;, - ./ e3ef WPPQTS] VTV6Wf k24 SEP 2004 A nucleic acid cons r¢w§£F§n oding a
processi ng conponent derived fromthe N-term nal region o F@@Htitis
virus ORF2 and an antigenic pol ypeptide FIELD OF THE | NVENTION 5 The
present-i'nvention relates generally to a strategy for enhancing the i nmune
response to nucleic acid vaccines. In particular, the present invention
relates to a nucleic acid construct expressing a fusion protein conprising
an antigenic polypeptide of interest and a processing peptide which
enhances the anti body and/or the cellular immune response to the antigenic
10 pdi mskptacidaondtnichtrending a pro@ssmeeaiionemdenived frosthe Mefetthinal regien ofahd a, in
t he desi gn and devel opnent of a w de range of nethods, constructs and
vectors for the nmodulepdtisis virtis OREF2 amdancantigenio pelepepdidan anti gen and in the
di agnosi s, treatnent and/or prophylaxis of conditions, infections or
di seases such as but not limted to cancers, autoinmune di seases or
bacterial, viral or parasite infections in animals including humans and
- ot her manFiEID OF FTHEINVNTBONIS. CGENERAL Those skilled in the art will be
aware that the invention described herein is subject to 20 variations and
modi fi cdtions other than those specifically described. It is to be
understo t he. | i i el 1 igtions
and modi 11 S r AR TR ERRY O TR, LIh U I g
conposi t inmisicaasill vaopes niisparefigsrn e greseat invontiaatetdes to o dickicaed tdnstadti on,
individually or cgl|lectively, and any and all conhinafjons of any two or
more of £XP S%ttgeapgwwm gt FBRDTISH AFhFigg RGO LMEPE IS Blolararest ad BROCEHESs
t he cont : ' i y I Ser i@t : h as
+Conpri s Bride b S eLACIE B fpbF b g AR BB I KRle O RNGEHE ] OF
a st at édl pohpegrle «f insdregd. oThgrpeespnioinventi @ges siseful, siegpsalbmitinntbe dekien and
exclusio%ﬁof any o%her i nt eger ep or group of

[

. . i t Th
present CRVEPRMGEHOf & Wde ranged q?c{thq?ciseaor@@:upﬁ %‘éio‘f?étolﬁiln%cg% ézﬁ’gélﬁrfsl‘i’rg&sthe ©

enbodi mex hped | H\/@In h. apg | h aff of
exenplif :ﬁ%ﬁ]atu?(gﬁg%g{?% torlggél?fnl%gﬁal ;E/l gqﬁ%v%‘%ﬁ@%?%%ﬁ@te Igt, g%cgér{rpg@?ﬁf{ons 0and
met hods aomtitdmeambectiong dvi disdabes sicio pe buoif nott hienitedvie nhnain, aa®irdmeny dibmeesher ei n.

2 4 SEP %gcggrial, viral or parasite infections in animals including humans and other mammals, fish

15 and birds.
GENERAL

Those skilled in the art will be aware that the invention described herein is subject to
20 variations and modifications other than those specifically described. It is to be understood
that the invention described herein includes ail such variations and modifications. The
invention also includes all such steps, features, compositions and compounds referred to or
indicated in this specification, individually or collectively, and any and all combinations of

any two or more of said steps or features.

Throughout this specification, unless the context requires otherwise the word "comprise”,
and variations such as "comprises" and "comprising”, will be understood to imply the
inclusion of a stated integer or step or group of integers or steps but not the exclusion of any
other integer or step or group of integers or steps. The present invention is not to be limited
30 in scope by the specific embodiments describ_ed herein, which are intended for the purposes
of exempliﬁcaﬁon only. Functionally—equivaient products, compositions and methods are

clearly within the scope of the invention, as described herein.




Bi bl i ographic details of the publications referred to by author in this
specification are collected at the end of the descriptionp JREEPr2ifiée herein
to prior art, including any one or nore prior art docunents, is not to be
taken as an acknow edgnent, or suggestion, that said prior art is common
general know edge or fornms a part of the common general know edge. 5 As
used herein, the term"derived front shall be taken to indicate that a
particul ar i'nteger or group of integers ha)s originated fromthe species
speci fied, but has not necessarily been obtained directly fromthe
specified squrce. 10 This specification contains nucleotide and am no acid
sequence i AL BHGEER¢ Ciﬁf@lbaﬂgdhmpubiig:atim mfagdan Batwhéd m Méy speific3tiOn are
present ed kel fter th | ai ms.. .Eac equence is identified in the
sequence IP@[I?%%% %ythF t?éldn‘fmé? ﬁﬁscflﬁﬁ?lbag remge) BELeih ¢ Piadiet IFluding asgoemee
identifier nlogs Briorldk @3dy t ‘ f [ .
protein (PRT), gejt c] aEduggﬁ%’ggggtrgaﬁtgknﬁﬁg grahggglhmseg%égrﬁt% sg?%egﬁﬁlgﬁ%gtsg by
i nf or mat i oRN'Yrasvisdethrion gérerd knowtedge or formki cpdriadt te ohisongRada, ks leigeand |
<213>, rgspectively. Nucleotide or amno acid sequences referred to in the ’
specification are defined by the term"SEQ ID NO ", followed by the

sequence i Aenéddf ke@in] BreGernorsrivid %‘ggn"]]shél%eef%.ﬁee&t iﬁdi]c%testﬁlﬁt:)éﬁp%gt‘fcu% ézﬁtggﬁri Fe

seqguence Iisting.de3|gnated as <4 1]. esigna

resi dues r&#pdr pednicgetsdrasi origimated frosethe epevigresneated but hes AddRREEkABY been

Bi ochem Cac!b E@QI %t ge i s, ign, wherein A represents Adenine, C
represents g}lﬁ% HELYER PSS 68145F ne, T represents thynidine, Y
represents a pyrimdine residue, R represents a purine residue, M
represents Adenine or Cytosine, K represents CGuanine or Thym dine, S

r epr eseh? Shiusneciation CynbiismmcleWtdeprienens sciddeubne idfroitich e esing!
represents, a nucl eoti de_other, t han Guanine, B represents a _nucl eotide ot her

than Adeni e PFRFFB o TSR o etsinn o & qirpsgated theesin efierrthiolaimeli Rach pequspeedent s

a nucl eot iigatifAek thh jo 1 ide residue.
30 24 SEP 20Q% -3- W&%%gﬁqwﬁﬁ%@?% ﬁ%@%|f§%?°§’$e§g°&dt%$5%%‘%eﬁ‘8¢ is
a gener al ideatifier &f.g.ec®ilfyglt €2i0nd) eg]. She Mgt e ef Yapende DNA, & btelN@RT),
synt hesi S, I] at gtrjsget (vaccine) prqteins in cells of the recipient, via

adni ni stratr oA oF e prepns e@%} SENERES) arg indigatefl byelpformaigmprovided-ipeheni ¢
viral nigheieridGhdisatby ks ©8p-1 £PRS) i vV G ; ;
vaccines in particul ar ’1%?% vxzﬁi@c’h %Qas%d(%&ﬁsrgggﬁgg%yhge%?e@ﬁg? Hpglﬁflgg%csl are
admi ni st esetiepeashefertddate intthe ppeotiiation tieaiefirtd/insthe hame' SEECINC: heboflowus

by the sequence identifier [e.g. SEQ ID NO: 1 refers to the sequence in the sequence listing
designated as <400>1].

. 20 The designation of nucleotide residues referred to herein are those recommended by the
[UPAC-IUB Biochemical Nomenclature Commission, wherein A represents Adenine, C
represents Cytosine, G represents Guanine, T represents thymidine, Y represents a
pyrimidine residue, R represents a purine residue, M represents Adenine or Cytosine, K
represents Guanine or Thymidine, S represents Guanine or Cytosine, W represents Adenine

25 or Thymidine, H represents a nucleotide other than Guanine, B represents a nucleotide other

than Adenine, V represents a nucleotide other than Thymidine, D represents a nucleotide

other than Cytosine and N represents any nucleotide residue.

’

30




of intense research worldw de since the observation that é%ﬁeaEENm@¢ould

i nduce antigen 10 synthesis in vivo leading to the induction of i mmne
responses (Wl ff et al, 1990). Two nmjor potential advantages in the use of
nucleic acid vaccines are (a) the presentation of native epitopes to the

i mmune system after expression of the protein in cells of the recipient,
and (b) the chem cal honobgeneity, ease of preparation, and stability of
nucl eic acids, which will be of particular utility for conbined vaccines
and for use in the absence of the cold *%-chain required for conventional
vacci nes. The great majority of effective "traditional" vaccines are

directed BAGKAROUNE OF THEIINVENTIONt i ons and elicit an i mune response
which m mcs that associated with recovery from and imunity to, the
corresponding infection. That is, they rely on the normal imune 20

response t ntigens f.ramthe infectioys agent re ted in their native

fornce) . RO eo80Relibatis rintth Fe e R o Beb S e el Bl Beone.

- I'n the pagiiebisofhaget BRRERk) YrokeNiedliseyedhe R¥cipls, WieadMiniGirdtg fof Cither! | ve,
attenuat ed vacci ne organi snms (eg Sabin polio vaccines); (ii) wld-type

or gani ssDNdr (plraerids) onbelf-toplingingnhiite genemic sirblsagleeancids (Vi eaplivensed | eg Sal k

polio vaccines), or (iii) manufacture of native antigens using reconbi nant

DNA 25 technol ogy | eg subunit hepatitis B vaccines). In this context, DNA

vacci nes Waélc bRl @ceidks, adMantAGeackined it Perticalaglah vaidl gledsid aneAsybiiasi sed
in anative formwthin cells of the recipient. This is also true of viral

repl i con-Iaiswanggesase pdjndstensd rqthesrthax theptreteins teenigalves. hayvedppcomoiie Sywisem
( Khr onyk

h..et al. 1997; rnavski,.et al. 1999: Varn i t_al. 2000).
Hovever . ShEBod a0y bREae Bt sbRrimtor Rt el TN sond ndfhe ofERbne 1y
| ow-or 18GyHindss acvabl RadiHGh the ERIBEQDLE HRnNAS r&géﬁkeﬂmlﬁ Br hiheogdevekepnent
of preventative and therapeutic 24 SEP 2004 - 4-

major potential advantages in the use of nucleic acid vaccines are (a) the presentation of

native epitopes to the immune system after expression of the protein in cells of the recipient,

and (b) the chemical homogeneity, ease of preparation, and stability of nucleic acids, which

will be of particular utility for combined vaccines and for use in the absence of the cold

15 chain required for conventional vaccines.

The great majority of effective “traditional" vaccines are directed at acute, self-limiting
infections and elicit an immune response which mimics that associated with recovery from,
and immunity to, the corresponding infection. That is, they rely on the normal immune
20 response to antigens from the infectious agent, presented in their native form(s). Nucleic
acid vaccines have a strategic advantage in such systems. In the past this has generally been
achieved by the use of either (i) live, attenuated vaccine organisms (eg Sabin polio
vaccines); (1i) wild-type organisms (or bacterial toxins) which are subsequently inactivated

(eg Salk polio vaccines), or (iii) manufacture of native antigens using recombinant DNA

i~
Lh

technology (eg subunit hepatitis B vaccines). In this context, DNA vaccines have the great
advantage that the target antigens are synthesised in a native form within cells of the
recipient. This is also true of viral replicon-based delivery systems (for example, the Kunjin
replicon system (Khrofnykh, et al. 1997, Varnavski, er ‘al. 1999; Varnavski, et al. 2000).

However, antibody responses to DNA vaccines encoded antigens are frequently low or
30 undetectable.

Much less progress has been made in the development of preventative and therapeutic




vacci nes agani st infections where the normal i mune respoq%% SEFgﬁmgo cl ear
the infection. For agents such as HCV and the Human | nmunolef Vi rus
(HI'V) where failure to clear infection is the norm vaccines which are able
to induce the normal inmmune response to relevant antigens nmay have little
utility. This is also true of tunour-specific antigens which 5 are usually
seen as "self' and thus the normal i mrune response is one of tolerance.
Despite their many potential advantages,.gtandard DNA or replicon vaccines
may be ineffective in such cases, precisely because they encode antigens in

their nati .. A variet f t hods ,have been us to modul at e. i nmune
Fesponses Taoh Ty HRER otk b AR RMEe? P E ROisoP 5 i et

cyt oki ne- eRgiosicts RIcASHE HEWV hid thet H@nd HMAGRIEMIRRY OFivus’ ITV) WhekePfilure to

di nucl eotides comonly found in bacterial (and plasm d) As (Hemm et al,
2000) ; andclgariinfecipon isethb oos, vecanasadiich areiable tosindigee Hidmormeimmeunetrespombe to

W th poxvirus vectors. 15 Existing. .strategies for_.antigen targeting include
the use of {4 AGERT oY ks Bie Wb Jdisciy Ao Ayg obimqurgpegfic giligspapich
prot ei NS5 Te¢ uRHYUELAYL b i@l @ fhus tEPAFmbNAGR! kb 88 86idldrAfke! Despite

prot easones and éfficient MHC-1 presentation; (b) fusion to

| ysosone- dkeivoizay qebterdiab rdventqgegtseindard INLAMPrdplicto vicainge mayHe ineffedtive in
pat hway; (c), fusion to the adepovirus E3 | eader. sequence to target the
Po Lope. ¢ St e S P P AT AR dn Bl 5 ISR 1o CToAd 20 to
target the epitope for secretion and uptake by professional antigen
presenting cells (APCs). However, the efficacy of many DNA vacci nes has

been poor A GufietfadMaR(Rdethadd bedDRRE BNHoduUMRE fnintnd rdpGifted & DN® vaccines,
devel opnment of 1 nproved technol ogi es and nol ecul es to nodul ate the 25

i mune Hedisdudeg t ¢)prot-diliverexpl eereidnasy DNAYiekieicnesing agiasrgidso fidcother y

or protection. SU Y OF T | NVENTI In the work | eading. to the.

ot ebent 1 BRSO s S Uiraeotiind fampa it B s st PandSlamgicg
capsid pr @ireAnHERE2: «QDobdepatd (i) rimeMoobiSorétbE, utifisifX PINSS $84irles toRsAmE! | an
cells, approximately 80% of the newly synthesised protein is translocated
to the enél‘ﬁ@l%h‘ifés vegtoss. SEP 2004 -5- reticulum and rapidly degraded while
20% of protein accurulates in an intact formwi thin the cytosol (4). In
accordance with the present invention, the inventors have identified

N-t er m pal ti de 5.sequences of the. PORF2 of HEVY.that .pernit . i
het er ogﬂﬁé&%?%gc??w&wi & 2piesa JUSE g ’@G‘ﬁ%ﬁ“@s%s? a%mua%h fons (RBiQEin- g
conmponent ", s At 18 RRAREN i ‘
Coahonse. { G GRR) W I ELARIC: FoI PRGN of Uil HIARCHIG ddhad ABH 1
pepti de sepiersorss add efifinerit MO presematpme {B)dsivh® |PORFRc-Bssantateganembrane

pol ypeptide fr n f.HEV in anj cells using.a series of, expressjion
vectors eﬁ?E%ﬁ?lﬁg?f‘ﬁ'&%ﬁ}:? target Wi Ry 52‘8%900‘}? 8 "é%oﬁlr(‘ﬁ%lazl.ei Slor
as fusionspnRhed BStalkdtihs SAHERES tel dnOMRIAAG: Db RLM BRS; 8l @PRERCh cTLAS
20 to target the epitope for secretion and uptake by professional antigen presenting cells
(APCs).

