS N23280 b “CEGTHEY RepiEh oboBCaTEOR B of

an HDAY fyoQfiiofs gqmtsm%lﬁ ﬁ(t)@@'a?e &eg%e%iﬂ@émd%kavv})oﬁ%ﬁs@ﬁ@mﬁste D
positions 281-420 of [0073] Anot her sim lar construct that may

be produd¥@:3Bhathei HDWedn@getdOf &EQH@ Negueaedpoeioss@nit228 dFSESED NO:Bois 16 is

a fusion pof. . three.or r -Lengt.h HDA roteins, where each of th
ong- LBt bifeRaths BB Srief 1o NS W asogeh by § st Bl e MRGeyBEEsed 5° 40
3, or di fieedif By SEEWS NOL3 L WHEHRpARSId BXE&PRdssioRad yeRs conpared to the
full-length sequences, each of the HDAg-L proteins Kas been nodified to

i nact i vat[@OYEHe NUS q‘té@ir@rpon@tgucae@@@rmﬁédma%@@pl(eelgyeaswegub&qcﬁWUﬁeSand/ or

del etion of hi ) truct,
a full-l| ecﬁrﬁvﬁs 56(3 1%}9%4%}&0 >§psr§§& uagln%lgk]p%ng S8 21)131? 5{3&"['11% Cgélt:% q%hﬁ@&@% or a
corres ponddm@ls epttlﬁimﬁ faom . an@hi@eantlr@ﬂ Bt cansijersd tth e deh®iré Oundlersal”
positions 66-75 (the NLS) is linked to a full-length genotype 2 HDA L
sequence FEBIOLSHISHIGHYT @E@npmdos single @S@@rﬁre@ﬁbwmgﬂ@e@e@ﬁéé

anot her HD n t Ngﬁg h IS

| i nked to%goﬁtw {‘engt%hﬁgtyp@% lﬁ%kbspél%%s que ggqraégrz(estﬁtse ;&‘i‘ﬁ QID
NO 8 (or weascamsesgohdsing asmglera:opy forf cblnn HM@eaprédWeéthemlm)aS\&E@Ha N@l2et i on
of positions 66-75 gt hg k%%l es ca E@f e fused et her in
a di f f er dRENABYRED 25 Ghe Bpeida %PFE“ %e QFomN tE% %e@rfb“r?n% H’otypes
can be addé@tq D N1® 5f(psiotbe Qs Brs@&iiﬁeoa@kbdﬁ@'té/rﬁﬁlﬁt%| “A cOMPBEAIRE §&fc‘1%ﬁéec

conposition. In addltlon vari ous residues of any of the individual

genot ype fsagaaneotsr tAV Istraimbstil4te.cof gngr.agher B Veagenpiypaor subgeheiype, woitlde t o
correspond r I er t.o..a sensus sequence f.ar e

and or v Sl ol elor iy BE oS TR S5y 4R Jo SR AR : on)
t o correspgpss 6T Be @ﬂa@@ Risthgt O tHERIQ bur e mn%bl%déﬁtl@ﬁéﬂ gFe@@tyb@pﬁwgém&p&@ve
been associated with _inmmne rehéonses to HDV. 0074! ﬁ?h%ls ows an

al i gnnentstigfn. tIpéhip fesiqropretedt. thaldDNDIYicas &présenich &y 2 gfas grdifiq

prot el n of ety NG Hfe RETRL G BURAC, SEPROPET EEPRRABRIE, Br pHSIigh,
strai ght farvaofiSEQ IDI&ND:Rf }h bidler eoeitaspotidi pyesalvebgeprafitng ik fréwitant HDV

genot ypes, subcgenotypes or strains/isaqlates, since. each of the seq](l;ences in
SEQ I D NesoRgycs agd of (b Heastrbpsd timsrnethezapentis cxrigying Hisveniisag- (Simpledys] As

wi th the HOYVIB0LnGERS [ SCHREY) SESCMAN S sNELLHdiflleoNel@0 LM 0 Tesidue
nuclear localization sequence (EGAPPAKRAR, or positions 66-75 of SEQ ID NO:5), also

to enhance the safety profile of the resulting construct and of the yeast-based

23



termni of SEQID NO 16 or a simlar fusion protein can be appended to

i ncl ude various sequences (e.g., SEQID NO 11, 13 or 14). For exanple,

usi ng an Wotermi7meb peptide of SEQ ID NO 11 and a C-ter mcmals2dienadiest i di ne
sequence together with SEQ ID NO 16, the fusion protein represented by SEQ
ID NO 17 is produced. Positions 1-6 of SEQ D NO 17 correspond SEQ I D
NO 11; dBERYIOBiEPPUdS SXFESSEE DAkl 7 o e REPIEIB CS_E@I}SQGNWQ% Gl _
OSI 1 | ON% 43R 4320 oSO LRIMEEIr HOTHISTAIC L AnAlREXSBO S HOPe ahagrQlsi g

t he N—ter% nal sequence of SEQ ID NO 13 together with SEQ ID NO 16 and
appendi ndDx NO: - thetrare puslidsd shawet, ant ineménssicoponge eganst Mijr eBendredoagidSEQ | D

NO: 18 i d .. wher e. itions 1-89 SEQ | d to SE
D No: 13, SB0FE o o B e SR PR STCahY SEDOIT NG SEEtp 0 o and
posi t i onsubdifinted Svid thSERrbdpohing %&?&ﬁeé 5RO ffefet Hdwgt@&ih(%s,igdéh&@pé@por

[ 0076] Addi ti onal HDV antigens, 1ncluding fusion proteins, and conpositions
conpri si rigbsmotypsts).gensSERQel ¥ Bitbtg sequeneanydl @e 1genpiype e HEDWsmfigest Is yeast

(e.g., S r e Vi sihae eny. t o expre n. HDV anti gen
tnder 1 naCRaRe Ry B PoPRRR ) Soa R R APERY -0 Shitt SR Tt Gt e
pronot er BN dnfigtidecprbsthtddbyisitions 208408 of SEQED ™D A4pr onoter). This HDV
antigen con:?ri ses a_single copy of a genotype 1 HDV HDAq L. The antigen was

const r uct(8879si ngAa Nsferginal seuignest COIHBPMIARE & SESS HA NS ﬁue%néi%caf@rre;a@;} I D
NO 2 as t Rl I r W an
ot her T TR B ey el Y B e o Bt A Ol
be used iaxptession of thHchmtigae in yektu@detbrmmal bé@icaaN ahd tie facilltactidrsificatst ofuct |

the HDV apt i ted by SEQ | D NO. 2. was .nodified t lete the 10
am no. aci B FBGRLCCRTEN BAr AT 2ok | B SBoRGE (1Kch e CabasRRARET Sl
POsi ti oNgefbechdSIh 1BEQOLA Md 8EQ! 1D NS84 14 B BMBRNGENihE S PRL EdtistrAdt SP{Lt Y

profile of the resulting construct and of the yeast-based inmunotherapeutic
expr essi mgsultmgs fizmin gentgingdrd tho apuhercidabdqpemshepuscithe bexPE@skd) VD36, t hi s

construct_jn yeast., S i 1 S NO 2) cont ai LT cell
o topes Vit TEREOR: L & SHG I QP oR A NasheiL o es LSERTET Vs T: The
resul tingoRitidhe7® si SEMID NOBbakNtHeIRWAntih @ RS HRIARER PEsidERD-DS2 aNSEQap free
of extrenely hydrophobic el ements, and so further nodification to account

f or hydr ¥Rt theyecnaly pa dHIY matigey BemSEQED AO:Bhpwsitions 21 Zdl oef SRQRe
dosi i v : ok ! : of 1 .
st an oo IR wlF g2 SBoRE Soreriimass tintdrLiost it0%p

t he corr es@@ads nige Bequdnidnd tagm SEQIIDf KOe3d isHaVodddr g B nugleivodcdyd Seqience
subgenotype. An N-term nal se%uence corresponding to SEQ I.ID NO 11 and a
C-t er i ndFPISEGRsicEcip by SEALIR! mtéém}l%wmg OLEIRERFSI08 IBEEysf-D NO 28 i n
order to [bﬁﬁlgove HREnFERIBSHCRRH stH@m@l'a%h&e& %?2 HGRS Lbd R dSEBAADY
sequence) and to facilitate 1denti ?I cation of t anti gen (Cg,-term nal
sequence)antifertsvamd nsiow peoddids, lak mioHras (tHdhnseSerhonwiie guies,i vatinotd urasutantSpé the

restricti.on enz jte was i nserted between SEQ |D NO 11 and SE D NO 28
to facil ilfl%}f@leﬁygﬁlf\’g SPIERe Forforiaiey noFrd r@gcml?%]gaﬁyus UBATGHR _tgﬁml%orhas
the am nqﬂﬁi?drfég&ﬁg%ﬁféﬁlsﬁ Q]E’Jt%?.@%ﬁ%fb%ﬁcﬁﬁ%ibp S}Qeﬁl@, I{Yﬂ&{eeadih@& thopvl- 6 of

SEQ ID NO. 30 are the N-term nal peptide of SEQ ID NO 11; positions 7-8 of
SEQ | D Nen8@cmpscftlhia thowpresamtnioverdiod (inohding amosf SEENE NQ@2Z2SEQ BENQ:BH NO: 30

is the H iI.gar | D : PRSI 213-21 ) r 30
5 the nedid RSP RETT NG IR SIS AR S TN aTE Segd
sequence NEPRESEQUBANOEre SR 861 d, SENARZNO: WhiSHD i3 Nepll 8 BE@ D N0 28,
expression in yeast. W) 2012/ 174220PCT/ US2012/ 042426 [0077]1n a second
const r uctSHAIBINOWB & REQIN NOAY . HEGSHD NO:ROSEQHA NEsdr ¢hekQi Y Bidpl e 1,
the NLS s nece ag e dgnol o, Ly o2 Vidho t reesUlakeb &1 gen
W th respan e s S Pk B Le PR B e Pt o 4 0% S
am no acid thehjians&uehcd dfar fuflslehdth D ARhiiganHZA -2 psradsbARes), fiesfaantyDSEQ | D
NG 31, which can be substituted with the correspondi ng sequence. from a

di f f er entanfiegRn det baspeen gpdifigddo sieletq piguiettyisdctueenn. ik H spinosids of e
correspong S : - i :

o by sty narfir ool @ e AP By TR SR E AT CFmplin g least gne

expr essi amnofnogtrec dombiperf HDAygdast HDNetS®r i onelaspatuba i@V amezendinchalidg t at e

identificati n | - 1 nal q t i aci

| imker (7 oo W& Acshdh B By NN Bingy S PR Sk
facilitate cloning of the construct. The resulting fusion protein has the
am no aci d sequence represented by SEQ4D NGO 33, where positions 1-6 of SEQ
ID NO 33 are the N-term nal peptide of SEQ ID NO 11; positions 7-8 of SEQ
ID NO 33 are the two amno acid linker; positions 9-222 of SEQID NO 33 is
the HDV antigen of SEQ ID NO 31; and positions 223-228 of SEQID NGO 33 is

NI~ 1 R I MNS



i munot her apeutic expressing this antigen. This fusion protein contains
several T cell epitopes in each of the sequences of the HDV isol ate

t enpl at eswQSEQ/1722DC 2 and SEQ | D NO 5) that are predi cred/useorloknizé an
i mmune response agai nst HDV. The am no acid sequence of the resulting

The cor r DD nSEQaRLANEAS: Tha, T Mgl S Sk iy 1o, BB TG e fBor

subgenot ( .1leDeNG: f 2ant i gen
e (19) SE?QDSIE@. 18Dshg 1&3)4}59%8? sg%ﬂf%%ﬂ SHQ' 88991 Y% ip Y38

is represented by positions 1-2 1’34 ‘and t he 'sequence of the

genot ype SEQIDN NOB# ge REQSIDY WPk ¥ endtdcash§0%6085%i A6, V06068 B, SER, DHVANC: 34.

00791 A - i di SEQ | D 1
& term nab e 57 4Fnasural o e s e et o Tt et o 1
order to th RRIHAYY ahflSerLMBl BEUcBR nifdifiddo aldtd8NsubBitiRASTwEN | 85dM M @hino
sequence) and to facilitate identification of the antigen (Cterm nal

sequence)acida of Wes MRS dlomad, @r 19 fhretiop PAHDZG-|. andiD AgSaproieih het ¢aeptisSE | D
NGO 11 a l. r 34 t o, facili-t oni foth t ruct .

Fesul t1 ngcahors s glogit Rk JrBbR L O BTS8P LE i Nl |
NO 36, whgpesfios béuenc dhrdGhe®C-tSiinhiRadarcIptians, aiem besdteaal fro@peieeal of
SEQ ID NO_.11; positions 7-8 of SEQ ID NO 36 are the two_am no_acid |inker;
posi t i ongliferenn segueimies) depsriod 3gsevdictd Bergdntor iPpEoe RIIVCEHAN, $ERLfY 0RO | D

NG 34; pagi.tJ i Leen,.feom SEQ
1D Noi 34, Tab B SACARACAE, Bl oo b SPY-Rep 08 RE R KPR AL 3P hr € .
SEQ | D N@@finalssequxmodedrelmmitedalodgether.at addeo enas difpresgotmettriieuiaibie by
SEQ I D 35, which is opti.mized for expression in yeast. [0080] Th

i nvent i orf®RFEdN VAR dtfee® &dﬁ|tlbegﬂ“é519whe freothotiateRibv: kel bt K18

anti gens jand3f ysh,0n P18, %&in@%cmﬁ}ekti&e%) hﬁ? BeSiRr8iuded %{\Q&H%rtjd&%rdfaa_”t S,

or mutants of the i'ndividual HDV proteins of portions thereof (including
any functfugnmlpreteid/ or ai yametyo gendasordomeilutkig theaintradectioardf reftristierh efizysicon

proteins. .ln one.. ct. an HDV anti.gen.us | in the present invention
(i ncl udi r?&e%??y{g‘c‘#@aﬁ%o BeRpgd ??“@é?fﬁ%ﬁﬁ&“ﬁt @1155”%61 5, SEQ ID NO 6, SEQ
D NG 8, [6682]! D N& SmcSEPebd NOhtOinvakdnl [Rrlikd héid P&tibhY, Naldkons SEd/biD

NO: 16, SEQ ID NO 17, SEQID NO 18, SEQ ID NGO 28, SEQ ID NG 30, SEQ ID
NO 31, SHEObstituiDs33n SEMRIDINERS twe, BRO fMrNIYS6)x,cenph ictd, minc,| saser 80%

seqence e P feidodt aFiy AR BN O i, oP Bl e WoReK

antigen tthatofhprovikerthamhd fdselting G1DE lpedteinpwhenbisidi sk wh @ntigdniaenychstaaD V10
am no acids of the NLS domain, or of a portion of HDAg-L or HDAg-S protein
that conpPingeetheranculis FoBpRSIioHPinhgdRYtiaBnelicHs 3h IMBRES rehons st then one

Rors, - seo R RorBo Beh [SE Y HEE RIS A s g R TN o,

SEQ | D N@edbonsSEQimDiNed LEmuSER spBhNObrLysubSERiAlE NDildBimBEQ feEpdiee.2Bor SEQ

I D NO 30, SEQ I NG 31, SE D r 33, ID NO 34 or SEQ | D NO.,3 is at
| east 80%<BBYY hsovycTdiPy,NFuars thxyse %’5599@9 18@%@k}ge@w%ng%%aycwclyg%/gne
i denti calgrtgord 1f &l e‘ﬂit‘%ﬁ&ij 'J_E}gﬁ@ée%&ﬁ gﬁl@dt&(ﬁ%ﬂll&n&r thEBPAG 1 Sespdake E%il‘%@ thdDV

antigen that has been nodified to delete or substitute between 1 and 10
am no acildi®Voigonise KB ad dyainmrovingtthe avidgy tarafinity eibaleg- epitape Hongn MPEot ei n

that conprises at Jeast.one i nogeni ¢ domai n of . HDAg- L. or HDAg-S.

addi t 1 on BEEe A (e ALl L S AR e R e TR T (4 Car
opti onal ,praRdtafiBY. P glR6ih@dohik@MmSemeletire Ginplodt et pReftyICEscisiRgdfided

el sewhere herein to inprove exBr ession, stability, and/or allow for

i denti fi cheslbigspangs agaipnt ppiivecAPVarrotsinsitha ipfeekaehast. or one or both of the N

or Cterm se Ptt t h (B i.fferent
pr omot or V08 b EpEBREL HEC SR MORRSARRA hPBOEHY SRpdeEb:
short i ntigeluéing ngy IHDWemtigagukRatisd(lRr@n, asloneZemibdiftent@f the idkenli@l, gedy,
am no aci d pept.ides) may be intyroduced between portions of a fusion protein
for a varicetsgddn yeadDarkl IMmuQibsray £PBPSHEGdatin siehbembadinentst fYnatenzy me

sites to NE e ' ish f [ ti o] tr

[0081]In Jsﬂg&rreédé{sagfgcp {sﬁlpggg ? ﬁre [ nveﬁtl:égﬁ(,sﬂg%h%gi c:iﬂd)%flnéqerb{)}i%o%g%a?’olg e{ﬂ?eons,
and/ or suybrsductiot iadrmitibadich eornmdenotier iomenothempyt domemsitfoau incldding ansthar,
seven, eight, nine, ten, or re aming .acids of a wild-type.or reference
v pr ot ccibr Mehmias Fad DR heddarn p et orise TRt Febot £y OV
protein, when used as an antigen in a yeast-HDV i nmunot herapeutic
conposition of the invention, elicits ah i nmune response agai nst the target
or wild-type or reference HDV protein, which nmay include an enhanced i mmune
response, a dimnished i mune response, or a substantially simlar inmune
response. For exanple, the invention includes the use of HDV agoni st



i ncluding any HDV antigens descri bed herein, as one enbodi nent of the
i nvention, may be used in yeast-based i mmunot herapy conpositions, or in
ot her enbwadi2oemit7g220f or any ot her suitabl e purpose for HPUTAISROIGAMI43]
including in an in vitro assay, for the production of antibodies, or in

anot her i munot herapy conpositjon, .including another vaccine that is not
based on ‘R W@&@P@’b%éi%&})t}ﬁr&ﬂlﬁﬁ‘é?ﬂ%fr&és% EPBRENHRE o6t {0 I%L%er‘_éﬂ

vect or V%ﬁﬁﬂ@?hmﬁu&ﬁﬁgﬁb&h&rﬁﬁki)Vi&ﬁkﬁﬁon8fﬂé§§éﬁﬁBWBQﬂﬁ&Hs%Be@nﬁ&%&?n or

| i nkage to anot her |nnunotherapght|c nol ety). pression of the proteins by
yeast i s carwdpneftetlthodgl obwdicnprssiombyshmusghap bhescdioppredsicothe pysttisngomay be
used to produce th roteins for applications other. than a yeast-based
ot haRaByEBnEReT BrDA YR VRO BN SPHRANEORer apy Composi (i ons. I n
various qopg3]i MentessOBaskel EnnMEMEIBN CohpBsiib¥ENt AR atiBed MHBSIifbRs bFencof at

| east one "yeast-based i mmunot herapeutic conposition” (which phrase may be
used i nt éncdiingedpliyvantion incfedestthhuscoef atripash onh Eyenslybased duarumotherpanic based

i nmrunot her composi tipn" . "yeast-based ¢ itiony, "veasta

i munot her’ %‘g’é&&% ?gp %Wélggs pihﬁaasée § ac%l?snéls‘e,dog%r%l Q%&e%nggatbl%eég%f ty%%%%%sed

phr ases) .imAfunotisfapyotpiedi@pe ut Y sCoBpo S irhmaicthérapR eanps&idnl’ ot yiehatbagdd cits
an i nmune response sufficient to achieve at |east one therapeutic benefit

35 ¢ s L¢

in a subj®EPosiignsyaasrbprdimnpmeticrapsaiad’. | HeAThBISRe VaFraRA t er deRsEYe ¢lon
refers t C | tiggn<thatnd st owvehi c ] t hat
elicits ggéfﬁﬁﬁ%%§Leéggn%e 55???%%%%?(?g%ggﬁpgvgpgfbﬁlaggggggaiﬂgggﬁ%htic
benefit iimnarsubjeate sificenpéar bé¢hieMeadt! lyast any elastpanas ddnéfitnarrosubgecapedst i ¢
conposition. is a conpositian that includes a yeast vehjcle conmponent and
can ol i ci o HereiR K irrsp OHISHHITNEC COHERSE 4B 0 oo RmG et

r €5ponse, inbingdsusliyRge WU bombBidrRlah@ha diiGE! dr RSLAL SpsRlel HlrAEichimune
response. In one’aspect, a yeast-based inmunotherapeutic conposition useful
in the i mebieve @h l¢ast ong diprapcofic ibndefdi nge aulgb8+ Mod! partigul@i.+a Feast-based

cel |l -nedi.at ed i,nmune.response and in one aspect CD8+ and. a CD4+ T

cel | - modi BrOaoHNGsT EEBERLEn CyoBmargn Thr gistudts g sk STV Aot i
conposi t g ¢t cRAARE en@iceehd Ghnbiudg RspuARBr &lchi HTUNEIILRS NRMSEe Asponse,
yeast - based i nmunot her apeuti c_conposition useful in the present invention
can, for iadadppevithept Binttation ¢ dragHenediatpd adblarmapuneraspensiualin ongERPechat t he

i ndi vi dual __ | ] f HDV i nf: i or |s.tr. f Qr. \/
|t ect | ot SRR TR RO AGE L AR Ol rRigh € Bl FndiMie
i mMmunot her @p$+ aadrpos CID4611E célf-mebiatddrin@iine @esponye did iebhdedpeltph OIRH @dta ¢ or
"therapeutic". Wien provided prophylactically, t he conpositions of the
present iTRERT eRl-BediaisddMmaEl 1epPoRasaitigioptlt ey et kased dRMYNOBBRRRNLS i on
of any i N r -HDV [1O 0S| tj.00_ | d be
adninistggghbgﬁsﬁigtﬁaﬁgﬁ;gg} §“c fh2%§§%Mo?n?§ﬁggﬁﬁ¥%%ggn%‘ egﬁgggﬁgeful

i n one enbodinvdrtapetioc compositzoe o liatiegnsseaf invadion cuafes ek amplhepeh diD
infection is a risk, or in.whom HBV infectjon is. i.sk. The 0 ctic
adni ni st PAYTBR BFPYRE Pnffidbd! ’éiPQpW“@o Fﬁ%stl“? 1B ol V@B Bk
subsequentfbdh 1R8BSt QRatcldOfdr BSPWY ErfBRidnNbL TS YmPRIR RWIGKS Wrfh HDKe

conpletely if HDV infection subsequently ensues,” and/or to aneliorate the
synpt ons iofectiiDV i nfection if infection subsequently ensues. Wen provi ded
t her apeut ly, &he, i not her conpositions are provided at.or.after
the onsetVBR L, YoRebiFE TR SRR b et 15 BB PebS e
synpt om ofhrdph@lachiéest itRnapntc'Rr Wheh pedwdedrbphydadieally,ahe €drhpasttaink @ the
infection, providing a long | asting rem ssion of infection, and/or

provi di ngressAyinyeRtian aprprivideddp arviace of Bsedpirotion op Peeeryasing o eny edeatifigiat i ons
of the vi ] i . St - i LLion

'ncl udes 4 JEke SR ARy, FHERtoRRRG SIHTSLeRARNETROSHE, BT

t her eof expyedsidody,, oratd adhiey) dnd, may e xeduMid nt henlyi@tnty @hiiaingunixgher ei n
the antigen js heterologous tq the yeast,. and wherein the antigen conprises

one or nologuiaBRALef ingiRials iR veore HERD BdFaHaRtS @ iisherTHWhOM (GéNNISHipR &vi ded
as a fusippgpr %&%h@?%@ggﬁfc%dnﬁ%n&fféd 8f R ﬂ%&hﬁ@gé&b& 2B _o%ggngégé?vés”tot he

conpositions an of the i1nvention have en descri ove. In one
aspect ofpreveat i sabsquen HOP\UsinGretipm,otceiresodan an nmifestieon t moreo quimiitye oanmbgpens,

such as a repeat . the sanme antigen or two or, nore Ag wher e each tigen
7o T om GOy AR TR, S ERRO YIS GO o TP SEBRE, O he
fusion protein can include two or nore inmmunogeni c domai ns of one or nore
antigens, or two or nore epitopes of o8& or nobre antigens.



[0086] I n any of the yeast-based i nmunot herapy conpositions used in the
present invention, the follow ng aspects related to the yeast vehicle are
i ncl uded wo 2btee174220ent i on. According to the present i nveaTiusaoi2za4iseast
vehicle is any yeast cell (e.g., a whole or intact cell) or a derivative

t her eof ( bel ow) that can be used in conjupction wth one or nore

anti gens,ﬁﬁm%@ﬁi IHEREPhSUPKEREE esuehi t'Spes PrRdCotherapenticalyr Mseuti ¢

conposi t iiﬁﬁh&fotﬁebﬁ)yi OURIRLBAS arRlprdRdQNE REREChe ohe of BRAY inf&hiof! Ritk @R be
used al one or as an adjuvant. The yeast vehicle can therefore include, but

i s not | igokt elameljorating stdeast nhasympatrodethe yefastiomant prefayaly, smtlf a.goal ofa
yeast cell. having.all.its co nents i.ncluding a cell | | a killed
{Gead) o RTAS B st B Vo Ly BREE TR 0O B G Pyiiives o
intact (VB RImY@dsihity AghiHel sBseqaent @AsEtichl BEFABiRSon bf @e virds.yeast cel |

| acking a cell wall), a yeast cytoplast (i.e., a yeast cell lacking a cell

wal | and [A0%3]eus)Tyrécallsas vegghbated (inmamothgrapy pempesifipn ingdikdeng yeageichiclal |
nucl eus %{ﬁﬁ SALAPlaS ’E)am & g ?rﬁ%hhgée?{c X?%ﬁii% HETR [%‘Qper &34 RC L Qhed fGCs,) On
( £ e rtier d

t hereof (al'so referred tO as a ye rane partircle and’ previously as a

subcel | ulmixcy eahtthasdst edhegle, valivycin titedntipeasthap@olobelsato iy yasty egbivheeln wal |
pr eparati on. {0087] Yeast spheroplasts are typically produced by enzynatic
di gest i orfhefantigen gmptiscseqne Qamore SRV atigaishodn jsemg edbqdyeents.f the BRYnpl e,

in Franz t ] . En P I; r d
herein b;ﬁ ? %nefs nrgléldf% %?tg ;fusé%%%é?g’. @é&%a&gﬁf{ﬁ%g‘%ﬁ?wﬁ% %2%%@

[ 0088] Yeaht caypayificastand anehddspifeld Inyemiondhaye dbebry desetibédeaiavon lobny egett
cells. Such, a.met hod .i s descr.i bed, Ljor exanpl e, in Coon, 1978, Natl. Cancer
Inst . NGRS IVSNIORs fesson RRD GFhineidRd P @i THGFC aRendiishi &y & TeRcil of Mot y.

[ 0089] Yeagtn.QRASESorANS IR 2 X g RIRAUGRH ah¥edres §Rt DYifferBf IRADHL isged or
| ysed cell and can, but need not, contain at | east sone of the Organelles
of that cehdtypSuah stiainet Hodons adpsstr itise dysidrorpreteanphie, inchud&r @z ws ofmbreet

al ., 1983, J. Biaol d Chem 258, 3608-3614 and Bussey et .tal. 69796 Bi ochi m
Bi ophys. ‘AG{Uo88HC oIty G ongier mele aRiizehs, ISt ROMBE: S eAChRt Moo

ref erencentifedst s entirety. [0090] A yeast menbrane particle (subcellular

yeast menbrane extract or fraction - '
[0086] In any of the yeast-based immunotherapy compositions used in the present

invention, the following aspects related to the yeast vehicle are included in the invention.
According to the present invention, a yeast vehicle is any yeast cell (e.g., a whole or intact
cell) or a derivative thereof (see below) that can be used in conjunction with one or more
antigens, immunogenic domains thereof or epitopes thereof in a therapeutic composition
of the invention, or in one aspect, the yeast vehicle can be used alone or as an adjuvant.
The yeast vehicle can therefore include, but is not limited to, a live, intact (whole) yeast
microorganism (i.c., a yeast cell having all its components including a cell wall), a killed
(dead) or inactivated intact (whole) yeast microorganism, or derivatives of intact (whole)
yeast including: a yeast spheroplast (i.c., a yeast cell lacking a cell wall), a yeast cytoplast
(i.e., a yeast cell lacking a cell wall and nucleus), a yeast ghost (i.e., a yeast cell lacking a
cell wall, nucleus and cytoplasm), a subcellular yeast membrane extract or fraction thereof
(also referred to as a yeast membrane particle and previously as a subcellular yeast
particle), any other yeast particle, or a yeast cell wall preparation.

[0087] Yeast spheroplasts are typically produced by enzymatic digestion of the yeast
cell wall. Such a method is described, for example, in Franzusoff et al., 1991, Meth.

