, DEFGe3e~~| 6DT} 28 April 2004 1 Inproverments in Nucleic Acid Vaccination The
present i nvention relates to nucleic acid vaccine conggrﬁﬁ;_ﬁrg So0@prising.
i-sol at ed potynucleotldes encodlng polypeptldes whi ch are grycosyTl ation
variants of the MJCL protein, vaccine conpositions conprising the
constructs and use of the constructs or conpositions for vaccinating a
manmmal . Background of the Invention The epithelial cell nucin MJCL (al so
known as- epi siaiin or polynorphic epighelial nucin, PEM is a large-
nol ecul ar - wei ght gl ycoprotein expressed on nmany ep' ~thetial cel Es. The
protein consists of a cytoplasmc tail, a transnenbrane domain and a
vari abl e nunber of tandm%énwin NudleieAdcid Vedainatibnf (herein terned
t he VNTR nononer, it may al so novvn as the VNTR epi tope, or t he VNTR
repeat) co&hal ni n a hi ﬁg t| on rol .serine,and threanine
residues. THE FH'G b inye %‘E e& H%C‘E“E)e GFORSITHES CPPREFHEI sm at

te{‘eawcigﬁd‘%a?3?9‘@?%“355'3@%55“?“‘"% FRIHRILG, " aRiar o N RIR  o

protein isvapamid @il yhenMUE1 aprotein,s wacsine odompesmmhs cempaisig tihet he
duct lumen (G.aham et . al 96, Cancer | mrunol i nmunother 42:71-80;

Barratt - Bo§>é§s‘té"l° $ and dige Q%a\i‘@e@f‘ﬁ%ﬁ%l Of FAMRHUONS; JOF MACEHIBINGORe of
the nost sig h.[%g features of the MJCL nolecule is its extensive OIinked
gl ycosyl atl on. There are five O linked glycosylation sites available
within, each MJC1 VNTR nononer. According to the nunbering systemin Figure

=y these are Thr -6, ier-l Thr-11, Ser-17 and Thr-18. In malignant

car ci nomas dipft transformation of these epithelial cells,

several . changes affect the expression of MJCL. The®pol ari sed expressi on of
the protein,is |gst it LS f read over the . oesuface of t he

Tr ansform‘eg.h@e P?h%?eg't f#pﬂf( OWN Ay FPISIGEN OF P
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found are Rat t u
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one arm of ttbezhmir%ne response - a hunoral and cellular response
respectlveﬁ)1 T'Bet ter vaccine desi gns are desirable to generate a nore
- bal anced response. Nudeic acid vaccines provide a nunber of advantages
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28 April, 2004 3 In nucleic add vaccination, a nucleic add nol ecul e

encodi ng the antigen of choice is introduced into nopgolssEldogpef the host.
I f a nucleic acid vaccine encoding a MJC pol ypeptide 1s delivered by
particle-nedi ated gene transfer (US patent 5371015), the nost frequently -
~transfected cells are likely to be keratinocytes or skin Langerhans cells.
Simlarly, if the nucleic acid is delivered by intranuscular injection,

skel etal muscle cells and bone-marrow derived antigen presenting cells are
the major target cell types. Each of ,these cells contains a physiol ogi cal

bal ance of glycosyl ation enzynes, and so will glycosylate the MIJCL gene
product einetrrsed Oftereby A-fold or menec KStroumy 8asDekketr (1932 e@ite ReCL on

rPant o?m@“@”“‘@@’é%%@’a?wfb @f‘ﬁﬁﬂ%ﬂﬁﬁﬂéﬂ‘?tﬁ?@%éﬁé“‘% £ o
pol ynuc! eBrinkederbotwdralechains shapdasonarkedly . hewgeseing ap dhre@mw«ad by
the vacci l‘&xddﬁs %rée?lybésyl%'d' SthsTe E&bbdrﬁrdl?@t‘esbﬁéiﬁst that SreStlhd apall s,

t he vaccin pLimal |y, stiml ate immnity he "t urour s
cel l's. Ac@ﬁ?ﬂ"ﬂ@'%s ?ﬁ@“ 8 “Qﬁbﬁﬁl‘mﬂ#' rAsseckted m%?%ﬂatﬁ anligerti nat i on
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the conf OVWR%ﬁBmEPﬂBMéfeII%?H OftfED, Iﬁ”J g@gﬂﬁdf enment for 5

continued i mmunogenicity of the alteréd po ypept whi ch have
reduced gl ycosyl ati on, hence resenbling nore closely the formof MJCL
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prevents oraig| ectcgl yeediyanismsn usedatbyl dhet immung systemgltpc kil | calisn
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vacci natlmﬁ?d&f &ton‘%[e a vaccine conposition as defined herein for the .
manuf act ure cament for use in vaccination of a mammal agai nst

tumours. | n another enbodi nent of the invention is provided a nethod of

vacei nat | Nudlefe25ERI vAEEhES (proVideu ESnuBEP droaddarlEbs! SV batddlioral ¢

mammal a nuc)] eic acid vacci I ne cQ ition as

on construct or oS
defined hérefein vgccinat %dﬁ.%@#&hebfafﬁh@%@u?@fé aRy t%ﬁﬁﬂﬂ@% i %8798 ur ¢ her
be descri kpdntiy. waivert sxemall edoseadtidyt havefisssineepbAedhe nlucevétrgng

figures: immune responses, and can induce a cytotoxic T lymphocyte immune
.response as well as an antibody response. However, there is a technical

| barrier preventing the development of effective nucleic acid vaccines against
MUC1.




28 April 2004 5 Figure 1. This shows the WIld Type am no acrd sequence of
one MJC1 VNTR nononer el enent (ternmed here VNTR). Fi gHr€prdl, 2004 shows the -

sequence of one pol ypeptide termed NMut51 encoded by a pretferred isol ated
pol ynucl eoti de conprised on a nucleic acid vaccination construct of the
invention. Miutations conpared to the WIld Type sequence are shown in bol d.
Also included in figure 2 is a representative nucl eoti de sequence that
encodes for this polypeptide. Figure 33 This shows the sequence of one

| tid t ded b f d | | | eotid
ormr sed ol aPHEETc; Bk Racabtia, arnivRe: ard *Bicleside! anéadingn the
Mut iat d ogs cantigaredf clamca@ mt@iu’b,edentceqoanabcellseofsﬂmevhmstnIfbi)hdciem ééld g
{
for Phre poyacdie Bncodifio MERSFBBRERYYE i HEIEIEY 1 SAfIRENRR I8 oBRS T o

MUCL pol ypelansfes (Uamteh@%t&tfadthmmqs&maqueaﬂ; transféated golls ate likelyoss a
f | f
Lhe ant booe Dyecramicste é@téﬁﬁ%@ﬁﬁfﬁ%ﬁ%‘ SififH I ke Boiys' Y °

recogni se t#RIVEH JBirRAUSEUIRS | IDiestiondskeletal ramscleigells mndh bonatrmrrow
denonst r at ederiveiba erﬁpdasehﬂﬁg ik at-@ﬂ#& friaj @ﬁtaylﬁ %?Bé‘@r gﬁ‘ftﬁ@é

Fi gure 5. nstra str
nucl ei c am%@a‘&?ﬁ E' c%ﬁi'ﬁ'ﬂ?iqga‘c% g‘? qﬁytat\o@r%zmemenq sowWilure 6.
Ant i body seglacmadmetﬂnleeMUG‘blyerieqﬂ'odﬂi&tl&hwded\ﬂ hhewéc@juee atistcharaiage

Chat Sera to a0t é*%*‘%ﬁ%ﬁfﬁ% b ?m“teﬁaf'f%ﬁ “%ﬁyrﬂ*hmqr{t‘ld' "o o

pepti de. Thelycesyated:fioan fobad rorctransfomried wlscﬂmdaeemrmnmsttawocfelltwmch

i nvention c 0 f orm of
VG gur S uATieaed ilrh8 Boflolbdliderediling 08T dyibsi e Bonc® 0l o
frommce iRRPEYEE EE!C%Q% Yithe ¥aecine, d’ﬁ/@é@ﬂﬂb Vdmtséﬂrmaybeepmblngorseeant
forms of Mibrhetrestitilaie VaRaie Wll'afi'to éi lly stiduié ':mnﬁﬂ?@ e@qaﬁhﬁﬂﬁe
results de stra that t he nucl eic aci CI ne constructs of the

i nvention c Santibodi es in vivo that recogni se the formof MJCL
expressed on tum)urs Figure 8. This shows the sequence of the N-term nal

portion of . bed in. exa Ie3 Fl re9 ThIS s ws t he
ol i gonuct eoégé)?a@’g ttgécgﬁégﬂ' ;ﬂ TP é%m""a i bed
in exanpl e eensiiuctsencedings mlgpepilde eomprising the VMWHamlonumtg' orrrépeatses

briner e, Logeirefient; BlerestIfichhvd BreR B St Bl pidieg .o
sequence neRBINCE cannatder fulbhglycosylated iyt the pasnalThellular mechanismop' |
A Bot t on Sﬁﬁ:rfsﬁ‘fq?% g gﬁ'@@er&t InYEREDFs SRV rhﬁﬁ%%”ts échlgk/%gT% 3D-onkhi s

shows the oli s .used to construct smds, as
descri bed i® Yeegg'“ﬁﬁﬂngeaegﬁ'cémﬁ'ﬁe agd t substitutions 3n. ﬂ!ﬂhd%mqqﬁd

indi cat es rpolypeptidan sThes invenidrsC shavedi ﬁcébe ni.%ﬂéi@”?aem U@@é&u@@oﬁhort

At g b et e et

A Bottornl ¥ec cosfarmation tofietheet rUGl e;htwesl, naki essmtﬁal E@qmrémelnt for

Descriptio ghaout ended

cI ai s, unP%@s rk%e co}rﬁ;’m eéigr%g ﬁ’%t t@%\/\#@ 6&?&%{’%‘%}5%90%#@%@
“incl ude” ofedused aﬂ‘V@@%Y'%Wh heﬂc%d&pembﬂmg mo‘l’emlqaselgdhe forrm of MUGY"

"i ncl udes” @,Ep‘fesséd gnttgn.;be't%onstrued inclusively, that is, use of t hese

words will .inmply the possible inclusion of integers or elenments not

specifically recited. As described herein, the present invention relates to

nucl ei ¢ aci Suwmearyrsf the hetdntiins conpri sing isol ated pol ynucl eoti des, which

constructs are useful In vaccination against tunmours. In the context of

this invention the term"isolated" is intended to convey that the

pol ynucl eot Ageoidingnée dne etbodiment of the gresesoimventioni therads Iprevidedra f i ed

at | east tog, n a

produced fo?agg:a?p‘%'g B?%egoﬁbﬁgﬁ?t mé&'ﬁ@ﬁémgp g%iﬂ‘%‘ ﬁ@?hﬁ(ﬁééﬁde The
term "i sol a¢REPdingea cpolypepliie \roseprising pat deast| five ainseicutipe| gming @sid des
being in conmbination with other biological or nonbiological material, such
as cells, suspensions of cells or cell fragnents, proteins, peptides,

expression vectors, organic or inorganic solvents, or other nmaterials where
appropriate, but excludes the situation where the




pol ynucl eotide is in a state as found in nature. The pol ypepti des encoded
by the isol ated polynucl eoti des conprised in the nucﬁgi@rﬁgizd;oqacci ne
constructs of the present invention have been terne encoded pol ypepti des'
t hroughout the specification and-the clains. Said encoded pol ypepti des
conprise at |east five consecutive amno acid residues fromthe VNIR
nononmer of MJCL wherein one or nore of said amno acids is a glycosylation
site, and gl ycosyiation has been prevented or altered on at |east one of
said glycosylation sites. Preferably, said encoded pol ypeptides conprise at
| east 10, for, exanple 13, 15, 16, 17, 18, or 19 am no acids fromthe VNIR
mononer of 'Reidues Wiﬁ\ﬁWﬁ@ﬁ@m@n&blqﬂ MUGH erindddimgpobpeepsi damre

conpri se alghcylatidh sik$Ockira t IR 0 Jhe

consecuti vteg 3Jz;lrri no wads,may, be gfrﬁr.{s%gry #Hraa(gm on%n%o?t lif‘%ﬁtspan
acr oss nmon&i&r §!“"P%ra°é%ﬂ%\33°fwbl9hoprey§nbs oo altersglycosyldtion atatideasty be
from the Nonerofismd ghysbsylationssitéyTR nononer, and the next two am no acids

may be fromthe C termnal end of a second VNIR nononmer. The term ' at
| east 5 consecutive am no acids includes the instance where one or nore of

sai d anmi no lnonesaspest herpatypeptiit éncrded by the RubMRCali HbcHE BShAAid

tation. d I [ ich h
cont a1 ni ng PRTEE gnéﬁ%%d%{%%%?ﬂﬁaagﬁe%%ﬁ%W%B@ dhecaseectinen an
am no aci dPelpeptidet £o yhéhanenticleic| acitlywscokie necprativdt domg t her
t hree am! ng—a@ﬁi,@}ﬁ GFARENATR ,hgnaﬁl%rygwpgn‘pg sequence i s consi idgé?e‘gu?o have

at least fivé consecutive amno acl the MUCL VNTR nononer. 28
April, 2004 8 The invention enconpasses nucl eic acid vaccine constructs
conpri si ng I SOfatRG i : j : i . Wi »

permut ation_of VNIR %Egﬂlﬂ%ﬂg?f ?ﬁgﬁéﬁﬁgh &7 %ﬁ'ﬁ%%%@# %%ﬁ@ﬁ%@%“ at

| east one SPMW%@OHUQF% 3¢id waeriaation| pepsiyuet: iasn definedeheseind inr

al tered oncembieatidn with plasnataiticilly dcceptdble eaftig@bodi nent, the isol ated
pol ynudeoti de conprised on the nucleic acid vaccine constructs of. the
invention is such that the encoded pol ypepti de consists of between one and

ten copi es|wanpthernambodimentef the inventibhds peotiddd rEntciblteadia Yaakingtion

pol ynuCeot | i t L] i.d _vaccine, constrructs. of th
vent i on Constadin & wetie comiition fis deielfHiraitiof 12 n VasSinatinn i
copi es of PHBAMNHE FEHOREUMOWS. exanpl e 20, 30, 50, 60, 75, 90 or 100 or

nore copies of the VNIR nononer. In a further enbodi nent, the isol ated
polynucleogide conpri sed on the nucleic acid vaccine constructs of the

i nvention i%YstaRothesermbedimant wfdhgdovention iscprovidsdsuse of sanudeis acidi on of
repeats andatcingtiontSonstARict GREPVECGRE Wﬁb%&ﬁ’% o@?ﬂeanﬁef'éil‘?‘QGF%e 4 10
ats an

bet ween 1 ﬂg%%ﬁg rqge§ts and. 1 and .10 fra%nents, 10 or nore repeats

or nore fra glurg o A ica dPE usedn vaesinatians of & gammal @gainstor
more fragniymoeuesad 10 or |less repeats. In a further enbodi ment, the

i sol ated pol ynucl eotide conprised on the nucleic acid vaccine constructs of
the invention is such that the encoded pol ypepti de consists of a

conbi nat i ol 8nothesgmbodinent efdhepinvention i provifled ephmethodl ofnactinagingnt , or

a nunber o i . ) I a : r re than one fragnent
IS present Ei ?%ﬁ@g%ﬂ@%g@ﬁégﬁpt%ﬁwﬂé é&@%ﬁ@ggg?/ sx?éd i'B@W%laf’ or
di f f er ent . PRl A cyaeanatis wonstuct e anyadeidep compmsiticte anwefitied of a
si ngl e VNTRerginoner. I n another preferred enbodi nent the encoded

pol ypepti de consists of a single fragnent of the VNIR nononer, particularly
preferred is when the fragnment has the sequence APDTRP (residues 8 - 13 in
figure 1), Brief Desclipfiongfithe Fidigeg! ycosyl ation site T nay be mutat ed.
Preferably, the alteration or prevention of glyoosylation is achieved by
‘mutation of the am no acids making up the glycosylation sites within the
encoded pollgefnvendion Wik further' bei desedbed nby awvagn'of asxampte, t BreugRaut t he
speci fi cat | h : j that one or nore amno acids in the 28
April, Znggrencomegg 9@&?@@%8& ffers fromthe wild type MJCL VNTR
nmonomer sequence as shown in figure 1. This change may be, for exanple,
deletion, insertion or substitution of one or nore am no acids. These

nmut ati ons are achi eved by designing the sequence of the isol ated

pol ynucl eati de conprised in the nucleic acid vaccine construct such that

t he encoded pol ypeptide has am no acid nutations at one or nore of the

gl ycosyl ation sites. Were the desired amno add nutation is a
substitution, the three nucleotides encoding that amno acid in the wild
type sequence will be changed to the nucl eotides encoding the desired am no
acid. Were the . desired amno acid nutation is a deletion, the three

nucl eoti des encoding that amno acid in the wild type sequence will be

o A . " - . .



