24 Novenber 2006 Vaccines The present invention rel 24Novembie 2006¢l
nucl ei ¢ acid constructs, useful in nucleic acid vaccination protocols for
the treatment and prophylaxis of MJC-1 expressing 5 tumours. In
particular, the nucleic acid is DNA and the DNA constructs conprise a gene
encoding a MUC-1 derivative having | ess than 10 perfect repeat units. The
I nvention further provides pharmaceutical conpositions conprising said
constructs, particularly pharmaceutical conpositions adapted for particle
medi at ed delivery, methods for producing than, and their use in nedicine.
Novel proteins encoded by 10 the nuclei g agid and pharmaceuti cal
conpositions containing themare also p d. Background to the

I nvention The epithelial cell nucin MJC1 (also known as episialin or

p0| ynmorp hi c epl t hi%é EI%&CF'H 1%§GDHHI reﬂtes F%\QH{W D@Clel CQPCO%LI@& L{IS%{I}I ll\{\ﬁuc%ht

gl ycoprotein expre on many ep noConsi sts of a
cytoplasmc tail %lévaqcmalmmmcahéordmmmncamdda‘ophz/mzsalﬁlvﬁfmunﬂpmssmg t andem

repeats of .a 20 T Budloner, it may
al so be known as%%&ps\/ﬁég%prm% tﬁenmgmg&tﬂlswqrt%@t fon mtcom r|1r'°1"ga a high
proportion of pr@bnemecodmgIaEI\«ﬂéC-aldgtntamedmmg\bssrt@ﬂdp@ﬁnctﬂ:'mtmtsrbﬁre of 20
repeats is varia r and
nost frequentlyg#%ggﬂaf%%r ﬁ%bﬁgﬁgﬁ%§@°%5@%E%@%P gﬁs #u$@%§§ Nat ur e
328:82-84). In nutienidly ghomateuiiqs] ¢ompbsitions sdaptedfoOpdrtigle mediated defivdrpund only on
the apical surfags t. met al,
1996, Cancer |mm§t3?‘§”{’rﬁ ‘ﬁ%hm’@8%3%'8@3@?%%‘@%’%@“‘?é”g"’%‘r’]%%
Cancer | mmundpP ImmqmmdM:@pllmactﬁtﬂ;)alm@mtﬁuﬁsmtammmds@rmmy features
of the MUC-1 nolecule is its extensive Olinked glycosylation. There are
five putative O linked glycosylation sites available within each MJCG1
VNTR nononer. AcBakgiongd tothe hevemiomber i ng syst em bel ow, these are Thr-4,
Ser-10, Thr-11, Ser-19 and Thr-20. 30 The VNTR can be characterised as

typical or perfect repeats having a sequence as set forth below or m nor
vari ation from tHespyietifleci mneapMiiC-t Girp kiasinrag episialint ap polipmenphic elpifhE ences

over the 20 gm B 'Pgﬁl) is ajlarge molecular-weight glycoprotein expressed on many epithelial
cells. The protein consists of a cytoplasmic tail, a transmembrane domain and a
variable number of tandem repeats of a 20 amino acid motif (herein termed the VNTR
monomet, it may also be known as the VNTR epitope, or the VNTR repeat)
containing a high proportion of proline, serine and threonine residues, The number of
20  repeats is variable due to genetic polymorphism at the MUC-1 locus, and most
frequently lies within the range 30-100 (Swallow et al, 1987, Nature 328:82-84). In
normal ductal epithelia, the MUC-1 protein is found only on the apical surface of the
cell, exposed to the duct lumen (Graham et al, 1996, Cancer Immunol Immunother
42:71-80; Barratt-Boyes et al, 1996, Cancer Immunol Immunother 43:142-151). One
25  of the most striking features of the MUC-1 molecule is its extensive O-linked
glycosylation. There are five putative O-linked glycosylation sites available within
each MUC-1 VNTR monomer. According to the numbering system below, these are
Thr-4, Ser-10, Thr-11, Ser-19 and Thr-20.

30  The VNTR can be characterised as typical or perfect repeats having a sequence as set
forth below or minor variation from this perfect repeat comprising two to three

differences over the 20 amino acids:
-1-



24 Novenber 2006 The following is the sequence of t R4 Nuevenslodr 260 at . 1 2
34567891011 12 13 14 15 16 17 18 19 20 5AP11 TRPAPGSTA
PEAHGVTS ESTA Q 10 Anino acids that are underlined nay be
substituted for the am no acid residues shown. |Inperfect repeats have
different amno acid substitutions to the consensus sequence above with
55-90% identity at the amno acid |evel. The four inperfect repeats are 15
shown bel ow, with the substitutions underlined: APDTRPAPGSTAPPAHGVTS -

perfect repeat APATEPASGSAATWEQDVTS -inperfect repeat 1
VPVTRPALGSTTPPAHDVTS - inperfect repeat 2 20 APDNKPAPGSTAPPAHGVTS -

i nperfect repeat 3 APDNRPALGSTAPPVHNVTS - inperfect repeat 4 The i nperfect
repeat in wld tRpblowipedsthe fenuenge of ithe pedict wpeet.r epeat region. In  nal i gnant
carcinomas arising by neoplastic transformati on of these epithelial cells,

25 several changes af t. th r essj 0 -1 . Th | gf,i sed expression
of the protein ?S§|%§{?§gn3 ?tﬁﬁ@)ﬁgu%%quéég%gg%é%ltﬁ%g%%gpe surface of
the transforfed 8 R.I RrfertBt@IS afouht Pof BMIc- # i € af sF i Acreased, often
by 10-fold or nore (Strouss& Dekker, 1992F Crit Rev Bi ochem Ml Bi ol
27:57-92). Mst significantly, the quantity and quality of the O inked
car bohydrat e chai ns changes narkedly. Femeé serine and 30 threonine

resi dues are glycosyl ated. Those carbohydrate chains that are found are
abnormal |y shortened, creating the tunour-associated carbohydrate antigen

STn (LI oyd 1@t  &lyinol2A thatlardhefAbrtibdlEly 1 bdbstiidd Ry 83 Arith aci@Pesuésesul - of

these glycosyl ation changes, various epitopes on the peptide chain of
MLJC- 1 which weft®wn2 24 Novenber 2006

Imperfect repeats have different amino acid substitutions to the consensus sequence
above with 55-90% identity at the amino acid level. The four imperfect repeats are
15  shown below, with the substitutions underlined:

APDTRPAPGSTAPPAHGVTS — perfect repeat
APATEPASGSAATWGQDVTS — imperfect repeat 1
VPVTRPALGSTIPPAHDVTS — imperfect repeat 2
20 APDNKPAPGSTAPPAHGVTS — imperfect repeat 3
APDNRPALGSTAPPVENVTS — imperfect repeat 4

The ﬁnpcrfcct repeat in wild type — MUC-1 flank the perfect repeat region. In
malignant carcinomas arising by neoplastic transformation of these epithelial cells,

25  several changes affect the expression of MUC-1. The polarised expression of the
protein is lost, and it is found spread over the whole surface of the transformed cell.
The total amount of MUC-1 is also increased, often by 10-fold or more (Strous &
Dekker, 1992, Crit Rev Biochem Mol Biol 27:57-92}. Most significantly, the quantity
and quality of the O-linked carbohydrate chains changes markedly. Fewer serine and

30 threonine residues are glycosylated. Those carbohydrate chains that are found are
abnormally shoriened, creating the tumour-associated carbohydrate antigen STh
(Lloyd et al, 1996, J Biol Chem, 271:33325-33334). As aresult of these

glycosylation changes, various epitopes on the peptide chain of MUC-1 which were
-2-



previously screened by the carbohydrate chai ns becon24cligesabél 2006ne

epi tope which becones accessible in this way is forned by the sequence
APDTR (Ala 8 - Arg 12 in Figure 2) present in each 20 am no acid VNIR
perfect nmonomer (Burchell et al, 1989, Int J Cancer 44:691-696). 5 It is
apparent that these changes in MJC-1 nean that a vaccine that can activate
the immune system against the formof MJC 1 expressed on tunours may be
effective against epithelial cell tunmours, and indeed other cell types
where MUC-1 is found such as T cell lynphocytes. One of the nmain effector
mechani sns used b e 10 | shem gag abnor nal
proteins is a C)? X%ref“el ar%%{ |en%§"}§ﬁslgae‘rzo&e a%lesﬁbl%é@{q%??é and this
response is desmma:hlbe:omasacesablemth:stmytsrfe'at:db)umgﬂqsqnceagDm(Ala&s an

anti body respon ood aCCI I ne

r esponse. HowevZ‘Irg ) ﬂ? Elg?eﬁplﬁfam%gb & anﬂclgggquﬁ erf%gﬁ?ogrgg éshg(:hhlm

Ther at ope or BbﬂIﬁ%sB[mﬂrCmeﬂml-Eﬂﬁmmon Canada) preferentially activate
one arm of the 15 i mmune response - a hunoral and cellul ar response
respectively, and better vaccine designs are desirable to generate a nore
bal anced respon#ds aﬂﬁuexktehat tlmzei changee B Mla’éi-lpnauiﬂ(heaamhnﬂat capfactacitedthd ages

over conventi onal ati oduce in
| arge quantity. uﬁ}@“ﬁ &E‘%g °?%J¢ he&xg ave een rén%g%? g&"%‘ggl nduce
strong i nmune rmpmﬁbqhabmﬂ taaours, mﬂdmﬂeed oﬂmyballttymsowliﬁrel MbpHoBfownd) nmune
response as wel S re e oS owever,

! as 1! LBy Ao Rl 8 chhde E by X

is very difficu epe uence,
since it isi1hi giﬁnyunsu;&teeﬂbkhﬂ:eﬂiapmaﬁxgﬁhﬁmﬂlpmmsaumqmt@ac T doaphdéyieat | on

events cause signi f| cant bi rza@%tgutl cal. ﬁgeuﬁllleolgg%tcmcéltg{mgw mgs

Additionally th PR h eg on “NAKeS sequenci ng
difficult. Furisheidl af @ antibglylresparsy. Agmecmemﬂmtﬂatneltmafﬂwumﬁw Iy

characterise the DNA .construct i robl.emat i.c gguence a
ol coul & wi ch STER FEgR s sebor Sal st by PR e R BB S T
unknown preci selBIyPZSqumyInb,eBdm:bnmniGasada)r preferen@0lyvactiehi¢ ppe ablJGE thet h| S
inability to.precise charater e .f |_enat h IVU(%

?5 f Opu}uga{#paoeger y ?%(S/agfi Ulluger o%se TesPEC velyn%el%ttérrvaécme

unaccept abl €

designs are desirable to generate a more balanced response.

Nucleic acid vaccines provide a number of advantages over conventional protein
vaccination, in that they are easy to produce in large quantity. Even at small doses

20 they have been reported to induce strong immune responses, and can induce a
cytotoxic T lymphocyte immune response as well as an antibody response.

The full-length MUC-1, however, is very difficuli to work with due to the highly
repetitive sequence, since it is highly susceptible to recombination, such

25 recombination events cause significant biopharmacentical development difficulties.
Additionally the GC rich nature of the VNTR region makes sequencing difficult.
Further for regulatory reasons — it is necessary to fully characterise the DNA
construct. It is highly problematic to sequence a molecule with such a high frequency
repeating structure. Given that it is unknown precisely how many repeat units are in

30  wild type MUC-1 this inability to precisely characterise full-length MUC-1 makes this
unacceptable for regulatory approval,



24 Novenber 2006 MJC-1 VNIR regions are thought to @hNevemben@006om nant
epitopes. Surprisingly the present inventors have found that it is

possi ble to reduce the nunber of VNITRs to produce an i munogeni ¢ construct
that has equival ent antitunour activity as conpares to wild type
full-length MUC-1. The construct of the present 5 invention are stable. In
particular, the constructs are stable in ternms of growh characteristics,
plasm d retention and plasm d quality when grown as cultures of E. Col

over the course of 9 passages each |lasting between 10 - 14 hours Sunnary

of the Inventio Ty r | Qv j pr e%i A

sequence, encodlrﬁ\r/{g[g"ljgl I\)ﬁ%n? geﬁ%ﬁégeir{? ﬁ%g% 881:%’%61 Q?&A"al Si g an i Mmune
response i nvi vo Sumisinglyshexirbsentdmentomdayecidersiabht itdsipaseiple ithiedyor yhetnymber

reconbi nati on w h‘r&ﬁép gC sure of
t he amount of pIJéfsm In Eméll neﬂg'\kmé B%IQ I'S pre@rredéqh]}%%lfdtt f?at}ugglﬁ? | ess
15 than 2. 0% corrctviiyreatcpuperesf to velddmis fathdraahMUGr nsTheponstruetend iermgekesn an
agar 0se Of o PO Yehidn A1sHlBic0Ch: patfille ho UAlrAR B b liCin W B kI 0T OV 11

| arge scale. Large sca e typi mgans W rown on a great han one
litre scale. It qhga@ﬁrbmsaplasmpaptam@nrméﬂnS@doduabWabhmlxrm hamlplrascrﬁ d copy

remain stabl e ovygg.a, é&ﬂﬁ%ﬁ%%@%%g%a‘ajgﬁ %ezépllé(_wﬁ J asm d copy

nunber increases over he particularly from passage
1to 9. Preferably plasm d copy nunber increase about 10% 20% 30% 35%

40% nost prefe Q!g ver 9 passages. In particul ar enbodi nents
the i nvention prsgv rgpﬁtg%]rs@r'ﬁ: s having | to 15, preferably between | to

10 Perfect MNTR repeat units. is preferred that there are |l ess than 8

Cvo. thrce o S“Eéf@*?"ﬁ‘%q“&@%%“ﬁ&m%%@@?s e e et 0T

two, three, 25 fou Ive, SI'X and seven repeta
enbodi ment s of Mﬂl@hlﬁmmoﬂ'm;ngtahmmWGiwpemtlsste@emmred@pdal ned.

Preferred are cg&géﬁ[@ﬁ%q?%ﬂaﬁwg?th%t%ﬁﬁqggﬁdggbfle%;%Fﬁgts Pr ot ei ns

encoded by such co S are nove form ct' o e invention.
30 I'n further amgseute offhemeunt niidasmidin defined fruom| Bll@rdmdthﬂmen&:lesm s a DNA

sequence i N 15ne pah 95 BhrainktoA ¥k omiEAdEhal ARk af Mfinhhabdl & kot iper - cOi | ed.

polyacryl amide gel, when visualised by the eye, after grown in large scale. Large
scale typically means when grown on a greater than one litre scale. It is also a
separate measure of stability that plasmid copy remain stable over a period of
passages. Preferably the plasmid copy number increases over the number of passages,
20  particularly from passage 1 to 9. Preferably plasmid copy number increase about
16%, 20%, 30%, 35%, 40%, most preferably about 50% over 9 passages. In
particular embodiments the invention provides constructs having 1 to 15, preferably
between 1 to 10 Perfect VNTR repeat units. It is preferred that there are less than 8
perfect repeats. Preferred embodiments provide DNA constructs with one, two, three,
25  four, five, six and seven repeats respectively. In certain embodiments of the
invention, the imperfect repeat region is retained. Preferred are constructs containing
one or seven perfect repeats. Proteins encoded by such constructs are novel and form

an aspect of the invention.

30 In further aspect of the invention the nucleic acid sequence is a DNA sequence in the

form of a plasmid. Preferably the plasmid is super-coiled.
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-4 24 Novenber 2006 In a further aspect of the inver2z4 Noveinbee2006pr ovi ded
a pharmaceutical conposition conprising a nucleic acid sequence as herein
descri bed and a pharmaceutical acceptable excipient, diluent or carrier. 5
Preferably the carrier is a gold bead and the pharmaceutical conposition is
anenable to delivery by particle nediated drug delivery. In yet a further
enbodi nent, the invention provides the pharnmaceutical conposition and
nucleic acid constructs for use in nedicine. In particular, there is
provided a 10 nucleic acid construct of the invention, in the manufacture

of a medi canent r ' g&g}‘{
expressing tunnu%%’ i ?“?ﬁﬁgﬁ??%%&ﬁﬁﬁ@ﬁg%‘%ﬁgg?ggﬂ¥%a£hﬁ%ﬁ%% S 5% treating
a patient sufferompriinpanusieic aidseqyondelss kereindapsided anshapheeiautical umour ,

particularly car&h&%ﬁ,e %lp RFxﬁ%?EmneW”g’ 15 ovarian, prostate
(particularly non - sma ce11 ung carcinomn), gastric and other G
(gastrointestinal) by the adnlnlstratlon of a safe and effective anount of
a conposi ti ons orp, MGG [ 19@9? f
enbodi nent the i nventl? &?Selfgzglﬁggarﬁre pro &F’hﬁ O%mgﬁ a%ﬁ;éar%%aceutl cal
conposition as HeﬂeﬁﬁWdeymmﬂbeumbwdQMmﬂ#Wﬁg a nucl ei ¢ acid construct or
protein of the invention with a pharmaceutically acceptabl e excipient,
diluent or <carrier. Detailed Description of the invention 25 As described
herein the nucl dryetadistherambodiment, the gfvention piomidesthd mmmapqutical adrhpositiove | ess
than 15, more  %ph fRlddacl S8RrkhaRe 1 PRLEARE 1f ERRAIS wellig piidath  YPe VO 1
(See figure 1) nolecul e contains a signal sequence gaer sequence
i mper f ect or 10t yap¢leie pcid saxEtrrct ofites ipenticacin theiidRufacigic ofia meditamentferusainy pi cal
VNTR, a non- VNTR,gxt. 1£ﬁgﬁJ Hk@; fﬂﬂg%. EE$H§ pbrane domain and a
cytoplasmc dowmﬁ1 éh Jg% er ngﬁﬁr &rred embodi nents of the
i nvention have | ess than 14, 13, 12, 11, 10, 9, 8,7, 6, 5,

The invention further provides for methods of treating a patient suffering from or

susceptible to MUC-1 expressing tumour, particularly carcinoma of the breast, lung,
15  ovarian, prostate (particularly non — small cell hmg carcinoma), gastric and other GI
(gastrointestinal) by the administration of a safe and effective amount of a

composition or nucleic acid as herein described.

In yet a further embodiment the invention provides a method of producing a
20  pharmaceutical composition as herein described by admixing a nucleic acid construct
or protein of the invention with a pharmaceutically acceptable excipient, diluent or

carrier.

Detailed Description of the Invention
25
As described herein the nucleic acid constructs of the invention, typically have less
than 15, more typically less than 10 perfect repeats. The wild type MUC-1 (See
figure 1) molecule contains a signal sequence, a leader sequence, imperfect or atypical
VNTR, the perfect VNTR region, a further atypical VNTR, a non-VNTR extracellular
30  domain a transmembrane domain and a cytoplasmic domain.



