COMPCSI TI ON FOR TARCETI NG DENDRI TI C CELLS The present invention
relates to a conposition for targeting dendritic cells, In particular, the
present invention relates to a conposition for vaccination which conprises
menbr ane vesicles conprising antigens and dendritic cell targeting 5

nol ecul es. Suitably the dendritic cell targeting nolecul es are nol ecul es
which bind to DC-SI GN. The invention further relates to uses, formulations,
conpositions and devi ces conprising such anti-DC- SI GN nol ecul es BACKGROUND
OF TILE I NVENTI ON 10Mal i gnant nel anorma i s responsible for 79% of skin
cancer-rel ated death, despite the fact that it accounts for only 4% of al
skin cancers[i]. Australia and New Zeal and have the highest rate of

i ncidence and nortality for H CIEMD1113 and its occurrence is reported to
be on the rise 1[2]. Malignant nel anoma arises fromnutations in the

nmel ani n producing cells, 15melanocyl es, Because nel anecytes are found
mostly in the epidernmal COMROYAIQ EO&T@GETH“GDE%B‘E@%&@U%e nmost commmon
pl ace for primary nelanoma | esions [3] Primary | esions can al so occur at
non- cut aneous sites where nel anoevics are found, such as the oral nucosa,
nasopharynx, paranasHBie psisenigeentiop reletprelotsraomesrition forrtageting gendsitic ¢ellgi Ma, anus,

urinary tract, $%EJ1§| tHAC pré S uﬁMﬁfbﬁ*%l@t@ﬁ t€Yecdnthbsitidh &Irasgbd?@n&ysﬁe;m is used
t o nmeasure 70 t he extent and serjousness of the di 5§ tl i based on

the exani nati on SBFPYsHe "M5MPRET v eEtiD SPARESt AREERt %rl‘iit ”’t“h sprré 44% Because
no reliable Wi omdaldmléd(emsablyaheedebeem celtd@rgeliifg reclechbs arsaxroeemsng] @unposes,

di agnosis reli e%)(f) g'IGrIne e%%%gﬁ&tfﬁrth%prtemeg%qlséshfowgglo&hyéﬂpgﬂlon?&@meﬂ%' on and
radi ol ogy techniques. ese neasurements are used to determ ne overal |

stagi ng (Stage GomprisBeagd api/PCENpriccdet prognosis. Early stages (0, 25
and I1) show no spread of the primary tunmour and have very good prognosis.
These early sta es are di ff inly based on depth of the invading
tumour. Wien th Nptﬁgﬁﬁ&ﬁﬁ@@tam sed to the | ynph gl ands or
surroundi ng to ssue bluhhgnmt melenanads stpandblé fpnfitte efolie corceratlbfed degthgan, t he
patient is di ag%‘é’g,ﬁgtgé‘%cﬁﬁaﬁlﬂﬁcco%s fof/m)m«% B si?ﬁlcﬁqe(ggﬁob\%&m%pmm“ﬁ 0 a

di stant organ(s) st age the disease is
di agnosed [5]. %erend haggrthaphi @Fﬁg%@%‘f“%%%‘ﬁ%%ﬁ’efmdﬁ?@?'a? g &yt oml ess, by
the tine a pati @Rlurbie hirg@nas6d: bvee &31MDEr is general ly at advanced stages

(stages 11l or 1V) and pro isis c nse uently poor. 5Early.detection of
cut aneous nel anoma fMFllgBWég“%?mB% a‘ésﬁf) \%&tf’téonf il @1 °ad nm Hroﬂ%mgt%gs nost

rven
i npact on ths pheEnegics Bicapamelemicgtemrd ftpumah@tinmhe Wﬂemaﬂkart’e@f beskat, st ages
041, the recomended tre: r e ENSy PlelahBMedidhPYr pihd}e skin
and the flesh fromarou egwﬁ%m{r%ﬁﬁa@n fdtjwrr%up Q’r’oﬁé su?3 QW \/\er\egr]{?t he
condition is redwignd eedlseacrcwyatmw ?lﬁ%‘e%ﬁlf%e’hﬁﬁ@e{a%ytﬁ? gr -Eurute|
surgical ly remygdm3d, AfsophbQnRPhiaBdl smﬁdas)wadneobrr'@eluilnreaeav@fvagﬁdaeanpf obl em
Because inconpletely excised tunours ha(if1 ? gh rate of. requrrence, and
since patients Wt b GPPRRIer RS PIRE 2KLDE [HoneT?8iE L Semo'1'S ong term core,
it is inportaAant tHe@xeannby eriblzeeseoftha disebsamhatis bised on fihexadaptidn Odifhe PAwEsi on of
the tumor af the, i, ohe dlagPRleSoRE ! BASENBLEkYRLH ik sty baa! from

mel anoma: the survival rate associated wth nelanoma i's inversely rel ated
toits dept h at 1¢ehr€fegi|fppescwﬁmng purposes, diagnosis relies on measurements obtained through

physical examination and radiology techniques. These measurements are used to

determine overall staging (Stage 0 to Stage IV) and patient prognosis. Early stages (0, I
25  and II) show no spread of the primary tumour and have very good prognosis. These
early stages are differentiated mainly based on depth of the invading tumour. When the
primary tumour has metastasised to the lymph glands or surrounding tissue but not to a

distant lymph node or other organ, the patient is diagnosed as stage IIl. When the



15 di agnosis. When the primary nel anoma has invaded nore deeply, a sentinel
node bi opsy is conducted for nore accurate staging of the disease and to
assist in determning the need for additional treatnent. When | ater
stages (IIl and 1V) are diagnosed, the treatnment options that exist for
mal i gnant nel anoma are unsatisfactory, and long term survival of netastatic
mel anonma 20 patknts is a relatively rare event Pl. For stage 111 patients,
the | ynph node surrounding the node that tested positive to nelanoma is
general ly renoved. Wen patients are nedically unfit for surgery or have
unreseet abl e di sease because it is too extepsive, radiotherapy may be used
as an alternative to surgery. Post-operative radi ot herapy is al so
considered in patients who have positive or close margins follow ng surgery

or 25 where nmeta§idsesad @rela&' Wbdlﬁ@fﬂ%‘ﬁgaﬁ@) &QilgtJﬂElyﬁipﬁ Iglaﬁlf(s)]’ ﬁ@eﬂﬂ&if the
standard tre

occurrence [8]. For s
chenot her apy usﬁHﬁasaésé@’rggB%fE‘? WZE %"I‘_??F%B’ aéis OfETlﬁ‘%f’f"ac?heeﬁ%etr% %"bptonngﬁgbé’ such as
| onustine and f ahetitiss paientds dagbed treppreoviederkolly atadgacdd apes|(drmpndl ¢r10] ,
Two bi ol ogi cal t@g%{%%!:@gaosr}a}%/&ng ﬁ%‘ﬁhy&ﬂr FDA approval for use in the
[

treatment of 30h ano patients: interferon al pha-2b and IL-2.
I nterferon alpha-2b Exlypleiseiioniohapngans ggfaosrmie!iaved by gy 2RPEPPERE Bt nat ur al

hi story of the dj.$ ﬂﬁﬁﬁosﬁ%aét%n&@@ognﬁilﬂw @Eerﬁsh@lfﬂ”lmbl@ndﬂﬁc Ne@s Qlefe@EdUsitr €nce
rates of pati enthss W te{} “irjlgl rPe ged treﬁtglg{} gp) B pn rl}mour;ethe r "lﬁ‘d[ 11] .

The treat ment Ponmovere & week
period which is thes Sesb i fatre ghowtidt the siigay fturmnthrcnugmsmgw esViendhecondilicesabl e

cost [12]. 1L-2 {3 A0ITRHNCLNSLAPEH O pARERhunkRPH &QlcaRBekERlH7H 41

met astatic ona a i s assocl at ed a | ow but ‘consistent rate of
overall res p&fhsé’atbff“ts SI"S‘IT’%TTCPU?J% phathe iproblepie SBRSHSS inSPIEP B8 SE LG PIMOpE
response) [13, Ifiea high rate of rebRIeAROAA sin&e p’ﬁfbnismﬂﬁébgﬁé}it [‘esnﬁr&rhﬁ'&l’lowdnadtege

nunbers of tunour_infiltratin es are ofte urally in
mel anoma pat i ent® A" fHfy '%?"6’8 %‘sgﬁ%’i{f’e"e rﬁlg 5OrT ed O?rﬂg]t The ?egﬁl\ oﬁﬁw%s'e I's
express anti gensnft}hatlmozanthc nldueﬁailargmsanmmacgp@dv piedicts sureiv4l from@nedaneimaint i body

responses [19]. .Jmaﬁas‘sgc&@d&lﬂemgﬁ%m.mrsaaﬁrena@éaso AR QI Re RS Ne
strategi es, sone o are conposed of whol e cell ell lysates,

prot ei ns andlt Héaesosist Whecihe pEmp¥grslaesa hietiyrded f“efec%‘n v aseadnel 5o nes
that use ex vi VQn@Eﬁ is %ﬂudt&l&ﬁﬁﬁbrmﬁurﬁay@gl@ Ftheligese bidss Scist ddieriinigal m of
enhanci ng the pa mff& %dld nune r esponse to the tunmour. However, despite
over 15 years of SSTEHPERIHSHLTH4UE yet been approved for use 15outside of a
clinical trial [16] WAacbttedsta@Is 11 abid/) ere dgpmoisqils the treptreait dnbipnsghnt efift &t i ve

mel anoma treat 9@ ul‘ls-l;llg':FacltM/ %Bg\{eﬁmsuﬂn@il B&R&Gtatic mbiRmRT esent

i nvention pr ovi S a Cco OSI tion conpri sing: ) one or nore anti ens;
20  patients is a relatively rare event [7]. For stage III patients, the lymph node surrounding

the node that tested positive to melanoma is generally removed. When patients are
medically unfit for surgery or have unresectable disease because it is too extensive,
radiotherapy may be used as an alternative to surgery. Post-operative radiotherapy is
also considered in patients who have positive or close margins following surgery or
25  where metastases to lymph nodes raise the risk of regional occurrence {8]. For stage IV
melanoma, the standard treatment is chemotherapy using dacarbazine (DTIC) [9].
Other chemotherapy drugs such as lomustine and fotemustine are also approved for

stage IV melanoma [10].
Two biological therapies have received FDA approval for use in the treatment of
30  high risk melanoma patients: interferon alpha-2b and IL-2. Interferon alpha-2b is

prescribed as adjuvant therapy to alter the natural history of the disease and in some



20b) an anti-DC- S1GN iinmunogl obulin single variabledomain; c) a carrier
which carries a) and b). I n one enbodi nent, the conposition further
conprises d) an i mmunonodul atory factor. Suitable inmunonodul atory factors
are described, tbr exanmple, in WO 2005/018610. Suitable imunonodul atory
factors may al so be 25descri bed as "danger signals". I n one

enbodi nent, one or nore antigens are derived from nenbrane vesicl es
(vi'Vs). Suitably, the nmenbrane vesicles conprise one or nore

menbr ane- associ ated antigens, suitably, tunour antigens, including the

mel anonma differentiation am gens tyr03|nase gpl 00 and MART-1. or the
cancer testis antigens MAGE- A3, MAGE A-10,” 330 SAGE, GACE and XAGE.