28 April 2004 10 The notation T/U is used to indicate that the sequence nmay
be DNA or RNA. Wen the sequence is DNA the base atsghjsi0@dodg on is T,
and when the sequence is RNA' the base at this positTon i1s U

Al ternatively, the nucleic acid vaccine construct conprises a nucl eotide
sequence conprising the sequence GCH CCH GA" ATI U@ CG# CCH wherein # may be
the nucleotide A) G C or TN nay be the nucleotide TN or C @nay be the
nucl eotide T/U, A or C The notation T/U is used as above. Particularly
preferred is when the nucleic acid vabcine construct conprises a nucl eotide
sequence ¢ i &1 e u shown
in figure 3 P@a %qaﬁg}‘%sﬁ?ﬁggHéwgd m@’”ah{i’%e %‘gug ?ét e%’lﬁgo 61 :

pol ynucl eoVNIR monomar element fermedherad/™TRYt ation is a subst | tutl on In a
nore preferred enbodi ment is the sequence of the isolated polynudeotide is

such that the a IhCR)AaCId mutation is the substitution of a serine or

t hr eoni ne Fi@ige TS (ShoM: HBE SQAUENS8J of aeRe ngolyreptidar damed)r Mytshwhi ch

forms the ehtsderf bptd préfaﬁea lgéia@d% c@dﬂé%&vﬁﬁrﬁé@a oR'£hatRM ¥eid
at ser,lne, o reonine Is

f th |
Cepl aced wRGHRRIGH EoNSitsR 21U inveiioh: Rytatps chprared ang WITRRE o
; L Zﬁt ?Egﬁnseqmm&?epaﬁé shawhyin bdid. s%mnm:dﬁd tmﬁgug}z?ﬁgd OrqrapTeseusm gttze’;] iede is
Even nore %pé@gﬁ%@%&ﬁ?ﬁg{%‘S&gﬁg@ggi&{'%ilk 6&'3&%'% poI ynucl eotide is SLICh

that threonine, is substituted with valine or isofeucine. fn a particularly

Phat 1 LZde‘ﬁE&“&ehﬂ”‘“'s Svae e SEalbncdof PRechBRpEAINE fefRtd Moy poch

i sol euci ne&ngpded Mea:peﬁffssregriéelét pobrwiGlantid gw@pmﬁnmmpw asil2 or 3,
with the avwanammcéh&ﬁjdttdﬁm@rment%& Aﬁaiétlong%ééré@l @ iheONiIgCType

Preferably, the se uen Hg ate | eoti,de is SUCherqéghhat t he
encoded poF?ﬂ%?)'?% 9‘é’"b'@e Pﬂa 'gl;]f%/@obsyﬁd'ﬁpb?? MSeen
altered or npcbehdeséqueneétﬁamﬁ@%fofﬁﬂs pulyppptidg 0% 75% 80% 85% 90%
or 100% of the glycosylation sites present in the polypeptides. The encoded
pol ypeptides preferably retain i munol ogical simlarity to the formof MJCL
found on t ngirest. -This shows ahhhodlpbug:llnglto avildi typeiMUC1 polypephdesi arg nean

t hat despi ;ﬂﬁ?‘l}l ng'zﬁﬁi" o] , n of
one or nor téﬁ‘eet'ﬁ@g es’l e g%co EP‘&‘Bmt ﬁdea?c?ggé ansrgﬁ suf ?I Cl er?p
unchanged %n%ﬁmsanﬂ'hﬁwyeﬂh@ dﬁﬂ!ﬂ@%@d@ﬁl&h&mﬂrﬂfeﬁhet aptibody BM3 VI\FI'R
epi t ope ?L‘?’ﬂ'%“fenco e e P T RE= el *‘*‘t“%%ﬁe%%%a‘%;f% Bty
enconpassedng FOBW ‘fli'@?\éﬁé?nﬁgﬁon MR Mut 3 ﬁﬂgdf‘@-ﬂf’NhQ?m@%@tﬁ’{e t he
form of MJshibstaptialhs e sambuadults agthesd ehognifeeMutsnencoded pol ypepti des,
but al so any situation where at |east one epitope remains sufficiently

unchanged for at |east one anti-MJC1 antibody to recognise the encoded
pol ypept i désgurets.i Thisaternonstrates the elaning stratedy usded tnprithiiedhemiceic by

on tunoar - S5 E5R Efnidas S RIS MR A L Ser e ror

exanpl e by binding to the forner but not the latter. Pr ef erred encoded

ol ypeptid tt}gﬁﬁﬁ%g ﬁﬁ’ceb t’Hmel t di es

p YpA‘FI)'Rl H @eeﬁ or %ﬁgﬁ??%ﬁ%k?ﬁ%ﬁ err *'c] enceﬁiwi g%t? ae)s are
those t hat VRSRINGCNStMiGH QEGOCFJ‘?Qt'HMt?U'MJQi MUEi bodin 'SlﬁBUfﬂ'ﬁB ®c acid
vacci nat i Ofblmﬂﬁgtdfmétsseié 16 RethierWikd dmﬁ/oﬁhﬁm‘l?ﬁﬂﬂfd ﬁﬁrrﬁof#tsbﬂﬂxenaol at ed

P rmnogen: EGRBRED ”Bowﬁﬁefheoﬁ&%" o YRR Sondbh S of ek it e

nuCei ¢ aci canaaisenattitodies isvivothatsiecbghiset thewirmutated éose df MUB1.

het er ol ogous pol ypeptide is |inked or fused to the expressed encoded
pol ypeptide. Preferably, the isolated polynucleotide encoding the 28
April, 2004igarené: &rhis shows o HAGS mnalysis of doa hindiog soft antibody seradfrest
pol ynucl eotrhde iRRGAREGY Wit nBEERSSEIANAERRD bbASTuctS TR APRrmishe

encoded het eral ogous pol ypepti may act as carriers td target the

~encoded polSFPEYE Lida humgn kreaspranearcalls: er ol ogous



poi ypeptide may bind to a receptor on a target cell. In another enbodi nent,
t he het erol ogous pol ypepti de nay act as an i mrunogenzsg{@gm t he i nmune
response elicited by the encoded pol ypepti des Suitabl e heterol ogous

pol ypeptides include keyhole |inpet haemacyanin, oval bumn, hepatitis 8
virus surface protein, hepatitis 8 virus core protein, tetanus toxin,
glutathione S transferase or pigeon cytochrone Cln a preferred enbodi nent,
t he heterol ogous pol ypeptide is tetanus toxin or hepatitis B virus core
protein. The nucl eoti de sequences encodi ng these pol ypeptides are readily
avail able to a person skilled in thegart. Additionally, the nucleic acid

enhancer st st Ser e Upilors SR BAe e RBERIE A vadkiner bbSm el CBE M 0o
whi ch nay!nwenh@@ewhrrars&aamltmdlea ar aivoodhati eeengnise tthe fosnr @f tMUCH

orientati I |l ow for protein expression within a mamal i an
EXprekSed oﬂ%rﬁcg.lr@ P P
cell. The pronoter a eukaryotic pronoter for exanple a CD68

pronoter, Gall, Gall0, or NMI1l pronoter, a prokaryotic pronoter for exanple
Tac, Trc, Frgnréec ThIs hos the RieQlBhee 1of‘(}ﬁé 4GRSl p?ﬂitoﬁvbgqgﬂewfcf us

pr onot er e Sv40 ormte the pol yhedri n pronote pronoter, or
t he respl?%BSF9”§?%gy9¥%F‘ Bus LTR pronoter. Preferably the pronoter is a
viral pronoter. Particularly preferred is when the pronoter is the

o) cmonte. FRYRE S Ee SBhs. e, QdtriRsiiias: USed 15 topatrhel MG frdlzel °”

anti gen 3MUCE1 plasraidsd asedpsonibedhia éi‘dmﬁler&nwelrsequerrmrefwnttax:ﬂm e the

C£B8 |ntr the
anfﬂr g@*‘&gr Woice REbsfondl S!S italcsth B8 nehBFncaE B . ci ne

const r uct ag RrpingersRillovesr Cass letters endlnpteaﬂpﬂ gepadunps\fromk the DNA,

bacteri al I ﬁqadé (Hgﬁﬁ§¥k“ﬁ§ﬁ§§s

chronosong p@@@ﬁﬁﬁ}é%%%r?tﬁs a sonﬂr;%sm or e mjhtg:ﬁeﬂstghgé:l d

vacel ne candpPuc Eioitasm’ eledelars tathe siatagy shawn in biguss &rp

phosphorot hi oate RNA or DNA. Preferably the construct is DNA parricularly

on' t he nuEISE 100, s e dladicteaties iadt Breneshel MEREY Buflont | e

may be RNMUCbmplasmids, asibécrivedninyelmmphi’3. fAll sequendes awwﬁttenmﬂl&o CcDNA

or ¢1 erabl § 0 @ﬁ@‘*ﬁ%@%&%}ﬁ&ﬁéﬁ%ﬁ i %@L@% SBRMEhES: Bmdca 1o

the pr ormﬂérshmt PGR mprimers: Laower case iletters dndicate the wiepartues hom thae

s AP TR ek AL el

const r uct A dPPLIA ﬁﬁtt,iﬂ@n@tcl refersttp dhe stratrgyeshown dmEigire $ol ypept i des when
expressed in a mammalian cell. Said nannallan cell may be in vitroin a
cell line for exanple, HEK293T, CHO, HelLa or

COS cel | =45 2 AL pol ypepti des may be harvested and
t hensel ves used for vaCC|nat|on More preferably, the mammalian cell is in

arml a“dJﬁ"?és@W“C'e@ AbeEraiGh S S bpliEhaed ABM GhERETeE' Gtip 7 °

par ti cul arégquipzsebtherhise, thewomds. “coheprized and “include! bowvasdbtions suthdss

vacci ne ce I ns,cMﬁ t |1 t nt of
nucl ei ¢ ac&@ﬂégﬁ@@ne congﬁgﬁg?nﬂ?mﬁﬁnézHggﬁgagytbﬁfe 27 a Isglgycoﬁglnatlon
with a phifclasivelyi dhat s, aeae of these cuprdsewilk uonlyaﬂxepmepm dngjusiosr ey

her eof | RO e e et Pvely comprise a o

therapeutically effective amount of a nucleic acid a vaccine construct of

the i nvenmwﬂeséﬁbé@l:rﬁréﬁ'r Cthgopﬁ%bﬁt bn%huon%éltaf@éf tdﬁil?delbf‘@cré%ﬁblw'ié ion
may conpris e, nucleic.acid,va rLucts r mu Wi i DOSOMES.
Tha muc! eicBnaligts, SOmpREInE ROl B0, PAPECBRtaEE i CHndiicis e 5000
14 adlm ni rsiut: evadination against, tuhiwurpol ypenerdmtext ekrthrssm:mohhthe terai

mamra T e [ e an .
mune s SoRad” 17 ieRed {8 SoAbeY Harhlel BRI Tenllde 1@ HER 3R b

i muni ty. statehdngofes as ltl lmsermeonpun&ed iatdeasteto someiaxtent ar \h@@cbﬁﬂl i on
constructs or vaccine conpositions as described herein for use in

vacci nation of a mammal agai nst tunours both for prophylaxis and therapy.
Preferably the mammal is a human. The vaccination may be directed against a
tunmour of any cell type which expresses MJUCL and so the tumour may be
responsi ve to anti bodi es which recogni se the MJCL VNTR nononer. |In one

enbodi ment) the tumours are of T |ynphocytes. Preferably the vaccination is
d| rect ed agal nst tumours of eplthel ial cells, nore preferably the

o M. o,




The nucleic acid vaccine constructs and vacci ne conpositions including them
may be admnistered in a variety of manners for. exanpgeprip 200” oral,

nasal , pul monary, intramuscutar, subcutaneous or intTadermal routes. They
may be administered to an individual as an i nj ectabl e conposition, for -
exanple as a sterile aqueous di spersion, preferably isotonic. One

particul arly preferred technique i nvol ves particle bonbardnent (which is

al so known as 'gene gun' technol ogy and is described in US Patent No.
5371015). Here inert particles (such as gold beads) are coated with a

nucl ei ¢ acFmthghiealiy prositiced cfatexamplesby eds recombinasht tmeéimr!ﬂe t IgEm to

penetrate m@éhw sgﬁtresrsecra Qﬁhn("?scﬂateﬁk'ﬂ'iﬁref fmemig ﬁmﬁng
di scharge u es roma projecting device artlc oat ed
ogicahpPR A9 scope

wi th nucl epgqﬁ% RP ? 9. cogrbipgation withh ater

of the pr ebmgncalvnmem s@&haée cddig] %ﬁ§pé|@§l6ﬁ§| orrééussuﬁtbemafrhgﬁte%&.) Q her
nmet hods of amnlste{lql%gthe nucl ei c._aci ne cons

conposi t i oA EH% BFR EXPETUR VeHorS Q{EPB'&QW“?@%"} %éjl"ﬁm?n?r etharude
ul t r asoundmateralsr mtaérestapprb tiaten, beit e@xchplesatthen skudtionc wiseredithe Whi ch
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speci al i sed delivery vectors useful in gene therapy. Gene therapy

appr oaches 7
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ol oo BleRfilho dbfils £ BBty RuSH 516, BN silor aE BRRA sTevhABRNY Do
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vacci ne co e 1 nventlon ucl ei’c acrd already

present i namipgacids fragniecdiR mea@mrrc&tmamev%ml@uladytpraf@'ablyrréaldce| |
may, if degshteded %lgﬁeﬁﬁuéso compisk' &t %tom éiﬁm'@'é%rd&f froli® the SUNtaNt

cells may be used IP ent I nventi on, can @gﬁrow ded at an
appr opr i at EBE] § Q{LE(S? W%MMQQW@PC%H”%F“W pe suttirgly SE9MAhni ques
(e.g. graf MNITR mbaomer noentawsparehcrdss rhbeoaEs nforcéxamplbelme@d @aichcci ne

ot ani 1 cancPpsCEERER aIE. Ak tneY di srat R R giest et iediare N ¥

i mruni sed, moromet,and thie next twosamine adids mayehe from e Edepminal enddofayai nst
t he vaccin ted (i.e. single adm nistration versus

repeat ed d%’%%@ﬁd R?ﬁé?‘g'ﬂgf adm ni stration and the potency and dose of
the adj uvant corrpound chosen. Based upon these variables, a nedical or

vet eri nary THelfdri "aﬁ”t@é 'éorfs%%dt&é’ aﬁﬁné%cﬁdiﬁn@@d’é’sﬂﬁ@m&@n&om% late

.dosage | evel but it f.or ex of the_nucleic acid

vacci ne cor?é"ter%fr@’%ro SEnipp Ael ?ﬁrt?ﬁerﬂba'ﬁ&%ﬁl\ vild fveg bYi 3R dose
will vary ceniaodicid namtation. So|tfor ekample, rarsén@édeulpowepﬁdemhneh has?8