However, the efficacy of many DNA vaccines has been poor (Gurunathan S et al, 2000) and
there is a need for the development of improved technologies and molecules to modulate the

25 immune response to proteins expressed by DNA vaccines leading to recovery or protection.

SUMMARY OF THE INVENTION

In the work leading up to the present invention, the inventors have shown that when the full-
30 length capsid protein, PORF2, of Hepatitis E Virus (HEV) is expressed in mammalian cells,

approximately 80% of the newly synthesised protein is translocated to the endoplasmic



HEV; Sigl-ORF2.1 having amno acids | to 22 of PORF2, Siga- %ﬁ%@ving
amno acids 1 to 36 of PORF2 or Sig3-ORF2.1 having amno acids 1 50 of
PORF2. The inventors 15 established that while ORF2.1 protein was found
al nost exclusively in the soluble cytosol fraction, the Sigl peptide is
directed al nost exclusively to the nmenbrane fraction while Sig 2 and Sig 3
pepti des confer a heterogeneous |localisation. Furthernore, in the case of
the Sig2-ORF2.1 and Sig3-ORF2.1 ponpeptLQgs, t he cytosol -associ at ed
protein was found to be stable while the nmenbrane-associ ated protein was
degraded consistent with the generation of 20 a m xed i nmune_response _ .
(ant i body arfgtieuumy andyapidlysdageaderd while 0% )of Projeinseeuepigen 8t ap intget dprng fyithin
finding mastﬁgnfgﬁg? when the N-term nal sequences of ORF2 (Sigl, Sig2 and
Sig3) were g &g} " ut at hi one- S-transferase and shown to be processed
(i.e., localised and processed) heterogeneously in the same way. 25 The
ability of the processing peptides to enhance an i mmune response to an
-anti geni ¢ pdhypeptinte vadnibamectentdnydnson ihd tiveiter have ddantilias N-teawinadl peptide
rat nodel in which a ntJ nse to PORF2.1 was neasurabl e, .
gl - orez. 5 etinesto 3P R AOREY of BER G bRt et o cho Bk cErosRa
the case of (G@Rs&RE fetiddOt "HhcdshiBy toAPHACRRRALSR disaaty eu/aqss@lﬁggyaqt@;d
rapi dly which favours MHC-I pathway presentation and the induction of
cel | ul ar i meohrecmgshoinyewne respprseSEm Atigdnic pelypantido phintayesy using sueisprecessyrg
t he present iqéﬁntion ggovides a nmethod for enhancing, in an aninmal, an

i mune r espBASECCEI%A“Ent i geni ¢ pol ypeptide of interest, said method
conprising adm nistering to said aninmal an effective anount of a

conposition conprising a nucleic acid construct encoding a fusion protein
conpri si iy Zhprosesss agprevad dreeRORELY apégedicapelyprefile isgpeny pbBiE i én whandi n

sai d processi conponent _provi des het er ogeneqQus essing . of..th .
anti geni ¢ poTYREDTE BTN THETIOIERE SEraEgne ORIt [asass Bl o fsign
host cel | apgbidn (OREDII) RY 28 RRARCHERAE vATh $cBercBIEOA the MMERIsCoft PORF2 of
anti geni c pol ypeptide. Anot her aspect of the éresent i nvention provides an

i sol at ed nublEel; SiglcDRFAdI heeink emip asisiapto 27 afPGRE2RighORIGH] hayenoningesids
encoding a PTOGR Y BURPEBL g%@_dﬁpﬁb Laei‘fin?gf am%g%lcl%gllntg 50 of PORF2. The inventors

15 established that while ORF2.1 protein was found almost exclusively in the soluble cytosol

fraction, the Sigl peptide is directed almost exclusively to the membrane fraction while Sig
2 and Sig 3 peptides confer a heterogeneous localisation. Furthermore, in the case of the
Sig2-ORF2.1 and Sig3-ORF2.1 polypeptides, the cytosol-associated protein was found to be
stable while the membrane-associated protein was degraded consistent with the generation of

20 a mixed immune response (antibody and CTL responses respectively).

The broad generality of this finding was confirmed when the N-terminal sequences of ORF2

(Sigl, Sig2 and Sig3) were fused to Glutathione-S-transferase and shown to be processed

(i.e., localised and processed) heterogeneously in the same way.

25

The ability of the processing peptides to enhance an immune response to an antigenic
polypeptide compared to the unmodified protein was tested in a rat model in which an
antibody response to PORF2.1 was measurable. Sigl-OR'FZ.l and Sig3-ORF-2.1 induced an
enhanced antibody response and in the case of Sig3-ORF2.1 most of the translocated

30 fraction was degraded rapidly which favours MHC-I pathway presentation and the induction

of cellular immune responses.



the i Mmune response to an antigenic polypeptide in a host2 Wﬂﬂ’ﬂ nucl ei c
acid nolecule is expressed in a host cell as a fusion protein conprising

t he processing peptide and the antigenic pol ypeptide. 15 In another aspect,
t he present invention provides an isolated nucleic acid nolecule conprising
a sequence of nucl eotides encodi ng a processing peptide providing

het er ogeneous processi ng of an antigenic pol ypeptide of interest when said
nucleic acid nolecule is expressed in a host cell as a fusion protein
conprising the processing peptide and theé antigenic pol ypeptide. 20 Anot her
aspect of the present invention provides an isolated nucleic acid nolecule
encodi ng #‘Beiduelysiong agneph ofdde quprebt évehtieomprovadasp meshadnfen eshansingofrsent o
an anti genj | ypeptide in host.. when sai d.nucleic acid. mplecule is

expr esseq iR BERA FFoorde B FR RSB BeRi A i Pidrfott B Pe fobaie
pepti de aadmileriaftd GEDAGmACIYIFRREYE MM &l dborfloditRn Qe Pisg adricRRRICIHE 1S
encoded by a sequence of contiguous nucleotides of the Nterm nal region of
the ORF2 pusiesehcheinger fisivogrofinHepapriding a prodessisg oompofient atd sxidlantigenic
derivatiye,, varian art, or honol ogue thereof.  Still another aspect of
the pr eéeﬁ‘{'Wﬁ@%%ﬂl%fﬁﬁp%ﬂ&mﬂae%%% SOLRROREWOPIRYIIER METCERECACHHS| RIRGRsEng ot the
encodi Ng #tREQE LR J f i lﬁmpﬁ&% r eto
an antigeni%_po? %Eﬂfﬁggﬂﬁﬁdgﬂﬁgf?ﬁaﬁgﬂ-%ﬁ?ﬁHﬁﬁ%|%§%&€§%ﬁ no eéﬁ ggﬁg%

expr essedrepiing dﬂgmcememtl of & imniursirespopsotoehe antigenid xilyweptile pr ocessi ng

pepti de and the antigenic pol ypeptide wherein said 24 SEP 2004 -7-
processi ng peptide conprising a sequence of about 5-100 contiguous am no
-acids sel gadRdl dsph s eheNpleBEM HAbndi GO ROViALs LR iBER® MRERICBdOMoldRRRL i i S
E Virus or a functional derivative, variant, part or honol ogue thereof. 5

| n one l@nmssurispae sequentreofprueketites encediniz enprobessinggleptidel capableedfonairiating

nol ecul e gonpri ses a sequence of nucl eotjdes substanti.ally, as set forth in
SR0 1 D NG M Gty A0 aenicERlpepiiG Ing BT RhER EAIBREIC e Polstloo.
variant, ipagfreéd HOADLAGYE 4she Lih| r i dePLRSEBL

i nventi on1 pr%r{c/i des an isol at edﬁ%glltnyg?gﬂldcgﬁg%{rsm .???‘gggési%ésﬁégﬁeﬁ‘g %f@

anmi no aciatgsesic palipeptid- | 00 conti guous amino acids selected fromthe N
term nal region of the PORF2 protein of Hepatitis E Virus or functional
derivative, variant,

15 In another aspect, the present invention provides an isolated nucleic acid molecule

comprising a sequence of nucleotides encoding a processing peptide providing
heterogeneous processing of an antigenic polypeptide of interest when said nucleic acid
molecule is expressed in a host cell as a fusion protein comprising the processing peptide
and the antigenic polypeptide.
20
Another aspect of the present invention provides an isolated nucleic acid molecule encoding
a processing peptide capable of enhancing the immune response to an antigenic polypeptide
in a host when said nucleic acid molecule is expressed in a host cell as a fusion protein
comprising the processing peptide and the antigenic polypeptide wherein said processing
25 peptide is encoded by a sequence of contiguous nucleotides of the N-terminal region of the

ORF2 nucleotide sequence of Hepatitis E Virus or a functional derivative, variant, part or

homologue thereof.

Still another aspect of the present invention provides an isolated nucleic acid molecule
30 encoding a processing peptide capable of modulating the immune response to an antigenic
polypeptide in a host when said nucleic acid molecule is expressed in a host cell as a fusion

protein comprising the processing peptide and the antigenic polypeptide wherein said



p'art or honol ogue thereof. Preferably, the isolated pol ypthJpEflpa i
her ei nbef ore descri bed has an am no acid sequence 15 substantia I?ﬂés set

forth in SEQID NO 1 or SEQID NO:2 or SEQ ID NO:3 or a functional
derivative, variant, part or honol ogue thereof. A further aspect of the
present invention provides a nucleic acid construct conprising a sequence
of nucl eotides encoding a fusion protein wherein said fusion protein
conprises a 20 processi ng conponent and at_| east one antigenic conponent,
wherein said processi ng conponent provi ded-for heterol ogous processing of
t he antigenic conponent and a resulting enhancenent of the inmmune response
to said antproessicg peprjleentprisinga gatnosheatione SANl &in¢igadisdnionadidsusdected
expressed in a geggt cell. 25 Angther rel ated aspect of the present i
invention pro¥ittfes-tarmigal metomef dhe SFSRuBTotiBNYT Hepaiijisal s\igisesrce frctional

nucl eot i deiBRGREI NGk W%%IH&I?&& t’ﬂereﬁf‘i d fusion protein conprising a
processi ng conponent and a east~one anti genic conponent in a host, said
“processi ng conponent bei ng capabl e of enhancing the i mmune response to said

anti genic ﬁo onent, and conprising a signal sequence and optionally an
i nt er media fég%e%?‘?%n%@émesprﬁgené irggnten ube dsolaied ancleio agidi meleaimeammisesa | y

correspondi ] . J f..a i hj che Ll e

het er ogenesaac s AEARTHEL SRl Rh ol Rib R THR" BB P TER § e
pr ocessi nglle difp roe atfurmsiohal Ideingle0 v a1 e Skt edneddmtc th@sofbot h a si gnal
sequence and an internedi ate peptide conprising a sequence of am no acids
substantially corresponding to the Nntermnal region of a protein which is
capabl e of ¢f kit | . processi ng,. Yet, anot her aspect of
Cho prosert T muay Foaayse EARER! Lo P bRSRER B0ieo i A GeRRe, HR e
sequencellofequenct edtintias sefisost g F-US0 @BnPaRIUei dinindaddilds bdced PoAt Gk IN-
conpri sing _a .processi conponent and at | east_one antigenic conponent,

sai d proce@’éﬁ’ﬁ%@l r@%‘ﬁﬁ&ﬁ%ﬁtp ﬁf%@fﬁﬁlﬂéﬁﬂ‘é‘fp@f—méﬁh‘dﬁé‘ﬁ Ay fungBonahderiative yptane to
said anti i H]BE% aid 10 processi ng conponent conprising a signal
sequence gﬁégﬂcgglt%i on PFE/Heger?%i nt er medi ate peptide conprising a sequence of
am no acids substantially corresponding to the N-term nal region of the

maj or strugtur protejn of Hepatitis E Virus (PORF2) or a functional
deri vat i v:[? rE{égﬂ%:lyaﬁlgq 1spiafed ALY REOHEE 3¢ bereinheiwsfdesamber has ainantino a¢ifh sequence

pr ocessiy § . I HPLI g si gnal
Cequence o s SR I £ E S B NG SE R Bbla frahefoah o
t he maj or drivateteyvaianppatt ek homblogdepéierddfs E Virus (PORF2) or a functional
derivative, variant, part or honol ogue thereof. 20 Still yet another aspect
of the present invention provides a nucleic acid construct conprising a
sequence oh Mkl oRHLAST O AALATiRClHH BRVRIRLHACMRIH Bodfhd (iiiiilg »
protein conprises a processing conponent and at Teast one antl geni-c
conponent , segainde pf oedssides enanione fiisife prigeia apiadibia fd il péteincokipeisésrarune
responsgoto sai.d anti 8eni C congg.nent in a host, and conprising a sequence
of am n& dEPEESIRE ABBRECE qn8 #pdcash PNp gUBIESIIENTABPERINES Whelelic faidl [Zecessitgn
the N-terng j f ' . r.ot.el jtd us
(PORF2) “or iR ORAR oL NRCEREls Shdcii Bt uft Gl SombBRAL bid Syt |
a parti cul eohhycemenf dfithetnmepentpafse theaip arigntic taupiiehomn,a Hosewiinabessiiag
conponent 0of.the fchi on ro({.ei conpri ses a sequence of am no acids
subst ant | af1%CASITULLS §XFFesEed in FBLNO 30 1 or SEQ ID NO:2 or SEQ ID NO: 3
corresponding to am no acids 1-22, 1-36 or 1-50 respectively of the

N-t er m nal regggon of PORF2 or a functional derivative; variant, part or.
horol ogué tAmethsofelated aspect of the present invention provides a nucleic acid construct comprising

a sequence of nucleotides encoding a fusion protein, said fusion protein comprising a
processing component and at least one anfigenic component in a host, said processing
component being capable of enhancing the immune response to said antigenic component,
and comprising a signal sequence and optionally an intermediate peptide comprising a
30 sequence of amino acids substantially corresponding to the N-terminal region of a protein

which is capable of heterogeneous intracellular processing.