4, 3, 2 repeats. Particularly preferred constructs haeNbyvember 200per f ect
repeats. The non-VNTR extracellular domain is approximately 80 am no aci ds,
5" of VNTR 5 and 190-200 ami no acids 3" VNTR All constructs of the
invention conprise at | east one epitope fromthis region. An epitope is
typically formed fromat | east seven am no acid sequence. Accordingly the
constructs of the present invention include at |east one epitope fromthe
non VNTR extra-cellular donmain. Preferably substantially all or nore
preferably all of the non-VNTR donai n is included. It is particularly 10

preferred that c I cont ne C b t he
sequence FLSFHI %ﬁ? %&é ﬁ%ﬂ’@%ﬁ%@ﬁ:‘[ %ﬁ' g?s Nﬂ‘ﬂ‘g%%%/ HR@;‘ gssg}r’jg’f erred is
that two, preferdbl,{ répetecPappuladpprefeaeliendmsts kave 1) hardrpdechtepehtsi N t he
construct. In a preferred enbodi nent the constructs conprise an N-term nal

| eader sequence. 15 The signal sequence, transnenbrane donmain and
cyt opl asm ¢ donmailhe mmeVER briracatidiandothainl is appaygimateiyos dntind dekls, SOBBYNTRL . Al |

may be presen [_nore ete referred const

according to hegl{dnlgg(r?f) ¢ £l “@W Ag W%'??qﬁ\ﬁf@efmﬁ’%‘mlfﬁﬂ’ ﬁ?/lﬁ@’? with
only 7 perfect rGperaﬂ@)eﬁ'omﬁ)us?egidhmﬂnbﬁlﬁpélmﬁ@ﬁ:alﬁjﬁbmiqdﬁbﬂiat&hﬁ@evéevm d of

si gnal sequence) 1 AT CYT but devoid of
Transnenbr ane an ca‘fl ef“é%‘ g" H?ﬁe%&%&%ﬂ\? enponmehuderdl AcyT ( As
3, but also devoic@toxiem@aﬁtonﬂmmmexﬁ&-eeﬂumm mf&atﬂyﬁmmmallpnt
constructs of 1 nt a| 2 VNTR NTR The
VNTR i n such con&fruc?pﬁtgﬁl It#lugﬁgee]a)ﬁé agyf)glflf"g%‘t Iti' %baétécfﬂ herein
bef ore descrﬂmeerMthemﬂswnmtannseﬂeasocrnemtopeaﬁnphbﬁbymﬂa%eqimdes i s nutated
30 to reduce theg R osyl ation
site. The nut at| LSHHrS p;i}es %BW@J@#@&#E@&%&%W%W ChASertion or
a del etion. Typitbaikwo; prefefatiByithide wtjiesqubiéds are icolperasd indhiecohitfueoni ne or
seriene is substituted with valine, |soleucine, alanine, asparagine,

phenyl al ani ne or tryptophan. In a wild type VNIR nononer there are 5
In a preferred embodiment the constructs comprise an N-texminal leader sequence.

15 The signal sequence, transmembrane domain and cytoplasmic domain are each
individualiy optional in the construct. All may be present, or one or more may be
deleted.

Preferred constructs according to the invention are:
20 :
1) 7 VNTR MUC-1 (ie Full Muc-1 with only 7 perfect repeats)
2) 7 VNTR MUC-1 Ass (As I, but also devoid of signal sequence)
3) 7 VNTR MUC-1 ATM ACYT (As 1, but devoid of Transmembrane and
cytoplasmic domains)
25 4 7 VNTR MUC-1 Ass ATM ACYT (As 3, but also devoid of signal sequence)

Also preferred are equivalent constructs of 1 to 4 above, but containing only 2 VNTR,
or 1 VNTR. The VNTR in such constructs have the sequence of a perfect repeat as
herein before described. In an embodiment one or more of the VNTR units is mutated
30 toreduce the potential for glycosylation, by altering a glycosylation site. The
mutation is preferably a replacement, but can be an insertion or a deletion. Typically

-6-



putative 0 - linked glycosylation sites avail abl e w t24 Nogembei2Q06 VNTR
nononer. These are (see nunbering above) Thr-4, Ser-10, Thr-11, Ser-19 and
Thr-20. It is thus 5 preferred that at | east one, preferably 2 or 3 or
nore, preferably at |east four residues are substituted with an am no acid
as noted above. Preferred substitutes include: 10 Thr4 Val Ser 10 -T Ala
Thr 11 Me or Val Ser 19 Val Thr 20 -* Ala 15 In a farther enbodi nent the
MJC-1 constructs are provided with a nucleic acid sequence encoding a

het er ol ogous T-cel I epi tope. Such epitopes include T-cell epi t opes derived
from bacteri al | ns andnt or>§ DS ieS CEW?’% '-E Il}llél c’ilel’lllgmg)l ria toxins.
For exanpl e, the 5' %‘b Fopes o e Stantt X1 n. a‘mﬁl 'epi t opes may

20 be part of a ispﬂwe,ﬁl@qﬂﬁmorﬁmoﬁm.tmpeﬁldnmmmmmpﬂhae&dvalth| n
the nucleic acid, nolec .he.3' ar.5' .end of ence according
to the inventiorf i ﬁ ?lmfec@{’% ?’isﬁtgsragm!?gé %@mc%‘%t@gﬁawgu%%"ﬁs t hose
derived from Hethasetare;(s& numbéring abdvicEHe-4, $ur-10,UEhe1 L, Skl aad Thr2(arlt iethuedi nment ,

a fusion partper_d r|v from 25 cteriumtu

Subsequente (i MEoE B w6/ g Padity 7ot A3r min, ERLDI8 o3t e SRR on and
I munity (1999) #®sub3BA&1 withGrhino a¥idtas adtdiaboreimunol ogi cal fusion partners,

i nclude for exanple, protein D from Haenophilus influenza B (W91/18926)
or a portion (typically the C-termnal 30 portion) of LYTA derived from
Strept ococcus priveferosdisalestifulss aicleddanol ogy 10: 795- 798, 1992). -7 24 Novenber
2006 According to a further aspect of the invention, an expression vector

is provided which conprises and is capable of directing the expression of
a pol ynucl eotd de seqiiedce aceordi ng tvalt he invention. The vector may be

suitable for drivi Ngg SApT essi on of Ala
Thr 11 — ILe or Val
Ser 19 — Val
Thr 20 — Ala
15

In a further embodiment the MUC-1 constructs are provided with a nucleic acid
sequence encoding a heterologous T-cell epitope. Such epitopes include T-cell
epitopes derived from bacterial proteins and toxins, such as Tetanus and Diptheria
toxins. For example, the P2 and P30 epitopes from Tetanus toxin. Such epitopes may

20  bepart of a longer sequence. The epitopes may be incorporated within the nucleic
acid molecule or at the 3° or 5” end of the sequence according to the invention.

Other fusion partners may be contemplated such as those derived from Hepatitis B
core antigen, or tuberculosis. In an embodiment, a fusion pariner derived from

25  Mycobacterium tuberculosis, RA12, a subsequence (amino acids 192 to 323) of
MTB32A (Skeiky et al Infection and ITmmunity (1999) 67: 3998 — 4007).

Yet other immunological fusion partners, include for example, protein D from
Haemophilus influenza B (W091/18926) or a portion (typically the C-terminal

30  portion) of LYTA derived from Streptococcus pneumoniae (Biotechnology 10: 795-
798, 1992). '



het er ol ogous DNA in bacterial insect or manmal i an cel 24 Novenibes B0@6 y hunan
cells. 5 According to a further aspect of the invention, a host cel
conprising a polynucl eotide sequence according to the invention, or an
expression vector according the invention is provided. The host cell may
be bacterial, e.g. E.coli, manmalian, e.g. human, or nmay be an insect
cell. Mammalian cells conprising a vector according to the present 10

i nvention may be cultured cells transfected in vitro or may be transfected
in vivo by admnistration of the vector to the mammal. The present

I nvention further | har utic 0Si.ti on ri.s
pol ynucl eot i de séq‘%g it gg?%lghreg %ﬁlﬂ‘é{mﬁ% %Bﬁm"lﬂ'ﬁé?‘élﬁg% ‘h{@ch
conposi tion 15 compistssad mc@hwc ufecmmnng the eppression rog d p@lfﬁﬁddoﬁﬁlieﬁudnbte

conposi ti on conp ur al pa ticl articles,
coated with DNA %%‘?rrpﬁ]?' st Ny e mv?}é% ?ﬂe eRCH I °§“€%’F ﬁﬁg‘l“é%q ?g‘hﬁ%nce of
t he i nventi on whietdrologoes Bmahmminmd%manmwdﬁc&llsaﬁmmaﬂﬁhﬂna&equence as

herein descriped. In alternative enbodi nents, the conposition conprises a
pharmaceutically acceptabl e excipient and a DNA vector 20 according to the

present inventi o:ht:cofﬂhgtcqunth&iatﬁectrofﬂﬁy‘nvaht&ﬁ, 4 e détl eorptising ja puignlicleoide e
adm ni stered eit tl th or se uent i all an adj uvant or
i muno- st i mul at oslrg(éf agen EO?‘EB 1§‘¥°"i%1 » & Yho8 a‘%‘?‘%ﬁg‘ SEIFEIP on t hat
t he vectors of tihmomdetbn'ﬂuadxosmn uﬁaylbe bmmnmhhﬂ.bﬁmwmﬁmzwbglm,agent.

Preferably the i ent adm ni ered e sane tinme as
t he nucl eic aC| g?’%?ﬂsc %% nve ?1°°§FP5'SIP$|&VB ‘gfachF JEPFEnt s are

formul at ed t BgetiiventionSuayhbe mmmus mﬂs&t:m;m&g@mtxﬁay heﬁﬁhtﬁb&d it Rivb byyhi s i st

i's by no neans ﬁg@_ ive oes, not eclude ot her agents): 30 synthetic
I m dazoqui nol i ngs su %uon(’fl °g° E%% 08 R-837], (Harrison, et al.

"Reduction of recurrent HSV di sease u5| ng I m qui nod aI one or conbined with

['s-Sutes, R -6 2 SRR pe B Bl idyior Siesuci P on it £
activites of i nndmxch@sqyoseqeencmahc&ﬂmg thR- m&vmtﬁﬂnmﬁmmy thé t:ditn@aﬁo:QDN' :
Cel [ular i mi‘dnok&% gs DN@flvector( %rpprc}crr}ad Sgo%ments l%c composition comprises a

plurality of particles, preferably gold particles, coated with DNA comprising a vector

encoding a polynucieotide sequence of the invention which the sequence encodes a
MUC-1 amino acid sequence as herein described. In altemative embodiments, the
composition comprises a pharmaceutically acceptable excipient and a DNA. vector

20  according to the present invention.

The composition may also include an adjuvant, or be administered either

concomitantly with or sequentially with an adjuvant or immuno-stimulatory agent,

25  Thusitis an embodiment of the invention that the vectors of the invention be utilised
with immunostimulatory agent. Preferably the immunostimulatory agent is
administered at the same time as the nucleic acid vector of the invention and in
preferred embodiments are formulated together. Such immunostimulatory agents
include, (but this list is by no means exhaustive and does not preclude other agents):

30  synthetic imidazoquinolines such as imiquimod [S-26308, R-837], (Harrison, et al.
‘Reduction of recurrent HSV disease using imiquimod alone or combined with a
glycoprotein vaccine’, Vaceine 19: 1820-1826, (2001)); and resiquimod [S-28463, R-
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of carbonyls and am nes that are constitutively expresstidveiban2006n
presenting cell and T-cell surfaces, such as tucaresol (Rhodes, J. et al.

" Therapeutic potentiation of 5 the i mune system by costinul atory

Schi ff-base-form ng drugs', Nature 377: 71-75 (1995)), cytokine, chenokine
and co-stinulatory nolecules as either protein or peptide, this would

I ncl ude pro-inflamuatory cytokines such as Interferon, particul ar
interferon and GWCSF, IL-1 alpha, IL-1 beta, TG~ al pha and TG - beta,

Thl  inducers such as interferon gamua, IL-2, I1L-12, 1L-15, 1L-18 and

I L-21, Th2 induc S JL-4 | L- 10 a 3 and ot her
chem)kl ne and coga[seﬁf‘%ﬁl%to% &P? é‘é‘#@%ﬂté"mw‘%w ‘ﬂg 3&%4]8 M P-1 bet a,
RANTES, TCA-3, CO8Opari@me@ittetnds OO Ckllulgr mmhmiogwﬁﬂﬂﬁ@é’# (mmw beggsget i ng

ligands such as (fthfofl el ahindEth Glel Bastin@ Pessed S L AlkseRtingeq] € ns and
peptides such as Fas, ﬁ&(ﬁ% synt hetel cl’ls it ﬁ%)@se gﬁgvﬁé\tss " tﬁc as
vaxfectin, (Reye% d i cel jsurfaces, sich @c't“f’ﬂ’ies@lr{ﬁ-g?ﬂ?éé o Al |H@W§1§‘ééﬁ"?‘%‘@t‘%€°fant i body
titres and s Nt @é emuba lsysienis, dosamiMory sm&esoﬁn@agmk@s'mduu@l‘m 71-75

ol ysor bat & 80, Vﬁ%%b%?xa?ﬁaﬁe %g%%%o—s R L
' Endot oxi n, ' Tol peptidekibisrvexdptoiude prb;: mmrdnatdmcﬂtblﬁn;s smhadmwtfcmﬁs pam:adae
| mmunity’, wrrq%rfms%@am @sﬁvlug qﬂahg:r@gxaim%s @%&%@M&E THPPC Ol T go-

and di - nucl eoti des, Sato, nost i mu sequences

necessary for efpdicEs gich P?I‘E“lﬁiﬂ@? W”g@n% Bdfatkil?dEi18 ﬁn‘;/ﬂé’dr Ecpdupars
(5273): 352-BbH4 (864, tHes)mi-6, 1E10 &id Ml13 and dihek Ghdmokink nd RGBRLRIry €COgni zes

bacterial DNA, Natu 0 | ands
that trigger Tolqenesrs‘éc @BP@&” g@pﬁ g’h&’éﬁ%i‘\ 3 mgeéyfgbgﬁé@%ﬁiﬁ as
synt hgt |?: Nycobi@]@j: >@ither ininpupstiotuiziony taldzidnglpetds such las GTIoA-diamd -kdectin, |
epti dogl ycan i WA O NI ve
PmPrunostgl ?/rul ati tr?ﬁépgr %tsg?ﬁgﬁ%ﬁﬁmﬁéﬁﬁgﬂmﬁw ox& (49)23%%11%& ﬁdfo%%%d and mnut ant
t oxoi ds t her eof 2dREEARESaFURh B %Ftﬂl*aﬁ{aé W‘B‘rﬂlﬁﬂﬂi"‘éﬂﬂi%*‘?&m §f edoni nant | y
Thl -type reSI[SOn&ﬁuHoﬂﬁhMQndm&ﬁlﬁmﬁmf’tpﬁeﬁmr@né- ofkeéto@PREMIGIINAE such as

e d A eLLr) e s VPRt LE AR ed ritete e el B PO OR (B ac ¢ | c.
WA: see, for ex#gHCandd®ldeEtobanddtiodn, [UPS]IBeullad/B., @Wﬂqﬁﬂqﬂ-hm,rﬁeﬁpﬂm and
4,912, 094) . CpGyconiRlafbg nﬂb'omﬂaslnﬁﬂ&,ﬁcgem%?moﬁﬂ,m&b% atgrucl eoti de

I s unmet hyl at ed)3 al so 1 nduce a predom na response,
0 (2000)) ; CpG oligo- and di-nucleotides, Safo, Y. et al., ‘Immunostimulatory DNA

20  sequences necessary for effective intradermal gene immunization’, Science 273
(5273): 352-354 (1996). Hemmi, H. et al., ‘A Toll-like receptor recognizes bacterial
DNA’, Nature 408: 740-745, (2000) and other potential ligands that trigger Toll
receptors to produce Thl-inducing cytokines, such as synthetic Mycobacterial
lipoproteins, Mycobacterial protein p19, peptidoglycan, teichoic acid and lipid A.

25  Other bacterial derived immunostimulating proteins include, Cholera Toxin, E.Coli
Toxin and mutant toxoids thereof.

Certain preferred adjuvants for eliciting a predominantly Thl-type responée include,
for example, a Lipid A derivative such as monophosphoryl lipid A, or preferably 3-
30  de-O-acylated monophosphory! lipid A, MPL® adjuvants are available from Corixa
Corporation (Seattle, WA; see, for example, US Patent Nos. 4,436,727, 4,877,611,
4,866,034 and 4,912,094). CpG-containing oligonucleotides (in which the CpG
dinucleotide is unmethylated) also induce a predominantly Thl response. Such
oligonucleotides are well known and are described, for example, in WO 96/02555,

-9-



ol i gonucl eotides are well known and are described, f o024 @oxepiber 2006\\0

96/ 02555, -9 24 Novenber 2006 WD 99/33488 and U.S. Patent Nos. 6,008, 200
and 5, 856, 462. | nunostinul atory DNA sequences are al so described, for
exanple, by Sato et al., Science 273:352, 1996. Another preferred adjuvant
conprises a saponin, such as Quil A, or derivatives thereof, including
@S21 and QS7 (Aquila Bi opharnmaceuticals Inc., Fram ngham 5 MA); Escin;
Digitonin; or Gypsophila or Chenopodi um gui nea saponins. Al so provided are
the use of a polynucleotide or protein according to the invention, or of a

vect or accordi ng | n lon, .in e or._pro |.axis of MJC- 1
expr essi ng turmu?’f&gogﬁ&%ét@é'ﬁgéggtmtf&sﬁ‘@ﬁﬁbé?ghg?@%@erwm Jgﬁ%%lg%ﬂ'r ovi des

met hods of treat D¢ sequemeeare alibo degeriviiCfdr example; bisSntong al, bkrienres? 73:358y synpt ons

or diseases assogep! sﬂotsé?gfe&wea Qd'udag&l,mga asa@iﬁﬁicgﬁseémfﬂfmrdwams

adm nistering an effectiv amount of a ol ynucl eot1 de, "a_vector or a

phar maceut i cal cHFEHsintlpding Q3 and Q59 (Al Rispharmaspiticdn nc.afremingtiaiat i on of a
15 phar maceut § caMAg;EERADikitdAm; BRGpkdphSa brlCheAcPbdiR fuifdiSaponidDr € i ndi vi dual
doses, for exanple in a "prinme-boost"” therapeutic vaccination regine. In
certain cases the "prine" vaccination may be via particle nmediated DNA

del ;ver %/ I of a poAIymptoﬁsﬁtamiae' us&@lfiﬂﬁcﬂj'ﬂg@gdtiﬂe bripgatﬁji aﬁ&ﬂingitmgeﬁﬁ/hﬁmt\). or o
preferably incorporated into a_plasn d-.derive vect Qr an "boost" by
adni ni stration d aé(ﬂ%@%ﬁﬁ#%éﬂf“Wﬁ%%@?&?ﬂ“&%%ﬂ%ﬁw ﬁ@ﬁ'lg]%"sarre

pol ynucl eoti de safrestigemdr, obmeastasag Wi th the protein in adjuvant.