I n anot her enbodi nent, the one or nore antigens nay be derived from any

pol ypeptide for sW@feQ Qhoﬁrneé%@ctr@atsé %ur@ﬂcearaﬁa's %@gﬁtiehﬂsﬁ‘wnfhel*ully F@%téﬂ%lgjﬁ%kr abl e.
I n one enmbodi nent, the menbrane vesicles are derived from tarmur cells,

preferably mel arfenignagiemelanoma [hmJoF UEHma e YRE r(‘?‘é‘i"lcs [ePitsd AAPEISIYRT| abl e,
In one 5 enbodikants2 wek @mﬂmmm ssatred wed sfoniinant heicivied adonesieabk | i ne

VP00 are used. LD @50t 8] Lo ..gmgi% braphllE ofIFL A0QTR; gsﬁelné JHBY st ai ned

froma patient R d I men atre trent with malignant
mel anona. | n Sanotdrepmemddspvesinted withen 'Pwr‘?B‘Lﬂon%Séan Sﬂterﬁiy?"%@' gsroaselof Mhe or

patient cells dgriNegyfhea BpYnst e 894 &m@&espbmj[wmg for exanple,
bl adder, breast, \lfn]% lp?%c rﬁgalnrig NSCLO), liver, ser |no nas 10 ndI or head
elaj
t,

and neck cancer. ToRagih 8¢ FEPUREBS TRt L1eR QURRTY oipemeraRfi! fisting
i mmunogl obul i N sym@gbetesard fteh oo mainlly & aelmomglpan«;icsnmdnnzaxmstub@dyav(e dAh) ,

U Lably & neavy Snel DuERal . AUER-RURN AR o fudERehigUTRNIne o duanol her

enbodi nent, the I nmun In single varla omain is a
| i ght chai n thAb ahd agitredytresporses [A&]- aThMlaS led ppthe F"&@ﬁ@ﬁt’arlo}lh"‘ﬁiﬁ@maﬁccme

embodi nent, the %&gl%hmwmmgdn%wonwmm@ue cmaryba&lal;ﬂotamurathe@rrprl ses
t he speC|f|c si ngl e donmai_n antlbodé%l ﬁ DNF(}%Q%
conprising an arff RSCHE PAtILEqEHEES ¢fd-bagg V?)Cl‘fll"esi at§§(§x VB" nge T8 Fi-gure 12.
I n anot her enbodiaveeiMo,bednhesta@intith- tXCaifsl dEshhanginpnibg pastout!si immeneugipense & thabl e

domain is Divl 5@000 havin 2% %%%gygq%?ﬁ}sgﬁgggg%gg&a%%n %dﬁpovwfoggg I D NO

1 of Figure [2. TN 4no 20 anti I mmunogl obal i n
si ngl e vari alfl e ododepie civpptriatldsl- an amino acid as set out in SEQID NO 1

In a further enbodi NgQbwid %l}ethaalée&n%s ShdeNedr aiafoglealuhidh safghe vari abl e
domain is one which has the sanme binding specificity as the anti-DCSI GN

i ffirmnogiobuli in having an am no acid sequence as

set out in SEQ I%R%H?QE%Q?WB 251 n anot her enbodi nent, the

anti - DC- SI GN i nmur i olgloodyisbdct, the picergt iovaption rapyides aermponitignsconpisinghi ch has t he

same CDR sequences as thg)(ﬁgbmor@g{ngeng,equence set out in SEQID NGO t or 3.

20 b) an anti-DC-SIGN immunoglobulin single variable domain; and
c) a carrier which carries a) and b).

In one embodiment, the composition further comprises d) an
immunomodulatory factor. Suitable immunomodulatory factors are described, for
example, in WO 2005/018610. Suitable immunomodulatory factors may also be

25  described as “danger signals”.

In one embodiment, one or more antigens are derived from membrane vesicles
(MVs). Suitably, the membrane vesicles comprise one or more membrane-associated
antigens, suitably, tumour antigens, including the melanoma differentiation antigens
tyrosinase, gp100 and MART-1. or the cancer testis antigens MAGE-A3, MAGE A-10,

30 BAGE. GAGE and XAGE.



The anti-DC- SIGN iinnmunoglolatilin single variable domain may further
conprise a po(yhistidine Cterrninal tail. For exanple, the anti-DC Sl GN
30i ntnuriogl obutin single variable domain may conprise the am no acid
sequence as set out in SEQ I1l1) NO 2 of Figure 12. This pol yhistidine
C-termnal tail enables the anti- DC SIGN inmunoglobulin single variable
domain to be tethered via the tail to the nenbrane vesicles using the

chel mor |ipid 3NTA- DTDA. Suitable carriers include any suitable
delivery method such as bi odegradabl e m crocapsul es or ininurto-stinulating
conpl exes (1 SCONls), cochleates, iiposornes, 5 genetically engineered
attenuated |ive vectors such as viruses or*acteria, and recombi nant
(chimeric) viruslike particles, e.g., bluetongue. O her carrier systens in

humans may include ¢ l?\ta?lﬁt'hgr &%@ﬁ@.ﬁ Gn@l%ﬁéllneéorléra%%ﬁ; InQQb& hevadtiogenyf rom t he
aci dic environnment o he st onach and %{r act i d" €0 | de tnicrospheres.

Sui t abl e di | uentPs!ypgPEIQODWINEINRSFSFIERER™ ams*ea itic gpf ﬁ’i%y l8ne enbodi ment, the
carrier is a li posor M€one Sibb@hk, the hgemibiapo S exiades CoeTérived Srotni mmsmrrmlls
constituents. Suc osonal co nstl tuents e )

l'i po. sones. Sui tPX ‘f’%bff"ﬁlﬂ'éod'??a‘fe tohdf u?eﬁé’n sef;%?"ea ¢ gg%ﬁ% g’%g’,%,faglr@ lqe%xoart'r‘?rp le, in
WO 2005/ 018610. eAbatimetitmgdlappoma eelladesiverbirone thb oxdiangrat cell fineMM2pdare gt [n

constituents CO@H{ he?een-fbgﬁmgrne{h@tl&ﬁan .hpkéilsi’h]@e{}l B bﬂtzgﬁeﬁl @&retfﬂ fatient. In one

acid)-ditetradecyl am ne % urt her nbodi ”EPB
| i pase: nal constimbedRes ﬂéﬁ lé’Benélﬁrﬁ?F Evith madigpant ‘E)‘F'é’f°§?aalﬂla9°t'i‘°ﬁe “feBP m of

ni ckel sul phate tﬁﬂhﬁm)ceusl\lhﬁ% £ @l link toape@nttdals deniv &Y fad monfoof of f@cer

pol yhi sticline C al tall hthe ' - In
anot her embodi rré‘H’ﬁ ‘"@’n T R Crbwg oo ?@géﬁ’%@ﬁlg%%rbgggh?%%@%m *a-pal m
itoyl-13--ol Hbylantpbrdsﬂvad netgkabal | i ne (POPC)). 20In one enbodinent., the

|'i posormal constitue Y LNQRAS Qﬂeearf'& [*J’ty gfcﬁphhﬂnh&gla&llmnﬁgles ummas
pol yet hyl ene gl ycoI PEG in order to :ﬂ% presence  of ‘glcsor nes in
t he circul ati on dpRaipisagingle domain pribagy(d ’rS“ e Fhain %‘éfr‘i‘gr‘i’éﬁtdh #ddul at ogy

factor is a eyt Q'Vmwmlgﬁbhtsmlamaleaérﬂﬁ)ddemdmbhnitGDC{SI[dirs i EogloBulin siaglk y, t he

i munonocl ul at or ist ine 25i er on nm) .
Ct her i mmnonedt%%ﬁb%t "‘PQC‘ 5 hsgE § %%\" b Eaﬁfn e}FtI ﬁk%‘lsnEE v ,d% F I&I-O%l
i nterienkin-10, emhdxmnd:ne|thd<ann-D1251§Ndmmmg§fbelﬂm"m@f right @mw@pwmﬁs the

specific single domain antibody, identified herein as DMS5000, comprising an amino
acid sequence as set out in SEQ ID NO: 1 of Figure 12. In another embodiment, the
anti-DC-SIGN immunoglobulin single variable domain is DMS5000 having an amino
acid sequence as set out in SEQ ID NO: 1 of Figure 12. In another embodiment, the

20 anti-DC-SIGN immunoglobulin single variable domain comprises an amino acid as set
out in SEQ ID NO: 3. In a further embodiment, the anti-DC-SIGN immunoglobulin
single variable domain is one which has the same binding specificity as the anti-DC-
SIGN immunoglobulin single variable domain having an amino acid sequence as set out
in SEQ ID NO: 1 or SEQ ID NO: 3.

25 In another embodiment, the anti-DC-SIGN immunoglobulin single variable
domain is one which has the same CDR sequences as the amino acid sequence set out in
SEQIDNO: 1 or 3.

The anti-DC-SIGN immunoglobulin single variable domain may further
comprise a polyhistidine C-terminal tail. For example, the anti-DC-SIGN

30 immunoglobulin single variable domain may comprise the amino acid sequence as set

out in SEQ ID NO: 2 of Figure 12. This polyhistidine C-terminal tail enables the anti-



I n one enbodi ment, the conposition is a vaccine conposition. In one
enbodi nent. the vaccine conposition is "Li povaxi n-MM' as descri bed herein.