24 SEP 2004 - 9- A still further aspect of the present inzeﬁéﬂﬁhzmﬁovides
an isolated nucleic acid construct conprising a sequence of nucl eoti des
encodi ng a fusion protein, wherein said fusion protein conprises a
processi ng conponent encoded by an 5 region region of ORF2 gene of
Hepatitis E Virus and an antigeni c conponent, wherein said processing
conponent 5 nodul ates the i mmune response to the antigenic conponent in a
host when the nucleic aci-d construct is expressed in a host cell. Yet a
further aspect of the present invention provides a vaccine conprising a
nucl eic acid construct as herei nbefore described, such as, for exanple, a
viral repl |Pc§ﬁﬁr&tbﬁy,[1hﬁ\ mot&semgec;onﬂp@néntral Iereibedsp eescribéd toweprises doth arsignal

provi des a cell as for, exa an.antigen presentin el |
transf ect ed" WK ani (8| 1Bfepmdipty "ﬁé? COPTISIE hAMBEIET LTSS PHistntially | |

yet anot heEo@és%@ﬁ&mgf tol B RLESAA Fpymngs QQH&&HVM% 1sacagal !rilrgoo?f* ﬁété?}P%&féroué‘se '

in enhancin t he i nmune response®in an ani nal conpri a nucl®8ic acid
construct a§MMEM@amp@tammgdescrlbed and one or nore pharmaceutically

acceptable carriers and/or diluents. Even still yet another aspect of the
present i"nvention provides a nethod for nodulating, in a animal, an inmune

response t?etaﬁ‘mﬁﬂér' & BetQff dl@??és%ﬁtmv%ﬁ'og P&}Fd}?q ng rdehd Mstﬂﬁmcgfnﬁhﬁﬁhrbg 20

to said animal an ef ectlve anopunt el c COI’]St ruct

her ei nbef ofegquetescpi hed)eotides @acodieg ar fisil pmt@mdsang figdiorC @ravein demg)rﬁu[g.l(hl eic
aci d construct as herei nbefore g@ cribed, for a tinme and under conditions
suf fi ci ent PPE ST URRCNCRE andnaf Aeast @%ﬁ‘péﬁgén&ccﬁoglﬁpiéfﬂén‘iﬁdg@ﬁcesﬁiﬁé CerweanRt

i nventi on @hso @xhRRASF teﬁ%gér%ﬁ}#ﬁtﬁh%mﬁn@qg%ﬁhs% %C%a‘%d "Bk g&lﬁ! Cof) ?oxﬁ%?stsalﬂm

as 25 herei nbefofre descr manuf acture o canen

treat ment mcqssmghaphqoqnsntodoxmmﬂigt a sipsal Gequendeant opfishalineh uderngdii peraide
limted to cancer re-capcerous.conditions, autoinmune diseases, viral,

bact eri al @fn%ﬁf%? 18? SPRE BERMBINAGTS SHPTIRRERLY PoTEssRRTAIG i el deraieel Jesien
I's, fd
T, SNt SRITERANT ST IR RS b

full-I engtyiROREat or homologue thereof,

15 Preferably, the processing component as hereinbefore described comprises both a signal
sequence and an intermediate peptide sequence from the N-terminal region of the major

structural protein of Hepatitis E Virus (PORF2) or a functional derivative, variant, part or

homologue thereof.

20 Still yet another aspect of the present invention provides a nucleic acid construct comprising
a sequence of nucleotides encoding a fusion protein wherein said fusion protein comprises a
processing component and at least one antigenic component, said processing component
being capable of modulating the immune response to said antigenic component in a host, and
comprising a sequence of amino acids of about 5 to 100 contiguous amino acids selected
25 from the N-terminal region of the major structural protein of Hepatitis E Virus (PORF2) or a
functional derivative, variant, part or homologue thereof.
In a particularly preferred aspect of the present inventio;i, the processing component of the
fusion protein comprises a sequence of amino acids substantially as set forth in SEQ ID NO:
30 1 or SEQ ID NO:2 or SEQ ID NO:3 corresponding to amino acids 1-22, 1-36 or 1-50

respectively of the N-terminal region of PORF2 or a functional derivative, variant, part or
homologue thereof.



protein of Hepatitis E Virus , and the am no acid sequenceg pf§am g{mn
respective proteins. It is 24 SEP 2004 - 10- apparent that prot

i nternedi ate size between these exanpl es woul d be expected to have S|nllar
utility. Figure 2 is a representation of inmmunoprecipitation and PAGE of
radi oactively labelled 5 ORF2.1 and sigl-2.1, sig2-2.1 and sig3-2.1 show ng
the differential |ocalisation of encoded proteins into the cytosolic (c) or
nenbrane-associated (m fractions of the gglls. Note that ORF2.1 and
sigl-2.1 have honpgeneous |ocalisation, whereas sig2-2.1 and sig3-2.1 have

het er ogeneous | ocal i sation. Note al sq that the mul t i, s of.,diff ent
m gration ré&t 84l Apgher aspecs 9f £he pPresery|lywausn BOVidss & | %%h%?é]g 'ﬂfgﬂt:é’ic‘rﬁis ‘Wﬁ

ar e translo CI%&#@ 2 ﬁc?ue A@ 0319 S e%@tﬁﬁt%offumgh gwt&n:)’w e?etfl g%ﬁ%ﬁ%’%ﬁéinon

i m‘runopr ana YSI' S actrve

and si gl - 2. dompii@e- 2.pocdRsing ic@dmpdneht Shevted Gyt dhe Sdidgionr mgﬁcmabf |GRER igene iadn
of encoded IF—)Ir oteins into the cytosolic (cyto) or nenbragne-associated (nenb)
fractions oflepaigis1E daruss aléchsﬁﬂf @Eittl%mgu?@l@)lem,aﬁ@eteﬁb SEif PEACEIINEACODPIRITL t y

of each pr.otei cies at 0 I id
Greo- 1 and SrgneBR T Emthe fomtnloule ARkRs BhE el Radh Ml Bl pcid
h, respectiygkitdet i¥6ir@R86d M JRosPeell. and si g3-2. 1 have het er ogeneous
processing (stable and degraded) consistent with their heterogeneous

Iocal isation (cyto and nenb, respectively). 20 Figure 4 is a representation

o gl naoT " o7 bltte 2B e FET BBy RlovIgRFh JREHS ot B iclc acld
.encoded pr ajoRktisct B hereibefosy EQSMICUCE ¥, ®)r eRimptebiahepisanai DNAdnleewtd)

fractions of the cells and the differential stability of each protein
species & 0 or 3 hours after labelling. Note that sigl- 25 GST has

het i . :
(tabi oy vhir B asbr el iheith BlovRelFRR) aflles 2ARRES 48 M ERAT SRl
(cyto pl us ggHMpansgtedwelte b aOEBR ALY cor®eSs haginbsbhadlescriied. degraded) . Figure

5is a diagrammatic representation of the inmune responses to nucleic acid
or viral 30 vector-based vaccines in animals or man. (A). General pattern

of I nmmune r&gpo JTQ%ES h%Paé}IéEﬂ &%ﬁ%@e@n %{h%ng& S‘hfaem lﬂ&ﬁfofr us& i &hahdinbar
processi'ng and oca I'sa |V|du protei n species are
| i kel y to5fthé lipwnaRl espase dh atnhmlfxlamomlatsmgaafsmaaomtd e®B)struct2ds BERIRAe

described and one or more pharmaceutically acceptable carriers and/or diluents.

Even still yet another aspect of the present invention provides a method for modulating, in a
animal, an immune response to an antigen of interest, said method comprising administering
20 to said animal an effective amount of a nucleic acid construct as hereinbefore described, or
vaccine or cell encoding or comprising a nucleic acid construct as hereinbefore described,

for a time and under conditions sufficient to modulate the immune response to said antigen.

The present invention also extends to the use of a nucleic acid molecule or construct as
25 hereinbefore described in the manufacture of a medicament for the treatment or prophylaxis
of conditions or infections including but not limited to cancer or pre-cancerous conditions,
autoimmune diseases, viral, bacterial or parasitic infections in animals including humans and

other mammals, fish or birds.

30 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides a map of the sigl, sig2 and sig3 peptides relative to the full-length PORF2

protein of Hepatitis E Virus , and the amino acid sequences of the respective proteins. It is




- 11- Modul ation of the pattern of inmune responses predi c@el §FROpaHe use
of the sig peptides fused to antigens of interest. In the exanple used, the
ORF2.1 antigen of HEV is the target antigen and contains both |inear and
conformational B-cell epitopes as well as being likely to contain T-cel

epi topes, and the vaccines are plasm d-based DNA vacci nes encoding 5
ORF2.1, sigl-2.1 or - sig3-2.1, or ubiquitin-2.1 to yield a rapidly degraded
product (references 8 and 9). The predipi_d i mmune response pat hways are
shown for aninmals receiving the different vaccines. Note that the

het er ogeneous | ocal i sation_and processing of the sig3-2.1 |s unique. in

act i vat i ng2BRstent {hatpietemms ol intermed s siRe) behnerndhese erample E%@%ﬂ@gé‘? with
t he added RRE%QBh%Jﬁ' r positive feedback between the two arns of the

i mrune response. d“ABbr evi at i ons: Ab, linear: antibody to linear peptide
epitopes. Ab, conform: antibody to conformational peptide epitopes. CTL:
cel lular inmune responses. Figure 6 is a graphical re resentatiog ggomﬁng
the devel obigere 2 ifa rapresapistign oHimuEwopREDitaiph andiP4 AdigaeiIvEit ORHE ous

DNA vaccicn struc (veg; vecto ne;. 2.4 al L ]

bt qui o1 - e s Yl 2t Y553, 1YR6 S 2 kS e e BB acd Bt podey
rats per gfrotemhsWeb ehd ditBdRlic@Forth@nbrivhd - BdsB it T fradBhsuef thiNbellsnNsilthate at
0, 4 and 8 weeks, and anti body responses at the indicated tines re

nmeasur ed USRhy!enésigRRd hevekansyzepsongd decsbisation, whereanged-2. bandsighidd bive s g

representation is a,Wstern bl ot. show.ng devel n |-

R 11 e e o SRR, Hodsd SR O PRAE PL e Br bR lee B

I muni sed dietid patigll gl kIBEAatlon O thokd protdRitwhii charerimidca’d by théastabiane _

| mmunobl otting agai nst various fragnents of the full-length ORF2 protein as

descri béfl frastiRiddel et al (2000). Note that the Sigl-ORF2.1 DNA vaccine
i nduces anti body to the conformational ORF2.1 epitope, while 25 the
Si g3- ORF2.1 DNA vaccine induces a high |level of antibody against both the

conf or mat i Kipaye ORFA.rdpréRhbOREe oA SmMBhdprédpitatiRaind PAGH @salysion$ iradieativeiyt h
presentation of both intact and de?raded antigen through the MHC |1 .
L

pat hway. depelled DRERH agiougl-2. 1.xiglABI Rd sEOVMARVOGRESEE) 1@%@@@%@9@ | D
A O S R S e R G A
of Si gl 16fce@RRA forf Eilgﬁvﬁlz?,uﬁﬁ @heCi Felie fti 5l SEHbENG @ @hclSp@2ein bp&difszat §f 1 HEYIU ei c
aci d sequence of Sig3 of ORF2 of HEV6 .
after labelling. Note that ORF2.1 and sigl-2.1 have homogeneous processing (degraded or
stable after 4 h, respectively), whereas sig2-2.1 and sig3-2.1 have heterogeneous processing
(stable and degraded) consistent with their heterogeneous localisation (cyto and memb,
respectively).

20
Figure 4 is a representation of immunoprecipitation and PAGE analysis of radioactively
labelled sigl-GST, sig2-GST and sig3-GST showing the differential localisation of encoded
proteins into the cytosolic {cyto) or membrane-associated (memb) fractions of the cells and
the differential stability of each protein species at 0 or 3 hours after labelling. Note that sigl-

25 GST has heterogeneous localisation (cyto plus memb) but homogeneous processing (stable),
whereas sig2-GST and sig3-GST have heterogeneous localisation (cyto plus memb) and
heterogeneous processing (stable and degraded).

Figure 5 is a diagrammatic representation of the immune responses to nucleic acid or viral

30 vector-based vaccines in animals or man. (A). General pattern of immune responses to

antigenic proteins depending on their intracellular processing and localisation. Note that

most individual protein species are likely to follow only one of the four pathways shown. (B)




24 SEP 2004 13 DETAI LED DESCRI PTI ON OF PREFERRED ENBODIN%NgggﬁhQH esent
invention is predicated in part on the identification of term

pepti des.of the PORF2 capsid protein of Hepatitis E Virus which confer

uni que patterns of intracellular 5 protein processing to fusion proteins
conprising one of these peptides fused to heterol ogous proteins. Mthods
for generating suitable expression vectors and cloning strategies are well
known in the art. In this way, DNA vacciqe-encoded antigen can be

si mul t aneously prcocessed for opti nal §ﬂiﬁu|ation of both the cellular and
hunmor al i nune responses. 10 It is envisaged that nucleic acid constructs

encodi ng tHedyveed dhagatisepof b L predidied ﬁplelstmtu(:bwm sigipeplidsed t o
Tetponse T PR Bla bt IR TR el ol Ry BT S P16 bR T

expressed dnfiged MOBdnt&IBS both LiBedRAGE BbnfoASARINGNBRBI] gﬂﬁé}%s% aellGs basg liRgly thas

shown that cellular immne responses are enhanced by rapid degradation of

" protein thkedaighTicrld qpitopesasodethpavdonings ac ilewdd-Haged UBVAnvacsingbiegedding,

wher eas eqgr tion.l el y. abr ogates. anti bo hu al ) i ne

r espons eg %:ﬁh ggggﬁé’f S %ﬁ’%’ u%’@_ugﬁﬁg‘g)t‘? y"§f‘% I %‘C% ,d_‘g%ﬁaH?CLPrBh‘ECt f%#ﬁ%es
responses gaing Bl Thd hReichY RIRSRERIMsO hallhgyS aFE s S&NuEmROk&iving et ed
to remain cell-associated or excreted 20 fromthe cell (3). The celTlul ar

and hunor differeptruaceines Sfron thesthe deteragentasdoiatisatmacindgyosassing hé thefsipdel. 1 is

sensitive the pattern of, intracellul ar .protejn processing of th

ant gen. P RGBSR e Bim@SE et o el el FRET R Do ter oY 18 1 or
protecti veddf bt f@poviaes Falack Befvein IR QRCAMSTIRONSRuABYsfogei re
differential processing of a particular antigenic protein. 25 Wien protein
ant i genk) Abbregiriienss4bdinear: artdodgitd lintangeptiderspitapes Ab, eonfpmpcasibpdigiol s
generally neous.. That is,.gvery co of the protein will be processed
in essentfgﬁﬁggﬁﬂg'Egﬁ@3ﬁ5§¥m?6?ﬁé%§ @%g%ymWPﬁﬂgpggﬁtion to the

endopl asm ¢ reticulum and subsequent cell surface expression or excretion,
or alternatively by retention in the cytosol or targeting for degradation
in the prBicassdine Berbieheprejeyrizdathovengtie deealepmes of apdladytto HEYeORF2.1

expressi o . ) in.af adm.ni stration of a, nuclei i,d,vacci ne
w1 T esulth ihgtitaRhoei il s I S AU ety fuf ol ORGSR ot o,
bi asi ngl3 & .2i Inubigeitih @STHRORE2 1 ONET 99 ; S@U-GREI.1%gh§.@8?§3-@ﬂFﬂW§W&v&@t@endi ng
on the processing pathway for that particular_protein. 24 SEP 2004 - 14
For many BffgEapadere jmmpgseotia R dnmcigneshidl Hedddain selineaf 0, dlaad 8iweskmi ty i s

T s 1 el B R AR TRl iR R RRER R RR e BUSRC i 20

for opti meAnderseh ecdll B99Rr therapeutic effects. In addition, there are nmany
di seases which are characterised by the lack of a protective or 5
t herapeutic i nmune response in affected individuals, such as cancers and

i nfecti T RY-F I j Iy h A e Iof i t he
numan | e G AR EE Y O RT ARty Tompr R AhitdeS SLREC 1T
cl ear thaORM4 inedtsehmipdbddesith DN A vadchietoRstRes Jintibole frobh@tsifmaiugised
antigens assqciated with the disease does not elicit an_i mmune response

h
whi ch can W@ lrgRES:4 6% sigp-ORE B vee tastsd. by W estemdimmurbjotiing acainsh ¥EioUsf t he
present i ' i . A | | ' ne
Foeponse TAEARERE R UL RRRL TR A6 A ARTBRCRIGuL RO ot A AT
adm ni st eSiglgORB2.$ BINK amiciml induces higieddy\e tiagounidrntioaaldORPDS kbitape, while
conprising a . nucleic acid construct encoding a fusion protein conprising a

pr ocessihcBabORERL IANG warine msurerenhieh isyepof gibedy @sainpidoet thesai d
processin t i -Droc i . j iC