Anrl |, wh t r ader. nal nlnls rati | d beads,. the

ot al " dosaggaiphes bt (e AR acRREloripg fo el ik $58eel 2o .
the total dbemgn mlholmldbeaubshhmbﬁu@)ratm fexigwiliVtypet &mino ccid, cthenr a
vacci ne ' t erally
hi gher, fo%@ﬁéfﬁée@ﬁg@&%%mﬁi mé %lg tRﬁals'% en%g.?rg nlg?végsgosages
are exenpl dayhavetateleaetr @@macuuher emitam acifls cfronms dheb MUGdT WM

i nstances Whghémetoher or | ower dosage ranges are nerited, and such are
within the scope of this invention. It is possible for the nucl eic acid
vacci ne construct conprising the pol ynucl eo6de sequence encodi ng the
antigenic peptide or the conposition conprising the nucleic acid vaccine
construct, to be adm nistered on a once off basis or to be adm ni stered
repeatedly, for exanple, between 1 and 7 tines, preferably between 1 and 4
times, at intervals between about lday and about 18 nonths, preferably one
nmonth. This may be optionally followed by dosing at regular intervals of
between 1 and 12 nonths for a period up to the remainder of the patients
life. Once again, however, this treatnent reginme will be significantly

vari ed dependi ng upon the size and species of animal concerned, the anount
of nucleic acid vaccine construct or conposition adm ni stered, the route of
adnlnrstratron the potency and dose of any adjuvant conpounds used and
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Thr oughout the foll owi ng exanples of the invention, use is made of various

wi dely known and practised techniques in nolecul ar apg @ﬂ Yooa bi ol ogy.
ex

Practical details of these may be found in a nunber © 00ks i ncl udi ng
~ Sanbrook et al, 1989, Ml ecular Coening, Cold Spring Harbor Press. 28
April, 2004 17 Nunbering of residues wthin the MJCl1 VNTR is according to
the schene shown in Figure 1. Exanple 1: Antibody binding capacity of
variants of MJCL | acking O linked glycosylation sites. Synthetic peptides
wer e desi gned containing nutations at,the glycosylation sites. Particul ar
attention was,K focused on substitutionS at the threonine residue in this
sequence (The javentipnencompasses mualeic eacid hevansine desnsmactsvmcm‘nﬂﬂsmgned and

of the dearoaicd YR iﬁ?gﬁ‘“‘*ss'%‘fé?dé@%pﬁ?'g@énem |l Heelf{RB64 Tor ©OP'
Franci sco%@iﬁdmmeﬁeﬁf mefts of: monomersewbight mmpneeratalaast opet o bi nd
to a nunb obsylation WG1and Ve |ﬁ?ggtﬁqﬁhe& pRevaftéd loralterdd O4'dd - 2004
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e B S S e o, oo
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i ncubat edll)ae rg%rﬁﬂtdelripgﬁgt 392@%&3@2% ﬁg {"1 (hﬂe ?g Rl ﬂﬂg E@u%l AAE body
was | abel | Eagmentssclb ri swre repeptsPandn]l Qgon dessafragments eodl §G 6P266re Dako,
k |
S 0 Syl i i .

our reagen ool e

and bound ¢ ate detecte
ULQ The r%‘ﬁﬁ"ﬂ% %Q'BBB%Qﬂtﬂﬂth@ aueleia @ctdafvamrmqamtmtsmfdtheand t he
OPD pr oducihvention is atiel that theasnéddid bB&péEﬁ@ F@%&t@m‘ ;ﬁ)@?ﬁiﬁ‘in% pesul ts

of this e rlrre t.are shown in Tabl si gn or each anti body

and pept | RIS for i xamilea py %{c%fo?fani% ONe aginenheh aiumkeseh) e,
where +++ d:fferemrfmgmemsngnmaw ke, wherednesd @sarf ehé fmgiﬂeﬁgss esBff cat es
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Table 2

In a preferred embodiment the encoded polypeptide consists of a single
VNTR monomer. In another preferred embodiment the encoded polypeptide
consists of a single fragment of the VNTR monomer, particularly preferred is
when the fragment has the sequence APDTRP (residues 8 — 13 in figure 1),
in which fragment the glycosylation site T may be mutated.

Preferably, the alteration or prevention of glycosylation is achieved by
mutation of the amino acids making up the glycosylation sites within the
-encoded polypeptides. The term “amino acid mutation” as used throughout
the specification and the claims means that one or more amino acids in the



Pe tideAnti bod SMBAnti bod HVFGLAt ~ti bod HVFG2Anti bod

ATRIWI++++++++++++Mit 4+++++++++++Mit SA- ++- +++Mit 51+"£."8"1lr'?fi!+2wr1-5’\|' --+++Mut S
- P-+_+Mut SV+++- ++~+++Mut SW __ ++ These data denonstrate at 1t 1s possible
to alter all the Olinked glycosylation sites in the MIJC1 VNTR nononer, in
such a way as to prevent glycosylation, w thout perturbing the overall
structure of the antigen, as evidenced by maintenance of binding of a
nunber of anti-MJC1 anti bodies. An espgcially. surprl sing and useful finding
is that the Mit51 an i ons of the ding for the
SMB ant i bod?% g’é’&Pt"ﬁ ?nﬁ‘bﬁﬁ"‘h mc%@nwg "E*@é? f"‘@l‘?rmeapm@anm es,
SMB shgws ssequencecae shown intfigune g This M@geana dses; dor ?)éampfé)ldelétﬁn: s as
opposed to | ssue riing et a

1989). Thes‘ﬁs}gﬁ S.?( ﬁfo}i&rt% ép%r\ié)#ﬂgi&gt ‘ble to derive variants of

t he VNTR which adopt a conformation simlar to epi topes forned by the

Exanpl o 2: WS e r?ﬁi“#{“ 8 bl B s B anetosofifiE rdliied T 0

pol ypept i deBO M@%@?PMW@W@Q dén the\pudieicacid vageine construchsuch thattiper i ment .

The met hodogaiethso ﬁﬁéﬁééénﬁh&‘ab}?{rrﬁ.@a@i%@'&el Exfordlor it pept! des
were coat ed onto LESSA te at a [iIxed concentration 0O and
di fferent c%'ﬁg%?ﬁl ethe desird amine agishmubationrisea S@bﬂ U%Ol'are

shown in Fi {hertarel n%lb&ﬁtieé\/bhée?daﬁ dhilamhcaay inthd hﬁléky;?é@ aAhjller ns

essenti al | as those hovvn 20 The dat a
shown : n #%%?ﬁani&%pﬁm @836??%“@@9&%%&%%@@@%&0‘4| MRs t hat
t-_hﬁ mut aL i oﬁesnfedmmmblacld rhutatlands‘dac{cleletloMihe?cﬁreﬁm&wb&ési@ﬁé‘odm tle to
reduce the @

nongl yoosyl afaft Eﬁéﬁé{nﬁ?{d 'ﬁ W’Q‘R%@ 8“1'8{? “Eg%ﬂﬁﬁgsdeeqﬁﬁeﬁ r\gfh&re rf?gd?\%{?q%e .
sequence. E@#s acid muiadipaiis aAdIS@J&ODL the theee wucleotides emcodimgshePl asni d
Preparatio amin

b R e A e Smitio SETA be!iheered WARARE KN TRS Ausleotide SSTMEnSRcnoaaTcr
TGEACCTGEEACWGEACACCTGFfCFATCCTACEEIEEfEEEACfIEEACCTATGAAAAACTTAGACTGWT
GGGT CGACAAGEAYW AN AKilfe S e A AWAIbTS: 6f FGATGT GG

e e gene%%%odefvs G al oA
CCFl ' CS1GEOnBaeepalgaeptial TOATEhE Iy 66U ‘ ESA@EQB’:E&@SBCT ACTACCG

é%ﬁlm%ﬁm% SRURIR rare T
ESUEIGEDRDCA aNdsT paatteadcas described in the examples. A
TCCTCOMUTA Reiifed fré (Eoh\Wir e B8 B el Sty et arictale hecd S didh
as primers and PCR conditions. it will also be understood by a person skifled
in the art that, due to the degeneracy of the genetic code, there is potentially
more than one isolated polynucleotide sequence that can be used to produce
a desired encoded polypeptide.

Preferably, the nucleic acid vaccine construct compnses an |solated
polynucleotide comprising the sequence

GC# CC# GA* G(T/U)# CG# CC#

‘wherein # may be the nucleotide A G, CorT/U,
*. may be the nucleotide TU or C.
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MUTSNFGATTGT GCTAGCCCGGCGCATGGTGTCGTCM J TSNRGATTGT GCT GCTCC
Construction of pVACL sfc plasmd The ptasm d pVAGL onsen et al,

| mmunal ogy 95: S1, OP106, 1998) is a eukaryotic expression vector optim sed
for DNA vaccination. It contains a CW pronoter operably linked to a
multiple cloning site into which inserts encodi ng antigens nay be pl aced.
An insert containing a Kozak translation initiation signal, mamalian
secretion signal and cloning sites w§9 prepared by PCR using as tenplate
the pl asnped MoK 11/45) € @ . J.munol ogy,, 156; 2700-2709, 1996) and as
primers Sﬁgﬁndﬁggﬁ( 'P;IEJI e‘s3) qudle téCF\’ ng%e%?v@? Seuebgewmay g 11 and
Xhol to crift &R pivhensthe semencenissDNArthd baveoat tieis Rsitidn /e Xho 1
sites of AMAGhdmtHEe ] as . . Th sequence was
confirmed using the P ‘%’?ﬁ'?Eﬂ“b?‘%??%ggfﬂgBgé‘&ﬂ@ﬁ%% prinmers. The
second step was the introduction of an "in frame' Tetanus toxin fragment C,

(FrO), geAdefnatvehat tHeh quslid 4cigi Vﬁc‘ﬁﬁﬂggfkt@ﬂ fﬁ@@%@%ﬁa T,ﬁ'@g%@g for

t he addit| antigeni c epitopes n
achi eved Eggﬁ‘!’%?eaﬁéﬂ"gf'?@&ﬁ?@rﬁ &N¢€ FrC gene fromthe piasnid pl C9Tet 15,
(Clare et al, Methods in Ml ecul ar Biology 103:193-208, 1998) using priners

tagged with DNégﬁp j: NG Af,O ptide hinge and restriction enzyne sites
for SgrA 1 and ol r%é a‘h-drwb%s ively). The 1.3kb SgrA I ! Xho i
cl eaved PCR fragnent was cloned into the SgrA | and Xho | sites of

pVao- 1ss2wherggNer ﬁ{aﬁ, 5@&&)}.@@'%ﬁﬂ§\%§s§%|ﬂﬂe DNA sequence was confirnmed

by fluorescent sgquenci ng@um nlg ) cation priners and the

i nternal FrC deri vERYske e pusleptidsTAJofECS6 (Tabl e 3). The DNA sequence .

and amino add se@efngeb } the FrC fusion protein show ng ™

the epitope fusi g Si tegtt?ééhgﬁlogv?}]ﬁibnw |'3\u§£08. Const:r;‘ucti on of pVAC ss2

MUGL2TR Fragnment C plasmids Sets of synthetic oligonucl eotides were

desi gned Themobzion 3 lisedasabovebsequent doping into the plasmid

pVao-| stc woul d enabl e encoding a tandem arrays of five copies of the MJCL

VNTR epitope, 28 April, 2004 22 ( PAHGVTSAPDTRPAPGSTAP). Two variants were

dezI i gned: PBBiculady prefered s wéresi tblesmilcﬁ(lald‘édidil v_é@@!heQir’?rfsitM%t @Pnﬁﬁfse&hc{ eoni ne

and seringy id cﬁn‘éﬂc@c ation in each copy of the epitope -

had been reéllggg%@d%y non- rr{[:)%lfn?5 P%@i%ﬁ?&"&@%?hm WiSTRPACHAP,  f our

mut at i ons?e‘i) shiwn PRI AAPDNRPAPGAVAP, five mutations, (MJTSN). In all
cases, the MJCL sequences were to be expressed as a part of a secreted Fr

C fusion protei g%r The ol i ides are listed in figures 9 and 10
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cont ai ni ‘ t . e C- - used 'In frame' to

Fr C, (pvz%‘?%gl\ﬁ%ﬁ%%qga?ﬁén@% MMI@QUBS%@BW&% siRdofiel etion -

" from t he #iachmenteat Oslinjech glycosylagioncr Rreforalsty mséquente ofitHe 4sskatédi ng t he
MJUT4 VNTRsot tidih Gat | e ri.bed in F gupe 5.was

enpl oyedl??]y??gtegg?égi% ![s ﬂgh %S?i]t%e\hﬁs% Z‘%reg{rﬁgﬁ%'% ﬁrf%&?{%@d g\é’&' v@r"@esubj ect

to PCR anpPleMcing. | &laninge pspamagines phenylalasine DNA tegpfophens i thbrei sed in
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aplasmc{vﬁﬁ)n@%kﬁr Wgagalf repegats of the o-1 14,

(pVAC- | st cMUC . Gsed™ @n pﬁp'g‘ffﬂaﬂifcpr efredaembadimgnbd the or ned-
by P|CR- netRatengexfitaadsolated polyaudiedtidetis sach lti@atlthb_earfjddc&dlf Bl pégﬁ@éluence-
An al t er nsdgd t escri hed wou e direct
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with a siFRUENCER A8 slipwanid Ggwisisng er Bavéthy the arhiab deisc substitutibnye.
Construction of pVAC ss2 NepB Core plasm d