6 I n anot her enbodi nent, the conposition further conprises a
pharmaceutically acceptable carrier. Suitably, the conposition is prepared
for adm nistration intravenously. | a anot her aspect, the

i nvention provides a nethod for making a conposition in 5accordance with
the invention conprising: i) preparing nenbrane vesicles; i) preparing the
| i posomal constituent; iii) conbining the nenbrane vesicles and the

| i posomal constituent with the i mmunonodul atory factor; 10iv) adding the
anti-DC SI GN i munogl obulin single vari abl'e "domai n. I n one enbodi nent, such

steps for a nethod can be perforned in any order. I n one enbodi nent,
the preparation of oiERITREARSeIbLER 'sﬁ‘l;l@s'allla%leb&)nﬁrnolgafga&hé?gi {ib UG 6£nks,
soni cating and preparing nenbrane lets Ty centrifugation and

resuspensi eri i AepPBENe YGickygingdbe %ﬂﬁ&"dlpm ‘PHéA i posomal constituent is
prepared by IS m xi nguitIPCarassl :d‘clludébﬁ&Aeumdeehlvayaneihod tstér aseiddlegtadaliat , t he

met hod further canpri S?S %qggunomlmu%ap%j%rﬁal Qg §§§ Ms)é cochleﬁlje @QS%L]Q?r

aspect, there i $"Brévi” a co accor danc i nvéntion
for use as a Srmczﬁmcmlmteﬂginwr@neﬁ%lsqj@ciwq Iectaed rFpeiis B ivirpses 1or dgetlotiadaanée wi t h

the invention i %ect)ﬁ)lﬁmyni’?ch'inﬂer&:h@nﬁ-ﬁ&@ﬁm 8., Rai&GRle. OBl Eadr ¥ystdnlian cancer

is nmelanoma. 20l n anot her enbodi nent, the conposition is for | ntravenous
adni ni strat i on. humans mayninelyds: qpieric As3ar Fapsules rieciiag BiF GOtigFa drog W%f‘ﬂ 8 for
treati ng a tunduhviioBmént Sk @®machoaip pbisiattifle-glnalide sti@sspgesaSG@dbip Obiebts on 1 N

accordance with the jinvention, ..

10 In one embodiment, the carrier is a liposome. Suitably, the liposome comprises
liposomal constituents. Such liposomal constituents enable the formation of liposomes.
Suitable liposomal constituents are described, for example, in WO 2005/018610.
Accordingly, in another embodiment, the liposomal constituents comprise the chelator
lipid 3(nitrilotriacetic  acid)-ditetradecylamine (3NTA-DTDA). In a further

15 embodiment, the liposomal constituents also comprise nickel, preferably in the form of
nickel sulphate (NiSOs). NiSO4 facilitates the interaction of the polyhistidine C-
terminal tail with the chelator lipid SNTA-DTDA.

In another embodiment, the liposomal constituents comprise the lipid
a—palmitoyl-B—oleoyl-phosphatidylcholine (POPC)).

20 In one embodiment, the liposomal constituents may incorporate a hydrophilic
polymer such as polyethylene glycol (PEG) in order to prolong presence of the
liposomes in the circulation in vivo.

In another embodiment, the immunomodulatory factor is a cytokine which
stimulates dendritic cells (DC). Suitably, the immunomodulatory factor is the cytokine

25  interferon gamma (IFN-gamma). Other immunomodulatory factors include interleukin-
2, interleukin-4, interleukin-10, interleukin-12 and transforming growth factor-f3.

In one embodiment, the composition is a vaccine composition. In one

embodiment, the vaccine composition is “Lipovaxin-MM” as described herein.



13111EF DESCRI PTI ON OF THE DRAW NGS 25FI GURE 1 Di agrammati c representation
of Lipovaxiti-MM showing |ipids derived fromthe N M200 nenbrane fraction,
POPC and various cancer antigens are visible. The dendritic eel] targeting
dormai n anti body (dAb) DMS5000 is al so depicted. Interferon gamm is
depicted as being mainly associated with the outer surface of the vaccine.
- 7 - FIGQURE 2 Increasing the anount of 3NTA-DTDA in |iposones, and the
correspondi ng nolar ratio of dAb, does not increase the targeting effect of
Li povaxi n- Mkt, THP-1 cells expressi ng human DC-SI GN were i ncubated with an
anti human DC- SI GN nonocl onal antibody or w th Li povaxi n- MM cont ai ni ng
different 5 anpunts of 3NTA-DTDA and engraf¢ed dAb. Figure 2 shows by FACS
anal ysi s that increasi ng t he nunber of targeting nolecules on the surface
of Lipovaxin-MMdid ncrease the targe f the. yac El GURE 3
Z-sections through aP URah er?‘%’n%‘c Ve t%?jg?r? S'E‘)dglﬁtﬁ)rr i‘t1e ce ic’:hafmacf_’)'efw
i ncubat ed with Ldcprptabixi pariidy] S\ldaddy,ndlewasmm'dw fllsomeP@F’C f013M¢AlﬂDFDRHand

M v1200 menbraneg,ygsisadigs i ncorporating the BODI PY-500-510-C fluorescent
dye and engrafted with the dAh DV65000. Dg;s re stained with
BODLFY red sti cei ni minyptherasrset (¢ iysntigheroyidks aunahod Rumaking 2CRPMETPLE 5 hour s
prior to m CrS)SCaQ&i(dan@&lu{h&héliﬁJeﬁnnd&ﬁﬁdm@n coverslips imediately prior to
observati on under the confottal emb | Crosgope. The Z-sections show both
that vaccine binds to th&PEEFFRIEGF T e “BDC (first and fourth i mages) and
that it is taken inside fihgregehsth¢ Bmeomd castéduenhi rd i nages). FlI GURE 4
Engraftment assay. Li pos%ﬁ%&hblﬁ%é/thte%h%% @a@heuneqm?pbgamm&svuumm\b
engrafted) were incubated with Protein A-Biotin, thllowed by SlreptRvidin
conj ugated to the fl uor o&KriBRECACdYaleY &519%88. Anal ysis by fiow eyt onet ry
denonstrat edig hat only panhididgase ashiDrhsitamMemiiizicbnigrsafeteadrizbleidghtinhand si de)
are able to blndthefluoto hr one. b ndi ttated

Li povaiin-MMto hurmalt %&f 1% s(alélnr? ¥ u?}ésﬁ%pfgglggm th?&eﬁq bP?er%T‘defr%gﬁgtel l's,
transfected THP-t celnl @eampednsitnge MepaatioDCt MREHbSPGHEsEcley is4P- nrpmtsge\l) :

human peri pher a'tu.m&%ummwﬁ eAl SElalise (nPﬁMéﬁé ,pemd b?%ﬁﬂﬁ:@l?iaﬁ)%ﬁe
derived Dendritic Cells (nonCs) were assessed f SI GN expression, and

ability to bind fF%“EPS?Sé’;@d'i' ﬁ%§ el aﬂ?‘bed\‘i'&?‘?dl‘f“wthedﬁ?PV"ﬂ-ﬁg"ﬁﬂ'ﬂé 'Ssirfmreéé?v |'s and
moDes expresged d¥nSIPONC @ NiWeITa-Bib e Inca Birther dmipomant, theMvbthod further

comprises supplementing with nickel.

In another aspect, there is provided a composition in accordance with the
invention for use as a medicament. In one aspect the composition in accordance with
the invention is for use in the treatment of cancer. Suitably, the cancer is melanoma.

20 In another embodiment, the composition is for intravenous administration.
In another aspect, there is provided a method for treating a tumour in a subject

comprising administering a composition in accordance with the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIGURE 1 Diagrammatic representation of Lipovaxin-MM showing lipids derived
from the MM200 membrane fraction, POPC and various cancer antigens are visible.
The dendritic cell targeting domain antibody (dAb) DMSS5000 is also depicted.
Interferon gamma is depicted as being mainly associated with the outer surface of the
vaccine.
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FIGURE 6 Quantitation of TEN-ganma activity associated with Lipovaxin-M M

| EN-gamma activity of Lipovaxin-MJV was neasured based on the expression of
CD64 on THP-1/DC-SIGN cells. Cells were incubated fbr 48 hours al 37 Cwth
di fferent concentrations of either fresh Lipovaxin-MM or Lipovaxi n- MM where
uni ncorporated 5 I FN-gamma was renoved by centrifugati on (Lipovaxin-MM
menbr ane associ ated). CD64 upregul ati on was neasured by Row cytonetry using
an anti-0064 mAb. The results are shown as neant standard error. FlIGURE 7
Western Bl ot anal ysis of MWOO Menbrane Vesicles- Cell tysates were 10
prepared by sonication; M/s were prepared according to the standard
operating procedures as described herein. The protein content of the

sanpl es was neasured then sanples were boiled with sanple buffer, | oaded

ont o precast Nu t o} & wer e
transferred onto ni troceﬁ?cr{a s'f/% tﬁp n?‘%ﬁlegﬁaﬁ\gr%Pgagsd] gép'r'lllsr J"% nbr anes
were probed wi t fropresnvadipe arrldtherdlp, Of\/\ﬁéhe@eamﬂf lllcseaishé'tf’oaatr%mweﬂhcta?fkal i ne

phosphat ase conj Mgatasﬁ@l MW@HQ@EMIS@M&SQQQ%maBMGW& MduSMéii w.&mal akt8i NQ
Pronega' s Western

i sed suhstrate. Pan ea ]l an A and
gpt 00 were vi sJEfF‘ia%i)é: ?'9 b{{‘,‘{”}?"‘g&ﬁ‘ Iaml%g%lt"%?'tt'llé‘f"t"ix"hﬁy lWéa't'?gl gﬁa)““tpr epar ed
from1t4M200 £eldn®unt2 0FINGURETBA Shd bigraftey dab. Rigyod X/Ehodis by FACSragalysiet that C. :

Ef fect on bi ndi i - iy B, VAL b T X MM was
Focllink RS e i VoMt 1, RERPREA RVl el

stored at 4t an ng assays s were performed on
al i quots taken avcreﬁaﬁr%metmgﬂéthpwcwv% IN-MM was fl uoresciaatcd with

BODI PY-500-510-C dye, After storage for 4 weeks at 4C, 1N-MM was stable
with respect to binding to DC- SIGN on THP-VDCSIGN cells. 25 FIGURE 9