Dol ypept | d2oEARRRORESY e SN R CRIRRRL B B OC FE PG PR BHEE T o
a resul ti ngteinharmdntegtadaf ardtien tirougiethe @THOIE pativdyhe anti genic

pol ypeptide. In one enbodi nent, said nucleic acid construct encoding a
processi ng conmponent encodes a 20 processi ng conponent conprising a
sequence of amino acids as set forth in SEQID NO 2 or  SEQID NO 3 or a
functional derivative, variant, part or honol ogue thereof. Reference herein
to "enhaficing the i nmune response" or "nodul ating the immune response”
shoul d be understood as including reference to up-regul ating and
down-regul ati ng one or




25 nore arns of the i mmune response and includes optinal gt’? ﬁEPaﬂﬁﬂin of the
cel lular and/or the hunoral (antibody) inmmune response and may al so include
advant ageous feedback mechani sns between these two arns of the i mune
response. Activation of hunoral inmmune responses in addition to cellular

i mmune responses may al so have an added advantage of nodul ati ng

i nflammat ory responses and in particular THl-type inmune cells. 30
According to a preferred enbodi ment, heterlogeneous processing of antigenic
pol ypeptides permts enhanced m xed i nmune responses ie, both antibody and
cel lul ar- responses. 24 SEP 2004 - 15- Reference herein to a "processing
conponent” or "processing peptide" of a fusion protein should be understood
as including reference to a peptide orrABLEMepti de which affects inter alia
the intracellular |ocalisation and/or proteolytic processing of the fusion,
protein. Preferably, the processing conponent enabl es heterogeneous
intracel lular |ocalisation of nent. The processing
conponent nay be from HEV or i%ﬁﬁ§§1%§ (2§§F§%§Pﬂp§ source. The
processifig peptide may be positioned 5 to the antlgenic pol ypepti de.
Alternatively the processing polypeptide may function froma 3' positio

rel ative |SEQUENGE | geni ¢ pol ypept| de. As a furt her al teﬁE@tID\M) t he
pr ocessi o1t et f+-am Restea puol t ron
prot ei n. aning 59d5?ﬂﬁn?%§%iﬁ&3¥§ eiﬂgﬁggntenplated by 10' the present

i nvent or $ ag8enNR%Gd edueRE g%')r@tpg[@ij rpogurring noleculesy Those skilTedlin
the art wll appreciate that the nmethods described hergin nmay be used t

identify ﬁmumdwmqumm&lg@ o;ﬁé’ﬁtRR?esfHEiét per m t het er ggeneous processing
of fusi op—pretern Uuutu...“ not-her—aspeet—of-thepresent—i-aventi on
provi des|& ﬁ1F§6¥ %ﬂ“ﬂﬁ@l g%%ﬁgRE%nggle 15 conpr|5|nd‘a sequence of
n“C|e°t']ﬁﬁd8R9£ﬂhﬁ:uémB %f RF?BFHE?’CapaD'e of Tmoditaring the i nmyne
response{to an anti genic poI Idé’1n a host when saild nucleic acid

mol ecul e nSclemrabrdS@qdencE oashgﬁs@f(om?t oﬁHEH fusion pr ot ei|rs conpri sing the
processi kg C ) S
of the present |nvent|on prOV|des an |solated nuclelc acid nol ecule as .
her ei nbef ore descri bed conprising a sequence of nucl eotides substantially
corresponding to the N-term nal region of the ORF2 gene of Hepatitis E
Virus or a functional derivative, variant, part or honol ogue thereof. 25
Still another aspect of the present invention provides an isol ated nucleic
aci d nol ecul e as herei nbefore descri bed encodi ng a processi ng peptide
conprising a sequence of about 5-100 contiguous anm no acids selected from
the NNtermnal region of the PORF2 protein of Hepatitis E Virus or a
functional derivative, variant, part or honol ogue thereof. 30 According to
this particular aspect of the invention anmino acid 1 is the nost N-term nal
amino acid. The N-terminal region may conprise up to about 100 ani no aci ds.
24 SEP 2004 - 16-

—




Preferably, the subject peptide conprises am no acids 1-52 cg'&?lu?‘ﬁ of the
N-term nal region of PORF2, even nore preferably the sub e’tt eg de

conprises amno acids 1-50 of the N termnal region of PORF2 or a
functional derivative, variant, part or honol ogue thereof. 5 Reference to
"functional" according to this aspect of the invention includes reference
to pol ypeptides and their encodi ng pol ynucl eoti des which are capabl e of
nodul ati ng the i mmune response when the Qﬁbynucleotide is expressed in a
host cell. (One aspect of the present invention provides a nucleic acid
construct conprising a sequence 10 of nucl eotides encoding a fusion
protein, wheE BESGCRIBAIGY HePREEFERBEDSEMBOINMENES| ng conponent and
at | east one antigenic conponent, said processing conponent being | ocated
-5'" to the antigenic conponent and bei ng capabl e of enhancing the imune

response tor f?e%ir@seﬁﬂiﬂv@ﬁt!ﬂérﬁsﬁﬁéﬁ?éﬁﬂ@ﬁh plaf! ofl tMééntiWi&n%@N%ﬂMﬁé@ieﬁticﬂﬁicﬂ“ the
construct is expressed in a host cell. 15 The nucleic acid nolecul e

" sui tabl e fdIOREE capsid peotpinesl Hiepatiiv dhiVion whicp dsefeanmighe paitens afidteicelldar d

I I DNA RNA.. | ) t.i.cul di t . of ' t of
T B e Bl SR G L Sl oo,
di rects therdibimk OMefoal ?&ﬁgé&ra@n@@ﬁﬁb%pé@ﬁo&%@?@ém&@qﬂ%ﬁfaite“gi’ési 28 vidll a
host cell where the fusion protelin is stable over a period of hours and is

ef fective knoenhianthengrtadnathis by DNgs poese-anoodet eandigen gemibe sompanrausly | n
a preferred_aspe of .1the i.nventiaq e cessing component confers the
properties? Bcfoeﬁsgg E?fo‘a’é’ﬁ%a@ ﬁt‘mi”ﬁ’tnf)ﬂ(? gP‘?tfﬁ pﬁrcgllﬁ"ﬁ%rzi‘flé bgﬁi}rgﬁfﬁ?{l@e O™t osol  and
menbrane conpartments) and/or 25 m xed intracellular proteolytic processing

(stable and degraded). Wthout limting the present invention to any one
node or théds ynopagedithgmucieic aad eonstrgtis enchding theerenessinespephide sanpsae af thef

e e S B S P RAB B i ER B BBl ™

Accor di ngl ymman®tAgenRIBakS pSliypdpide B RELAE wheV @R hiLA8C REIB\ChARSICER cRpkSIdC
acid construct conprising a sequence of nucl eotides encoding a fusion

protei n wh&r@hestsalid fusion protein conprises a processing conponent and at
| east one antigeni c conponent, said processing

15 Recent research on nucleic acid vaccines has shown that cellular immune responses are
enhanced by rapid degradation of protein through the proteasome pathway, achieved by
fusion to ubiquitin, whereas such degradation largely abrogates antibody (humoral) immune
responses to the same proteins (8 and 9). Similarly, different immune responses are elicited
by expression of the same antigenic protein targeted to remain cell-associated or excreted

20 from the cell (3). The cellular and humoral immune responses to nucleic acid vaccines are
therefore sensitive to the pattern of intracellular protein processing of the antigen. In many
cases, both arms of the immune pathway may be required for protective efficacy of vaccines,

and a balanced response may require differential processing of a particular antigenic protein.

25 When protein antigens are expressed in the cell, their intracellular processing is generally
homogeneous. That is, every copy of the protein will be processed in essentially the same
way, for example by translocation to the endoplasmic reticulum and subsequent cell surface
éxpression or excretion, or alternatively by retentior; in the cytosol or targeting for
degradation in the proteasome or other degradative pathways. As a result, the expression of a

30 protein after administration of a nucleic acid vaccine will result in a homogeneous pattern of
processing for the encoded protein, biasing the immune response towards cellular or humoral

pathways depending on the processing pathway for that particular protein.




24 SEP 2004 - 17 conponent being located 5 to the anti ge[zqi §ﬁpp2{@ nt and
bei ng capabl e of nodul ating the i mune response to said artig C nponent
in a host, said processing conponent conprising a signal sequence and
optionally an internedi ate peptide conprising a sequence of am no acids
substantially corresponding to the Nterm nal region of a protein which is
5 capabl e of heterogeneous intracellular post-translational processing.
Preferably, the processing conponent as_jgreinbefore described conprises
both a signal sequence and an internedi ate peptide conprising a sequence of

am no acid ubstanti al l.Ly. corresponding,to the N-term nal reqi on of.

ot i o whieh ) AR i¥is AT kRPN rfortd] G e B ipty ¥ 80rlicdly o
post - t r ans hafiRNRbteBE ALAS Id f ' 16 CHBRCH'
shoul d be Ender Q?OSdlas ?ﬁc%%ﬁeﬁg %@gggcngg&?%%gagtegtlf%ggﬁhgtg% , bﬁ?tﬁgt

necessari | immhbog stspohsatwit! dteh-teereqiiredsfoo fopeimak protectiont dre thesapeuiio lefipetst Tde.
The si gnal uence may direct post:-trans|ational uptak y .organel |l es and
15 may be e e A glﬁ%}hglsms Bhichride Ghaacierised ﬁw%@«&%&a FHNEFYG PE or -

pr okar yotsi @b &AR! mﬁ&%@%ﬁ?g@m&m ;ﬂcﬁyﬁaélg,% feg, ca!'tnﬁ%ﬂrsta@d%fééﬁahé ith

occurring form with't enic protein of Interes rom any ot her
usef ul soutteenic viruses sactd anapatifit G, hdpetips Bsamt therivamn mmuddefisiegonalviruses

be full ti | ..and ful] | d | t ti .
cl aavage daYer aui gitli- 2k dbt RGE RS s el B bf FIoBmEnPATSS  Kh Riei
those ski ldreetsdife tfél@th@iﬁoﬁeiﬁ @ﬁti@?ﬁg @?sbciﬁ%gli?@ﬂ%cﬁs%e HoRP EXPgI{?éi{ %@ é'g?ﬁ[ur%:t

predi cted using variou nown al gorit von Ijne et

anot her aspwotscofhitheargeaise ntcovary enpriottipn.ovi des a nucl ei ¢ aci d construct
fconprisiﬁg a sequence of nucleotides encoding a fusion protein wherein said
fusion otein conprises a 25 processing conponent and at | east one

antigenic ARBRRNENt i | Si.ng: I I - 5'
to the antigenic .éoorgg(r)hrﬁgeﬁ't.‘gg%hde %g%eﬁtgggg%g%l %ﬂag#d%rgmggg atE.]lanfgte}t3 e %c%hlg%

res ponsle tagirgadi ah Ianmiggecﬁitppnswtrrlmmﬂrwmcts)al@egﬁmt 'st‘emt;_t,d@ahhnahnﬂ cpmpps’ ingi ng
Sequence cRUAHONEE Ad Rt o e pOBR G SO RGOR S OMRESRE e AT Foid
regi on of chgridPERodDE UG Blotdd Q&rﬁbﬁ'siﬂ%g oddeHAE bbin OE?nWaﬁg}agE%%F Oijrzor a

functional derivative, variant, part” or | ogue 't hefe

- 18- Pr & @olipkytidet Wherpin seidsoeessinD npopertt povites dickibedaneeusdpmcessbmpof the
conprises hpth.a sign sequence and an, i nt ermedi ate pept.i de, conprj si a
sequence gpg%efw%gofggfpg{ge s”ﬁ’ggt %PF@F‘F)FCE%F? B‘h_éﬁ W“P%‘agﬁﬁ WP%E%ILSPE%
region of rédfidihaincehbAE WedhnhOkBhdhseho RNRIE pliyibdite, (PORF2) o 2
functional derivative, variant, part or honol ogle tge . 5 Reference

herein to an "internedi ate peptide sequence" shoul d be understood as
includingl{%geregqg to sg¥ueqces.gosihjoned g@.Of t he si gnal sequengg,
which 3" s8§leRERY YL Fa¢ AXIHT AR SORHYCIGRLNE AT OCSS RIS CORPORSLgRgodes a
proc ?SSQU@IMWM€®@ntt£%pEiﬁ§g QAReleBtEbNamAD WMdshst R FHHONASESTY RIS &
the internedi ate peptide sequenCe nmay originate fromany source |nclud|ng
the N-ter &R HEYOoA ovh ipoiRmRl dérivaipa viatiang, gerMorhemnoldgueShedebf.yet anot her

aspect of the present invention provides a nucleic acid construct
conprising a sequence of nucleotides encoding a fusion protein wherein said

fusion prReféndedisiith &&enRarRing GRSIBIMheGORARSYr "aidubiink SRStnMREe ARPbERN C
conponent, said processi ng conponent being |ocated 5° to the antigehic
conponent sapddpsi wglessigrdiasdndfding defemnémty upaeguiatingeand down-regulating one or
25 more arms of the immune response and includes optimal stimulation of the cellular and/or
the humoral (antibody) immune response and may also include advantageous feedback
mechanisms between these two arms of the immune response. Activation of humoral
immune responses in addition to cellular immune resﬁaonses may also have an added
advantage of modulating inflammatory responses and in particular Ty1-type immune cells.
30 According to a preferred embodiment, heterogeneous processing of antigenic polypeptides

permits enhanced mixed immune responses ie, both antibody and cellular responses.