Enzymol. 194, 662-674., incorporated herein by reference in its entirety.
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thereof) refers to a yeast nenbrane that |acks a natural nucleus or
cytoplasm The particle can be of any size, including sizes ranging from
t he size wb2a1masaznal yeast nenbrane to mcroparticl es prodisecad/oms2eé
soni cation or other menbrane di sruption nethods knovvn to those skilled in

the art, f owed by resealing. A nmethod for prod ubcel | east
menbr ane [Qﬁéilact Y Gast epaRlptth A, tyrla?%érzﬁﬂﬁr@ by Ftefcation ehprashee! §r Suchgg

Met h.  Enzyombg 1s18élcr1§&12f@r7é¥can%@ iTR%od! $6789%:f rC%EézD}%t Wlorbb%ﬁsiz% r;rgngggr a“e
particles that contain yeast mbrane portions and, when the®anti gen or

ot her pr onmmoméhembyeﬁéden@aonﬁsrenamyy by the yeast prior to pr epar ation
of they rane articles en _or,.ot her rest.
At gens 7B her s geBrhairg s eediegs iY Bk ¢ B RASh Gl pr ksl ane.

on eitheranguhhasae n@éd héte comaRraNQst PncCetht Balahons dffiesteefl. Suclea metﬂﬂﬁ‘i
protein can be both inside and outside the menbrane and/or spanning the

menbr ane lefdescwbeci/efagﬁxmprbrlar@a@msoffcﬂt eb 1983, dnBiod bl St 36G8- %leﬂsrnd
menbr ane r ec rrbl nant  yeas e rt

Mtact, drgreptiel 1875 AT Eh i R T e e e e i N e P a2
at | east IQF@nd?$¢fbl%dC@-lﬁltltsgﬁﬁr@y other protein of interest on the surface of
the nmenbrane or at | east partially enbedded within the nenbrane. [0091] An

exanpl e dP0¥Plyeast Y@éfrtrmr/mblran%rpé-ﬁa‘rleaﬁuaﬁelh%arayeﬁrfe@ﬁmaﬁnsrPXétraCH ebfraetiar yeast

cell wall r r
enbedded t\%? 1rt% ﬁﬁ Irrré/f{telﬁgelo %gll ?gﬂ\%\ﬂ/aﬁgl?&sﬁégﬁhg lﬁ%%stﬁt ia%ﬁ%rg%tl e%% ek F%V\g ng?élgyﬁ‘ 1%aftltcrleo n,
when admaan ﬂiemfeﬂytsmeamcamhngadnzessﬂangmg dtoms tla: desof & daturaiyaast mesiploaseto

agai nst a di seas tar 009 st strain an be us roduce a
yeast veHPEr@2pfe etSh%fOE SEAERN b ooy R O e AR 1 pds TR 10

m Cr oor gapbMkilidddh tf?@h@ %115@6@ BG r@calify eR HLRSF S prOFERY CfcBRular yeast

Basi di onycetes and Fungi Inperfecti. One consi deratr on for the sel ectr on of
a type ofmgmbrshe txiracss @scrdndr fnﬂmemmmdm Etamrzu80§f etred., 1P holfehi Enz;vynaif t he
yeast . n djsment he non enic, strain s

Sacohar ony s ERPE,DBF R sicusarbion s w e REhABa PRGN b Bl Sl

M ni M zesm@ihraaé peftvas ahd,echdh the anfigerd Htbthetlpdtein s WRPFRSsidAGcyRAShartBNI Cl e
is adm ni stered. However, pathogenic yeast may be used if the pathogenicity
of the ydusthecwasthprioiciganrepprisionank theexasst Rsehrane pasicicsofthe kitigen; or ether art
(e.qg., t r. r.d f r.

i nventio r&%}élnglat ﬁ%%g%i cA@*é% ?C%rtoeﬂzg%n Iyglztaerntles 8%1&%?6?68%%%&&%%&0 S§(ii;egahet
strains trhahbﬂarﬁy diecitire duificet dfethe myediiirhigy) or Rombitatibil thereef 104, thicrpréeth t o
Saccharonyces, Candjda, Cryptococcus, Hansenul a, Kluyveronyces, Pichia,
Rhodot or (28 be ot %@aaaﬁaw 1B mgrbreng snsipraspanning He rembEane of dhesyeagiener a
are sel e%ﬁ‘gbtfaﬁg oKL gﬁbocgﬂl%gf dayedsR AR GHA R ?J,:I)’hglgllg a9fecombinant
Schi zosacc arorry %A one aspect, §east genera are selected from
Sacchar org;eaﬁsmerhlanaae pardtrale thadcdd lhama intanddismuptedeoadpapted Salcehal@nywsts i s
used. Specie east %\érar ns that, may, be.used in the invention include

but are HBETPAT 11 pudes A HEG e ST RRHESR A Ot IR IEHTH Ry dgrest on the
car | sber ggpaiSof th@AdhfiRarR Riaf RAK pafedNyictdh&Id WithiFandihdaptanepi cal i s,
Cryptococcus laurentii, Crypt ococcus heof or mans, Hansenul a anomal a,
Hansenul d0p¥ly nor4h axarmbluw @D@W@@H Warlhgneparetlonﬂwp@pm@egf isalbatddsycast

Kl uyver o e r Xi anus v actis,. Pichi r' S, t ar.ul

Schi 7 osactiar ety MR Tem a7 ShePiies 1 JoR] BiEAS ppordledsRin B oo
that a nupdiesuchithd: ARSRasRROIVRS] progdrbtets, avhréaﬁaﬁhﬂsta%d SIBS PEFIE StimuIRE S
subtypes, etc. that are intended to be included within the af or ement i oned
speci es. deﬁlf%@lfa‘elﬁeféﬁpon%%&ﬂﬂn%Bétsﬁ% tafgeld in the invention include S.
cerevrsr : r r

cer evi sr ij use&#%gégtrgtﬁ‘arllg%rh%lrﬂa%t i|%v%§l ¥ 85@3‘% & kgaS?%Pé eeBgnQ %e?sﬁf%
" CGener al Ilyvdiiaorag NYzed afs ubRkBilap rrmcmégsmsh@rthus Bclasg ftoadlea@[dtltra:a/ eﬁrss(e@RAS
FDA proposed Rul e 62FR18938, April 17 19972 One enbodi.nent of the. present
i nvent i onAscgnacgﬁeaaaS@rqrar%tetswafi Fuagic lipaasfes 1of0me¢;9rn§1éararlﬁ@ fon the elgetiqny a
parti cul gy , n S.
Cor cvi si o By Y BARY: QN RS D R cE i R bl s E Ry IR

expr essi ambodohonstht lyasst ad & con-pathoganicretran sw’ngre;tScanhargmm(as)cemckﬁm ‘Hret i gen
f usi on pro%el n(s% and/ or ot her%ﬁprot eins ta be expresseq. at h| h %}evel I'n
addi ti on,CEAYOThOt AAPTPRASECIEE ¥ eSh Y FIBEVESARY 44V PR © P‘é%&hi iGN,

i ncluding those that exhibit reduced post-translational nodifications of
expressed target antigens or other prof& ns, such as nutations in the
enzynmes that extend N-linked glycosylation. [0094]1n nost enbodi nents of
the invention, the yeast-based inmunotherapy conposition includes at |east
one antr gen, mrrunogenr c dorrar n t her eof or epi tope thereof The antigens

e N 1 .



pur pose of prophylactically or therapeutically inmunizing a host agai nst
HDV infection. HDV antigens that are useful in various enbodi nents of the
i nventi orwbave/tseen descri bed in detail above. [0095] As pdiramsasizms4above,
t he conpositions of the invention include at | east one HDV anti gen and/or

at | east one i nogeni ¢. domai n. of at |east one HDV antigen for ipnmunizing
a subj ect®® “ﬁwng%eg%smc%éﬁ@%@l&lﬁ@eg-nﬁoyéﬁeﬁ, Bathogqpdg zs?fw}gﬁnﬁr fuseia gt al
exanpl es b i LA ; i-ns,
R A b i S A LS A S e TR A i
i munot heegpeutitant cgrmposi t ilonagfordanec i witknoncorspace @ dlsuqecsensiingention,
constructs th[ﬁt are et%a{jslttl cul arlsy useful for inproving or enhancing the
expr essi gIPPEPOGINE YPSHRIBAG¥Cdy pr essi on, of reconbi nant antigens in
yeast. Typpex! | yV.Gdleen 8Epdakeérady theemie bBBEE i hS)in®ntiBE REdIGER( St 28¢ Boff Used
at their amno-termnal end to: (a) a specific synthetic peptide that

st abi | i zdinitdfeteeRgredeginvisesnfCangédd, (Shphcercat el ansenulph K yegomvenifbividaor
prevents sttransla@ational, nodificat;j of .t he;expre f usi. o otein
(such pegt Pl e SRRt hefld WrPsd ox i bRE SRBR, iR DB R

Publ i cat isereciyd. fro2@ GdcdrbehBads, AL andplih \H shedAUGust ot Bchi2@ddehdrompsdpoimt ed
herein by reference in its entirety); (b) at least a portion of an
endogenou8 Opeasicchystbighucri At SsiRcky TR Shetiaromices dlensenylpadeiehigr and
wher ei n ej.ther i Pr OVj I; i f {on of
t he prot g#nolﬂ? nas{jeﬁé ‘gagg%?roglg%yolg ugé{dpr ggeedﬁéggég%egtgt - %agl%ys‘:hg% %Sgg)leqﬁg%i%??%eat ion
of the priotaitios igludbebyteast natelihstellsuc Sapriat@iyes ateeeradia®) Sasbarobades n

detail, for exanple, in U 'S Patent Publicatiao 0, 2004- 0156858 Al ,
supra) ; aﬁqalﬁg@fgf’@j& a?awdéé’.éstal@cwt%%g% kég’{f’egat”yoﬁaot”é’imf?“gﬁa THAULEES he
fusion prgtehn; te _Oc%wse%gﬁbrﬂﬂmt, herswidac euRbndhe pisdstis Er&ymo aAga

protein, described’in nore detail herein). In addition, the presen
i nvent i orKlapteranedeb yfragiah udésvertveuse lafispddundesnichatmar@nfiused {atihe

C-termnus. of the antigen-encodin .onst r.uct articularly for use j.n the
sel ect | o g PG PIRRDT SR ar e Rebp g diromesBponEn et bRt HA Bt ar e
not |im tied th ®e appéciadeatthetal untber BAthESApeliePincARle aSUEiByaT sabdpesits, dpckag
(e.g., 6X His) or any other short epitope tag. Peptides attached to the

C-t er mi nugbypesastaathat genintanded 81 byinchided avithiy ghet dfeigmeatonsd spsees. win ¢ncor

W t hout t ddition of t term .nept l;des di S bove. [0097]In
one enboaalQ ecﬁ’t ?’e%slt s{]}relgl Setl%ggd E%alp?lleg}e&glsﬁéfnul Itlé|lﬁ&a Sgucze?é(;vﬁssl%e?o?taiazgl%'[sl iOI%'ked to
the N-tergolmuspbd, B.hgusantsi @ans. gdohdepeptdeasisiansigtiungs of is atlatiedsteaiyv anm no
acid residues that are heterol ogous to the antigen, wherein the peptide

st abi | i zeBanipHatexPdebeingn Grmetahly Recaggizedr ot aff | i { HBARatr whitc fodor
prevents t Wid i t : r i : i N,
T A T R e R A T ST L
fusi on prtb¢ gireschhatvenden tihea fyohdt osfang thaqisi capablet of réplicatime pavimids aeiad

residue at positian one of the fusion, protein is a nmethionine (i.e.,.the
first an»;%t?%eiqrfy RIgh £ReY BYRpHetyC Bt icarév'isgaeaflrrrétrmnor?i%ﬁ CENePRIACHE i no
aci d resijdyge ichPid hanistPailé of Bl_?pé)mﬁig%ppés@ibﬁlv@ctbﬁs fRQH alRBvIbNCHNBOR a
proline (i.e., the second amno acid in the synthetic peptide is not a
gl yci ne dargat prtigen(e pnd/o3)ntigsndunén pragein@) and/acpiicr pwitduet ke cpvsistd ans 2- 6
of the fuysi,o otein its a nmethionine (i.e., the am.,no acids at. positions
> 6. wediel R B g R el Bt sl e R o REP SR inBEon e
pepti de iifclafiap ttBésct thaie ShildiidiRd et bes-tradSlafiéial insdificheions BELkprosicdelrgeand
(4) none of the am no acids at positions 2-6 of the fusion proteinis a
| ysi ne orangigensr gf withes groteans, suple asninhestigns de the gormes oy oxtend Whbnkesk part
of the sy%&g%liaﬁorpepti de or the protein, if the synthetic peptide is
shorter than amno acids, do not include a |ysine or an arginine) The
synt heti qop®egt i ddncanstendsdisimrd ofsthewmvamion) hei gsist-lased | immndtiasgsct, i s
2-6 amno acids (including 3, 4, 5 amno acids), and can _be |onger than 6
ani no aci@EPOHOMRSEICH At lsgd 8C apfEenomBIBIRECDITEIORIFH G CRef @8 P thFFFdlo
aci ds, 40t AmhfRnd Uttty Bk AL U BUrBACinc OO BsReCafifRRdENt
a fusion proteih conprises an amno acid sequence of M

immunogenic domain thereof, including mutants, variants and agonists of HDV proteins

or domains thereof, against which it is desired to elicit an immune response for the
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X2- X3- X4- X5- X6, wherein Mis nethionine; wherein X2 is any am no acid
except glycine, proline, lysine or arginine; wherein X3 is any am no acid
except newbi2ory1e220l ysi ne or argini ne; wherein X4 is anpCcanisaa2meisds except
met hi oni ne, lysine or arginine; wherein X5 is any am no acid except

met hi oni ne, |ysine qr arginine;, and wherein X6.is any am no j d_except
met hi oni RIPYSy & REORBp 158 gh1 i?féheﬁaﬁe%ﬁéﬁ% BB 2 ﬁ?%@g%ﬂr%ﬁ&d@&q@na
proline. @MPveXRRRILSr HaS YA DELFIC i$ %H@ﬁll§ %n?&%fm&@%?%@ fhb&thakive b¥erdf

expression of an"antigen in a yeast cell and/or prevents post-translational
modi f i catdeseribefl in Hefaphrbowei n i n t he yeast includes the sequence MA-D-E-A-P

SEQ I D 1). t h | t heti ith th
broper t1 Q0099 i A RO Ghef SRER: Y eriPeincaa PRl ks R K e si on
product, HIDESAtigusAloPa [AG! Shetithi@logdiB &RMakP oNETRI R YH DWPARTch 6r

i mmune response agai nst the imuni zing antigen in the construct. 1n
addi t i on,imnpEiZY ahwbjest.f JBisomepapbodimsnts.aichantiges iigyaelision pyetsyl, deveral

epi tope th be.recogni ze | ection agent, such as an anti body.
[0099] I n eé%%lpgeﬁgggﬁ%n%ygp%% %@bfﬁta?)g\éen is linked at the Ntermnus to a

yeast prq0edd], suBfticaall@Arrétefpdaintmdin@rfufioe prodeifs GUEEICare (8ddas 4 &ngfonedt t 0 as
the al pha factor signal |eader sequence, the am no acid sequence of which

i s exenplaffthegepbased mymwpthqrapenty camppsitipinof thoymventionopigeprodecsdaiiis f or
yeast al I i . e assed
or use |yt Ha BEARFRCAERHENRR, BF FabRR I NokiRaRE kR B AT

t he yeaststabdity @f expssian o ut@hednatiahtigdnatin yémt. afiypigdly, itlee desped astegbnar

provi ded by delivery .or translocation of an expressed protein. product,
partial | PIOERA BPURS) HE esck _elam%t%z;@i e(}imréﬁ)ea(se%_ﬁaéwﬁiﬂcar_
expressi aRhid NGt Febiiod hOtxAESAMb S BBINGod PloteifdPaSly Rt VERRId S1YRBIdnAN 1S

to use a spacer armfor positioning one or nhore protéin(s) on the surface
of the ygwstraughfiaiaémoldrcabsanpihe cxpresseddnsions progeis ek pepidostaoe deseabal a

fusi on pr.otei f the antigen{s t her pr i ionterest. wi,th a

br ot ef o' tRdEa Py sraRRend TS bty dfoofrtGnS YBuapbrosrA Fbdhsth Plone
yeast celll2, wab4,. inESipoRXAITREGin BN eefokéale BT @b @hfirdPaibranchg 4psdioh bftar get
other proteins is a yeast protein (e.g., cell wall protein 2 (cw?2), Agaz,
Pir4 or Rngpgqmens g¢as protein, apladingdut pet amitpdenilaha Eactas: waerepr gther fustan be
targeted t t. | .S U .1 h tigen h [ inis

| ocat ed djr?%{l %128%&&?(%3(:131%24%{1 \rll\%ét%}lé%s?p ewg%s%ﬁ“ngf 0 h@r%?etuﬁgllr’l] tgée §§St BaP ggtoeians may
be used fpévenbepsspaaadlatinal modifMesn of G pdYEISPBE Bic Pdagd PIIRE(QIdh, prioteihss NMDSt
desirabl e to have the i mmunqggenic response be direc agai nst the target

J ect ed
anti gen ra¢ HEP deseaiRcd Medtph d@rexampioyibl el RatepsPublicpiion No ofi0ar015ptttefths "ar e
used for shpl%);saﬁﬁl f(cfét”i‘eastt B%urﬁ&?o% E4t gﬁﬁéﬂl R&hds ihfusion dh‘ét%ﬂh ghaul d
not generate suc a large | ne respons to the spacer arm rotein itself
such t hatexptessddromuthe surésp ofi e yoastt(hg., harAgetpratain, desa(ibyd inamarvelctildienea). One

of skill .in the art should aimfor. a smal] | ne response to the spacer
ar m pr ot dPARBERC 106 ST St ARYoPabpBR oS %@?pgﬁt b O gl
Spacer anps cC@fnigs BP%taﬁng&rﬁQnéoﬁiﬂg%%s&&&,%ﬁ@%lébf % ubLirDthe sPIcBiSASRI

cleavage sites) that allowthe antigen to be readi’ly renoved or processed
away fr ormdetidicyieersef the pradesi Sech patiekmolmdentstt udnad flindest do.rAngispigthetieor

magni t ude of i e responses can be use 0., anti bhod roduction, lytic
rosays. i BRI, ASGEERFenbAS e (6 Zorst d1¥Ler PRV | qiRi s phifoe .

[ 00101] Amabphigss drrthaptof e (PRSinuGRIFAY ahfiger! /IcoRtinARY the eiBlioR ta® bO@ked
proteins to be exposed on the yeast surface is to use signal sequences such
as gl ycosvitlheogphet thpadditipsifites Netgmpipaknspadesiibycusdsd abayget to the yeast
cell wall ternat] it oni.ng: .be | 4 s . i
o gnal - sdqiEHlces ot SpbodBRl, L SHGCRPARFAFGATE fE P ABRERA B9 o,

i nto the theN-_immys patietigéh atht papsdocaisisang ioftiplchltawandoipb asil @sideéd cul um
(ER) such that the anti gen binds to a protein which_ is bound tq the cell

val | (e. ghat &ahyterqlogrrede ithe atecaspaern trgcapac drbAFM BFSrerasips oh thieast
prot e n._(liGn Y58 B GhE R GaILISA0WShro0ln O otRENIARAT hyrefiBnafoue 800
am no acids of a yeast protein. In one enbodi nent, the yeast protein is
about 10 axpreg@@ fusionopratimds The syathotih @eptetebadi Netatminahporyieastf the anggam i s

about 40 to 600.am nq acids. .O her, enpodi mrents of .t he | nventi on .i ncl ude the
ety i AR R TP R A TR A SR TSR Sl
| east 350 ami no acids, at |east 400 am no acids, at |east 450 am no aci ds,
at |l east 500 ami no acids, at |east 5503Gm no acids, at |east 600 am no
acids, or at |least 650 ami no acids. In one enbodi nent, the yeast protein is
at | east 450 amino acids in |length. Another consideration



for optim zing antigen surface expression, if that is desired, is whether
the antigen and spacer arm conbi nati on shoul d be expressed as a nononer or
as di mer W0 28R/Ed4120i mer, or even nore units connected tegetuseri2/odfaize use of
nmononers, diners, triners, etc. allows for appropriate spaci ng or folding

of the anti.gen such that art, i.f. not nti en |s di spl ayed
on the sJF?lg‘&Featd’PS‘PHB 09%8@&1%?%1’@9%15& r%lrmet hgp t q}ﬁafa @piden the
i mmnoge%lyﬁtheilpgé&%k%enefthlmaé)t (:Brtﬁe Sl £ADr3 APt b@s%moeamh@%r&n of

fusion proteins In the yeast vehicle, prevents posttransl ati onal
modi f i catpronmmrfs nphe gbocpreex@emonm@ﬁ@n tlpfr secenchamanodicat int the geitheticheeptids ison
protein to

The. yeastobd B08hs PRagoRRy Chroeryls atind Ao ysdiadiahs Rphity,

exenpl ar Yru¥gaprotBindt @i MthioRindS@ecl, Med Mo JMHS a%ﬁ)ﬁsﬂ@ﬁs biemnthehet Part DB
(including, but not limted to, Agal and/ or AgaZ) SUC2 (yeast invertase);

al pha facvbthcte gﬁmdel@a@eproé@quéml@syn@wc issbprtett than fcaning aeidsrcand
retention cthﬁ‘ ﬁl W&%ﬁésa@&fﬂ)gwgﬂ@% ftﬁ’erarh%ﬁaarc |fak] SBtléﬁﬁ:?-geqféﬁé‘ﬁfs% g'_ | and

bud duri ng e er ce ornaf Ion;

Pirdp. [ Q2404 1@ah?§1n661qa1€ﬂ§ﬁl$n63(&lﬁ lﬂ& 416180 atids bep@ttions e, avhictieon anlof the
stabilize the protein to other parts of the {east vehicle, far exarrple in
p

the cyt osypthghc pﬁéldﬁ]qrdhmwafrmalf dhe pmghesis nsplides i short thai P wine agide do
nucl eus S, S I of the
enbodi rrents?rgag%d\%e B;rsrlc: be { % etrlﬁgt ﬁéntr{btlge% %gﬂllkp%%lg—ﬁ&gﬁgcg% iind
phosphoerucidsybulvmtrmecaphrbxt)sla 6a1$r&n<P@Kilis (ke pigody| 4 Cesrmlaonasds),REd @ncbd ri ose

phosphat e i sonerase TPl gene. products for their ressi bl e, expression in
gl ucose iﬂ%gew |3TUNP GEIGE lfarfﬁ%ﬁ INYCRRIS s {0 %E%%Braarlep f6idssR0" amiges

SSAA, SSGLids WIS En RS RERS SI00Mlifo hAGUGEHAND Whose proteins are nore
t her nost abl € upon exposure of cells to heat treatment; the mtochondri al

protei n G¥@A8If or Inmpo rembpdmnmatﬁwmmmtcm COAIDﬁSQs arf @mn@t‘a]cwb@tehw@e@f M-

Veni of e5 50 T SATT SRS ARG T obnEr PGS NeTaRaRar CagBn (e A H Bedt o

produce Yy#@ashe Qﬁgmb |3k of raﬁgﬁﬁl@y G/ABRAS XBI BNEy2RinG 04t € RREt Skbthyninbe
i nvention. [00106] Accor di ng to the present invention, the term "yeast

vehi cl e- dnitingen aigompt:exherein Xgsngny aminogead exenpk sethipringslagingenerdieiari v t o
describe any, %%%é’%% aty Tﬁﬁl%f,aceas c%§% m‘é%hén%e 1{5‘4 ;ﬁ}é‘orag?%ﬂﬁé 954 W&anﬁéﬁesuch

used i nterchangea ase COTposi 11

conposi t i« anfnsisdd ek@:pehieml@mﬁa ligindioearp@$iR0 M8 @nasmidesieidnpebe AbavgducSuch
associ ati.on includes expression of the antigen by the %ﬁalpSt (a reconbj nant
yeast), ipemsRitst .f*&hGWPAEH’Yarﬁrlrh@%sqqﬁﬁ@eéh%aérncepngssr ty of CaRIHEM Ofof t he

an antigen in a yeast cell and/or prevents post-translational modification of the protein in
the yeast includes the sequence M-A-D-E-A-P (SEQ ID NO:11). Another exemplary
synthetic sequence with the same properties is M-V. In addition to the enhanced stability
of the expression product, these fusion partners do not appear to negatively impact the
immune response against the immunizing antigen in the construct. In addition, the
synthetic fusion peptides can be designed to provide an epitope that can be recognized by
a selection agent, such as an antibody.

[0099] In one embodiment, the HDV antigen is linked at the N-terminus to a yeast
protein, such as an alpha factor prepro sequence (also referred to as the alpha factor signal
leader sequence, the amino acid sequence of which is exemplified herein by SEQ ID
NO:13 or SEQ ID NO:14. Other sequences for yeast alpha factor prepro sequence are
known in the art and are encompassed for use in the present invention.

[00100] In one aspect of the invention, the yeast vehicle is manipulated such that the

antigen is expressed or provided by delivery or translocation of an expressed protein
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antigen to the yeast, and m xing of the yeast and antigen together, such as
in a buffer or other solution or formulation. These types of conpl exes are
descri bedworotbet7ad2b bel ow. [00107] 1 n one enbodi nent, a yeadts2@elok24sed to
prepare the yeast vehicle is transfected with a heterol ogous nucleic acid
nol ecul e encodi ng.a protei e.dg., fthe tigen) such that the protein is
expr essed BPCERETHALYQr . g@&zﬂmsua%aﬁ%agﬁleiY§a%|V§§wfeeﬁeéﬁr?C§Hu@5 HIFSIMas a

reconbi nagle ¥RARM RF aBcd %Mgntls'l’a:i”kt adRESHT MRNInGLRion RGO NRASE st arfr‘@@orlt hen

be | oaded into the dendritic cell as an intact cell, or the yeast cell can

be ki || echostbioning awarorbeord grotemt §) zadhs wethacefidhe freashuthion. dfor gramsple, one
spheropl asts, cytopl asts, ost.s,. or subcel |l ul ar rticles, any of which is
o oved B0 RIS G FHaTHer oot PR ob e auR APl pho P ogdugt |
spher opl agiis a padtcial B tBQcHith€ahti nts? @P%ﬁ%@bﬁﬁeiﬂﬂotffﬂntéreﬁtet%QH@?é@ﬂ%elﬂ%ilel c
acid nolecule (e.g., the spheroplast is produced froma whole yeast, and

t hen trar®resemple, pre prcharoten habennclee wsedde darptnether Iplsesaplasestiatein
expresses an tige s el P [ e e ehicle
and anti dénc Tty PORERRLE Pl raTEL R PR G b e R LY
descri bedthergotwin torbeotagzcasineche yédiecsleastl sughihat thewmsigtroadeticr protein is

intracellularly with the antigen(s) and/or agent(s). In another aspect, the
ant i gen( SycaigthPnihesyefpeq of) thgasast oPiteng ptheitham yeast Bipigishmpy bausedcietha o t he

yeast Vel uhfl WEloBRODSI ASAREL wih NBoKGRSK NEbG! Bt e nant aen(s)
and/ or agent 53 Wwere assocl ated by m xing. I'n another aspect, and in one
enbodi nentnminogecr@ntregpondeshe dimebtat agaaenttlicsjarga anxiperessieat thac drebipaesrtdryn by

t he yeast vehicle or hy the yeast cell .or, yeast spheroplast from which the
yeast vetgicd" S Pf%?}%@f]e/lésﬁ‘tf%é]i‘g e gt BnPRET” dPHgpten
proteins 48 D& R ML tNEntra¥LaRh VBJcGhEn@fe LhfonRE RS &RIphAY GRMI RIS any
nunber of antigens and/or other proteins that can be reasonably produced by
a yeast uthifehe) thantdictimpivpalirésponserigelse fargetruatiganéa st oomehelmedt Oneadtskdbout 6
or nore, .includin rom.about .2 to about 6 heferol ogous anti s and or
othor pr dbeRn Mg BT IeE A3 eeu iR Hehponsh PGhE B R B AR AR e s
vehi cl e ghntiiR RERFBOoF MYE Rrb@NartiBe@EE OMYat&hAhsUsdnNBe te@aiiRictide kinawn to
those skilled in the art. Briefly, a nucleic acid nolecule encoding at

| east oneclefespe Hipsdngi gerictie cralage prot Biahaliaw tthesantized ¢ he scagily expeexsi on
vector in_s nnet t ¢ 1 G agi | ec IS coperati.vel
(Toked t O dtEraaRTRE Foht Bt P T Slelo SRhf KBy ol D BELHMNE ¢

ef f ect i ngnairithes of BMstind tésporseOEan’ Bgucatl ed., axtibrlyroductibnt it askal gicec. aci d
nol ecul e when transforned intqQ a _host yeast cell. Nucleic acid nol ecul es
encodi ng %ﬁé‘r%@awlén%ﬁ‘iog@ﬁ§félﬁaﬂ’6?hecﬁrher proteins can be on one or nore
expr essi qilg YAFt Or ey RRGT ALMYEIR: hoMESHnd theClfcd lnffRiy) GRIESShBIiRAB! 0!
sequences. Particularly I nportant expression conttol "sequences are those
whi ch contxpodedt sratiscyegst isaracei 181 tbi @i Ognal saglenass purchnat glycasythhopsitatidgaim

activatian se es. Any suitabl e yeast onpter can he used i.n th
oresent QAL (G dnandioy 413 BHEFT B EGER SF LGN L POV Kol g it Sbe
skilled 'a!&cérhﬁlis%& b%rBPﬁéHahf‘g& s%%rga@Vsecﬁ%ﬁé&%l%dt@ﬂ}géﬂ@ﬁﬁ@é&(s@@%ﬁér fOt&Nd off ae

include, but are not limte pronoters of genes encoding the foll ow ng
yeast pr dnisiassintatheoivotetaty npthvegenatrendloqatpiiintoshe pndophisigg reticwem (ER)

hosphog| Ki : , _triose phosphate.i TP,
Pr anal ot 10ral b g o RER GRS b RS Figh 5B dudule WTRARE. £t
gl ycer al debyipg- 3-1alvas RERkE teeiudéngenaseid SARREt pbem. By da8dprbRiganT DH3,

for triose pho;ghate dehydr ogenase), gal act oki nase (GAL1), )
gal act ose0nsiphek pefacen @ppefy I and rbews¥) aninp) acidiDpt gayuwet pwiciapi lreeis e

(GAL10), ) . in. ; I se
(pros) " Rl Bash il iy 3867 Ol bt YRR o RPGRREY

pr onot er syeagpdoteinck Wbl @0tth &OARIHZAGARIN @ihen@hesdimeatts oh tHeSinvdidiag éatlideen

gl ucose concentrations.in the cell are low (e,g.,_about 0.1 to about 0.2
per cent ) ,tN&yeREProteia Boipg eioast - OnyhiBp il ehisaster® yrpeoicels; ol iRew Ve, a
numer _ofunRSLERAM AGLi ARl SEHYSIRES AsbATo ot Ik 30D GHhidPackEs at
enhancers, are known. Upstream activati on sequences for expression In
Sacchar onyase S50 emaud sicals, anthstde)0 bmincaz@dsnatr dtilpdst €40 tamine heidsASs afe genes

encoding the follown roteins: PCKl, TP, T ,, CYC 1 , ADH1, ~ADH2, SUC2,
oA 5 G ket > CasB i M 150 {heg a4idh TR Y orhe Copid e
product, with the ADH2 UAS being used in one aspect. Since the ADH2 UAS is
activated by the ADRL gene product, it3Pay be preferable to overexpress the
ADR1 gene when a heterol ogous gene is operatively |linked to the ADH2 UAS.
Transcription term nation sequences for expression in Saccharonyces
cerevisiae include the term nation sequences of the a-factor, GAPDH, and