Stabili ty of Li m&@ﬂEnli QIS%M@ th%u@fl %qmﬁian‘}nongtytgéérﬁ'@& daﬁnklg%lgm
Activity. 'EN-gamma activity in fresh LV-MV a V-MM stored _at 4 C was

measur ed bastH dh‘"’“lbﬁ'éd é‘i‘ﬂr’ég‘é"aﬂﬁ‘%m P g PRESPEN B P PATRE gr aph
on the left repmnasieot ﬁlemh@ileevélsN}eM%dM‘pbia&ng hﬁtB@[ﬂlPNheo sioghtflupepeessat s 1N- MM

wi th non- 30menit anig . as506hat.s EMOMITRGD SRS SR WL SR 8B Cel 15

wer e i ncubated fOr e" urs a erent concentrations of
UV- MM  C064 upr @wimwﬁmm@e%@bmp@de%wth [Veraing feroiaursyprigs fopyiceperopnt i - CD64

rri Ab. The resuldefis ak@ M%erﬂ?p@ﬂmg’&cﬁﬂéjﬁbﬂorQB BQJewatﬁ;ntLﬁHerSEeoJoﬁB@al at 4 G
IFI\I—gammlnll\l-Ivll\l4 was stable fo reduction in

t he menbr ane!bodHerosepn: Jbmfraections E‘l?“f\}i\ﬂﬂﬁ]i‘aﬁ ‘@&%"Esb ”515 ik S‘I‘T\‘[gﬂi HfafmECBecones

di sassoci at ed f r(f dnh @ure xpanmdohaett isttakeinsifid tGkJRH (Conl BN thiahimageand TNEal pha
secretion by cultured PRMCs from macaques vacci nated with Li povaxi n-MM Two
groups (A and B) of 4 macaques

FIGURE 4 Engraftment assay. Liposome/MV fusions and Lipovaxin-MM (with dAb

engrafted) were incubated with Protein A-Biotin, followed by Streptavidin conjugated
20  to the fluorochrome AlexaFluor488. Analysis by flow cytometry demonstrated that only

particles which have dAb engrafted (right hand side) are able to bind the fluorochrome.

FIGURE 5 Binding of fluorescinated Lipovaxin-MM to human cells and
transfected cell lines. THP-1 cells, transfected THP-1 cells expressing human DC-

25  SIGN (THP-1/DC-SIGN), human peripheral blood mononuclear cells (PBMCs), and
human monocyte derived Dendritic Cells (moDCs) were assessed for DC-SIGN
expression, and ability to bind fluorescinated Lipovaxin-MM. Only THP-1/DC-SIGN
cells and moDCs expressed DC-SIGN, and were able to bind Lipovaxin-MM.



wer e vacci nated with Li povaxi n-MM according to the schedul e outlined bel ow.
Bl ood 10 was taken at various times during the vaccination schedul e and
peri pheral bl ood nononucl ear cells (PBN1Cs) isolated and cultured for 48
hours with 'dunmmy' tipovaxin-MM (I acking | TN-ganma) (with DLP), anti-CD3
mAb (CD3), or no stimulus (no DLV). Culture supernatants were collected and
anal ysed for 1FN-gamma and | NFal pha production using the BD CBA Non- Human
Primate Thltrh2 Cytokine 15Kit SN = supernatant. FIGURE 11 Anti body
production in macaques vaccivated with Li povaxin-MM Two groups (A and 13)
of 4 macaques were vacci nated wi th Lipovaxi n-MM according to the schedul e
outlined bel ow Bl ood was taken at various tines during the vaccination 20
schedul e and enzynel i nked i nmmunosorbent assays perforned to neasure the
production or a L t he
MV200 menbr ane \r}té megg%éﬂgﬁg% ot %{m'g%/aaﬁc:nk % %Wﬂ( %lpgg\éﬂﬁlg{n%l n

ant i body DM SSOOGN(gdeb)lctW%OfI!)EPPAP‘LIEM (e 1P| bad OF i e resvEN T LN

Wthin this Spe%nfﬁmﬂt/b@rslérh%eusmcemw&aldaabitebe&msd@mubﬁ«twmak’fer&ﬁf erence
to enbodi nents, |navx,am\§\ém fréﬁgu{ &L r. and gsesemfl ation to
be witten. It i€"°HtEAGES o FeMAbYrdRIvATEN™ KA SHBSTCREAt s may
be variously i:onBN@adm@rwase@mvat &yl canrifiyation pagdvaigMM aemblase hsasegandd).on. -

10 - Unl e r I [ erns
used herein havz(ﬁ%(ﬂ leﬁﬁ%“’%%ﬁlm\%sﬁgg bg flow! ﬁﬁp'@"{hﬁ?‘“ %ﬁgﬂgg%‘g)ﬁﬁ'yﬁg gﬁhteor di nary
skill in the ar tresulis aje shoyvmasgedap * stgndeigregror. npl ecul ar genetics, nucleic acid

ehem stty, hybridization techni ques and biochem stry). St andard t echni ques
are used for nolecular, genetic and biochem cal 5 nmethods (see generally,

Sanbrook et al, ,priYoR@ciivadtert Bt il SIAflnamwM@mml}@m@Jm é’myseeés wi@89) Cold
Spring Harbor Labor at ory Press, F pri ng. Har bor Ausubel el

al ., Short Pot dEBrEd jby NBFECT %{‘rVSBiV“dT cB’Eﬂ?arE‘fL%‘QT""étﬁ i’é&l.swﬁ‘?ﬁﬂw oRFHEY & Sons,
I'nc. which are ipaeefupshatiedibbehedin Thy pﬂ’o&frﬁfoﬁlﬁﬂe))“tlﬁmdmﬂh% mhsuﬁetﬂaﬂ)ds

Antigens for use_i the Ig:oﬂnp fhga'moPesbuﬁ"«;r cféd'%ﬁt% thné/e% efs?‘pzd},}d hat are

tumour anti gens. 8t abi ns nay 1 nclude any
differentially em@dg‘e@&ﬁAGﬁrﬂsmm%EWP srar&@rred)ﬂrp‘an@dceil@oawmtbmwnd cells

derived fromt h%lé%o%@“%er@rﬁ%?r&m bRbed® ¥Rtk §2iR1aRN afBYdyl Makidfl€ng f OF
exanpl e, up- regul ation ternatively spliced :buns and so forth. Tunour

anti gens i ncludéctbpiedsyity alkpling ‘E‘&‘?ﬂ’&‘é‘fsf t°§’§t‘$3£°dasﬁf‘1"5‘i§¥|§"“bi’%s§a&45 were
ant i gens/ pr ot ei Rsudlisat usa.ge’rcg&gesr mesltgm IBm‘e sﬁmﬂlfeﬂsslﬁﬁlaté nPdmafadmhn tNMasues/ col ts

other 15 than t h(Fé}fl%& wéie’ vnslfgl a/m Botit gsla km‘%earlllg rit§ gpaé};[deeﬁponbr east,

expressed speci fi'c I'n I n cancer I's suc

I ung partlcularmﬁdﬁ@wd§wall ceII I ung cancer (NSCLC), liver, sem nornas,
nmel anoma, and/or head and neck cancers and advant ageously are capabl e of
bei ng recogni sed by cytotoxic T-cells. Mre than 50 cancer/testis antigens

have been degcrigbedrgQ el 08 LiphAlid B5W¥a Qf 4 ERSrecSREFLAILS of Lipovaxin-
MM (LV-MM) to DC-SIGN in vitro. LV-MM was stored at 4°C and binding assays
using THP-1/DC-SIGN cells were performed on aliquots taken at various time points.
LV-MM was fluorescinated with BODIPY-500-510-C dye. After storage for 4 weeks at
4°C, LV-MM was stable with respect to binding to DC-SIGN on THP-1/DCSIGN cells.

25

FIGURE 9 Stability of Lipovaxin (LV-MM) stored at 4 °C: Effect on IFN-gamma
Activity. IFN-gamma activity in fresh LV-MM and LV-MM stored at 4 °C was
measured based on the expression of CD64 on THP-1/DCSIGN cells. The graph on the
left represents whole LV-MM while that on the right represents LV-MM with non-

30 membrane associated IFN-gamma removed by centrifugation. Cells were incubated for



20 epitopes recogni zed by T |ynphocytes have been identified. In one

enbodi nent of the invention, said one or nore antigens nmay be any
cancer/testis antigen. A well characterised cancer/testis antigen
famly is the MACE fam |y, which includes 12 closely related genes, MACE 1,
MACE 2, MACE 3, MAGE 4, MACE 5, MACE 6, MACE 7 , MACE 8, MACE 9, MACE 10,
MACE 11, MACE 12, |ocated on 25 chronosone X and sharing with each ot her
64 to 85% honol ogy in their coding sequence (De Pl aca, | mrunogeneties 1994,
40: 5 (360-369)). These are sonetinmes known as MACE Al, MAGE A2, MACE A3,
MACE A4, MACE A5, MACE A6, MACE A7, MACE A8, MACE A9, MACE A 10, MACE Al 1,
MACE A 12 (The MACE. A famly). Two ot her ‘aroups of proteins are also part
of the ti4ACGE fam |y 30 although nore distantly related. These are the MACE
B and MACE C gr %‘FﬁouJQ{%? %gﬁhaf}enzm é(Mcénnﬁioh'sdasLW @64(1@1 QatloAQWe as MACE
Xpl, and DAM I 0), 2 (al so known as MACE Xp2 and DAM 6) MACE B3 and
MACE 34 - the Nagésuedbaﬂwyyt@uﬁtfw(é'ﬁt%W"H&Déﬂjé’ébm&esei“fmaﬁhﬁwmﬂ&@a’tﬁz