Conversly the primng may be with the viral vector or with a protein

formul ati on pically a protein fornmulated in adjuvant and the boost a DNA
vacci ne of the [hegeebnti inveatibi @lo pré\ides i mGetivds of tRithgcor prlogenfiligs MEUT-1

I nvention includes expression vectors that, conprise 25 the.nucleqtide
sequences of thém?ﬁvgﬁt?ﬁﬂmﬁsﬂ@haggﬁ?@%gf8ﬁ“§§c?ﬁ?¥“ th i fefune
constructed in tokeas@scs cofiprising edmihiteriy H effeptivedsbuibyf apolmetadtpd, evictyol ve t he

use of plasm d DNA,and appropriate initjators,. pronoters, .enhancers and
ot her el enents, °f§wéﬁmé§e“ﬁ W@aﬁm&% ‘&'?'?”g‘ﬂ“‘si it eh? nay be
necessary, aisd \phirmhceatioal coppssitioromeyttakdthe Fem @D biicedrimaré ixdividial duses, fon or der

to allow for protein expression. her . - . )
P exampli'e m :? "prime-boost" %erapeuhc vaccination regime. In cerfain cases the

"prime" vaccination may be via particle mediated DNA. delivery of a polynucleotide
according to the present invention, preferably incorporated into a plasmid-derived
vector and the "boost" by administration of a recombinant viral vector comprising the
20  same polynucleotide sequence, or boosting with the protein in adjuvant. Conversly
the priming may be with the viral vector or with a protein formulation typically a
protein formulated in adjuvant and the boost a DNA vaccine of the present invention,

As discussed above, the present invention includes expression vectors that comprise

25  the nucleotide sequences of the invention. Such expression vectors are routinely
constructed in the art of molecular biology and may for example involve the use of
plasmid DNA and 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. Other

30  suitable vectors would be apparent to persons skilled in the art. By way of further
example in this regard we refer to Sambrook e¢ al. Molecular Cloning: a Laboratory
Manual. 2* Edition. CSH Laboratory Press. (1989).
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30 suitable vectors woul d be apparent to persons skil2¢Novambee 2006, By way
of further exanple in this regard we refer to Sanbrook et al. Ml ecular
Cloning: a Laboratory WMnual. 2' Edition. CSH Laboratory Press. (1989).
-10 24 Novenber 2006 Preferably, a polynucleotide of the invention, or for
use in the invention in a vector, is operably linked to a control sequence
whi ch is capable of providing for the expression of the coding sequence by
the host cell, i.e. the vector is an expression vector. The 5 term
“operably linked" refers to a juxtaposition wherein the conponents
described are in a relationship permtting themto function in their

i ntended manner. A regulatory sequence, such as a pronoter, "operably

| i nked" to a codiefgablgtiiehdacledide piithe invantie od for o dhtheinwenjion mat veetspisessi on

of the coding sequence i s .achi eved under. . conditiQns_co tible wth the
regul atory seq ue‘ﬂ’(?ré. YT‘BII“%ﬁ%a FPuepss Vhish o ?Bafbﬁee%%gﬁ)ﬁ’%g@%l dées"rzr‘f) Te,on
artificial chronafsieneding @eqencBALtheMAEE, cell, YAGhe vattat isSanDexprekiagevevtec t Thes
provided with_an orjigin of.repligation, optjonall romot er, far .the
ot essi on of ¢ Hebeb ke een SRRt Yast By PhpORHS fopisd

pronoter. The vegd @ 8 ralayorskif tp@iniitting ahedt tanimeticheinethbia hhtended misamer.gefes, for

exanple 15 an anpicillin or kananycin resjstance. in the case of a
bacterial pl asm%m%lseqflg‘gf’ & Ryper; Spe Q‘?’E‘ﬂg%)q(’/&?{’%?ﬂ St Ps may be
used in vitro, fpastiexdiipiuwehacraytthe expresidn of therRodifig ¥ylenos isFiblliewd wudeed t O

transfect or transform a hqgst |, for exanple, a mammali an host cell
e.g. for the prdd tt%??ﬂ&ﬁ@?&@ﬂ"ﬁ“&ﬁ%{%’e"a‘l “ he vector. The vectors may

al so be adapteed to be used in vivo, for exanple in a nethod of DNA 20
vacci nati on or ene therapy. Pronpier.g and .of her expressi r | ation
Sfgnals nmy be d0 BERBR PO Sra P HTHE AomesebeedeR BAG PR Ch
expression i s dei@neichs drGhagexeeprseprovidedn®ithi anorigin ofepldation, petically & he
nmet al | ot hi onei n_pronoter, whi ch cap, be i nduc in response to 25 heavy
Total 5 such as PR AT Gp SAREORE LS PHBE BIHF ot ofePaD B REHBPERLIE ach as
the SV40 | ar ge plon@re.| Tt veftom My @sntaif biEh moistselodahid markérganet, Eddkahpleredi at e

early (113) . .pronbter...ro sarcoma virus LTR pronofe adenovi.r us
pr onot er orlsa ﬁfbgnpmﬂhn or ycin resistance gene m%e case otta {:écten ansml or a

resistance gene for a fungal vector. Vectors may be used in vitro, for example for the

production of DNA or RNA or used to transfect or transform a host cell, for example,

a mammalian host cell e.g. for the production of protein encoded by the vector. The ;

vectors may also be adapted to be used in vivo, for example in a method of DNA
20  vaccination or of gene therapy.

Promoters and other expression regulation signals may be selecied to be compatible
with the host cell for which expression is designed. For example, mammalian
promoters include the metallothionein promoter, which can be induced in response to

25  heavy metals such as cadmium, and the B-actin promoter. Viral promoters such as the
SV40 large T antigen promoter, human cytomegalovirus (CMV) immediate early (IE)
promoter, rous sarcoma virus LTR promoter, adenovirus promoter, or a HPV
promotet, particularly the HPV upstream regulatory region (URR) may also be used.
All these promoters are well described and readily available in the art.

30
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pronoter, particularly the HPV upstreamregul atory rezd NovéhdRey 2086 al so be
used. All these pronoters are well described and readily available in the

art. 30 -11 24 Novenber 2006 A preferred pronoter elenent is the CW

i medi ate early pronmoter devoid of intron A, but including exon 1.
Accordingly there is provided a vector conprising a polynucleotide of the
I nvention under the control of HCW IE early pronoter. 5 Exanpl es of
suitable viral vectors include herpes sinplex viral vectors, vaccinia or

al pha-virus vectors and retroviruses, including |entiviruses, adenoviruses

and adeno- assocjated viruses. Gene tr fer chni ques . usin h Vi ruses
are known to thoserefegeq rpmefer %e”feﬁﬁlsg}et&?‘g{mﬁ%ﬁ?ﬁ%ygg’&%? éevfo orO%énE%rﬁ}pl e may
be used to stablg, juhiRGidRkcexbia. Aodoydinply @@ic il profidddhe veatoremtopdsing at o t he

host genone, although- such_ reconbinatiqn i eferred

Repl i cati on- def @8@?‘&5%%&23*??’?"&%““%’8@%% c‘b@mi%rﬂ%gt% ?aéﬁﬁ’lmr'fmé%i somal and
therefore allow transi ent expression. Vectors capable of driving expression
in insect cell fqQr exanpl e .bacul ovj rus vectars in human cells or in
bacteria may Sbe%"éwg?so‘if)e(‘&rtq?’k ‘6‘?’@%‘?“’%’”&1}’ ieRss &H’giﬁ‘ivfrgegwt(?fs’ E"B% protein
encoded by the aphi-yifildGkaos attefetrofirubdcinflidifeRhtivims dde@vinsoidedanpl e for
use as subunit vaccines or Q? 1??* oassays. Theggglgnu%%eoté es of the

i nventi on have BEPEFELEFS. SRS f, teghmiqups ustg thgsg xusge arg kAQHR 10 8085 + ot 5
to generate ful kkillarigtie anaRetrtviss eansd foti@lampleansg beaskd to stalsly integmeefthd . The
pol ynucl eoti des accor di to.the.invention have ytility.in the production
by ~20 expressi8 Wﬁ?°Wﬁggﬁﬂﬁﬁﬁﬁﬂuﬁﬁﬁ?th@?gﬂﬁF%H&%%E¥éé?fgﬁmmﬁygFﬁie pl ace
in vitro, inovi¥e préfére@X Réplicationlddtecinéclignbindasctom by bhntfagiransn Basomal ol ved in

recomnbi nant protein nt hesi s,, for exanp to increase yields,. ot indeed
may find use as@dBe E’%ﬁﬂ?@rﬁﬁ‘%héﬁ%ﬁmﬁ\ﬁﬁpﬁﬁe (Vi SRTSNAT i DA

vacci nation t eciisicttuls (fol\babpletHatulovl yaetoed),cia thutias cellf of ebapietsmnt bd nvent i on
are used in the prodyction of the encoded 2 r ins.in vitro, or.ex Vvivo,
cells, for exanﬁﬁ@")f Bepiperc 1 pipfieee W’I‘tfhef)é’?rfgﬂﬁhi%eﬂmfe@ RRdd B Bhe

pol ynucl eoti de pdlyduclestitps Eitgflesedtit/ontida) foSexaiple i @sd 45 antsnit Miccingror fir ef er abl y

st abl'e MLl an, Cel leobh "R pliphblesidoe £2 BBSR oo ARkl WL B 0°

vaccines as previous attempts to generate full-length vaccinia constructs have been

unsuccessiul.

The polynucleotides according to the invention have utility in the production by
20  expression of the encoded proteins, which expression may take place in vitro, in vivo
or ex vivo. The nucleotides may therefore be involved in recombinant protein
synthesis, for example to increase yields, or indeed may find use as therapeutic agents
in their own right, utilised in DNA vaccination techniques.  Where the
polynucleotides of the present invention are used in the production of the encoded
25 proteins in vitro or ex vivo, cells, for example in cell culture, will be modified to
include the polynucleotide to be expressed. Such cells include transient, or preferably
stable mammalian cell lines. Particular examples of cells which may be modified by
insertion of vectors encoding for a polypeptide according to the invention inciude
mammalian HEK293T, CHO, HeLa, 293 and COS cells, Preferably the cell line
30 selected will be one which is not only stable, but also allows for mature glycosylation
and cell surface expression of a polypeptide. Expression may be achieved in

transformed oocytes. A polypeptide may be expressed fiom a polynucleotide of the
-12-




I nsertion of vectors encoding for a pol ypepti de accorzh Novembeh@00Bventi on

I ncl ude nmamal i an HEK293T, CHO HelLa, 293 and COS cells. Preferably the
cell Iine 30 selected will be one which is not only stable, but also allows
for mature glycosylation and cell surface expression of a pol ypepti de.
Expressi on may be achieved in transformed oocytes. A polypeptide nmay be
expressed froma pol ynucl eotide of the -12 24 Novenber 2006 present
invention, in cells of a transgenic non-human animal, preferably a nouse. A
transgeni ¢ non- human ani mal expressing a pol ypeptide froma pol ynucl eoti de
of the invention is_included within the sc of the | tion. 5 The

i nventi on furthéW“ﬁFGV@HH? in cqlls ¢ gdrapigeRiG R ﬁﬁﬁp 2RO tibfrect

whi ch  conpri sesraaéhehip nsd-Rivhdl Gnfrkk® b:@ksiaia p&lﬁepmde\mmammucmtma @€ thea
vacci ne or vaccine _caonpositiaon, Mst preferab ¥ expressi on vectors for

use in DNA vaCC|‘hYé’§“°‘\}%tE‘E1?‘9Fé‘WI@B‘r‘FB%S§?R°|°5H’§“é‘("“ munot her apeutics will be
pl asm d vectors 10 DNA vacci nes may be adntnlstered I n the forntof naked

DNA", for i quid f nlster ri nge or
hi gh pressur ?ﬂpﬁem(wn%ﬂ%&”&f’ :fe 8%9\*? Va?cimB ES" %t
transfection enhamgwmsmmnmﬂwugammﬂ@heﬁhﬂﬂmameumOIEthmwmwﬂrym$mmEI» All of
these delivery gy Iqén.amst IEhw;claﬁrs%lIusel-ﬁhﬁ\IA VRGhA& vabiBYe be

i ntroduced to a nma for xanple g& neans a viral vector 15 delivery
system The comsespasitignsand fmppnotherap PRW#IMWBH% be delivered by a

nunber of routes such as |ntranuscularly, subcut aneously, intraperitonally

or intravenoysl 20 In a eferr mbodj nent,, QTRosition i s

del i vered |n]tL6 i’ “Taﬁli’ ﬁ‘ﬁ?’tﬂ g’r“,tgellf’ 0{) egi)l gﬁ‘”e EHE M dered by
means of a genehgudﬁ#mahﬂmmxﬁwmﬁq&hmmghsmb@emﬂh&ﬂmdﬂeﬁbqmdﬂﬁ&n|stratlon
techni ques whi Clg, iy %h%ﬂgﬁ?&%ﬁ%rwﬁn%ﬁ%?wﬁ& J?gﬁgarécﬁgmaﬁitdf) whi ch

are then admni stere |g pressure into such as, for

exanpl e, as des®&MNelven ﬂ}fFed"PV‘BfﬁFté'é‘ﬁﬁﬁF"S]gF%&m@?“&Z“FlQ%)

25 In one i||US'ﬁléoﬁirm&?bﬁﬁ&HJﬂc&togﬁ&nﬂfalMﬁékaﬁﬁl&bymb&saﬂﬁﬁfaweatorOl’l can be
achieved wt gé{ICES such as those manufactured by Powderj ect
Pharnaceutlé | s

The compositions of the present invention can be delivered by a number of routes
such as inframuscularly, subcutaneously, intraperitonally or infravenously.

20 In apreferred embodiment, the composition is delivered intradermally. In particular,
the composition is delivered by means of a gene gun (particularly particle
bombardment) administration techniques which involve coating the vector on to a
bead (eg gold) which are then administered under high pressure into the epidermis;
such. as, for example, as described in Haynes et al, J Biotechnology 44: 37-42 (1996).

25
In one illustrative example, gas~driven particle acceleration can be achieved with
devices such as those manufactured by Powderject Pharmaceuticals PLC (Oxford,
UK) and Powderject Vaccines In¢, (Madison, WI}, some examples of which are
described in U.S. Patent Nos. 5,846,796; 6,010,478; 5,865,796; 5,584,807; and EP

30  Patent No. 0500 799. This approach offers a needle-free delivery approach wherein a
dry powder formulation of microscopic particles, such as polynucleotide, are
accelerated to high speed within a helium gas jet generated by a hand held device,
propelling the particles into a target tissue of interest, typically the skin. The particles

are preferably gold beads of a (.4 — 4.0 pum, more preferably 0.6 — 2.0 pm diameter
-13-



UK) and Powderject Vaccines Inc. (Mdison, W), sone eddigptasbaf20d6 ch are
described in U S. Patent Nos. 5,846, 796; 6,010, 478; 5, 865, 796; 5, 584, 807,
and EP 30 Patent No. 0500 799. This approach offers a needle-free delivery
approach wherein a dry powder fornulation of mcroscopic particles, such
as polynucl eotide, are accelerated to high speed within a heliumgas jet
generated by a hand held device, propelling the particles into a target
tissue of interest, typically the skin. The particles are preferably gold
beads of a 0.4 - 4.0 pm nore preferably 0.6 - 2.0 mdianeter -13 24

Novenber 2006  angd ieNXonhRk bt Gt REE %ﬁﬁ{é},&cﬂlﬁ% aag,qg%%gglalssgpgﬁzgd in

a cartridge or cassette for ‘placing into gene gun
enbodi nent, ot her oy Rlosipgintodhy sea B ds t hat may be useful for gas-driven 5
needle-less I nj ection of conpositions of the present invention include

t hose provided e n rtl an sone_exanples of which are

described in U. quﬁa?agéﬁlte&tb q’f%gevg‘fﬁm @“’%ﬂs ?ayge?ﬁfg‘?@s@s -dgvag3, 851;

5,399, 163; 5, 520 nedip laaﬁmezm@@fwmmmonoofm@manmmmmmhe mwmfdvﬁﬁdt he

nucl eoti de sequemggﬁuﬁgggd(pgglﬁdwbkgg&hg gﬁg‘gﬁvﬁuﬁre osé:p ﬁﬁei’etgnflhn such
e

amount as wl | Wro& é%actlcall or t peutlcal

quantity to be a i /30-E4% 064, 8 35bH2335; I5>33ﬁ|351t,ﬁé99,1ﬁg5352ﬁ63&m pi cogramto |
mlligram prefesa¥4121 picogramto 10 micrograns for particle-nediated
delivery, and 10 micrograms to 1 milligramfor other routes of nucleotide
per dose. The exact 15 quantity may vary considerably depending on the

wei ght of t hd0 paThesisetons eihivh cormprive tie Redeotidickedenoes Enéb@indntigshio yapides @61 On. | t

encbdi ng L he ant | aent oo Bt TRANAT: ok BciENRG: bRl S seauence

encodi ng the antJf]genl CBP Btlde f¥asi's or
to be 20 adninis gpda ereq, Gsrgeewdbpnélpr@s@vkvanplbowmﬂton tinmes,
preferably betmmﬁgiam@mﬂer&lilﬁafgrmﬂblb%&&gfﬁﬁssf%% R dbierydaY and
about 18 nonths. ain,. mgl ver,, this treatnent al me W Pt be
significantly vari ed cf?%r " B’e lf?fé’tbﬁ‘?lét%‘?fn“"iﬁ’é‘dw @t Theemact di sease
whi ch is bei i-lﬁg tqueihemispYant wotidanbhybating of the waigiiTthe @htienfegipeot i de
sequence adm ni Skfiufited ahd the ket F 1 BhinRGHLRI Stration, and ot her factors which

It is possible for the immunogen component comprising the nucleotide sequence
encoding the antigenic peptide, to be administered on a once off basis or to be
20  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. Once again,
however, this treatment regime will be significantly varied depending upon the size of
the patient, the disease which is being treated/protected against, the amount of
nucleotide sequence administered, the route of administration, and other factors which
25  would be apparent to a skilled medical practitioner. The patient may receive one or
more other anti cancer drugs as part of their overall treatment regime.