15 response to said antigenic conponent, said processing c@n@oggpt
conprising a signal sequence and an internedi ate peptide wherern ggpﬁ
processi ng conmponent conprises a sequence of am no acids substantially
corresponding to 5 to 100 contiguous ami no acids selected fromthe

N-term nal region of the major structural protein of Hepatitis E Virus
(PORF2) or a functional derivative, variant, part or honol ogue thereof. 20
I n one enbodi nent, the processing conponeat conpri ses approxi mtely 5-100
am no acids, nore preferably 30-90 and even nore preferably 20-60 am no
aci ds sel e¢t ?Fd fr%{r:n the Njerm nal region of PORF2 or a functjonal )
deri vat i ve NEFAFICANETCI)rd REPCHTND PUPRRICR ele gROPSSIPE PEREED| of 2 fusion protein

processi ng I: : 0, 1 no ids.substantdal l.y as
e Fort n PR Rl RS Rl RRABRGS stbeal PRoREPS R TS BhtTh e
ami no aci delid -the intac8ifular lobalfRiioe RERE | mtesldle bRReNinEOT Mal ffsRal Brotah.
PORF2 protgkg@or a functional derivative, variant, part or honol ogue

"thereof. 3 sy, dhrorogsssing spmpenent,aablea detsragenepus dntravebulas losalisatipn ofithe

L Pehem oo t. e |
Pral ogued, HEHE Rombalhl Ui oM G Rkt Sy BE Koat Py BEHinVER FbSiay e
derived byothersgutceofhe groessingpeprides tlagt bd Bbdigsneal 5t fdethdMdiRenic bl pepid004

19- aci ds. ]ePoI ynucl eotide derivatives may be derived from singl'e or
mul tipl e rfbld§rBstvelycihe paqesssing pRlyrsEde dedyefunetien feoma/ao3’ pasition relativeriol theli ng

fusion W ths:eih 2l C QAC] | es. ui val ents are understqod.to
i ncl ude rea;ﬂ(ta1 %ﬁ]ﬁdgém? %'&) Irtrltﬁ)%'eédgsl éégurg%- %ﬁ%&lgﬁv%gﬁe FEOTHTEE O afp%glggctlgp
agoni st s. fFegma vedteiositiomyithia thkefusioh @gothal CRMNGthe FRioEXAMAonRM 158 by
product g creening. Reference to "variants" i1ncludes reference to

mol ecul & ta%ﬁfief-?&f igpeni@ade nooxigid thnatiealibdarusom melepdtnddnsosidabin the art

simlarity;an J 0% simlarity to. t ol ypeptide
or pol ynuclleogl Plggé&s:é}(%g{ﬁgéag ur@%ﬁrlgﬁgﬁgvgf gng}(l:bg uﬁ%{/{ob%efét@ éﬂﬁb&%%‘%ﬁ%ﬂg

nut agenesipsptites diaepzrmit heterapogious p;tobmaﬂg ofeadi@prokaihd &a{tﬁﬁmg thd¥@! ynucl eot i de
variants may al so i nclude pol ynucl eoti des capa%le of hybridising to the

pol ynucl eoti des of the present 10 invention under conditions of nedium

st ri ngencyynolifdr st : : t_inyention, .the processi.ng
conponent  of t he S? us?;gﬁﬁ&g?%?%?&n %ﬁ%gﬁs é"é’gd%%eap‘% ?Wgﬁéﬁc%%éedcb “il @glaffgﬁce
of 1-3005 wowpesing &esjusnosif antleatidey en@digs pQRsbefgngd geéﬁﬁilétdag&lﬂél of peahREhb des
of the N-term nal regi on of the ORF2 gene of HEV. Preferably, the
processi ndPCHHPYRSRPORE I AR antigepichabneatide Hredes wienssaid qudeie acidimolecule

nucl eoti degs tanti )V ef.Far [ 1.D NO: 4 or . SEQ | D NO: or
SO 1 D NoTh ARt ¢ Bbstbefi SChuslof rbichl cphitie e pfocRbsi prtider s, B
20 A furt hetgeaaspebipepddet he present invention provides an nucleic acid

construct conprising a sequence of nucl eotides encoding a fusion protein,
wherein said fusion protein conprises a processi ng conponent encoded by a

o o3 om oL i AlpedtAkd blcsori ety B8R ATLLARN GuGORRRNFRE cHRSKe! T

sai d processing conponent I nune r esponse

conponent hereirbefrosdesoited doherising hekquace ¢f eIt des tsubStastidiyass REpdrding 00St
cell. 25 2 fur tlher. as?ectQ&fF the present invention provides a vaccine
conpri si néfea AGEHBLLTeEOR #T i ORFG cseng ofhideratitis df ofiensdess & rupesipnaladerinatiner
rel at ed amggﬁtjﬁh&mgmbﬁﬁg@@g#ggf_provi des a cell transfected with a nucleic
acid 30 construct as hereinbefore described. A suitable cell for use in the

present invention nmay be an inmune cell and/or a presentation cell capable

of presegptd or, targeti or directing the fusion protein within a host
or gani s?r?é%ﬁl]g%m#&r & Ftn‘?fgtge PHECHLIRTRIECR g¥pyids ar dsalated ayeieiserqid molecule as

hereinbefore described encoding a processing peptide comprising a sequence of about 5-100
contiguous amino acids selected from the N-terminal region of the PORF2 protein of

Hepatitis E Virus or a functional derivative, variant, part or’homologue thereof.

30 According to this particular aspect of the invention amino acid 1 is the most N-terminal

amino acid. The N-terminal region may comprise up to about 100 amino acids.




24 SEP 2004 - 20- conponent. According to this aspect, the qgg be
transfected in vitro or in vivo. One particularly preferrea EPqimé is a

dendritic cell. _Still yet another aspect of the present invention provides
a conposition for use in nodulating 5 the i mmune response in a ani nal
conprising a nucleic acid construct as herei nbefore described and one or
nore pharnmaceuticalfy acceptable carriers and/or diluents. Reference herein
to "animal" is used in a broad sense to iLnglude mammuals, birds, fish and
reptiles, and extends to animals such as but not limted to a hunman,

primate, |} k..,ani pal . 10.(.eq0. shee r ani- on aniwm
(eg dog. chlrRECuRRERy pek® SamieRe mPorpii 32 A R Rl
hanster), 6APORYE, WonUnas prterdidd thd gaoojedé%eﬁﬂde Aedesiniifo Q8 1-PRBF tHe)Nﬁnd
poultry bird (eg. chicken,” duck)” Preferably, the subject animal is a human
or pri mat eterrvogk regroerfcérPﬂRl;“ﬂ ot mﬁlmubpdderw&wa, Yeuiant parl & ibeloghathargobut i cal
fornms suitable for injectable use include sterile aqueous solutions (where
wat er sol uble) and sterile powders for the extenporaneous preparation of
sterile sMpgekald fo SANHLRNS aBlorlin gp@r ﬁﬁsoﬁs ebtNo@ihk iGARES IRRUEOFRBMUS tobe
sterile and nust be fluid to the extent t f easy syringability exists. It
must be stit¥pepidaie rnd Hhelc camdbding nsolghuaianidta othicte agncapsblerdgeodubdingude be
preserved %%?lnst t he cg m nating action %ﬁﬁﬁ nkcro ganisns such as
bact eri a dRFFGAGIPORShEIELIICPOIYIUGIFOHEC 1 SXBSSEAED A% FSher si on medi um
contai ning, for exanple, water, ethanol, polyol (for exanple, glycerol,

propyl ene glycol and liquid polyethylene glycol, and the like), suitable
m xtures tOreraspéct oditkt MBWII ablestion psovidéve: prcpeacid bonstidt gompsitge Sequence

mai nt ai ned,. far exanpl e,. t he use .of coatjng .such as licithin, t he
i nt endft ileoti Fecined fsih protenerBeSirie B B S ot A brr st ang
by the USQmHnoﬁéﬁ%ﬁ&%ﬁﬂ%@to&?ﬁﬂ&kﬁﬁ?&kﬁ nPEaE% @&t nPbneit BSi kﬁﬂﬁﬂsnﬁ
can be brought about by various anti bac i al d antifungal agents, for
exanpl e, ﬁéﬁdbemsng@hboommuman@hdEmhem@maMs@ﬁbMWmamgdm:MMnmmmﬂm@&btaﬁddthe
like. I'n mapy cases, it wl pref rable to include isotonic a for
exanpl e, SURIE SEaoAT hI0NRE S B bt SUSEHDE SRR Er P et abl o
conposi tions can be brought about by the use in the 30 conpositions of
agents del ayi ng absorption, for exanple, alum num nonostearate and gel atin.
24 SEP 2®Ghe- mmlem/\hend mlobﬁcaket juieblenfprede anttie praserguinvaabby npy dreanyeldrm ey
may be orall% Q% zte[ed h otn€§a with an inert diluent or with an
assi mi | abl'®® X =1 el g i encl osed in hard or soft shel
gelatin capsule or it may be conpressed into tablets, or it may be
incorporated directly with the food of the diet. For oral therapeutic

admi ni st r dniang, patrheular ambpdmmmfothmdamyt bk theniawenionathe provessingesasisinerl s
and used in the f estl t abl et buccal ,ta Iets t roches

oapsa oo, Bl 8 TRl sraRERE Which (D5 SR SRR Bowrf RS inkinb g B ytosol

CONPOSi b ABElBARbPIER o3 bap%héﬁ%le%gl@ﬁt;ﬁtbt@maits skeBRShvel a%ch¥d WELGRE afd is
-active conpound. The percentage of the conpositions and preparatlons may,

of cour se, ctfsetivain endaneidg anpntoodyarsspanse o the abdgenservmpbent. 5 t o about 80%
of the weight of the unit. 10 The amount of active conpound in such
therapeutically useful conpositions in such that a suitable dosage will be

obt ai ned. Rrepefaed sé(?@epgf HeOMSeRion rtﬁé)@fo@éssﬁfgsczmﬁé@loaﬁfeis%é ResperRs &t
i nvention are pr epare so that an or aI Osage unit form contains between

about 0.1 h@eramezommmeﬂulaammhmtmdmdytoacs anf enenzifyinst compariperigsand/or

pills, psul e al so con foIIo b ch
as gum t’ aﬁ%@ racgliﬂég gr&s%lgrﬁxﬁrap%?ﬁmgr S%’Fa degg?gefcm eﬁ{l@ogt grﬁﬂgug e
di cal ci um phesehat&itiod & ﬁﬂ;}ﬂ‘bﬁg A& gr ARy oF WetlorASit FOThBugH: Akt Hne PRIcBdsing
starch, alginic acid and the Like; a |ubricant such as magnesi um st ear at e;

and a smee@@hﬁﬁ@nh@éﬁhe$m@ﬁnhﬁﬁﬁnhos§unﬁ§§E©@%Wé¥E§&@@h3$wnIwﬁ?ndbfaﬁﬂﬁﬁlor
fl f 20 t h
1 avour t no TOREOD o3 BENEE BIRRF A e &l i Blpd il oy “Contai n i 1

addition to materials of the above type, a liquid carrier. Various other

materials may be present as coatings or to otherw se nodify the phy5|cal
form of 1theAerosdigslyu rinpther Aspedi safatheepresenb | ivtentiopinroydeson augtic Reld qeagtred

gg? ;[ \e/g \émoﬁrggﬁ‘lﬂglgmg&? gr"i‘cge gén%%gldgﬁ © éocgﬁ%ﬁtfum%pﬂﬁé%”%ergﬁ?fgﬁ' ﬂ]s15:tf§rotem

propyl par akemgriass BrR6&d Yl dRsporRnt¥Bd ANdeaki Gy bkt deflicSdetbofdnt, CART pivceising
orange flavour. OF course, any material used in preparing any dosage unit

form shoul d be pharnaceutically pure and substantially non-toxic in the
anounts enpl oyed. In addition, the active conmpound nmay be incorporated into
sust ai ned-rel ease preparations and fornul ati ons.




30 Pharmaceutically acceptable carriers and/or diluents in@ ¢d8ERPfend all
sol vents, dispersion nedia, coatings, antibacterial and antifungal agents,

i sotoni ¢ and absorption 24 SEP 2004 - 22- delaying or pronoting agents
and the like. The use of such nedia and agents for pharnaceutical active
substances is well known in the art. Except insofar as any conventional
medi a or agent is inconpatible with the active ingredient or cell) use
thereof in the therapeutic conpositions isl7ontenpl ated. Suppl enentary
active ingredients can also 5 be incorporated into the conpositions. It is
especi al |y QgynER0&a : taiti Ent GRABASE Edp@lS of Modlpap@ehuni t
formfor ease of‘Eadm %??ic?tg?%%ﬁgﬁ&%ﬁf{%ﬁ{% %f doslzggea‘.p Dosage uniﬂf@etform
as used herieinmureetespsndeo tplsuii eatiggnidicompetant uimia dogustieédressssing cemponent
dosages .for the mamal i an subj ecés t.o be 10 t]r[rgeat d; ec?ch uni.t caontaining
a predet er ROAREISHIghEIER3! SEANGHEE AUd ORHenAlly 21 IizmEd Al OB YeOBPER G & Stgtishce
desired t NeyaRaND i 6Gkndly ABSRGhAIANG i N IRk AYIo A RAREHOEY 62l
carrier. The specificatlon oP[t e novel” dosage unit forns of the invention
are di ct ai edpdhye ahhktehogeaioly irdepeihdentosonarshjiondl grogessigge characteri stics of
the active material and the particular therapeutic effect to be achieved,
and (b) the limtations inherent in the art of 15 conpoundi ng such an
active mat gt.i r [«S e | o N ' kiYga P
i seased corderren o5 ey SRieoRfaCi AR battle dotlil SUMBE Sollt si8ar
in detail. sddengs andiapdhteantdizie peptde domptising a ceqmpoendedhifioacidsosnpstnntéaily and
effective adm nistration in effective anpunts w tF.

.sui t abl
phar maceut CeBFIPPndingets: | H-tgapinpleregion aba Rjeteln 1c§65 F?ﬂaﬁllbea(g T RERE™Mor &
di scl osef} hﬁra‘dglildlapgés@%nél%éﬁa? fbce%s‘ﬁ{g. exanpl e, contain the principal
In

active conpoun nounts ranging fromO0.5 ug to about 2000 ng. Expressed
in proportions, the active conpound is generally present in fromabout 0.5

ug to about, 2000 ng/nl of garrier. In the case of conpositions gontainin
suppl ement RefPree: Bacinrigrio gl Soyanee égga@ea%e Wf&m@@?@ﬁ i ‘@%gbg?%%?&rt%ﬁcg
to the us Ug!eptfi%s gs‘%g]ig TR R rfaEes_%&ﬂgsﬂ WRiedt &bt Miehinhd@s %amﬁvw ;@ﬁ@%f@éﬂas

Adm ni stration o nucleic acid construct or vaccine in the formo
conposi t i opolyayptii. bThasignab sepeien mayotiecs pastrtrassiationd] uptake by rorgasgllesoand

0L oo, SIS KL By 950U OO Bl L MIBEL ) ASZRAE S
B:‘g;gﬁf ggz :sEC@enE@%R:‘ﬁi hAPPe hso&iaRteMNtsAagallycBting Fdrm! WRE fReHgeRicYTotein
' of interest or from any other useful source. In accordance with the present invention, the
signal sequence may be fully functional and fuily cleaved or alteratively cleavage and/or

signal sequence function may be inefficient. As known to those skilled in the art, the signal

20 sequence of a polypeptide may be predicted using various known algorithms (G. von Heijne

et al, 1989).

Yet another aspect of the present invention provides a nucleic acid construct comprising a
sequence of nucleotides encoding a fusion protein wherein said fusion protein comprises a
25 processing component and at least one antigenic component in a host, said processing
component being located 5' to the antigenic component and being capable of modulating the
immune response to said antigenic component, said processing component comprising a
signal sequence and optionally an intermediate peptidé comprising a sequence of amino
acids substantially corresponding to the N-terminal region of the major structural protein of

30 Hepatitis E Virus (PORF2) or a functional derivative, variant, part or homologue thereof,



activity in an anount which depends on the particul ar cages ngﬁri ation
depends upon, for exanple, on the animal, the node of adm nistration and
the treatnment required. A broad 24 SEP 2004 - 23 range of doses may be
applicable. Considering a patient, for exanple, from about 0.1lug to about |
nmg of nucleic acid construct may be adm ni stered per kil ogram of body

wei ght. Dosage reginmes nmay be adjusted to provide the optinumtherapeutic
response. The agent may be admi nistered.igi any conveni ent nmanner such as by
the oral, intravenous (where water 5 soluble), intranasal, intraperitoneal,
I nt ranuscul

r bcut aneous, intradermal or. su sitory routes,o .
|l ant | ng EEERRRL S5 B e, SrRaliaT ap PeEbs Lyt devatbediaomprey bt igeal
aspect of thseRiLHRNin maééﬁiaaﬂa@rpeﬁﬁ&vwﬁpﬁsﬁlfg@séafaenée%f SR Rids"ibstaRtialy
animal, an i ne response to an antigen of 1 nterest said nmethod conpri'sing.
admi ni st er comeshOndiog sathd MNdrmia! @mpioefof det meyjer szl plotein wii Hephtitisal i \dirus
const ruct ei nbhefore descr.i bed,. or vaccine or cell _encoding or
conpri si ng%?apﬁﬁé}l%iacfm%fé‘ioaafcfiﬁﬂ‘éﬁtuf’%d’la“%‘g’ RErEibamelasre e i bed, for a tine
and under. N S i €] e .l t: |
anti gen. STﬁgﬂg%%égar%fleltts 0 ﬁ%@%ﬂ %\% %%qgé |c€)éaqu?l f' L?%ulsgr yqﬁs%@gﬁwrargt Solgd? girr%
anti body prefetugdel rsed@encechasttiong! Bosfott civakl stédved whinhosluetiiaes aiter the
| aboratory animal or in vitro or in vivo, The present_ invention also .,
ext ends t OPIORSSHEPIAFIties KORPERADIAEE Arocesadig cABPOREI KB s SR rdcHests MHEd i n

t he manuf : f [ LT t r y | f

condi ti ongﬁ%lrjg1 'Rt é¢ |eg§ég tﬁ%‘gﬁ %eﬁl%{ebh%b%ﬁ%tﬁ@%én@?e%%{ gﬁggfaa%céﬁﬁorn? souree
pr e- cancer pulsidignbd Niteradinal aetion sIPORT229 HépsthSeViruvi ral , bacterial or
parasitic infections. Further features of the present invention are nore

fully ddScribed in the following non- liniting Exanples. 25

Still yet another aspect of the present invention provides a nucleic acid construct comprising

a sequence of nucleotides encoding a fusion protein wherein said fusion protein comprises a
processing component and at least ope antigenic component, said processing component
being located 5' to the antigenic component and being capable of modulating the immune
15 response to said antigenic component, said processing component comprising a signal
sequence and an’ intermediate peptide wherein said processing component comprises a
sequence of amino acids substantially corresponding to 5 to 100 contiguous amino acids
selected from the N-terminal region of the major structural protein of Hepatitis E Virus
(PORF2) or a functional derivative, variant, part or homologue thereof.
20
In one embodiment, the processing component comprises approximately 5-100 amino acids,
more preferably 30-90 and even more preferably 20-60 amino acids selected from the N-

terminal region of PORF?2 or a functional derivative, variant, part or homologue thereof.