I n one embodi nersltandaadltamgemrls@fagusﬂ Pa@) blfrhl@arﬁlﬁﬂ'ﬂpw MM RaDftalidiRr pp @sent )
invention are nel anona anti Sui tabl e an ant i r. ose that
are recogni zed B‘S‘/‘q‘f Iga"ﬁv%r "i‘%@f ng % eemb(r:aét“relcerfjtes zl’smaa'ﬁt?‘l@a‘gﬁsf"ds'cﬁg as
MACE- | and NAGH:aSIFNThaese bantnegdnssociated fdnsthe peobhaexteitineot her tunors. For

exanple, MAGE-3 is found in small cell lung cell carcinoma (SCLC),
non-small cell lung cell carcintX113 (non-SCLC), squanous cell carcinoma of
the head and negfciRPddiny aQJng? TG apR decABRHy dfFANFRIC WG| al SO
is produced in bréast cance i obl ast ofra, neuroblastoma, SCL

medul | ary cancermae#quphéacphytﬁ@)“ﬂ!h Igpeverin Vi Aserarospit (AgaidaB)i ¢cd ﬂéféqq?él anoeyt e

l'i neage- speci fi Geflivhi@RBWIRLIpxANMIRESdihd WG| kdichgulVNtincdMabanBRod

t yrosi nase, GP?5 and GP100. (xher, suitable, anti Egjs i ng | ud tg%ps% nase,
BAGE, GAGE- 1%, Vemfakgp abi%"’“ﬁ L Vi“iﬁWBtP"% “‘Flaé‘ RIPRFBE °8Rt i gens
such as b- cat eninfoponlvtibr lcelin dPIODKE) avleted rodl Unltagted for 48 hourDewithr i‘dumeny’
cell-specific | NEAr | I r [ typeII
menbr ane pr ot ei ‘ril:‘A hax"%ﬁbﬁa sfem-s a@%ﬁ?l(%ﬂc% us‘{rrrl\ 9e#ggﬁ g & ﬁo

l ectin. DC Sl GNStlfmdvsa(tleé’LVht(é&“a@tSPR?ﬁ@taEfét”\?\l@éﬁ”eﬁ‘éﬁG‘H %"P'b,‘seéé?fll ngma and T
cell's and is desgd ipefphaf Péduioaheine BY 04 NbH¥marChrintkeCBI1 /152 (C9RRiRe (2003)
104, 437-446 with 20sequence data given in NM 021155 (nRNA) and NI' 066978
(protein). 13 Kit SNEGAPEEARNt + he anti - DC- SI GN i nmrunogl obul i n singl e

vari abl e donmain of the invention can be presented in any anti body format.
As used herein an antibody refers to laG 1gM IgA 1gD or EgE or a
fragment (such ascerEab,Adthadyi pddudtién ilinidd qubd ck&cuhhta&esﬁihmpovsﬂEchl osed
conformation nulti iftc, antibod di su ked s y)

whet her deri ved 1”? &“‘?ﬁé $p coffé]sn a‘haé esweeva&'"?tg(gﬁg}f Q’ Ovamﬁ an a%:grc?ﬁ]%%

creat ed by recotbisriadle @iined édﬂmoBt@gﬁ}'mﬂm@n héYa"P@ﬁdl@@ ét!rlffgrtbﬁmawlraﬂm

B-cells, hy%' do%RAR ahd acﬂafn%QL]Qéﬁa%nmyr@@ﬁl;enprassIQ?SCtp@l‘Tdrﬁed to measure Afle USed
herein, "antibody format" refers to any suitable oI%peptl de structure in

whi ch one or moP®EdusHeT Blotfyibeiss;satsifls tﬂd‘(PﬁFn‘s'p‘E’é’H"' pYPHBY M as to

confer 30bi ndi ngiespesd fdslet Yonfposientdt ILgRTax@MMEME], rdid tth @omain \aeddbodt y or

sui tabl e anti bo are known in the art, such as, chineric

ant i bodi es, hun%sfg(g)r@%@l bodi es, human anti bodies, single chain

anti bodi es, bispecific antlbodles anti body heavy chains, antibody |ight

chains, honodi ners and heterodiners of antibody heavy chains and/or |ight

chai ns, antigen-bind g {E3HIRM e RloiO¥ 1ile VENEGRO0T NG (e 0 a Ft.
Within this specification the invention has been described, with reference to

embodiments, in a way which enables a clear and concise specification to be written. It
is intended and should be appreciated that embodiments may be variously combined or

30  separated without parting from the invention.



5 (e.g., single chain Fv (scFv), a disulfide bonded Fv), a Fab fragnent, a
Fab' fragnent, a F(ab')2 fragnent), a single antibody vari abl e donain
(e.g., a Mo, VH, Vpilb VW and nodified versions of any of the foregoing
(e.g., nodified by the coval ent attachnent of polyethylene glycol or other
sui tabl e polyner or a humani zed VHH). The phrase "i mmunogl obulin single
vari abl e donmain" refers to an anti body 10 variable domain (VH,£ VI) that
specifically binds an antigen or epitope independently of other V regions
or donmai ns. An inmunogl obulin single variable domain can be present in a
format (e.g., horno- or hetero-nmultimer) with other variable regions or
vari abl e domai ns where the other regions orlldonmai ns are not required for
antigen binding by the single i mrunogl obi din variable domain (i.e., where
the 15 i munogl obul ari dently
of the addi t i onal Valll’l Irla Qﬂa&?ot erwrs?gll %c&dﬂ?inﬂ sgélmﬁ(\?g ds&ﬁ@r&.ﬂ%@@ﬁ‘m@ he
same as an "i nmsmoghabink ancosinmglyandeytpodhly enelefpaditary ddl 'L"H'%? 'fI”éPﬂﬁ’ l“§ehsed

herein. A "si nglginirdMHEQG P Ry, \ﬁﬂélélé'lth'cﬁ d@mﬂw hyibSidik4%6n a&mq@s Al
“i munogl obulin si ngl e vari abl e dorral n" {he ermis usi{}ﬁﬁ ei.n.
r

"singl e anti bodyioghETigy) Stadrditshnigrs a8 “s%iin of PSGHIY; BGFY % ff“@“‘dlomau n"
is 20 the sane aftidbs (sdergohbrog) szbm}obnezsazngblecwammmgm tatedtany Masuat, Bé term i s
used herein. An i n (o} odi nment
Purmn anti body varT RS dei Freh frnklel” P ‘&%‘eﬁih‘s}r" kgt
vari abl e domai nsukuberw at, ISesrt Erpteculses MoileciiardBiolpgyd €999) 4 T ik Jobx Mifitey &,Soas
di scl osed in WD,00/ 29904 G Bhedfi&l hakRL porated herein by
reference in the?cr wggl} Tr imé ?atﬁﬂ{r}]égr%ﬁ%ﬁ%m%n Canelid VNH dAbs, Canelid
W Il are i munogl obufmtrﬁe@l proiise iny Hig icarppositigesrad| the H%Vd%‘ﬁt“i"de’%c"fdﬁé‘fm%f e
derived fromgspegiRs. lsnrsdbrydlsm srap@k ,mdy| AbBde aiypamgcns dﬁdﬂrﬁ&dalﬁ’fyr,ent&nyi

guanaco, Wi ch produce heav% Eal n anti bodi es, naturaﬁrS Aeywege « g1of | i ght
chai ns. The Vi meHHESSHe hUREHi Seyas compared Jo RoPaHPE ©ei5s < ded°prot ei n

structure which ibas Digetitar yxpedsiocthay eciudd épenaeplt, wireguhgon, aiematibely he
protein. Gener al I céd POQ’H%IIE‘? 1.%&1? T{JI%&ant%erw 1ﬁclufdgliheqe §ﬁl@@$aﬁce€7@f5tw39ﬁ§eﬁmal
properties of pro I'n many eases nay , renoved

transferred to d’tl%eprepvttﬁe@(melvﬁ they gigeeemdly “%FXH’?fFF(f‘t"P ’Eﬂﬁmﬂf'ssl“ﬁépe'r’sé’ﬁlﬁf nder of
the protein ISan@{aQrtheotfestsshﬁod%PJtlﬁbse Shtig&isngd Mowapiht tobedakpreaed sfatideatiprmmi n” is a

f ol ded pol ypepti de, donai conprrsr % uences ch I 8¢ erlstl ) i body
g kil botsy el pghhae

vari abl e domai n&erajh CANEEY PP SU9 e S’Wpl CELG 4y *Var '4bl'e® domai ns

and nodi fi ed variél (elsdndm liver, sérmnormsamplla@,mal andfdi heind @nieneok caricers @and oops
have been repl ag G RO by eyiGBAL Q{‘cteﬁsr 'M%H faPbo ant i body
vari abl e domai nsgvagtraé/em?s?}g%(gg %3‘5%3 F%ﬁ%@ T nsy\?\)rq have been ?r uncat ed or
conprise N or Guicetterinattisenst kams ibesmsdeseibedye Ifaréﬁd’f%i gawy P Hefethedlins

variabl e domgy ng 1%&&&0@1%2@%9 TAYmpHR&ESs Halteoebit iadrltllﬂgd atbre\sinbydiasdoStheci ficity
of the full-1leng ‘t) domarn. Specific bin eg%%mg?{{g antl en- bi ndi ng protein

(bi ndi ng speci fl"tYF‘Et?jl saif) QB O D105 gAY F5EN'ESY epi t ope can be
determ ned by any suA tvablcear@ssised, candactesidiantipen faprily 6x tepMAGE Soalychicl
anal ysi s and/or . conpeti ??Sé{)ere%fa%e&gd@éég SM ngg%%@mggggays (NA)

enzyme i munoassays sUc npetit’ion assays, and t

di fferent vari aMACE hdf4aeR 7. MOMBI e MevitEeh M‘%ﬁﬁjé)t Wllnﬁf"ﬁgd?’d?@eﬁ%) and

Ijr a”?mr:( regi Oﬂﬁroiiﬂ&%me Hwaﬁmgﬁﬂng' Qﬁh QRS @fier &ﬁ tb rsn%nmgio(b@w:cm theh‘a:bdhﬁi)l e
omain, In particula re regions ce of a_sin

ant i body vaPi abF@”%ﬁé@%s(ﬂm i‘ﬂmd‘?(?g]egﬁf 'Bgé t‘lltocgl(gér%q}ég abr it Somet'%egt he CDR