Suitable techniques for introducing the naked polynucleotide or vector into a patient
also include topical application with an appropriate vehicle. The nucleic acid may be
30  administered topically to the skin, or to mucosal surfaces for example by intranasal,
oral, infravaginal or intrarectal administration. The naked polynucleotide or vector
may be present together with a pharmaceutically acceptable excipient, such as
phosphate buffered saline (PBS). DNA uptake may be further facilitated by use of
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25 woul d be apparent to a skilled nedical practiti one2q4 Nokembet 2006 nay
receive one or nore other anti cancer drugs as part of their overall
treatment reginme. Suitable techniques for introducing the naked

pol ynucl eoti de or vector into a patient also include topical application
wi th an appropriate vehicle. The nucleic acid may be 30 adm nistered
topically to the skin, or to nucosal surfaces for exanple by intranasal,
oral, intravaginal or intrarectal adm nistration. The naked pol ynucl eoti de
or vector may be present together with a pharmaceutically acceptable

exci pi ent, such ..phosphat e buffered saline (PBS). DNA uptake may be
further facili ta@%gmgﬁg ?é@ts Speh asybupiyacaiys, eifhst sep °rf‘a‘éi‘4°ﬂt'at¢%81\yégent s
such as bupi vacafomsslatioht (eier mefodsait @nfinifering bk wekddc Add BiR@0PN Y rebipiemu! at i on.
Qther met hods of; adm rftimsst e&i E% t[&e _mdél.ei c.acid directly to a recipient

i ncl ude ul trasound, ‘el Ger P cATTSE HHAHen, Alectioporation s9d migrpsspringvhich is

m cr oseedi ng whideberibed indliSsodo7oe] i n US-5, 697, 901. 5 Uptake of nucleic acid
constructs be enhanced by several known transfection techniques, for
exanpl e those including the use of transfection agents. Exanples of these
agent s i ncl udes Upedke ofincclég asid Sonstridts BRABDERanced bf bevidtal RSN RInredldd DEAE-
Dextran and |ip for | i pof ectam and transfectam The

t ant xanpl e,
dosage of the %%ﬁ%%%ef’ P%exﬁ'ﬁ’lﬁ%{%eng‘élu‘yﬂﬁﬁhﬁ juse; of trappfection sgents) Besmendes of nucl ei c

aci d sequence ofheschagepts dbudbs Calivio bR, R bxAMpID) chﬁuﬁ%ﬂjhﬁgffgm%rggtns

of transforned |.lS. C ells include cells harveste

The naked pol y%ﬁ’étf%o (lﬂééo?%%m\?’e@t%fm@ﬁ lippfectigp anddrapsteqtane ntheslesagaof the

i ntroduced ilfAt onglridacizith bsadniinidtbred ésh boalbid. t he transformed cells can later
be returned to the subject. The polynucleotide of the invention may
integrate into nucleic acid already present in a cell by honol ogous
reconbi nati on ekaentleic adid seqamsé 6f the preesl ihvelBoh mdyf ald @8 iafiSRlisteRQ bﬁgﬁéaﬂ\,ﬂ up in

vitro and one ofe.nore of t esrgisjuél‘:%:;lnbll cells may be used in the present
i nvention. Cell's can De-provicdEHcAt mande palls barvested drogy & aubjest. o t by
known surgi cal pob@ucledtide 0 LIOBoH th Sradentlif@RiinGtde Se R odlicedin @l shdl Qs in
m cro-injection,, etc.).,Exa es:
J {4 VYinr§ a(.ﬁd)thc lrarxmjormed cells can later be retuned to the subject. The
polynucleotide 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 resnitant cells may be used in the present

invention. Cells can be provided at an appropriate site in a patient by known surgical
20 . or microsurgical techniques (e.g. grafling, micro-injection, etc.)

Examples:

1.1 Generation of Constructs

25
A schematic of the relationship between all the constructs detailed below can
be found in Figure 1.
1.2 Construction the Full-length MUC-1 Expression Cassette
30
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1.1 Generation of Constructs 25 A schematic of the r2d Novembér 006t ween
all the constructs detailed below can be found in Figure 1. 1.2

Construction the Full-length MJC-1 Expression Cassette 30 -15 24 Novenber
2006 The starting point for the construction of a MJC-1 expression
cassette was the plasm d pcDNA3-FL-MJC-1 (I CRF, London). This plasm d has a
pcDNA3 backbone (Invitrogen) containing a full-length MJC-1 (FL-MJCl) cDNA
cassette cloned at the BanH site. On the basis of restriction mapping
performed at the ICRP, 5 the MIJC-1 gene has approxinmately 32 VNIR units
(variabl e nunber of t@REGEHHe &g%}ttﬁe) HheidAof gﬂﬁf Qe i r med
by fluorescent sequenci ngI usl:;n coB?l ners ; 04Nb%{p%@l+\%%§§?%ppendl X
A). The MIUC- 1 sekjgaid B A\%ﬁlchUQHe (IGRE, Nigefony e qTidh qdasinid tbetsedpqm\l@hom in
Figure 2. In theyfigont &aaﬁ}gé taltfineCd A8k RIRE

e T % Et%qlce \Naiss%qﬁ@scgﬁat eé an cI oned

containing the full-length

into the BarH ?l?@déifthﬂﬁ@ﬂ@ﬁm e@sibsh mmcwmmgpafmcgm@e ICRF,
(I'nvitrogen),s gemenalic: 'i'%ﬁﬁﬂ ﬁa%mpgmuwﬁé%ﬁsz Wmcaﬁ Wrialle! %th%}qé the

fragnent, relative to ronot €r, was con i'rme
fl uorescent seqdéh’ﬁéﬁshg}memnmftMm:dg@sG*Pnﬁuh@lrh}'rf{!}mamntlsmnmmsmeﬂmval of

the 3' untransla&rﬁg,r | ac

restriction enzyne ;sl.?gt@gl ?acﬁﬁjctlg@gp@}ugeqﬂﬁgfu% Jﬁn%?@é@ %Fhé’s A
fragment of MUCEL-MEST pemensayn bepideis shwnrin Figureed: sinZBOOIMGIEe af the 206RYLC
o pa ol § Cetes OBLER BadinchC ORlthds B0 fu I (UEL CEDUR Gl O 1

Xhol . In paraIIeI pl asm d was restrict
purified vector i Mtﬁ‘ﬁ‘h@%ﬁ@@ tbg&a@mmetqfﬂtemr@s@mmagmm g&hﬁyml ng

lasnid INVB14. f
pl asri (BB i ebRblf BaknAshal THOLRSS S BRANS L Bl |0

confirmed the presence of the orrec agrrent arallel’,
removed and r epReidtivetahe FMY prosstervds chwfirad by s dlgorasventiseperaingd

restriction enzyme SiteGxt sthhVBr GotRSint Aol h G ivalbt B W Eliransiated region

(UTRs) and replacement with improved restriction enzyme sites to facilitate future

15 cloning procedures, A fragment of MUC-1 was PCR amplified with primers
2062MUC1 and 2063MUC! (Appendix A) using JNW278 as a template and
restricted using BstXI and Xhol. In parallel, plasmid JNW278 was restricted using
BstXT and Xhol. The purified vector backbone was ligated with the PCR fragment
generating plasmid JNW314. Restriction analysis and fluorescent sequencing

20  confirmed the presence of the correct fragment.

In parallel, the 5° UTR was removed and replaced with an optimal Kozak
sequence and improved restriction enzyme sites. JNW278 was restricted with Nhel-
Xhol removing the entire MUC-1 cDNA sequence. A fragment of MUC-1 was PCR
amplified with PCR primers 2060MUC! and 2061MUCI (Appendix A), restricted

25 Nhel and Xhol, and ligated into the vector backbone generating plasmid JINW294,

In the next stage of the cloning INW294 was restricted using BsaMI, releasing
two fragments (of approx. 2.3kbp and 3.2kbp). The larger of these two fragments
(Fragment A) was isolated and purified. In parallel, JNW314 was restricted with
BsaMI and the larger of the two fragments (Fragment B, approx. 7kbp in size) was

30  isolated and purified. Fragment A and B were ligated together generating plasmid
JNW340. The correct orientation was confirmed by restriction mapping using Nhe-

Xhol and separately, Xbal,
-16-



Xhol renmoving the entire MJC-1 cDNA sequence. A fragnshNoeémbef2006as PCR
anplified wwth PCR prinmers 2060MJCL and 2061MJCL (Appendix A), restricted
25 Nhel and Xhol, and ligated into the vector backbone generating plasmd
JNW294. In the next stage of the cloning JNW94 was restricted using BsaM,
releasing two fragnments (of approx. 2.3kbp and 3. 2kbp). The | arger of
these two fragnents (Fragnent A) was isolated and purified. In parallel,
JNWB14 was restricted with BsaM and the larger of the two fragnments
(Fragnent B, approx. 7kbp in size) was 30 isolated and purified. Fragnent A
and B were |igated toget her tgenerati ng, plasmd .JNWB40. The EE%” ct
orientation was conflfhefnahshgeet the cfoning, WL ESITES RS Bokftd) forh g
separately, Xbahwsdd vgdredatRiDEEesP QA Nhét ite Xhblaklessingge Sdgniehite of | oni ng,
an expression cassette was isolated fromJ ‘Zgﬁﬁi/ restr'ctioE di?g,est with
Nhel and Xhol , peeroxiately 4kber (The FXpressip plagggy% FQT"W?H&TB‘?““F"@ Xpr essi on
pl asm d pVACL ( Jjup1een sbsymas ekeigiéd Fih NnEIX8] &, ligdteORjth e MU tepssetteed Wi t h
Nhel - Xhol and ligated with the MJC-1 cassette, 5 ge % ng..t he full-1length
MUC- 1 expressi offigpdgnithy Siignagh Mile-1c gresupn P&P’P@n?@@? ofhg RYRC- 1

sequence rel ati ¥@ntafod HERERGCPT SGRENEE relbfite (0 CVIVREbriter Wae 8bufirned BN di gest
and fl uorescent se.c%en(;i ng. . The sequence of_the IVUCfl e elssi on. cassette
i s shown in Fi gigftactyn diggst pudsflysgsseqnt segpeneine. Jfhe seangoes o %@& BBHEE™i ng One
UNTR Unit The sg.adetd BahdweiinFighes. construction of a MJG1 expression
cassette containing one VNTR units is JNW78. A unique feature of the

hi ghly repetitive VNTR DNA sequence is the presence of an Fsel restriction

site in each_ of repeat i 5.J nwas, r i.ct.jon digested to
conpl et enesd? us*"l?}g’e"l‘—'gé‘ijc%"? ﬁ‘é“m‘{)&eﬁﬁ%&%ﬁ%ﬂg ?’&%@I{"@c}? %Ld religated to
generate plasm d JNW283. The presence of a single VNTR wunit was confirned
by restriction analysis, PCR and by fluores sequenci ng. The. . MJC 1
sequence of JNW283 iﬁe W%?‘ﬁica%‘%‘m?’ °§ﬁ%l ﬁ‘?%ésﬁ%ﬁﬁg%%co &"é{‘gl\/uc- 1
Expressi on Vectge VR wiitd is TrwaTe. WNERuiféaturel of the gty espetitive VINI®: IINAasset t e
containing one s\r-:/ql\lleecheuig It{le ];{egeglncé] th? %sélnrtesct)riction site in each of the repeat umits.
15 JNW278 was restriction digested to completeness using Fsel, the vector backbone
isolated and religated to generate plasmid JNW283. The presence of a single VNTR
unit was confirmed by restriction analysis, PCR and by fluorescent sequencing. The

MUC-1 sequence of INW283 is shown in Figure 2.

20 1.4 Construction of a MUC-1 Expression Vector Containing One VNTR Unit

To transfer the MUC-1 cassette containing one VNTR unit from JNW283 into
the expression plasmid pVAC, the following cloning steps were taken. The first stage
of cloning involved the removal of the 5’ and 3’ untranslated region (UTRs) and

25 replacement with improved resiriction enzyme sites to facilitate future cloning
procedures. A fragment of MUC-1 was PCR. amplified with primers 2060MUC1 and
2062MUC]1 using INW283 as a template and restricted using Nhel and Xhol. In
parallel, plasmid pVAC was restricted using Nhel and Xhol. The purified vector
backbone was ligated with the PCR fragment generating plasmid JNW322,

30 Restriction analysis and fluorescent sequencing confirmed the presence of the comect

fragment.
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t he expression plasmd pVAC, the follow ng cloning st@iNovenshdrs 2006 The
first stage of cloning involved the renoval of the 5 and 3' untranslated
region (UTRs) and 25 replacenment with inproved restriction enzyne sites to
facilitate future cloning procedures. A fragment of MJC-1 was PCR
anplified with prinmers 2060MJCL and 2062MJCL1 using JNW283 as a tenplate
and restricted using Nhel and Xhol. In parallel, plasmd pVAC was
restricted using Nhel and Xhol. The purified vector backbone was |igated
with the PCR fragnent generating plasm d JNWB22. 30 Restriction analysis
and fluorescent sequencing confirnmed the presence of the correct fragnent.
-17 24 Novenber 2006 1.5 Construction of a MJC-1 Cassette Containing a
Smal | Number of 1\4NIdRnsteldtiof of a MECsL GadséttegCondaining adimalhNumberstir (N¥R on of a
MJC- 1 expression cassette containing a small nunber of VNIR units is
IJNV283 whi ch wad™¥neari sed using Fsel. The VNTR units were generated by
partial digest of plasmd JNW78 with Fsel to release a |adder of short

fragments varying in_size from - equi val ent  torene Ufdlekte- tO
appr oxi mat el y’ 420bp &Hﬁ@%ﬂﬂ%#Pﬁgggﬁﬁﬁ‘P@E¥%§EREVN+@”32i??¥m$§2 10 [ adder of
VNTR fragments genshiagadnall nampardfiviiTRingsss TNW28A\WRIES was lindadsed WEing Fi gure
7. The fragnents aof _60- bp. were purified by.. s ARl gl gat ed
with FseI-Iineé?%sgheyﬁggggﬁWﬁ%ﬁé&?ﬁé&%?ﬁ%#@é%ﬁ?@ﬁ%creeneg by B usi ng
the priners 20Q05Muede fRaie? 0 Siit@Ehgmiritclandigdn pize ivmdifbpl - Squiveledt 18'one
respectively of {he VNTR regi.on of -1, . e BCR was tsl ApsUch a
way that clones TGRSR el{ﬁ%ﬁ‘f@%l%"‘ﬁ%’ﬁﬁ%m {s V\?gﬂlll Hﬂyi (Farf_ld a PCR
fragment | arger lidignoft VIeTI®@Rghertg peaatted dp arresipbdigesh of WA ioslew/NTR uni t
of JNW283. PCR positjV | ones ubject ..t.Q fur : [RYASYI
restriction dig% ‘%%éﬁ?%ﬁ@? éﬁﬁ@gg% 3@%@?#3”%3g%&%&%%ﬂ??ﬁéﬁahﬁﬁg%r of
VNTR uni ts pres@d-linddsibsdNWIESS. [(1aies evole, initiallysadared b ROR Gsingethe ppgheas i ds
wer e obt ai ned inc¢luding e 0SsSesses, seven V ' I+, t Ot a
and 20 JnvB21 wAeHsce LRt SR R BRPE 31 R S Bepth e TR o' ana
JNVB21 are showgionrof Mg £ Thé PER was Jdoap IANGEL aiwky thatodlonEhIVWBILD cerltadming
polynnrphisn% thqﬁ. . .
1 multiple VNTR. units would yield a PCR fragment larger than the PCR fragment

corresponding to the one VNTR unit of JNW283. PCR positive clones were subject

to further analysis by restriction digest and fluorescent sequencing to confirm the

number of VNTR units present. Using this protocol, a number of different plasmids

were obtained including INW319 which possesses seven VNTR units in total and

20  JNW321 which possesses two VNTR units. The sequences of INW319 and INW321
are shown in figures 4 & 5. The VNTR units of INW319 show polymorphisms that
are present in the wider population (denoted by the asterisks).

1.6 Construction of 2 MUC-1 Expression Vector Containing Seven YNTR Units
25
To transfer the MUC-1 cassette containing seven VNTR units into the
expression plasmid pVAC, the following cloning steps were taken. The first stage of
cloning involved the removal of the 3’ untranslated region (UTRs) and replacement
with improved restriction enzyme sites to facilitate future cloning procedures. A
30  fragment of MUC-1 was PCR amplified with primers 2062MUCI and 2063MUCI
usingKJNW278 as a template and restricted using BstXI and Xhol. In parallel, plasmid
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are present in the wi der popul ation (denoted by the a4 Novelber 2006
Construction of a MJUC-1 Expression Vector Containing Seven VNTR Units 25
To transfer the MJUC-1 cassette contai ning seven VNTR units into the
expression plasmd pVAC, the follow ng cloning steps were taken. The first
stage of cloning involved the renoval of the 3' untranslated regi on (UTRS)
and replacenent wth inproved restriction enzyne sites to facilitate
future cloning procedures. A 30 fragnment of MJC-1 was PCR anplified with
prinmers 2062MJC1 and 2063MJUC1 using JNW278 as a tenplate and restricted
usi ng Bst Xl and l. In para]lel, i - . N9 VedibShaciddMOwas) NV\B19
was restricted ﬂ\ﬁ}%‘& %t&%%ﬁd%o?%?%ﬁh %?%g&lv%gtor backbone was
ligated with thegRERihragPER fagentgeatriting psmid ANV 6IRVBetictippaplypiz prdyy
anal ysis and fluorescent sequenrci i Gmnce of the correct
fragnent. 5 In Wéﬁﬁggieq%?ﬁﬁé&gﬁ&%ﬁghe%%cﬁgﬁgel\l%/c{%gﬂw\%gg restricted using
BsaM, releasing two fragnments (of approx. 2.3kbp and 3.2kbp). The | arger

of these two_fragnent Fra . i t.ed. B kg eadi
paral Lol INT622 vadh Paabl ot Ly hink B NpRPLE A iR BRAPRIenly |
fragnents (Fr agmeniagfients (i approx.Jckbp iend 32ihp). Wb larder of @essdwa fa8BANS fi ed.
Fragment A and were |Jgated t e i ) icteiWEd0. The
correct orient a&?agf’i' )%ﬁn\s%?tﬁ(gg&{)eﬁ{ﬁggt W%@?%%@?%ﬂglﬁ@ﬁg nglP and
f1 uorescent secBsNIiand)thellirgérivg tifei twa ifragroentpe(Foment Shiapryox- kP 9B Whsasset t e
from JNW40 was i Sfflg%tsrge}mﬁmﬂgl 5*3%&8145?% iwgltei]@gtem'l;igth&lth%ﬁﬁﬂg pidgla and

e

ligated with p\%ffe riearrts wth Nnel "and Xhol ), generating plasmd
JNW56. The 10 seINWiOe The cornet MisGtatiorewsroonfiined by sestistinamappis IsiRE KPied by

fl uorescent sequengin 15 and | L1 Fi UC-Pdsbekth §@fl on of
VNTR Units Fol ﬁﬂanrhﬁcfﬁ | t@%?ﬁ%“ﬁ“%?“?%‘a%ﬁ%ﬁ%qﬁ %IF?EFgeI., a | adder of
VNTR 20 was r eiNstsi0casr iaslgbc (pllbwinen réistion avithi Nusl evd XbeJ addigoted withni t) to
420bp (equivale tq seven VNI rtS) . 1Fal ' HreBeeste. the
fragnents were lfruﬁ)q é‘ﬁ%’d l?erm(’)sﬁ%yYlﬁeﬂggaa?%sxehogb%&\gfﬁgggpgiﬁyed. Fi gure 8 shows
two | adders of seiNERewfiiHeMUTH@xpdbésion cassette was confirmed by fluorescent sequencing

15  andis shown in Figure 6.

1.7 Purification of VNTR Units

Following digestion of INW278 (FL-MUC1) with Fsel, a ladder of VNTR

20  was released, ranging from 60bp (equivalent to one VNTR unit) to 420bp (equivalent
to seven VNTR units). Following electrophoresis, the fragments were isolated from

the agarose gel and purified. Figure 8 shows two ladders of VNTR units. The DNA
markers are shown in Lanes A & D. Lane B shows the ladder representing VNTR

units in the range 60-240bp. Lane C shows the ladder representing VINTR units in the

25 range 180-420bp. These fragments were subsequently ligated into the Fsel-linearised
JNW283 to build up a MUC-1 gene containing 2, and 7 VNTR units. Other
constructs containing 3, 4,5 or 6 VNTR units can be made in an analogous fashion

(See figure 7).