NN 7 PNA



[ 00111] Transcription control sequences to express genes in methyltrophic
yeast include the transcription control regions of the genes encoding

al cohol owbDdapei7aa2d f or mat e dehydr ogenase. [00112] Tr ansPetttiseo20f24a6 nucl ei ¢
acid nolecule into a yeast cell according to the present invention can be
acconpl i shed by.any nmethod by which a nucleic acid nol ecul e can be

intr oaucal PR LG S&_ﬁfgcq RO ERHY, T issdfi%_HPg’l PivRLReriBe apiigau¥idon,
active UIBnsp QAfrh-coRidatisRRAGAL b RxpRb&A S ARRERAIAGDr dFh& 8 K irfdflor, or |

|'i pof ection, adsorption, and protoplast fusion. Transfected nucleic acid
mol ecul essveamdre unns egmatted togetlera Theaste ahmonwsasedioeraggiimeai etedalbrws
extrachr sonal .vector.s usi.ng. t echni ques kno to those skilled ip_the
art Exadl ATBPYE SRR GPELECEr Py GRSl S et SRS Rerta i dluPB i e

di scl oseditiperfi @igﬁlﬁjtf)&ir&l the A¥fadé SE URSEhsOPDANEe i QashnieY HQRIkes ivy@oRt
ghost, and yeast nmenbrane particles or cell wall preparations can al so be
produced meggwestnent |y by transfecting intact yeast m croorgani sms or
yeast Sp*}ﬁﬁﬂ?j‘] aStﬁseV\ﬂ)ft hea‘g{eﬁ%ort elﬁs iy lsﬁbﬁiz?ctbg eg&'egs%ﬂ 68 ru PSP HHELRY i R

anti gen thereirn, and HER" PUry her mani pul'ati ng: the m croorgani Sns or

spher opl aghg wshidlg preedns ossakdigivhal enddifixs€ios kifl thedexipfeskdie fididn pevtginoduce
cytopl ast, ghost or subcellul ar yeast nenbrane extract or fractions thereof

cont ai ni igd@Edpieel hatfugendrefeinotchdrpapias srnpariorny 30 the yeast e gedAdia i ons
for the i i e LGl d I ' e
anti gen g%g g%hog é? 5%%%3%& %@ﬂ%ﬁ% $§g§¥ﬁgé f@ ea%nzgﬁgg&%%bﬁ?P%%pégb
medi um | rexatnptany gease psdteias taiuse amhudee botudrt uoedimitd tef Age t(inckadive] ibutmots
typically. an uequs nedj um conpri si assi.im | abl e r bqhydrat e,. ni t.rogen
and phosdH’_&llteé{a Luieds ,ang/gr ;%gaﬁ)aé%?@sm dpverdspt vy destel §ﬁgnﬁe?%ﬁ§r and
ot her nutgLh@RMes, CPECOWASp bt AMoRSliARGn hP Wtk RACGhARS cell RE1ITBEID! B8 Yor
conprise conplex nutrients or may be a defined mnimal nedium Yeast

strai ns dbcalizatiqr &sknyeasneedinnidohiriogthdmiteal iphasced davghdencatlifetnyatioh; Flolp;

cont ai ner ﬁzlnc %ding, but not limted to, bioreactors, Erlenneyer flasks,
test tubes Pni®tofTRer dishes, and Petri plates. Culturing is carried out

at a tenme0pi4r e, Ok yleRoey FEA HROREENS tARRY SRhinddrRl/Jroftalfilte hegibteht forl N.
Such culturing conditions are well within t he expertise of one of ordinary

skill in athe prts qfstbe yedshrvebickmpprecxa@nltyringhecytlsol ¢reths mitochggdria pethtods in
Enzynol o . 194 ' res n. O ) | o]

crvar menoffpiek i AEBF AR RoRLE> Bl B S9N S AR ISR be ypcd o1
As used Ifer enfi,oft the @ab&tigmkntySehoot ihéladd,ebun droendtrlahit@dHto,r €KersF,t SE@7,pH
range between about pH 5.5 and aboutp%H 8, and in one aspect, between about

pH 6 and Phsrhoceelpatst catbprykingie REKlni phosphpalicareliease hRGKy sngy triose
fluctuat '@ggpﬂa?e flome L0t Rhe ﬁjg@afc%dﬁ&%heip 1SR MRELLIATRRS UG dha

pH neter. suc e use o utral pHto grow yeas ans that the
yeast celdysosalie lgcdimtiom theuhea! shpidkf protdiime S8ay lor 8843,08SHe $SGE tvhate t hey

are in culture. Ln gne enmhodi ment, .yeast are gro in a nmedi um rmai pt ai ned
at a pH |EVEPS'ER 1532518‘11“@‘&?&1 3&‘95? pmée.l?;{s i‘rﬁén%ﬂﬂéfgmﬁgbl&&?%?’ép%ﬁﬁi%e $not

al | oved tiR,dORMBR! BW Rk RoRdrial Efbtaﬁfw@r fRIPBEK int¥ BARChMPiadACW] at a pH
| evel maintained at about 6, 6.5, 7, 7.5 or 8. The use of a neutral pHin

cul turind0QHEt pYletrodefspredneng hycsbtogelvales ednide cxpressingt, comebidiegi ardidre
characteristics for .usjng th east as,vehjcles for i nonpduyl.ati o For
exanpl e IHGARERG T HEnRatTh H0tHens FAG/OR ST PRIERY ot B PRIt @ he
yeast W thediiccRegatbhyd iginfieothctipytddtpesitibn ga8ebatndhtdd BYEthe énv@nsios! owi ng of

doubling time). The yeast can contjnue to grow to high densities w thout

| osi ng t HAPH06e| |Aggardingq Hisinrpsept inyRiiqns gheoferm "peast Feliiclptantginotmniler” t he
productiaop € Wi 4 - r a - e
Censi 1 vaty g cattae oHpERe Y S blsrithy o BB R Rkaliiiln 8FF JBNCq,
densi ti esuehiths swithaiah lastigdsi aab| eanbemaused y éasichmigelbly| exitbl ‘@eagitasatial | s
can induce different or inproved

immunotherapy composition” when such composition is used to elicit an immune response
as described above. Such association includes expression of the antigen by the yeast (a

recombinant yeast), introduction of an antigen into a yeast, physical attachment of the
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i mmune responses as conpared to yeast grown under nore acidic conditions,
e.g., by pronoting the secretion of cytokines by antigen presenting cells
t hat havewphapooyi2osed t he yeast (e.g., THl-type cytoki mes/usnabhwodisng, but
not limted to, IFNy, interleukin-12 (1L-12), and IL-2, as well as

proi nfl ammat or yt oki nes, such as IL-6). In addition, greater accessibility
to the arﬂnflé%‘hgo ﬁlﬁé’gf‘%dal}%mi’ﬂ’ég egrhe Yeabt andsanggen, Fags eby*“%%&%“bﬁl%’tl plgOr

met hods. JiRr3PREBEGLr ARRGRLon hﬁe%st &fof @%bfe%&s REGEQLLEPTRY AT bAERS al | ows

for release of the disulfide bonded antigen by treatnent wth

di t hi ot hr[@80105 ( DA Dpe chmhdvdinenhetycpassil nbal taipeepasaihh yaast aghiclgentrensizotésksi ng

yeast is cultured.in nedia.at.lower pH (e.gq., 5 00115] 1 n,0on

2 bodi et ESRERUPERR TGt R ST ey BRlsH -0 FRterBe dEont £ ol
the expr afsipRitciafis 2RpicdRASHPMct PRAsYQASt Sudah tylcgdtl idfalsy @Rerfch8o Nk diRGE.a The
amount of yeast glycosylati'on can affect the i munogenicity and '

ant i geni deegmbignant yeasior ageeprebipare ysesd vekiclehelheurcpgics!l can s baulgadednibicet | es
tend to N h i.sten 0 r .o} et i. e surface
of yeast Bndctqtie GBSt nabn o E R BLCHRRRY SR PR B bGPt
ant i gen( sucls hoby tbrhaticw b6 et gheiopldstiecyropludtatdhosts air syibaslulaaaaictisngnyt o t he
i nvention. Any nethod can be used to reduce the anount of glycosyl ation of

t he yeastof( whichnisy dellawqd by loadiagi oledhyc dedyateRaiyip dhe gheaddbel@lluse @syeast

mut ant stt Al t b : e 10,08 k mnl ,
et and FRREPRF a5 B BB PR TR WAKS, LU BNBERNISt Rl b e

gl ycosyl dtigorthacplepodast e puatuced from b hehdlayget, adt thge ncansktted )nat orded 1o, one

coul d use a, yeast w th abbreviated gl ycosylation patterns, .e.g., Pichia.
One can é%r%Q}YCFﬁéS‘EOUEWéa%}é%%‘fEOR}%%t Ayt R0k e1 MRS CAORE! BPtCiht o ' ¢ he

gl ycosyl qpofys) [ QQ1d8ktd, ane yesdodhi@Otandf aftipn®Ry 888/t dtAMC AR caRSHAN
alternative to expression of “an antigen or other protein reconbinantly in
t he yeastassagivited by any teelisquoddscebal igeihodulene aspeetathel feastachiglonivashlonda
protein ar, peptide, .gr wth carbohydrat oy ot her nol ecul es. th serve as
P ant | gdnBRaaRy sl olenfr LR PEAEERL S I i) g Shet 1 SBiesToLrEle
response Jgeak(d)i edsScaaraflfion hoh Lol lentlyn ¥ @4the® fo t@lﬁ&@ﬂ*«l&ﬁ&ﬂey Intye alSrBst

vehi cl e, which now contains the a‘ntlldgen and/or other proteins

i nt racel lagpent. the yeash vetaclgans! tiosansiger(s) endder desui(viveriaassoreiafedduenining. olna
carrier s ) e i.fic C - tigdes an r i be | ted
i rect 1y Malhs? Sl BRI B roodilr®h: HE RS AER" RS RO SRR owe
t o those rskirhbigghtiyrbyt the yadst velacie lor 8 thyyddbtfdell 9 9Bast stctopdast franswhich the

| i posonme fusion, electroporation, phagocytosis, freeze-thaw cycles and bath
soni cat i offastyshiste Waxflcgives that can be directly |oaded with peptides,

pr ot ei ns, ohy | I i i , wel |
Bs sphor dof BS¥e. " qmaper of i b R i A ke by WS s
and ot herofathenirsseaf irsenpooduaby arambat oérandénsednd/ori othac proy@as that aman bee

Loaded w415, SpLLASD, B4, agent ., A0 LUEN, SpRSrORLABLS 8RS e
of anti gemsuaed Qore! AefuaageRbi 4Rl Dol Baded it odul eRBkokelidcdCohst Lhi s

enbodi nent, fromat |east T, , 4 or any whol e integer up to hundreds or
t housandsrofimant i gens and/ or ot her agents, such as would be provided by the

| oadi n 1 cr.oorgani smor portions,thereof, for exanpl.e. 0117]1n
oot hor dBET ere PR B oot L el ST BTt in dotT0e RO RHE A e RePM D gent
i s physi galdnyioatit acdalisied Bigny eRBhiqN&NkW: toPM¥SI Sallcdint e hienBriedy, the
antigen and/or other agent to the yeast vehicle can be acqonp!ishe&,by any
nmet hod suluckei &cid molaseleaneoding af lgait ege depiisl @At ot PeXGialiBHIsCeriskiBtg at i on
net hods i i r i.m o € 1 cad l i nki t he
ot gen AnraaFhdoior Bl s Sl b e b ocRORR ER Y ab TR HAE

bi ol ogi cab laytrankdrigtiog cohieolapiigen imadeoto Wt dapiblagesffcdiing tehtReraidhetitusiy drace of

the yeast vehicle, such as by using an anti body or_ other binding partner.
Chemi cal '62Wasd cxpirise) elathe paclgicricilmalecyls whenarppplormed, inte. ¢ hettecp¥icrlidi ng
gl ut ar al q@lg}y i . | nj I W

car bodi i m e%? a‘%ﬂrdgllgf} gn%%?%%ﬁ%%%%i%ﬁ%ﬁ%é@%& d&#%ﬁeﬁgﬁgﬁ%%&sﬁ T oe
bonds, armt nareakpressionwdctore bparativetybskddi tnlohagr meenexpadssios tcantdalrsdquenceshe
art. Alternatively, a chemical can be contacted with the yeast vehicle that
o ors 1 e e e B T RN Yo 4G RS OBoF B EOMRIST € 1 o
of the cell wall so that the outer surface of the yeast is nore likely to
fuse or bind to antigens and/ or other a§ent having particul ar charge
characteristics. Targeting agents such as anti bodies, binding peptides,

sol ubl e receptors, and other |igands may al so be incorporated into an
antigen as a fusion protein or otherw se associated with an antigen for

B Y M = b oy F A/ NA A 0~1 AL o - =



[00119] In yet another enbodi ment, the yeast vehicle and the antigen or
other protein are associated with each other by a nore passive,

non- speciwocomri7maan- coval ent bi ndi ng nechani sm such as Poy/usentioy240s Xi ng

t he yeast vehicle and the antigen or other prot ei n together in a buffer or

ot her suitabl.e forpulation e.%%) adm xtur.e

2012/ 1742968E9): U881y 0W3Se FO0 PO Fam Y ’r?Bo%ﬁqH%?‘FteSof AR esUitablenysash, t he
yeast Vef}irsﬁﬁte@@% bOEs@AThIBEPreQ¢nt Qﬂ%ﬁﬁo@ 59(1 Sl & f Qﬁémpﬂoﬁﬁ)@&g arc known
intracellularly into a carrier such as a dendritic cell or macrophage to

f or m t he to tigrsapkilicd en tompo sProimoters forcapsksien of Sadcréarpna/smemwwtnnbude,

Al 't tively, an.antj th t d d d t
el T i (O ekt 87 ReoPnut O refisciro tp e o W esh i s S0Pt mc
yeast (Wdchy %%aﬂawwhmgr@fsm@m@b layer, %h@gﬂ@l@@&t@ﬁmwmmﬁ%m

proteins) can be ground u r processed in a manner to Ero uce yeast cell
wal | pr epdosphiagmsisomerase &é’r#brm@slp&mad clek@@g@ronye%gtprfE geslpke ((THE2), not

i ntact) t fr S t r Qvi W th
or" o n e DA BB SR PR SIRPRERI v LR, Y0
vacci nes,phpka€j nd&gﬁmﬂgeha%accgam&sokukasbl G AIr1)j ngslhdtet- B@h@@hm@gans@yli 0
enhance i mmune responses. For exanp enZémaU c treat ment chem cal

t r eat menttrapstepg Ol BiPeeglactese, e%éﬁé%( AL 18heiachepros cbdhiY&ai 8897 can
b dt h

[00123] 1 T3Re” SRR RS HEF b ThRAPHOS Mo iy BRUTE BRI M e

i nventi onA]DH@}{CMEDHeamﬂ W(EHGefLmh@trorhamg baeh ikclhliad dhic | ARERIGAPDHL

Killing or inactiv ast can be acconpl | arl ety of
Sul t abl e THEPABHS KAbt el S5 UCORoRORG TR BY gl s dey o B P-lyeast
i's a stangapgyvry P&fceﬁtb"%%e‘ﬂaés' the dﬁﬁlsﬁmn@{b@ aﬁ&‘ﬁleofE@(bﬂolmdté} tLrlEeV@i'éé gan
noni tor the structural changes of the target antigen, 1f desired

st andar d mmthbsodd llmtmmmero:tltvwmms¢queﬂ¢etse(r{h°a$s),\/elsy returtedr tones Iaohiaslcotfs are

i nactivating th ast can be used as chem cal | ectr

s oact NBYBr | P RRTR Ot e P P TRE i cHedarany ehrebr s | n

st andar d ijgagd, bathreWot RGittEId, BROKASS UE n%§ ehRIdnRAse BdlloAAY PRAEY PRI, 194,
Col d Spri 1%g;[ Har bor Publ i shi ng (1990 y of the inactivation strat egl es

used shoulltl, T8, t@ﬁécéeéEmaADH% SUCAr QA&I §ude e pirrh (A LshO @&t\’(ﬂﬂeaso@thﬁlhe
opt i 2o VRS Tl dSARE ST U h ek BLETRE KRB ALY By B &
yeast - bassifcd ﬂiﬁLMDHBeIUASyls ca@ﬁmsd biyahs AR P Ige@hjpltoauat 1tt rlney pe qﬁeﬂatable to

i nvention, including Isr eparations to be adm ni stered a subject directly
or first 9v6EaREsST MEARREZERG Biher aditesalogouseasas is ?R?r%aely linkerd iy the Alier  of

t echni QUG{§A nom s BLP{F?&nﬁﬂﬂt oh%%gﬁéhc%pforaé J (o 18f1 1&@9@/&9@ y&@%ﬂé@%Fdél €s

can be drie i zation ations conprising yeast vehicles can
al so be pndpdﬁé]dtdamimmmhlsaweylewf thao-dactak GARDI, andliletC] genesh as i s done

for yeast e bakln or brewing operations. In additio east vehicles
can be MI@@“& Efran%a Motk & gﬁ‘éc@pteémeés ERGSpite ﬁ{letﬂﬁéﬂ%ﬂhlasyeéﬁ

i sotoni ¢ jhufifennd Iﬂl%hsdrﬁ)tle?lc%'hﬁfBP‘ile é{nsaoh(?% ﬁesh@&todﬁgl hicofetasmbfe g such
exci pients include water, saline, nger's sol ution xtrose solution,

Hank' s sdbunitodshyaineconsver aqueous physiol ogically bal anced salt sol uti ons.

"into

Nonaqueou[ﬁmu] Transfection of a nucleic acid molecule into a yeast cell according to the
present invention can be accomplished by any method by which a nucleic acid molecule
can be introduced into the cell and includes, but is not limited to, diffusion, active
transport, bath sonication, electroporation, microinjection, lipofection, adsorption, and
protoplast fusion. Transfected nucleic acid molecules can be integrated into a yeast
chromosome or maintained on extrachromosomal vectors using techniques known to those
skilled in the art. Examples of yeast vehicles carrying such nucleic acid molecules are
disclosed in detail herein. As discussed above, yeast cytoplast, yeast ghost, and yeast

membrane particles or cell wall preparations can also be produced recombinantly by
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vehi cl es, such as fixed oils, sesane oil, ethyl oleate, or triglycerides
may al so be used. Other useful formulations include suspensions contai ning
Vi scosi t ywenhenioikrzg agents, such as sodi um car boxynet hylpcelusadione2426
sorbitol, glycerol or dextran. Excipients can also contain mnor anmounts of

additives, such as substances that enhance otonicity and chem cal .

st abi | i t yTANEeEHRA S¥AGH Bt ISR TF RO ﬁ%&ﬁtﬁ@f@lm Vb, dopiraPydfatE buf  er
and Tris Qut&acs, \#fﬁdu‘é‘ingxatﬁpl qRteh PMESES Vahi Ve Nehide HbhipeRASR! mdn or

o-cresol, formalin and benzyl al<cohol. Standard fornulations can @ither be

l i quid i nhsotoagdngsnsopr sphdrofdasthiusing ctachnhgics ddoewnup thosa skillicd ablthe lartgtei d as

a suspension or solution for injegction. Thus, .in a non-liquid. forpulation,

he excl graecaSuipenau o sPEiipisat dtkinpkbe ik o St Sionsi Bireh,

and/ or prRsiMat HM8Sd LBtk ehoftepiotgnsvat er or saline can be added prior to
adm ni stration. [00124]In one enbodi nent of the present invention, a

conposi t i[88114n iE&ctide canditiphohen thegpuetuctiophpl kecampingng yewsé vebickasral t o as
bi ol ogi ca ifier n . 0 e Lty .t oduc uch
agent of mdrFapL ot il B og S IREHARhy oSy 8B VB SRR E A ST RN o

| oaded wirh&diah iheabich @ngcadnttrgerand @illtuteas Anasfeecage Mddhineliogipialllyrasponse
nodi fi er conpound, or a conposition of the invention can be adm nistered in
conj unct iagHeustRediem (ceRPTisiHE @sHGEAble spBPBYITats NifregpbiskPhaspiiats aqurces, as

Bi ol ogi c : i ers. in ' t her. hat
can modul SR, T iR Sl R B oA S RS Bt or y
conpounddactas. weht nasiivonpay rdsiptikatompkik futtidres lor ohggbe al detated vintrymaelf

anot her co oun&{or agent,.  such as.a }lleast-b seq igﬁ'{mnot herapguti c, such

bi ol ogi cdN°HER; V&t HBs iR PICs TRt dRenEign £ EUIBYEG Bt BPEE PECOTEHPEE n

| unoModyd BEAEY b HIP RHAEE 16 orshétth RHEnAcR: HaSIGL kA nibRUURR JRSRANRS,

wher eas ot hers can suppress a harnful |nmune response, and whether an

i munonodudaPadriyplatss.useflturingnisc osrbicd atuit o anitanhpeaatgicy el yed sixypers edntent

i mrunot her a eu.tj[c NE%/ de%epd, $ heaﬁt Ny ndgﬁrtt’ on t d\i?se se state or
condi t i orfPPEPPHEPEHFaF TS pPe viSh ST B 5 ARV PR OIS S RAB Y t o be
treated. dperdfairfinkiyodk@@ic te dre&RONGE eﬁraaﬂl%]lfe,i 6Lthrirceabr(edt ), abdy, Mehadchm a

cel | -nedi ated i nmune response whereas others preferentially enhance a

huror al i aimelagaspydnb¥, AicagemicPaepss¥dndica®le an i nmrune response in which
there is | ACr eas I .of ce d| at red to h r j ity,
or vice \}ggls%‘.]) . e%es‘r%?n ai %ﬁllgll)%l gﬁtﬁcéafll ﬂlrgglgﬁ%ﬁl‘s%g’ &g%??f eeggo %&gﬁ'%n%u(t)ﬂra Fme
properti esndifiosQNMAB NS fidtcibhthe Reatrapiealf the @parhtesal @i yrefsd tdapHdange

i mrunot her apeuti cs aor enhance or _conpl enent the_ biol ogjcal ﬁféoperti es of

yeast - bas¥8VesHribRBE Né P epddabedt PHRetrd ig08C gsnrambetest abat il G aibatenbiin t o
those skidheg ék'ﬂll Fﬂ%earfi{;vhl %[Iﬂ)fr?@(% Wt n%hbﬂ#{mﬁﬁdt%@s gé. %S AR5 HufBre@ins | GIRUNe
(0] e cel | - medi at

responses, as well as t rentiate d 1T mune responses from
hunor al icmunehenasponseg withrachbH enethirf Aarsectt, itlxt escarfiacttygd @Hoto grew lyea delést ed
response fromanqgther (e,g., a THL7 response versus.a THl response).

[ 00125] AGBFS [ eovgﬁaétg@? PSRIMER l%f‘dﬁtref%ﬁ?%%swérftx Hs i i ey

i ncl ude, jRubit@ke 1RGhe LhBbiigtnt, Qead Xt OLioRSSin LREMBKI AEDai AT AANRS levkl Hf di C
derivatives, peptides, proteins, polysaccharides, small nolecul e drugs,

ant i bodi e leastds . ari.e.gthe 101 ndithegeuitusgymedius ishet edéwed trednodibetpw bbtS.hot In
limted to, anti-cytokine antibodies, anti.-cytqking r tar.,anti i es,
ant 1 - cherfRITESEN bEI 86 F0uh abfElre Bohyhtdst Pl B RB Por 3l aMif net ng
noi et i es,ysaBF amBiitsal pANGh @iltAMAS yERplodiodsSsevaNBioRdidaPOif&tPUeNrs dedifbude,

but are not limted to, IL-1 or agonists of IL-1 or of IL-1R, anti-IL-1 or
ot her | L-chamstcagiénsi & susing g geashgsnoditcdesofor | immunpmagiulation g REor gxgmple. 6 or

ot her IL- ' : - kst f z I L- , i -1 L-12
or ot her ﬁgﬁﬁgégg%?g%%ﬁ}ns{%m&? Ig?lrla/l?tg’?pgogo%ogt% uﬁhlﬁ%?%%?t %V%tﬁ%ﬁlfg%?%

anti - | L- kffeor orothaeell lgknctdti@ntirag 0ag.s slswidgdofZbublinggen). sSThe pdast danZbntifiucof

| L-21R, anti-IL-21 or ather ]L-21 antagonjsts; |L-22 or agonjsts of |L-22
or of |L-tozrew fpigh densibiesswitheuidesing their cglvupdlopliadfltty. [The pac ot 2 agEl oHs of
I'L-23 or les Liof 3 pRSHulctidit ?é/e%t \thﬁ'eﬂliagfe' S 33118988/05 tRast! that?@reChore

agoni sts of ‘TL-25 of of 1< 25R anti-IL-25 or other IL:25 antagoni sts:

| L- 27 or sagonvestoscelfwdlldi@dsting cofynhds-(2.£R ghamahase) bt-27hapyesotiérartick L TRAR trait
antagonists; type. |l interferon (including | FN-a) .or aggnists or. antagoni sts
o Roon! B e btRe et Slehio ot BRSR SIS plIT e RiuRIBRRST R ioraa ne

| FN-y) or agonists or antagonists of type Il interferon or a receptor

t hereof; anti-CD40, CD4QL, anti-CTLA-43antibody (e.g., to release anergic T
cells); T cell co-stinulators (e.g., anti-CD137, anti CD28, anti-CD40);

al entuzumab (e.g., CanPathQ), denileukin diftitox (e.g., ONTAKO); anti-CD4;
anti-CD25; anti-PD-1, anti-PD-L1, anti-PDL2; agents that bl ock FOXP3
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[ 00127] Conpositions of the invention can further include or can be

adm nistered with (concurrently, sequentially, or intermttently with) any
ot her commpountdsi7er20conposi tions that are useful for preveemusag2042426 eati ng
HDV i nfection or any conpounds that treat or aneliorate any synptom of HDV
i nfection. Such agents include, but are not limted to, small nolecyle
drugs agdMStCHSAPSoy a5 FerapgTed dpoast gaWA Indpg Ejore P@cha%%l%bt}onﬁeﬁﬁi’ ;{%d

i nterferqp,@dgnd FEGRSYEdn oF tyRddict ib9ramig9[npf%§éﬂdngrb%_119fthatt hgvd P%%BE%@EE&G‘“ be

used together with other immunotherapeutic conpoSitions, inc

pr ophy| adhé¢ geaanh@/gor TH héymmpotakinesiimetudiog, et apiylimiwd toelie-yi infenlaokihel2bly-
conposi tians e,been approved in the US. for .the treatnent..of HDV, such
conpost ¢ ameealf 7t Uel AP B Reiono eviaBined SR Bolir e VhGR e, EFE Vi r
vect or vageds®sity @Y iRKiMBsns RSN QI WAMKSMREEd 8Y Qudh SARME $ackiddd. . TLR
agoni sts, i nmmunonodul atory drugs). Li20128] The invention also includes a kit

conpri si g aaathcopsncle thonpoel newib pHefe sopedkntigens #lovey fogngleate afitde di-

s i st Pl FETRSRETedin b ReBBTRP i’ SPRRERSTUZER, IFF & B A5 B8NReT i ons

of the i nvenhh aftigewhixplessagyéaclswdRru@dyn gReiac loWsrH @.«d.pH spnbi nat i ons of
two, three, four, five, or _nore) yeast-based i munot herapeutic conpositions

descri bed Bk n Inpgme eamhadiaey. Fererol o the PDOURT &t ¥aaiseXpRpyION dh Upidbitei ns,

and/or 1 eeonpy tﬂ@g%%@&éﬁ:%neégcaggig%% BIPhE UL SHaRRGAM 3:2?} HYSHARY M AhRIASo O

fusion protelns cribe and- ot hier conp I ons conprising such
yeast - basedstc glypasildtioansan affiectgehns imprumbgématy faugi anigpniottei ¢fs thaomantigen
reconbi nant nol ecul es descr.i bed herein, C%H b sed in a variety of ifn Vi vo
and in viTPESHEOES SUHet SRFnEeabmeIsHst r??géﬁuﬁ%’; 4505“911&5? CHRGN YT ©

prevent HiN.i plRets @8 @B%utfhse %??k!@ét%d it iflp RS e ChARSANEnial PYee OF tO
produce anti bodi es agai nst HDV. [00130]HDV i nfection iIs detected nost

t ypi cal | yaromyndrtbe sargesrmatigend$) sHOWdRMAGongdeteredtin dine wbdulagorHD yest aqgerdifgHoAg)

and/ or detection of,anti-HDV (antibodi es agai nst HD Det ect i of HDV RNA
can be pabt Gwar 1A i e’ PR RO ERREE Tl Lueroiae s Y oh
may i ncl ydeincreasd ftUif Q¥Hrddfli Bt dxapldoné @l € b fyads edutfi 3GSRAhM AL B&& chai n
reaction (RT-PCR). RT-PCR is the nost sensitive of these assays, and

detects 10legeddaewrailow Sdyaesy lpiey (ag., amnil, pEiV prfvimend meaaisk of youe canldy
et oot 0 DBV hUISP UTIPGSOLRRD AR o FoLFE) g gt ophghrInRE ey

an SO0 be uorésence o
i mmunohi sAlegh&iviebalons cauldiudg aofeabti wieh abbropiaicetplyDyiagoHBMtdrn, @i Rithiks
essential for HDV infection, the presence of the HBV surface antigen
(HBsAg) U3irafanplyortescetiescpti asinamdhqds sharedueror alter the glycosylation.

[00116] In one embodiment of the present invention, as an alternative to expression of
an antigen or other protein recombinantly in the yeast vehicle, a yeast vehicle is loaded
intracellularly with the protein or peptide, or with carbohydrates or other molecules that
serve as an antigen and/or are useful as immunomodulatory agents or biological response
modifiers according to the invention. Subsequently, the yeast vehicle, which now contains
the antigen and/or other proteins intracellularly, can be administered to an individual or
loaded into a carrier such as a dendritic cell. Peptides and proteins can be inserted directly
into yeast vehicles of the present invention by techniques known to those skilled in the art,
such as by diffusion, active transport, liposome fusion, electroporation, phagocytosis,
freeze-thaw cycles and bath sonication. Yeast vehicles that can be directly loaded with
peptides, proteins, carbohydrates, or other molecules include intact yeast, as well as
spheroplasts, ghosts or cytoplasts, which can be loaded with antigens and other agents
after production. Alternatively, intact yeast can be loaded with the antigen and/or agent,

and then spheroplasts, ghosts, cytoplasts, or subcellular particles can be prepared
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[ 00131] Acute HDV co-infection (HDV/HBV) is characterized by high titers of
| gM anti-HBc (antibodi es agai nst HBV core antigen), which are anti bodi es

t hat di sawpear2/i7se2ohroni ¢ HBV i nfection. HDAg is al so amcearskyi2maasrer of
acute HDV infection (both in the co-infection and superinfection setting).
Anti-HD aptipodies are |later markers but can be useq to establish th

di agnosi stﬂ?rfcgt)we AN IF‘an?FéPEéP%geélﬁ andigrp ﬁ@%&ﬁnﬁr%giﬁﬁt?adaﬂanta@eveaﬁ ehtiiccat or
of progr e§shRNehBoEREANIfonk R 8&k1 N2, BN 4Ckyr Y GhoRVididPef Gl RNhuddt &' €
conplexed with anti-HD at high titer. At this stage, it is difficult to

det ect HDRgusandst dfeanitigemsr gndinrtotiMDVAgRNS sualn as youlkdabd probalcddlysbe briding dflve
serum and. the high titer o% an if- HD i s, the main bionmarker used to di agnose
chroni ¢ FEN"%%§ 8?11.’0‘?6%51 SFRPNPL CalBifsi dered to be eliminated when both

HDV RNA i[00118 Seahuib@BdedibRgment $MBe bicy@it iRRAAOE, MAensibsd eftl/byotHadgkRCt abl e
(Pascarella et al., supra), although only when acconpani ed by or followed

by cl ear anpbysifallipgiaghcd upthosieestashicimtThyeiepl attrchmentafitlee ansigsh ded/edother be
definiti Va%‘entl b Sy R8I gYgd fhat c%&ﬁ%@s%‘éﬁ LORIE M0l s%ﬂ&l#lé Hﬁh%%‘ Hl%ﬂl'd?nsg Wl
protect agal nst r%-lnfectlon Wlat , an& Cl earance oO tl e vitus 1s

t ypi cal | woehlantagid hbz-eovdiynt na3ssdtionaiehiodo fwhAthT idctiwi] Dut heddet limted o) 1 ver
necroi nfl ammati on, and halting of the progression of |liver_ fibrosis.