(conpl enent ar i | ynatet arvhGENY, MagiEoA), MaGheric #AGHTR, MBI@@ l&ié\/léﬁﬁeféfl ned

posi i ons vi t hi Rddie x5eAUERCes, asBAoaniidiofovAnGRDLE, dorsi . 12A(Tnynber of

systens for defini regions of a sequence Wi rto

t hose skilled wwrgAaﬁawﬂy)r o0 n%rowéar%ﬁtafeﬁ?epaédﬁ‘%ee%g cé@ﬁ%f t he
present inventi amodsemas cﬁk@fntlﬁ@éﬂatédﬂ Théze areRab MAGIABahadAGHE CSeoquebes of
Protei ns of I mmunol ogical Interest (Kabat E A, WI, T.T., Perry, CGottesman,
K. and Foeller, C (1990 Sequences of Proteins of I|Immunol ogical Interest,
Fifth Edition. NIH Publication No. 91-3242) which gives a standard

nunberi ng schenme for nunbering the residues in an antibody in a consistent



25 manner. The i nmunogl obulin single variable domains (dAbs) descri bed
herein contain conplenentarity determ ning regions (CDRI, CDR2 and CDR3).
The ami no acid sequences of the CDRs (CDRI, CDR2, CDR3) of the Vit (CD.RH
etc.) and vt. (CDRL | etc.) (V,,) dAbs described herein will be readily
apparent to the person of skill in the art based on the well known Kabat
am no acid nunbering 30 system and definition of the CDRs. According to the
Kabat numnbering system the nost conmonly used nethod based on sequence
variability, heavy chain CDR-H3 have - 14 - varying lengths, insertions
are nunbered between residue H1I00 and 1-1101 wth letters up to K (i, e.
H100, 14(00A 11100K, 1-1101). CDRs can altédtnatively be deterni ned using
the system of Chothia (based on |ocation of the structural |oop regions)

(Chothia et al., 9 nf or.mat j i i i I j abl e
Fegi ons. Nat ur e MAG® 7o kg JlaCE MRS e ardo G D) AORLRRY NEE Y REMEL A2
bet ween Kabat amAGHBR Klw)known esdd6EHig at'Q)Dt‘\be(’)@éth@@ e Mt Bbaded on

crystal StrUCtUrr\@a%e@@Qnir}fcsﬁénﬂ%inQMdéanmta%dm&'ﬁm_es Wi th antigen) as
follows. See http://ww. bioin [ sui tabl e net hods for

niorg. ukiabsi for
det erni ni ng CDRs.  Inoneembodimept gutigens fpr pgedp g‘ﬁéo'PPcfé’“B'b‘é(ﬁherﬂﬁ‘?’?ﬁ‘gf“éﬁl,t'°‘bne can
t hen apply the faglrhdrngaftRRs. Shdsed elhtoma astigetéalpathose tHaDRe Hkogniz8dlby36135A135R

%E&ﬁl’ a_50_ e %:Ql? %ég’dil?gS-ﬂgéoczancer est!'sl zintigéfs %ﬂch%%E—?%ﬁé%%&L%ﬁesgg_ 97

antigens are also produced in other tumors. For example, MAGE-3 is found in small
cell lung cell carcinoma (SCLC), non-small cell lung cell carcinoma (non-SCLC),
squamous cell carcinoma of the head and neck (SCCHN), colon cancer, and breast
10 cancer. MAGE-1 also is produced in breast cancer, glioblastoma, neuroblastoma,
SCLC, and medullary cancer of the thyroid. Other melanoma antigens include
melanocyte lineage-specific differentiation antigens including MART-1/Melan-A,
tyrosinase, GP75, and GP100. Other suitable antigens include tyrosinase, BAGE,
GAGE-1,2, GnT-V, pl15. In addition, tumor-specific mutated antigens such as b-catenin,
15 MUM-1 and CDK4 are included.
Dendritic cell-specific ICAM-3 grabbing non-integrin (DC-SIGN or CD209) is
a type Il membrane protein that is mannose specific calcium dependent (C-type) lectin.
DC-SIGN mediates interactions between dendritic cells (DCs) and T cells and is
described, for example, by Soilleux, Clinical Science (2003), 104, 437-446 with
20  sequence data given in NM_021155 (mRNA) and NP_066978 (protein).
Suitably, the anti-DC-SIGN immunoglobulin single variable domain of the
invention can be presented in any antibody format.
As used herein an antibody refers to IgG, IgM, IgA, IgD or IgE or a fragment
(such as a Fab, F(ab’)p, Fv, disulphide linked Fv, scFv, closed conformation
25  multispecific antibody, disulphide-linked scFv, diabody) whether derived from any
species naturally producing an antibody, or created by recombinant DNA technology;
whether isolated from serum, B-cells, hybridomas, transfectomas, yeast or bacteria.
As used herein, “antibody format” refers to any suitable polypeptide structure in
which one or more antibody variable domains can be incorporated so as to confer

30  binding specificity for antigen on the structure. A variety of suitable antibody formats



CDR HI: 26-32 CDR 112: 52-56 CDR 1-13: 951 CURL!: 24-34 CDR L2: 50-56 CDR
L3: 89-97 AbM (using Kabat nunbering): (using Chothia nunbering): 30CDR Hi:
26- 35/ 35A1351326-35 CDR H2: 50-58 15 - CDR H3: 95-102 CDR LI: 24-34 CDR
L2: 50-56 CDR L3: 39-97 Contact (using Kahat nunbering): CDR 1-11:

30- 35/ 35A/ 35B CDR 1-12: 47-58 10 CDR H3: 93-101 CDR LI: 30-36 CDR L2: 46-55
CDR L3: 89-96 (using Chothia nunbering): 30-35 ("-" neans the sane
nunberi ng as Rabat) The present invention provides a vaccine or

phar maceuti cal conposition which, optionally further includes a
pharmaceutical ly acceptable carrier. Generally, the conposition of the
invention will be utilised in purified forn2-

are known in the art, such as, chimeric antibodies, humanized antibodies, human

antibodies, single chain antibodies, bispecific antibodies, antibody heavy chains,

antibody light chains, homodimers and heterodimers of antibody heavy chains and/or

light chains, antigen-binding fragments of any of the foregoing (e.g., a Fv fragment

5 (e.g, single chain Fv (scFv), a disulfide bonded Fv), a Fab fragment, a Fab’ fragment, a

F(ab’); fragment), a single antibody variable domain (e.g., a dAb, Vi, Vuy, Vi), and

modified versions of any of the foregoing (e.g., modified by the covalent attachment of

polyethylene glycol or other suitable polymer or a humanized Vun).

The phrase “immunoglobulin single variable domain” refers to an antibody

10  variable domain (Vy, Vmu, Vi) that specifically binds an antigen or epitope

independently of other V regions or domains. An immunoglobulin single variable

domain can be present in a format (e.g., homo- or hetero-multimer) with other variable

regions or variable domains where the other regions or domains are not required for

antigen binding by the single immunoglobulin variable domain (ie., where the

15 immunoglobulin single variable domain binds antigen independently of the additional

variable domains). A “domain antibody” or “dAb” is the same as an “immunoglobulin

single variable domain” as the term is used herein. A “single immunoglobulin variable

domain” is the same as an “immunoglobulin single variable domain” as the term is used

herein. A “single antibody variable domain” or an “antibody single variable domain” is

20 the same as an “immunoglobulin single variable domain” as the term is used herein. An

immunoglobulin single variable domain is in one embodiment a human antibody

variable domain, but also includes single antibody variable domains from other species

such as rodent (for example, as disclosed in WO 00/29004, the contents of which are

incorporated herein by reference in their entirety), nurse shark and Camelid Vun dAbs.

25  Camelid Vuy are immunoglobulin single variable domain polypeptides that are derived

from species including camel, llama, alpaca, dromedary, and guanaco, which produce
heavy chain antibodies naturally devoid of light chains. The Vyj may be humanized.

A “domain” is a folded protein structure which has tertiary structure

independent of the rest of the protein. Generally, domains are responsible for discrete

30 functional properties of proteins, and in many cases may be added, removed or

transferred to other proteins without loss of function of the remainder of the protein



20 together with pharmacol ogically appropriate carriers. Typically, these
carriers include aqueous or al coholic/aqueous sol utions, emulsions or
suspensi ons, any including saline and/or buffered nmedia. Parenteral
vehi cl es include sodium chloride solution, R ngers dextrose, dextrose and
sodium chloride and | actated Ringer's. Suitable physiologically-acceptable
adjuvants, if necessary to keep a pol ypeptide conpl ex in suspension, may be
chosen fromthickeners such as carboxynet hyl eel | ul ese,

pol yvi nyl pyrrol i done, gelatin and al gi nates. I ntravenous vehicl es
include fluid and nutrient replenishers and el ectrol yte repl eni shers, such
as those based on Ringer's dextrose, PreserlVatives and ot her additives,
such as antim crobials, antioxidants, chelating agents and i nert gases, my
30al so be present N% 1982) Remn S [ ceullcgl | 16t h
Edition). A var|8W§' ﬂkéélfﬂble Fiselad tq?$bﬁgm@aﬁg e usé OP%g(ﬁ ﬁ%bextended
rel ease fornul atdommis comprisih§ sequences charfdtaisiefpotgioty vmiablé dQWSpﬂtég@qurc
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conjunction with other agents har maceut i cal nposi ti ons can i ncl ude

"cocktails" of \aFMRMuE ¢hEleNsar @ogy logns haye bé@‘bﬁ‘??l%cef’ BY EGHPEHT DML h t he
conposi tion of tchﬂad%r@tﬁﬁ&ﬂantn%ﬂﬁ%riaﬂﬂ dorﬁﬁnsem%tlb‘fﬂmbmtel dbﬁhSmOfvhlelOlm@SI tions
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conpri si ng di f f engdte domainm ohick mitzn @trlyan thebmdlsg a%lh@t #reﬂrspmiﬁcnbpf thhéty'- ar e

pool ed prior to gdmqghshration. The route of adm nistration of

phar maceuti cal coffpositions according to the n nag %e an Qf t hose conmonly
known to those of or%ﬁﬂﬁ?9m§R$Pfaﬂﬂ“%ﬁ@“%@ﬁlwﬁﬁF('1 "&ﬂ@ BY) suchéf fidi ng
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transdermal ly, ﬂ?&lh& an&mmﬁyd.ffau&ema% th@ke§O, appropriately, by direct
infusion with a catheter. dosage and .15 fre uenc of adm nistration
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present invention can ophilised for sto and reconstituted in a
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conpensat e. standard numbermg scheme for numbering the residues in an antibody in a consistent

25  manner. The immunoglobulin single variable domains (dAbs) described herein contain
complementarity determining regions (CDR1, CDR2 and CDR3).