25 Preferably, the processing component comprises a sequence of amino acids substantially as
set forth in SEQ ID NO: 1 or SEQ ID NO:2 or SEQ ID NO:3 corresponding to amino acids
1-22, 1-36 or 1-50 respectively of the N-terminal region of PORF2 protein or a functional

derivative, variant, part or homologue thereof.

30 Reference to "derivatives" according to this aspect of the present invention, includes
fragments, parts, portions, equivalents, analogues, mutants, mimetics or homologues.

Polypeptide derivatives may be derived by insertion, deletion or substitution of the amino




24 SEP 2004 - 24 EXAMPLE 1 Differential |ocalisation of H 4f3§f’5?“2ﬁr ot ei ns
to cytosolic or nenbrane associated fractions of cells. 5 The -~ encoded
antigenic protein ORF2.1 was expressed in a mamrmalian cells using a series
of expression vectors which encode ORF2.1 without a fusion protein (ORF2.1)
or with N-term nal fusion proteins of sigl (sigl-2.1), sig2 (sig2-2.1) or
sig3 (sig3-2.1) (Figure 1). Cells were incubated in the presence of

radi oactive nethionine and cysteine to |labkl newy 10 synt hesi sed proteins,
cells were fractionated into the soluble cytosolic (c) and nenbrane

cel | s vere into the so _ _ _
| ranopr ecr R at Ioh L RS T OHd, B Bl YA TRRn Ry f R BE AREE e

det ect ed byulsBbstidPAGEefshspaidisradiltionajpbiding tusimnvifeotheamcichadcidunoleeuldzF2. 1
is alnost exclusively found in the sol uble cytosol fraction, sigl -Zféﬁials

found al noEﬂuiéfﬁkﬂntﬁs@r@el!r;derS:qudh@ inelnde mbiaence e malssules Wish @nschss h
ig3-2.1 in_sinilar. - i , :
it i o DU SRR, EAbiBIR Y e Rlidd Rk aFe, RAA bbbt e

gl ycosy! at ipeendig.t Rserept Ot Visiandy BbludéserefefenbsioonsitatestiRvingeat eashiéeor
fraction, as they are abolished when cells are treated with tunicamcin to

prevent N-pesesadly 16804 enbetwisen 6hr80ir)simianity and most predrawhin at least 8L o HrBAtYdge

ffects whjch S t e f t e L sati i Lh
cel |- 20" b et iRy P PLBIchofoy sElidnds”  RERUSHE valR b de oGt SHA e
het er ogenegusickeeal itgaiel @R throu@fraB5il 20Q4n - FaShermAMRILnRleBlidd ettty Alay

stability of HEV fusion proteins Cells expressi ng each protein were
i ncubat ed alsp tréudsy pelynudewsides sapablec ol hbriginngolodbe gelyauclsatidss pf gher Brepentyyt

were thepn further i.ncubated i n of an excess of non-radioactive
am no aipdgv?nglrc’%vuanrdfagg%n%{n? sogﬂgpglpggtﬁ?%gg ‘onation and anal ysis as before.
This allows us to define the processing pattern for each of the proteins,
by conparing the anount of each radioactive protein at the end o

: Of .
radi oact i via a egbateq psngct of the moesspLnEgntipa, he grotessing LOmpRACE! of the diisigpp protein

i ncubation_in th . : . . - _
o found 18 riseAPRRldS lofanaf spRBlsbT) A0 Byl aAgRE hfbotig, o
synt hesi s, toWagfigasispieledtiflessdf3le Nderdnihd rdogannd ther@Rlkhgsnant HEV.n 't he menbr ane

fraction (nmenb) and is stable at 4 hours after synthesis. In contrast,
si g2-2.1%5and sig3-2.1 are each found in both cyto and nenb fractions, with

the cyto- i.at e r I el bl e u i

menb- asso?’?%fe%%}ﬁ%’r g%egipgéc?egﬁ% oS o@%iﬁpﬁog}pgi%s %gg?tg%eéﬁg¥§He|P?4§ %gcllﬁesn c el?f is
t her ef or e @xchatides subsadntigilyds et foraig SEG) B) §O: 2 0ASEQ IDMNG:eS enGHD 118 N@fubid
give rise to m xed imune responses to the ORF2.1 protein due to their

het er ogenebnstipne ded¥ativg. wrirnt.Gar|or Bamelegue heretfeas ORF2. 1 and sigl-2.1

woul d each give a single pattern of inmune response due to their honpbgenous
processi ng

20 A further aspect of the present invention provides an pucleic acid construct comprising a
sequence of nucleotides encoding a fusion protein, wherein said fusion protein comprises a
processing component encoded by a 5' region of ORF2 of Hepatitis E Virus and an antigenic
component, wherein said processing component modulates the immune response to the
antigenic component in a host when the nucleic acid construct is expressed in a host cell.

25
Yet a further aspect of the present invention provides a vaccine comprising a nucleic acid
construct as hereinbefore described.

A further related aspect of the invention provides a cell transfected with a nucleic acid
30 comstruct as hereinbefore described. A suitable cell for use in the present invention may be
an immune cell and/or a presentation cell capable of presenting or targeting or directing the

fusion protein within a host organism 50 as to optimise the immune response to the antigenic



and | ocalisation. 20 EXAMPLE 3 Differential |ocalisation agj ségﬁiiuh%y of
SI G GST fusion proteins Sigl, sig 2 or sig3 were fused to ét i

S-transferase (GST) for expression in 25 mammalian cells as in Exanple 2.
In this exanple, it can be seen that sigl-GST has a heterogeneous

| ocalisation with equal proportions in the cyto and nmenb fraction, but
honogeneous processi-ng wth both fractions being stable after 4 h. In
contrast, sig2-GST and si g3-GST have het@6ogeneous | ocalisation with equal
proportions in the cyto and nmenb, fractions at 0 hours, and al so

het er ogene eSS Qg ; | ' t; Lahier h
whi L6 the reppopeitzRchin tgﬁhr%égtﬁ’eg%#p% i%“i‘f‘?’ ggg@g%%%egf”?g}ﬁsgﬁf@%&i Ghe

t her ef or e gupelely grifatred dadl typeds atleddmeis eeldi gh si g2 or si g3 fusion proteins
woul d nmodul ate i mune responses to target antigens with GST as the exanple.
24 SEP 2004 - 26 EXAMPLE 4 Nucleic Acid Sequence of Sigl, Sig2 and Sig3 The
fol |l ow ng | Vi Lf ' . ' :
fragnente Fion bRt Aier F Ue iR s o FR s Bt ohsBbp RORISERH hlflarng,
sites in j g phiniBE SespGhsg lin SEGnihal NGmpfsing a nucleic acid construct as hereinbefore
ATGCGCCCTCGGCCTATTTTGCTGTTGCTCCTCATGT TTCTGCCTATGCTGCCCGC (GCCACCGCCC 10 Sig2
SEQ I D NO dssenpesmdamr comesminmredtrah axsroablecpaiery andfeaiRPaIST Goccae
GCCACCGCCCGGT CAGCCGT CTGECCGECCGT CGT GEECEECGCAGCGECEGT Sig3 SEQ ID NO 6
ATGCGCCCTCGECCTATTTTGCTGT TGCTCCTCATGT TTCTGCCTATGCTGCCCEC 15
GCCACCCCCCRERAEhert Al (6CakialCGE Gedd InG o

oA ERIddCmammals, birds, fish and
CGGCGGTGGTTTCTGEEGTGACCGEGTTGATTCTCAGCCC The mamral | an expr essi on

used for efgntiessingrexigads igenimpbsougirpobis gal Limied i %h‘émﬁfhé’fw’ilﬁ‘ﬁ%ta?%gfghéi\r ly

promoter,, (%é“%héé%' }5%9%5%' ﬁét’ge? Q:o%%gniSQiaHﬂe{l C(eg Qioig? %atii QQ&Ja’co@Qest animal (eg.
mouse, rat, rabbit, guinea pig, hamster), captive wild animal (eg. fox, deer), caged bird (eg.
parrot) and poultry bird (eg. chicken, duck) Preferably, the subject animal is a human or

primate. Most preferably, the subject is a human.

15 The pharmaceutical forms suitable for injectable use include sterile aqueous solutions
(where water soluble) and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersion. In all cases the form must be sterile and must be fluid to
the extent that easy syringability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of

20 microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene
glycol and liquid polyethylene glycol, and the like), suitable mixtures thereof, and
vegetable oils. The proper fluidity can be maintained, for example, by the use of a coating

~ such as licithin, by the maintenance of the required particle size in the case of dispersion

25 and by the use of surfactants. The preventions of the action of microorganisms can be
brought about by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thirmerosal and the like. In many cases, it will be
preferable to include isotonic agents, for example, sugar's or sodium chloride. Prolonged
absorption of the injectable compositions can be brought about by the use in the

30 compositions of agents delaying absorption, for example, aluminum monostearate and
gelatin.



EXAMPLE 5 | nmuni sation of Balb/C. mce with plasm d constr qtsEFQ@cht|V|ty
of the sigl, sig2 and sig3 peptides wll be dennnstrated y 1 nocUl"ati on of
25 Balb/C mice with each of the plasm d constructs ORF2.1; sigl-2.1,
sig2-2.1 and sig3-2.1, and GST, sigl-GST, sig2-GST and sig3-GST by standard
met hods such as gene gun or intranuscul ar injection, and the inmune
response in aninmals-receiving each vaccine will be conpared by nethods such
as specific antibody isotype profile, T-gell proliferative responses, and
cytolytic T-cell responses. It is antidf%ated that the different patterns
of 30 intracellular processing observed in cell culture in the exa ?
shown her ePheniithq ackivg dngredients e siH@blieprasecssd wiek dndhbe Arake aTEHETERe A

protein prodtelt Nk Rrbidfal Iy VB kLB Rty 2S5 10FRERE BTa08
further tegtigel Byséft@m@lﬂ%@étgﬁ%ﬁ&@' & RERLy Be chfipPdshad nﬁattatg@t@s()pit hiy eeest,

including but not Timted t eoprotein (NP) and Haemaggl utinin (HA)
- of infl uengneorporated ditetty eitheho fmdamititheatiet. pFot eraistherhpﬂ&ma&drﬂmstr&mli rtis and
Hepatitis B Virus, the envel ope and gag proteins of the Human

| munode? i%6tienempnag @aYd?@dﬂﬁﬁfo@@ﬁsW ekeipisniscanddised VB dbe Mo f gestile al ,

5 bacteri I n as
5 oact e | Shoied W08) (AN, RREAS] L5 2oL 105" bln 0, AR VAR 4Rl 2
each of tISacly aesbasiGRNSId Bedparatidnss BRWId oAtk Mireleast al %y by nwEigaJBE dativé n
concl usi on, when encoded by nucleic acid vaccines, the sigl, sig2 and sig3

and rel at @mnmmlqdepﬂ‘hq@sm@atagwﬁ the COMBPEALIMGRER! \prefaraions mey.| pﬁ goyrge, be

Vit ue of TRORCFOGERb GG e Do hEREet Ao ccin doal Ui ons e gal, gt 4Rl ©Y
| ocal i s@j Iﬁ@,anﬁglmraggvet &nﬁi&hh@ﬁﬁ&cﬁ'tﬁ &ftlcmos‘ tis&@lpédn‘i’;fﬁsﬁfbhb%&l&btﬁhpﬁ

proteins (such as ubiquitind-antigen fusi on pr ct ei ns) honmobgeneous

patterns etitabiet doasgel will e obpaineie s Biefigraincbrhyms itions at ipoepardtiondaddriifig 6o ltmmune
responses to HEV signal peptides fused to heterologous proteins ORF2 1
‘series of PR ETEGE PLRPRERd S8 that AdrATAT dasaBealit SPTMLEQntqing betiierh ARt Ooh of

100 ug 20 glélﬁﬂ nd 8 weeks, and anti body responses were
measur ed H8i nghmozrﬂ%&%“l?gﬁ%ﬂéé‘ Anderson et al, 1999) (Table 1, Figure 6,

Figure 7). Plasm ds encoding ORF2.1 al one or fused wi th ubiquitin-A76

failed to elicit any detectable antibodi es, whereas Si %h ORF2.1 induced a

st rong bhilibp sahets. dxisbess @lllsn casples and theciikevmey ajser eongain thesfollowirg:2A Pind§uced
in 1/2 rat Furth npst.

a strong anti bod t he.pro he
' ans! ocarbd 35 Bp FRERRE, acfte gokfilingl i ASAT " BRreRhis ARpRES YRR 0
present at ipafsphte! H@isieratingadduedcangd dopd lé.t:a&up ”R/@ito Gldrch C8RANG Qeidandnge
anti body response in rats was al so exam ned stern i nminobl otti ng
agai nst dilikéer dnltridantasuobndss magne€iRED spacta| md( I1| svedetealing 29GW; sueh duelidrosst, al |
2000), whi,.ch can reveal

lactose or saccharm may be added or a flavouring agent such as peppermint, oil of

20 wintergreen, or cherry flavouring. When the dosage unit form is a capsule, it may
contain, in addition to materials of the above type, a liquid carrier. Various other
materials may be present as coatings or to otherwise modify the physical form of the
dosage unit. For instance, tablets, piils, or capsules may be coated with shellac, sugar or
both. A syrup or elixir may contain the active compound, sucrose as a sweetening agent,

25 methyl and propylparabens as preservatives, a dye and flavouring such as cherry or orange
flavour. Of course, any material used in preparing any dosage unit form should be
pharmaceutically pure and substantially non-toxic in the «amounts employed. In addition,

- the active compound may be incorporated into sustained-release preparations and
formulations. '