[ 00133] Ofdcwimsdy| wesstinkgng i antigea moden otldr aAgert toothy owrhgefaeo of feayeasthr oni ¢

hepati ti ' : [ j : ' eat
a1 cast SRS BBk BGEL IR of ABE RKERLo uTEbGREF. BF i

popul at i gragfvehitdk, Wuduak dy Sy aethidebdynal etlesbinimgspaemeot Chdmidal stasd Ng t o
an individyal or popul ati gn of individual s, who are chronical]y .infected
Mt LD (BHiE P B e 4Bl B SHA TRBRL o B LR TGEC. |
one aspegihotdafithifOAPARI treftnicfit Rth icHTHARRMIRS 2RPEMHES RTBRShiEAIQRGRIPEF Si NG

one or nore HDV antigens as described herein, which can include one or nore
yeast - badedtingnansutiideehangde uniddraatmp siith athst. crbss-lonen@sipaeitals shedadnpdsi ti on

includes a protein or fusion prqtein c r..si,ng HDV antigens as, described
ner el n. g oSBT AL AEE RO oS P BN E DT A SIE (b SUERT or
fusi on pragtied RpidIbllaPifISRE Glombrie: oié ¥bEpaitidt oPBBPYLIR R R0 Ghatitidbitbdual s
is additionally treated with at |east one other therapeutic conpound usef ul
for the tsedaemehtheafcasiDy maye dikelyotn, fusuehbiad ta anjipens|andfpr etlics ragant( aving
|FN-a). [ | [ i-ent. of .t he invention, . ' -
treated, H%gt\%cﬁlﬁ% Ccr]llﬁ}rg%ncﬁlg%lgl%%g{llér:sfeﬁ&t (ejtrlll?g \%Fyein]& a%gloa%taflulgtrog%g; gol? i‘ocglﬁé R%‘é%{)eg’d wth
hepatiti soBibW fedsptotsBMId ohec hghide ghay, alsd bé sncargoudttd @ito as patgernods 4 Ristonret hod
of the invention to concurrently or sequentially. (before or after) treat
the subj dBPtCHOPT PHRETVHRY/apseeiated; With ap apsigedqr bindingendt t9e pnEerhsnther rraple
useful faqp,. 1(&(qjﬁe‘venti ng and/or treating or aneliorating HBV infection. Such
agents i ncPu e, but are not limted to, anti-viral conpounds, including,

but not I[[06dk8d tWhemthelaatpérder @hal pogam ik ex@essed bnan phydiql lgsetacheditbithcor

(nRTIs). In one.aspect of the invention, suitahle antj-viral conpaunds
i ncl ude, BieCap TROYCast SPRGSH SBS Maindt B0 ASROGH: e,u|lwk?9faﬁﬁ% OPERNZA R ) |

adef ovi r 4oHERSERMher Jrétehi Mpetshien of Yefeon tBNGBERY.] Thé BARN Y Fcer ARdls)

conbi nations thereof, and/or interferons, such as interferon-a2a or
pegyl at ecranpfigetf o mugl af (IREGNSYISO) otber proten fseexpnsed. foFbmdirgeon thestirfeest  of

BV, oSt GSEAE, THR, MR P AL 0% ey OO RHOhTEy
addi ti on,ofodkiielin GRITRASHI st fa0§pat Bearnt @ad rEEREtuefes HBMoRENtcDPaciapTon et
antigen or other protein on the yeast surface. In one embodiment, the spacer arm is a yeast
protein of at least 450 amino acids. Spacer arms have been discussed in detail above.
[00119] In yet another embodiment, the yeast vehicle and the antigen or other protein
are associated with each other by a more passive, non-specific or non-covalent binding
mechanism, such as by gently mixing the yeast vehicle and the antigen or other protein

together in a buffer or other suitable formulation (e.g., admixture).
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with the conpositions of the invention for treating HDV, such as various
prophyl acti c and/ or i munot herapeutic conpositions for HBV. Prophylactic
vacci nes wonrotdAvsizave been commerci al |y avail abl e si ncepCiase@nrioy242980' s,
and are non-infectious subunit viral vaccines providing purified

reconbi nan patitis virus suyrface anti (HBsAQ) can be

hdri ni st APLER egilA®A 5mé?9d15rqnf At therayeatigh g M?érsémlrlae ﬁB(? ghjor other

ther apeutGieHAGET 'basrﬁowd ihBe1lAR 30bANAAS MR i RAic RE1 bP frakfd gﬁrgel on
relates to a method to i muni ze ah i ndividual or population of i1ndividuals
agai nst HDVoinntherthierptuticgoapesitiomdi/vagsineatfitbe prepeng visrenticihr ditcmatiply, an

i nfection, .and/ or .reduce the seyveri of nf e n the .i.ndividual

o popul ACHBH B OIREPUTGS. Seriatirbiied aerin s ihahs pBshE ob i WSt or i ng
to an indjeyicgual or popul ation of individuals that is not infected with HDV

(or believed not to be infected with HDV), a conposition of the invention.
In one adB@EAL] tHe cnerpaheidiment, ingachpicastriniitloh evidipulexnscssompysiotdrologous

conpri si i &' o8 g fﬁl\é anty Y eround>y d815§ o 0§ Hlea%ﬁa%neﬁ 1 eér%ﬂu Qe OF
nor e yeast-Based i apeu ¢ ConPosi Pioshs " ' oné
conposi tieen dzaﬂbbtﬂ:@a&n&ng y8hdD MndAirhed ParCiolkP ok S fid@h{lear@t(rz ge st Asactiesty | bed
herein, or reconbinant nucleic acid nol ecul e encodi ng such fusion protern
[00137] | ﬁhwéa%irf@&en@fcarlhr% SR SHILAEIICIET bFr{éOYlﬁ%H‘tlthoW adrpiwisierpy edth or

opul at 511@%1 n of the
Pnegntrggﬂ?%.apﬁ) E%Hp%ronrca l%ﬁ%ﬁﬁ@?}%dfﬁﬁ%hﬁﬁﬁé%'pﬂné ﬁ@ggggg%¥ﬂg? t he
i nvent i orkill¢cher mramnermetd pmbogeas)aﬂormmeahﬁmmecrakpcmsesnfE@t@«dmpﬂd, lenkiBhaticay be

new y di agnosed, dia ig;aﬁosed but ¢ rre 1y L%ntrea r the HBV i nfection
Fegar I edEAgRCY SHETLT 4 SR TESA aF RRS OTeG e gy é%@ﬁf“’l“ﬁa RO CafigR)
chronic Wbb%@&?&'b@&k@ﬂﬁe?@d@t 1n'&%é:i%ech§t%% f&lisis Whadfuau@, been on treat nent

for HBV infection for a long period of tine (e.qg. years) Such subjects
can al so [08E32de Ismee@nlsodmgnthtaﬁl‘élebemntltonea@a@d Vﬁ'mpleHE&\s%fpt avrtlmrsllvyntamj are
bel i eved .t f the HBY infection he present. tine,. An

ot ndb St Rel Eigouber s Spt KEST o Befhtel IS ptétTBtind P Phkruni 2o
i ndi vi dualaf 8 at@RiplisddoRy a8l dfndiviiichialfssuiiele MBYthO@ Rhowik @RURE aftl SKorOf
becom ng infected with HBV and HDV regardl ess of HBV infection status

(e.g., tHesaplenbea)iivpgtvaiionef ygastilharptangesd way @f inactiypingriegsit indeones skill ¢ he
HBV f
LBV e 07 et B8y PR Ll a0 LR, AT, Lt 9 4R S0,

or popul ahé¢theds la{owmﬁhl the dual sltyvietiatyg oaherhn@h@ds crfi 1akctﬁzfatlﬁg< ﬂ&swaet ¢am BBV

i nfection as conpared to the general popul ation 96? ue.to location,
occupat | HSd-anh o¥ Hicgheal %lﬁctﬁ%lcﬁde@@tla%@amtraﬁh % hSFi”aﬁ% FKEPIsn thef - HBV)

may al so Q) 7&&1%9&“ RS Gahld ( GORE %[t %yt}xtbl?&l{st 64 at ! ¥ctodt &S €

i ndi vidual s are ocat in an area ere s endem c or pr
[ 00138] AsEmfmilgmr &loh, 19%4h €oph Bpisieg Hlar‘tmatPhbl—ran Nf¥0).1 dmy mfrthamyacpeatmnt ation
t hereof (e. for HDV |nn§pt|on etc. ener al

appl yi ng sga%grﬁ;'rﬁé‘éﬁﬁrda@ BSnSEQI N6 HEBIRDE RE HEEAD] Btﬁu%%ééﬁjtﬁé trrtﬁ?fect i on

(acute Oranﬁpérpﬁi'tcpéoﬂﬂﬁl%ra@rﬁi Whd Bbserdk LibH R QPdhs t@fopﬁﬁﬁ]ié%s' i Rloglhit#y.nat i on
of detectable viral titer (e.g., reduction of viral RNA), reductron in at

| east ond08123pt onY¢ags uvehiclgs f eaym béhe fernfubated omtd n yehre-basedi vinduedothadagiyayi ng

or preventrn he onset and/ o everity of s nd/or downstre

ceqber a CRIURAYAGS rte profEee A6 TCy Bisedt ShBHo: AT RE GRSRIBIBE! Ky st em
damage ( edehinisetddr {608 |S§B ed’tQﬁthcﬂy RE flrkohddiintd b eGli@NkuCE a8 -a, ddnadtietdepn of
abnormal ALT |evels, ductron of liver inflammation, reduction of |iver

fi brosi s)using é\ﬂélﬁtheb@ atrr‘dm&uer &aovni tonthpse shillcd i dareary For cxample, yeast
vehicles can be dried by lyophilization. Formulations comprising yeast vehicles can also

be prepared by packing yeast in a cake or a tablet, such as is done for yeast used in baking
or brewing operations. In addition, yeast vehicles can be mixed with a pharmaceutically
acceptable excipient, such as an isotonic buffer that is tolerated by a host or host cell.
Examples of such excipients include water, saline, Ringer's solution, dextrose solution,

Hank's solution, and other aqueous physiologically balanced salt solutions. Nonaqueous
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and incidence of hepatocellular carcinoma (HCC), inprovenent in organ or
system function that was negatively inpacted by the infection

(nor mal i aa0i20re/106228er um ALT | evel s, inprovenent in |iverCrnfsc@ammetsizon,

i mprovenent in liver fibrosis), inprovenent of imune responses against the

infection, jnprovenmenf of long term nmenpry inmune [esponses against the
i nf ect i on'NIHGuEWH FeBtdd Uikt i® n&r%zﬁ_&hﬂﬁiﬁaﬁ?’ qrﬁﬁ%&éﬁgﬁéﬁaawmawﬁ- of
the i ndi v@ualschli rARI RIS He1Rfe shﬂ%‘nyibﬂé@drﬁainﬁ %ﬁasitwhg%&ﬁg g%%ﬁ@,kl!lch

survival of the individual or population of individuals. Al

par anet erss sdenasadorparctddlccbulohe wtiEtals glyferoher idediran. d aicipentpapulado on of
i ndi vidual s, in t.he absentce fOfddt he use_.of t etHDV i mtmn%t her apeut i'tC

conposi t i AL bIM P He ARVER ot P51 GRS SHREISER et by Sgeniq éa%%nt is
sust ai necth¥micl stab@igf. aRLANPI8S oPbulf@3 SlclRicT PN Fift bl e, blagrbeRIP batkosdof

t herapy. In one aspect, a goal of treatnment is the |oss of detectable HDV
RNA i n t heissyffon whide pomaplenof presdrvatsies ifadideotheacrpsel cine aF arfreesobffommding ( HBV
surface haen), 1t I r, ef I - L eye n - -

cor r ospor ra Aol Brirplh SRS PN S EaR AR dh ryish ¢
the HDV tgagaicreitdn Weics shiedhBged s asdushendidny soluion foeiiectibn S dthus,nhiaal

adm nistration of anti-viral drugs for HBV, aor other HBV therapies,

i ncl udi ngrongiftuich GIrmuiatiopetheteFCipiat s 6PHAESS, EE\LXHPlH SICKEPEp YURYE SETEM of

ot her thejapsyt i S, f . 0 ect: t tpent is
t he deveﬁagprrelﬁ{t ag?/t)gﬁl)?%sgﬁ%l{lzgs %gﬁ %\cﬁo%t\%glres?%tr??%gg%?lﬁ%tac a?ﬁ(gel ﬁ%%& ]%Ig(%tl{s?HD) :
Ser oconverdsiinistratiy. be det ermi ned by radi oi munoassay, enzyne i mrunoassay.

Additiongl results of successful treatnent of HDV infection includ

nor mal | 22l T of TALTY SRBPEIMaEALCHE GRroTGR! |MYRIORe dr SRTRAS At SRETIden

hal t of taRiRNAYLESHE,OWhRh hayehlsh! BE Afetred [PAL4BbIobRal RESERN "mbdMer

i nfection, or any permutation-thereof (e.g., "prevention of HDV infection",
etc.), gewemabhds, peflerabilitp tappldpcagpcbragantsinmidsiices.i hor exavphpesictstorhiste t he

i nvention before ipnfectio i th HDV has occurred, with the goal of

br event | RAERPEEYRgRt By QU et st Iy R SRE b e pee
enabl i ng raghonsineddiedlcolPothE @t 22BorasdsittontBIMhic Theikioa taii Hehiatinfstérd By
intervention), or at |east reduci ng‘ the severity, and/or |ength of

i nf ect i orroanaciden ik phlgestodnsgigeal/bigkaeaesé rewassdmsyifiche Biotagtsat rPsppags i on,

i ncl udin »~ Vi SUryi [ i ndi vj - [ f

i vi auar SIS SRt YR ol Ao et Bh sRIaREE HLBALE HeBanscs . o

i nvent i onyvigiain nig besetertad tpravigmiunohfodtiatriiympbiieis howell sy chmpsulds @bl i ng
an indi vi dual, who_ becaones a_cutelfy infected with HDV subsequent to

admi ni st rBeqi6h thsr biplegieab pstivity pfotnothes qomnonnd g asnk | wsh ¥she Yeastdwssdon and
not beco ' Y |0y imk resent | i's
used To prELeRREERYY N BRIGH «Du AU GRREL I P I PRFRES I IFEREAR 1 an
i ndi vi dudlergir ammmbhpdiulafoey t @thpouhds IHBY, stievdate i & prdtecthBVimmivgc tresponses not

itself cured. 2012/ 174220PCT/ US2012/ 042426 [00141] The present invention
i ncl udes théeaae!\%gﬁyce%qﬁmrasr& i éarTm%i/’lrm‘HHP‘i%ﬁ | GAYOSE ot oF e o

i munot hgrARRhIcAURRIFP 4 hdchiANg cOhbldagoh YA 5i0fh yéRebidl REnfnY@eshohased
HDV i mrunot her apy conposition, to a subject. The adm nistration process can

be per f ormaddenendi atdeast i paryi onothe higeasesstaty pir cahdijiopér bo tgaidd ion pravented Ex

vivo adm ni.stration. refers to performng ,part of t.he regul atory st

out si de GPIPRSTHIE RIS, ophiond Ty B Hredftar | Ggdn Binlostsrt foroBe PREMPesent
i nvent i onpréfRreatiPiPPhRdicomn @Ell-gRldlased demdneé trbpos&) hdbrebs mneed pldfoh@alpat i ent
under conditions such that a yeast vehicle, antigen(s) and any other agents
or conposinhpnsgs? Braorabaewny feonsfe(icel qan st late RoriRinpct 1§8pARSE i whicht he
patient. - i NN I; {00 G

ot ur ned Paca BEIPRTY 1y 3TRARHAR opl e RRRRE BRA 8 PG o e
of adm niGdrtaai bidtogi¢d)@dspdhAdmbdifiRty RdvicOdheOdr RoGOPIPSItiES O cédmohewRsly slicem c,
mucosal and/or proximal to the location of the target site (e.g., near a
site of implesgicplopippersgs phprestbatdesnpEnoRarineuties gt FRhfnGE Of cBRPEHIAE 8t to

t hose of Whicai - ar i of i t.LO

prevent ef%ﬂroéltcﬁle {6 ?U%héf ﬁ??gdégédaggg{hngﬂﬁf%}%? Ye tg%ggtatr(b:e Iﬁl%g%ﬁl?afti on
or ti ssuegechamice knowoctepthatd skiliet hods aft tadneasinst staulatmon nc lsugheesstont ofar e
not limted to, intravenous, adm ni %at ion, ilnt raaE%{ i.t oneal adm ni ﬁrt ration,
i nt r amus cOFMMCAEFRMSEY e PEH, 25 M AHASERIaIS Rl mediaien iBRUNE HEPRdsSo HARY

adm nistration, intraarterial admnistration (e.g., into a carotid artery),
subcut aneous admi nistration, transderndl delivery, intratracheal

adm nistration, intraarticular admnistration, intraventricul ar

adm ni stration, inhalation (e.g., aerosol), intracranial, intraspinal,

i ntraocul ar, aural, intranasal, oral, pulnonary adm nistration,

. T T 1 v o, " o




[00143]Wth respect to the yeast-based i mmunot herapy conpositions of the

I nvention, in general, a suitable single dose is a dose that is capabl e of
ef fecti vewg 2proovikxtong a yeast vehicle and an antigen (i fPCrnsbaded)2éo a
given cell type, tissue, or region of the patient body in an anount

effectiv elicit an antigen-sp I C. | mmune respqgpse agai nst on or nor e
HDV ant i gwfﬂrm%‘meofﬁ%@m%é ﬁ&#ﬁ@ﬁ%@éﬁleéﬁ%@ BE ﬁg ? §SH961%?

sui tabl e atn'bfﬁ%rgeeélé)qullf%s §XRAREGs o T OREp RO ment, a single dose of a
yeast vehicle res nt invention is fromabout 1 x 105 to about 5 X

107 yeast[08B2]] eq‘tugan&ﬂ/lanloglcpbreslkoﬂsogmimﬁidmdyeﬁn]emgm ntvfentudiemaygtmm@nrbbtel ng
adm ni stered the conposit.ion n.one ect i n ose a yeast

Som ol o are BSOS iuen oS, FRRRGEL PG S0 R0YS Bedias Y b 1o
about 10Gyo¥yskkchdides, 481 Gedib&le Bﬁf s 0a®odies @nd aﬂt?genochﬂéiﬁ%fﬁ@gmehﬁo&é{@bﬂg any
interim ose in increments of X 106 cells (i.e x 106, 1.2 x 106,

1.3 x 10dinclyding, hupnet lem‘rﬁ@;ﬂtqmml cy%@@santlh@d@@eanads@imfétmnr antibodicand 40
Y. U, dos% 1-0?1%%\’\%1%6 ghtl\éahltf 1ns po&%nu%?esoga%sb eﬁu\@?e?p \?%HYbllﬂd cPangmvquX Uan d

doses betWeen SES between

i n one aspesiers, bﬁﬁ%@ﬂthlﬁlokfullakor@ndoﬂi@ sifithble apéhty iddludefButYarbl.not Tithitéddo, oF
80 Y.U. In one enbodi nent, the doses are adm ni stered at different sites on

t he i ndi Vitduar agsuisted iind of RE Isd ke apfbdilPrsehardl: | el omasenist U,
dose may fq; g o fL 8Re§11&1‘41@-6t6¥ ot Etd Ma QusYs 1%0&%38% c%% i §f &F ent

sites on the | ndi vi dual during one 05|ng erio dose may be
adm ni st di,el2RyantidLel ongthbr M.-12 adegesistspllf-dtror dtgbfﬂlensejftILs]l esofoH -1 iR,

di vi dual i njecting 10 Y. U. to two diff { th
 nai vi duant-§o ) Heo Bhais L iagis Theth Sareorat btk S riuaedidl
adm ni St IR 10713 LATRUE! 11252 Bhs%dﬁ?s@ss(%ﬁ!aa@e& IR i APY2CRERRS I On

(e.g., 1, 4, 6, , 12713, 14,15, 16, 17, 18, 19, 20
Y. U. or rﬁirer)tagmmm, H, 23 or4§lg€51,lst£ of 1L-B 09,0f10,- 23311 m@Ldchbrepélm IEiX%es on

an indivi dlt'lagoms’% Iir %r !dgoquss 0%5&-25 or of IL-25R, anti-IL-25 or other IL-25
antagonists; IL-27 or agonists of IL-27 or of IL-27R, anti-IL-27 or other IL-27
antagonists; type 1 interferon (including IFN-a) or agonists or antagonists of type 1
interferon or a receptor thereof; type II interferon (including IFN-y) or agonists or
antagonists of type Il interferon or a receptor thereof;, anti-CD40, CD40L, anti-CTLA-4
antibody (e.g., to release anergic T cells); T cell co-stimulators (e.g., anti-CD137, anti-
CD28, anti-CD40); alemtuzumab (e.g., CamPath®), denileukin diftitox (e.g., ONTAK®);
anti-CD4; anti-CD25; anti-PD-1, anti-PD-L1, anti-PD-L2; agents that block FOXP3 (e.g.,
to abrogate the activity/kill CD4+/CD25+ T regulatory cells); FIt3 ligand, imiquimod
(Aldara™), granulocyte-macrophage colony stimulating factor (GM-CSF); granulocyte-
colony stimulating factor (G-CSF), sargramostim (Leukine®); hormones including
without limitation prolactin and growth hormone; Toll-like receptor (TLR) agonists,
including but not limited to TLR-2 agonists, TLR-4 agonists, TLR-7 agonists, and TLR-9
agonists; TLR antagonists, including but not limited to TLR-2 antagonists, TLR-4
antagonists, TLR-7 antagonists, and TLR-9 antagonists; anti-inflammatory agents and
immunomodulators, including but not limited to, COX-2 inhibitors (e.g., Celecoxib,
NSAIDS), glucocorticoids, statins, and thalidomide and analogues thereof including
IMiD™s (which are structural and functional analogues of thalidomide (e.g., REVLIMID®
(lenalidomide), ACTIMID® (pomalidomide)); proinflammatory agents, such as fungal or

bacterial components or any proinflammatory cytokine or chemokine; immunotherapeutic
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[ 00144] "Boosters" or "boosts" of a therapeutic conposition are

adm ni stered, for exanple, when the i nmune response agai nst the antigen has
waned or W6 2npedertot o provi de an i Mmune response or i NdBCE/US20M/0w1496
response against a particular antigen or anti gen(s) Boosters can be

adm ni stered fromabout 1, 2, 3, 4, 5, @, 7 eks , to nonthly,
to bi nont*RF§NCY BI° i)PF jot limytgh FRJa‘PW%a?%f %C&E}eée a;?&‘éﬁag)p gcctlys of
original adphdy- ﬁés%ewaeaneé rhnenﬁlyemefi iR homBau SN, rlhmnepbeﬂnaﬁsﬁeqﬂﬁ e is
one in which trom about x 105°to about 5 x 107 yéast ce equi val ents of
a conposiinflanmptery k@nbsndyd/mepl@hmﬂmﬁmtam eggdni any icemhuhaiion sf ercbdgatts issast

1, 2, 3 4 nor.e tinmes over.a . ti eri.od, of , from
weeks, t SORSRINGE P npaton ek et R Comhatd oo R e ker e
weekl y f q{rotlacol2w1tﬁ (e4:, &ncrrenfly, equntidlly, Ur A0S BerdReREss WHh) QWREstihsaont hl y
doses as needed to achieve the desired i'nhi bition or elimnatiion of the HDV
vi rus. Fommunpghepinsutic ed euapositiarenpbempabi¢chby theriaventinni |Sugh agintslargiveilial

achi eves cQ i R rs R&ES)

andet ect ABPR TEE 1t sy Beory MY tECRel slerondh BB EATTI Yo pesey 1
not det eciegtibed merteii. unt|I ALT | evel s nor mal i ze. I n one enbodi nent, the
doses are adm nistered in a 4-weekly protocol. (every 4 weeks, or on day 1,

week 4, vBBl26d @egatsiean igelude ag@rlstﬁépd\éawggmatﬁd)f POZIHRYS BRI OF pRBAde @fs
determn I d l: n
after t h%ﬂ% {0pof) AGLRCbhein M1 oL A0 s AP EShnitRq B SR FAIEE SHRENCT

dosi ng rrd;mmtontsmaﬂemdseﬂesypro[tﬂﬁd,@ﬁﬂ)tlrd[é‘s/, antibodios, meclzpetcid b:indmgragsnt‘s |emcn,s of

t he inven n, (i ncludin east - ba ed DV i mmunot her apeut i npos
can be adh? adsePdrossTer Grikeapi o 91 HIgEPTS (e é%tw%c'bmaw%% actic
agents. SUueh e hAREUhk Gc@dn &F Mﬂa%%&rﬁﬂgm@taﬁé’@th'aﬂﬁh&kdﬁ tRORRESof Hat are

useful for the prevention and/or treatnent of HDV and can additionally
i ncl ude dgends AmaentaganiyySes ey tompours gr egﬁentmolndmgdwmhom rlegitatont sngfll HBV.

I n one aspect ,of the inve i onal ra i c or

br ophy! adhy EeuSe ardeiar e pai R budRb GeRinnghgngrn s oty BEEblofkt

i nmunot hgh@Bits @ﬂ@@@s&ﬁ@mlohaf@m@gda@gt enmbodi nent, one or nore additional
therapeutic or prophylactic agents are adm ni stered before the yeast based

i munot hd P71 c orfpaspasitions o§ thedpv eiition spe durthen inphusterscar b edinirasiered ovith o
ddi f
the. yoast oAt AL i HR RS ST o7 BE sl ST L ShPR St o

enbodi nenhat eesel fr@easdhg iodn@htith EBIDAD énfetttonosr ATyoEiypaGts thadgent 6r are
adm ni ster ed in alternating doses with the yeast-based_ i mmunot her apy

conposi t idElogHe pRY AYPPOTLRlo NN INARRIOR- tHHeh gaRts 1addse bHDVCcipauictiten i s
admi ni st gf6f dﬁBleQﬁl@%ﬁ”ﬁ b%jl (ﬁg%ﬁﬂ( | Gt 1h{er1}3?dn‘§'e§ﬂhoars 1me}fgro(ﬁn(?2 T @ﬁated

consecuti ve doses of the addition agents, or vice versa.
enbodi neriterfoia-giaEG@aSEs” HHDYh |addm0n,t bempgytices rqfotshletmmemt]oa caatinbm usdder ed
in one or {1)6 doies over a period aof tine Pl’l or . onmen the

t

admi ni st rgg§t RERCE JHIRORArangyif t ©mAastt @Pﬁeﬁ g Prp ! H8s#19s ed

HDV i mﬂﬁéxﬁﬁéﬁ@%ﬁﬂ&oﬂf&%ﬁ“\i’h@@nb $mAREbMRLRH§ 6/ éﬁtl&lsnm@tb@@r{ aprolQr a
period of tinme, and then e therapeutic or prophy actic agent

adni ni st riatthoh).§sfaadbiedicamianhof FH3Wc swahegarpgositionk carvindlode 1Y pyetamt ohased

HDV i munot, her a in.an a nati,ng fashion.wth ast - bas

munot nepagye -atbalnaprERy HERL "Hetniverly KR npdORRe FOFon HBFY od of

time pri dmnhobR@uRRIrRgg @ﬁé"‘(e{%STEHtag&ﬂst@fmﬁlhﬁloﬁﬁ)@ﬁlatd?ﬁﬂﬂ%sﬁDV i mmunot her apy

conposition. [00146] 1 n one odi nent of the invention, an additional

t her apeutl081 entTlteo nmpsntigieglso includes a kit comprising any of the compositions
described herein, or any of the individual components of the compositions described

herein.

Methods for Administration or Use of Compositions of the Invention

[00129] Compositions of the invention, which can include any one or more (e.g.,
combinations of two, three, four, five, or more) yeast-based immunotherapeutic

compositions described herein, HDV antigens including HDV proteins and fusion proteins,
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in conjunction wth a yeast-based HDV i rmunot her apeuti c conposition of the
invention is an interferon. In one aspect, the interferon is interferon-a,
and i n onwoasperi20i nterferon- az2b (adm ni stered by subeurarseaam4isng ecti on
3 times per week); or pegylated interferon- a2a (e.g. PEGASYS). As used

herein, the term"interferon refer o that .is typical
pr oduced 383/06 Erqombigtan e ??lﬁﬁﬁlﬁén%l %@rﬁna%n% % I‘v\ﬁa’eprefgmsaf G Bl | n
response Qi MoReenRre &ﬁerd%{%cﬁltﬁﬁ 1sBMsuéhn ?@z{sft HLYS c&}ﬁ sﬁionrs he

i mrune response by inhibiting viral replication wt host cel
act i vat i ngtipertsupmkciks, fisgm pretelue, andcoratinapmagesles dasqcrdwshhagsuaman Qensed

presentatlon to | hocyt e and in n r.esi st ance st. cells to
D rar i niBa R e T PRP RSP e BF il BTG Sy dthy fidor

i nt er f er gRsvennHOVenfeotien a8l OR- KqudId, aihf BEARSHH 98l foHDNE dfeﬁoh quef the
present invention include any type | or type III interferon, inc udi ng

i nt er f er otibodipyagaitseHBV. a2, and in one aspect, |onger Iastlng fornms of

interfer gﬁ()*i(]id %Q’g% fgc"tllonrllgt ekec dt 1%%5 ﬁ/gecgﬁ?yt!y F‘n%gsur&jlgr{t oefr 12ibaY RNA,

interfer ion proteins (inter Er on f

control | efdtdceibeas ehcef ADNUAkIge msmcgypammmmdmbﬁroffemmmv (gnubddtﬁsergﬁmmon in
nlcrospheres or interferon with golyanlnoaC|d nanopartlcles One

|nterferéﬂD PEGASestipy ol diyVa i {ie PE PG RIELG, Weeém@B@aﬂéhﬁmé@ﬂTﬁhate

Gai § ony Spftzatich SEpEy A BEIARARNAE J7R1E HTRIARHLAD iehake elloritts 000

chai n (apptyxérast @aMNeé&;cﬁO(GMdHCRQnR)T PJRas BEEGnomisetsytivesofl thaéeedszaﬂs andsi ngl e
teto t f t dtol

Peqy! at ed iGstocld BFOMERDE RS T AR PDAT ALY RO eG oairar Y Sk sl duo

dal tons. {004 hkaf 1ﬁlﬂlﬁn6§o?%%§§a LN of MBS hRAARDabSy L(RPAS, aa{nldYHDA% y

adm ni stered by intranuscul ar or su cut aneous |nject|on and i s usual
admi ni st enedclat ba dategtw:ddbzs emoweefleorbsenge peninpuinohistochemiciinstemegeab bisiement |

oeek or PRI oGBS B e E it KBV iRty e ks B Y Fis ag

i's not cls@ﬁa@@ant@egyﬂim&@) UsEtppreadich encatdtdchbs beHe weekl y at a dose of
between 3 and 10 mllion units, with 3 mllion units being ﬁreferred in one

enbodi rrer{0013elr]|d h‘b@lﬁ@ﬁ%§esnf§éﬁl¢tg(fép¥f’léBWéds Firareateréged diybloigh isers of (eMg. |,
ml1ion Lﬁ%ltﬁBc 2a1{Hb egggy HS‘[OI%BV(S?O% Ianju 691t)u h{cﬁ arg aH%ﬂqudl thh't Eilts%%pegr {H | l I On

units, 9 milli 1 on uni

interfer whrcﬁﬁ@HMnlfecslbﬁr elbmlsalgoe@waﬂp nmla@dﬁlaeute WD hlfecﬁfbn\(abth ifi tiem 1,
2, 3, 4, 5, qr 6 tines weekly. biweekly, every three weeks, or

mont hl y, @niafeqtipeaed weflﬁéecv%éetwgh rﬁnﬂrH@r HHILREIFS BT kaksr é%ﬁrk%rm Bt ek of
the patigpty (@0 aBﬁs‘hO %ﬁgeho%fs e 1 1?%&& f\?frﬁépﬂof% e@@%% d Beeff eron

that is currently aval I'S provi d wee pegy élthat
is a prefiedicadr abcﬁqnmgemd’remlchrcmm imfodtent elorchrade ¢V n]gfetcaom hHmﬁrgase:nt

i nvention. 01 [n on ect of the inventian, nt. course
of interf® aé%lﬁ‘p?“b  Hehioh i Adrials NHeSed o (i ﬁ@?aﬁ%&ﬁ
conposi ti1gRr Aut HISV RNERA %@l{@ RUARI AR TR PYA! arldBe BRFEBLST Afi-AD ti e,

or for at least a portion of that tine, and ma
is the main biomarker used to dlagnose chronic HDV infection.

[00132] HDV is considered to be climinated when both HDV RNA in the serum and
HDAg in the liver become persistently undetectable (Pascarella et al., supra), although
only when accompanied by or followed by clearance of HBsAg (HBV surface antigen) is
the cure considered to be definitive. It is believed that the development of anti-HD
antibodies will protect against re-infection with HDV, and clearance of the virus is
typically characterized by normalization of ALT levels, reduction in liver necro-
inflammation, and halting of the progression of liver fibrosis.