30 2: Preparation of Constructs for Cutaneous Gene Gun Immunisation
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markers are shown in Lanes A & D. Lane B shows the | agddNovesbexs200G6 Ng VNTR
units in the range 60-240bp. Lane C shows the | adder representing VNIR
units in the 25 range 180-420bp. These fragnments were subsequently |igated
into the Fsel-linearised JNW83 to build up a MUC-1 gene containing 2, and
7 VNTR units. OQther constructs containing 3, 4,5 or 6 VNTR units can be
made in an anal ogous fashion (See figure 7). 30 2: Preparation of
Constructs for Cutaneous Gene Gun | nmunisation -19 24 Novemnber 2006

Plasm d DNA was precipitated onto 2 .tmdi anmeter gold beads using cal cium
chloride and sperm di ne. Loaded beads were_coat.ed ontg .Tefzel | ng as
described (Ei senbr ablasmi¢ DNA wasggepipitpisd P%F”@’t&%‘?‘“f@g‘bﬁ@&ﬂ%ﬁ fga'(.:f‘lfﬂém

bonbar dment was RREALHIRHrmidRioN Lobdi@ bARS Hhde comEForbE TS uping ps teonteRCT VO
95/ 19799) . For each plasmd, 5 fenale CSGBllg m ce %i niestgrgrlcgvith 3
admi ni strati ons (Bcopranmft al, 43P3yBeramep et al.plpoa), faricle bempapfmen( was PEFIPTICE o

consi sted of twQ HoRRARCHR Hese Wivhry G QPOT WOIGBMOWoRg Far emhailastdbe of
approximately 4-5 pg ofmgl asmd. 2.1 Intranuscul.ar ,éi o:lnﬁ DINA | ”T‘Wi zation
10 Fenal e C57B1/fenals GE6RMEmeicq Yyere ipswised Yiith ) asayinigtations of plagnid on daysfy' | o
with 50 g of DNA L 4PB r3e0 adl@MisRation bordRebd 42 twe bemBudeits ‘el DNAMgobt;t i on 15
Two sets.of tunour regression experinment were performed in which, in the
first experi memptovilliipetots! dossafepprodnitely g ofplBERif-aneousl y injected in the
right flank of anaesthetized mce two weeks after the |ast inmunisation.
In the second experinment a nuch nore aggressive nodel was used in which

t he ani mal r ecei2vuebhtranmseulari.m) PN e Ps. Turmour growth was nonitored
twice a WeekmUSi ng vernier calipers in tw dinmensions. Tunour vol unes were
calculated as (a x b")/ 2, where a represents the |argest dianmeter and b
the snal |l est di Zeetle€57Bledeswere immymised intrprpronlaly iplgdhpbind legith g ned as

the time point ginwhisehs SWTRMFo, %1 @Fker reached 15mm

2.2 Tumour Cell Injection

15
Two sets of tumour regression experiment were performed in which, in the first

experiment 0.5x10° turnour cells were subcutancously injected in the right flank of
anaesthetized mice two weeks after the last immunisation. In the second experiment a
much more aggressive model was used in which the animal received 1.0 x 10° tumour

20 cells. Tumour growth was monitored twice a week using vemier calipers in two
dimensions. Tumour volumes were calculated as (a x b*)/ 2, where 4 represents the
largest diameter and b the smallest diameter. The experimental endpoint (death} was
defined as the time point at which tumour diameter reached 15mm.

25  3: Testing of Constructs
3.1.1 Materials & Methods

B16F0 and B16FO-MUC1 Tumour Cells
30
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25 3: Testing of Constructs 3.1.1 Materials & Met hodz4 RbeEfber20B66FO MUCI
Tunour Cells 30 -20 24 Novenber 2006 BI6FO (nmurine netastatic nel anom)
transfected with an expression vector for the human cDNA MJC-1 were

obt ai ned from G axoWellcone U.S. Cells were cultivated as adherent

nonol ayers in DVEM suppl enented with 10% heat inactivated fetal calf

serum 2nmM L-glutam ne, 100U/ m penicillin, 100y/ M streptonycin and | ng/ m
of 5 neonycin antibiotic (GL48). For use in ELISPOT assays cells were
renoved from flasks using Versene and irradiated (16, 000Rads). 3.1.2

Construction of EL4 tunpur cells expressi ng IVUC—,% 10 EL4 cell s twe@e
cultured i n RPMBI§Bhnwing meggtatic Bslatomah Fansiepiod MERED SXRIBEPRIY 'Y ©F 11 n,

(1$0| lgl |m str eﬁ/b%mﬁﬁd EDNANME %H%g%&ﬁﬁoéﬁwawwﬁ?mﬂéegm cultivifli\2 78

ul | -1 engt -1) was linearised with Fspl, rified. by,

phenol : chi or of orarpdhstsnigRgrolayers BHYYEV suppiemen @E rlgé‘tq%fﬁn")léﬁ‘faf"g\fgﬁlcﬁ@ et hanol
precipitation. ZxlQ' 2;&1@;'[15:@11&:5]1:19,- 1o0U/uiRpiiciie Nobgy/al siestbaycieid 1fighadfw t h
201tg of 15 linearised DNA in_a 0.4nmm Bl ORAD cuvette. The cells é{ﬂtere
transfected By netmexsin eiibict (8t Fogepin FIVRIT asipyp Spls ¥ L IPBEE B on, the

cel | suspensi on gigs ysihd Mredn btdGHadifedlPeldooRhdspr €- War med RPM  conpl et e nedi a
and incubated for 24 hours to allowrecovery. The cells were placed under

selection in RPM conpl ete nmedia containing 5009/ M hygronycin and

i ncubated for 7-10 days. Surviving cells were 2 jJuted into 96-well
U-bot t omed pl at éd-Zaf-opstepction ?fﬁlﬁég?‘"f"rfemgr"’&‘l‘“ Tomplete rmedia

I ncl udi ng 5001tg/ M hygronycin. 8-10 days |ater, clones were transferred

into 24-well plates, At this stage, the MJC ] expr.essi Owa S
assessed by 1 oft4 cltsoee r‘“‘}}l“!iﬂ’dmplg'g\iﬂt fopplety, BF?HQW%Z@E\%%H Iﬁ'&’#\gi ned
for father anal y&iigHin?2 2003 pgmE!sir§RMycis SANS Lighitanfiné ed0OhMRBapRAReshahal. t he
MJUC-1 Gene Product 3.2.1 Preparation of ?lgll epocyt eta/a?l ens were, obt ai ned
from i nmuni sed ENVAE s @4ll-lepethy MUGHQ: 5o Sin c™Ras P> PUlt y
phenol:chloroform:iso-amyl alcohol (25:24:1) extraction followed by ethanol
precipitation. 2x10” cells in 0.5m! RPMI complete media were mixed with 20pg of
15 linearised DNA in a O.4mm BIORAD cuvette. The cells were transfected by
electroporation at 320V, 960uF. After electroporation, the cell suspension was
transferred to 30ml of pre-warmed RPMI complete media and incubated for 24 hours
to allow recovery. The cells were placed under selection in RPMI complete media
containing 500pug/ml hygromycin and incubated for 7-10 days. Surviving cells were
20 diluted into 96-well U-botiomed plates at 0.5 cells/well in 200p] of RPMI complete
media including 500pg/ml hygromycin. 8-10 days later, clones were transferred into
24-well plates. At this stage, the MUC-1 expression profile was assessed by flow
cytometry and positive, uniform clones were maintained for further analysis.

25 3.2  Elispot Assays for T Cell Responses to the MUC-1 Gene Product
3.2.1 Preparation of Splenocytes
Spleens were obtained from immunised animals at 7 days post boost, which was

'30 either at day 28 or day 49. Spleens were processed by grinding between glass slides
to produce a cell suspension. Red blood cells were lysed by ammonium chloride
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30 either at day 28 or day 49. Spl eens were processed24oNogembdr 2006et ween
glass slides to produce a cell suspension. Red blood cells were |ysed by
ammoni um chl oride -21 24 Novenber 2006 treatnment and debris was renoved
to |l eave a fine suspension of splenocytes. Cells were resuspended at a
concentration of 8x106/m in RPM conplete nmedia for use in ELISPOI assays.
5 3.3 Screening of Peptide Library A peptide library covering the entire
sequence of MJC-1 was purchased from M notopes. The library contained 116
15mer peptides overlapping by 11 amino acids peptides covering the entire

sequence of MJC. 1 (including 1 co f Qi :

Pepti des are reMﬁﬂtﬂ%gﬁ’ﬁﬁﬁs e&@ﬁ“&?é‘%"??éﬁ%%&é@? Hsg%?%gcgi{‘ﬁg C%PQ t he
pepti de | i brarywepepuipdadedacs encsitioatof 8 H0f/mbin RRMIcompletetrhedis fofuss @M i n | FNy
and |1L-2 ELI SPQE@PW"J n:%é[he protocol described below. For |FNy ELISPOTS,
11-2 was added &%¥%ays at 10ng/m . Splenocytes used for the
screening were taken at day 49 from C57BL/6 m ce or CBA mce i mmunised
with FL MJC1L at Days 0, 21 and 15 42. 3.4 Epitope Mapping Two MIC 1

regi ons showb ng3.g dizdeeningof Peptidy Libmar@57BL/ 6 mice were sel ected for 20
further study. These were regi ons covered by peptides 222-225 and 238-239.
By flowcytonetry (protocol below) it was shown that the cells producing

| FNy in respondepeptidd sy pegingdbs enlin ce@pgecef] MEIC-1T avasryrehased digmt opes
e o anC e bl Fur Uil 8P e 1§ mBoeicl o R e By B bl Sip ot Vel y

were ordered from not opes. ese were t _ ] L1 SPOT usi ng
spl enocyt es fr opeptides wavesing Shei entingrregsnccasd MEC (instirding dveopy Phutbei tardemodoni nant

B ot s wer o S oalfed inpbf peptel P biieaft by hobnfi b 168 o F bty 50
nmouse | L-2 ( Phthe paptidgelifrary Ricptides wore ueedcad a fieal concentratiophef 1@uMiin ANy 8df ore use
the plates Were&; 5 gdopoTs using the protocol described below. For IFNy ELISPOTS, I1-2 was

added to the assays at 10ng/mi. Splenocytes used for the screening were taken at day

49 from C57BL/6 mice or CBA mice immunised with FL. MUC1 at Days 0, 21 and

15 42.

3.4 Epitope Mapping

Two MUC-1 regions showing good reactivity in C57BL/6 mice were selected for

20 further study. These were regions covered by peptides 222-225 and 238-239. By
flow cytometry (protocol below) it was shown that the cells producing IFNy in
response to these peptides were CD8 cells. To map the epitopes further 8 and Smer
peptides overlapping by 7 or 8 amino acids respectively were ordered from
Mimotopes. These were tested in IFNy ELISPOT using splenocytes from animals

25 immunised as detailed above. Two immunodominant peptides were identified,
SAPDNRPAL and PTTLASHS.

3.5 ELISPOT Assay

30  Plates were coated with 15pg/ml (in PBS) rat anti mouse IFNy or rat anti mouse IL-2
(Pharmingen). Plates were coated ovemnight at +4'C. Before use the plates were
-22.



24 Novenber 2006 washed three tinmes with PBS. Spl enaxyNesembee2806ed t o
the plates at 4x105 cells/well. Peptide SAPDNRPAL was used in assays at a
final concentration of 10nM Peptide PAHGVTSAPDTRPAPGSTAPPAHGV (25ner
peptide) was used at a final concentration of 25M These peptides were
obtained from Genenmed 5 Synthesis. Peptides identified fromlibrary

screeni ng and epitope mappi ng studies were also used in ELI SPOT assays:
203 ( DVTLAPATEPATEPA) at 101M 299. (LSYTNPAVAATSANL) at 101i M PTTLASHS at
IM (M notopes). Irradiated tunmour cells B16, B16-MJC1 and EL4, EL4-278

were used at a tumour .cell: effectar o rati 1, I te6lSiP A PosVer e
carried out in tvﬁlgg%rggegntg}éeso?"ﬂéﬁaﬁér&ﬂf%cggﬁ% 616({1&5? ﬁ_ &Pﬁg 7 (I On(&/ m) or
no cyt oki ne. Totealls/well. uPEptitier SARDNRASL |wanase2d0aybays aPh dmelscopennirgtionioag

moubat or i | ¢ DRYEReR S IR AP ERIOV B PRI £ U oo

for 40 hours. hb5fil Sofcehlieatioh afraspM. ofThesk | SPEIEs Asza pbiRingd dwm Getemsd wer e

renmoved fromth at es_ by, washj. nce. w.th (v ' .soak to
ensure |ysis “of %3@:’?8%5) acﬁéd? Hc?eg‘%ﬁlet%i %‘ggsﬁ}\?\nm?(hsc %%t‘ge gdoﬁtwc%?rjm&g%@ rat anti
mouse | FNy or Isterc?alédPheidiin GLISPORAsssaed2ls @VILAPATEPARERRS 10pM, &89 wer e

I ncubated with | hqur ?*Fﬁ%fﬂ e r@-” Pl re then
washed three ti ﬁg%%;h‘?%%‘éf%ﬂg@ddl I on o%‘t gﬁ? p a‘j\;/tlgp(ﬁ)h g{ﬂ%ﬁ#\ﬁe
phosphat ase ( Cainzgy cdils B16, E16MUCT ankdiBid, BLA2T8 vew use at latamoupeadlheffecion PBS
spots were reveal.ed by,i lon with ] sub Fds lrorad) ofpr 15-45
m ns. Substrate s°%§'h§g&2ﬁt‘r ﬁgﬁyﬁd&% %P%Zﬁ %I %% S \Acér%é‘eg o]\%ie% to dry.
Spot s were aumértag/ad), is7 itPngiml) amgpecyokidey STotal yylemein dehivedidwas2Z90ly Bri an

Hayes, Asthna Bi 0l.q upit .. . 3.6 FlLo t ry to . | FNT
Production fro #qu?ﬁmﬁpeﬂg%eﬁgﬁg@ge sagrﬁtl?cm% f|81rﬁha |5%§£§%8{§p enocyt es
wer e r esuspended7atincliat@Giile thoRe@hiatinguasordelsas stimdatérs wate ipubateshfor at | on

of 10pM and IL-% t a final concentration of 10Ong/m. Cells were incubated
at 37C for 3 hoUP¥™ Brefeldin A was added at |ogg/m, and i ncubation
continued overnight. -23

15 3.5.1 Development of ELISPOT Assay Plates.

Cells were removed from the plates by washing once with water (with 1 minute soak
to ensure lysis of cells) and three times with PBS. Biotin conjugated rat anti mouse
IFNy or IL-2 (Phamingen) was added at Ing/ml in PBS. Plates were incubated with
20  shaking for 2 hours at room temperature. Plates were then washed three times with
PBS before addition of Streptavidin alkaline phosphatase (Caltag) at 1/1000 dilution.
Following three washes in PBS spots were revealed by incubation with BCICP
substrate (Biorad) for 15-45 mins. Substrate was washed off using water and plates
were allowed to dry. Spots were enumerated using an image analysis system devised
25 by Brian Hayes, Asthma Cell Biology unit, GSK.

3.6 Flow Cytometry to Detect IFNy Production from T Cells in Response to
Peptide Stimulation.

30  Splenocytes were resuspended at 4x10%ml. Peptide was added at a final concentration
of 10pM apnd IL-2 at a final concentration of 10ng/ml Cells were incubated at 37°C

for 3 bours, Brefeldin A was added at 10pg/ml, and incubation continued overnight.
-23.-



24 Novenber 2006 Cells were washed with FACS buffer Z24LPRovembir BGB6+ 0. 1%
azide) and stained with anti CD4 Cychronme and anti CD8 FI TC (Pharm ngen).
Cells were washed and fixed wth MediumA fromCaltag Fix and Permkit for
15 mns followed by washing and addition of anti |IFNy PE (Pharm ngen)
diluted in MediumB fromthe Fix and Perm5 kit. After 30 mins incubation
cells were washed and anal ysed using a FACSCAN. A total of 500,000 cells
were col |l ected per sanple and subsequently CD4 and CD8 cells were gated to
determ ne the popul ations of cells secreting IFNy in response to each

peptide. 10 3.7 §%‘ﬂ|ﬁSA As t(i_Jll’FA:e%tbl q%ﬁ+2t5%l§dge+magld§eg@st&éaq“ﬁt Serum

sanpl es were obt é’amf"% ani nma y vénepuncture on days -1, 21, 49
and 56, and assagmd:ﬁmwhﬂ@mepmemrm BT CAPharmihiIg). 1quhw%€ﬁsle0§ﬁn ixedA was

performed using %nﬁ%ami&& c@h%tﬁ& a{dﬁ%ﬁmﬁ‘ﬂnrt%%%%llﬂed%g 4dP9/ m  of

wld 15 type i té sequ corresponding’to andem
repeat sequence, mﬁmmmﬁmmmm@mmmmmmsm ng

with TBS Twegn (jris-huffere [ Qeadanf ATween
20) the plat e5§ %ﬁg ) on&’i?seﬂm %ﬂ&wﬁg&éﬂWu&%P ?'(r 2 h at
room t enper at ur etotalAifisoo m:mlmecqlln@edmt whphrtmds@mumlhf&m‘l@nd €8 cqllsh at RT
i n TBS- Tween buffer nt i 2 %qa j ugat ed
rabbit anti-mouse i ﬁ%@ éﬁ%ﬁlﬁ?lﬁg 5%8%6 Badsg&g&g V?O%% g'spugi&gn in
TBS- Tween buf f erpeptideat es wer e washed again and bound conjugate detected

usi ng Fast OPD col our reagents (Sigma, UK). The reaction was stopped by
the addition of 3M sul phuric acid, and the OPD product quantitated by

nmeasuring thg atﬁﬂEﬂMﬁsﬁ&f&%@ﬁ%ﬂ:&&o&eMﬁtﬂWPWWI c Analysis of Sera
from Il nmmunised Mce In order to denonstrate that antibodies evoked by these

vacci nes are capable of recognjsing tunour cells, sanple a,ﬂtlﬁ era from
{

PM D i nmuni sed mcEE stiples weig potaied {igm tha pomals by veaepupcivrs Gp ., and

the | abeling vi sh@lsesesl RysafddORr GNd PraBdntey/ of@hw¢f%u&¢dyCELm lad,
EL4- 278, B16FO and B16FOMJCL; | x| O ) were washed, .in PBS bklffer ?WB(PI enent ed
with 5% FCS and PPRgerhysing Nime Maxiseip plakes gpqied qupmight at 4°C with 3 pg/ml o

15  type MUC-01 peptide sequence {40-mer corresponding to 2 tandem repeat sequence,
PAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAP). 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

20 binding was detected using HRP-conjugated rabbit anti-mouse immunoglobulins
(#P0260, Dako) at 1:2000 dilution in TBS-Tween buffer. Plates were washed again
and bound conjugate detected using Fast OPD colour reagents (Sigma, UK). The
reaction was stopped by the addition of 3M sulphuric acid, and the OPD product
quantitated by measuring the absorbance at 490nm.