28 Ayrll, 2004 23 The plasm d pPAl contains the gene for HBV core antigen
(ADW serotype) with a unique Nhel site in the E1 | o@% Aggiopodfhanbers et
at, J. Viral 70:404y052, t996). This cloning site alTows I nsertion of a
smal | fragnent of DNA encoding a key epitope froma foreign protein. The El1
| oop of the protein is exposed on the surface of expressed core antigen.
The engi neered HBV core insert was anpfrfied by PCR using prinmers HBV1F and
HBV1 R ('fable 3), and cloned into pCR2.1 (lnvitrogen) by the TA-overhang
met hod to create pCR2. 1- HepBEI. The cohstruct was sequenced before use. PCR

th i f two tand ts of the MKl
VNTR £20ﬁ2*“§“'%’nﬁ@%“ﬁe' p%A%ﬁ%‘?% TR Rac s oEvLe BTSN e ds

The two tan(!"é’th nugiRolidenisTsneh that mw\mmdedapmwmmu% Nseen mutat d

VAC- 1st t N SR

DVAC- 151 CMIGUEMMENGRRoL AaRbA 12 I%saﬂgeﬂi’ AR ot En Rl o ol T o ag of

The plasm d VAGI stﬁ\(}k v con

the MUGI VNP %, §9%5 Lol %set 180% rof therglyabeylation suwe stage
PCR usi ng a peesentiin tiss palypeptidéer (MJT4F) and two different reverse
priners. In the first reaction, the reverse priner (MJT4Rl) adds part of

t he addi tional sequence requi red to generate a second corrpl ete repeat of
the MJT4 veﬂ'smenwd&dtpomp@btldeﬂlﬁéﬁ@abi | @taifdhimanbey Pﬁ.@&hotmet he
use

t t |tant P duct
Comi ata f ot SICBERS1 1l [ YorkBits. B%ar‘r’f@vwams qunpalesmntaumm) to
?ggu?ped hﬁhgtéendeééo rn@e@ms theat d&spuertbematambﬁ afenfRbr ngc%rgeévl\girﬁg %\::uaestpgg with
Nhel and cl ongg H?ti%nv%ﬁ: or p%ﬂg“%—éﬂ%g’adﬁeﬁr&ﬁgﬂaﬁ olypgriide EBMaksones
wer e ori ent SUEWeMY undhanged spdthat ap antibody tatesoeldtcedbdriss ars@situpiecinng.
The full Heptie MNER d_usipg. Sal |
ang Xﬁol g%:l oned |%§§/§fﬂﬁ§§ﬁ%t&f mp%%teﬁeﬁn i@ﬁ?ﬁ%t@’?@%tﬁgaal I
verified by FHINSR et coRMRRS s Ins | thes aensgdedApniypeptidess. MUTheHeteBn
(encodes t wiinrophelsgirfal tsimilatifl? acorpases e éﬂfglth\é\rgﬁugﬁgﬁnﬁﬁef‘é" dihe EL

pvAQH _ss2. VOTAREAIER, el feCoatiee 68 bl S MLICt, Srprassadron uemeurs: alsp 1 he

MUCL VNTR nigengnise the lencetet quylypdptide, wtealm Ay ﬁiuatl?ﬁ#“w%@?é (fﬂ%éﬁ“ with

nmut ant MUCL n Leci ted nto | un anet
gol d beads 3@?@“@%?3@%@?@%&@%&%@ ﬁ@ﬁt l?QSd?“W'écéoat ed
onto Tef zel antibodyt %seWUWtthI%EOdedtpmpemidesl lt[i&\p%rﬁ‘@.klhrl l
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appr oxi mat e ‘of plasmd. , Serum sanples were obtained fromthe
ani'mal s by venepuncture on days 1, 20, 41 and 55, and assayed for the

bl ot o5 cont LS bk oM el BB 35 kel B e Soesas e "

con- espondi AGHMUE1: antibediescSMB, ATRY, WMRG2y o tH‘lMF@ Tweparticularly

(iris-buffe '@ﬁeom Su2g0f T 20
wer e bl OCkeg?“i;Ega % P &P%éﬂq%eggag&%sg thfa% éaf' x\?e fi‘t%\lﬁetcﬁkg ure
Al sera wefBY °&’t¥§ 800 dilution for 1 h at RT in TBS Tween
buffer. Antibody binding was .detected using HRP-conjugated rabbit

anti - nouse mar k) at 1:2000 dilution in TBS Tween
buffer. Pl at W%Mﬁﬁm mqﬂm& &*mnygatlendaw@tsmcmpnge aast
C]ggl) E:ol our f futber nisoldtedg rmlylﬁimlé@tadefﬁbnoaam re@c“‘t&@@rd@@?o Egﬁ@eB

addi tion o e pr uc an neasurlng
t he absor baﬁce %ﬂy%ﬂ{ ﬁ%@%’@‘gm@%‘r g’ﬁa! ted aPé' 'F’ﬁ i gure

8. They denbiidated: on hthe grucleicylagid ovacumarun SEORSINGEtS sticht tRah’ At

invention nayplegsHge t. e.r S abl e of
recogni si ng. t‘” tf @‘e""ﬁ%p RGBS polympnb s iTRA o 58815 e blRere o
denonst r at e® ROt g. ef7eafembly; ﬁ‘lﬁeﬁelatadcpoiﬂweteatlwmbdlr@ the
recogni si ng tum)ur cells, sanples of antisera fromthese mce were used to
| abel various tumour cell Ii nes, and the | abelling visualised by flow
cytonetry. Celts (T67-D, MCF-7, 816F0 and B16FOMUCL; 1x106) were washed in
PBS buffer supplemented with 5% FCS and i ncubated for at 4C for 15 mn with
nouse sera at 1:100 dilution. After washing, cells were incubated with the
second anti body (Sheep anti-nmouse |1gG Dako, Denmark, at 1:10 dil ution)
under the same conditions. Control cells were incubated with FACS buffer

i nstead of the f|rst step antlbody prlor to st ai ni ng W|th the second step

o ™ APNCS 1 o ™ A NS ~ v o




Non imm = control sera from uni nmuni sed ani mal s 28 April, 2004 26 hepB

cont = control sera fromanimals inmunised wth enpgyAyatizs04no MICL DNA)
hepB2TR nmut4 & hepB2TR nmut5 are sera fromanimals i munised wth these

mutant MU DNA's. These data confirmthe utility of these variant VNTR
sequences in nucleic acid vaccination. 3 28 April. 2004 Cains 27 1. A
nucl ei ¢ acid vacci ne construct conprising an isol ated pol ynudeoti de which
encodes a pol ypeptide conprising at |east five consecutive am no acid

resi dues fromthe VNIR nononmer of Micgd, wherein one or nore of said am no

acids is a cosyl ation site, characterised in that when said isolated
pol ynudeot ngﬁ’g’gék‘ﬁr es?@gfﬂeﬁhﬁemamﬁl icpntiggpls gl yieosy! the on dsolates

resul ting polyppeleiotide engodingethekeriioddidpSiphestidis. at | east one of said
gl ycosylation sites. 2. A nucleic vaccine construct according to claiml

conprising an isolated pol ynudeotide which encodes a pol ypeptide conpri sing

a fragnent Irofonenembddiment dher enfodddheterblodoiid! iﬁr% tqguct

accordi ng [’:erﬁelr@itg‘é rrﬁrgi sin %1 i sol at.ed %OI fldu e[%%[?’t@%% [ c)ﬁ%gﬁcéosges a

pol ypept i dé" conprr sf Fgeqo %Bﬁ%’ PP%@WQS of¥ample the hetetplogousuci ei ¢

add vacci neclypeptidecaybind th ageteptonorpadaspdicedl. it ahbthdrwrhbsdiment,

characteri ' h I d_isol.ated pol ynucl eoti de_has been

altered toéﬁggﬁ%@ot%eggﬁs‘%g@g%ag %%dgﬁlﬂ'ht'ri"gﬁ“'? qr?:éor neenge

pol ypept i dE',‘m\Hﬁlechr%"QPB'ée olicted| thy i thesaercededr polypeptidepr ev Suitable of

gl ycosyl at héterologous polypeptides include keyhole limpet haemacyanin, ovalbumin,
hepatitis B virus surface protein, hepatitis B virus core protein, tetanus toxin,
glutathione S transferase or pigeon cytochrome ¢ In a preferred
embodiment, the heterologous polypeptide is tetanus toxin or hepatitis B

virus core protein. The nucleotide sequences encoding these polypeptides
are readily available to a person skilled in the art, '

Additionally, the nucleic acid vaccination construct will comprise appropriate
~initiators, promoters, enhancers and other elements, such as for example
_polyadenylation signals which may be necessary, and which are positioned

in the correct orientation, in order to allow for protein expression within a
mammalian cell.

_The promoter may be a eukaryotic promoter for example a CD68 promoter,
Gal1, Gal10, or NMT1 promoter, a prokaryotic promoter for example Tac,
Tre, or Lac, or a viral promoter, for example the cytomegalovirus promoter,
rth_e‘ 8V40 promoter, the polyhedrin promoter, the P10 promoter, or the
respiratory syncytial virus LTR promoter. Preferably the promoter is a viral

promoter. Particularly preferred is when the promoter is the cytomegalovirus
immediate early promoter.

The . transcriptional regulatory elements may comprise enhancers, for
‘example the hepatitis B surface antigen 3'untranslated region, the CMV
enhancer, introns, for example the CD68 intron, or the CMV intron A, or
regulatory regions, for example the CMV 5' untranslated region.



5. A nucleic add vaccine construct according to claimb5 wherein said
mutation-is an am no add substitution. 6. A nuclei cogCAgkil, 304 €€ construct
according to any preceeding claim further characterised in that the
encoded pol ypepti de, when expressed can bind the antibodi es SM3, ATR1,
HVW& or HWGL 7. A nucleic acid vaccine construct according to any
preceeding claimfurther characterised in that the encoded pol ypepti de,
when expressed, has had gl ycosyl ation15revent ed or altered on at | east 60%
of the glycosylation sites present in‘the encoded pol ypepti de. 28 April.
2004 28 8. Thenotleiccacid ivacyineaomstraoh st backbomeanayibegRNA dr BN, efon t he

tered on St desBEONA HIEEDHA, atfen DNA GRS BL = 27 O, O
aci d vacci rehrooesome DNA, yeast adificial cheomosome ENAnsyritbetic Dhtfedt is
pol ypept'deatfwg‘aes*pigof Ozﬁéﬁud&éa&ﬁ%@h@&ﬁsﬁhbﬂb pé ):‘ﬁfgﬁa%ﬂz'iené' tered on

all of the Si T es presen €1 C a vaccl ne construct

accor di ng t%ﬁld.rffbfgkampéﬁ ﬁbOSPthOQTIOﬁ@r%NA arHaNA Joeéeraply Yrecgansiuct ishen
expressed OIPQ% ﬁi&ﬂayﬁ%feﬁ‘@&:érﬂhéﬂm1§$té§mr§e[DNﬂe substi tuted with

Val i ne, euci ne asparagi ne, ‘pheyl al anine or tryptophan. 11.A
nucl ei c aC| d vacci ne construct conprising the sequence GC# CC# GA* GTI U#

CG#| CCff ghe¥n5 ﬁscﬂat@’p@l?nﬁél@oﬁd’@ cenipridedon the KueéleicTadid \itac&me eonsthet
nucl eot i de or ¢, aci d vacc S ruc ac
Cl'ai m 11 whMDIFTCSRGHdescen erBbded penpertis iy RS R, Brstarbi R ot oci ¢
vacci ne conatayudie CON®;, i forn@xahpis egenomic CWACOéDm éﬂ'l\@ﬂmtlcC@NMerel n
# .may be th r. N C may
be the nucl 85%%%&%%&&0@(“@9?%’% 'ﬁp%i %%'%ﬁ%{n gfé}HB ei? r uc}‘ a@@%r di ng
to cl ai m 13palynublectideris quefarably operably linked to the promoter on the nucleic
acid vaccine construct such that when the construct is inserted into a
mammalian cell, the polynucleotide is expressed to produce a encoded
polypeptide.

The nucleic acid vaccine constructs of the present invention produce the
encoded polypeptides when expressed in a mammalian cell.  Said
mammalian cell may be in vitro, in a cell line in culture in a laboratory, for
example, HEK293T, CHO, HeLa or COS celis. In this case the expressed
polypeptides may be harvested and themselves used for vaccination. More
preferably, the mammalian cell is in vivo, and the nucleic acid vaccine

Y construct is administered directly to a mammal, for example a mouse, dog,
cat, rabbit, pig, cow, horse or rat or, particularly preferably, a human. '

The present invention also includes vaccine compositions, which comprise a
therapeutically effective amount of nucleic acid vaccine construct of the
invention, preferably in combination with a pharmaceutically acceptable
carrier such as phosphate buffered saline (PBS), saline, dextrose, water,
‘glycerol, ethanol, or combinations thereof. The vaccine composition may
alternatively comprise a therapeutically effective amount of a nucleic acid
~ vaccine construct of the invention, formulated onto gold beads. Altematively,
© the composition may comprise the nucleic acid vaccine constructs formulated
with liposomes. The nucleic acid vaccine construct will be such that when
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shown in figure 2. 28 April, 2004 29 15. A nucleic acid vaccine

according to any preceeding claim which Wri ses a
_pol ynucl eotide encoding a heterol ogous poiypepti de. cfeic acid
vacci ne construct according to claim 15 wherein the heterol ogous

de is tetanus toxin, hepatitis B virus core protein, hepatitis B
face protein, oval bum' n, glutathione S trasferase, keyhol e |inpet
haemacyani n, or pigeon cytochrone C. 17. A vacci ne conposition conprising a

nucl ei ¢ add vacci ne construct accor diag to any preceeding claimin:

combi nat i
vacci ne c
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19 Use o
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nedlcatne
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adm ni ste
wherein t
21 wherei
vacci nat i
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o Ig phar maceuti c az acce ablg carrier. 18. A nucleic add
Hutinisiarede &0, i AT ther BoPRRtide s exprassed vt sthet
mamotali He ekpresyed orradramsteaéd ﬁd@ﬁﬁ“&heﬁgﬁﬂé‘i{a\tet aHrours.

fi"&r% f{r%'rc‘u"'i%%oy"g"% hrgfer r‘fﬁ&pl?égcfb?gh”g‘_lt SHETRA N

imniunityuse i n vacci nati on of a manmmal agai nst tunours. 20. Use

to claim18 or 19 wherein the construct or conposition is
red using a gene gun. 21. Use according to claim18, 19 or 20

Hde: present iaventign alss ingludes Inucleio acid vaacmunenmmtmatsg ofro claim

Vabifet 'éﬁmﬂo%!tﬂfr% %rse%%cﬁsaaeh&ém%rr usé i rf‘\[?ilcn%q

n agl nst tunours, rrstng aam ni steri ng tO Sald

16, or a eqarpAtllis @ha@@n! dTRE vaecilalioR thay be directed against a tumour of

any cell type which expresses MUC1 and so the tumour may be responsive
to antibodies which recognise the MUC1 VNTR fnonomer.  In one
embodiment, the tumours are of T lymphocytes. Preferably the vaccination
is directed against tumours of epithelial cells, more preferably the vaccmatlon
is directed against breast cancer or non-small celf lung cancer.