[00133] One embodiment of the invention relates to a method to treat chronic hepatitis

D virus (HDV) infection, and/or to prevent, ameliorate or treat at least one symptom of
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continue to be adm ni stered once the course of interferon has ended.
However, the dosing schedule for the i munotherapy over the entire period
may be, awo20rm/expected to typically be, different thanprchatS2éian4zsbe
interferon. For exanple, the imunotherapeutic conposition may be

adm ni stered .on_the sanme days or at |east 3-4 days affer the |ast given
(nost 1 ecERYC Jgel kﬁeqﬂﬁfleg é‘PoWdtVé‘?ua;rR} RAnvABNeOhitthefudt d&ys methed 't he
| ast  dos&)e,&RAnERép RS BRAHiRESIELh falidual W&?bﬁula@é%ﬁﬁhﬁdm% ¥re

bi nonthly, or every 3-6 nonths,” or at |onger intervals as determ ned by the
physi ci archraueallygindgetddnimtitha HD)é rane doro fnonm nimtrvep tigsapeatanicomposiaetisool dfe t he

i mmunot her apeuti c .conposition,, if utili.zed, the.imunotherapeutic ..
conposi t IBRA S pr dfieP Rl HPechmit SLERSTRBelt 571 P B TR HC o Ram A abeics,
fol I owed daypRiMoInY oR eHBrOHBIV adtigeAs b &GaribHdarseiRf whibE Bart Meludddhé bomdte
interferon is added into the protocol). In one aspect, the

i munot hercagdusidingpnprberapayticicompasiinns t br ep sipeR] thefeomposition drclpdogen

weeks, faq by mont . admini st ratj ereaf t er til cl usj of
t he conpl é{)tgwf?oéa l%?erlrolr)l I%Ar)% nocg}m.rig ﬂﬁlrlll go#ﬁs%@%ﬁ%f gst hdeeS(%Hrllb\?(ein%l I&%%, ?‘ﬁde/gpuse of
an HDV i matonatiihgit apeleic &1iCmb1osle techesdind such@rotomesntfugon potdiseth ot Bpect,
interferon-free protocol gi . €., as _nonotherapy or in conbination wth one
or nore dBeHdvidpadtorgopulygen johtrdividpynys ajdipanedly) tieagndewtk gk daastopne pfler
inventio di.td I Hsv adnb st d,J

conj unct .q%%fqﬁﬁ“?ﬁ éatc;thyleas%1 ‘%Jaéglggﬁl?lg{}b ictréa&mh%{r?{éc}%théeiﬁr)apeu?]':H gecggl?fp%{scﬁt ?go% %lip etIhe

i nvent i onnfesfeam (agt,ilFMia)al conpound that is effective for the treatnent of

the co-existjng HBV infection in the subject. used herejn, the term
ant | ovi QPRI S dRdnis sriRgirassb i e taP e QB ERITS T YRGB €
i nhi bi t oryEY BRSO AR thlcfoRE BT QW RN hBR s B GRS ('HB\I’)h%é_Uofdﬁ%lM fe

cycle with direct anti-viral therapeutic effects. Suitable antivira
conpoundst isrcfuttie, aspent ofithes methodiofitheidverdiontte wofawicntly v READ)tally dbiforedi ne

EPI VI R def ovi HEPS , bivudi TYZ t
(BarAGL Uty BB b Py o MBSO S8R5 01 TaNgR oM teetReriB BT 1o be
di sopr oxiyseful f@rrpaéx%nﬂfl% A ds tréhrtinF{oﬁr arRdiorhtin® HBW B@eddn. Such agents include,

purin-9-yl)propan-2-yl Joxy} met hyl') phosphonic acid, is a nucl eotide anal ogue
reverse thuarmse mppligyiedi tahipblivor! corrmuys, mehudinge but egt distitedoto, mBRicotide
infectio n Vil I Y. LAk St ered t . pi |l ken at
2 dose ofmabERTE R iba R b RSy SrRL LR, TR by
pedi at r i ainfatifat RdSpoendsdsdddgrbubagynodimgindd of tchefopat(VEREACS)gmperdig body

wei ght, up to 300 once dai | and may be provided as tablet or oral
pouder | [(BBLSR Deittctuh (E:PHR A1), SlbiurBo Y ALK A Gayrerar HARCSHHIALY:
cal l ed 3TGq LSmBinBQSRNthUS] &Q }oﬁj?ir??ﬂi’ér&%,r ¥ 8¢ ih{cABRRL4RL %?‘;?ésg?ﬂ't&f tor

(nRTlI). For the treatnent of HBV i ction, Tamvudine is adm ered as a
pi || or dn@tfesnlala @RGARKES’)atr intedfome-lof FaOBoyrcameat af BB, (thesd-agomgh iz,

twice a day. for children.3 nonths to_. 12 years qld).
20121 174395605 WIS Oh I S 00 PAIGI DG Ca8er AFEF TdPpIY BP1s to e
9-[2-[[bi stmr\léﬁg‘ébc?l oxy) met hoxy] - phosphi nyl] - met hoxy] et hyl ] adeni ne, is an
oral l'y-adm ni stered nucl eotide anal og reverse transcriptase inhibitor
(ntRTI) . [PBI3N he Inradditivanothef cempositiinsclior e, treafetatvol HBY adpibei ondried as a
pril t akev[)itl?'t[heacodnqgoesit?ofns 10(% #e il?\pe%gog (’%Iorl M"eating HDV, such as various prophylactic
and/or immunotherapeutic compositions for HBV. Prophylactic vaccines for HBV have
been commercially available since the early 1980°s, and are non-infectious, subunit viral
vaccines providing purified recombinant hepatitis B virus surface antigen (HBsAg), and
can be administered beginning at birth. There are currently no approved therapeutic
vaccines for HBV.
[00136] Another embodiment of the invention relates to a method to immunize an
individual or population of individuals against HDV in order to prevent HDV infection,

prevent chronic HDV infection, and/or reduce the severity of HDV infection in the
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[ 00153] Tel bi vudi ne, or 1 -(2- deoxy-13-L -erythro -p ento furano syl)-5

-nmet hyl pyrim dine- 2,4(1H 3H)-dione, is a synthetic thym di ne nucl eosi de
anal ogue woheid+u=zonmer of thym dine). For the treatnent poffi/usBM2ionfse€t i on,
tel bivudine is admnistered as a pill or oral solution taken at a dose of

600 ng once dai 154] ntec vir 2- Ami no- 9- [ ( 3R 4 dr oxy- 3
- (hydr ox;}ﬁ&ﬂi@@l} gfzpopﬁg”flﬁg} |OE 9@4? 0%{1 %ROP m@luéé té? IS ad@mlﬁafﬂli}{gqt% one,
is a nuclgqaidRIaNH &gufaﬂHﬁ‘Bf ﬁalﬁmhmyﬁl nbhigkectdanl il DV &¥ 8E8S& ed not to
transcription, DNA replication and transcription of the virus. For the

t r eat mentbeahfceRY w1tif HOM)oa composteayof thi sn\wmitmml §t encedhpad, ‘dne pvphipomtlom rsal
sol ution taken

o vud e TERvRSUEF PepBiieRtRgPTaLe Srasaide P oiieem vodesred

aspects aferdiR@nélQNBRLhOBr MR yéﬁmm&dlﬁﬁlﬁﬁwhérﬁp&ﬁ% Ebélﬁ@nsa nd ot B§ecagent s
can be adnini'stered together (concurrently). As used herein, concurrent use

does not theeewpesiioni Qs @tfaslmaprot@bﬁ@paﬁmalHDiiomt@@im daseribedrhonist er ed
o e STl B h PSR TR hiTE e BRRR W ERRRMT SRkypSe reans that each of

t he therapy componen dmpr?temf‘er on therapy) are

started a[noﬂmr oXhIoat abpect ds\@thssadmoqdﬁhmd)f&w 1hh¢mlohpthesubjaa dr@opuldtistays of
each ot her, even | an weeks, or nonths apart) but adm ni stered as part
of the sdwelnp%mé%do pgai cHla e IdRAHIOR; using &FoBparitiphof fhprdnveaten ¢ aferdyod of

(oTer ORI RARH AMRBRS T (IRALRYB1 el diBbRThe SORLAGRARSIIG

(e.qg., |nt eron weekly, 1 nmunot nont h t1on
after thechmm]myr erfected wvith SHBt incuy bermawly_ dinynang, dfaghdmdagﬁntarrmtly

i mmunot hera 0 ons can m ni ster t hout the ot

agent (s)." %é‘?ﬁ‘g‘ Fﬁg‘zd 8?&51 ’éﬁgéﬁ ? ﬂglep%nggelﬁg m&i?f@%}soﬂr Pl’l’?éetnt H’él use
of an i m&eaeﬁ&ﬁrfm%m@ H‘Eﬁffﬁﬁédtlfoh%dctfan%lﬂuderk‘ﬁﬁj&is%d%évg bath brﬂ%r@a[tﬁl%ﬁpn
such as IFN-a wi [l enable a shorter tine course for the use of

i nterf er dny HB®V meyctiondbt e lerepaiodmifiang Gre. of'eame Such enljectonan m@e mr@ude

f t terf b dified | t
of "conbi PSR Wit AT RO REr ERCATN OB TR ORI TR Toogsnal DTy

i nprove tHEVt pf@kishce thE prékentPileeNAnf ADW h@nfihbGerabbutdebrhpiition bf kife
contenpl ated that the inmmunot herapeutic conposition of the invention wll

enabl e sdpBIBAL RS Rlog be psestfetimnnazevindizidupls op pppwatiangof paedividwals wha nigyom
i nterferqn a%tg%a?ﬁmﬁsﬁl %%cérﬁ‘fn 1n¢68tea(€wqtheﬁ§\/t Q{%[sﬁD?/“ %Brcﬁés% of'Iﬁa@ mﬂ%&m"&“ ds,

nore patien I eve negati vit seroconver

i munot hetape g. cthe@errmswtiuecmtmfy Behﬁnmmﬁem b@erm ifSHBVFﬁblgﬁlte@b \MtlhthanHBV
interferon than will achieve viral negativity or seroconversion by usjing

i nt er f er otRte e ifdhudurt]iy pottewnat fRbexasIple e 5p kasatien [naredies ghthe world
conposi tipng. v iLLARRMLAC highly prevalent,. Individuals or populations of individuals

who are at higher risk of exposure to HBV infection as compared to the general population
(e.g., due to location, occupation, and/or high-risk practices associated with transmission
of HBV) may also be immunized against HDV (concurrently), particularly if these
individuals are located in an area where HDV is endemic or prevalent.

[00138]  As used herein, the phrase “treat” HDV infection, or any permutation thereof
(e.g., “treated for HDV infection”, etc.) generally refers to applying or administering a
composition of the invention once the infection (acute or chronic) has occurred, with the
goal of reduction or elimination of detectable viral titer (e.g., reduction of viral RNA),
reduction in at least one symptom resulting from the infection in the individual, delaying
or preventing the onset and/or severity of symptoms and/or downstream sequela caused by
the infection, reduction of organ or physiological system damage (e.g., cirrhosis) resulting
from the infection (e.g, reduction of abnormal ALT levels, reduction of liver

inflammation, reduction of liver fibrosis), prevention and/or reduction in the frequency
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conpositions can be adm nistered to animal, including any vertebrate, and
particularly to any nenber of the Vertebrate class, Mammalia, including,

wi t hout Iwoi2betizaazp primates, rodents, |ivestock and domestuseoipmtxsi26

Li vestock include manmal s to be consunmed or that produce useful products
(e.g., sheep. for wool production). Manma o treat or protect include
humans, d¥fsincKiaRes Oﬁih@_@%lw?%@%r giPema SHlep), ERIQYECThIR BEROH PHGE.

[ 00158] Arfynd il #ad WAk "nd aticely %P%é@%gythé UGHRcASH %n&ﬁ{m%tion' Selsdinng 1w t hout
limtation a human. Mamtal s 1 nclude, but are not limted to, farmaninmals,
sport anilewlls impetvsmeptrin hatesflamimpgonncthprestesnenThdivtee fibrasispndimpragaleht efan be

used interchangeably with ttht% t.e£ mH animal ", " ggj 1ect "t or "?oati ent".
Goneral - TOEHI qUERRELFEHNT e HERE NV ERY (R 58] PG ATy ofhipins
present iByRALdsOfLaMst ltheMFL@Ion, YodRES rOiciQhtN¥nS Bf IHISV GakRd impRRVE Beh&ael
techni ques of nolecul ar biol ogy (including reconbi nant techni ques),

m cr obi olhsglfh o€ diel inpividuel 9t penudatiearefsindiyidualse prd/er imepirevashersral syryivahelf

i mmunol o .whi.ch .ar l.]. kn 1.0 thos Ki,| in.t r h

teonn quebe MBI RobS o PO Rt RS BB S e hinpis o e
Enzynol ogyatusvet the 1:9#vidRltdirpopul@tiodbf indddsuals foothd abphta of tHarke b HrbiaDat or y
Press (1990); Biology and activities of yeasts, Skinner, et al., eds.,
Acadeni ¢ ipyagethcrapgalic coyppesgipss of thedpeantigenet i cs : a | aboratory course
manual , t . Spr.i.ng r b . ) . Yeast
Sacchar oﬁgggssﬁ nglon&%kgcth%go %eﬁ_ﬁ%lno e%t%,ﬁlg-’fral{n%g?/vé&et% nga.gl%egz(%se}t, 1-5%360'
Spri ng Hantwhs hfadrahatcompleBor 9f t{ct897) In ditveasyeast g&aodharmongit es theGeseof

e o B e R AT RERS (220

Ener geti 3B A Oﬁ{ﬁ‘ve&ur?a!ce’ arf n)B Rl theaPr hNGyHid bfﬁiy LRDLQERERLDY WHEBS $he
(1992); Mol ecular doning: Alaboratory Manual, second edition (Sanbrook et

al ., 198%prrasmdniirige ElldVarinfekcoon ng:treatedabmrcatrontly phnegqigntialy reitedhe i ldRV

( Sambr ook and ssel 001 jointly referred to.herein as. "Sanbrook');
Curr ent EF%‘P‘B?%‘& Ssor“b?éﬂ/ﬁ?r&!% Fléﬁ(l‘l R Cé’éﬁur(ﬁﬂ Rf SRS |ad@fn1%fa?19neﬁgm}-%'e7,
i ncl udi ngirggRr SIBVL 6r SMEOHBY 2RE:biss, ReRidind)duPably nmitas e, GhaifaroneagBivon,
(Mul'lis et al., eds., 1994); Harlow and Lane (1988), Antibodies, A

Labor at orijnninetherapyCacats Sprathey thereporticprasimenas fos dEBV Ndwowe pipectardosheiand

Lane (19 I,ng. . And | | es: . , | d i

abor at or et N MR a BRRE A ot MY el SR 2 (ARERRD o
"Har | ow a&odoan@’sipn Begubagdceimiakd BYSradidimhiu@dissky,0tmpmhs infiniMoatsayc Aci d
Chem stry, John Wley & Sons, Inc., New York, 2000); Casarett and Doull's
Toxi col ogddmenabsesplis efcjusaissfub reppicapefslIDE infactign distpdegwrmaligation of AlLdn
(2001), vacei : : i - Bt

(1009) | Cofrdy AFGEein Rer BTt sy GRERERP Py Sopon v arib sy,
Loui svi | 1[60140¢] orBd@regmieHAIV nfeatioar or dny pgerpatsion viehrea] (e.geXpreysstiorgofone or

nor e het ogous antigens extracel | ul ar (on jts. surface), ..

i ntracel ﬁéﬁ&rlﬁ%cm Sl & F@é&apeé(ﬁ%r IBStH& %t CEPEFIAr &f 1BF and
intracel Ll @kiby - bFARMENCEf o AU HISV N ReRRI I/NE! Blc! YodlesiC hiRestidsee,
e.g., US Patent No. 5,830,463). Certain yeast-based inmunot her a(f)y
conposi t ilofestiomhy HRY hpesemsingnetikomig uaﬁqdug)eg:emv yiesemplinpensadiidual ® al so

descri bed,in detai,l, r. le,. i . S. Patent,.No. 5,830,463, U S. Patent
Mo Degiel A bRl RPLIRRER Sieohd b atRRRIRD: o ot TR Rl e

7: 625- 62%c (10 .land/drUcitth 8f infectdRGR/0RER 6iB102fab B84 8 hagk i n
Ber nst ei ne(ét gllan,d Va?:lc%lttne }20%8 Jan 34; 22?2)1' 5 9-a21, aegggﬁ %idaam%%ﬁu S

i ncor por an&etioferialading byemareriee sifyival.snemt individpal pppami3tn elsdividuedi n,

the ter msh%ﬁal t(ﬁg"infeggi(?t{ ?atéroogcu?helﬁi &I?el as(bggﬂ) (Pﬁ%ngrersgﬁtinlfesntion can be used to
prevent chronic HDV infection, such as by enabling an individual who becomes acutely
infected with HDV subsequent to administration of a composition of the invention to clear
the infection and not become chronically infected. In one aspect, the present invention is
used to prevent or reduce the occurrence or severity of HDV infection in an individual

chronically infected with HBV, even if the HBV infection is not itself cured.
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structurally simlar to another conpound but differs slightly in
conposition (as in the replacenent of one atom by an atom of a different
el enent owoinii1e22pr esence of a particul ar functional groTpIS2aR2/08136

repl acenent of one functional group by another functional group). Thus, an
analog is npound that is si.mlar or conparable in function and .

appear and @014 e preept emsREo et e BRINGFY pdmigisirations dpauINIZaoRh e

r ef er ence,reARPWIAe ihRAAAGRETP& & oMositbRS b fht i ntion, SHAGAhE YtyRGst-based
derivative" and "derivative", when used to describe a conpotnd, neans that

at | east HR¥ hyooogberapp wothpositivhetounswibsicr.t Uthed adompsttanidn i socesplcaceat wi t h
a different.atomor.a chenica iety..[00163] Although_a derivative.has a
Similar gRerBST Lrpletdranps buhB SR PRbHEbGl iheE PPV E have
di ffer entrefeRenh CAbrfRREMOpabi Qf OB C AguRidpeLieh esutsidanot hge RAKGM weRPauNnd.

Such properties can include, but are not'limted to, increased or decreased
acti vi t y agfinieripg reppmpostioouricthe megseaicinvention wsa pepatiarof eclishi@cpdittint

d, h d d i L1 abi Li
ci 1+ oncy. <IRNARERH HrfEEPARR SR ARAIT Skt Wiy ARG P OEISPRRG) o0

enhanced @K dRET£266 tbradspopitiond afer OPEId in€s the[ RN164d katugdipethal cellt be theer m
"biologically active" indicates that a conpound (including a protein or

pept i de) NeHetatThedbaap@lis capesitionphthsPresnt pveion cap de defuart ¢ f pahcthe

met abol I G, Qhin@iliedRy 9@@&@1@%&% QRRIL ffdc OF Gty Measured or observed
invivo (I.e., ITn a natura hysi ol ogi cal environnment) or in vitro (i.e.,
under | aqooBt2dry Admohigtiaoos pf a ctBp@OGaad daAR2QREN1LISROIRAIOAAAR proximal to

[ 00165] According to.the present invention, .the.term "o " can be.used

dul at
i nt er chart@edBfaioni oh the dygrhske (§8d P ed Siigefbideriery o %ﬁ% &I QUfes noTor

downr egul kiRl AondwRRibk! &phRht &FHALE IOf sk ik SR aeli8hdhdidchn UL Wpe of
"upregul ate" can be used generally to describe any of: elicitatiaon,

i ni tiati coepditioo teas preycntad gmeetticdothe bobgi usgd, dndfnrahé fgget enthanpilatgon or
S 1 a1 31 e SRRt e Bl R B i R s ] 3 e lifnefdonny
of : decr gagawgouy BEMFIiMEhtioh NhiabéritBEsal RABIihiOHR{onN Gntrahh¥eilhs BiMhistteideNi Ng,
bl ocki ng, or preventing, with respect to a particular activity.
intranodal administration, intracoronary administration, intraarterial administration (e.g.,
into a carotid artery), subcutancous administration, transdermal delivery, intratracheal
administration, intraarticular administration, intraventricular administration, inhalation
(e.g., acrosol), intracranial, intraspinal, intraocular, aural, intranasal, oral, pulmonary
administration, impregnation of a catheter, and direct injection into a tissue. In one aspect,
routes of administration include: intravenous, intraperitoneal, subcutaneous, intradermal,
intranodal, intramuscular, transdermal, inhaled, intranasal, oral, intraocular, intraarticular,
intracranial, and intraspinal. Parenteral delivery can include intradermal, intramuscular,
intraperitoneal, intrapleural, intrapulmonary, intravenous, subcutancous, atrial catheter and
venal catheter routes. Aural delivery can include ear drops, intranasal delivery can include
nose drops or intranasal injection, and intraocular delivery can include eye drops. Aerosol
(inhalation) delivery can also be performed using methods standard in the art (see, for
example, Stribling et al., Proc. Natl. Acad. Sci. USA 189:11277-11281, 1992). Other
routes of administration that modulate mucosal immunity may be useful in the treatment
of viral infections. Such routes include bronchial, intradermal, intramuscular, intranasal,
other inhalatory, rectal, subcutancous, topical, transdermal, vaginal and urethral routes. In
one aspect, an immunotherapeutic composition of the invention is administered

subcutancously.
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[ 00166] I n one enbodi nent of the present invention, any of the am no acid
sequences descri bed herein can be produced with fromat |east one, and up

t o about WO,20eddi#t2bonal het erol ogous ami no aci ds fl anki rgTamsed20fizaehie C-
and/or N-terminal ends of the specified am no aci d sequence. The resulting
protein or lyp de can be referred to as "consisting es tially of'

t he specﬂppﬁ‘gﬂ e‘&Hhé?ﬁPaC tde fiferfaet Daaet srmraRiherany ?fgnliﬂs&éoé‘ﬁp?ﬁﬁvg}lﬁniueﬂ t he
het er ol OQR;Q%né}HP B%uﬁQSlg%m feedd%e $E€546QCH a0k c@ﬂﬂﬂ‘@o?@ﬂf%v&l@%ro@ﬂ ﬁ%east
natural |l y found e., not found in nature, 1n vivo) flanking the specified
am no _aci\@hskqamh@le,an@gent (rainchuded)ntot a gevleatceldl tYIQﬁ, ttlhslet onctgignobfhet fragient

specifie m.no _aci d se r. t hat .woul d be encoded .t he

ol eot | 68Y idp IRk R aPdi ) Sidbrpeile mBTiar CRReTY Bihbiseer
encodi Ng h&e HIPeGhiizad R &pieHACHEbrSRIMERER dBshel dr nfF6 Hines blertRitgSB &imd
such nucl eotides in the naturally occurring sequence were translated using
st andar d Rsoigen Fes ayempler intdne conbpalitnerh 4 sogiondriselof whisagivebivlaed e paescat
sequence hve glﬁ{lllél ? gr’n a%ou Llar l t0 taF ut%hr $6¢ eagto&%ll 2 uhaknfS Qieef\ri'(llogrlany b ({

when used Wt erence to a nucleic acid sequenc her €l 99 a

nucl ei ¢ aedightsgghe oganBACKdhd gdBinkpacd iheed)n@ﬁsﬂ@nadhd)ns aqwef;@eslﬁgaﬁo@an be
fl anked by from at | east one, and up to as many as_ab addi ti onal

het er ol odBuisySaticycaHls a%gleaﬁffeSéafclﬁV@ﬁtwﬂlﬁé fogm abayit §rl Y& (é H?%cPeBF) foH@oRucC! ei ¢
d

nuc eot 00 SAE IO 108 chS, RRCRSE (BE, 8L BRhaRihdl, BRANAN fny FRGHASIRECLTI S

f | anki ng ih¢rements lo€iocl adl)%lcdhsquen(té >eih@od||2rvglt)6r;é 351090? f). eloh cari emebodlrheeht,

sequence as it o n t he not n that
Cmparts ARyCHAEHEs doss betwiseh o Uit t@%@f’dfoé?sﬂj%‘?’ee@h]a 3&%@%&% Bncdoson of
the prot gj.pyhavi vq7, ta‘ﬂ@ 6BPET), fdo“s‘é’s @é%z@é?l AYI SRAENEE; or{&gésﬁ(?dtﬁ@é}ﬁ@'l@g to

the present invention, the phrase "selectively binds to" refers to the
ability ohd®0 Yahti atmddly onampegtehetmenmﬂﬂ@( Ur aghdht .0 S%YnUI 68 Yol t19eY.lof t he

Cpeciti el ) Vthio pheBEEntolndi () b1 atrcsTRER e o M RuSa0Bisnr L i nai ng

of one prigdi¢iduat Butaﬂhﬁﬁrigeifhe( ﬁm@b dosthly ?Bltld)cbo%i‘ d‘xﬁ@@[&e@t 40 heveabse Bfaybbendi ng
partner to an antigen), wherein the [evel of binding, as nmeasured by any

st andar d agggaiyteras., \ga by anjeqtingUifoRss alpyes th foustdifferent siiah py ths igdividuebdring
hi gher t :
ple? f g{ - nho%% ({olgﬁﬁr{p%%%grgruy ,90 g&gm rdg% IIH?% bh r11%{1}‘:"1‘1§1§t%}/ed| 1513%13 C¥1%g%c?|[{)\r,1%\?\g / t ube

t hat contfaumlﬂhtdnbgd:y oﬁrthealrntﬂvgcaral birrogllulggctﬁfgal@rmm damn@t\(/d) different Bitdshun
absence of antlaﬁn wherein an anount of reactivity .,. hon-specific

bi ndi ng ttBe tndevi 411%1;% e RasBsdFriorf- dAe IYERUM Weiuﬁes %%gwﬁrﬁfﬂort Heteof in
t he abse C u B ngli n be
neasuredrh&golu%ogﬂﬂ\g/ rie ![b 8§e§fl m&%nﬁk&gt&)ﬁl o Qﬁg@?hg%?f@fjsngrzgf r?gﬂ) e(rilgyme
i mrunoassiayd3( &4.45,, 1GUITSAS, 1 rinwhl.obr ms&ayasl et 8, 4.5, [QT1B3PRé0.coremore t 0 a
protein o({ f%ol%/ﬁ tide.used in the eFrese invention includes full-1length
pr ot ei ns,(HHFEPGHICH PR AR HEVIdYal t%%ﬂ)'mf SBHENPSS domai n, conformational epi t ope,
or honol qgyfy4f 9%Bst9fsmcﬁ" "'b%ostk‘n%ﬂbﬂkﬁ&aﬂeuﬂ@tcbﬁﬁbékltlgﬁr@é NAmARGered, for
i mrunol ogi cal "domai ns of proteins. Mdrre specifically, an isol ated proteln
accor di n@xamptehevl}ﬁme@erﬂmmmwerﬂsp@me aggmat ;theotaletlgq:n(lnaﬁcwmdngr as m@b@qﬂem i de
or pepti deé 'Eihat has been (g its natu é 1 has
been subjBRYdy 8" HIHARC ﬁ%?RP‘b%ﬁloéth 3§ aam%m@a{nfem%ﬁ%a%a% rall}aft 108 aﬁraBP%?‘h%r
partiall ﬁnﬁ?éﬂ(@) BbARieRS Q@in'be, adhREIORRId TR h¥ourrodus;ed s ps, Oit 8t BSvee art, to
synt heti cal éyproduced proteins, for exanple. As such, "isolated' does not
reflect tAentbly doitbimenthhy.cte ﬂh@“f%llyottél 41111%1&3’ bieebevistal i Yoaesd afierr dicepasingl  an
i sol at ed % e
rccor di nger i oL Rpl RS nesR T hhulBh SShRER LERITM IR Yo o
can be us®dui hkdo0 ttaﬂgﬁablxy],07@@ﬁsttlcelllbqﬂiﬂvaﬂemsfoﬁ alc@@bsitibm ptihiez body weight
nodi fi cations/ mutations to the am no_ acid sequence of proteins or portions
thereof (WVrthhOEgERISE AAIMIREGIRETE St deschitbedOhéribith 10 90meY ey Qe
herein, tfif LRHGY Of QgUks, to> nibhaR, &P g%%fserlnt Bn& egfbg?r?ﬁéﬁt O{hepc?o%é de whi ch
d|ffers froma naturally occurring protein or pept

" pr ot ot y peltninistetadi webky o1, @ Gt ¢i H)6,6% 8Ondd onoatiré idosdsi frllowted hyhaomthtyur ally
occurri ng protein o tide, but mai nt ai. ns t.he Si ot ei n_and
orde chadibarinidtard ErBiing madshimd ol o Bneenoh oRlRnTRRLREE FHe! ude,
but are not limted to: changes in one or a few am no acid side chains;
changes one or a few am no acids, incld8ing deletions (e.g. , a truncated
version of the protein or peptide) insertions and/or substitutions; changes
in stereochem stry of one or a few atons; and/or m nor derivatizations,
i ncl ud| ng but not i m ted to rret hyl ati on, glycosyl ation, phosphorylation,

. - . o, .



for the production of proteins including, but not imted to, direct

nodi fications to the isolated, naturally occurring protein, direct protein
synt hesi swoanizwoaiz2hi cati ons to the nucl ei ¢ aci d sequencecenseadzngirhe
protein using, for exanple, classic or recorrbi nant DNA techni ques to effect
random or targeted nutagenesj s. 00170 e of a given protein may
conpri se, xR S W8t t%fmdg?n%lﬁ eregy urg 30 &f ahice ﬁaoawap%ag

that is giplepsiy a&ware%@steﬁﬂ@and&a%m@%ﬁi HIORG lé)hotaaeté&@@ tn amwer%%
or at |east about 60% or at |east about 65% or at |east about 70% or at
| east abauwtil AB¥ HBsAgtis h@ai@tecwldomd/csﬁ%ﬂ ALTdtleea@tnaab@uln @¥mbpdinagnt] east
about 90% ar at Ie(i%t sg t 91% i n 1 (S at st aboa 32% k 4,

i dent i cal™® §PSRrs BHRIMAEST (" 8504 F 8?0 (Byery ¢ ‘W% 1 b iy 4‘6766

i denti Ca'wee‘RVSa{VeékQQQt cRD Ot &W@dndgrﬁn'dcﬁi doSds &t [dnges bs eRYhindE %y
identical, or at |east about 97%identical, or at |east about 98%

i dent i calcliniiandt Addiionalbdoses 9 bfdéiﬂmlmatlerefioweang'ﬂ?ieﬁl@emﬂl\ﬂ@@ht%ChVV@ﬁet ween
45% and 9 aci d sequence of
the ref erglr%ghverro lg’llﬁdésr}éggdﬁté%ébo uce? ﬁ%n}aﬁeohgen ogu ‘conprises, consists
essenti al[bg14%], AIDVARGhEioshe@ipeutidlc@npadticns iod tirafuanion, inblatingScheshsddan
100%|dent| cal, less than about 99% i dentical, |ess than about 98%

i dent i calDVesyninesheransytie compesidris: Famabe aqraindsterad vithpst orgBoksi adéiftonala |

| ess t han a n R R undufic] foedtYocat Ond t han
about 7owéﬁgntﬁccalﬁrb®ﬁ%&ﬁ teltljtrga u;ié océc} éruircld?gfg aczﬁcglggea/ﬁgnc%ég t he
referenc elgpntstthmmre [uSErLl7 idrAhtn @m)/ien‘gme amyr traa:thmdtaofbH(ﬁI\é iang cem addinanall of

proteins .t are ear whi c nmeans t ha h_a honol ogue
di ffers flP@Hﬁtiet ReeDF L ?réﬁ‘é?flﬁl &rdﬁgpwveﬁt &ﬁéTeaH%?Péu o iV RO FEgFal
domai n (&g BChnRLALE! Bnef SNGh&RNAHdiIAGTRT hePipch T W0 hRPN gﬁkn@'%@h@ bR
descri bed herein or otherw se known or descri bed in a publicly avail able
sequence)adbynlsﬂamda@qmnttaﬂyomtlothedmaettbased ofmupotieraBy cdmpBsitién. T agother, or