25
3.8 Flow Cytomefric Analysis of Sera from Immunised Mice

In order to demonstrate that antibodies evoked by these vaccines are capable of
recognising tumour cells, samples of antisera from PMID immunised mice were used
30 to label various tumour cel] lines, and the labeling visualised by flow cytomeiry.
Cells (T47-D, MCF-7, EL4, EL4-278, B16F0 and B16FOMUC1;1x10%) were washed
in PBS buffer supplemented with 5% FCS and incubated at 4°C for 15 min with
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-24 24 Novenber 2006 nouse sera at 1:100 dilution. AR#dNowashurZNoécel | s
were incubated with the second antibody (Sheep anti-nouse |1gG Dako,
Denmark, at 1:50 dilution) under the sane conditions. Control cells were
i ncubated with FACS buffer instead of the first step antibody prior to
staining with the second step reagent. FACS analysis was 5 perforned using
a FACScan (Becton Di ckinson). 1000-10000 cells per sanple were

si mul t aneously neasured for FSC (forward angle |ight scatter) and SSC
(integrated |ight scatter) as well as green (FLi) fluorescence (expressed

as |l ogarithm of t he | nt gglroa}é@g:f I %’1{5? oéllb g)é{e)%%xﬁﬁﬁpfvﬁb RESeddRd € made

excl udi ng aggr ed4® Wer's ou range ta were expressed as
hi st ograns pl ot Taﬁlﬁbodﬁ(fmdqi)ﬂm -mduse Bd, Hakld) D(cmnam%)l :50 ailgieg) ndep the Sapc e

intensity (X-axi S P y E%ldl ferent ult)a¥£ﬁ»? ACPHIR, SRledd opﬁwlﬁgttstgpthel

surface of the t° YOS rans ectlon Assays 15
expressi on fr omanttoly pEoDNA sainingt witctise vemsndasted yeagent. byFAﬁ&r@Fim was

transfection of ng %asmﬂ; e (ﬁﬁ $0B e BVRE YanpfeSilidrs
fol l owed by Jei PREVURELTE ‘%df%ﬁfﬁrfﬁk wp] T ? 100615 FS?EII%F of by 1 ow
cytonetric anal yﬁiuﬂmﬁéusgeﬂnbasur%fdnmﬂﬁe(fmqyd e@eeﬂght/hl@ttqr) aﬂﬂr&‘ifs[@mmted
transfections orne wthtﬂ_g] gg%’ Ef Iﬂ;f(
according to t@gﬁﬁﬁﬁ{ggcﬁsu‘?’ : }rllies : %&&P? ® % ZA-wel | 11 ssue
cul ture pl ates wdgtaclemdedoonie lighﬁx 1REcordin® werk Ingdpexchwgigl agmgﬂtmwhOE}\/BM
conpl et e nedi u 0% F 2mv| L- é] 1
streptomycin |0 é‘é ﬂe)oué?fdm}g gare quersgef%ghl OFe ?]Elb%é?l h@nl?:'f'pg vvas
added to 25po o’(Y-@:ué)MefdasC}luc(r&uﬁm mkeasity (Keuxispfoe thealifferent hge2@ mduseTsesnsf ect am
was added to Zﬁgl g I\/L g I‘F’é D(I:\‘!ﬁs and Transfectam sol uti ons were m xed
gently 25 and i RtHB% By "ﬁttm B St ure for 15 ninutes. During this
I ncubation step, the cells were washed once in PBS and covered wi th 150pl
of serum free "%gi'fé-g]n %1 l\ﬂs Z{iﬂ\ﬂlk{s | utam ne). The DNA- Transfectam sol ution
was added drop W se ¥ E?‘ﬁ% feei AT plate gentle shaken and i ncubated at
37C for 4-6 hours. 500pl of DVEM conplete nediumwas added and the cells
| ncubat ed fq% aMfL}glt expres4s§on7%-orrﬁo%nsous %ﬂ*&é tc%zlsg‘ucts was analysed by transient
transfection of the plasmids into CHO (Chinese hamster ovary) cells followed by
either Western blotting on total cell protein, or by flow cytometric analysis of cell
membrane expressed MUC-1. Trensient transfections were performed with the
Transfectam reagent (Promega) according to the manufacturer’s guidelines. In brief,
20 24-well tissue culture plates were seeded with 5x10° CHO cells per well in 1ml
DMEM complete medium (DMEM, 10% FCS, 2mM L-glutamine, penicillin
1001U/mi, streptomycin 100p1g/ml) and incubated for 16 hours at 37°C. 0.5ug DNA
was added to 25p1 of 0.3M NaCl (sufficient for one well) and 2l of Transfectam was
added to 25pl of Milli-Q. The DNA and Transfectam solutions were mixed gently
25 and incubated at room temperature for 15 minutes. During this incubation step, the
cells were washed once in PBS and covered with 150pl of serum free medium
(DMEM, 2mM L-glutamine). The DNA-Transfectam solution was added drop wise
to the cells, the plate gentle shaken and incubated at 37°C for 4-6 hours. 500ul of
DMEM complete medium was added and the cells incubated for a further 48-72 hours
30 at37°C.
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-25 24 Novenber 2006 3.10 Flow Cytonetric Anal ysis 024 Gld@efidier 2006
Transiently Transfected with MJC1 Plasm ds Fol |l ow ng transient
transfection, the CHO cells were washed once with PBS and 5 treated with a
Versene (1:5000) /0.025%trypsin solution to transfer the cells into
suspensi on. Followi ng trypsinisation, the CHO cells were pelleted and
resuspended in FACS buffer (PBS, 4% FCS, 0.01% sodi um azide). The primary
anti body, ATR1 was added to a final concentration of 15pg/m and the

sanpl es incubated on ice for 15 mnutes. Control cells were incubated with

FACS buffer in e TRLis of RO KNS B dnSient® Eranefeduaovithhr ee tines in
FACS buffer, reé‘ggpendgg&?ﬁ%ﬁp tIsé,g\CS buffer containing 10pl of the

secondary anti bdC-§Blasmidst i - nouse i mmunogl obulins FITC conjugated F(ab')?2
(Dako, F0479) and incubated on ice for 15 m nutes. Followi ng secondary

anti body staining, the cells were washed three ti rres?an FAC%O%I%&B. FACS
anal ysi s was peFélomingdtrasientgiransiEotiosthn CHBceollh fely WAsRTHs BIff . W > #¥000 15

cells per sagpl r& W : 6 foRtiok RCridshr warcellsaingl e | i ght
scatter) angpsé%@i‘ﬁtngrate ﬁﬁgﬁ{)y%g%?fgﬁ as vvce)ll gﬁmﬁreen g{tﬁ%
f1 uorescence (esuspeasisedoleving typainisation, thy CHP gells freesgelet Fﬁgquréi e -
ight). Recor di pass Woke BRECIHEFESUIH0s0REIRARS! et phamg iBBderIRIOUL  of
range. Data were expressed as histograms plotted as _nr%gber o%rtcel | s
(Y-axis) ver suswidadmdégeéndeoncmt@H@iqfﬁ&ﬁ@a%?iigﬁs%e%“_‘ aleRAn ﬁ”él ot

Anal ysis of - CHOuGgll ScafdliieRld thobh@ i FACS bite: o thé Kosdaoo ilsarm Tk The
transiently transtecte cells were washed with PBS ar}l‘ﬁgtrgzﬂt dwth a

25 Versene (10: 5@U9 Wed. WRbeb theg tigien insEAGH buffer, mesugpended i 10¢ G nto
suspension. Fo |P,m,'-,1k9 o AL ot eHah GRubSimMinegIfRliheFIFd and
resuspended in 43061 0 ldﬂgg@&kﬁ&%ﬁ%ﬁ&%ﬁ% of 2x uTRI S—,Glgci nq SDS sanpl e
buf fer (1nvitrowaivpated Biabdi ke Fg@ﬂ?f\/ﬁ@lml’hﬁﬁd 8 ir8 dotal s SEPOM™8n heat ed

to 95C for 5 mi i airflhe € WRSwhRABckeOih® B M) Bhffer.
TRI S-d ycine Ge %é??gnig%troge%n%ir{d 30 el ectrophoresed at %%O%t ant

vol tage (125V) FAGS swlysisnwasasriprpefl wsimiRp FAGSye @ectpy fligknson). 1000-
15  cells per sample were simultaneously measured for FSC (forward angle light scatter)

and SSC (integrated light scatter) as well as green (FL1) fluorescence (expressed as
logarithm. of the integrated fluorescence light). Recordings were made 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).

20

3.11 Western Blot Analysis of CHO Cells Transiently Transfected with MUC-1
Plasmids

The transiently transfected CHO cells were washed with PBS and treated with a

. 25 Versenc (1:5000)/0.025% trypsin solution to transfer the cells into suspension.
Following trypsinisation, the CHO cells were pelleted and resuspended in 50pi of

PBS. An equal volume of 2x TRIS-Glycine SDS sample buffer (Invitrogen)
containing 50mM DTT was added and the solution heated to 95°C for 5 minutes. 1-

20p1 of sample was loaded onto a 4-20% TRIS-Glycine Gel 1.5mm (Invitrogen) and

30 electrophoresed at constant voltage (125V) for 90 minutes in 1x TRIS-Giycine buffer
(Invitrogen). A pre-stained broad range marker (New England Biolabs, #P'7708S) was

used to size the samples. Following electrophoresis, the samples were transferred to
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(I'nvitrogen). A pre-stained broad range marker (New E2gNoxembBeo2006,
#P7708S) was wused to size the sanples. Follow ng el ectrophoresis, the
sanples were transferred to -26 24 Novenber 2006 | nmmobil on-P PVDF
menbrane (MIlipore), pre-wetted in nethanol, using an Xcell 111 Bl ot
Modul e (I nvitrogen), |x Transfer buffer (lnvitrogen) containing 20%

nmet hanol and a constant voltage of 25V for 90 m nutes. The nenbrane was

bl ocked overnight at 4Cin TBS-Tween (Tris-buffered saline, pH 7.4
containing 0.05 % of Tween 20) 5 containing 3%dried skimed mlk (Marvel).

The primary anti body (ATR waﬁ d%ﬁp&%&%&%ﬁﬂldmiﬂ%%ib%gﬁqnwcglhmt he

menbrane for 1 HepebgrrFyREp OW ng ext énsrve washing in
TBS- Tween, the pREMddE Y neitbbdndy Tr@sfeclblffet ddvitrdgeR0@Otaining PBY- mothannl

containing 3%dried skinmred m nd i ncybated with t or one

hour at room t effSeroanyignt voliagy ?H&%V?fﬂ'dggﬂlgﬁgsr ﬁ“’ %@hﬁ"g‘?&%@ﬁﬁvm%r ane was

i ncubat ed wi th SuPEnS B alweMedtis-FiftepedGalitj p1u midrestaieing 09696 off Bwesn 20)Pi er ce)

for 5 minutes. Excess |iquid was renpv apd .t he .nenbr et ween

two sheets of cﬂnmﬁ?ﬁ]d%ﬁadh’@ﬂ‘ﬁ%?g@ (?’g”ﬁ@‘peﬁ‘ﬁ dﬁ?@;ﬁ"ﬂaﬁdw&

( Aner shanPhar megividi p1ECHN haibatdd 34th MheNinbBbranclfor 4. hoRe giufobs tdmfer@arpar i son

of Gene Gun and_Intranuscul ar | nject,] The FL- MJC]l e I ette in

the plasnmd pcOrOASWEE. Rfsagve Mﬂ“ﬂgz‘ﬁ %ﬁ‘t@?é&m?%ﬂm%bg thﬁd by

i ntranuscul ar i Np@otih IBS-Bwedn Comning SHNdrizfl skintmedanifk Rdsipahses with thEhe

anti-MJCI antibody responses follow ng i ni ion 1.0 Jscul ar

i nj ecti on (rmouskedbrage éﬁ(?n‘b;‘mﬁl\ﬂt B"’f’hﬂ)%?@r%) iglﬁoév%gn%%vﬁqmiv% Pgur e 9. The

results shew thahbrideewadintubited with iSaperdignaPWeR Piow Chesiluminesoent subdinatt

anti body response with_faster kinetics, with 3.qf 3 mce r ndi ng at day

41. In contrast@lcﬁﬁ?}é?rgﬂ’é“%u ﬁcess{]ﬁﬂ'ﬂﬁ‘f%a’awﬁ%ﬂnﬂgmi"ﬁ"? ess%%ﬁggw?egute

showed good antaxBodiheste s RPNSHGe atfikiayarlil. exposevesd afijperfila fECL hefilmboost at

day 42, only 2 of 3. mce showed Iei\_vel of MUC-1 antibodies conparable to
)gré minutes

those of the PNPEerhifphagagiagotesh

15 4. Resunlts
4.1 Comparison of Gene Gun and Intramuscular Injection

The FL-MUCI1 expression cassette in the plasmid pcDNA3-FL-MUCI, was
20  administered to mice by PMID and by inframuscular injection.

4.2 Comparison of Antibody Responses

25 The anti-MUC! antibody responses following immunisation by intramuscular
injection (mouse A-C) and by PMID (mouse D-F) are shown in Figure 9. The results
show that the administration by PMID induces a more robust antibody response with
faster kinetics, with 3 of 3 mice responding at day 41. In contrast, only one mouse
immunised by the intramuscular route showed good antibody responses at day 41.

30 Bven after a further boost at day 42, only 2 of 3 mice showed levels of MUC-1
antibodies comparable to those of the PMID immumised mice.
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24 Novenber 2006 4.3 Conparison of Cellul ar Response24 Newefirber B096
responses followng PMD or Intranmuscular (IM inmunisation with pcDNA3
(enmpty vector) or pcDNA3-FL-MJCL were assessed by ELISPOT 5 follow ng
primary inmunisation at day O and two boosts at day 21 and day 42. The
assay was carried out at day 13 post the 2nd boost. Splenocytes were
stinulated with the peptide SAPDTRPAP (9.1) that has previously been
described in the literature as a good H 2Kb epitope. The I FNy responses,
Fi gure 10 shows that 100% of the mice inmunised by PMD have detectable

responses to the tide responses 10 were detected in the mce
i mruni sed i nt raﬁn’gggﬂnaﬁ'??mkléalt“}"ﬁ%\% rgegExpresm on of MUC-1 Constructs
-Western Blot Figure 11 shows the results of a Western blot of total cell
protein for ol owing tran t t MGhRURigMIC 1
constructs i ntow]]geﬂllrgﬁp‘mfﬁe %éﬁﬂ '3 %‘EB@IE@EJT (Iﬁ—@ %JIL.% constr uct
(IJNVB58) gener aipeSNA3 SERply aéctoaSﬂﬂ.ﬁﬁDSah,S—FIth@lISWGntasmwﬁ b ELHPRQN ct ed

mol ecul ar wei ght f 108kDa and het er e lyycC é/l ation
of the VNTR str “ﬁ‘ﬁﬁ“ﬂ“ﬁﬁ%y% consf?%’gtfwgzm%gpro uces a
more focused sm&ywmr[eedmaatdamm posﬁﬁkﬂﬁbmbﬁpmmwmﬂhmﬂﬂedt

predi ct ed nDIec heter of the
VNTR st ructure. ngt} EQW))E’S ?%%%?‘bpro 2%4;&%&?&;? nt,
single band of godlmmb epitipa.| %@FﬁNymSpbnsmeIgpmésehmm 169tk wf thegiiegyl e VNTR
unit. 4.5 In Vitro Expr Construc

Fol | owi ng trans?‘ﬁ‘m’m*"teﬁ 2"3@@%&% %(U%b}l? “’?\?B?f"ivc%ﬁ u%%lﬁ%g%xcel |'s,
the expressiponweie ddelledlin e niittdmamhisedsinradmsmlanizs assessed by flow cytonetry

using the MICG1 VNTR specific anti body ATRL. The percentage of MJC 1
positive cells was 9.6% for sanples transfected W|th FL-MJC  (JINWB58),

8.8% for sanpl e W%ﬁp%ﬁ@%%fmg \@&Fﬁ W%tér 9.8% for sanples
transfected w t 5] S ta suggests that the
nunber of VNTRs does not affect the -28 24 Novenber 2006
Figure 11 shows the results of a Western blot of total cell protein for MUC-1
15 following transient transfection of various MUC-1 constructs into CHO cells. The
data shows that the FL-MUC1 construct (JNW358) generates a smear at 83-175kDa,
consistent with the predicted molecular weight of 108kDz and heterogeneous but
extensive glycosylation of the VNTR structure. The 7x VNTR MUC-1 construct
(INW656) produces a more focused smear, centred around ~65kDa, consistent with
20 the predicted molecular weight {61kDa) and heterogeneous glycosylation of the
VNTR structure. The 1x VNTR MUC-1 construct (JNW332) produces a faint, single
band of ~40kDa, consistent with the presence of only a single VINTR unit.

4.5 In Vitro Expression of MUC-1 Constructs — Flow Cytometry
25
Following transient transfection of the MUC-1 constructs into CHO cells, the
expression of MUC-1 on the cell surface was assessed by flow cytometry using the
MUC-1 VNTR specific antibody ATR1. The percentage of MUC-1 positive cells was
9.6% for samples transfected with FL-MUC1 (JNW358), 8.8% for samples
30 transfected with 7x VNTR MUC-1 and 9.8% for samples transfected with Ix VNTR
MUC-1 (JNW332). This data suggests that the number of VNTRs does not affect the
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ability of MUC-1 to be translocated to the cell surfa2¢ Nuvdmber@006d by the
anti body ATRl. 4.6 Antibody Responses to FL-MJCl, 7x VNTR MJUC-1 and |x
VNTR MJC-1 5 Following PM D I nmuni sati on The anti body responses foll ow ng
I mmuni sation with pVAC (enpty vector), JNW58 (FL-MJC ), JNW56 (7x VNTR
MJUC-1) and JNWB32 (I x VNTR MJC- 1) were assessed by ELISA following a
primary imuni sation by PM D at day 0 and 10 two boosts at day 21 and day
42. Figure 12 shows the anti body responses fromsera taken at day 56.
Wil st there were no MJCl -specific responses to the enpty vector, the

FL-MJQ  construgly ;&9%@11 oo NERs Mol 6 QA buiféet an Eeteisietsy thotibedyand
conparabl e ti tres -specific antibodies. In contrast, the | x VNIR

MJUC-1 construcATRhduced a lower titre antibody response. Figure 12b shows
that the kinetics 15 of the anti body response to FL-MJCI and 7x VNTR MJC- 1

are also very simlar, whilst the response to |x V [ Iower to
devel op and req&ﬁr@@tﬂud}%@@mﬁmm 1, duyNIR ?@Cf'gnﬂgn%ﬂ%t@uaé Thi's
data confi I‘ﬂ? t?ﬁ] ﬂ%ﬁﬁﬂﬁhmsﬁgna majority of the VNTR units is not

o :

detri ment al uctron of a strong, MJC 1l-specific antibody
response. However, the ant| body response to I x VNTR MUC-| is sub- 20

oRpti mal in te][ n@ﬁc gnsggag@o:ﬁ;,ﬂe I%Efil,l,ikahg@tﬂgms pVACO(&ESity véctor), g
ecognition o expr | unour S e nnunlse
M ce 25 To confm%isﬁbm%)am%d?’ém&%‘édy @%ﬁ“%m
and | x VNTR 'V'ij ?mEeﬁB?BLfBA%n »ﬁﬁ%’ﬂﬂﬁ:ﬁ&?ﬂn&ﬁﬂaﬁ&rwmm MdC- 1

nour

expressed on cells,; the sera from i nmuni se ce was .tested by flow

cytometry. The twarbgests atdley %ﬂ“@éﬂé“%l%ﬂlmh"wétq" y RSS90 S5 ch” have

been engi neer edjg L4815 Sy TR Eko MrUic1Haard Rejidesto tihampy vanofi gur e 13,
confirmthat the serafromFI MUM i nmuni sed m ce (JNVB58),, .7x VNTR MJC- 1

i muni sed ni ce the FABBEE! constiuct kudy/iey 3x NETR-MUfrl sousiert praduce TR ar e
equi val ent in thgit a0kkbd ¥ MOCI-578iié dntHONRIDEY codd6 the 1x VNTR MUC-1

construct induced a lower titre antibody response. Figure 12b shows that the kinetics
15  of the antibody response to FL-MUC1 and 7x VNTR MUC-1 are also very similar,

whilst the response to 1x VNTR MUC-1 is slower to develop and requires a second

boost at day 42 to reach a plateau. This data confirms that the deletion of 2 majority

of the VNTR units is not detrimental to the induction of a strong, MUC-1-specific

antibody response. However, the antibody response to 1x VNTR MUC-1 is sub-
20  optimal in terms of both the magnitude and kinetics of onset.