The nucleic acid vaccine constructs and vaccine compositions including
them may be administered in a variety of manners for example via the oral,
nasal, pulmonary, intramuscular, subcutaneous or intradermal routes. They
may be administered to an individual as an injectable composition, for
example as a sterile aqueous dispersion, preferably isofonic. One
particularly preferred technique invoives particle bombardment (which is also
known as 'gene gun' technology and is described in US Patent No.
5371015). Here inert particles (such as gold beads) are coated with a
nucleic acid, and are accelerated at speeds sufficient to enable them to
penetrate a surface of a recipient {e.g. skin), for example by means of
discharge under high pressure from a projecting device. (Particles coated
with nucleic acid vaccine constructs of the invention are within the scope of
the present invention, as are devioesfloaded with such particies.) Other

-methods of administering the nucleic acid vaccine constructs or

compositions containing said constructs directly to .a recipient include

ultrasound, electrical stimulation, electroporation and microseeding which is
described in US-5,697,801.

F&R@mt\ﬁ&mw& b,ceihsfpnnfpp azsrrsoﬁnfg therapyy Brefemblyithgéns 1 to



28 Arlh 2004 30 seqUENCE LI STING <110> d axo G oup Limted Ellis, Jonathan

H G ONG JanbS S <120> | nprovanent~ in Nucl ei c Aci d 3@agrlaboogd <130>
PG3886 <14D> PCT/ &B0D/ 04906. <141>..2000-12-20 <150> & 35%%359 6 <151> -

| 999- 12- 22 uso> sD <170> patentTn version 3.0 <210> 1 <2l1> 20 <212> pRT
<213> Hono Sapiens <400> 1 Pro Ala Hs Gy Val Thr Ser Ala Pro Asp Thr Arg
Pro Ala Pro Ay 1 5 10 1~ Ser Thr Ala Pro 20 <210> 2 <2l 1> 20 <212> PRT
<223> Artificial <220> <223> Mut51 <4H@> 2 Pro Ala Hs Gy Val Val Ala Ala
Pro Asp Ile Arg Prc Ala Pro Gy 1 510 1S 28 April. 2004

A nucleic acid vaccine construct of the present invention may also be
administered by means of specialised delivery vectors useful in gene
therapy. Gene therapy approaches are discussed for example by Verme ef
al, Nature 1997, 389:239-242. Both viral and non-viral systems can be used.
Viral based systems include retroviral, lentiviral, adenoviral, adeno-
associated viral, hetpes viral and vaccinia-viral based systems. Non-viral
based systems include direct administration of nucleic acids and liposome-
based systems. For example, the vectors may be encapsulated by
liposomes or within polylactide co-glycolide (PLG) parﬁgles.

A nucleic acid vaccine construct of the present invention may also be
administered by means of transformed cells. Such cells include cells
harvested from a subject. The nucleic acid vaccine construct can be
introduced into such cells in vitro and the transformed cells can later be
returmed to the subject. The nucleic acid vaccine construct of the invention
‘may integrate into nucleic acid already present in a cell by homologous
recombination events. A transformed cell may, if desired, be grown up in
vitro and one or more of the resuitant cells may be used in the present
invention. Cells can be provided at an appropriate site in a patient by known
surgical or microsurgical techniques (e.g. grafting, micro-injection, etc.)

The amount of nucleic acid vaccine constructs or composition containing
them which is delivered will vary significantly, depending upon the species
and weight of marmmmal being immunised, the nature of the disease state
being treated/protected against, the vaccination protocol adopted (i.e. single
administration versus repeated doses), the route of administration and the
potency and dose of the adjuvant compound chosen. Based upon these
variables, a medical or vetérinary practitioner will readily be able to determine
the appropriate dosage level but it may be, for example, 0.5-5ug/kg of the
nucleic acid vaccine constructs or composition containing them. In particular,
the dose will vary depending on the route of administration. For example,



31 Ala Val Ala Pro 20 <21 0> 3 <2| 1> 6D <212> Dt 3R <213> Artificial <220>

<223> Mut 51 <400> 3 ccggcgeatg gtgtcgtagc tgccccagaggi. @y caccgggtgc
ggttgcccct <210> 4 <211> 20 <212> PRT <213> Artificral <§g()>'<223>. Mut SV

<400> 4 Pro Ala H5 @y Vval Vval Ala Ala Pro Asp Val Arg Pro Ala Pro Gy 1 5
1D 15 Ala Val Ala Pro 20 <210> 5 <211> 60 <212> DNA <213> Artificial <220>
<223> Mut SV 60 <400> 5 ccggcgeatg gtgtcgtagc tgecccagac

gt gcggcecgcaoegggt ge ggttgccect 60 28 April 2004 32 <21D> 6 <211> a0
<212> PRT <213> Artificial <2z0> <22% Synthetic peptide <4p0> 6

when using intradermal administration on gold beads, the total
dosage will preferably between 1ug — 10ng, particularly preferably, the total
dosage will be between 10ug and 1ng. When the nucleic acid vaccine
construct is administered directly, the total dosage is generally higher, for
example between 50ug and 1 or more milligram. The above dosages are
exemplary of the average case. There can, of course, be individual
instances where higher or lower dosage ranges are merited, and such are
within the scope of this invention.

It is possible for the nucleic acid vaccine construct comprising the
polynucleotide sequence encoding the antigenic peptide or the composition
comprising the nucleic acid vaccine construct, to be adMinistered on a once
off basis or to be administered repeatedly, for example, between 1 and 7
times, preferably between 1 and 4 times, at intervals between about 1-day
and about 18 months, preferably one month. This may be optionally followed
by dosing at regular intervals of between 1 and 12 months for a period up to
the remainder of the patients life. Once again, however, this treatment
regime will be significantly varied depending upon the size and species of
animal concemed, the amount of nuclkeic acid vaccine construct or
composition administered, the route of administration, the potency and dose
of any adjuvant compounds used and other factors which would be apparent
1o a skilled veterinary or medical practitioner.

The present invention will now be described, by way of example, in the
foliowing experimental section. -

. Examples

Throughout the following examples of the invention, use is made of various
widely known and practised techniques in molecular and celiular biolegy.
Practical details of these may be found in a number of textbooks including
Sambrook et al, 1989, Molecular Cloning, Cold Spring Harbor Press.



Pro Ala Hs Ay Vvdl Thr Ser Ala Pro Asp Thr Arg PrO Ala Pro Ay 1 5 10 15
Ser Thr Ala Pro Pro Ala Hs Gy Val Thr Ser Al a Pro 28apfily 2009 2D 25 30
Pro Ala Pro Gly ser Thr Ala Pro:35 40 <210> 7 <211>40 <212> PRT <213>
Artificial <220> <223> Synthtic peptide <40D> 7 Pro A.la Hs dy Val Val
Ala Ala Pro Asp Thr Arg Pro Ala Pro Gy 1 5 10 15 Ala Val Ala Pro Pro Ala
Hs Ay Val Val Rra Ala Pro Asp Thr Arg 20 25 30 Pro Ala Pro Ay Ala Val
Ala 3ro 35 40 <2lo> 8 <all> ao <z12> Ryix <213> Artificial <220> <223>
Synt heti c tjde 8 Agril, .2004 33 <400> ,Ala Ha @y Val Vval Al a
Ala Pro As&?'ipbeﬂ?%"g’ﬁ?’&l‘%s H‘%’rtﬁlﬁ 1 5%1%"&@"-\&%@5‘@&"%0 Al's 8is
Ay Vai Valkchemedlzovan in Rigurdifa Arg 20 25 30 Pro Ala Pro Gy Ala Val Al a
Pro 35 40 <210> 9 c211> 40 <21 2> PRT <21 3> Artificial <220> <Z23> Synthetic

peptide <400> 9 Pro Ala Hi s 'GJ'/ Val Val Ala Ala Pro Asp Ile Arg Pro Ala Pro
Gy 15 10 mple 1. Antibody binding capacity of variants of MUC1 lacking O-linked

glycosylation sites.

Synthetic peptides were designed containing mutations at the glycosylation
sites. Particular attention was focused on substitutions at the threonine
residue in this sequence (T11). Table 1 below indicates the peptides that
were designed and their mutated glycosylation sites. Peptides containing
two identical copies of the designed VNTR were synthegised at Genemed
Synthesis Inc (San Francisco, CA). These peptides were then screened for
their ability to bind to a number of anti-MUC1 monoclional antibodies in an
ELISA.



Ala Val Ala Pro Pra Ala Hs Ay Val Val Ala Rla Pro Asp Tle Arg 20 25 30
Pro Ala Pro Ay Ala Val Ala Pro 35 40 <210> 10 <211239%!ﬁgjg’1y043AT <213>
Artificial <220> <223> Synthetic. peptide <400> 10 Pro a Ha Gly Val Vval
Ala Ala Pro Asp Asn Arg Pro Ala Pro Gly 1 5 10 15 Ala Val Ala Pro Pro Al a
Hs Gy Val Val Ala Ala Pro Asp Asn Arg 20 25 3D 28 April. 2004 34 Pro
Ala Pro Ay Ala Val Ala Pro 35 40 <210> 11 <2l 1> 40 <212> PR2 <213>
Artificial <2Z0> <223> Syathetie gepj4 de <400> 11 pto Ala Hs Ay Val
Val - Ala Ala Pro Asp Pro Arg Pro Ala Pro dy 1 5 10 15 Ala val Ala Pro Pro
Ala Hs Ay Val vat Ala Ala Pro Asp Pro Arg 20 25 30 Pro Ala Prody Ala Yal
Ala Pro 35 40 c210> 12 <211> 40 <ZIablePRT <213> Artificial <220> <229>

Synthetic peptide <400> 12 Pro Ala His Gy Vai Val Ala Ala Pro Asp Val Arg
E;g ﬁﬁﬁeg’g?e E’rlg %%é%té@ré#s Ala Val Ala Pro Pro (Al a s, G Elygglsyl\a/%né{tgs a

WT Ac- (PAHGVTSAPDTRPAPGSTAP) ,-NH, None

Mut4 Ac- (PAHGVVAAPDTRPAPGAVAP) ,~NH, 16, S7, 817, T18

MutSA Ac- (PAHGVVAAPDARPAPGAVAP) ,-NH, 16, S7, T11, 817, T18

Muts| Ac- (PAHGVVAAPDIRPAPGAVAP) ,-NH, 16, 57, T11, S17, T18

MutSN Ac- (PAHGVVAAPDNRPAPGAVAP) ,-NH, 16,87, T11, 817, T18

MutbP Ac~ (PAHGVVAAPDPRPAPGAVAP) ,~NH, 16, S7, T11, S17, T18

MutsV Ac- (PAHGVVAAPDVRPAPGAVAP) ,-NH, 16, S7, T11, 5§17, T18

MutsW Ac— (PAHGVVAAPDWRPAPGAVAP) ,-NH, 16,57, T11, S17, T18

Peptides were prepared as aqueous solutions in 50 mM sodium bicarbonate
buffer pH9.6 and coated onto Nunc Maxisorp plates at 4°C overnight ata
range of concentrations between 50 pg/ml and 25 ng/ml. After extensive
washing with TBS-Tween (Tris-buffered saline, pH7.4 containing 0.05%
Tween20), the plates were blocked with blocking solution (3% wiv bovine
serum albumin in TBS-Tween) for 2 hours at room temperature, Anti-MUC1
antibodies HMFG1 (Novocastra, Newcastle, UK), HMFG2 (Novocastra), SM3
(Girling et al, 1989, Int J Cancer 43:1072-1076) and ATR (Bynum et al,
1995, Hybridoma 14:587-591) were diluted in blocking solution, added to the
plate and incubated at room temperature for one hour. After washing, bound
antibody was labelled by incubation with HRP-conjugated anti-mouse IgG
(P260, Dako, Denmark) at 1/2000 dilution in blocking buffer. The plate was
washed again and bound conjugate detected using Fast OPD colour
reagents (Sigma, Poole, UK). The reaction was stopped by the addition of
3M sulphuric acid, and the OPD product quantitated by measuring the
absorbance at 490 nm.

The results of this experiment are shown in Table 2. The ELISA signal for
each antibody and peptide combination is ranked according to a
semiquantitative scale, where +++ indicates strong binding, ++ indicates fair
binding, + indicates weak binding, and - indicates no significant binding.




Pro Ala Pro Ay Al a Vval

<212> PRT <213> Artificial <220> <223> Synthetic pe%’ ﬂﬁﬁfz@&&;
Ala Als Pzo AspTrp Arg Pro Ala Pro

Hs dy Val Val

Val Ala Pro Pro Ala Hia 61y Val Val
Ala Pro Gly Al a Vai

Artificial

Ala Pro 35 40

28 Anril

2004 35 c210>

Ala Ala Pro Aap Trp Arg 20 25 .
Ala Pro 35 40~ <210> 14 <211> 43 <212> DNA <213>
<22A> <223> Prinmer <400> 14 atcctacgga ccgtacagtt actcagcaca

cacagcacct cac 43 <210> 15 <Z11> 43 <2|bz> DNA <213> Artificial
Primer <400> 15 ccgctcgagc gccggcgat c 't ggacct gg gagtggacac ctg 43 28

13 <21 1> 40
13 Pro Al a

10 15 Ala .
30 Pro

<220> <273>

Ayril, 2004 36
Table 2

Peptide | Antibody SM3 | Antibody HMFG1 | Antibody HMFG2 | Antibody ATR1
“WT +++ +++ +++ +++
Mutd ++H+ ++ 4+ 4+
MutSA - ++ - +++
Mutbl +++ ++ 44 -+
MutSN - - - -+

l Mut5P - + - +

| Mutsv +++ - ++B At

MutsSw - - - ++

These data demonstrate that it is possible to alter alf the O-linked
glycosylation sites in the MUC1 VNTR monomer, in such a way as to prevent
glycosylation, without perturbing the overall structure of the antigen, as
evidenced by maintenance of binding of a number of anti-MUC1 antibodies.
An especially surprising and useful finding is that the Mut51 and MutsV
versions of the VNTR maintain binding for the SM3 antibody. When used in
immunohistochemical studies of clinical samples, SM3 shows strong
selective staining for MUC1 expressed on tumour cells as opposed to MUC1
expressed on surrounding normal tissue (Girling et al, 1989). These findings
clearly show that it is possible to derive variants of the VNTR which adopt a
conformation similar to epitopes formed by the tumour form of MUC1 - a
highly desirable property for a vaccine immunogen.

Example 2: An antibody binding curve for the mutant polypeptides.

The polypeptides described in table 1 above were again used in this
experiment. The methodology was essentially similar to Example 1 except that
peptides were coated onto an ELISA plate at a fixed concentration of 3 ug/ml,
and different concentrations of antibody SM3 were applied. The results are
shown in Figure 4. Mut5P, Mut5A and MutSN show antibody binding pattems
essentially the same as those shown for MutSW.