10 am no a ) fromthe N- a&g{l‘ lékbee .erm nus f suchtfull Ienﬁ? d

prot ein Oelm Rettediyt A FORCETONER HCH 1%Pr1ptﬂ9 a8 AR Sf’r?ﬁﬁnaéjlnB Yl

domai n. [HEHE2IHRS yesRbafRr @nfunbiheRpS QbMPHWMISE S PeEMniRsted r efiar ahc@et 0 a
percent (% |dent|ty refers to an eval uation of honol ogy which is perforned
usi ng: ( mbedBnggTon: or By eddRigsT thessnsroe pr peaphyliciis parpthhrgsadminisieresni no
acid sear nd e c rd,def aul t
par anst or Lo uher ssent Ced JUBPY, EhElofs RS PRPENES ForBhAINEI dirof

regi ons b‘ayn‘tdﬂfrﬁ&ﬂtl or(diﬁ'&ﬁdrb b&ditlbﬁal%drspéﬁt{b or &oﬁhylabﬂﬁcdzcg%ﬁts afe hdmmﬁ@é’l?@(aﬁlf er,

A A, Zhang |l er, W & Lipnman, (1997) "Ga ped BLAST
and PSI - BthAsrPtma dﬁé% sgéh éheawaﬁbaeddmlmomea%Yaﬁa%@Sg@ar R 1 2RyP

Nucl ei c 0 i r

entiret yf\% ?lg) L%gurg‘%@zfﬁgnﬁ%%? Eusnloﬁggad{d%{gm%gfregngtt yeSE ee?c(rﬁlﬂg%gfsbe ow) ;
(3) and/ dretiRSin- cBhaABlTom' drhmodrecoss@nter db&debﬁﬂietaddpmnalr@te&ﬂssor vice versa. In
(Position-Specific Iterated B is noted that due to sone. differences
in the stARdERPIAFY ot S T RL AP K s s s SrifTBRIASTEDN { wo
speci fi C HRUHERGRSIITEINerhe érﬁﬁoanﬂuzl@%naﬁ td‘@c\(ﬂlﬂﬁné‘ih%@lhé hGAMtstaasP PGk USi ng
the BLAST 2 program wher eas a search perforned in BLAST 2.0 Basic BLAST
usi ng oneddftionhleagsatiudnotiser agordhehgueasirbassed kHAE ammmnothstapeden corpositins

second segquence inthe to tches. | n addjt PSI.- BLAST provides an

oot omat ed EAEGsiefd, 86 o\ EPafBiERF ar +npid bt Wsrnd, MehrLa hRAEE A i ve
way to | qekpHydictis egumnarnihRiwicoresided NatheF esHcarrehtly afqthp@wf 86985 ofl ygapped
BLAST dat abase search. The PSI-BLAST programuses the information from any
signifi cé}@ﬁedaHDé’nm@@th%@m eed aoaltessing deshien Witk yedsbhassd eamupethswpy e
matri x, ry o f

ear on ng HHPERLAEE ety HelubAREREE )8 kfifa 1 it G B 0B BIASP
determ neidnbmstmaldmgafahwy@sebaséd HmE\Sﬁnmhﬁ@haﬁ‘p‘y Corhﬁ&lt?o?n] Two speci f ic

sequences can be aligned to one_ another using BLAST 2 sequence as descri bed
in Tat usd{9148d I\}a@aéﬁmbeéw@) of tthaseptlQn aéagéwééal therap%wagaato pgpsed

conparin Mnﬁf I
174: 247- %%%[)Rﬁlﬁ%t%@r@%}?gg ?&Iﬂ ﬁg‘%‘é%ﬁ e?@ﬁ%rggiglr\\/gu ts gﬁﬁbﬁ&f;ﬁé S
sequence iahn grienferon. & qnmra‘spccrmtttie umeﬂﬁd:rasuwnmrrfebdtaetamdus iong agpeet, BltéxEFoR- O

al gorlthmiB rformrab Eg ed BLAST searchﬂéBLAST é?O) bet\ive(g t he two
sequenced’; eBiTiderS Dy HECTASOB RN SHTESPE padebt B IR THEEPET ons)
in the resulting aI i gnnent. For purposes of clarity herein, a BLAST 2
sequence alignnment is perfornmed using #he standard default paraneters as
foll ows. For blastn, using O BLOSUM62 matri x: Reward for match = 1




Penalty for msmatch = -2 Open gap (5) and extension gap (2) penalties gap
x dropoff (50) expect (10) word size (11) filter (on) For blastp, using O
BLOSUVG2 watnix742pen gap (11) and extension gap (1) pemralritises2gaqa2«
dropoff (50) expect (10) word size (3) filter (on). [00174] An isol ated

nucl ei ¢ acj d nol | e i nucl.ei c.acjd nol ecul e that . has been renoved from
its natur&f (e Pﬁﬁﬂ(ﬁ%@, Aiged genbébweé@bjﬂéf&feﬁoa ﬁ?fﬁﬁﬁor?aﬁﬁ@ﬂp%%w), its
nat ur al fﬂzﬁi’cﬁﬁz ?F‘ddﬂge(f 'B? &ﬁ@%ﬁh@rmﬁlﬁfn@%&ﬁ? ahd bYNh GhdL REriBYcheLaaa d

nol ecul e is found in nature. As such, "isSol ated” does not neCessarily

refl ect trhgpoest @rthe presovic ofi dotdecnraided R dntembtrevubsishths ibvemme pespohsced,

but indicates.that t.he nol.ecul e does . not include an entire no or _an
enti 1o cHPoNDUBHEE | HnRHoTiE: HBre onr I nraede T KR st e an
i sol at ed AMGbRIageR e Hedioemdben pRBerttfnUd8yRpBeiRes, AN indRdiAk & RLsheiC acid
nol ecul e that includes a gene is not a fragnent of a chronosone that

i ncl udes ofukast pshe, tobviralr iafdssioni ndypridsintarecrensdinedideegitvieremd. r dgn¢ dilor y
r€gions %ﬁ%?f%%ogts b1 "Hhetiﬂteh%%ngﬁ fiter R %%Pf%' th%; %{%‘1"1{ dISPER. 1Bkt AN Ention
natural | y tound”on e sane chirorrosong. An 1'sor ated Racreile “aci d 'rof€eul e

can al so ih¢ladeigiey gpspeeitfpecdl muafeds iadiding eaudace-d, idokadnki, thd & oncat t he
5 and/or the 3' end of the sequence) additignal nucleic acids that do not

nor mal | y #pegts lqngenh dastigs cforma dotn intpideren o drcduding ubyic 8o Ainkitedutee Regykated
heterol o e Lsol ' ' - ' ,
RNA (o, o RN ARERRh b SRR ERs FHEHSIE Ao T B (o St Rk
Al t hough foisulptisraseoripristigeiterdadn (g, eintmkﬁei‘onpfn;l macrobpherasf @r mtetrﬁ:rdvmeviah
Rk e SRR S A e K
mol ecul e, ol ignd é’@j@%@%&c&ﬁ%ﬁﬁt 8 b el eRRAEARYmoRERECHRIghY (Vi h

respect to a nucleic acid nolecule, or a nucleic acid sequence, being
capabl e ¢X0,chtibmy vathyr onge hranchetbbrainmnomethopy pobicthyl§no @lyas] @E@odwein nant

nucl ei gli)pdm)r(ri%lla < llUIﬁ’ i48,080 rgglltggs'il q"hé %G (%I?or}etiynlgl i eedaa;[t a{ %1%?;}6 site to the
interferon-o. moiety via a stable amide bond to lysine. Pegylated interferon-a2a has an
approximate molecular weight of 60,000 daltons.
[00147] For the treatment of HDYV, interferon is typically administered by
intramuscular or subcutaneous injection, and is usually administered at a high dose over a
long period of time. In one embodiment, standard IFN-o is administered at about 9
million unites three times per week or 5 million units daily for 12 months, which may be
extended if HBsAg is not cleared. Pegylated IFN-a can be administered weekly at a dose
of between 3 and 10 million units, with 3 million units being preferred in one embodiment,
and higher doses being preferred in other embodiments (e.g., 4 million units, 5 million
units, 6 million units, 7 million units, 8 million units, 9 million units, or 10 million units.
In general, doses of interferon are administered on a regular schedule, which can vary
from 1, 2, 3, 4, 5, or 6 times a week, to weekly, biweekly, every three weeks, or monthly,
and depend on the type of interferon administered, tolerance of the patient, and resolution
of the infection. A typical dose of interferon that is currently available is provided weekly
(pegylated IFN-a), and that is a preferred dosing schedule for interferon, according to the
present invention.
[00148] In one aspect of the invention, when a treatment course of interferon therapy
begins, additional doses of the immunotherapeutic composition of the invention are

administered over the same period of time, or for at least a portion of that time, and may
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one of any nucl eic acid sequence encodi ng any one or nore proteins

descri bed herein operatively linked to at |east one of any transcription
control swquerxE4rapabl e of effectively regul ating expressiusaoiafo4i4sbe
nucleic acid nolecule(s) in the cell to be transfected. Although the phrase

"nucleic aci.d nol.ecule" primarily refers  to the physjcal_ nucleic acid
mol ecul e BAUMYHE bﬁwﬁag@mrﬁakﬂn@? é%a‘iﬂu&e&zd%ﬁ%f@ﬁ gy FRREA) IHPHSEFBHE 05Tt
sequence @fidiCloeHd iR Surdthek _Mf{h%'eﬁti%cﬂegioﬁ%a%fodél, &nd f‘sQ‘iPéd%%i tB'ﬂ{zp'a}@eﬁEz can

be used interchangeably, especially with respect to a nucleic acid
mol ecul e,bepdifferant Hagithatdei e seepfie@ne.eFotbeiamyle dpabineurothesapcotic ogmpostrat ei n.

In addition, . th hrase "reconbi ngnt nol ecul e’ primarily refers tg a

nuch ei ¢ 48P PHEtBRUFEREpu B VRS X et ot rE ARepiioRsCRER dmost
sequence,rekiht) 3B oP thtstER6n (dH LK GhANIE abhPevbtdays BReRRE B8EdosRY GhBintaydsd d
nol ecul e” which is admnistered to an aninmal. [00176] A reconbi nant nucl ei c

aci d nol eduieisicrrs] dallys veecklye biseakdintmortblyo bimegthlyh of $verryy 3uapaihs, eichd
sequence, I | | eguence, Wi . ivel inked to
he i sol Aphii® el AREALEH BAOHE pRRRIEN - By E il sRRBLBE mbRotplah I Scent
i nvent i omdndhisedtidnsoftiap alhinothetpaiid agnpanbimanizedrthd iiduasthefaptine
fusion protein, and which is capable of delivering the nucleic acid

nol ecul e GORPESIHOR s Prefanbly adeyigried weskbhior pewasnrt sl Envveeds, fdlosveddwect or
can cont gj cl eic:aci : | acent to
The 1 sol ar Sy AL Eh o H NG Br Eh, BedRlon R G RbY L AR B 470
vect or cagmotoeolei fdenc BigactotheONAnumithdrepeupic ckampyotion iscadnanistargdveekly doxd
preferably in the present inyentiopn, is.a vitrus, or pl asm d. Reconhi nant
Vectors A HelVieutelnialieog bamenly iiiser e haialar Uk ronasen A e

mani pul atdofghQE tRUGh&lCprRfdcll. MIeEH SSpectt BRNNRIENHHEANE Nise A LY ST VOf
such nol ecules (e.g., as in a DNA conposition or a viral vector-based
conposi t ilomunoRecapehiinermposgomorfshamecprafie nadsl i angetdricrontfhes privcelsgeon of
nucl ei ¢ aci d | ecul es ang.cgn akﬁo be referred t? as gﬁﬁr Ssion vectors.
Pref er r ed™ PEXSHSTHA 1§ SXPRIPAT} Wih QP B WOBTEsRR At SKIULLEICPR) 4

transf ect|gg1499st 16ebhe dsP&t7dt lthe anv@fi@ADIanaRldifTBh CtHefipehitid NGl €5 eyt
invention, nucleic acid nol ecules are operatively |linked to expression

vect ors cdptaisigradginregivngtion yitegyeascbased PV anmungthsepcpti¢ epmpestiiqnop!
sequence I at i : I S 1 gi of I i Lon,. . ot her
- egut at one BT R ApE AR QB RARG RRrRik ORTneleiBh At P
control thBVekifsivai @ntief sujedtei Asagded hatiacuhescrad “bievirilEsesfidrs itovait i on.
In particul ar, reconbinant nol ecyl es of the present _invention include

nucl ei ¢ ZOMPOHBA 8t fugs tPELY franadlnBplseils dnRibitor pretibedys yehigh tapgstsone or

eXPr €S Qflo QR Gh 1REHNRIIER ey ciENGiuR RIrBS Snti RN BldrRlike bk dSuliafienil O
linking a nucleic acid nolecule to an expression control sequence in a
manner sudfal tdoatpotiids molielepbet s eafpliesisd conwh&motovan §VBEAD ), i lamuiyudine

t ransf or raansduced fect.ed). i hest cell.. 78] rdi ng
to the pﬁ@gmﬁk@sﬁﬁg oHER it sding PhCe Fs A7 eofiGeus (b SRAGHAISES. any
met hod by, WhioaBilosX@gepeus nucleic acid nolecule (i.e., a reconbi nant
nucleic acid nolecule) can be inserted into a cell. The term

"t ransf or[8t50n" Tanfdye ((wnedovindisorrhaih fenthie ot EDE), e (R I-tG-ameoetiy on"

when such termijs use refe the i.ntroduction of .nucleic acid

ol ecul e RSy hRepEEra Bkl Ehy PR GRS LA e Rpult a S EuE Fee

m crobi altrany&iRas, infliBRot @RMIs)! FAR SOt dnrhb bt HSV UsRetidm tehos® it il@deIﬁBally

i nherited change due to the acquisition of exogenous nucleic acids by the
m cr oor gadEpistgrRd tosadals emeipall takes i 8rips® @6 30D mre (throfper Wispraxandmaeatelon.
Therefore ransf i I i , r i M, t

{r anat or ik SR REHRE o RN CHE RS bURR on Uty R G B o Mt sl per

el ect r opdigeiddgRveighitClipior§00ahg omnce dailppiicihapbe p@dited @t tabist or bfag pdwaer. and

prot opl ast fusion. L00179]The,prIomARg experinental results are provided
for purpd9881ds ilangi¥e¢ing. eh ZAqdideaynbithipnitise Coaynenly ¢aliede 3 Teope f t he

i nvent i OTbotent nucleoside analog reverse transcriptase inhibitor (nRTT). For the treatment of HBV

infection, lamivudine is administered as a pill or oral solution taken at a dose of 100mg

once a day (1.4-2mg/lb. twice a day for children 3 months to 12 years old).
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EXAMPLES Exanple 1 [00180] The foll ow ng exanpl e describes the production
of a yeast-based i mmunot herapeutic conposition for the treatnent or

preventi onoabizmeproitis D virus (HDV) infection. [00181pCm/uskeiz/oedperi ment,
yeast (e.g., Saccharomyces cerevisiae) were engi neered to express an HDV
antigen un r t he nt.rol aof _the copper.-induci bl t er Th HDV
anti gen v[tgg Rl s rﬁff oYbI yi3dpovde (SifIP‘é‘ﬁ%#)om%t gr@ (B Wlﬂﬁloéﬁnlf‘ého iTh the
fol | owi ng,r3GAHENEacRlR GURRA & Nl SRIPafAMed Lickeolift Thilye,

repr esentgped by 51% D R%m}g]g 1annl\l-tferfr% nal peeptl Ceotlo |rrpa§ FOVETse

r esi st andensaigasot adslmtml (Id&@l)adaﬁoroﬂleam@asmﬂlm ofi HBEexpfedonondefoosi 1§ ons 1

to 6 of am acid spacer (ThrSer) to introduce a
spel restaﬁgﬂ tS%ﬁ%%%ﬁePé‘% QeI B sty o SEQ I D N0 30); 3) the

ani no aci[gop3ayuencgovitfidine, HV1 9206 ¥PE-Lley i 8Pchtblurd¥sy 9Stmebdpgrinidihfat  was
nodi fied to delete the nuclear Iocallzatlon sequence (positions 9 to 212 of

SEQ I D NG: éia(ch HiDsdonra pise ge nyrtbctive thymidinge SEQGO@dw@naB))gue afile 4)-isgmer of
hexahlstl ucle cid
sequence e 5& ﬁg P(Oﬁ%%‘ Eﬁéﬁ%ﬁn %S]ni%o Ctl&dgweg%%g% (SJr?rer21 ﬁl for

yeast expfrelsSshm@)l tal&nraepﬁs&&rﬂ@d nies@icrtiakly. SEQ I D NO 29. SEQ | D NO 30 (and
SEQ ID NOQ 28) contains nmultiple epitopes or donains that are believed to

enhance t[AR1Yhmu oYV Ei tyoéf t%é@l@ﬂe{ﬁ}cs PeAAS)- #dwd%rﬁp(fé/drqwg}efhy(%h% 34 to
42 and p \ 0 r s

cell epi ?%é%gl?&ﬁegjcl %n |06r)igd o %QQT %O%Ptﬁ?g}r%s% }{}\% M_A%s%gt( ﬁnléﬂem to
87, posi tanalmgué)(ihattmhﬂzﬁ@revansd trpmnphmnsl)lﬂl@eﬁlﬁ:ﬁtlmompi M&scﬂ(ptmﬂwﬂ(:wﬁhsass I
Tcell e yea otherayco ition res i ng | D NG 30
is also ré’FéE?ér a%“h@?h%%ﬂ% cn ef%ﬁgﬁzpj“i(”%%%ﬁ aoJateoiford 9593& Whg t he
same HDV gty AeMNAS oRBSVRig oRbd diffiyf 1 hDYall-Forl BN UIBIL-reWaSORS S0AR A%

foll ows. Yeast (e.g., SacCharonyces cerevisiae) were engi néered to express
t he HDV etmlﬁtgmmutdmmb he control of the copper-inducible pronoter, CUP].

The HDV | d f 8 d
BRI 1 EL G e e R o e e G N i S

repr esenta%@ntb)éaﬁg@ahﬁnh@el%a togctlergBoMdutr@htly)NaAs REAtHeAEN t @nltilédt tusé @6ésSt ance
to proteasomal radati on and stabilize expression (p05|t| ons 1 to 6 of

SEQ I D N@%gyeeswl amoRp thatiah slosesi of adlpresnoupdingre gdmynistercidanrthel serac daysplel
restricti ( f ) am no
aci d sequggts:agrﬂig)%ﬁ% IS:%{}EGT & 031/1%]5& &ﬁe méa%s? a)cEeaéjtFgf h% F%Bﬁg CE‘)‘@’%GP ?Se p%ndl ng
to SEQ | DniNQindtiexapgphind @ﬂtertféten stibapyt vitel aortaf aarappﬂoaﬁnanelyl the pdaﬁ&ep@iodt he
%louggm Qfgvitthaﬁﬁ«?%éé?n” @31613{2&{8@{? 598'90?15@'\'4%2 ,9$ Fégysrg%t@gé@gpehg OQ%}%@%M%@% Bithe tag
(positio ng
R I S P R R A AR
IS { epr espenlbéd)f hﬁn@mm;ubg tﬁE@ablchﬁp&&:nt B hdve I?%re(nagdflﬁg@cl:]daumeﬁ,)
contai ns .nu opes onai n re believe ephance t he
i mmnoger}P@FfIFEPno‘f’ef{ ﬂ}erag)éf ri‘nmli—{glryt)ejﬁr‘?gfi’élon {’}“sfe’fei ?fn%fo e:‘sliﬂ‘i GOUH TSR
205![ E)' gnsadﬁﬁmfs@atﬁ)% IQefrlogEQ& BhdNOF 3R a RS iaBnbddoMraMile CbRSsitions &&lbe
i s
P P administered without the other agent(s).

[00156] It is contemplated by the present invention that the use of an
immunotherapeutic composition of the invention with an interferon such as IFN-o will
enable a shorter time course for the use of the interferon, or may enable the elimination of
the interferon. Dosing requirements for the interferon may also be reduced or modified as
a result of combination with the immunotherapeutic of the invention to generally improve
the tolerance of the patient for the drug. In addition, it is contemplated that the
immunotherapeutic composition of the invention will enable seroconversion or sustained
viral responses for patients in whom interferon therapy alone fails to achieve these

endpoints. In other words, more patients will achieve viral negativity or seroconversion
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positions 34 to 49, positions 58 to 73, positions 74 to 89, positions 82 to
97, positions 114 to 129 and positions 130 to 161 conprise known IMHC O ass
Il T cel Iwepnt2opexo A yeast imrunot herapy conposition erprasgimng48eC | D

NO 33 is also referred to herein as HDV2. [00183] To produce the HDVl and

HDV2 yeast, i nmunot her apy caonpositi.ons, _briefly, DNA enco |n t he

anti gens ‘& HER AP cepastitie pf ﬁxez%‘ igp IpSYPEs B 9 fon and
then di g%éﬁéﬂll\ééh'fbv%%%l nAviNeb se%%@nb&&%ﬁ%?%sﬁﬂ@ hﬁt@lqetroﬁ%lo‘ﬁpp] promot er
(pE-100) 1n yeast 2 [tm expression vectors. The nucl eoti de sequence of SEQ
| D NO 29 [80t9des Inhéhef usithnl mfothei rpra'selpr mntletd bymBadidd NGl 3Merapadia he

nucl eoti de_sequence 32 en s,.the fusi rotein.r esent ed
by SEQ | BOREPRSOn b TP TR DTG GG Pane Rt SReeS) AP OB By ces
cerevi si agyWalaBerYsTast W¥tebiatdb148s, Mﬁﬁﬁhl@‘i nﬁ&m&hgymﬂ@tgirﬁ@mont pamsigct i on,
and prlnary transfectants were selected on solid m ni nal plates Iacklng

uraci | ( upNgnturdivaitpek adofruestiapdisu rhlvestg@komhe@ memmatsetodierevakurneder thatuDM or
ULDM (url cin rop u | o r r ays at
30C. Lig %5' @gfrue?" cfuc§ ?13% (?jg)prgcgl%tl%) %ﬁlﬁt‘ftﬁﬁ? gocg é\éet & r%teg

yeast ni tlﬁag@@hlhﬁz&g ¢aRT @ity Inlnge &tﬁtﬁtg’diat!;mlﬁetdbfcatt& h&s&%ﬂdgﬁgd, each of

hi stidine, |eucine, tryptophan, and adenine) or lacking uridine and |eucine
(UL2 medil05820g/An gilm};wéal 61S7agY¢_“e(]9fat§be&1§th Ad ta d@%ﬂmﬁlas@dé‘éﬁltgal“ﬁ‘i Al
amoni umgid h

adeni ne) me&iﬁ%ﬁgéu atgggfron1ﬁkgggﬁngn n?t%&?%éﬂguI%L¥E%B§E$QWt?%@%mTor
20h at 3Q€ts, 2ﬁﬁlatepnm1cl€randaatty &"hé tarme Sndierdealli sed be usednnt‘mtlmhgeablyn‘aithmd tures
of the sane ornulatlgn and grow.h was continued until a density or 1.1 to
4.0 YU nmitCiRastiRal hsoIcel | (PUEMer e i nduced with 400 ILIM copper sul fate
at this stalline-H8 ékq%ggy”;m@ﬁ%gggbnfor 3 hours at 30C. The cells from
each culture were then harvested, PBS-washed and heat-killed at 56C for 1
hour in RAB&ISY 0018%] hdter ofidlat piichdnit ipfentidrewallibphogs pnletreotbeiss mdicetethr i ce

washed in PBStan Ho al grot inlmai i 1atec{ nggass bea Q P Hre fgllomed
by boilid§" VA SES 1§ ElY5uf Ye™ ?SJ‘%'H%%YU By gtorF%ﬁn?tBP%‘% 157" WL done by
a”‘dOSChWﬁk&kﬂMbg@Q@h%ﬂh&gﬁbhkh&hﬁﬁyaﬁﬁﬁMea&ﬂ@hﬁ@%ﬁ@n&kQQMn@&ﬂ6§mRWMﬁﬁ
nmeasured by Western blot using an anti-His ta nDnocionaI ant i body probe

fol | owed a5y Waht krqyat tet thenc skillad Hp she ageRhchidye cprast ekplawedidldy en ¢ ve.

[ 00185] cppp cible
expre55|§ﬁagﬁﬁ%ﬁﬁg§§% v Qo 9%1?&’ dVé’I&&gﬁgﬁgégp fﬁfe?n(ﬁggﬁghdards
(HDV1 andihibM2Lbiaaaed, ates§1;199;)),pBQi1@;imé1hcaaa)\m1@ndf regts, Skimomset adppeay.,

i nduci bl e expressi on of HDV1 and. HDV2 U2 VsS. UL2 u5|ng a second set of

i nt er nal A%4RE Besy HOYY): Methedsn yeggfqacactigs plabaraigryicamisg manuatrRese ot

f
625 el S e Ve oty o

i denti f i eddyelVBsi@yn Phhgle. et Ahs edpen CokbSessd Harbmiabnaatoryu@rasg(lﬂl%) M um
The calculated a tloen e ore S|on ma 7171 pr er Y. U for the
o855 KBRS BSpmiat Jaied of 8baun oft SubrHbpY LRGPy ¢ pe

yeast expkes 5

voast oxhness! 193 5Emd RO 3 ﬁLes( Y@agm&mamme pro@s shbsil Yald ) 15

1 x 107 yeast cells or yeast ce equir val ents) or 76 pnol protern per

Y. U.). Hdimevgatics.i Broaels ebaiseed\?edbﬂdnéprm@\b@rbﬂrdmb@raam l?ra@ d9aRk Moloewjar

doubling tine tha HDV1. | | cIu i,ng,.an xt.re S| ro ar
indesi r st 0RPen A Fa TGy SEiunl BB R RALrE ol afof e aB iRt dar

accor di nghyninbkDWL 1WB6rashY eetheehl f mlrda@dﬂubhoasahlbm@meawmw Esenpl(Ridly
[00186] The _fol |l ow ng exanpl e describes the production of another

yeast - bage@riceiheretersa §é@bf®kcbr9pk§r§m Piotpeprin ivhelceyleddintagy (BM phespbak i on
of hepat 'ett' Revi nYg; (MEMhn'g é?fehl%lﬂts nég%fgﬁéieédg&t ?gﬁ PLREEJ 1P ase YRR

(e.qg., aronyces cer
Reactlon (Mullis et al., eds., 1994); Harlow and Lane (1988), Antibodies, A Laboratory

d
ale

Manual, Cold Spring Harbor Publications, New York; Harlow and Lane (1999) Using
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, NY (jointly referred to herein as “Harlow and Lane”), Beaucage et al. eds.,

Current Protocols in Nucleic Acid Chemistry, John Wiley & Sons, Inc., New York, 2000);
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express an HDV antigen under the control of the copper-inducible pronoter,
CUP]. The HDV antigen was a single polypeptide of approximately 422 am no
aci ds, wwb2wtee17i2bl owi ng sequence el enents fused in fraoe/UdScanioht42¢ o
C-ternminus, represented by SEQ ID NO :36: (1) an N-term nal peptide to

i npart resistance r ot easomal . degr adat i.on anstabll expres

(positio sqreftqang ﬁPu B0 Peelpgyzdiic Basicy Seigpcc gl Scfislg Rasseny r%@‘r) to
| Nt T 0dUC&iRioaRH0 e 3hd VAELIRE, SNEW¥IEN §ﬁ&W @Ql%ltélh QiR 3‘roFé211t§beP(fl9§ﬁQ I D

NO. 36); 3) the am’'no acid sequence of a HDV genotypé 1 large (L) antigen

(HDAg L) GhmtaMReinirodisfi ed to del ete the nucl ear |ocal | zation sequence

et e oo 4L, iyt HB e RETENCE B

nucl ear |9fa loZaldLNvERAYeRE@s(MOSHd bi0MSreeterbRg Ma&fée&&&a@elm&ﬁlon and
5) a hexahistidine tag (positions 417 to 422 of SE NG 36). An ‘am no

aci d sequineerfaaspr evmaellrerlo nlistempldy HDV cylogeliatiks qranthl sxtiagsilelarlpratdei n i s
SEQ I D ucl e C n fusi p el SEQ I D
NG 36 (conbielPeny: > EARMIGENS SHOERET nEle By Rehly, SRR P U5 "5

| D NO: 35.Pafin@NoD5 880 363 ), alxsHtafiEGRdsDbaNel aﬂmuﬁ@ﬂhbrapyleoﬂﬁpbmuuﬁisearepmbmpe@oior
domai ns that are believed to enhance the i mmunogenicity of the HDV antigen.
For exanph&ingphthigpnarplly dengdifceans 35 ehie depswibgdAndgisd. foragrempls HA5Pt i ons
34 L0, 42 1ARdh RRS h0083 3 of P 08, AR 148, N Iecrf AR SE AN S( e |
T cell epitopes, and positions to 49, b05|t|ons positions 74
to 89, pasirt iMeds 7895%@99(200 podiut etoals Adket RedddDciand: 5845080 B00UIartdoinl 61

conpri se known MHC C ass | el | epitopes. rrespondi ng sequences. can be
Cdent 1 dePTHEIpI oo Bepgtecd b GG B g SEel BhRR(} GRRTOR GLaSEn
i mmunot hq;ngyer&fggp@ﬁg Ligsyexpressing SEQ ID NO:'36 is also referred to

herein as "HDV3. [00188] To produce t he HDV3 yeast i nmunot herapeutic
conposi ti[0B161hr i ekd yseddiacendbditerg {'maldgiVicins itgen casicnli beupaindviatves

codon optlmze far ex ression in t t hen  di. ested th EcoRl and
ot ang SHEGFTaG miE R SERbS e e PRt P M2ty R pasibh Jg fye
expr essi aBpMeh@t of diteatdhCbeainl semsS 8fldemcRrat e&%int RrNe: B MmBgadesfthe
fusion protein represented by SEQ ID NO 36. The resulting plasm ds were

i nt r oducedrtiicias Sacden ogfy@msorcéheewmitceelev@@ﬁapweéwtl@@al LgroRp U another
acet at e/ h fect r c re
acet at e RAKAERML SIS, T oh ahd B £Gheng 3 PSRN S ARRISC NS e
medi un) . 4odl PpesanvE At r}es st defsdeetd Qﬂicﬁlr&JW erigitJLEA (renpiccti tbetmnﬁbféxenl@a ne
dropout nedium and allowed to grow for 3 days at 30C. Liquid cultures

| acki ng LHOFImOH%d(Uz medi um 20g/L glucose; 6.7 g/L of yeast nitrogen base
cont ai ni ni 4 - 0f u

trypt ophgg :Id a nt?ﬁ%% %%St tQteEl ngyﬁsﬁu&?(ﬁg&é‘%ft VPeﬁ%di ﬂ%&?ﬂ}ﬂ\éeeng@?ﬁﬁ? © 209/ L
gl ucose; t6.desgile mfcogn@amtd nrnetanegheart dalsest omntlgidrgeg tanmod rio uhe swbdtatiertedand

0.04 ng/nL each, of histjdine, t ophan, and adeni ne) were inoculated from
plates arf@mP4pq Breeltr e Meég‘ﬁﬁmw RS FOISHC, 250 rpm Primary

cul tures ¢8163) usetifdugh raqeﬁlveﬁ&‘e Hals Raim ﬁ@gea s%cﬁlh@tostﬁ@sarfeﬁ{ SBh@uhgn and
grow h was continued until a density or . U nL was reached.
Cul t ur es thederivatitgceay \hmdwdkffwent wﬂw&mcqebend/gubfoéa&caétprmﬂrtsessﬁlam ttlnmgardetnsu ty

of 1-4 YUn fo ells m each cul tur

nar vest ecompee SRR e % BB Bk “Seed pRE oy JhbieR gt el

[ 00189] Afdcﬁffltﬂ‘"%iﬂtthg|ﬂa1ren@fcohﬁb@uﬁdl| fdW @Stivikhas C‘e@hﬂpﬁre\z‘iﬁt"oeth%hlﬁdr@tﬁ washedd] n PBS
and total Brotel n was isol ated g/ gl ass bead rupture followed by boiling in
SDS | ysi snbgicedror deapased | kiagvagdabibfy, t axhancedr ot dieercowgd efdisecypyenhanced or

am dosch t i.n a i S
measur od Byteg: SRERh) g ST ARk g AP0 e GRS E H ARRERME IS o
f ol | owed fdeypdrtiéser poI ati on to a H| S- tagged HCV N53 protein standard curve.