47 Recognition of MUC-1-expressing Tumour Cells by Sera from MUC-1
Immunised Mice ‘
25
To confirm that the antibodies induced by FL-MUC1, 7x VNTR MUC-1 and 1x
VNTR MUC-1 are capable of recognising the form of human MUC-1 expressed on
tumour cells, the sera from immunised mice was tested by flow cytometry. The target
cells were B16FOMUCI, 2 tumour cell line which have been engineered to express
30 human MUC-1. The results, shown in Figure 13, confirm that the sera from FL-
MUC]1 immunised mice (JNW358), 7x VNTR MUC-1 immunised mice (JNW656)
and 1x VNTR MUC-1 immunised mice (JNW332) are equivalent in their ability to
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recogni se MJC-1 expressed on B16FOMUCI, suggesting th24 Nokembem2096 of a
| arge nunber of VNTR units is not detrinental for the induction of a
physi ol ogically relevant antibody response. 5 4.8 Identification of Novel
T Cell Epitopes fromMIJC-1 in C57BL16 Mce by Screening of a MIJC-1 Peptide
Li brary Follow ng i muni sation with JNW58 (FL-MJCl) by PM D at day 0 and
two boosts at day 21 and day 42, ELI SPOT assays were carried out at day
49. Peptides fromthe 10 FL-MJCL library were tested at 10M fi nal
concentration. Fromthis initial screen several groups of 15ner peptides
were found to stihapghisd MUCEN4pREsed b B 160811 ﬁ@?esﬂitgethatrtmieﬂﬂﬁalefaiaﬁbereﬂ

ng

are marked on Figure 20. Peptides stinulatij F secretion r. st udi ed

wer.e
further by intrdEBbruelaYNER B frencd dstrimenigl fon dber ngigtien, OH ARWYOIPE L er ni ne

whet her the regigBantARAY R3bntd)4 or CD8 epitopes. Peptides 223,224, 225,
238 and 15 239 were found to induce good |IFNy secretion fromCD8 cells. In
order to map the CD8 epitopes further, 8 and 9ner peptides overl appi ng by

either 7 or & amignqdagifdstiond ™Novad Tell Tpitoped Do NRICRI € ESPBIL/6 MichBy | FNy
ELI SPOT assay and subsequent | several showi ng reactivity were tested by
flow cytonetry. Regﬁcfﬁ‘imﬂégf-"z@ccbﬁfpﬁ‘idﬁ@@mé'l usters of CD8 epitopes. By

titration, the dom nant peptide was shown to be 20 SAPDNRPAL, a peptide
that has al read used. by others to neas 1 specific responses.

bee h MUC-
However . sever alfolRsR maumsia it INPRSE FLAPER br&MID skl and Brp bogfs o
i nduced | FNy seaf &y 20bndtty $REIESHO0 Sasitlys et Qg is. Mtdasemsfown t hat

one of these, TSAPDNRPA i s capabl e of inducing cytotoxic cells in vitro

(data not SRowRl-Miehlitgpry svers tosted ot-lOuM-iRghcaneentrafiona Fromothis imifipl sargenCDg

epi tope, PTTLASKSeralRouphbfCl3méEpepiibs wer $shnfl & simRBIAVEs L MderdiogSTRYS, and
al so several weaker CD3 epitopes. 4.9 Cellular Responses to |3.-MJCL, 7x

VNTR MUC-1 and PERAsoIRaterest are matked on Rigupr-\Heptides singating FFNtseqrptionwsre ul ar
responses fol | Osmidigi fufthes HySidkdcOlful i id kY Aeinfng HRE Y1 -blgrr%gio% 1o Mérnfhe

0

(FL-MKCL), M/\Bgl?etlgez %(he yelglq-)ﬁs cl\égt%nl C%Q gr (%I%Agp?tgpegl lg'(ep\t{des 223, 22:1, 12%!5,@% aGnd -30
15 239 were found to induce good IFNy secretion from CD8 cells. In order to map the
CD8 epitopes further, 8 and 9mer peptides overlapping by either 7 or 8 amino acids
were obtained. These were tested in the IFNy ELISPOT assay and subsequently
several showing reactivity were tested by flow cytometry. Region 223-225 contained
clusters of CD8 epitopes. By titration, the dominant peptide was shown to be
20 SAPDNRPAL, a peptide that has already been used by others to measure MUC-1
specific responses. However, several novel peptides in this region were identified
which induced IFNy secretion by CD$ cells at 10uM and lower. We have shown that
one of these, TSAPDNRPA is capable of inducing cytotoxic T cells in vitro (data not
shown). Region 238-239 was shown to contain one strong CD8 epitope, PTTLASHS,

25  which we have used for subsequent MUC-1 assays, and also several weaker CD8

epitopes.

4.9 Cellular Responses to FL-MUCI1, 7x VNTR MUC-1 and 1VNTR MUC-1
Following PMID Immunisation

30
The cellular responses following immunisation with pVAC (empty vector), INW358

(FL-MUC1), INW 656 (7x VNTR MUC-1} and JNW332 (1x VNTR MUC-1) were
-30-



24 Novenber 2006 assessed by ELI SPOT fol |l owi ng a pri2dNgvemben2086i on by
PMD at day 0 and two boosts at day 21 and day 42. Assays were carried out
7 days post boost. Three different assay conditions were used: 1) MJC1
expressing tunour cells, B16-MJCI and EL4- MJUCL which are used to
denonstrate a broad anti- tunour cellular response, 5 2) SAPDNRPAL pepti de,
a high affinity peptide outside the VNIR region of MJC-1 (represented once
in the all - constructs used), 3) 25nmer peptide encoding a sequence which
includes an entire repeat fromthe VNIR region and a further 5 am no acids

from an adj acent ass@pddly ELISPGT papking @ phimah GeSuiié2a606) P kidal bagd fFoduct i on
1 construct, the 7x R- MUC1 and

from inmunised spleno e

the | x 10 VNTR- "’Ftsé‘bﬁ%'tflu?ﬁd %P’o“&u V5 Bt5t5stamef pub B v pos) koofiudRiees peci f i ¢
cel lul ar responﬁﬂ&eﬂt@ssajr bontiftiGnsSkdréibed: 1§ BRI exptdsdinpfumodrthils, BYs-Muicase of
SAPDNRPAL pepti d ﬁﬁ“’?ﬁg ’Z‘gb g‘%‘Pgat the IFN7 i s produced by CD8 cells,
while I FNy prod |E T phugh o used foflemopstiplr o bropq %‘mah’ﬂ“’ﬂceﬁulﬁr‘ﬁﬂ%?ﬂ on in
response to 25rrm)Smpmﬂ%pﬂﬁﬂetﬂ:lgﬁm%ﬁda%qu@mﬁ&ﬂdfMUJh' s data
confirms that th(e del eti on .of majority of 15 the VNTR units is not

detrinmental to thBref‘?'i‘Efﬂ(?P?edﬂﬁlffm caRsragitpsediy Jo 2imegpeptide; cacoding 2 segugice r esponse

to epitopes eit vetichi indhdde a®entidélbepbad GrodliRe VINTIR réghdl 28 -a frild 5 GRimRAigson of
Protection (PM vs L%% Fol | owi ng. Tumpur. Chal | enge 20 Followi ng three

adni ni strations AR PRy RIS REPH ipsnces predonppxaled produeiomfrase t he

enpty vector peEiNﬁﬂm%d sPi¢ncited) eTheRI-TAURN cbﬁ%&ﬁ&,@&?#muﬂijéﬁﬂdotﬂe b mce
tunour cells (BI6FOMJCI).

were chal l engedmwg | - ex ress n
percent age o Frytregt ?rgd TRAust #nd-pogepagab Eé\ﬂypelaapwﬁmqﬁmm rating
that PM D i nduessonpsad acme@ﬂnnmrmqb@ﬁatmntm tuéréwe%fshﬁblhﬁm? %ﬂd@ greater

nunber of 25 mcv:ve co are%Ei 3ﬁ78| very of the sanme plasmd ramuscul ar
i njection. This G&F% bR Bﬂi“‘ Tfscﬁwwqd@ytw ﬁﬂlﬁ’l‘ﬂBWﬁﬂf"é@ﬂmﬂmr

responses det ai fegﬁn&tlﬁ\tﬂno@ﬁﬂ@eﬂ -1 bﬁHucﬂE’MnQeépB&éQ@%ﬂ%}};&ft{d é}becel | ul ar
and anti body respon Fbg 3 muscul ar delivery, cor ting wth an
i mproved turmurE'%PS@EE ;dp foellse, Thisrlate confirms that the delgtionyfia majosibiee
Constructs (5/ Lh®/IVNTR esies if ndNGEimbudal T IRUinduckb® of & LB, MUC-1-specific

cellular response to epitopes either inside or outside the VNTR region.

4.10 Comparison of Protection (PMID vs I.M) Following Tumour Challenge

20 Following three administrations of the MUC-1 expression plasmid pcDNA3-FL.-
MUC-1 or the empty vector pcDNA3.1, by either PMID or intramuscular injection,
mice were challenged with MUC-1-expressing tumour cells (B16FOMUC1). The
percentage of tumour free mice is shown in Figure 15 clearly demonstrating that
PMID induces protection from subsequent tumour challenge in a greater number of

25  mice compared to delivery of the same plasmid by intramuscular injection. This data,
in conjunction with the antibody and cellular responses detailed above, suggests that
PMID induces more robust cellular and antibody responses than intramuscular
delivery, correlating with an improved tumour protection profile.

30 4.1 Efficacy of MUC-1 ¢DNA Constructs (F/L. MUC-1 and 7 VNTR) in Tumonr
Protection
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24 Novenber 2006 M ce were inmunised three tinmes as géNuviehsistri2oadht eri al
and Methods with either the enpty vector (pVAC enpty) or the vector
encoding full-length MUC-1 (JNWB58). Two weeks after the | ast boost they
were tunmour challenged with B16FOMJCI cells and tunmour growth nonitored.
When tunours, they appeared 5 approxi mately 10-15 days after tunour

chall enge in the enpty-vaccinated group and approxinmately 22 days in the
FL- MJUClI vaccinated group. Fig 1l6a conpares the survival of mce inmmunised
with either the enpty vector or the vector encoding full- length MJIG1 in
bot h groups. The is a significantly better I i l sl ni sed
with FL- MJCL (60%?%"'%%?‘??‘?%3 h’f"‘Sq’t“h%t“ ?eﬁé“%‘?:g’u%%%”%de ef/ﬁmb‘%%ﬁ“%ﬂ hégﬂ%o enpt y
vect or (20% t unoths - éniipte )vectbi @GN AC 1diptyhawthet etor venoadingp fidk-leegth dUCdnpar i ng
bot h FL-MJCI and, .7 NTR to the gontrol. ar i .0 Of
tunour cells (1@5“;;’5 06%?%??{2? ﬁﬁrh egars%\g/?ogﬂgl x‘%eger ﬁ"rrdé’rlll% E&IW%I\}BCJ
constructs generBi&FOMUC ke oails leadb henoan growthnpanitaizde Whdnaymours, tthayoappeatpdowt h

lated to th trol i hat ed til. ' . Lat
on this of fect vaEnmASRiEls B s Arplbouitnge i PG IR ko B - T

response to the dppioRitiateinPl 68 in the FOMLICH Siacinated \GTR Fid dompamestheuct gave

the same protective anti-tunour . r nse_as FL- - ' L@hly
stringent condi tﬁ“B’ﬁvs"f" og nyunsed %%Q%Rﬁﬁcmyic%éé}eﬁ}éﬁé} elh%dﬁg%ginbl nant
Vacci ni a Virus Sgysite MUC-Fuh |bothegrgtds. hTheeenisNGigtifivently ibettae rsievial int mickhe

vector pSCinker, as a Ba ment . Thy nst k uc oed .to create
r econbi nant vacc‘f”muﬁlsﬁygl?k B‘ﬁ%%@%’g%nﬁg%ﬁéegoﬁbtﬁ%é% %%Glr% '%'fn%%éﬂ@glc %r into
the TK (t hymid@i nenplyi veatee20gammoudiret)h Figured 66 showa theitumisir grotectinn. comfipazing

reconbi nant viruys ted,Q cell sheet of..HK-, cel | t he
pl aques 30 mré“ﬁ‘l@%@&qf% 73‘&&%5‘7 %8?"612‘]05%3'& ‘ﬁlgfl_lg-\’fit?cy o;‘l'i ta(%b to- gal
assay. The bet a-cgitd (1.0arne6) than if the pregidud dxpdrinentec Bbth MZTH colstrectdgenmeatpk aques

wbre ool eet od. auRBIERY SHRISFOG0Y of Pru et SAHL R AT ZoB BT o g

group until approximately day 25. Later on this effect was decreased, probably due to

15  exhaustion of the immune response to the tumour antigen.

In conclusion 7 VNTR x MUC-1 construct gave the same protective anti-tumour
response as FL-MUC-1 even in highly stringent conditions.

20

4.12 FL vs. 7ZVNTR MUC-1 Stability in Recombinant Vaccinia Virus System.

Full-length human MUC-1 was inserted into the vector pSClinker as a BamHI
25 fragment. This construct was used to create recombinant vaccinia virus by
homolegous recombination of the vector into the TK (thymidine kinase) gene of the

vaccinia vimus genome.

The recombinant virus was plated onto a cell sheet of HTK- cells and the plaques
30  were assayed for beta-galactosidase activity by a bluo-gal assay. The beta-gal gene is

carried in the vector and thus blue plaques indicate recombinant virus. A number of
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when a bl uo-gal assay was performed. 6 of these cl one24 Navembee 006 | nf ect
HTK- cells at a multiplicity of infection of 10 5 and cells harvested at
6hr, 24hr and 32hr post infection. The cells were resuspended in 200ul of
medi a and 40ul renoved and m xed wi th SDS- PAGE | oadi ng buffer. These cel
extracts were el ectrophoresed on an SDS PAGE gel and anal ysed by western
bl ot using the nonoclonal antibodies ATRL and HWGL whi ch both 10 recognise
epitopes within the VNIR region of MJUC-1. None of the reconbinant virus
i nfected sanpl es gave any staining with these anti bodies. A control cel
extract of cel lihdpiRRShRrt Slcitd i cRYAGREMIDRMLGhqnt ploBRsa Wolubstainklf i Oht
band indicting presence of TR epitopes. Staining with an anti
bet a- gal act osi d&¥en ahlupigaldgsay wag reeferagd. expr essi on of beta-gal in all
sanples infected with the reconbinant virus but not w 15 virus or cel
control. A nolecular analysis of the harvested infected cells was perforned
by PCP Priner pdi qf@%ialen@rr@@elﬁedmii@fnct\xﬂm-@eﬁswia@a{l@h?lh@ofpmfe@@n@élgf t he
various port isonsndles hiGesRPe ot AMsShon Sl iGRSh " Y colld Lt BeshddEnded

e tollow ng

reconbi nant virus %enone” 20 T riner pairs were chosen: FMC1O
+ 2014MJCL - JuitQUief medinaedA0pkiemesied apdinized withSRT-PAG lopdingps®VUCI  + FMCL02
- Junction between vector and 3' end of MJUCG-1 2004MJUC1 + 2014MJUC1 -
Portion of WC-15' of VNIR region 25 2007MJUC1 + 2009MUC1 - Portion of MJC I
3' of VNTR regi dhese priCertact e piexophosesed on jandiDS PAGE (el sndcamslysedelpuence,

which Iie 5 an : S t t | S . a:
CATAAATAATAAATA%Z%‘IEHAA{%&EAAT g&hgﬁgﬁd&%%lT%%T%@&mm
-33 24 Noverifier roeryse cnitnpey Wit thee MITR. cngipnsHdMHCdb Nanevwé the eeanfbimanted usi ng
| ul of Narvest SarnGaaitl s Yk b sl CliinGe bdibodiel ) oo loctt BIEEL | ON)

i
after heating to 80 degé for ~10nmns. ctions were also carried out on
sanmpl es of wt veiragls rasteeted witk pVAS-TAMTRIYGhsthinddowitbeal bright band iAdiptingi t i ve

control of 1ng géseRaGk rRlphopbd: Mtk R B hi¥R-salactosidase antibody indicated

expression of beta-gal in all samples infected with the recombinant virus but not wt

15 wvirus or cell control.

A molecular analysis of the harvested infected cells was performed by PCR.
Primer pairs were chosen which would indicate the presence of the various portions of
the pSC11linker-FLMUCT construct within the recombinant virus genome.