<400> 19 gtagagctcg agctaacatt gagattcccg agattgagat cttctgc <210> 20 <211>

24 <212> DNA <213> Artificial <220> <223> Priner <4GH agei109064cgcyt
.tcecgasagtt tctg <210> 21 t211> 24 <212> DNR <213> Artificral <220> <223>

Primer <400> 21 ccgtgaggac aacaacatca ctct <210> 22 <211> 24 c212> DNA
<213> Artificial <220> <223> prinmer 47 24 24 <400> 22 ctactaccga cgtctgtaca
acgg 24 37 <210> 23 <211> 2A <212> DNA <213>- Artificial <220> <223>

Pri mer 20

The data shown in figure 4 notonly confirms that shown above, but
iliustrates that the mutation of Thr-11 to lle and Val in Mut 5l and Mut5V does
little to reduce the affinity of antibody SM3 for the peptide, indicating that non-

glycosylatable mutants may indeed be very close mimics of the native
sequence.

Example 3: Nucleic Acid Vaccination with MUC1 mutants.
Plasmid Preparation.

Table 3: Primers used

Name Sequence §-3'

SSF ATCCTACGGACCGTACAGTTACTCAGCACACACAGCACCTCAC

SSR CCGCTCGAGCGCCGGCGATCTTGGACCTGGGAGTGGACACCTG

FrCF ATCCTACGCCGGCGGGACCCGGACCTATGAAAAACTTAGACTGTT

__GGGTCGACAACGRAGAAGAC -

FrCR GGGCTCGAGTTAGTCGTTGGTCCARCCTTCATCGGTCGG

HBV1F GATGTGGTCGACGACATTGACCCTTATARAGAATTTGGAGC

HBV1R GTAGAGCTCGAGCTAACATTGAGATTCCCGAGATTGAGATCTTCT
GC

FrCs1 GGCTGCGCGTTCCGAAAGTTTCTG

Frcs2 CCGTGAGGACAACAACATCACTCT

FrCS3 CTACTACCGACGTCTGTACAACGG

FrCS4 GTTTCTTCATAGAGCTGATGATGG

FrCS5 GAAGATACGGAACTTGTCGATGG

FrCS6 GTAAGAAACGTACAGTTTGATGAAG

MUT4F GATTGTGCTAGCCCAGCCCACGGAGTTGTTGCTGCC

MUT4R1 TCGCGTATCTGGCGCTGCGACGACACCATGTGCTGGAGGGGCCAC
TGCTCC |

MUT4R2 GATTGTGCTAGCAGGTGCTACGGCGCCGGGAGCCGGTCGCGTATC
TGGCGCTGC -




- DNA <Z13>
<400> 23 gtttcttcat agagctgatg atgg <210> 24 <211> 23 e212>
¥ <220> e223> Primez <400> 24 gaagat aegg aggtAﬂ}pgmmgg <21 0> 25
<211> 25 <212> DNA <21 3> Artificial <2Z0> <223> Primer <400> gt aagaaacg .
tacagtttga tgaag <21d> 26 <2l 1> 36 <212> DNA c213> Artificial <220>

Artificial

Primer <400> 26 gattgtgcta gcccagccca cgyagttgtt gctgcc 28 April,

23 25 36

<223>

2004 24

28 ril. 2004

Al 21
MUTSNF GATTGTGCTAGCCCGGCGCATGGTGTCGTC
MUTSNR GATTGTGCTAGCAGGGGCCACTGCTCC

Construction of pVAC1stc ptasmid

The plasmid pVAC1 (Thomsen et al, Immunology 95:51, OP106, 1998) is a
eukaryotic expression vector optimised for DNA vaccination. It contains a
CMV promoter operably linked to a multiple cloning site into which inserts
encoding antigens may be placed. An insert containing a Kozak tfranslation
initiation signal, mammalian secretion signal and cloning sites was prepared
by PCR using as template the plasmid PMNM1 (Ellis et al, J. Immunology
156: 2700-2709, 1996) and as primers SSF and SSR (Table 3). The PCR
fragment was cleaved with Rsr Il and Xhol to create a 120 bp insert which
was cloned into the Rsr Hl and Xho I sites of pVAC1 to generate the plasmid
pVac-1ss2. The DNA sequence was confirmed using the PCR amplification
primers as sequencing primers. The second step was the introduction of an
in frame' Tetanus toxin fragment C, (FrC), gene fused at the SgrA | site
encoded by primer SSR, allowing for the addition of antigenic epitopes ‘in
frame’ at this site. This was achieved by PCR ampilification of the FrC gene
from the plasmid plC9Tet15, (Ciare et al, Methods in Molecular Biology
103: 193-208, 1998) usmg primers tagged with DNA encoding for a peptide
hinge and restriction enzyme sites for SgrA | and Xho!l (FrCF and FrCR
respectively). The 1.3kb SgrA | / Xho | cleaved PCR fragment was cloned
into the SgrA | and Xho | sites of pVac-1ss2 to generate the plasmid pVac-
1stc. The DNA sequence was confirmed by fluorescent sequencing using the
PCR amplification primers and the internal FrC derived sequences FrCS1 to
FrCS6 (Table 3). The DNA sequence and amino acid sequence at the N
terminus of the FrC fusuon proteln show:ng the epitope fusion sites is shown
in figure 8.

Construction of pVAC1ss2 MUC-1 2TR Fragment C plasmids

Sets of synthetic oligonucleotides were designhed that upon arinealing' and
subsequent cloning into the piasmid pVac-1stc would enable encoding a
tandem arrays of five copies of the MUC1 VNTR epitope



38 <21o0> 27 <211> sl <212> DNA <213> Artificial <220> <27Z3> Prinmer <400> 27

tegcgtatct ggcgctgcga cgacaccatg tgetggaggg gccact geigal +if2008428 <211> 54
<21 2> DNA <213> Artificial <220> <223> Priner <400>778 giatfgf gcta

goaggt gct a cggcgccggg agccggtcge gtatctggeg ctge <21 0> 29 <211> 30 <212>
DNA <213> Artificial <220> <22~> prinmer <90D> 29 gattgtgeta gcecggcgca
tggt9tcgtc 51 s4 30 28 April. 2004 39 <210> 30 <211> 27 <212> DNA <213>
artificial <220> <223> Pri nmer :

22
(PAHGVTSAPDTRPAPGSTAP). Two variants were designed: both were
mutant versions in which four or five of the threonine and serine residues
subject to glycosylation in each copy of the epitope had been replaced by
non-modifiable amino acids: PAHGVVAAPDTRPAPGAVAP, four mutations,
(MUT4) and PAHGVVAAPDNRPAPGAVAP, five mutations, (MUT5N). In all
cases, the MUC1 sequences were to be expressed as a part of a secreted Fr
C fusion protein. The oligonucleotides are listed in figures 9 and 10 (sites for
the restriction enzymes SgrA 1 and Sal1 are underlined, lower case letters
indicate mutations away from the wild-type sequence). The strategy used,
(after treatment with T4 polynucleotide kinase to phosphorylate the 5' ends of
the oligonucleotides), to produce the tandem repeats is shown in Figure 5.
The strategy was used to generate a plasmid containin® two tandem atrays
of the Muc-1 MUT5N VNTR fused ‘in frame’' to FrC, (pVAC-1stcMUC-
1MUTSN), formed by homologous recombination and deletion from the five
repeat sequence. To generate a similar plasmid containing the MUT4
VNTRs, a modification of the strategy described in Figure 5 was employed in
that after the ligation stage the oligonucleotides were subject to PCR
amplification. The primers used were the DNA sequences italicised in
Figures 9 and 10, and PCR conditions were 25 cycles of 94°C for 45
seconds, 69-75°C for 45 seconds and 72°C for 1 minute. The PCR reactions
were then processed as in Figure 5, but only the largest clean product,
(generally around 150-200bp in size), was gel purified and cloned. Using this
approach a plasmid containing one and a half repeats of the Muc-1 MUT4,
(PVAC-1stcMUC-1MUT4), VNTR fused ‘in frame' to FrC, was generated,

formed. by PCR-mediated strand jumping and deletion from the five repeat
sequence.

An alternative way to generate the sequences described would be direct
synthesis of oligonucleotides containing less copies of the VNTR repeats
with a similar digestion and cloning strategy to that described above.-

Construction of pVAC1ss2 HepB Core plasmid



<4D0> 30 gattgtgcta 9caggggcea ctgctcc <21D> 31 <2|1 1> B6 <212> DNA <2| 3>
Artificial <220> <223> A igonucl eotide 27 <400> 31 L ApAEISG0gICIcat ggt

gt cgt cgccg cceccggacac eaggccggcec ocgggcgetg 60 ttgeccccccc cgctcacgga gttgtg:
~ 86 <210> 32 <211> 92 c212> DNA <213> Artificial <220> <223>

A i gonucl eoti de <900> 32 agoggccaca actcegtgag eggggggggc aacagcgccc
ggggccggec tggtgtecgg 60 ggcggcgacg acaccatgcg ccggcgtagg at 92 2S

April, 2004 40 <210> 33 <211> 144 <2125l)#\<213> Artificial <220> <223>

Sazﬁ’fSESLS"E'a%i%?é&?@ AR SRR o ik ke Tor JBBYE CSE. Hliggnoanblv
ccccagccca € gwith a2onique Nhel s:te in the E1 loop region (Chambers et al, J.
) Virol 70:4045-4052, 1996). This cloning site allows insertion of a small
fragment of DNA encoding a key epitope from a foreign protein. The E1 loop
of the protein is exposed on the surface of expressed core antigen. The
engineered HBV core insert was ampilified by PCR using primers HBV1F and
HBV1R (Table 3), and cloned into pCR2.1 (Invitrogen) by the TA-overhang

method to create pCR2.1-HepBE1. The construct was sequenced before
use.

PCR was then used to amplify fragments encoding two tandem repeats of
the MUC1 VNTR monomer from the pVAC-1stcMUE-1MUT4 and pVAC-
1steMUC-1MUTSN plasmids. The two tandem repeat MUTSN insert was
prepared by PCR using pVAC-1stcMUC-1MUTSN as template and primers
MUTSNF and MUTSNR (Table 3).

The plasmid pVAC-1stcMUC-1MUT4 only contained one complete tandem
repeat of the MUC1 VNTR monomer. This plasmid was used as the template
in a two stage PCR using a common forward primer (MUT4F) and two
different reverse primers. In the first reaction, the reverse primer (MUT4R1)
adds part of the additional sequence required to generate a second compiete
repeat of the MUT4 version of the MUC1 sequence. (ie: half a tandem
repeat) to the existing tandem repeat. The resultant PCR product was then
used as a template for a second round PCR using a second reverse primer
(MUT4R2) to add on the residues required to oomplete the repeat together
with the required Nhel cloning site.

The MUT4 or MUT5 PCR products were digested with Nhel and -cioned into
vector pCR2.1 HepBE1 cut with Nhel. Resultant clones were orientated and
- sequence verified by fluorescent dideoxy sequencing. The full HepB core +
MUC-1 TR cassette region was then excised using Sall and Xhol and cloned
into pVAC1ss2 cut with Xhol Final constructs were all verified by full
sequence analysis, creating pVAC1.ss2.MUT4.MUC1.HepB (encodes two
copies of the MUT4 variant of the MUC1 VNTR monomer in the E1 loop of



gcegogccgg acacgegccc cgcc 144 <210> 34 <211> 132 <212> DNA <213>

Artificial <220> <223> digonuel eoti de <a00> 34 gcgycgg AsAl, g004cggcta
ctaecccat g ggctgggggc gccaccgege. et ggcgecgg 60 aegtgtgica ggigétgcaa

ceacgccgtg tgcaggtgga gcgacagctc cgggtgcagg |20 tcgagtatcg gg 132 <210> 35
<2l 1> 14S <212> DNA <213> Artificial <220> <223> digonucl eoti de <400> 35
ccgggagccg tegcccccecc agcccacgga gttgttgetg ccccegacac ccggcecccgeca 60
ecgggagcag tggcecetco tgcaggaeec ggacgf atga aaaacttaga ctgttgggtc 120
gaogt oggcc, at agcggccg cggaa 145 28 Avril, 2004 41 <21.0> 36 <211> 151
<212> DNA HBY3> ¢eneri ciproteipyio> and> O i goWAG b832. MUTANMUES .IdepBgcggcc

gct at g?ccgmeaéﬁmwé%r gs?mmgggtéa@g%;gg% wggiwfgg{ mgg
ggccactgct,,c c .

ggcgacggcth(cig‘g&g’cggHg%%&'%JgP&J‘qg? <211> 86 <2l 2> DNA <213> Artificial
<220> <223> digonuel eoti de <400> 37 atcctacgcc ggcgcatggt gtcgtcgccg

ccccggacaa .t aggccggcc ccgggcgetg 60 ttgeeeccce cgcteacgga gttgtg <210> 38
<211> 92 &&lé&gmnanqmwl mutartgliMUm constructs

Plasmid DNA was precipitated onto 2 pm diameter gold beads using calcium
chloride and spermidine. Loaded beads were coated onto Tefzel fubing as
described (Eisenbraum et al, DNA Cell Biology 12:791-797, 1993; Pertmer et
al, J. Virol 70:6119-6125, 1996). Particle bombardment was performed using
the Accell gene delivery system (PCT WO 95/19799). For each plasmid, five
female C56BIS mice were immunised with' 3 administsations of plasmid on
days 0, 21 and 42. Each administration consisted of two bombardments with
DNA/gold, providing a total dose of approximately 2.5 ug of plasmid.

Serum samples were obtained from the animals by venepuncture on days —
1, 20, 41 and 55, and assayed for the presence of anti-MUC1 antibodies.
ELISA was performed using Nunc Maxisorp plates coated ovemight at 4°C
with 3 pg/ml of wt MUC1 sequence (40 mer comresponding to 2 tandem
repeat). After washing with TBS-Tween (Tris-buffered saline, pH 7.4
containing 0.05 % of Tween 20) the plates were blocked with 3 % BSA in
- TBS-Tween buffer for 2 h at room temperature. All sera were incubated at
1:100 dilution for 1 h at RT in TBS-Tween buffer. Antibody binding was
.detected using HRP-conjugated rabbit anti-mouse immunoglobulins (Dako,
Denmark) at 1:2000 dilution in TBS-Tween buffer. Plates were washed again
and bound conjugate detected using Fast OPD colour reagents (Sigma,
Poole, UK). The reaction was stopped by the addition of 3M sulphuric acid,
and the OPD product quantitated by measuring the absorbance at 490 nm.

The results of this analysis are shown in Figure 6. They demonstrate that
glycosylation mutant sequences of the present invention may be used as

vaccines to elicit immune responses capable of recognising the wild-type
MUC1 sequence.