30
Pharmaceutically acceptable carriers and/or diluents include any amnd all solvents,

dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption




30 reactivity to linear and conformational epitopes (Fi Q?WSBP- ?m ably,
both Sigl- and Sig 3- ORF2.1 induced anti bodi es agai nst The confornmati onal
ORF2.1 epitope of HEV (Ri ddel et al, 2000), a property which we consder to
be inmportant for broad efficacy of DNA vaccines. 24 SEP 2004 - 28- It
shoul d al so be noted that SIG3-ORF2.1 induced higher |evels of antibody
reactivity in Western i mmunobl otting than did SIA-O0RF2. 1, probably because
of the m xture of intact (conformational) and degraded (linear) antigen
which was presented to B cells. 5 These-éXperinents therefore denpnstrate
that Sigl and Si g3 fusions pronote enhanced anti body responses conpared to
unnodi fi edelpy@geonpremotde hobits N Vg ¢ikaes Thange cofugucR dnatiid And hgertta fofl
degradation of a proportion of the fusion proteins with Sig3 this would

| ead to aPh¥mssewical astyve obstapcespisnsiel krawmrinibedyt.r eExespis ésofantdscanywoul d

for oxanpravelfital Tustia §F per s iadoaliin it e R et PedtaRat
 xa : . : . "

st et ot et CoRipdonPRRon A LA Sl ket SRR IS

with thé boincosioraedintto genemydsitiodEV Core/ El /E2; (ii) HCV Core; (iii) HCV

El/E2; (iv) hepatitis B surface antigen (HBsAg); (v) Influenza
nucl eoprotein (NP); (vi) Influenza haemagglutinin (HA). Codi ng sequences

for each pr o owd | i.fl fr.om exj stin l.asm.d P nd in
cach casel il SBePgty s PRalioR | KEfuliel Bullih Ao RBSIIR Bothls R rorB For
protein agage bLhdmingPration dhd uRItSieit of Esage. aDosA3e ufit F i AsNi&d Birein refers to
ubi qui ti n-A76£ﬂ§cont rol, MHC-I targetting) will "al so be constructed. Cos

‘cel I's wi Iphybisalty ahisoreet waitswhuitedeas mnfhys dosigesafer theemfuameliayf subjactseto be
st ar 101 Ao Gt 1 COB i i G BRELPOT o i SEIE L CHIME ALt ne
targettl rlﬁoﬁfcfeeﬁlksd&fireﬁl%e%gﬁti@%@feé' ?13 g&%ﬂiaﬁ@n AR \jﬁ\}relrlféﬂlggéai ﬁi}%ﬁﬁééug&é{ erse

range of ‘target antigens. G oups o m ce eac nised at O
and 4 weelesrieri alhdvbpatjfeation forothe I@eldpsugcumit forplof dronpnaomig, dinsghbiyve
control), qr_vector encoding gne of the target antigens GST, ORF2.1, HBsAg,
NP and HATBHdiFessy s densndsnt (o (@ ulhe- priags ﬁh%?%@‘éﬁtﬁs O dhg peive; mitgjal and the

gg; fggggﬁ%fﬂri]éﬁl&ccﬂ Aplhide efiCor 3 i '?{Hi%ﬁ‘ Dad gﬂ)atgx?g%gfaﬁﬁ%;@h&enﬁp% art of ,,

g protern vaccrnes w Serv ¢ontrol s.

SEP 2008 con@Quilin@duih hh abévecobleeial st taé t@atnfbnt 5 @bdhsd A NeRKsubRe Havigues
(I'ynph nodes, spleen) harvested at 12 weeks. Total and isotype-sEecifl c 1gG
e

r esponsest $ipgasedeonsitien i Waighbpdiy hepth igiimpaigedaas hierein disclpsed mdetai
magni tude of the hunoral inmmune response and a surrogate marker for Thl
/ Th2 bias of the response, respectively. For HA and NP, the analysis wll

nelude (B frifelbal 4tV fifghodiBft § RonfioliRlTioRROf Rhich{rddRb W i Al

staining to determ ne the frequency "and Thl/ Th2 bias of specific T-cells.
To provi de efavtive asthountgenth bewttable phaemedchiicAlyyaquemabie edrivy itHEvsa8e ginitor
Si g3, the HA and NP DNA vaccj ne constructs wll be exam ned using the nodel

of subr8tiRER #hhetripeiorodisrioged i oA MAItrdqsase APRerd VK| FXaBBlS, RROWIL ABF as
before, a}ﬂ'ﬂlc?ﬂal he ik c@xhbo@tﬁ'f ﬁ%ﬁomﬁt& Larf%ﬁlg from 0.5 pg to about 2000 mg. Expressed

in proportions, the active compound is generally present in from about 0.5 ug to about
2000 mg/ml of carrier. In the case of compositions containing supplementary active
ingredients, the dosages are determined by reference to the usual dose and manner of

25 administration of the said ingredients.

Administration of the nucleic acid construct or vaccine in the form of a composition may be
by any convenient mode such as, but not limited to, direct administration by gene gun,
liposome or polymeric microsphere delivery or delivery via viral based vectors. The agent
30 of the pharmaceutical composition is contemplated to exhibit therapeutic or prophylactic
activity in an amount which depends on the particular case. The variation depends upon, for

example, on the animal, the mode of administration and the treatment required. A broad




chal l enged via intranasal inoculation with a sublethal | d

strain of influenza virus. Five days later, mce are eut xﬁ gé%a@% | ung
tissue is harvested for neasurenent of virus |oad by plaque assay. These
studies will confirmthat m xed targeting by HEV Sig sequences will lead to
enhanced i mune responses. 15 24 SEP 2004 30- BIBLI OGRAPHY 1. Ander son,
D., et al. (1999) J. Virological Mthods 81: 131-142 2. Gurunathan, S. et.
al. (2000) Ann Rev Imunol. 18:927-74. 3._Forns, X, S. U et. al. (1999).
Vacci ne. 17: 1992-2002. 4. von Heijne G et al (1989) Protein Eng., 2:531
5. Klromykh, A A, et al. (1997). J Virol. 71:1497-505. 6. Li, F., et al.
(1997) J. wmingobbdossalmdyebaapidicable: QBSid80OY & patient] delekgmple, frem aliut 0(12G00)

JVi I 74: 8011-8017 8. .Rodr F. 1997 \/ I 7
8497-503. HOUR dmB ffesuclgic %G Cgfgrzfucf(@@g% agmwsgffe{ng %’éﬂ Osffg?ﬁo%’iod%’welghf
Torresi, n

e e g el 90 e e g e
-J Virol. MaﬂB@ddrﬂih:Bsterwm ol édnvesilent/inaxﬁbr suah as §yLBOOI, Baiaeeroes (vidiere ddfeb- 8

25 SEP 2004 - 1Tab|e 2. Summary of .intracellul ar processing and
| mmunogeniseid fntqawabugﬁﬁ%nerwi HETAMYESUH, HIbsYtatcRYs, EXEderayl ensupRpsitory

plasm ds Gppst BPﬁﬁIﬁﬁqtmg (e.g. using slow release molecules).

Even still yet another aspect of the present invention provides a method for modulating, in a
animal, an immune response to an antigen of interest said method comprising administering
10 to said animal an effective amount of a nucleic acid construct as hereinbefore described, or
vaccine or cell encoding or comprising a nucleic acid construct as hereinbefore described,

for a time and under conditions sufficient to modulate the immune response to said antigen.

The above method may provide a particularly useful method for antibody production

I5 inchiding monoclonal antibody production in a laboratory animal or i vitro or in vivo.

The present invention also extends to the use of a nucleic acid construct as hereinbefore
described in the manufacture of a medicament for the treatment or prophylaxis of conditions
or infections including but not limited to, cancer or pre-cancerous conditions, autoimmune

20 diseases, viral, bacterial or parasitic infections.

Further features of the present invention are more fully described in the following non-

limiting Examples.




transl ocati onRapi d degradati onSecretion Antibody inducti
-Si gl - ORF2. 1++-- ++++Sji g2- ORF2. 1++- nt Si g3- ORF2. 1++- ++UbA76-
-GST--- ntSigl-GST+-+ ntSi g2- GST+++ nt Si g3- GST+++ nt UbA76- GST- +nt n
Degradati on of nmore than 75% of target protein after 4 hr (ie t12 <2hr).
For Sig2- arid Sig3- proteins only the translocated fraction is degraded. b
100 ug DNA IMat 0,:4 and 8 wk, 2 rats per group, ORF2.1-specific Ab
nmeasured at 12 wk. 24 SEP 2004 -32- Cainms 1. A use of a conposition
conprising a nucleic acid construct encedng a fusion protein conprising a
processi ng conponent and an antigeni c pol ypeptide of interest in the

manuf acture of a nedi canent for enhancing, in an animl, an i mune response
to the antigenic pol ypeptide of interest, wherein said processi ng conponent
provi des het erogeneous processi ng of EXAMPBIE it geni ¢ pol ypepti de when the
nucl ei ¢ aci gy.gonstruct 1.s _.ex in a host cell and a resulting .
enhancenent q)ol?t%{eﬁ'i'ar M@tlpﬁgéﬁﬁz’ﬁﬁf‘@ PrYfeln tq gdpsodics) memprangeassociade use
according to claim1l wherein said : i onponent is derived from an
N-term nal region of PORF2 protei n?{)a?ﬁﬁgs;%i?:?{lsﬁs E virus. 3. The use
according to claim1 wherein said nucleic acid construct encoding a

processin 0 nent .encodes a pr.oc i ng conponent conprising a sequence
of am no gglffedg%gge%ﬁe“? ?ﬂ?’tgﬁmF rl?fCE‘E@ 2Nowa exressedin p manmliae cells usisgizonal

derivati veeri¥asf ek ; tHhar kng._t.
claim1l whe?ei n sgfeg&gl?géccgggsrvﬁg%g%g?gg? ﬁc‘gﬁlﬁjﬁ ésilg'lssméjegﬂr*ﬁ?eﬁ%@%iggqg Qgt‘féﬁlce

subst ant i d¥{tgrmaral degiorf protding of SEQsidD-MND, si22 GrigBEQ)IdD NS (FPL. 19 (Fyneé itgnal
derivati V&ay] %61 ant rha t or honol ogue thereof. 5, The use according to

claimi wheréi s dicy %?%@e@%ipf?éenfﬁﬁg&q&%“\?dﬁﬁm%? & eiaies tclabekerpionce
encodedl@%yﬁhéﬂ@d@ﬁ%ir@f cé}}é%r%@tffagﬁﬁ‘ﬁaég h5{amt isphube gﬁogoﬁ{c Ecg;@? Bl

NGO 5 or SEQID or a functiona erivative, v
horol ogue ffaREeRsof (m)6. and ugeotoihs a contaipdgi t DRA2.¢ONgEGLeARY awerdC| Qi@ tari Gy

construct . in fusi.gn pr.otej onprising a processi ng_conponent and a
vi ral caps“.sgﬁl%%#”&%@ﬁ?t}“&ew‘ﬁhspgﬁgc ﬁ&ﬁaﬁﬂxﬁ@a&m&owa rRG Mk detegtedn 8RS -ng,

in an ani PRIGE aftl AiBMA8F85R NS, itk 20 N el Id

pr ocessi n%1 conponent i sgeag%gdedﬁtl)j%g%&lggaéﬁg%%e of L¥%$%8§€§§£WF%%%I |y

as set foftehsalibleposab fdciions sigl -2SER hind\dmost excl\ivielinét tenakmbeme Vieidtiog,

variantys Rafit sfh-7'P R4 G945 1 S RG 18 HniPk Hoporiions  Bot actons Note ot te '

multiple bands of different migration rates are due to partial glycosylation of those proteins
which are translocated to the membrane fraction, as they are abolished when cells are treated
with tunicamycin to prevent N-glycosylation (not shown). This figure demonstrates the
unique effects which each sig protein cénfers to protein localisation within the cell,

20 especially with respect to sig2 and sig3 conferring a heterogeneous localisation.



24 SEP 204 -33 said capsid protein and a resulting enhanc f e
.1 mmune response thereto. 7. The use according to claim®6 m:%aﬁ@ﬂd{]d

processi ng conponent is encoded by sequence of nucleotides as set forth in
SEQID NO 6. 8. An isolated or reconbi nant nucleic acid construct
conprising a sequence of nucleotides encoding a processing peptide derived
froman N-term nal region of PORF2 protein of Hepatitis E Virus which
enhances an i mmune response to an antigégic pol ypeptide of interest in a
host when said nucleic acid construct i'$”expressed in a host cell as a
fusion protein conprising the processing peptide and the antigenic

pol ypeptide. 9. An isolated or recofXAMBLEc| eic acid construct

conprising a sequence of | eot i des,. encodi a, processi ng peptide derived
froman N-terninal regi onﬂﬁf"r L%agmﬁig’fgfwﬁéﬁ‘ﬁ'gs E Virus which

provi des het er ogeneous processing of an antigenic pol ypeptide of interest
when said nucleic acid construct is expressed in a host cell as a fusion
- protein cofglsicxpregsitd@clp pooshs stregnqubgted thethapkseive cimadigmeive apoho pugs dsde.

10. The isgl ated or reconbinant. nucleic gci d construct accordi nq c%.o laim8
or 9 wherel BUSah BUpMeEABE] Fg hERBRTEL i 1B° GFRSEHEC Y 5 Esy QLROB Tajioachye
nucl eot i deg, SyBshantLalib fifes Heford ﬁﬁétﬁnhtﬂ) AfAIPNS asbePbreSFs | Mo usGoOr @
functional derivative, variant, part or honologu€ thereof. 11. The isol ated
or reconbidedint tiruploedssing @hitkrn dostachatf the pooteinngbyt oorpaing Sheoamuniiadt @sich
sai d processing. pepti.de conprises, a sequence of ami.no acids subsiantially
as set forfHORHVIREYLFHR %e?n@)p?gé@agge .qulj‘%&lr&e L}Wé‘fﬁﬁld’ﬁéﬁus jgc?ri%/g?%é’,f .
vari ant, PafdeOhcddONR QOME Lok 8 be %é’efn @E%l]irg %'t) ;’%gﬁdthgr r6EECORFAN]s fogli el C

‘acid construct conprising a sequence 0O 0 es encoding a fusion
pr ot ei n 16 gnpdoinghangiy an e ogoss i oytp)aadjxoebht 1 Aoat ter bpwbesiomdiermas pydeineigl-

conponent,_ sai d processing, conponent conpri.sing a sequence of 1 N0 i_ds
subst ant i ATy bl g Ly 1 ¢ PN a0t gh (et ) ﬁqﬁﬁm}lmﬁﬁoﬂ% K
processi ”%gﬁt‘ﬁé@é?@x?@&ntﬁﬁt%%ﬂ?% ah@%igP%eﬂ@%?ﬁm 86 &5 86A%yRS add BeRBlfAEOLE

pol ypepti conmponent wheh the nucleic ac construct éxpressed in a host
cell and awitteshd tytngssoriaen hanemnbeing cfable 2BeiSEPhA04vhiB4 thehmeimhrasseciated

W Th & nudiers admeeonRe e GeR iy s by RS o T 15, A
cell acqerding g el MahdlcRaRel Bik1Reol! hvlcd Am@fl kaBOnks asembi OBFRS! |
15. A nucle c'aC|J vacci n conprlglng a nucleic acid construct according to

any one ofprofemi dve t@thc htRrogdfeousproueskini end bicdlisation] wheragcOREZ dandaigl-ailm 15

wherei n sai d nuclei.c acjd vacci ne .co rises a Xi r{al rerﬂ icon. .
would each give a single pattern of immune response due to their homogenous processing

and localisation,

20 EXAMPLE 3
Differential localisation and stability of SIG.GST fusion proteins

Sigl, sig 2 or sig3 were fused to glutathione S-transferase (GST) for expression in
25 mammalian cells as in Example 2. In this example, it can be seen that sigl-GST has a
heterogeneous localisation with equal proportions in the cyto and memb fraction, but
homogeneous processing with both fractions being stable after 4 h. In contrast, sig2-GST
and sig3-GST have heterogeneous localisation with equal fnroportions in the cyto and memb,
fractions at 0 hours, and also heterogeneous processing with the cyto fraction being stable
30 after 3 h while the memb fraction is almost completely degraded after 3 h. It is therefore
expected that the use of these sigl, sig2 or sig3 fusion proteins would modulate immune

responses o target antigens with GST as the example.
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EXAMPLE 4
Nucleic Acid Sequence of Sigl, Sig2 and Sig3

The following sequences were derived by PCR amplification of appropriate fragments from

5 the full length ORF2 sequence with addition of restriction sites in the primers.