Results are shown i % i9. 4. shows copper inducible expreSS| on of
HDV3 in d98H4s @2 g\?gera E@ tﬁ’éﬂh bﬂﬁ%qggqa% gt dngisseiipt s eapandi(Rickidng

st andar ds, T esuhilis) BRAWId: e AR SIPIRS RE el bl YL Sn e hbgbARY

anti gen, rg can]e%ég 1i d)ent }Ml %a%le V\es aerncb of y nigslh%en eprrlesesrlhon was best
usi ng ULbrmelmhrlpmcea'dee oﬁalcclﬂJbab@mamt agmnamx@f@wsmedvasvwaa%ﬁngt mtwtlei n
per Y.U. for east expr.essin EQ 1D HDV3 V3 was sel ected
Por addi tigHalotseb SR ERRD Co VAl st SPOGLSBIIHALPEI ow ng exanpl o
describes preclinical experinents in mce to denonstrate the inmunogenicity
of yeast-based HDV i munot herapy conpos$#ti ons of the invention when

adm nistered in vivo. [00191]In these experinments, three groups of C57BL/6
m ce were subcut aneously




I mmuni zed as in Table 2. Mce were i muni zed with HDV1l (SEQ | D NG 30,

Exanpl e

1) and HDV3 (SEQ I D NO 36, see Exanple 2), and with a control

conposi t iwo 2kreovime2as OVAX2010 (this yeast expresses chi ekensewalonsns n
ng an N-term nal al pha factor | eader peptide, expression driven by

conpri si
t he CUP]
Vacci ne
scruff,

| nmuni zation G

see
yeast

M ce

F@@f E%@@T ngle?to\ié@k PFGSFNt3 IYSBYQY, %‘é@mc%l%hﬁ@%/g@gfgﬂ%ds YU

%nércﬂajnééaﬁ@kwﬁl “regulate” and refers generally to upregulation or downregulation of
a particular activity. As used herein, the term “upregulate” can be used generally to
describe any of: elicitation, initiation, increasing, augmenting, boosting, improving,
enhancing, amplifying, promoting, or providing, with respect to a particular activity.
Similarly, the term “downregulate” can be used generally to describe any of: decreasing,
reducing, inhibiting, ameliorating, diminishing, lessening, blocking, or preventing, with
respect to a particular activity.

[00166] In one embodiment of the present invention, any of the amino acid sequences
described herein can be produced with from at least one, and up to about 20, additional
heterologous amino acids flanking each of the C- and/or N-terminal ends of the specified
amino acid sequence. The resulting protein or polypeptide can be referred to as
"consisting essentially of" the specified amino acid sequence. According to the present
invention, the heterologous amino acids are a sequence of amino acids that are not
naturally found (i.e., not found in nature, in vivo) flanking the specified amino acid
sequence, or that are not related to the function of the specified amino acid sequence, or
that would not be encoded by the nucleotides that flank the naturally occurring nucleic
acid sequence encoding the specified amino acid sequence as it occurs in the gene, if such
nucleotides in the naturally occurring sequence were translated using standard codon
usage for the organism from which the given amino acid sequence is derived. Similarly,
the phrase "consisting essentially of", when used with reference to a nucleic acid sequence
herein, refers to a nucleic acid sequence encoding a specified amino acid sequence that can
be flanked by from at least one, and up to as many as about 60, additional heterologous
nucleotides at each of the 5' and/or the 3' end of the nucleic acid sequence encoding the
specified amino acid sequence. The heterologous nucleotides are not naturally found (i.e.,
not found in nature, in vivo) flanking the nucleic acid sequence encoding the specified
amino acid sequence as it occurs in the natural gene or do not encode a protein that
imparts any additional function to the protein or changes the function of the protein having
the specified amino acid sequence.

[00167]  According to the present invention, the phrase "selectively binds to" refers to
the ability of an antibody, antigen-binding fragment or binding partner of the present
invention to preferentially bind to specified proteins. More specifically, the phrase
"selectively binds" refers to the specific binding of one protein to another (e.g., an

antibody, fragment thereof, or binding partner to an antigen), wherein the level of binding,
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C57BL/ 6 n=5 HDV1 2.5 YU scruff, 2.5 YU flank C C57BL/6 n=5 HDV3 2.5 YU

scruff, 2.5 YU flank [00192]Mce were imunized with a total of 5 Y. U (in
two | ocatwonsi12zt74205 Y. U. per injection site) of the inactatsed?2penss - based
i munot her apy corrposition once per week for 3 weeks total. Eight days after

the third i muni zati on, ce vere ut hani zed and sp] een. agaﬂ nRI;L F
wer e rencVdlSISHE Yaf‘@ﬂs"f‘% agl pgray @é Ia%H%%ﬁ%%S%aﬁ’S 18 ¥hfise lr}’téa hegtiys vvere
pl aced i nfighdd-that HRMQQWRhl d%%ﬁ%or%e%@ aDO@OP%&Arﬁﬁweweﬁ Jpgﬁoﬁﬁlhlgsx

and HDVspecific peptide antigens were added at 30 [tg/nL. After a
i ncubat i amrmunoassay,@@%om’mﬂydmthudd a mauthmt well/tul&{) tlpil(CbBtanO@@tﬂmeilyl &) was

transferre tod nterle klnllntefe | L-2/ L F EL|I Spot pl at es
(RED Syst® g Ffitn e chfiss haht ShEDEt sh i Gy Mhgeiibrdonth & s
i nstruct i @Nsiva Oh&n-YRIHicC BiatRd I HleNGre |b dabeshtDB@ oF Otk Bindin
I nst runent at |Vogoke%cpf sof %re (CTIf%dI nc.). elyHDV peptl@%es usgd in tr%

assay werfeagmanpthep@f3n thq shspnggpofhihagatigen iglEmpigRp to SEDatipramd oBinding

can be measured using a variety of methods standard in the art including enzyme
immunoassays (e.g., ELISA, immunoblot assays, etc.).

[00168] Reference to a protein or polypeptide used in the present invention includes
full-length proteins, fusion proteins, or any fragment, domain, conformational epitope, or
homologue of such proteins, including functional domains and immunological domains of
proteins. More specifically, an isolated protein, according to the present invention, is a
protein (including a polypeptide or peptide) that has been removed from its natural milieu
(i.e., that has been subject to human manipulation) and can include purified proteins,
partially purified proteins, recombinantly produced proteins, and synthetically produced
proteins, for example. As such, "isolated" does not reflect the extent to which the protein
has been purified. Preferably, an isolated protein of the present invention is produced
recombinantly. According to the present invention, the terms "modification” and
"mutation” can be used interchangeably, particularly with regard to the
modifications/mutations to the amino acid sequence of proteins or portions thercof (or
nucleic acid sequences) described herein.

[00169]  As used herein, the term "homologue” is used to refer to a protein or peptide
which differs from a naturally occurring protein or peptide (i.e., the "prototype” or "wild-
type" protein) by minor modifications to the naturally occurring protein or peptide, but
which maintains the basic protein and side chain structure of the naturally occurring form.
Such changes include, but are not limited to: changes in one or a few amino acid side
chains; changes one or a few amino acids, including deletions (e.g., a truncated version of
the protein or peptide) insertions and/or substitutions; changes in stereochemistry of one or
a few atoms; and/or minor derivatizations, including but not limited to: methylation,
glycosylation, phosphorylation, acetylation, myristoylation, prenylation, palmitation,
amidation and/or addition of glycosylphosphatidyl inositol. A homologue can have
enhanced, decreased, or substantially similar properties as compared to the naturally
occurring protein or peptide. A homologue can include an agonist of a protein or an

antagonist of a protein. Homologues can be produced using techniques known in the art
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HDV 43-51 (HLA-A2 binder): KLEDENPW.; SEQ ID NGO 19 [00193] The results of
this experinent are shown in Figs. 5A, 5B, 6A and 6B. Fig. 5A shows that
vacci nat iwo 20i2114#DV1 or HDV3 elicits an HDV-specific | PRy/uSk1Spa1426 esponse
that is specifically devel oped by the ex vivo addi ti on of a known HDV T

|1 tid P2: HDV 43-51 008HDV3
%\e/m ep'T E i g%ﬁ"cwt}e@( ?éarm%ﬂr mcl%igtgg{?gé nQ&ckﬁﬂltgg t greinps &y t V@?

functi On%olgtgépﬁétﬁfaal?Wﬁﬁlﬂgegﬂﬁélﬁedlrbét ﬁr%telﬂ{ %%ﬁ@sqs chr %ﬁcafﬂiﬁs @H“Ehe
cytotoxic T | ynphocyte ffector T cells in thé devel opnent of

functi ona1u016mra¢1dt35bquemlct mwxghng hi@r profias uaingo feabéanipdy edlassic drackgmbinant

ELI Spot s l.ls cont i.nin h medi u the antigen specificity of
the i m’rur@qfﬁ\g[g éﬁagd ]g?t\é\ﬁnwp%% ion of this background from
the peptijderto] eat&dloﬁdl@fé off@UiIVén pRitein @B - coh@trl@@' YonstdP¥3setlialf) bedord
3.5-fold higher ELISpot tesponse than HDV1 5B; 42 spots for HDV3 vs.

12 spot s dossistbi/an ammd acihseuarceathatayis 3t fogstch hu@#e@ ¢V least dlpah S0YnPEAL t han
.HDVl ( 23819?;“ I\ﬁ& Ygﬁﬁ/o Oor E!H\é t. a%but76j()z/l /t l%{st aﬁ) TP%@) or -méasst Ill& ug 56%, or
tes that At per yeas A ?th

illustra i‘gher anti‘gen conten cor el at e5

great er flegguentys5of oaat icgenbs@e’nd, o aTlte@ﬂ duekin] dred 1t bkt YOBS br at
i munot herapy. [00194] The results of the IL-2 ELISpot assay al so reveal ed

the i ndudgs6AbI 94% iWRptigbrr bt 3hout Paridentisalnoh gfele@% ahfw BV Elertiemt i on.
Fi 6A \VJ
t 'hgt > :dggégﬁ?%sggp?a&%% Q@%Aéfggl, Wi G 1 VIt ﬁ*ﬂ §deﬁﬂc4, 812 &ﬂe’fa?tp@éou{ g%%onse

y deve ex vivo addition o er ent
pepti de (1H’d:nt1cleVf 26led3 aboutSEQ [dBntil@l,Z@* atﬂe@@t 8EuHDY L Mdentical/AKpt Iekftiabontesul t

attests t ity of the i ne r onse duc ast HDV
i mmunot he9r be‘ﬁ?‘? l/ iaﬂi‘é{t P%fﬁelﬁg?éﬂ%( cQt f3r gghe“br fhmteger
di ff er entih &binRhks AR iR UnYihY abidQbq@ate Sﬁﬂle%%‘f‘én% 9r&éﬁh°fh%h&e1{b&cﬁhﬂeﬁt the
Al though there i's a notable IeveI of "background | L-2 ELI Spots for sanpl es

i ncubat echomalégugraowtphisese dburiste adspntfdliiioofs oi ednsists ¢ gn aﬁA)o am@eecalnmegtdmt

SpeCIfICIt of t b onse ear, eve r trag n.of this
backgr ourJfEi hﬁ) /E%Pfﬁaée]tseg télﬁlé&t’%}_tﬁ%{g{de%ffﬂt éfl 9%} h(% Mieittber of
backgrou rlassct@arﬂ AU % lidehtikhl] RROthEN hsdut BN lid¥aal, m@sk qﬁnrﬁbaﬁt 959, dRubt g, t hat
of OVAXvacci nated nice. [00195] Taken together, the | FNy and |L-2 ELI Spot

dat a showndatont memﬂwey@ﬁ 1%, tidssl thamnebenst 198 idsatieal ¢o Bempourily oeeurgre t he
i nv_en_tl O%ﬁhbﬁ&h Sg(g &egftﬁg?eff&feh&e%rofﬁﬁ ls as a result of in vivo

adm ni st 1 on, at are known markers of CTL

i nduct i or[pOEMNQ | IA lhsﬁlbaigluﬂglelyhﬁcluﬁd: piotainObr dd’iﬁﬁﬁ‘s sbmowsmstﬂhmef O¢ar thk-
i nduction of functional anti-HDV responses. [00196] The fal | owi ng
exanpl e de¥ER.HREICH Pisasse that cyuchi & dloneqlpge d#fqﬁéaﬁr@rﬁyth?oﬁﬂhkeaéﬁhs protein,

functional domain or immunological domain (as such protein, functional domain or
immunological domain is described herein or otherwise known or described in a publicly
available sequence) by the addition of or deletion of 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino
acids from the N- and/or the C-terminus of such full-length protein or full-length
functional domain or full-length immunological domain.

[00172]  As used herein, unless otherwise specified, reference to a percent (%) identity
refers to an evaluation of homology which is performed using: (1) a BLAST 2.0 Basic
BLAST homology search using blastp for amino acid searches and blastn for nucleic acid
searches with standard default parameters, wherein the query sequence is filtered for low
complexity regions by default (described in Altschul, S.F., Madden, T.L., Schaéffer, A.A.,
Zhang, J., Zhang, Z., Miller, W. & Lipman, D.J. (1997) "Gapped BLAST and PSI-
BLAST: a new generation of protein database search programs." Nucleic Acids Res.
25:3389-3402, incorporated herein by reference in its entirety); (2) a BLAST 2 alignment
(using the parameters described below); (3) and/or PSI-BLAST with the standard default
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[ 00197] A 12-week, open-label dose escal ation phase 1 clinical study is
performed using a yeast-based HDV i mmunot her apy conposition descri bed
herei n (ewQ.2p12711e22BIDV | mrunot her apy conposition descri bedTius2Ezanpbes 1 or
2). Subjects are inmmune active and healthy volunteers with no prior or

current indi catlon or. cord of H cti.on or HBV i nfecti
[ 00198] AgHFBRI P E? 19?8§%fifbtd Cek?reteg@la(?ﬁ Etsls agisf dat dug &g S%ﬁﬁr}f?é%%@ t hese

criteria g @taﬁ&lﬁhfﬂaﬁatrﬁét&g bE%eM%AS"P@S@QabP\éLA@W@H& IR TPy 2 CRIPORICIAON 1N
a sequenti al dose cohort escalation protocol utilizing one of two different

dosi ng prseqewets neghtf b¢ [rosegnized cﬁsoba)dlngA51g@rﬁqaet BowmstogPosiimg) tiict Bkl 2 doses

t t t Da b Week 8 Al
o veatber otiert s SR Ml BuBLASTo 39" p g S 4Rl B " ™
sites); Acfuctbesidd tP(e hh aedicat Stay adt ﬂd@nt%ig tie $coflPSRBeAR 1ﬂ tkH fob eRRMtes.

sites); Arm3A: 80 Y adm nistered in Y. U doses to 4 different sites)
4-\\eel y D@sildﬁ@w(lx Pﬁ’IeBL Tairovdesean aidompicdt wpeto-nte Wayion of weplofike"agarciveek 8)

Arm 1B: 2Q hlf rﬁg&% tlr\ueSt ertgq(l%n@%%equg%eg 1%81%& Z'JEh%I Jrogtras ﬁrs? #ér‘fz’\osr)ﬂs Ar m

2B: 40 Y. U i Stered oses eren
gapped BLAST database search. The PSI-BLAST program uses the information from any

significant alignments returned to construct a position-specific score matrix, which
replaces the query sequence for the next round of database searching. Therefore, it is to be
understood that percent identity can be determined by using any one of these programs.
[00173] Two specific sequences can be aligned to one another using BLAST 2
sequence as described in Tatusova and Madden, (1999), "Blast 2 sequences - a new tool
for comparing protein and nucleotide sequences”, FEMS Microbiol Lett. 174:247-250,
incorporated herein by reference in its entirety. BLAST 2 sequence alignment is
performed in blastp or blastn using the BLAST 2.0 algorithm to perform a Gapped
BLAST search (BLAST 2.0) between the two sequences allowing for the introduction of
gaps (deletions and insertions) in the resulting alignment. For purposes of clarity herein, a
BLAST 2 sequence alignment is performed using the standard default parameters as
follows.

For blastn, using 0 BLOSUM®62 matrix:

Reward for match = 1

Penalty for mismatch = -2

Open gap (5) and extension gap (2) penalties

gap x_dropoff (50) expect (10) word size (11) filter (on)

For blastp, using 0 BLOSUMG62 matrix:

Open gap (11) and extension gap (1) penalties

gap x_dropoff (50) expect (10) word size (3) filter (on).
[00174] An isolated nucleic acid molecule is a nucleic acid molecule that has been
removed from its natural milieu (i.e., that has been subject to human manipulation), its
natural milieu being the genome or chromosome in which the nucleic acid molecule is
found in nature. As such, "isolated" does not necessarily reflect the extent to which the
nucleic acid molecule has been purified, but indicates that the molecule does not include
an entire genome or an entire chromosome in which the nucleic acid molecule is found in

nature. An isolated nucleic acid molecule can include a gene. An isolated nucleic acid
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Arm 3B:80 Y. U (admnistered in 20 Y.U. doses to 4 different sites)

[ 00199] AIl doses are adm ni stered subcutaneously and the dose is divided
anong twoworof2ouu228i tes on the body (every visit) as in@ctatsed2ainne.

Saf ety and i mmunogenicity (e.g., antigen-specific T cell responses neasured
by ELISpot and T cell proliferatio are assessed. Specifically, an

ELI Spot - 3 aﬂarf&amcmﬁ? P§GH%Vé}06ﬁ3)@gfI%?Pt ety elgamot%%lg Fs pistier Sucheggpot

assays mMagsWthd9nfI8GL BL @6dind rég[%rl gnd f%rgﬁg_lorg’?‘ &Gl SR AIAES §8E (RY gm@?ﬂu{ T
cell proliferation in response to HDV antigens Is assessed and correl ated

wi t h t he eadditmpregincofhahmcina®ad hhanodye 8s eescehign@enzntAisdiatd nHASECA) .

00200]It is e cted that .the yeast-based HDY i nmunot herapeutic will, be
Ll ot orstSrEleaRG o bl Notidnn JERTIITTRE Hod EH o RRE Bo o

ELI Spot amgay¥ thd YrRAAUFUHhE sRfuehdch Qi ditibRl rAsRAYadidsFhht deXotiotRally $Bhk the
stinmulation by HBV antigens, and/or ASCA. Exanple 5 [00201] The foll ow ng

exanpl e desdfitdascleicpihisiequercedn ariug Oal, hotdralogpus segbgrset)s levlpisdinpaleioy

i nfected w t pat.j tii Vi and i 1] LU r utic
ary . or ehioREh R AEEALEL O RN G R bl Rty Bt S PR R002621 an
open- | abedNAdqee., el it Adhopitate ghibds2anadleioiaehl mblecale" ipsinfatihy tférBgo heyeast -
based HDV innunotherapg conposi tion described herein (e.g., the HDV

i mmunot hehapigalaBielsis peifl siplerade pdodg Phipsexawgdeie scid ssaucpee™ prymagiky refersfov

ther apeuty,¢ s&{u%ﬁé%f‘hu&édﬂdes on the nucleic acid molecule, the two phrases can be used
interchangeably, especially with respect to a nucleic acid molecule, or a nucleic acid
sequence, being capable of encoding a protein or domain of a protein.
[00175] A recombinant nucleic acid molecule is a molecule that can include at least
one of any nucleic acid sequence encoding any one or more proteins described herein
operatively linked to at least one of any transcription control sequence capable of
effectively regulating expression of the nucleic acid molecule(s) in the cell to be
transfected. Although the phrase "nucleic acid molecule" primarily refers to the physical
nucleic acid molecule and the phrase "nucleic acid sequence" primarily refers to the
sequence of nucleotides on the nucleic acid molecule, the two phrases can be used
interchangeably, especially with respect to a nucleic acid molecule, or a nucleic acid
sequence, being capable of encoding a protein. In addition, the phrase "recombinant
molecule" primarily refers to a nucleic acid molecule operatively linked to a transcription
control sequence, but can be used interchangeably with the phrase "nucleic acid molecule”
which is administered to an animal.
[00176] A recombinant nucleic acid molecule includes a recombinant vector, which is
any nucleic acid sequence, typically a heterologous sequence, which is operatively linked
to the isolated nucleic acid molecule encoding a fusion protein of the present invention,
which is capable of enabling recombinant production of the fusion protein, and which is
capable of delivering the nucleic acid molecule into a host cell according to the present
invention. Such a vector can contain nucleic acid sequences that are not naturally found
adjacent to the isolated nucleic acid molecules to be inserted into the vector. The vector
can be either RNA or DNA, either prokaryotic or eukaryotic, and preferably in the present
invention, is a virus or a plasmid. Recombinant vectors can be used in the cloning,

sequencing, and/or otherwise manipulating of nucleic acid molecules, and can be used in
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subj ects are inmune active and chronically infected with both hepatitis B
virus (HBV) and hepatitis D virus (HDV). In Arm 2 (HDV prophylaxis arm,
subj ect s wpeoizxamyaze active and chronically infected w t RCHRS201210l24060

evi dence of co-infection with HDV (i.e., HBV nono-infection). In each arm
the chronjc HBV infection s |1 controlled by conventional HBV anti-viral
t her apy (J@fl@j@ry e B INCCHISS ofSrox Y T8 Ui eCOoTTgR: VR REED ‘f)cmé'g’aﬁ%iasured

by HBV DNQnRVighs). ROQAA3 MR Véétagedrg %&f&5b1§hiséd %%1 Hféyexgl%géab@%? guél_l%\c/bdefdh ar ms

nmeeting the relevant criteria are a nistéred the yeast-base '
i mmunot henalpgulepmpdsédn elsoibe acfemerliemtas adxpdosien caletrs. Bisbatedt icoompmattoco

utilizing dose ran from0.05 Y. U to 80 Y.U. ionally, a single

pati ent  BHOR THEMTER e STBSH R EOTE RREEEPHRL of pl acebo (PBS) on the
same schegpier)as thhactdmbingithesianye Of M8 pFRaitiine@doRMucteVd 4ad moNRURE Yre
Conservative stopping rules are in place for ALT flares and signs of

deconpr esewtively0daRa] Ita exuessitonvgctorsageniniegn ahgeptenofseinses rsugh | as
bi t . : | h to. i nue ..
Sub] ect s AR SRR Rt B8 8 FORTIehs SR R8P g

anti-vira ne or an eas ased erapeutic

protocol diklgsegllating sdpeacd) thhobrcugorhutible webkte M3t celhtafd ithatAfomrd] ey be
optionally followed for a‘longfr term (beyond 48 weeks) to nonitor HDV
i nf ect i orfXpeeseign of puglpigapid molorylgs ef thetnressnt wypyIan. Wi nartiqdas; (pgombinant

subcut an 1 [0 : : -t %?ﬁ§ DV
innunothgﬁgg?P&%?ﬁgngﬁ?ﬁﬁdggﬁgﬁgﬂ?éﬁgg%ugﬁgﬁg%§ oruﬁégﬁgf%%ﬁggT*ﬁglrn1l,
saf ety, HibWedito alnckorn@biecsxprédDdn cmitiot sopensisonThamirdsOVeopapadly ilmked"

i mmunogenicity (e..g., antigen-specific T cell responses neasured b

EL1 Spoty Tk s bl MakIQERT PAlCue o G RIE YR TG PRI e e L EBPProct s
of HBV tr&ak MRAthe Qﬁl%’crug&a’ikt k¥predsed adtnt frifecHRS G od ARERABAEI DirARAEEICE!

(ALT) is nonitored. [00206]In Arm 2, safety and HOV- speci fic i nmunogeni city
(e.g., artdngkentedpmtd 4 hestTeltel | responses neasured by ELI Spot) are assessed,

Il A i ly, ar bj ect i el
mont tor edOPBRT SRRt RL e isRent Pee S e e D irRiChpRod Sef G dbt By
RNA,  det eglingih@f by WRichBY caBEdn@eNnidiRAg)id nas16ud¢ (i4etaasédnMindt nadtbic-aciv

(anti bodi es agai nst HDV). [00207]1n Arm 1 (therapeutic),.the yeast - based
HDV i muriseleetlapyae obposscrticdnintg a cell.  The term "transformation” can be used

interchangeably with the term "transfection” when such term is used to refer to the
introduction of nucleic acid molecules into microbial cells, such as algae, bacteria and
yeast. In microbial systems, the term "transformation” is used to describe an inherited
change due to the acquisition of exogenous nucleic acids by the microorganism and is
essentially synonymous with the term "transfection." Therefore, transfection techniques
include, but are not limited to, transformation, chemical treatment of cells, particle
bombardment, electroporation, microinjection, lipofection, adsorption, infection and
protoplast fusion.
[00179] The following experimental results are provided for purposes of illustration
and are not intended to limit the scope of the invention.

EXAMPLES
Example 1
[00180] The following example describes the production of a yeast-based
immunotherapeutic composition for the treatment or prevention of hepatitis D virus
(HDV) infection.
[00181] In this experiment, yeast (e.g., Saccharomyces cerevisiae) were engineered to

express an HDV antigen under the control of the copper-inducible promoter, CUPI. The
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expected to provide a therapeutic benefit to chronically infected HDV
patients. The imunotherapy is expected to be safe and well-tol erated at
al | doseswdebiwvigsnrd. Patients receiving at | east the hi gogais2done2406
yeast - based HDV i nmunot herapy are expected to show treat nent - energent,
HDV-specific T cell respanses as determined hy ELI SPOT, and patients with
prior baéép?%néntmv-g%@i fipglepEpqptide &P@é@‘lléﬂ@‘_yeiﬂy AEO 1851 oV St oved

HDV- speci f]16wiheCGRllent€ SRARDESH MY Inefrfe WoRANTREC-tehRInLE NEFreb &R &1 ¥ BE@
yeast - based HD% I munot herapy are expected to show reductions i HDV RNA

and/ or i nprBWeikel) imNHRvhisel ppode 6r snemt reaisesca® potgpsimed degratlhtgon and

ti-viral .gr d/ : troll i f
i 11 ed MR STRRBHPS (ALY o I TRal? S APE SR SEe Ay i paticar L
recei Vi N YPRShreaRed Sk MRHIPLRSHRNYC (PADZRBI 1 PSR (DNph)BSkR) . the
yeast - based HDV i mmuno hera%y conposition i s expected to provide protection

agai nst celinpeeidtsearenes of h penasynsi hieega @d apagdne(rtlaA gl thatpis madefieddi ng
evi dence gt deoneased: £ 365 8lo.coLTECH AN bho HN.off SEGBANERYETILY of
synpt ons ‘and sequel d associ at ed Wt rnfection, “ificteased overal

survi val ,repiastn@sd hdnsih @3S 0D &dD 28 and#) HBYxdhidtidodd tof (sitns aC3te2 i sease,
as conpared to the control (pl.acebo group). In addition, patients receiving

at | east YHRIRINRSE). Aousla agiéégquea%@&g?imthmmmemmf 2k Q IBMNOeIed to
how ‘- ) ey .
L1 SPOT DR oy 3eT Do Snp nishr &6 PRIRCRESE QD AELAT TGN
been desAXOBOdand Si€} HD INOi28) centaipp amdtiple tdpadpayodti doancand thas a@nebliadaptoat | ons
led in the art. t o, be

g;p: Qgiffe Riery g%ﬁzuwﬂ%%né@@f&r drdmUEReRbare Eﬁmniﬁsp%ﬁwné&'é&f%f% YHs are
Wi thin thesseaps1 @b 553 SEERSNO:BOVE@MPrRE kndwn SEHCT Ol TR RBitd Rl AW ng
clains. What 1s clainmed is: 1. An I mrunot herapeuti c conposition
conpri si mysitions 34 ta) 4% yesd®ns éhiocl'd; peitebns 74 to 87, positions 104 to 119, and
positions 120-151 comprise known MHC Class II T cell epitopes. A yeast
immunotherapy composition expressing SEQ ID NO:30 is also referred to herein as
HDVI.
[00182] A second product expressing the same HDV antigen as above, but with the
NLS retained, was produced as follows. Yeast (e.g., Saccharomyces cerevisiae) were
engineered to express the HDV antigen under the control of the copper-inducible promoter,
CUPI. The HDV antigen was a single polypeptide of approximately 228 amino acids,
with the following sequence elements fused in frame from N- to C-terminus, represented
by SEQ ID NO:33: (1) an N-terminal peptide to impart resistance to proteasomal
degradation and stabilize expression (positions 1 to 6 of SEQ ID NO:33); 2) a two amino
acid spacer (Thr-Ser) to introduce a Spel restriction enzyme site (positions 7 to 8 of SEQ
ID NO:33); 3) the amino acid sequence of a HDV genotype 1 large (L) antigen (HDAg-L)
corresponding to SEQ ID NO:2 except for the substitution of an alanine in place of the
glutamine at position 66 of SEQ ID NO:2 (positions 9 to 222 of SEQ ID NO:33, also
represented herein by SEQ ID NO:31); and 4) a hexahistidine tag (positions 223 to 228 of
SEQ ID NO:33). A nucleic acid sequence encoding the fusion protein of SEQ ID NO:33
(codon optimized for yeast expression) is represented herein by SEQ ID NO:32. SEQ ID
NO:33 (and SEQ ID NO:31) contains multiple epitopes or domains that are believed to

enhance the immunogenicity of the HDV antigen. For example, positions 34 to 42 and

positions 51 to 59 of SEQ ID NO:33, comprise known MHC Class I T cell epitopes, and
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b) a fusion protein conprising HDV anti gens, wherein the HDV anti gens
consi st of at |east one i nmunogeni c domain of an HDV | arge antigen (HDAg-L)
or HDV smabl2oenmit7ékrzen ( HDAg-S), wherein the nucl ear | ocalrczaisc@n/osBEeaence
(NLS) has been inactivated by substitution or deletion of one or nmore am no
acids of the NLS; wh e conpo n eI|C|t an HDV- s f|c

i nmune ré@ﬁlélﬁgﬁmw 9HUAR g%FOe%i;] tPBS%EHE%%} iecd. posiifes Woeﬁetlglb%
composi t itgN0fan@rlifbrs 1 WHR! R NednfiisbRYo RANIARNC GANAI B LN Bt %a%as ne
ful'l-1ength HDAg-L, except that the nuclear |ocalization sequence (NLS) of
t he HDAg- 1mnmamt®m corapasiticat exprbssinguBEQ ttNOB3ors dled etfeoredotb lareinozs nor e
am no aci f the NLS. 3. The i munot herapeutic conposition of Caim 2,
wherein t LS is del eted. 4. The i mmunot herapeutic conp05|t|on of Clalntl,

wherein tog183PV ary p88acCAOSIEY 5 ad HB VUdaOinhudotiRray doRsitishs, brieaigt h
HDAg- L, except t hat the nucl ear |ocalization sequence (NL of each of t he

HDAg- L hd2NBesngoding ¢hd MRVettiggnsdasstibadabionn wes ceddreentionzest fogsapisssiomine

a1, 2 g Shud D0y, THE ETRRNGIPAGH G SPTRRRHCLER S A,

wher ei n gacin-100) inh@ast 2 um expression vectors. The nucleotide sequence of SEQ ID NO:29
encodes the fusion protein represented by SEQ ID NO:30, and the nucleotide sequence of
SEQ ID NO:32 encodes the fusion protein represented by SEQ ID NO:33. The resulting
plasmids were introduced into Saccharomyces cerevisiae W303a yeast by Lithium
acetate/polyethylene glycol transfection, and primary transfectants were selected on solid
minimal plates lacking uracil (UDM; uridine dropout medium). Colonies were re-streaked
onto UDM or ULDM (uridine and leucine dropout medium) and allowed to grow for 3
days at 30°C. Liquid cultures lacking uridine (U2 medium: 20g/L glucose; 6.7 g/L. of
yeast nitrogen base containing ammonium sulfate; 0.04 mg/mL each of histidine, leucine,
tryptophan, and adenine) or lacking uridine and leucine (UL2 medium: 20g/L glucose; 6.7
g/L of yeast nitrogen base containing ammonium sulfate; and 0.04 mg/mL each of
histidine, tryptophan, and adenine) were inoculated from plates and starter cultures were
grown for 20h at 30°C, 250 rpm. Primary cultures were used to inoculate final cultures of
the same formulation and growth was continued until a density or 1.1 to 4.0 YU/mL was
reached. Cultures were induced with 400 uM copper sulfate at this starting density of 1-4
YU/ml for 3 hours at 30°C. The cells from each culture were then harvested, PBS-washed
and heat-killed at 56°C for 1 hour in PBS.
[00184]  After heat-kill of the cultures, the cells were thrice washed in PBS and total
protein was isolated by glass bead rupture followed by boiling in SDS lysis buffer.
Quantification of total protein was done by amidoschwarz/nitrocellulose binding assay,
and HDV antigen content was measured by Western blot using an anti-His tag monoclonal
antibody probe followed by interpolation to a His-tagged HCV NS3 protein standard curve.
[00185]  Results are shown in Figs. 2 and 3. Fig. 2 shows copper inducible expression
of HDV1 and HDV2: U2 vs. UL2 using one set of internal standards (HDV1 and HDV2
loaded at 4ug protein/lane), and Fig. 3 shows copper inducible expression of HDV1 and
HDV2: U2 vs. UL2 using a second set of internal standards (HDV1 and HDV?2 loaded at
4ug protein/lane). These figures show that each of the HDV yeast-based immunotherapy
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HDAg-L is froma different HDV genotype. 7.The inmunotherapeutic
conposition of Claiml1, wherein the HDV antigen consists of a fusion of
t hree fulwelzeregit7he2biDAg- L, except that the nucl ear | ocal iPzatisen2eeaence
(NLS) of each of the HDAg-L has been inactivated by substitution or

del etion of one or re am no acids of the NLS, wherein each of the HDAg L
i s from £OHIPPPIEPRHP ﬁwnqew&nygﬁm@dm@vmﬁmﬁéﬁ%éha Vi oEghpidi €0 o

Aaiml, wheiRhnpg W@es‘f@?}{ B0 T 9ERiceR NI S6Bn ARa L BLA Qs %gt drocaianee it ' S
at least 95%identical to an am no acid sequence selected from SEQID

NO 34, SEalduRtdOmgen oxprassoor wespolivdnggraemmer ¥di dios 8gueastexprossmafbther
HDV strai 17 / US20.12/ 04 The i nmunot h t

compost ¢ IO O R aREP T PRAET Sy A O Bis Xeorhs T Ees AP ORE) o
sequence HI) S(Bdasl €ast Grdovdantingaty 1o) & 121 NP Rekd csiBadenessts&liect ed
from SEQ I D 34 SEQ I D NO 28, or a corresponding am no aci d sequence

f r om anotdqaivalapi¥) et F&ipmol pmtqlheoer Maothveazp@ut wes elowpsdithatdhDYE ctirapsm 1
wher ei n (.49 Y. AL 960§ 9058l eched (LOMRFO RINRAing R LRMR:PG0n"

correspondi ng sequénce Irom a
growth are undesirable features for yeast-based immunotherapy candidates and,

accordingly, HDV1 was selected for additional experiments.