<220> <223> oligonucl aoti de 86 <400> 38 agcggccaca aetetgtgag cggggggggc
aacagcgecc ggggccggee tattgtccgg 60 ggcggcgacg scaccafGaHE 2o@aot agg at -

92 © 28 April, 2004 42 <21o> 39 <211> |44 <212> DNA <7135 Atificial <220>
<223> digonucl eoti de <400> 39 gecgctcccg ataat cgacc tgcacccgga gctgtcgcetc
cacctgcaca cggcgtggtt 60 gcagcacctg acaaccgtcc ggcgccaggc gcggtggcgce
ccccagccca cggggtagta 120 gccgcgecgg acaatcgeccc cgcc 144 <210> 40 <211> 132
<212> DNA <213> Artificial c220> <223>%J) i gonucl eoti de <400> dO gcgattgtce
ggcgcggct a accecatg gaget 0ggaqs gcgaccqce ¢l ggcgcc 60 acqgttgtca

ggt gct gcaa aé’é@%‘étﬁ’t%@ﬁ%?‘g &egcg‘éga%éﬁﬁ’ogﬁégﬁgeﬁ% by ghe a\’@?’ﬁ'ﬂ"@@ g9

| 32 <2| 0> 4aregapable4s reCdgnisibyAurils xells | sdmplieslof antisera<f#ddirthese mice

Ad f gonucl eot, G839 o tgtt.gc
ececegacaa E“}ceggeuc?égc)@ lébe Eggggagﬁ'g°[‘§§§@i‘ﬁ%@ﬁﬁ@iﬁ%@%@‘@ggﬁg@@?@%

‘aaaacttaga Sowteylo@etry120 gaegteggec atageggccg cggaa . 145

Cells (T67-D, MCF-7, B16F0 and B16FOMUC1;1x10% were washed in PBS
buffer supplemented with 5% FCS and incubated for at 4°C for 15 min with
mouse sera at 1:100 dilution. After washing, cells were incubated with the
second antibody (Sheep anti-mouse IgG, Dako, Denmark, at 1:10 dilution)
under the same conditions. Control cells were incubated with FACS buffer
instead of the first step antibody prior to staining with the second step
reagent. FACS analysis was performed using a FACS@an {Becton Dikinson).
One thousand cells per sample were simultaneously measured for FSC
(forward angle light scatter) as SSC (integreated light scatter) as well as
green (FL1) and red (FL3) fluorescences (expressed as logarithm of the
integrated fluorescence light). Recordings were made only in propidium
iodide-negative (viable) cells of the red fluorescence, excluding aggregates
whose FCS were out of range. Data were expressed as histograms plotted
as number of cells (Y-axis) versus fluorescence intensity (X-axis) for the
different types of mouse sera bound to the surface of the tumour cells.

The results can be seen in figure 7. This figure shows that serum from mice
immunised with the glycosylation mutant MUC1 constructs does indeed
contain anti-MUC1 IgG capable of binding to both human and murine tumour
cells expressing native cell-surface MUC1. T47D is the human tumour breast
cell line. B16F0 is a parental B16 cell line, and these cells facking MUC1

expression are not labelled. B16-muct (B16F0 tfransfected with Muc1)
however, are labelled.

Key to Figure 7:
Sec only = second antibody only control to give background fluorescence
levels.

Non imm = controi sera from unimmunised animals



28 Avril, 2004 43 <2i0> 42 <211> 151 <212> DNA <213> Artificial <220> <223>
A i gonucl eotide <400> 42 ttccgcggec (ctatggecg acgt e@Lpfil @004t Ct aa

-gtttttcata ggtecgggtc 60 ctgcaggagg ggccaotgct cccggigcgg geccgattgtce

gggggcagca acaactccgt |20 gggct ggggg ggcgacgget cccggggegg g <210> 43 <211>
20 <212> PRT <213> Artificial <220> <223> Mut4 <400> 43 Pro Ala His Oly
Val Val Ala Ala Pro A5p Thr Arg Pro Ala Pro Ay 1 5 10 15 Ala Val Ala Pro
20 <21 0> 44 <21 a 20 <212> PRT <213>g6rti ficial <220> <223> Miut SN <400> 44
151 Pro Ala Hs Ay Val Vval Ala Al a o asp asn Arg Pro Ala Pro Ay 1 5 1D
~ 15 28h |conb0F4 control sera from animals inmmunised with empty vector

(no MUC1 DNA)

hepB2TR mutd & hepB2TR mut5 are sera from animals immunised with
these mutant MUC1 DNA's.

These data confirm the utility of these variant VNTR sequences in nhucleic
acid vaccination.



44 Ala Val Ala Fro 20 c210> 45 <211> 179 <212> DNA <213> Artificial <220>
- <223> Plasm d <220> <221> CDS <222> (42)..(1s8) <40Gsm Agrﬂtmggac
cgtacagtta ctcagcacac agcacctcac ¢ atg gga tgg agc fq y Trp SeY .
Cys | 5 atc atc ctc ttc ttg gta gca aca get aca ggt gtc cac tcc cag gtc 104
Tle Ile Leu Phs Leu Val Ala Thr Ala Thr Ay Val Hs Ser Gn Val 10 15 20
caa aga tcg ecg gcg gga ccc gga cct atg aaa aac tta gac tgt tgg 152 An Arg
Ser Pro Ala_Cly Pro Gly Pro Met Lys AZd Leu Asp Cys Trp 25 30 35 gtc gac
aacgaagaag Gl@inal Asp <21 0> 46 <21l > 39 <2l 2> PRT <213> Artificial <400> 46
Mt Gly Trp Ser Cys lie Ile Leu Phe Leu Val Ala Thr Ala Thr Ay 1 s io xs
170 vat H é meeleisacid vacahe cangtrget compriging @ igolBted ilynpcieotitie which 20 25

30 45 Asgnbsdedaibdhpeptide dbthprisiRg 3 least five consecutive amino acid
residues from the VNTR monomer of Muct wherein one or more of said
amino acids is a glycosylation site, characterised in that when said isotated
polynucleotide is expressed in a mammalian cell, glycosylation of the
resulting polypeptide is altered or prevented at at least one of said
glycosylation sites.

2. A nucleic vaccine construct according to claim 1 comprising an isolated

polynucleotide which encodes a polypeptide comprising a fragment of one
VNTR monomer of MUC1 =

3. A nucleic vaccine construct according to claim 1 comprising an isolated -
-polynucleotide which encodes a polypeptide comprising one copy of the
VNTR monomer of MUC 1.

4. A nucleic acid vaccine construct according to any preceeding claim, further
characterised in that the sequence of said isolated polynucleotide has been
altered to lead to at least one amino acid mutation in the resulting

polypeptide, which mutation results in said alteration or prevention of
glycosylation.

5. Anucleic acid vaccine construct according to claim 5 wherein said mutation is
an amino acid substitution.

6. A nucleic acid vaccine construct according to any preceeding claim, further

characterised in that the encoded polypeptide, when expressed can bind the
antibodies SM3, ATR1, HMFG2 or HMFG1. : :

7. A nucleic acid vaccine construct according to any preceeding claim further
characterised in that the encoded polypeptide, when expressed, has had
glycosylation prevented or altered on at least 60% of the glycosylation sites
present in the encoded polypeptide.



<210> 47 <211> 18 <2l 2> DNR <213> Artificial <220> <223> Vacci ne construct
<220> ' c221> misc_feature <22Z> 3, 6, 12, 15, 18 <3a#3xn#1B0odse the
‘nucleotide a, g, ¢ or t/u <400> 4? gcnhecngayg tncgnCEﬁ_ngb$_18 <211> 18
<212> RNA <21 3> Artificial <220> <2Z3> Vaectne construct <220> <221>

m sc_feature <227> 3, 6, 12, 15, 18 <223> n may be the nucleotide a, g, ¢c
or t/u <400> 48 gcnccngayg uncgnccn <2l 0> 49 <211> 18 <212> ONA
<213>Artificial 28 April, 2004 is 1§ 46 <z20> <223> Vacci ne construct
<2z0> <221> m sc_feature <222> 3, 6, ?5, 18 <223> n may be the nucleotide
a, g, ¢ or t/u <400> 49 gcnccngaya thcgncca <210> SO <2i 1> 18 ¢212> RNA

<Z13> B tAfnueleit acid vaccine construct according to 7 wherein the encoded

polypeptide, when expressed, has had glycosylation prevented or altered on
at least 80% of the glycosylation sites present.

9. A nucleic acid vaccine construct according to claim 8 wherein the encoded

polypeptide, when expressed, has had glycosylation prevented or altered on
all of the glycosylation sites present.

10.A nucleic acid vaccine construct according to any of claims 7 to 9 wherein the
encoded polypeptide, when expressed, has had at least one Threonine or

Serine substituted with Valine, Isoleucine, alanine, aspafagine, pheylalanine
or tryptophan.

11.A nucleic acid vaccine construct comprising the sequence
GC# CC# GA* GT/U# CG# CC#

wherein # may be the nucleotide A, G, C or T/U,
* may be the nucleotide T/U or C.

12. A nucleic acid vaccine construct according to claim 11 which comprises the
sequence shown in figure 3.

13. A nucleic acid vaccine construct comprising the sequence
GC# CC# GA* ATU@ CG#t CC#

wherein # may be the nucleotide A, G, C or T/U
* may be the nucleotide T/U or C
@ may be the nucleotide T/U, Aor C

14.A nucleic acid vaccine construct according to claim 13 which compiises the
sequence shown in figure 2.



<220> <223> Vacci ne construct <220> <221> m sc_feature <222> 3, 6, 15, 18
<223> n may be the nucleotide a, g, c or tJu <4D0> % gppgcAEeEya uhcgnccn
28 Ayril, 2004 T 18 18 /N@N@/N =
@& N@ NGy/ N4\ @ Ny/ NP\ / N@ / Nm@/ Ny#D/ Nl z@& NS\ / Nzy/ Nyd\ / Ny-/ N#P\ 1/ N\ G N@ / NB
\/ N@ @ Nz\ 0/ Nyyd/ NPy/ Ny$y/ N#5/ N\ \ d/ NI \ g/ N@\ P/ NO$#t / N@ N #/ N #/ N

@ Ni */ NP#/ N Ny=/ N@ / Nm#/ N4\ / N@ N#P\/ N\/ NP\ / N#! 9]lyz( + 9 fY

sH~xsmhb\ WQU] ca] caU] caU] ca] cal] ca] caUR8a] cal] ca] cal] ca] cal] ca

Ul c”a] caU] ca] ca] ca] caU] ca] caU] ca] ca] ca] c*a] ca] ca U cMaU] ca

Ul craHJ % ~HGa=F$ E l~ytojd_XS]]ca

Ul c”a] C;ﬁ %ﬁl'&q?lea%yegq:@g]c@am ding to any preceeding claim, which

further comprises a polynucleotide encoding a heterologous polypeptide.

16. A nucleic acid vaccine construct according to claim 15 wherein the
heterologous polypeptide is tetanus toxin, hepatitis B virus core protein,
hepatitis B virus surface protein, ovalbumin, glutathione S trasferase, keyhole
limpet haemacyanin, or pigeon cytochrome C.

17.A vaccine composition comprising a nucleic acid vaccine construct according

to any preceeding claim in combination with a pharmaceutically acceptable
carrier. A

18.A nucleic acid vaccine construct according to any of claims 1to 16, ora -

composition according to claim 17 for use in vaccination of a mammal against
tumours.

19.Use of a nucleic acid vaccine construct according to any of claims 1 t0 16, or
a composition according to claim 17 in the manufacture of a medicatment for
use in vaccination of a mammal against tumours.

20.Use according to claim 18 or 19 wherein the construct or composition is
administered using a gene gun.

21.Use according to claim 18, 18 or 20 wherein the tumours are epithelial cell
tumours.

22.Use according to claim 21 wherein the tumours are breast cancer tumours.

23.A method of vaccinating a mammal aginst tumours, comprising administering
to said mammal, a nucleic acid vaccine construct according to any one of
ciaims 1 to 16, or a composition according to claim 17.
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<170> PatentIn version 3.0

<210> 1
<211> 20
| <212> PRT
<213> Homo sapiens

<400> 1}

Pro Ala Ris Gly Val Thr Ser Ala Pro Asp Thr Arg Pro Ala Pro Gly
1 : 5 10 15

Ser Thr Ala Pro
20

<210> 2
<211> 20
<212> PRT
<213> QArtificial

<220>
<223> Mutsi

<400> 2

Pro Ala His Gly val Val Ala Ala Pro Asp Ile Arg

Pra Ala Pro Gly
1 5 io

135
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ﬂ g"g} g:gléﬁ’a] @ﬁﬁ%%aU] CaU]V\xC/?nU]hc"XS cUU] c] caly] ca] ca] cal] cay ca] cal caU] caU] ca

call ca .

Ul cal] cal] ca cal] cal] ca] cal] ca] ca

<220>
<223> Mutsv

<400> 4

Pro Ala His Gly Val Val 2la Ala Pro Asp Val Arg Pro Ala Pro Gly
1 5 : .10 15

Ala val Ala Pro
20

<210> §

<211> 60

<212> ODNA

<213> Artifieisal

<220>
<223> Mutsv

<400> &
ccggegeaty gtgtegtage tgecceagac gtgcggcccg'caccgggtgc ggttgeccect &0



U] c”a] caU] ca] caU] caU] ca] caU] caU] caW - Zx-. 147: @Xqi kr{uoi c] VPi cUUU] ca

ca] ca] cal] ca] cadg April, 2004 N
st 2 S cal 22 S ec el Tl AR, 6w
ol VP o ca WV cald cald cald cal ca Cca Loall A 9lyb@) 10%&' () - |
N UcaUc a Uc”aUca9]y 4
Tova {5 ] ca0be () vaupe () PeibomE (o 6 uove () su2t) ) iog

I 109N =N :&'()-< 10 10 ,
10 22" 103 ()-JC0109%& () -1 &10%: ()-d109%P& ()-9 dY }~?aSL!G
' <210 6 .