Sigl SEQ ID NO: 4
ATGCGCCCTCGGCCTATTTTGCTGTTGCTCCTCATGTITCTGCCTATGCTGCCCGC
GCCACCGCCC

10 Sig2 SEQ ID NO: 5
ATGCGCCCTCGGCCTATTTTGCTGTTGCTCCTCATGTITCTGCCTATGCTGCCCGC
GCCACCGCCCGGTCAGCCGTCTGGCCGCCGTCGTGGGCGGCGCAGCGGCGGT
Sig3 SEQ ID NO: 6
ATGCGCCCTCGGCCTATTTTGCTGTTGCTCCTCATGTITCTGCCTATGCTGCCCGC

15 GCCACCGCCCGGTCAGCCGTCTGGCCGCCGTCGTGGGCGGCGCAGCGGCGGTIC
CGGCGGTGGTTTCTGGGGTGACCGGGTTGATTCTCAGCCC

The mammatian expression vector used for expression was pCl-neo (Promega) which has
the CMV immediate early promoter, SV40 polyadenylation and chimeric splice signal.
20
EXAMPLE 5

Immunisation of Balb/C mice with plasmid constructs

The activity of the sigl, sig2 and sig3 peptides will be demonstrated by inoculation of
25 Balb/C mice with each of the plasmid constructs ORF2.1, sigl-2.1, sig2-2.1 and sig3-2.1,
and GST, sigl-GST, sig2-GST and sig3-GST by standard methods such as gene gun or |
intramuscular injection, and the immune response in animals receiving each vaccine will be
compared by methods such as specific antibody isotype profile, T-cell proliferative
responses, and cytolytic T-cell responses. It is anticipated that the different pattemé of
30 intracellular processing observed in cell culture in the examples shown herein will also occur
in the cells of mice inoculated with the DNA. vaccines, and will give rise to modulated

immune responses depending on the protein processing of individual constructs, This can be
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Gy Gly Phe Trp Ay Asp Arg Val Asp Ser 35 40 45 A n Pro 50 <210> 4 <211>
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gctgttgctc ctcatgtttc tgcctatgect gcccgcgcca 60 ccgeccc 66 24 SEP 2004 -3
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further tested by fusion of each sig peptide to other antigens of interest, including but not
limited to the nucleoprotein (NP) and Haemagglutinin (HA) of influenza virus, the envelope
and core proteins of Hepatitis C Virus and Hepatitis B Virus, the envelope and gag proteins
of the Human Immunodeficiency Virus, and antigens of interest derived from other viral,
5 bacterial, fungal and parasitic pathogens of man and animals as well as cancer-associated
antigens. The different immune responses expected from each of the vaccine constructs is

shown diagrammatically in FIGURE 5.

In conclusion, when encoded by nucleic acid vaccines, the sigl, sig2 and sig3 and related
10 peptides derived from HEV PORF2 will have utility in modulating and enbancing the
immune response to fusion protein antigens by virtue of heterogeneous patterns of
intracellular processing and localisation, compared to antigens alone or with peptide-antigen
fusion proteins (such as ubiquitin-antigen fusion proteins) with homogeneous patterns of
intracellular processing and localisation.
15
EXAMPLE 6

Immune responses to HEV signal peptides fused to heterologous proteins

ORF2.1 series of plasmid constructs were administered to rats via IM injection of 100 g
20 DNA in saline at 0, 4 and 8 weeks, and antibody responses were measured using the ORF2.1
ELISA (Anderson et al, 1999) (Table 1, Figure 6, Figure 7). Plasmids encoding ORF2.1
alone or fused with ubiquitin-A76 failed to elicit any detectable antibodies, whereas Sigl-
ORF2.1 induced a strong antibody response in 2/2 rats. Of most interest, Sig3-ORF2.1
induced a strong antibody response in 1/2 rats. Further, most of the protein (the translocated
25 fraction) was degraded within 4h, which is likely to favour presentation by the MHC-1

pathway and induction of CTL response.

The antibody respoﬁse in rats was also examined b;( Western .immunoblotting against
different fragments of ORF2 protein (Li et al, 1997; Riddell et al, 2000), which can reveal
30 reactivity to linear and conformational epitopes (Figure 7). Notably, both Sigl- and Sig 3-
ORF2.1 induced antibodies against the conformational ORF2.1 epitope of HEV (Riddel et
al, 2000), a property which we consder to be important for broad efficacy of DNA vaccines.




<400> S atgcgccctc ggcctatttt gectgttgectc ctcatgtttc tgcctatget gcccgecgeca
60 ccgcccggtc agccgtctgg ccgecgt cgt gggcggcgca gcggeggt 10 {@ @%_<211>
150 <2l 2> DNA <213> Hepatitis E Virus <900> 6 atgcgccctc g§ctt t?
gctgttgctc ctcatgtttc tgcctatgect gcccgecgecca 60 ccgeccecggtc agcecgtctgg
ccgccgtcgt gggcggcgca gcggecggttc cggecggtggt 120 ttctggggtg accgggttga
ttctcagccc 150 a . Ac5. A5. AL A<. A<. Af5. A ?. A A . AN. AY. A- S$. Ak. AY. A . Av. ALN. AN
. Ak<<. AL1". A<o. Af R Av. AY".Av. A A<. A01\). Al R A3hR. A5R. AYu. AY. A& A. APY. Ay
p2378, i u4] gt u - 28-

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]caV]ca]ca]c
a] ca] ca] ca] kahoalficdichd aefed dhat SIGSARAIT ind=ted Rdgt} evetc 0Xahtimlly apadivity] iva] c

al cal cal cal gl el galcaliahica s Al abited) f bt sl lal sitledat calgl
"HASSSIRYE YRR ¢ Lk * e > $ ;
$al] c$a] cg]ﬁ:{gﬁ]‘%g?%%nggr\%%g%%%ﬂ%g glﬁeg?]gﬁtgeggv}hgtg ‘g%}pgaéi %gf’%a clgﬂ: ;?1 S ?)]Jri+i]2?

,, 6-W X-c-h-/F112224446"6) 6n6n67K78J8Y9t 9] w mhc”Y] c] ca] ca] ca] ca] ca]ca] ca]c2 |

a] c2a] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c$al] c$a] cal.ca] ca] ca] ca] ca] calca]
CL] c a} t 915_ Z’[%k@;se]: ex%erir%entsl. the]refor]e de]mon;trate] thal SigIU]and S!gB ]r'usm!ns gjrornlote ]enha!ncec]j ]

<CV>>>>7L (Vv ] i C a] ca
] ca] ca] ca] ?gﬁtic?c%s?gx?égg]cggr%gﬂgFgg%%%g cgﬁeégf%]bxc a} cg%cga %’ahlg‘g} ca
] ca] ca! OO0 PRRTIEANEIOQE} bt 06 propofint afara Tadddy protkias Yiid] S#gl] tAj ca]

ca] ca] c"a] cal ca] ca] caLca] cal caV]ca] ca] ca cag{ca] c$a] ca] cal caAica] cal cal cg_l caj
ca] ca] ca] cajidicas iob Baianse|of pethdollogrrontas x4 dibedniesR)ESE BV ICH MO}JlCﬁ%lrw 17U
ca] ca]calc C - . . iy ca

‘o a} Ca} o Lufrlciﬁa ggi}%a %g%%%}scg@gz};?%ﬂn%ﬁ%{%ﬁ%@%%ﬂa@éﬂ' %eglf:asaﬂ %xé’?ﬂlﬁl@,] fakeat cal
dpvt " R} xdhifedffouahgad catlmalea) ca] cal ca) ca] ¢"a] ca) ca] ca] ca] ca] ca] ca] ca] ca]c
aJ ca] ca] ca]ca]lca]ca]ca]ca]ca]ca]ca]c"a]ca]calcot,wz~48;

lc. 7: Ctnmezupkfa\ W] ca] ca] ca] ca] c"a] ca] ca] ca] caV]ca] caV]ca] ca] cal]c"a]c"a]ca]l
ca] ca] ca] ca] ca]ca] c"a] ca] ca] ca] ca] caﬂ: o 6" aj ca! +p;

TcFXx3' O] wmhc”X] ] V] ca] ca] ca] ca] ca] caﬁéﬂ%ca] cajc"al] c"a]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] caBrajd apsirchtiad chbhe HENa3igndl peplidSmbpdttipls|system] | wr mhc” Y] ] V]
cal ca]ca]c"a] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c"a]ca]ca]ca]ca]ca]calc"a]
ca] ca] ca] ca]ca] ca]caV] ca]ca!] aHL/ 2<{vql gb] X]]]ca] ca] c$a] c$a] ca] ca] cal] ca] c

oo & Vo L S R e B P S R e R ey Ral e
a]\ caV] ca] cid fodpeadecaitigalc (in HEA] Cap@IER |G plCH] Cat;o@l cHiaMB] Ed) Ga) hepaitic ot
B T e
T3=\ mh . 3 alead ; "

0] o] o Cof Lof CEH SHERIS M B, G GOMEpIAIR RERERHEHERIAFhs PeC 2]
EQg| val gb] Xp4i Jie edataesaplosthica xpredsing iz mm;@ﬁ@]ﬁh}@b@ﬂ@k@@ end &d}-ca]
_‘C a] ca| Call()c ?fl,rfg?ll gro%liﬁ ?ulélag %! t%g ]Cgt%Jrgiglllch?f]u%?q]u&%-g% Zc:gﬁtrol, MHC-I targetting) will also

be constructed. Cos cells will be transfected with each plasmid, and the fate of target proteins

analysed by pulse-chase radiolabelling, cell fractionation, western immunoblotting and
immunoprecipitation to demonstrate whether the targetting effects of HEV Sigl and Sig3 can
be conferred on a very diverse range of target antigens.
25

Groups of 6 mice each will be immunised at 0 and 4 weeks via IM injection of 100 pg vector
(pCl-neo plasmid, negative control), or vector encoding one of the target antigens GST,
ORF2.1, HBsAg, NP and HA in the form of (a) full-length protein (control); (b) Ub-A76-
protein (control); (c) Sigl-protein; (d) Sig3-protein. The corresponding protein vaccines will

30 serve as additional controis.
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an indication of the magnitude of the humoral immune response and a surrogate marker for
Th1/Th2 bias of the response, respectively. For HA and NP, the analysis will include (a)
5 CTL activity and (b) ELISPOT and/or intracellular cytokine staining to determine the

frequency and Thi1/Th2 bias of specific T-cells.

To provide a more stringent test of the efficacy provided by HEV Sigl or Sig3, the HA and
NP DNA vaccine constructs will be examined using the model of sublethal influenza

10 infection in mice. Animals will be immunised as before, and at 12 wk all animals will be
challenged via intranasal inoculation with a sublethal dose of a mild strain of influenza virus.
Five days later, mice are euthanised and tung tissue is harvested for measurement of virus
load by plaque assay. These studies will confirm that mixed targeting by HEV Sig sequences
will lead to enhanced immune responses.

15
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? Degradation of more than 75% of target protein after 4 hr (ie ty <2hr). For Sig2- and
Sig3- proteins only the translocated fraction is degraded.

® 100 pg DNA IM at 0, 4 and 8 wk, 2 rats per group, ORF2.1-specific Ab measured at 12
wk.
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) 15$10%#( & ngrrufaduk® W (a¥irieflicakheftlfoenhancing, in an animal, an immune response to the

antigenic polypeptide of interest, wherein said processing component provides

heterogeneous processing of the antigenic polypeptide when the nucleic acid construct is
expressed in a host cell and a resulting enhancement of the immune response to the

antigenic polypeptide.

2. The use according to claim 1 wherein said processing component is derived from

an N-terminal region of PORF2 protein of Hepatitis E virus.

3. The use according to claim 1 wherein said nucleic acid construct encoding a
processing component encodes a processing component comprising a sequence of amino
acids as set forth in SEQ ID NO: 2 or SEQ ID NO: 3 or a functional derivative, variant,
part or homologue thereof.

4. The use according to claim 1 wherein said processing component comprises a
amino acid sequence substantially as set forth in SEQ ID NO: 2 or SEQ ID NO: 3 or a

functional derivative, variant, part or homologue thereof.

5. The use according to claim 1 wherein said processing component comprises an
amino acid sequence encoded by a sequence of nucleotides substantially as set forth in
SEQ ID NO: 5 or SEQ ID NO: 6 or a functional derivative, variant, part or homologue
thereof.

6. A use of a composition comprising a nucleic acid construct encoding a fusion
protein comprising a processing component and a viral capsid polypeptide in the
manufacture of a medicament for enhancing, in an animal, an immune response to the
capsid polypeptide, wherein said processing component is encoded by a sequence of
nucleotides substantially as set forth in SEQ TD NO: 5 or SEQ ID NO: 6 or a functional

derivative, variant, part or homologue thereof and provides heterogenous processing of
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$10993%$9&' (yotdin+ufHepatitis E Virus which enhances an immune response to an antigenic
polypeptide of interest in a host when said nucleic acid construct is expressed in a host cell

as a fusion protein comprising the processing peptide and the antigenic polypeptide.

9. An isolated or recombinant nucleic acid construct comprising a sequence of
nucleotides encoding a processing peptide derived from an N-terminal region of PORF2
protein of Hepatitis E Virus which provides heterogeneous processing of an antigenic
polypeptide of interest when said nucleic acid construct is expressed in a host cell as a

fusion protein comprising the processing peptide and the antigenic polypeptide.

10.  The isolated or recombinant nucleic acid construct according to claim & or 9
wherein said processing component is encoded by a sequence of nucleotides substantially
as set forth in SEQ ID NO: 5 or SEQ ID NO: 6 or a functional derivative, variant, part or

homologue thereof.

11.  The isolated or recombinant nucleic acid construct according to claim 8 or 9
wherein said processing peptide comprises a sequence of amino acids substantially as set
forth in SEQ ID NO: 2 or SEQ ID NO: 3 or a functional derivative, variant, part or

homologue thereof.

12. An isolated or recombinant nucleic acid construct comprising a sequence of
nucleotides encoding a fusion protein comprising a processing component and at least one
antigenic component, said processing component comprising a sequence of amino acids
substantially as set forth in SEQ ID NO: 2 or SEQ ID NO: 3 wherein said processing
component provides heterogeneous processing of the antigenic polypeptide component

when the nucleic acid construct expressed in a host cell and a resulting in enhancement of
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16. A nucleic acid vaccine according to claim 15 wherein said nucleic acid vaccine

comprises a viral replicon.
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