The amino acid sequences of the CDRs (CDRI, CDR2, CDR3) of the Vy

(CDRHI etc.) and Vi (CDRLI etc.) (Vi) dAbs described herein will be readily apparent

to the person of skill in the art based on the well known Kabat amino acid numbering

30 system and definition of the CDRs. According to the Kabat numbering system, the

most commonly used method based on sequence variability, heavy chain CDR-H3 have



The conposition of the present invention or a cocktail thereof can be
30adm ni stered for prophylactic and/or therapeutic treatnents. in certain
t herapeutic applications, an adequate anount to acconplish at |east parti al
i nhi bition, suppression, - 17 - nodulation, killing, or some other
measur abl e paraneter, of a popul ation of selected cells is defined as a
"therapeutically effective dose". Anpbunts needed to achieve this dosage
will depend upon the severity of the disease and the general state of the
patient's own i mune system For prophylactic applications, conpositions
containing the 5 present conposition or cocktails thereof may al so be
admnistered in simlar or slightly |ower ddsages to prevent, inhibit or
del ay onset of disease (e.g., to sustain rem ssion or quiescence, or to

prevent acute Phagfk ik ifshichafe ;;Jn;b@ae&n)aueewruldupmmn% MR deh fene the

appropriate dosing éP event di seas
Treat ment or t hewdpy @)erHI@Pn‘étﬂoﬁsi h’do%h BBWEBB\’F Pqnd\‘fS deslaerHethel nis |

0 consi dered ' estﬁg tHe YRterd & (DBMiaQbastiEnSoAYEMSrAEstradt@allSSIUEEshs  @ndhia DY at

| east 10% or at |east one point on a clin |l assesspent .sc | ative
to such s(;/n'ptorrset ah-ed & Corferrations, Y AT mun g|'°%g]f" EFatT 'f%oﬁlajﬁﬁ&‘@fﬁgtorrs in

an i ndi vi duals ( easay p®T7-8&3)jebcoahlgrm|AbM()¢0nfpfoe%&dthﬂt Kat&uerhl Clathgsirt i on or
th t abl tr. byi th
other suitable CaO(Q)r to th% C!%Iaaqﬁetl}@d éﬁ)as%eo\ﬁhg&%ﬁl é{rugtg'{?y an(éﬁyp i brp& cldf‘}gd? | Se

I nari
abs/

di sease or disor but sure
skilled clinici aPFld@PS Wébwni'&?hhﬂs fedigeh  SipApittefe wpaivif @rapkab
exanpl e, by ﬁDnh&gﬁhpQ“kﬁﬁnhﬁg@bRgf one or nore blochenlcal i ndi cat ors of

t he di sease or disorder evel s of an enzy li.te rrel ated
with the disease, af?%ﬁf@g %EPF ﬁﬂ%ﬂb??’e@?émﬁ gﬁmﬁﬁwnqdﬁgﬁ’ ?cal

mani f est ati ores (defidtigns:i nf | ammati on, tunor size, etc.), or by an accepted
clinical assessnent scale, A sustained (e.g., one day or nore, or 20

| onger) reduction in disease or disorder synptons by at |east 10% or by one
or nore points on a ieten clinical scale is indicative of "effective"

treat ment. Sln1IarlyCng@phygamAgsperforned using a conposition as
described herein is effectlve if the onset or severity of one or nore
synptons i s del ayed, CRRHGCP 0r abol i shed relative to such synptons in a
simlar indiw dual (¢DRHEs:Br102ni mal nmodel ) not treated with the

25conposi ti on. r f\.0q@ROsi tion according to the present invention nmay
be utilised in prophy actic and therapeutic settings to aid in the
alteration, inactivat®P®h2:5Ri%fling or renoval of a select target cul

popul ation in a manm@hr L3: 89-97 The conposition can be adm ni stered and
or fornul ated together with one or 30nore additional therapeutic or active
agents. Wen a conposition is admnistered with an additional therapeutic
agent, the cmnpositigHwthean be adm ni stered before,

CDR HI: 26-32
CDR H2: 52-56
CDR H3: 95-102
CDR L1: 24-34
25 CDR L2: 50-56
CDR L3: 89-97

AbM:

(using Kabat numbering):  (using Chothia numbering):
30 CDR H1:26-35/35A/35B  26-35

CDR H2: 50-58



- IS sinultaneously with or subsequent to adm nistration of the additional
agent. Generally, the conposition and additional agent are adm nistered in
a manner that provides an overlap of therapeutic effect. As used herein,
the terndose” refers to the quantity of conposition admnistered to a
subject all at one tine (unit dose), or in two or nore adm nistrations over
a defined tine interval. For exanple, dose can refer to the quantity of
conposition adm nistered to a subject over the course of one day (24 hours)
(daily dose), two days, one week, two weeks, three weeks or one or nore
nmonths (e,g., by a single adm nistration, or by two or nore

admi ni strations). The interval between doses-can be 10any desired anount of
tinme. Suitably the conmposition is for admnistration to a anent
suffering fron1canceggﬁqg,%iﬂnparticuLar, mel anoma, arid for treatnent of
that patient. e erein, the terns "treating” or "treatnent"
refer to a preventi ofDBfLItMHel4onset of -di sease or a synptom of di sease,
inhibition of the pregressiyog of a di sease or a synptom of a di sease, or
the reversal of disease or a_disease synptom The search for
effective nel anona vﬁegﬂﬁggﬁwnnunothefapies is based on the principle that
t he i mune system can be mani pul ated Jr novo by therapeutic vaccination in
order to boost endog¢qg¥§ i mmune function against the cancer, to break

i mune tol erance to the cancer, and to stinulate the destruction of tunour
cells [17]. It 20 i s(upios\Kehatopheriel t Kains Obgthigpuypbesngentral role in the
initiation of the T ggklinmydisasedsgdapdbye | nmune responses which are

i nportant for the destruction of tumours [18]. DCs are unique in their
ability to shape theCP%ﬁ@Hg4@esponse.'Cn the one hand they are able to
initiate adapti ve | nODRe3rvsponses whil e on the other they are responsible
for maintaining toleéﬁﬁggfﬁgMards self antigens. which of the two types of
i mmune 25 response iS 1 nitiated depends |argely on the signals received by
the DCs at the tinme @PR&At46gEN upt ake: Vaccine strategies for cancer

i mrunot herapy - inclgggipg ggBkanoma ------ are thus concentrated on the
delivery in vivo and ex vivo - of cancer antigens to is specific subset of
antigen presenting cells. 19 - I n one enbodi nent the present

i nvention provi des Lfowansitie shoe nivibktigraaabahel anoma (Li povaxi n-MV) which is
a nmultivalent, dendritic cell (DC)-targeted |iposomal vaccinelimmunot her apy
agai nst nal i gnant nel anoma. In this enbodi nent, and as described herein,
the vaccine is prepafhedresendipveition provifrsneatcdre orpliFpragiiical sompasifien whichy \WO
prepared from M2 EHaRRABdE 8 bhadmackiRalPGesh@@k sp@si fi c domain anti body

dAb) DMVb5000, the chelator lipid 3(nitrilotriacetjc ... .. .
giCi dg -di tetradecyl ai (ﬁ‘i“ﬁré“WA‘fo%PﬁfAt) g’ itk ependpft Hﬁét’ee“ttlﬁ%’ﬂzﬂuf'ﬂ?dhf@m&yt oki ne

i nt erferon gamaogeth&\vigapham)acaogicatiy epprappibtd carriers. Typically, these carriers include
a-palmtoyl-1i- ta!;ueeg sbd[r) Iaic&%ﬂ@&ﬁlgo%y LO%}BH, Qrﬁulgig)rg?);:luspensions, any including saline
and/or buffered media. Parenteral vehicles include sodium chloride solution, Ringer's
dextrose, dextrose and sodium chloride and lactated Ringer's. Suitable physiologically-
acceptable adjuvants, if necessary to keep a polypeptide complex in suspension, may be
25 chosen from thickeners such as carboxymethylcellulose, polyvinylpyrrolidone, gelatin

and alginates.

Intravenous vehicles include fluid and nutrient replenishers and electrolyte
replenishers, such as those based on Ringer's dextrose. Preservatives and other
additives, such as antimicrobials, antioxidants, chelating agents and inert gases, may

30 also be present (Mack (1982) Remington's Pharmaceutical Sciences, 16th Edition). A

variety of suitable formulations can be used, including extended release formulations.



The nenbrane fraction of MN1200 nel anoma cells forns NIVs that carry 10
menbr ane- associ ated anti gens i ncludi ng nel anona-associ ated tunour anti gens.
DMS5000, a Vit dAb fragnment, recognises the human DC nmar ker DC- SI GN and
enabl es the specific delivery of the vaccine to DCs. DN 55000 is tethered,
via a polyhistidine Ctermnal tail, to the nmenbrane vesicles using the
chelator 1ipid 3NTADTDA and this interaction is dependent on the presence
of Ni Sat. Insertion of 3NTA-DTDA into the 15 nenbrane of the vesicles is
enhanced by the inclusion of the carrier |lipid POPC. The cytokino

| FN- ganuna provides the stinulatory' signal required to armDCs to perform
their necessary effector functions. -16Li povaxin-MMis a tiposenal
vacci ne/ i mmunot herapy for malignant nel anoma which eels by specifically
targeting its antigenic cargqo to.t tor. on he 20 5 rface of
human DCs in viva. D@" Sf"@‘i"’?go'hr?f tﬁ%ld’éeys '?c'"rveé'(t:‘ept or and"S%J ara%{ "t he

vacci ne to DC- Skhiinisesds canpotities i art @r pajunstani with ofther mer\ﬁacﬁlan@mﬁﬁcaﬂsl GN
conpl ex by the X, (l;[ﬂﬁnsvc%ﬁﬁ.bnn@e BRRIS B {B o %Q%x%m&r@genlslﬁl\kogﬁmnm ch
stinul ates DC naturation ovaxi n- MV been designed tq _enable the
cytokine to pr ov'fltﬂéh%lc@tPPmﬂ"aﬂfé'?eyP'%SF'g r‘\'a’le“‘to& e biptiqns A eompesiiqnie t hat
the DCs receiye h@ﬂgﬁﬁ&m@ﬁ%ﬁeﬁmﬁles, g&haﬂkérﬂ%@h&smﬁﬁlﬁrﬁm@| ligatda Wlegnsdaxingli Ng t he
DCs with a better_chance to jinitiate . g erate vacci ne- s i f.

eci f.i.c
stimulatory T c&ffferibsBERs S8R Ux UFUE nini BUPRLIOh SFPRars e(];ﬁferﬁ&s i's
requi red, which imsugmedgabdfyifctnt wafzﬂ\ﬁamnagtéemwoompmrltwgmmt@@nﬂget ed
mel anoma vacci nes trg‘t@' See %Pamr'ngtratlgpopwaﬁwcﬁln@&ﬁ cbt‘flﬁ@ﬁlo@c&cdﬂilﬁ to the