<211> 490
<212> PRT
<213> Artificial

<220>
<223> synthetic peptide

<400> 6

Pro Ala His Gly Val Thr Ser Ala Fro Asp Thr Arg Pro Ala Pro Gly
k3 5 10 15

Ser Thr Ala Pre Pro RAla Hig Gly Val Thr Ser Ala Pro Asp Thr Arg

20 25 | 30

Pro Ala Pro Gly Ser Thr Ala Pro
35 . 40

<210> 7

<21i> 40

<212> PRT

<213> Artificial

<220> .
<223> Synthetie peptide

<400> 7

Pro Ala His Gly Val val Ala Ala Pro Asp Thr Arg Pro Ala Pro Gly
b 5 10 1is

Ala Val Ala Pro Pro Ala His Gly val val ala Ala Pro Asp Thr Arg
20 : 25 ' 30

Pro Ala Pro G¢ly Ala Val Als Pro
35 40

<210> 8

<211> 40

<212> FPFRT

<213> Artificial

<220>
<223> Synthetic peptide
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Pro Ala His Gly val val Ala Ala Pro Asp Ala Arg Pro Ala Pro Gly
1 5 10 15

Ala Val Ala Pro Pro Ala His Gly Val Val Ala Ala Pro Asp Ala Arg
20 25 : 30

Pro Ala Pro Gly Ala Val Ala Pro
3s 40

<210> 9

<21ll> 40

<212> PRT

<213> Artifieial

<220>
<223> Synthetic peptide

<400> 9

Pro Ala His Gly Val Val Ala Ala Pro Azp Ile Arg Pro Ala Pro Gly
1 5 10 is

Ala Val Ala Pro Pro Ala His Gly Val Val Ala Ala Pro Asp Ile Arg
20 25 30

Pro Ala Pro Gly Ala val Ala Pro
35 40

<210> 10 )

<21l> 40 -
<212> PRT

<213> Artificial

<220>
<223> synthetic peptide

<400> 10

Pro Ala His Gly val Val Ala aAla Pro AspIAsn Arg Pro Rla Pro Gly
1 5 1a 15

Ala Val Ala Pro Pro Ala His Gly Val val Ala Ala Pro Asp Asn Arg
20 ' 25 ‘ 30
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<211> 40
<212> PRT
«<213> Artifiecial

<220>
<223> sSynthetic peptide

<400> 11

Pro Ala His Gly Val val Ala Ala Pro Asp Pro Arg Pro hla Pro Gly
1 5 10 15

Ala Val Ala Pro Pro Ala His Gly val val Ala Ala Pro Asp Pro Arg
20 25 30

Pro Ala Pro Gly Ala Val Ala Pro
35 40

<210> 12

<211> 40

<212> PRT

<213> Artificial

<220>
<223> Synthetic peptide

<400> 12
Pro Ala His Gly Val Val Ala Ala Pro Asp Val Arg Pro Ala Pro Gly
1 : 5 10 15

Ala val Ala Pro Pro Ala His Gly Val val Ala Ala Pro Asp Val Arg
20 25 ' 30

Pro Ala Pro Gly Ala Val Ala Pro
35 ) 40

10}} 10}}
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<211> 40
<212> PRT
<213> Artificial

<220>
<223> Synthetic peptide

<400> 13

Pro Ala His Gly Val val Ala Ala Pro Asp Trp aArg Pro Ala Pro Gly

1 1 ) ) 10 15

Ala val Ala Pro Pro Ala Hig Gly Val val Ala Ala pro Asp Trp Arg
20 - 28 . 30

Pro Ala Pro Gly Ala Val Ala Pro
' 35 40

<210> 14

<211> 43

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 14
atcetacgga cegtacagtt actcagcaca cacagcacct cac

<210> 15 -
<211> 43 '

<212> DNA

<213> Artifiecial

<220>
<223> Primer

<400> 15
ccgectegage gocggogatco ttggacctgg gagtggacac ctg

i B& : () - & () - #ggYhehj | emaBP/
i Bj %BjB& ()-"! T, C 109MNBNBE& ()- !\ &10%BB , ehj | oaT
10]3\%85 ‘1’55%5&-1?)’.3{ ! 10(%&' ()-!109R& () - | H@109%R& () - H@10%2& () 16(23p@‘10/°T
e ) = 1y 1&10% . & ()-110%& ()-!\P10%V w & ()-w 102

43
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gtagagctcg agetazcatt gagatteeccqg agattgagat cttetgoe 47

<210> 20

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 20
ggctgegegt tecgaaagtt tety 24

<210> 21

<211> 24

<212» DNA

<213> Artiricial

<2205
<223> Primer

<400> 21 ‘ _
ccgtgaggac aacaacateca ctet 24

5

<210> 22

<211> 24

‘<212> DNA

<213> DArtificial

<220>
<223> Primer

<400> 22
Ctactacecga cgtctgtaca acqgy 24
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<210> 213

<211> 24

<212> DNA

<213> Aartificial

<220>
<223> Primer

<400> 23
gtttettcat agagetgatg atgg 24

<210> 24

<211> 23

<212> DNA

<213> Artificial

<220>
<223>» Primer

<400> 24 -
gaagatacgg aacttgtega tgg .23

<210> 25

<21l1> 25

<212> DNa

<213> Artificial.

<220>
<223> Primer

<400> 25§
gtaagaaacg tacagtttga tgaag . 25

<210> 256

<211l> 3¢

<212> DNA

<213> Artificial

<220>"
<223> Primer

<400> 26
gattgtgcta geoccageeca cgyagttgtt geotgere ' Je
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<210> 27
<211> 51
<212> DNA

<213> Arxtificial

. €220>
<223> Primer

<400> 27
tecgegtatct ggecgetgega cgacaccatyg tgotggaggy gecactgete © 51

<210> 28

<211> 54

<212> DNA

<213> Artificial

<220>
<223»> Primer

<400> 28 )
gattgtgceta goaggtgeta cggegecggg ageeggtoge gtatcotggeg ctge 54

<210> 29

<2131> 30

<212> DNA

<213> Artificjial

<220>
<223> Primer

<400> 29
gattgtgeta geccggogea tggtgtegte 30



@ C 10%’' k&
C 109%' k& (

)_
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)

C 10%' k& (

<310>
<21l1>
<212>
<213>

<220>
<223>

<400>

)

()-8
8 @
8 @
8 @

30

27

DNA
Artificial

Primer

30

gattgtgeta gcaggggeea ctgckce

<210>
<211>
<212>
<213>

<220>
<223>

<4Q0>

a1

86

DNA
Artificial

Oligonuclectide

31

C 10%' k& ()-8 @ C 109% k& ()-8 dD3// K/ {A @

@
C 109%' k& ()-8 @ C 109%' k& ()-8 AD%0d4 ()-8 @
C 109%’ k&'8 8 %‘tmsu@l cww*k—&g%)—'r@r@

39

27

atcctacges ggcgoatggh thgtcgccg ccocggacac caggocgges cogggcgetg . &0

ttgccoeeee cgct&acgga gttgtyg

<210>
<21l»
<212>
<213>

<220>
<223>

<400>

32

92

DNA
Artificial

Oligonucleotide

3z

=1

agoggcoccaca acteegtgag cgggggggge aacagegeee ggggecggce tggtgtecgg &0

ggeggcgacg acaccatgeg ceggeogtagyg at

92
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C1 k& 0 46553
'Kk& () - C 10% k& ()-8 @ C 10% k& ()-8 @g Apiidobd ()-8
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<210> 33

<211> 144

<212> DNA

<213> Artifieial

<220>
<223> Oligonuclectide

<400> 332
gecgecteeeg atactcgace tgoaccegga getgtogete cacctgeaca cggogtggtt 60

geageacctg acacacgteoe ggagecagge gcggtggege ccoccagocca cggggtagta i20
gocgegoogg acacgegece ogoc i44
<210> 34

<Z1)> 132

<212> DNA

<213> Artificial

<220>
<223> Oligonuslectide

<400> 34
gcécgtgtcc ggcgeggeta ctuccccatg ggctaggage gocaccgege ctggogcegy 60

acgtgtgtca ggtgetgoaa ccacgoegtg tgcaggtgga gegacagete cgggtgcagg 120
tegagtateg gg - 132
<210> 35

<211> 145

<212> DNA

<213> Artificial

<220>
<223> oOlligonucleotide

<4Q0> 35
cogggagecyg tegooooeoe agecedcgga gttgttgetg ccfccgacac ccggecegea 60
ccgggagcag'tggcccctcc tgcaggacer ggacctatga aaaacttaga ctgttgggte 120

gacgtcggcc atagcggecy cggaa . 145
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<210> 36

<211> 151

<212> DNA

<213> Artificial

<220>
<223> OQligonucleotide

<400> 36
ttecgeggee gotatggocg acgtegacce aagagtctaa gttttteata ggtecgggte 60

ctgraggagy ggccactgot cocyggtgcgy goegggtate gggggcoagea acaactocgt 120

gygctggagg ggcgacggct cocggggedy g 151

<210> 37

<211> 8%

<212> DNRA

<213> RArtificial

<220>
<223> Oligonucleotide

<400> 37
atcctacgec ggegeatggt gtcgtegecg coccggacaa taggecggee ccgggegetg ) 60

ttgoeecora cgotecacgga gttgtg ' 8¢
<210> 38
<211> 92

<212> DNA
<213> Artificial

<220
<223> oOligonutleoctide

| <400> 38
ageggccaca actecglgag ©gggygyggge Becagegece ggggcoggee tattgtecgg 60

ggcggesgacy acacecatgeg ceggogtagg at o ©92



dj I npst_/3//KI{A @ C 10%' k& ()-8 @ C 10%' k& ()-8 @ C 109%' k& ()-8 @

C 10%' k& ()-8 @ C 10%' k& ()-8 tu~aTG /K10X) 10X) 1% Af@iR12009 & () -

@ 0! 109X) & ()- @.0! 10%#& ()- V#&I0%W X)| & ()-@ C 109% k& ()-8 U.C[: TG /K
@ 10%/8& ()- @PLIOWESL ()-< @ GLOW/EEAQ)- @] &10% & ()- @ 10WES& ()-

@ 109%/&&: () - CY[ " nos~f J*BYA0W/ES: () - #BYLOWR!' () - #~IBYLON/EE () - #BYAOWES! ()
-# @LOWE&E () -

@t 10%/&8&' () - XX8BYABYLOW/EE' () - #BYAOW/&E () - #BYLOW/&E () - #~YABYLOW/E&E () - #B
YL0W/&E () - #~YUCHNXY X X@BYA ~YBYL0W/&S' () - #BYLOW/&&' () - #~%4 BYL0W/&&' () - #BYA0%W/
&& () - #<9aPpPSBYA ~YBYA0W/&E () - #BYLOW/&E' () - #&~YBYAOW/E&SE' () - #BYA0W/ESL' () - #B%
109%/8&' €I 13Ep XrA%4 BYL 09%/&&' () - #~YBYAOW/&E () - #BYAOWESE' () - #~YBYLOW/ESE' () - #B%
10W/EE {3181 28RQNGSW BBYLOW/EE' () - #BULOWEE' () - #~YBYLOW/EE () - #BYLOWEE () -
#~ %3%1%%% (A #i&rx 8BBYA0W/&E () - #BYAOW/&E () - #BYLOW/E&SE () - #~YBYL0%W/&ES' ()
- #BY4.09 i

B- 03310%(&' () VBYAOW/&E' () - #~Y&BULOW/&E () - #BYAOW/E&SE () - #BYLOWE&SE' () - #~%
[23: Y{[<BOp ' 10%U +& ()-<| '10% +& ()-<| '10% +& ()-< B10% +& () -

BC@L0% <236) -diligonddidot@aé YZ[ ChM ; @ 10% & ()-| ' 10% +& ()-< '# ' 0|

'10% +& ()-<| '10% +& ()-<| '10% +& ()-<r'# ', 9nl234C ob4@

@10%1b§ ()39f 10' 10' 10' @ 10% & ()- @ 210% & ()- @/ 10% & ()-
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geogogeogg asaatcgcee cgee 1448

<210> 40
<211> 132
<212> DNA
<213> Artificial

<220>
<223> oOligonuclectide

<400> 40
gcgattgtee ggcgoggeta ctaceecatg ggetggggge gecacegege ctggegeegy 60

acggttgtca ggtgctgeaa ceacgcogtg tgéaggtgga gogacagote egggtgeagg 120
tegattateg gg 132
<210> 41
<211> 145

<212> DNA
<213> BArtificial

<220>
<223> Oligonucliectide

<400> 41
cegggagecg Legeccecce agoccacyga gttgttgoty ceecegacaa tcggeocegea &0
ecgggageag tggeccctes tgraggacee ggacctatga aaaactt;ga ctgttgggte 120

gacgtoggee atageggecg cggaa . : ‘ 145
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ateo atc cte tte ttg gta gca aca gct aca ggt gte ¢ag toec cag gte 104
Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly Vval His Ser Gln val
10 is 20

caa aga teg ©0g gog gga coce gga oct atg aaa aac tta gac tgt tgg 152
Gln Arg Ser Pro Ala Gly Pro Gly Pro Met Lys Asn Leu Asp Cys Trp

25 ' 30 35
gte gac aacgaagaag ac _ 170
Val Asp
<210> 46
<211> 39
<212> FRT

<213> Artifieisl
<400> 46

Mct Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
1 ] 10 15

val His Ser Gln val Gln Arg Ser Bro Ala Gly Pro Gly Pro Met Lys
20 25 C 30



1098& ()- H$3"10%@d& ()- @3"10%& ()- H P'10%GX ()- @ P'10%& ()-
7THP"10% & {& ()- tABCD| [ NA41010s$s10s$s10s%$s /; 10%&385%,)11 2 1098& () -
@7109%8& ()- @10%& ()- @D 710%! & ()-) DG |[: NA4A1O J& ()-*
@Q10%JI& ()-* @O%WJI& ()- @BL0% J& ()4F 0% * 10% H$: & () -

@ =10%IH$I& ()--2Zx|[: NA41010 @: 10%IJ& ()- @+ }10%HPI& ()-F @}10%JI& ()-F
@ 10%J& ()- @610%!'J& ()-* @:10%kJI& ()--.14567| [ NA41010JH$JI10IHS$I10IHSI
@' 6510%IH$I& ()- @'l 10%HBI& ()- @- VIO%WH$I& ()-s @\ 10%IHBI& () -
@S10%) J& ()-*7: X [: NAA1010 @S10% ! & ()- @910%&' ()- @H 10%& ()-d
@10%0& ()-d @0% & ()- F10% $F & ()-Er|[:NAA1010 @V-V1I0O%& ()-V

@ 1058 Hen- Legr @820 (typ V@ILREPIHE ()-d @! 10%K ()-d @0%& ()-|[: NA41010
@ V- VI098& () - ¥s@10%&' ()- @ (910%& ()- @L!109%8& ()-d @f)1098&' () -

@ 10%$& ()- Normal" "Heading 13]c" "Heading 23]c" "Headi ng 33]c" "Heading
43] c" "Heading 53] c" "Heading 63]c" "Heading 73]¢" "Heading 83]c" "Heading
93] c"A "Default Paragraph Font*8% 4=/ E*LAT[tdlt2|]|3X Y(VrlccLC6

"$&(*, . 02ABB: SI@BDFHILNH, ! S>>H dt ~r! <5Wy9 G

&V) | 5@=RINV Bgenmgw~BT% ' 6FTdt CyqYChYaGvZL8Zi $) 6s% i / f 2ssb7Pr 8t D7

I " #$UR' (<RLr2z - DiB123456789: ; <=>6Ti nes New RonmanAri al Couri er New'h Root

Ent r yYWOr@hocunpBRi 1,321 #99%& () *+, -./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

" #PUR ;3;-./0123456789:;<=>?@ABC

223> Vaccine construckt

<220>

<221> wmisc_feature

<222>» 3, 6, 12, 15, 18 .

<223> 1 may bs the nucleotide &, ¢, ¢ or t/u

<400> 47
genecngaygqg tncegnoeen : : ' is

<210> a8

<211> 18

<212> RNA

<213> BArtificial

<220>
<223> Vaccine construct

<220>

<221> misc_feature

<222> 3, 6, )2, 15, 18

<223> n may be the nucleotide a, g, ¢ or t/u

<400> 48
gencengayyg uncgncen 18

<210> 49

<21l1l> 18

<212> DNA ' ' !
«<213> Artificial



<220>
<223>»

<220>
<221>
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Vaccine construct

misc_feature

<222» 3, 6, 15, 18

<223> n may be the nucleotide a4, g, cor t/u
<400> 49

gencongaya thegneen 18
<210> S0

<21l> 18

<212> ERNA

<213> Artificial

<220>

<223> Vaccine construct

<220>

<221> misc_feature

<222> 3, &, 15, 1is

<223> n may be the nucleotide a, g, ¢ or tfu

<400> 50

gcncengaya uvhegrcen 18