Example 2

[00186] The following example describes the production of another yeast-based
immunotherapeutic composition for the treatment or prevention of hepatitis D virus
(HDV) infection.

[00187] In this experiment, yeast (e.g., Saccharomyces cerevisiae) were engineered to
express an HDV antigen under the control of the copper-inducible promoter, CUPI. The
HDV antigen was a single polypeptide of approximately 422 amino acids, with the
following sequence elements fused in frame from N- to C-terminus, represented by SEQ
ID NO:36: (1) an N-terminal peptide to impart resistance to proteasomal degradation and
stabilize expression (positions 1 to 6 of SEQ ID NO:36); 2) a two amino acid spacer (Thr-
Ser) to introduce a Spel restriction enzyme site (positions 7 to 8 of SEQ ID NO:36); 3) the
amino acid sequence of a HDV genotype 1 large (L) antigen (HDAg-L) that was modified
to delete the nuclear localization sequence (positions 9 to 212 of SEQ ID NO:36); 4) the
amino acid sequence of a HDV genotype 2 large (L) antigen (HDAg-L) that was modified
to delete the nuclear localization sequence (positions 213 to 416 of SEQ ID NO:36); and
5) a hexahistidine tag (positions 417 to 422 of SEQ ID NO:36). An amino acid sequence
representing only the HDV sequences in this fusion protein is SEQ ID NO:34. A nucleic
acid sequence encoding the fusion protein of SEQ ID NO:36 (codon optimized for yeast
expression) is represented herein by SEQ ID NO:35. SEQ ID NO:36 (and SEQ ID
NO:34) contains multiple epitopes or domains that are believed to enhance the
immunogenicity of the HDV antigen. For example, within the sequence from the HDV
genotype 1 antigen positions 34 to 42 and positions 51 to 59 of SEQ ID NO:36, comprise
known MHC Class I T cell epitopes, and positions 34 to 49, positions 58 to 73, positions
74 to 89, positions 82 to 97, positions 114 to 129 and positions 130 to 161 comprise

known MHC Class II T cell epitopes. Corresponding sequences can be identified in the
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11. The i mmunot her apeuti c conposition of Claim1l, wherein the HDAg-L has an
am no aci d sequence selected fromSEQ ID NO. 2, SEQID NO 5, SEQ ID NO 8, or
a correspyodoregi7aazono aci d sequence from anot her HDV st pairnsS2ai2/0d413e6

I mmunot her apeuti c conposition of Claim1, wherein the HDAg-S has an am no

acid sequence selected from SEQ ID NO 3, SEQ ID NO6, SEQID NO 9, .or a
corr espor?ﬂﬂ‘r‘f‘@lcg ntgé ﬂP%ﬁgﬁ?fgﬂi‘f‘eP fir\Eea r% Feasy Mppof o?‘?f@?%sﬂ)téﬁlt iC
conpowtl&gre@;m BOTOINOMEE 818 LGB 9#beonpr [ ses an ami no acid
sequence t IS at |l east 95% identical to an am no acid sequence sel ected

from SEQ[POI8SD, 2, TSR NE, HD\SEQ:aSDmmuBchcnapaltmocmrms}wm; hgeflyi thAam d

f \V t It
S e AR BV s dhiBad Aboioton oM RlRERR Tt bR B bkefog”
from SEQ an® thNG @fesddd @E@&M@ﬁo@ﬁn@&s&%&&hﬁfd t@le Wﬁﬁ[@ﬁl&é}qFGlﬁ @51}
| east 95% identical to SEQ ID NO 36 or SEQ I D NO 30, respective An

i mrunot hen apeLiten expeHinVestors ohpr nusilegide sequencesyf SEQ #R3N038 wn@@d@s thend
b f
) o2 L usianapTRb el N FRTRILP LGP ey YART LR ARG NGRS

consi s east ne I nmu orral n o arge an
or HDV snafol Sawhugﬁﬁyc(eﬁ%gevﬁ)ae Whs03el RedsheyHDWhamat lagaatermlyeﬁs;&eﬁehglycal

fult- eng[}rar;lsflga?gn Ia_mc(ij E)I‘ll’ljlg,)rp}\l traSns?ercg[n?sl v(/]ere selected on solid minimal plates lacking uracil
(UDM; uridine dropout medium). Colonies were re-streaked onto UDM or ULDM
(uridine and leucine dropout medium) and allowed to grow for 3 days at 30°C. Liquid
cultures lacking uridine (U2 medium: 20g/L glucose; 6.7 g/L of yeast nitrogen base
containing ammonium sulfate; 0.04 mg/mL each of histidine, leucine, tryptophan, and
adenine) or lacking uridine and leucine (UL2 medium: 20g/L glucose; 6.7 g/L. of yeast
nitrogen base containing ammonium sulfate; and 0.04 mg/mL each of histidine, tryptophan,
and adenine) were inoculated from plates and starter cultures were grown for 20h at 30°C,
250 rpm. Primary cultures were used to inoculate final cultures of the same formulation
and growth was continued until a density or 1.1 to 4.0 YU/mL was reached. Cultures were
induced with 400 uM copper sulfate at this starting density of 1-4 YU/ml for 3 hours at
30°C. The cells from cach culture were then harvested, PBS-washed and heat-killed at
56°C for 1 hour in PBS.
[00189] After heat-kill of the cultures, the cells were thrice washed in PBS and total
protein was isolated by glass bead rupture followed by boiling in SDS lysis buffer.
Quantification of total protein was done by amidoschwarz/nitrocellulose binding assay,
and HDV antigen content was measured by Western blot using an anti-His tag monoclonal
antibody probe followed by interpolation to a His-tagged HCV NS3 protein standard curve.
Results are shown in Fig. 4. Fig. 4 shows copper inducible expression of HDV3 in each of
U2 vs. UL2 medium using two different sets of internal standards. The results show that
HDV3 expresses high levels of the HDV antigen, and can be identified by Western blot.
Antigen expression was best using UL2 medium. The calculated antigen expression was
~23861ng protein per Y.U. for the yeast expressing SEQ ID NO:36 (HDV3). HDV3 was

selected for additional experimentation.
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wherein the conposition elicits an HDV-specific imune response when

adm ni stered to a subject. 16. The i nmunot herapeutic conposition of Claim
15, wher ewo 20tpe17MDV anti gen consists of a fusion of at [PeadtS20@42326 NOr €
HDAg-L or HDAg-S proteins, wherein at |east one of the HDAg-L or HDAg-S
proteins (s IesE than a full-length HDAg-L or HDAg-S protein. WO

2012/ 174 2012/ 042426 17. The i nmunot herapeuti c conposition of
d ai m 16, gphwyi ei riraghiRlinkNex4fREY- HeQbibEPASiREAt %gﬁirhe%tg‘ rgmgcdi {f er ent
HDV genot ype. 18. Thé i mmunhot herapeuti c conposition of C aim 15,
wher ei n tdemorBvata titci igemnogapcits eSyast-lasth bIDAC inmseethenape corhpositians af theeast
95% i dent.ical. to.,an am ng acgi.d sequence selected from SEQ ID NGO 10, SEQ ID
NO: 16, orm‘éentt}(%W&B&ﬁ@f%ﬁe%ﬁd"mﬂwﬁci d sequence from another HDV strain.

19. The 009t hanhadedét &6 cE¥Ras ithk®hrofpsSRCIYBDE W& Gk LilRutIRGARL | gen
conprises an am no acid sequence that is at |east 97%identical to an am no
aci d sequemamized| ectredableom SHQCl BeNOMOUNIgEOWID NOVIE (SBR B SPBespendi ng
am no aCIEixa%l%(ﬂeueir)-'Ca%df olika ?ﬁ(ﬂeﬁ) WS%} (& ﬁ'xarnple 2), and with a control yeast

composition known as OVAX2010 (this yeast expresses chicken ovalbumin comprising an

N-terminal alpha factor leader peptide, expression driven by the CUPI promoter).

Table 2: Immunization Groups: C57BL/6 Mice

Group | Mice Vaccine Regimen (once per week for 3
weeks)

A C57BL/6 | OVAX2010 2.5 YU scruff, 2.5 YU flank
n=5

B C57BL/6 | HDV1 2.5 YU scruff, 2.5 YU flank
n=5

C C57BL/6 | HDV3 2.5 YU scruff, 2.5 YU flank
n=5

[00192] Mice were immunized with a total of 5 Y.U. (in two locations at 2.5 Y.U. per
injection site) of the indicated yeast-based immunotherapy composition once per week for
3 weeks total. Eight days after the third immunization, mice were euthanized and spleen
and lymph nodes were removed, macerated to single cell suspensions, and counted. Cells
were placed into U-bottom 96-well plates at 200,000 cells/well (10° cells/mL), and HDV-
specific peptide antigens were added at 30 ug/mL. After a 4 day incubation in a 37°C/5%
CO; humidified incubator, 150 ul (150,000 cells) was transferred to dual interleukin-
2/interferon-y (IL-2/IFNy) ELISpot plates (R&D Systems) for 24 hours. Plates were
developed per the manufacturer's instructions and spots were counted using validated spot
counting instrumentation and software (CTL, Inc.). The HDV peptides used in this assay
were:

e HDV 26-34 (HLA-A2 binder): KLEDLERDL; SEQ ID NO:20
e HDV 43-51 (HLA-A2 binder): KLEDENPWL; SEQ ID NO:19

[00193]  The results of this experiment are shown in Figs. 5A, 5B, 6A and 6B. Fig. SA
shows that vaccination with HDV1 or HDV3 elicits an HDV-specific IFNy ELISpot
response that is specifically developed by the ex vivo addition of a known HDV T cell

65



20. The i nmunot herapeutic conposition of C aim 15, wherein the HDV anti gen
Is selected from SEQ ID NGO 10, SEQ ID NO 16, or a correspondi ng sequence

f r om anotwenrotdv4=or ai n. 21. The i nmunot her apeut i eCctarspaiosidon of
Claim 15, wherein the HDAg-L has an ami no acid sequence selected from SEQ
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the immune response is clear even after subtraction of this background from the peptide-
treated ELISpot counts (Fig. 5B). Notably, HDV3 clicited a 3.5-fold higher ELISpot
response than HDV1 (Fig. 5B; 42 spots for HDV3 vs. 12 spots for HDV1) and contains a
~3.3-fold higher HDV antigen content than HDV1 (23861 Ng/YU for HDV3 vs. 7171
Ng/YU for HDV1). This finding illustrates that higher antigen content per yeast cell
correlates with a greater frequency of antigen-specific T cells elicited by the yeast
immunotherapy.
[00194] The results of the IL-2 ELISpot assay also revealed the induction of an
antigen-specific immune response to HDV-1 vaccination. Fig. 6A shows that vaccination
with HDV1 elicits an IL-2 ELISpot response that is specifically developed by ex vivo
addition of a different HDV peptide (P1: HDV-26-34 or SEQ ID NO:20; p=0.02 HDV1 vs.
OVAX). This result attests to the quality of the immune response induced by the yeast-
HDV immunotherapeutic vaccination because IL-2 stimulates the growth, differentiation
and survival of antigen-specific cytotoxic T cells. Although there is a notable level of
background IL-2 ELISpots for samples incubated with growth medium only ("No stim" in
Fig. 6A), the antigen specificity of the immune response is clear even after subtraction of
this background from the peptide treated ELISpot counts (Fig. 6B). The number of
background-corrected IL-2 ELISpots for HDV1-vaccinated mice is double that of OVAX-
vaccinated mice.
[00195] Taken together, the IFNy and IL-2 ELISpot data show that the HDV yeast-
based immunotherapeutic compositions of the invention elicit antigen-specific T cells as a
result of irn vivo administration, producing cytokines that are known markers of CTL
induction, and illustrating the utility of these compositions for the induction of functional
anti-HDV responses.
Example 4
[00196]  The following example describes a phase 1 clinical trial in healthy volunteers.
[00197] A 12-week, open-label dose escalation phase 1 clinical study is performed
using a yeast-based HDV immunotherapy composition described herein (e.g., the HDV
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yeast vehicle is a whol e yeast. 26. The i nmunot her apeutic conposition

of Claim25, wherein the whole yeast is killed. 27. The
i mmunot hewapelrize220onposi ti on of C aim 25, wherein the RODIUS201eMA81426 S
heat - i nacti vat ed. 28. The i mrunot her apeuti c conposition of any

h hi cl f |
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29. The ilBMnofchieorapeuti ¢ conposition of any preceding claim wherein the
yeast Veh[.hﬁb%] 's Il)’p(%g%l%a%e(iy 3k s%ects (6 arms, 8 subjects per arm) meeting these criteria
are administered the yeast-based HDV immunotherapy composition in a sequential dose
cohort escalation protocol utilizing one of two different dosing protocols as follows:
Protocol A: Prime-Boost Dosing (4 weekly doses starting at Day 1, followed by 2

monthly doses at Week 4 & Week &)

Arm 1A: 20 Yeast Units (Y.U.) (administered in 10 Y.U. doses to 2 different sites);
Arm 2A: 40 Y.U. (administered in 10 Y.U. doses to 4 different sites);

Arm 3A: 80 Y.U. (administered in 20 Y.U. doses to 4 different sites)

4-Weely Dosing (three total doses administered at Day 1, Week 4 and Week 8)

Arm 1B: 20 Y.U. (administered in 10 Y.U. doses to 2 different sites);

Arm 2B: 40 Y.U. (administered in 10 Y.U. doses to 4 different sites);

Arm 3B: 80 Y.U. (administered in 20 Y.U. doses to 4 different sites)

[00199]  All doses are administered subcutancously and the dose is divided among two
or four sites on the body (every visit) as indicated above. Safety and immunogenicity (e.g.,
antigen-specific T cell responses measured by ELISpot and T cell proliferation) are
assessed.  Specifically, an ELISpot-based algorithm is developed for categorical
responders. ELISpot assays measuring regulatory T cells (Treg) are also assessed and
CD4" T cell proliferation in response to HDV antigens is assessed and correlated with the
development of anti-Saccharomyces cerevisiae antibodies (ASCA).

[00200] It is expected that the yeast-based HDV immunotherapeutic will be well-
tolerated and show immunogenicity as measured by one or more of ELISpot assay,
lymphocyte proliferation assay (LPA), ex vivo T cell stimulation by HBV antigens, and/or
ASCA.

Example 5

[00201] The following example describes a phase 1b/2a clinical trial in subjects
chronically infected with both hepatitis D virus and hepatitis B virus (therapeutic arm), or
mono-infected with hepatitis B virus (prophylactic arm).

[00202] An open-label dose escalation phase 1b/2a clinical trial is run using a yeast-
based HDV immunotherapy composition described herein (e.g., the HDV immunotherapy
composition described in Examples 1 or 2). In Arm 1 (HDV therapeutic treatment arm),

subjects are immune active and chronically infected with both hepatitis B virus (HBV) and
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30. The i munot herapeutic conposition of any preceding claim wherein the
yeast vehicle is from Saccharonyces cerevi si ae. 31. The

I mmunot hewapelize220onposi ti on of any precedi ng claim wreraisaoiioe2426
conposition is formulated in a pharmaceutically acceptabl e excipient

sui tabl e for adm nisty on to a_s The i munot her apeutic
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conprising adm ni.s ect t ha s. been infected with

enot | ond SR EHSH: HBAY Attt il QA Ay Lof PR SRBRIORY BISHHE. WndPLi n
adm ni st r@READS) gshﬁe@g@gq)g,lﬂmvmmg 1&gy, subj ect reduces HDV i nfection or
at | east one synptomresulting fromHDV infection in a subject. 34.
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an i nt er f@hem.cscalation pr&@col'ﬁhﬁlzﬁgtdlﬁé r@fgeClfidin0.28,Y . Whey 80 Y Uh&)ptﬁin@lﬂ}f eron is
i nterferon-a. 37. The net hod of CI aim 24, wherein the interferonis
pegyl at edingit eper sAbapayill receive subgutarggus dejestisds of PEacsPen(BAS) ghdicesama he

| nterferqpy, écﬁﬂé N &L %Iﬁfﬁoiﬁer apy plus %%ﬁuér&‘&tﬂ@ﬁﬁ%mﬁ%?@%ﬁwe%ﬁi ) oF he

subject is roni cal atitis B v
The net hcrdleshre@hqaﬂam%Aﬂ]ﬂakmrand@tgns oﬁdemgn@dasssmnsteri ng to the subject an

anti-vi ra[l()ﬂfﬂqlr]’rpo%lthhé oseéor %\i staé[ehgf eHaEM allrnmf %f thls trlal subjects are randomized into

equal numbered cohorts to continue on anti-viral alone or anti-viral plus the yeast-based

HDV immunotherapeutic protocol (dose 1 and dose 2) for up to 48 weeks. Patients in
Arm 2 may be optionally followed for a longer term (beyond 48 weeks) to monitor HDV
infection rates. In Arm 2, a single patient cohort will receive subcutaneous injections of
placebo (PBS) on the same schedule as the HDV immunotherapy, plus continued anti-viral
therapy for HBV.

[00205] In Arm 1, safety, HDV viral kinetics, HDAg seroconversion, and HDV-
specific immunogenicity (e.g., antigen-specific T cell responses measured by ELISpot) are
assessed, as well as HBsAg seroconversion to measure effects of HBV treatment
concurrently. In addition, dose-dependent biochemical (ALT) is monitored.

[00206] In Arm 2, safety and HDV-specific immunogenicity (e.g., antigen-specific T
cell responses measured by ELISpot) are assessed, as well as HBsAg seroconversion
concurrently, and subjects are routinely monitored for indicators of HDV infection,
including by detection of HDV RNA, detection of the HDV antigen (HDAg), and/or
detection of anti-HDV (antibodies against HDV).

[00207] In Arm 1 (therapeutic), the yeast-based HDV immunotherapy composition is
expected to provide a therapeutic benefit to chronically infected HDV patients. The
immunotherapy is expected to be safe and well-tolerated at all doses delivered. Patients
receiving at least the highest dose of yeast-based HDV immunotherapy are expected to
show treatment-emergent, HDV-specific T cell responses as determined by ELISPOT, and
patients with prior baseline HDV-specific T cell responses are expected to show improved

HDV-specific T cell responses while on treatment. Patients receiving yeast-based HDV
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41. The nethod of O aim 40, wherein the anti-viral conmpound is sel ected
fromthe group consisting of: tenofovir, |amvudine, adefovir, telbivudine,
ent ecavi rivoantk/1wezhi nati ons t her eof 42. A net hod pCo/uskéicios24aan
antigen-specific, cell-nediated i mune response agai nst an HDV anti gen,
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wherein the subject is chroni infected with hepatitis B virus (HBV).
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49. The conposition of any one of Clains 1 to 32, for use to prevent HDV

i nf ecti orfnpser dngrg@ﬁeécqle_arance of HDV infection as an acute disease, as compared to the
control (placebo group). In addition, patients receiving at least the highest dose of yeast-
based HDV immunotherapy are expected to show treatment-emergent, HDV-specific T
cell responses as determined by ELISPOT.
[00209] While various embodiments of the present invention have been described in
detail, it is apparent that modifications and adaptations of those embodiments will occur to
those skilled in the art. It is to be expressly understood, however, that such modifications

and adaptations are within the scope of the present invention, as set forth in the following

claims.
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50. The conposition of Caim49, wherein the subject is chronically
infected with HBV. Si.Use of the conposition of any one of Clains 1 to 32

i n the prwpanetrizerzoof a nedi cament to treat HDV infecti enT/iB201we2406 t he
conposition of any one of Clains 1 to 32 in the preparation of a nedi canent

to prevent HDV infection.
P \EVhat is clar}med is:

1. An immunotherapeutic composition comprising:

a) a yeast vehicle; and

b) a fusion protein comprising HDV antigens, wherein the HDV
antigens consist of at least one immunogenic domain of an HDV large antigen

(HDAg-L) or HDV small antigen (HDAg-S), wherein the nuclear localization

sequence (NLS) has been inactivated by substitution or deletion of one or more

amino acids of the NLS;

wherein the composition elicits an HDV-specific immune response when
administered to a subject.

2. The immunotherapeutic composition of Claim 1, wherein the HDV antigen
consists of at least one full-length HDAg-L, except that the nuclear localization sequence
(NLS) of the HDAg-L has been inactivated by substitution or deletion of one or more
amino acids of the NLS.

3. The immunotherapeutic composition of Claim 2, wherein the NLS is
deleted.

4. The immunotherapeutic composition of Claim 1, wherein the HDV antigen
consists of a fusion of two or more full-length HDAg-L, except that the nuclear
localization sequence (NLS) of each of the HDAg-L has been inactivated by substitution
or deletion of one or more amino acids of the NLS.

5. The immunotherapeutic composition of Claim 4, wherein the NLS is
deleted.

6. The immunotherapeutic composition of Claim 4, wherein each of the
HDAg-L is from a different HDV genotype.

7. The immunotherapeutic composition of Claim 1, wherein the HDV antigen
consists of a fusion of three full-length HDAg-L, except that the nuclear localization
sequence (NLS) of each of the HDAg-L has been inactivated by substitution or deletion of
one or more amino acids of the NLS, wherein each of the HDAg-L is from a different
HDYV genotype.

8. The immunotherapeutic composition of Claim 1, wherein the HDV antigen
comprises an amino acid sequence that is at least 95% identical to an amino acid sequence
selected from SEQ ID NO:34, SEQ ID NO:28, or a corresponding amino acid sequence

from another HDV strain.
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9. The immunotherapeutic composition of Claim 1, wherein the HDV antigen
comprises an amino acid sequence that is at least 97% identical to an amino acid sequence
selected from SEQ ID NO:34, SEQ ID NO:28, or a corresponding amino acid sequence
from another HDV strain.

10.  The immunotherapeutic composition of Claim 1, wherein the HDV antigen
is selected from SEQ ID NO:34, SEQ ID NO:28, or a corresponding sequence from
another HDV strain.

11.  The immunotherapeutic composition of Claim 1, wherein the HDAg-L has
an amino acid sequence selected from SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8§, or a
corresponding amino acid sequence from another HDV strain.

12.  The immunotherapeutic composition of Claim 1, wherein the HDAg-S has
an amino acid sequence selected from SEQ ID NO:3, SEQ ID NO:6, SEQ ID NO:9, or a
corresponding sequence from another HDV strain.

13.  The immunotherapeutic composition of Claim 1, wherein the HDV antigen
comprises an amino acid sequence that is at least 95% identical to an amino acid sequence
selected from SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or a corresponding amino acid
sequence from another HDV strain.

14.  The immunotherapeutic composition of Claim 1, wherein the fusion protein
has an amino acid sequence selected from SEQ ID NO:36 or SEQ ID NO:30 or an amino
acid sequence that is at least 95% identical to SEQ ID NO:36 or SEQ ID NO:30,
respectively.

15.  An immunotherapeutic composition comprising:

a) a yeast vehicle; and
b) a fusion protein comprising HDV antigens, wherein the HDV
antigens consist of at least one immunogenic domain of an HDV large antigen

(HDAg-L) or HDV small antigen (HDAg-S), wherein the HDV antigen is less than

a full-length HDAg-L or HDAg-S protein;

wherein the composition elicits an HDV-specific immune response when
administered to a subject.

16.  The immunotherapeutic composition of Claim 15, wherein the HDV
antigen consists of a fusion of at least two or more HDAg-L or HDAg-S proteins, wherein
at least one of the HDAg-L or HDAg-S proteins is less than a full-length HDAg-L or
HDAg-S protein.
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17.  The immunotherapeutic composition of Claim 16, wherein each of the
HDAg-L or HDAg-S proteins is from a different HDV genotype.

18.  The immunotherapeutic composition of Claim 15, wherein the HDV
antigen comprises an amino acid sequence that is at least 95% identical to an amino acid
sequence selected from SEQ ID NO:10, SEQ ID NO:16, or a corresponding amino acid
sequence from another HDV strain.

19.  The immunotherapeutic composition of Claim 15, wherein the HDV
antigen comprises an amino acid sequence that is at least 97% identical to an amino acid
sequence selected from SEQ ID NO:10, SEQ ID NO:16, or a corresponding amino acid
sequence from another HDV strain.

20.  The immunotherapeutic composition of Claim 15, wherein the HDV
antigen is selected from SEQ ID NO:10, SEQ ID NO:16, or a corresponding sequence
from another HDV strain.

21.  The immunotherapeutic composition of Claim 15, wherein the HDAg-L
has an amino acid sequence selected from SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or
a corresponding amino acid sequence from another HDV strain.

22.  The immunotherapeutic composition of Claim 15, wherein the HDAg-S has
an amino acid sequence selected from SEQ ID NO:3, SEQ ID NO:6, SEQ ID NO:9, or a
corresponding sequence from another HDV strain.

23.  The immunotherapeutic composition of Claim 1, wherein the fusion protein
is selected from SEQ ID NO:12, SEQ ID NO:15, SEQ ID NO:17, or SEQ ID NO:18.

24.  The immunotherapeutic composition of any preceding claim, wherein the
HDYV antigen is expressed by the yeast vehicle.

25.  The immunotherapeutic composition of any preceding claim, wherein the

yeast vehicle is a whole yeast.

26.  The immunotherapeutic composition of Claim 25, wherein the whole yeast
is killed.
27.  The immunotherapeutic composition of Claim 25, wherein the whole yeast

is heat-inactivated.

28.  The immunotherapeutic composition of any preceding claim, wherein the
yeast vehicle is from a yeast genus selected from the group consisting of: Saccharomyces,
Candida,  Cryptococcus,  Hansenula,  Kluyveromyces,  Pichia, = Rhodotorula,

Schizosaccharomyces and Yarrowia.
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29.  The immunotherapeutic composition of any preceding claim, wherein the
yeast vehicle is from Saccharomyces.

30.  The immunotherapeutic composition of any preceding claim, wherein the
yeast vehicle is from Saccharomyces cerevisiae.

31.  The immunotherapeutic composition of any preceding claim, wherein the
composition is formulated in a pharmaceutically acceptable excipient suitable for
administration to a subject.

32.  The immunotherapeutic composition of any preceding claim, wherein the
composition contains greater than 90% yeast protein.

33. A method to treat hepatitis D virus (HDV) infection or at least one
symptom resulting from HDV infection in a subject or improve survival of a subject who
is infected with HDV, comprising administering to a subject that has been infected with
HDV at least one composition according to any of the preceding claims, wherein
administration of the composition to the subject reduces HDV infection or at least one
symptom resulting from HDV infection in a subject.

34.  The method of Claim 33, further comprising administering to the subject

one or more additional agents useful for treating or ameliorating a symptom of HDV

infection.
35.  The method of Claim 34, wherein the compound is an interferon.
36. The method of Claim 24, wherein the interferon is interferon-a.
37.  The method of Claim 24, wherein the interferon is pegylated interferon-o2a.
38. The method of Claim 24, wherein the interferon is interferon-A.

39.  The method of Claim 33, wherein the subject is chronically infected with
hepatitis B virus (HBV).

40.  The method of Claim 39, further comprising administering to the subject an
anti-viral compound to treat the HBV infection.

41.  The method of Claim 40, wherein the anti-viral compound is selected from
the group consisting of: tenofovir, lamivudine, adefovir, telbivudine, entecavir, and
combinations thereof.

42, A method to elicit an antigen-specific, cell-mediated immune response
against an HDV antigen, comprising administering to a subject at least one composition

according to any one of Claims 1 to 32.

73



WO 2012/174220 PCT/US2012/042426

43. A method to prevent HDV infection in a subject, comprising administering
to a subject that has not been infected with HDV, at least one composition according to
any one of Claims 1 to 32.

44.  The method of Claim 43, wherein the subject is chronically infected with
hepatitis B virus (HBV).

45.  The method of Claim 44, further comprising administering to the subject an
anti-viral compound to treat the HBV infection.

46. A method to immunize a population of individuals against HDV,
comprising administering to the population of individuals at least one composition
according to any one of Claims 1 to 32.

47.  The method of Claim 46, wherein the population of individuals is
chronically infected with HBV.

48. The composition of any one of Claims 1 to 32, for use to treat HDV
infection.

49. The composition of any one of Claims 1 to 32, for use to prevent HDV

infection in a subject.

50.  The composition of Claim 49, wherein the subject is chronically infected
with HBV.
51.  Use of the composition of any one of Claims 1 to 32 in the preparation of a

medicament to treat HDV infection.
52.  Use of the composition of any one of Claims 1 to 32 in the preparation of a

medicament to prevent HDV infection.
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