20  The following primer pairs were chosen:

FMC101 + 2014MUCI - Junction between vector and 5' end of MUC-1
2008MUC1 + FMC102 - Junction between vector and 3' end of MUC-1
2004MUCI1 + 2014MUC1 - Portion of MUC-1 5' of VNTR region

25  2007MUC1 +2009MUC1 - Portion of MUC-1 3' of VNTR region

FMC101 and FMC102 are primers in the vector sequence, which lie 5’ and 3°
respectively, to the linker sequence,

30 FMC101:- CATAAATAATAAATACAATAATTAATTTCICG

FMC102:- GCCTCCTTAAAGCATTTCATACACACAGC
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was al so included. The positive control produced anpl24 Nesembag@@06s of the
correct size when electrophoresed on an agarose gel. None of the other
sanpl es produced specific 10 products suggesting that the construct was no
| onger intact within the viral genone. Subsequently, a reconbinant virus
contai ning a 7VNTR version of human MJC-1 was produced in a simlar manner
and, after ensuring a clonal population, was used to infect HTK- cells

whi ch were harvested as before. Cell extracts of these infected cells 15
clearly denonstrated expression of MJUC- | by western blot with ATRL and

al so by FACS analysis of infected cells two days post infection. Muse
MC57 cells infected wth 7VNIR reconbi nant virus were used,to stinulate
spl een cel |'s froHeKhBRCreactigpsshopay abgveyeeperiprmed vipg befhanested,  Af t er

over ni ght i ncubabdopibidaftSiraPin®e8d &k {Rhr pARiFecHBD) WherhRatm@ed S RgClor2 in
response to the 7VNTR vaccinia infected cells but not A 20 to w vaccinia
infected cel | s. HPHinse Reactipnswerealyg garsied guh on sapplepof v viponecled el fidct with 7
tandem repeats idsRUHNRSH cofid A okitive/coifrolloh thgP PSEIMUSHRELMING] fiaedid DRAt t he
full-length MJCG-1 reconbinant vaccinia virus was unable to induce
expressi on of MY 859 feludgdect ed cell's strongly suggests 25 that the
construct is unstable in this highly reconbi nogenic setting. None of the 6
virus clones expressed MJC-1 nor did _they seemto contain the MJC-1 gene,
yet all  expresdUaPEHIYS SeaRoLwdder apliticd Frempminpidocarsct B3 Whe he sane

vector. However elebtiphorédéieian/d2hdheqid]. Wdnb of thYWher kSRR biodhided @pecific denonst r at ed
expression in 3 different  assays |nd|ct|nq greater stability, with no |oss

of recognitildn BiPduits syagestingthas Big gonstructwasnedengerintaqt withinithe virabgenemae. 34 24
Novenber 2006 5. Stability of FL MJUC, 7 VNTR and 1 VNTR when grown in
E.Coli DH1 The rel evant vector was used to transformE. Coli DHl. The enpty
vector was al soSuRsPghe? Frevmbingntyivg ppnfegiing & 7Y NFRersion of epaa¥UGd i f t he

nunber of repeass rodvicttEin YN B&h&ind, !a.ﬁér'éﬁ'éﬁﬁﬁ‘%sza G831 populicDivhs dsdr o @ Shaker
flask stability, sagﬁimaﬁsperforned usi ng the L-NU&H, 7x VNTR MJUM and | x
mnge_ct ~ cells which were harvested as before. Cell extracts of these infected cells

VNTR MJUCL1 pl as
15 clearly demonstrated expression of MUC-1 by western blot with ATR1 and also by
FACS analysis of infected cells two days post infection. Mouse MC57 cells infected
with 7VNTR recombinant virus were used to stimulate spleen cells from MUC-1

vaccinated mice in an ELISPOT assay. After overnight incubation the spleen cells

were shown to secrete IL-2 in response to the 7VNTR vaccinia infected cells but not
20  to wt vaccinia infected cells.

These results suggest that using a MUC-1 construct with 7 tandem repeats improves
stability of the construct. The fact that the full-length MUC-1 recombinant vaccinia
virugs was unable to induce expression of MUC-1 in infected cells strongly suggests

25  that the construct is unstable in this highly recombinogenic setting. None of the 6
virus clones expressed MUC-1 nor did they seem to contain the MUC-1 gene, yet all
expressed Beta-Galactosidase, which was carried on the same vector. However, the
7VNTR version with fewer repeats clearly demonstrated expression in 3 different
assays indicting greater stability, with no loss of recognition by either antibody or

30 antigen specific T-cells.
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The stability study | ooked at the growth, plasm d pro24®Novembend0odéasn d
retention of each of the constructs in shake flask culture over the course
of 9 passages, each lasting between 10 -14 hr. The use of a stability
study is enployed in order to determ ne 10 whether plasm d production and
quality changes as a result of the repeated sub- culturing of the cells in
shake flasks. As conditions in the shake flasks are uncontrolled (e.g. pH,
aeration) the nmaintenance of plasmd quality and production over the study
is a good indication that these characteristics will remain stable. 5.

PESULTS 15 5. 2- 1o Shiil/be Gl ML PURTR b D VR Wia(gPolf IREOIPDHA! | at ] On

between the fin m achieved by the cells fromeach passage due to
slight vari ati oriheralevahteredtoronas hseatooinsfonn E.Sokb PHIY Thefaply Yrelpivasgiso

si gni ficant difﬁﬁ#gggggﬁ%nﬁh%?'gromﬁh rates either during the assay or

between the 20 constructs. 5.2.2. Plasm d production
Pl asm d copy nuriberdex tol drtesmine iftho ntmben ofl ripeasiing the VTR regien nflyences thef j ng| )

passages.  Far gL Lik&HINMBARD LR St pEFRREAGLEARAT BUCHHENRE thi S

peri od, whereas r ot her t e Constructs It increased by - 40% The
vol unetric yi el MUGgand| laIMNTR MUCD Blagrailt ur e) remai ned stabl e throughout the
study for the 7VNTR, whereas it decreased by 64%in the full-length

construct. A sl hgblaRgsRapRoldd af M6 goRtt, PRinkil roficiibilaigtasmiiswitioadri n t he
enpty vector (219% and siﬁgle VNTR g%nst?ﬁct 2499 though thi was by no

means as nar ked % of g consiencts ip phakefask piure oyerdhe powse b naeseees, SaCIoURG) e e r

2006 5.2.3. Pl gakh 1ceh19nk.i R ué aﬁmﬂbmlgtsaﬁyiipem@%d R Bl 18 etéEhing t he
replica plating assay renai ned between 0% and 100% faor_ all constructs

t hr oughout tifle ¥heiher| plasnid; prodyrtion-gpd Aralityochanges 1§ A destifent the, repeated gubr ¢ ony

di fferences bet wagfind ke HORSMs U kifke HaSes? M- coBliifisr¥ B Bloadbiakd Bskd Qe
investigate plasmd stability over the duration of this, study, bqth
begi nni ng (day pacontrolied (e.g. pH, aeration) the maintenance of plasmid quality and production

over the study is a good indication that these characteristics will remain stable.

5. RESULTS

15  5.2.1. Growth of cultures

Although there was some variation between the final OD600nm achieved by the cells

from each passage due to slight variations in the inoculum volume, overall there were

no significant differences in the growth rates either during the assay or between the
20  different MUC! constructs.

5.2.2, Plasmid production

Plasmid copy number values were obtained from the 1%, 5% and 9* (final) passages.

For the full-length construct, PCN decreased by 54% over this period, whereas for the

other three constructs it increased by ~ 40%. The volumetric yield (mg plasmid /1
25 culture) remained stable throughout the study for the 7VNTR, whereas it decreased by

64% in the full-length construct. A slight decrease in the volumetric yield was

observed in the empty vector (21%) and single VNTR construct (24%) though this

was by no means as marked as that seen in the full length construct
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harvest) and the end-point (day 5 harvest) plasm d ex24 aivember@0dBde W t h
the aid of Qagen Mni-prep. Plasmd Extraction spin-colums. These
extracts were then 10 anal ysed by agarose gel el ectrophoretic separation
prior to subsequent Sybr-Gold staining. This Sybr-Gold based staining

met hod i s considered particular suitable for analysing plasmd stability
because of previous work denonstrating it capable of detecting a 1lng

"spi ke' reconbinant within a 1000ng sanple. The results of the

i nvestigation are shown bel ow (see Figure 6) and fromthese results, three
concl usions 15 wehepELaWetention |N€ 7XVNTR and 1xVNTR constructs contain the
expected nunber of VNIR repeats throughout the experinent with no evidence
for instability detected either in the plasmd backbone or in, VNTR repeat
structure at anyPFTHE THERRR Wap measired ynng theoteplicy niAlRE 1A EERIOPH Deteen
stability assay gm®gand100%NfRY 8l Lo Bfoh bt P sEbiBy shdly aEhetnblee theref oM t he
p7313 Pl asm d- Standard. ,3. The Full-length Mucl sanples taken at the final
time-point (day % 8qfiepificeatdifferencesbatarnthe oRstaictS| asni ds of unknown ori gin.
As a consequesice of the discrepancy in p7313 profile as well as the
identification of trace plasmd species in the FL-Micl construct on day 5,
further investi gntid\Peaswidd $tabillfy was undertaken. To investigate the observed
di fference between the p7313 enpty vector used in the stability study and

that of the Pl asgd.d- , Lrictd z .apal ysj,s _was_-.36 24
Noverer 2006 chudiepipaitBtls SRRVl he R ¥F B AR KBl bebiBies of0 2,
-SSOPbE)ZLftzagzgibo;] ofhatvkse) @?B@@nql-mﬁmtidaylﬁdtmﬂhﬂ?nﬁd ?g'gd:thwersam&&w{ﬂimaaihﬁ)‘ and the
ap p) r NS bES - een_del eted. .Priners were then
desi gned flankiﬁg&%hﬁ%h? 'o% anEa@ﬁ%gﬁﬁa§ﬁ¥%ﬁmgﬁbggaﬁé= v ¥&GUBRted. The
resul ti ng selquennadysdhbn agoesei geheldettopldretichepargipn prioStobabsegamt $@F6Gedhd 2589
had been del et eq.:.1hi $ . ] he . b d.contai ng the Cer.  seguence.
Because this Cer se%_ U?ﬁ%ggpi%'saldﬁgs%%l i?o Léé%%oedslglcﬁ ?dglr?ﬁg orstet 5, its
absence may exphkealyyingtrlesmid stibilite bocangi ofgprpvi@i Svqst demimsirsipg di espatidser ved i n
the stability §ltf¥s a 1ng 'spike’ recombinant within a 1000ng sample. The results of the
investigation are shown below (see Figure 6) and from these results, three conclusions

15 were drawn:

1. The 7xVNTR and 1xVNTR constructs contain the expected number of VNTR
repeats throughout the experiment with no evidence for instability detected either
in the plasmid backbone or in VNTR repeat structure at any time point.

2. The p7313 empty vector used in the stability assay does not have the expected
20 profile and differs from the p7313 Plasmid-Standard.

3. The Full-length Muc! samples taken at the final time-point (day 5; 9* passage)
‘contain trace plasmids of uniknown origin.

As a consequence of the discrepancy in p7313 profile as well as the identification of
trace plasmid species in the FL-Mucl construct on day 5, further investigative work
25  was undertaken.

To investigate the observed difference between the p7313 empty vector used in the
stability study and that of the Plasmid-Standard, restriction enzyme analysis was

-326 -



Further investigative work. Analysis of tracep |asm d24 Glovembed)2D0Ganpl es
10 The trace plasm ds observed only in the end point FL-Micl sanples were
anal ysed further. This analysis revealed that these traces could not be
detected before day 4. Concurrent with this finding, these trace plasm ds
were also gel-purified, re- transfornmed, re-purified and sequenced. By such
anal ysis, these plansids were subsequently identified as contam nants

rat her than reconbi nants; these being nanely 15 the 7XVNIR used in the
stability assay (p7656) the p7313 deleted in the Cer region (outlined

above) and also a sugﬁg cog {%latmﬂgﬁ\}%%aim& %13806‘%rmg]$gﬂhg 7315rom

t hese results, i P | es*were cont am nat ed
with both the pabadtictonaiithining el BamEH(H26bp) hidRh¢ Bﬁﬂ&qunm@mumstcam t hat no

Contan nant 3 ar >BLRB0L FFHGYES NBoIBiR IREFE ot el oy bl £07, 20

during the ori giubshuehtlynsefuaicadt Thenreafitiighequhes datal SonfiBmed tist thhesgionace

That they wers SaEet worm ZA9bRN st padeb T bR el iR BRI O 1 °

smal | er size r elsafuene. Baakse thitl Cerlsepleacriisthsed3to aONSblufibrOd 2mcernas, fitsom t he

stability study hovvedtha d,.. 7X R || Le. i ternms
of growth char acBISD%eP? SEC §XPWB§R$'H§%E}’@HWF%M%&%§%C%S é%sa Fcfiln. {ﬂfn terns
of growth char atbititsissidycs, plasm d retention and plasmd quality there was
no discernible difference between the | x VNTR, 7xVNTR and the FL-MJC
vector. However, TV pneT=1g gdzg,n T e wer e
significant di f eJrrg‘%chs Weeng.t ;Q@&@oﬁ%é%e nglverg 2(5’(5‘?} %ﬁnst ructs.

Pl asm d copy, nunber and voI upetric yield both decr eased S|&n|f|cantly for
the full |entth ToefHegepipsmids ghserved, gnly iy, the gndspoint FL-Mpclsamples Wese amlysed o npar ed

to the 7x  VNTRfurfhed 18i Ghaljtistealdd iRk Biddel tRBes\WaSld SBERe debocte@ bBioft @Y 4100%

t hroughout the experiment for_ the fuI | -1 ength construct, this only
i ndi cates that &PPeuEent) ¥ith {his Hindmey, sFseoPlasEidn Persoioe s B et

plasmd to conf &mmmﬁaﬁee%gtsa@@&e@n Byn&ith n%msx hes® pREIsIdIBIe WaS tO

be run for Ionger g@pSSI ble that the copy nu coul d . decrease to
such a level ths# Sﬁt‘lH%’ﬂY tffed gt contaminents sAthee than tReRmbinantst thess beipg pamelYent to

15 the 7xVNTR used in the stability assay (p7656), the p7313 deleted in the Cer region
(outlined above) and also a presumed concatemer of this p7313 Cer deletion.

From these results, it was concluded that FL-MUC1 samples were contaminated with
both the p7313 empty vector and 7xVNTR (p7656) constructs and that no
recombingnts are present in the end-point samples of the FL-Mucl. These

20  contaminants are believed to have entered the FL-Mucl stock E. coli DH1 during the
original transformation of the plasmids. Because the trace plasmids do not appear on
agarose gels prior to day 4, one possibility is that they were selected for over course of
the study because of their smaller size relative to FL-Muc1 plasmid.

3. CONCLUSION

25  Data from the stability study showed that the plasmid, 7x VNTR MUCI is stable in
terms of growth characteristics, plasmid retention and plasmid quality. In terms of
growth characteristics, plasmid retention and plasmid quality there was no discemible
difference between the 1x VNTR, 7xVNTR and the FL-MUC1 vector. However, the

copy number data did highlight that there were significant differences between these
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enabl e growth on selective plates, resulting in a dec2¢ixwemben/R006ved
plasmd retention. These data suggest that the 7x VNIR construct may
possess significant 10 advantages in terns of a favourable devel opnent
profile since. The plasm d content can have an effect on the purification
of the cell paste. Wth the differences between the 7VNTR and EL- MJCI
construct, it is likely that 7 VNTR w Il be easier to purify and to be
obtained in higher yields. 15 20 25 30 -38 24 Novenber 2006 Cainms: 5
1. A nucleic acid nolecule encoding a MJC-1 antigen, said nol ecul e being

capabl e of rai sijignaR. PIFHASofySRRBASAd volutelio yRITIbIIR deddghsddexiignifizantly
susceptibility to reconbination than full-| engt@h_MJC-l. 2. élnlﬂ%lgei c acid
mol ecul e encodi gtha il leneth eonsugkeyeL SRt ohte HaRilig SRk cgRAreh s M *UNTR
perfect repeat VTR SAmMRDugh pRHEidCieRn@fal WasNibE GlleaiSatCl0884TiEbukliout thei m 2

conmprising less than 8 perfect. VNIR repeat units, 15 4. nycleic acid
mol ecul e as cl aaeEngE s the fiHbloagth capstictabis Rl ingiggies that “@Lﬁeﬁférﬁ °o reduce

the potentiaj f&?m&komﬁﬁ%@&iﬁaﬂﬁciénpﬁmﬂu@d @hnfer Redbiely i tesiStho onsheml Hi med in
any of claims I to 4 that incorporates a, ,szgﬁ%gi;gﬁas} ncodlng%ban 8 i tope
sel ected from ttheexpednent wap &bg oy for IopgeRdds é‘teﬁéﬁl grf§*RLTI SDvs
V. 6. A nucl ei Geggisd 1d'REE G YevE1 Bt the REifRRe kdkafiilychi wekidinbBbelsuffidieht taher ei n
the nolecule is a DNA nolecule. 25 7. A plasm %conpri S| nrgedtah{e DNA

mol ecul e of cl nAkl% grogth An elsetivierplalpre Seraling o 3 frgeepssi B absred 8B neg in

any of claims leeh@iof. TiRse Aatd BALER QAL e R VICTRBSSirkct @iy Gro8s8ssi signifigard Nucl ei ¢
acid as claimed in claim1l- ) ]
10 advantages in terms of a favourable development profile since. The plasmid content

can have an effect on the purification of the cell paste. With the differences between
the 7VNTR and FL-MUC! construct, it is likely that 7 VNTR will be easier to purify
and to be obtained in higher yields.

15

20
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30 to 6 or a plasmd as clainmed in claim7 or a prote2s Nesvenber 2006/ n cl ai m

8 and a pharnaceutical acceptable excipient, diluent or carrier. -39 24
Novenber 2006 10. A pharmaceutical conposition as clained in claim9
wherein the carrier is mcroparticle. 11. A pharmaceutical conposition as
claimed in claim210 wherein the 5 mcroparticle is gold. 12. A

phar maceuti cal conposition as clained in any of claim9-11 conprising an
adjuvant. 10 13. A nucleic acid as clainmed in any of claim1l to 6, a
plasmd as clainmed in claim 7, a protein as clainmed in claim8, or a
pharmaceutical conposition as claimed in claim9 -12 for use in nedicine.
14. Use of a nucleic acid as clained in any of claiml1l to 6 in the
preparation of a 15 nedicanent for the treatnent or prevention MJC 1
expressi ng tunoukbimst5, Use of a protein as clained in claim8 in the
manuf acture of a medi canent for the treatnent or prevention of MJC 1

expressing tunours. 20 25 30 -40
5 1. A nucleic acid molecule encoding a MUC-1 antigen, said molecule being

capable of raising an immune response in vivo and having reduced
susceptibility to recombination than full-length MUC-1.

2. A nucleic acid molecule encoding a MUC-1 antigen comprising between 1 and
10 15 VNTR perfect repeat units.

3. A nucleic acid molecule as claimed in claim 2 comprising less than 8 perfect
VNTR repeat units,

15 4, A nucleic acid moleculs as claimed herein wherein at least one VNTR is
mutated to reduce the potential for glycosylation.

5. A nucleic acid molecule as claimed in any of claims I to 4 that incorporates a
sequences encoding an epitope selected from the group: FLSFHISNL,
20 NSSLEDPSTDYYQELQRDISE and NLTISDVSYV.

6. A nucleic acid molecule as claimed in any of claims 1 to 5 wherein the

molecule is a DNA molecule.
25 7 A plasmid comprising the DNA molecule of claim 6.
8. A protein encoded by a nucleic acid as claimed in any of claims 1 to 6.
9, A pharmaceutical composition comprising a nucleic acid as claimed in claim 1

30 to 6 or a plasmid as claimed in claim 7 or a protein as claimed in claim 8 and a

pharmaceutical acceptable excipient, diluent or carrier,
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24 November 2006

A pharmaceutical composition as claimed in claim 9 wherein the carrier is

microparticle.

A pharmaceutical composition as claimed in claim 10 wherein the

microparticle is gold.

A pharmaceutical composition as claimed in any of claim 9-11 comprising an

adjuvant.

A nucleic acid as claimed in any of claim 1 to 6, a plasmid as claimed in claim
7, a protein as claimed in claim 8, or a pharmaceutical composition as claimed

in ¢laim 9 - 12 for use in medicine.

Use of a nucleic acid as claimed in any of claim 1 to 6 in the preparation of a

medicament for the treatment or prevention MUC-1 expressing tumours.

Use of a protein as claimed in claim & in the manufacture of a medicament for
the treatment or prevention of MUC-1 expressing tumours.
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