Li povaxin-MM M VI 1| ?) | eads he 1 nternalisation vaccl ne_and the
up-regul ation ofl"Va"tWﬂﬁt?éF’eW°ﬁ@3°%“rﬁ?'ﬁ'f‘%ﬁ]¥ igiawn to these °f‘f‘?‘HP‘1@é§%” nfertdichg cpe4,
CD40, CD86, @%cﬁﬂdllﬂd%,mﬁ% lﬂﬂldtx&ﬂmﬂnuhﬂ&ﬁ@f ¥, thX{eknied composntldnls pb(ihlél.XI n- MM
targets a pool of nelangne, ant , rived fromt ce

derlgved rrelrorbr and™FRE £ ad'f”é}lségt({/%‘?' palipnt Ay acperdance Wit ta%argpql Vering an 5
appropri ate sti nul at Bryadsiirgsationt @n drduraay tapproppts mede, mhdmamﬁreﬂer@)fy,t he
targeted Des. 1n,1,08.fd Y. %a%lsmﬂpeﬁ«&&ﬂe%ﬂlaaﬂerﬂnmemhmpowa&h@ pMMoﬁ:fH ries

general pl asma- menbrane mar kers such as Pan-cadherin, as wel
mel anona- associ A2 JraPeprpEoPTiftel P dushdnfusign ith ecaheter Hihg OEﬁge taﬂ$se

proteins - gp 1 ﬂQQuen&de’fQSinﬂ&&ﬁnoﬁN\dll MR dn the BgS sdxemd cadiibh bfrie patient, he
vacci ne. Nunerous uncharacter.i asso anonma
antigens are al §8“°P'i“f€'éi“{?“?‘8raﬂ?é’ ‘grpg‘greﬁlfgs’lcc’uq%'"dncatr%ls dCOﬂ%r ara"feéégs ? hlfit nmake
up the vacci ne, tikbumtoadctonwi hiyghd dieicde| Adrainistragion aand@rmhldxgpwl delfiverarie i gens to
the Des and ther &hOLS G@fasH 38 KiInRRatRRY brd§Ramit s &

particul ar mel anlge?rl%étngrd@]E l!al#légr?? W‘é&l&%trl %cert Taéstl S n( Cgl') Lnr%?genl ’

Two- di mensi onal SR8EHLAGE anal ysis of the nenbrane fraction fromthe MR0OO
mel anoma celdgps used i3 dntlwmnMWﬁagotﬁhﬁ\éﬁi@leE\dnimd(ﬁ]ﬁ:ﬁ%efbﬁGseO'l‘n the 00
separate protein i SiESsen vercone T
cell allergy, ﬂﬁ@ﬁn@%?ﬁfﬁ %55'&}#'%“8'8”{‘8 eq%@;s‘%?ﬁga TSFW £ h rfCO"StlEUQedq
progression | 19,a sAtdble doicaphivreweist. i, tedhFijug basriaen shieive Ho e dfitctivewithul ti pl e
DC effector funglf, ﬂi%nilzfr%munlag&uhﬁserln& n&{w&&e«q wa il dnO LA | Bdoh@Rutionsl NCe

this cytokine is p ysi ca sociated wth the vaccine, Des receive an
20appropri ate stdchuiduss G?'ybesF'@ﬁ\%ed At “ilhge %%Pr‘ﬁ?‘”feidrPé‘ these sklledain they amithat car go
reaches thems lyOphlllS-Eh@] AR FEDo YRRtV San Qéa@ S0 WiTH/iGH dagees bhztnﬁtjp’d&.lacttvﬂy loss

Li MM h f f q
r Ie(rg g\r/rg;[ In:;:]t VuC F i %@vg%&{ﬁlsl?q%axg)%ﬁ)blnm%eg ﬁtlb ?4 Er?c} 2 ha a?‘er E&Q%ﬁ

speci fically targethat HeG hutiwdicDGng What acelends ey hDE- | *G\Fd(@ed s‘p‘éftfi’ 1‘? C
i ntercel |l ul ar aqg.ﬁp%gg_ nol ecul e 3-grabbing nonintegrin), a C -type lectin.

The composition of the present invention or a cocktail thereof can be
30 administered for prophylactic and/or therapeutic treatments. In certain therapeutic

applications, an adequate amount to accomplish at least partial inhibition, suppression,



25 DC-SICGN is specifically expressed by human Des [22]. It is induced
during DC differentiation, is noderately down-regul ated upon the maturation
of Des [231 and is inplicated in the capture and uptake of pathogens that
range in size fromvery small pathogens such as viruses (H 'V, hepatitis C
virus (HCV), [bob, dengue) to the much | arger bacteria, fungi and parasites
[241. DC-SIGN is rapidly internalised upon ligand 30binding [25], with in
vitro studies showing that antigens targeted to DC SI GN on hunan PCs are
rapi dl y endocytoseci, transponed to the |ysosomes and presented to T cells
in -21 - both an MIC dass | and O ass 11 context [26]_ The Lipovaxi n- MM
strategy utilises a versatile ehelator lipild-that allows a Hi s-tagged

nol ecul e (such as an antibody or an antibody fragnment) to associate with

t he surface of 0SOr n or menbr ne vesicle hout f
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by internal i sat t d
oy Li povani n- 1 NI SRSeaat BATb PRI P ey e fofur s TRy SR L G

human DCs thr ouglhlemcSIm praghtaguia phaself tTéﬁS'WthsfrédeEI" t(er#”eéo feteangp| ant ed

W th human inmmung ¢ rﬁi)e,domg;m{e@gﬁmréaxsaﬁ%as&ga%t&aglsa;eo elicit stimulatory
i mrune responses and to inhibit the gromh of en%rafted tugggrs t hus

supporting the noti oA of Rregapy é’E’é‘HF‘S‘i‘ upigg 45 pesitions, destrbed 8o gy ¢ he
delivery of pancedsidai l‘egﬁétﬁve’pi’ibne]cﬁ moWHyinﬁtoﬂs spedidetl . glaggar lept IONocE a

mel anoma vacci n‘? tt Hg OFaF nlcapdssess e\lll\g scale r%la R(E? @mg)q}n'f ??egeﬂ &? re

conposi tion and e 1 nvention sultability in
treat nent of otmeummmnnmﬂswegp@@lamm@nam!wg@ﬁV@WﬂGWﬁﬁﬁstﬁ@lHﬁ@ﬂywtfor

exanpl e, bl addef.,bf &iaﬁstu h éolrmsgs.mro; btﬁélfls@ifal)hé &R, Isﬁ@lolmswn@wmh} v:ﬁy?lr ci noma
(SCLC) or non- snall cell lung cel C|no & F% glver gm nomas,
nel anoma, and/ odeEadirgeign d Sﬁ@ER’ é%etggd’ hﬁaéee’é red By g ?{8‘% bf the
head and neck (Sﬂmdl\l)nmceaaldmeomamer Sudhr gaptoms aC &¢ megsuiedbfoastaonptr, by

neur obl ast oma and ned r ncer gntion is
further descri bérﬁ)mitorm§ theal \YI PO(\)II\]IIE r(])r mgg(eal‘alorlﬁ n% m];n(alcgbrh of thﬁrdls(e)assggle%%o%

illustration onlige. zEvﬁs(ANhrplgErSme or mmpl@ﬁcprrelat@ﬂm @%dmm HfsaRVsetEUTI CAL
PROPERTI ES AND EORMIL AT G r@mt%@h%ﬁ%tﬁﬁsc&%t QMR mation2&imor size,

etc.), or by an accepted clinical assessment scale. A sustained (e.g., one day or more, or
20  longer) reduction in disease or disorder symptoms by at least 10% or by one or more

points on a given clinical scale is indicative of “effective” treatment. Similarly,

prophylaxis performed using a composition as described herein is “effective” if the

onset or severity of one or more symptoms is delayed, reduced or abolished relative to

such symptoms in a similar individual (human or animal model) not treated with the
25  composition.

A composition according to the present invention may be utilised in
prophylactic and therapeutic settings to aid in the alteration, inactivation, killing or
removal of a select target cell population in a mammal.

The composition can be administered and or formulated together with one or

30  more additional therapeutic or active agents. When a composition is administered with

an additional therapeutic agent, the composition can be administered before,



Li povaxin-MM is prepared from6 ingredients which make up 4 starting
"pre-formul ati on conponents'. The conposition and characteristics of the
Li povaxi n- MM pre-fornul ati on conponents are set out in Table 1. MEMBRANE
VESI CLES The vacci ne's numerous antigens are derived fromthe nmenbrane

fraction of |ysed MW200 nel anoma cells. The N11)4200 cell line is a

mel anoma cell line that was isolated froma primary nel anoma originally
removed froma 43 year-old wonan. EILA typing (AL, 3; 87,35; 01(2,4),
chronmosomal anal ysis and karyetypi e analysis of the cell line 10 have been
described [23] The Ivit'4200 cell lint is reported to express the nel anoma

differentiation antigens tyrosinase, gpl 008and MART-1, and the cancer
testis antigens MACE-A). MACE A-10, BAGE, GAGE and XAGE, but not MACE- A],

CT-7, NAP- | or NY-ESO- Patients diagnose e been
shown to have a SH‘?“&F‘PCP‘I‘%I Wu'@h"éﬁ"bé?q”?r\/ foNDHET AR ST f he dht'o a aée(?l erT(ge"era % hei r
serum poi . Unr eltiat @chpdstioncinil nildddnalstgerd i aesadmanigered moa metplolr thetdprovhides s e of
this cell line fo anonma vacci ne studies [29, 31, 32] This
cell line has bé’é‘%lagg}thg%’%&%teﬁ%ts in pmclinical SELIG|eS of a vaccinia
| ysatc NI N1200 nel an@mst\sﬂab@?lﬁethan‘ﬁr"bvé‘?se otferpaei EhtWAHRY O reemestiel an

MWR20O- based vaeGiRinftedd td ymjeet a\naafas.l.enﬁnevm.hddaé), &ﬂﬂﬁﬁoﬁﬁﬁno&ﬁiﬂﬁﬁrﬁ@mﬂfnﬁeCt [ 29,
31, 32]. The WLN1200 cells used cl'né’lr Bnol,\éa i n- MM_pre-c

| udi e
ori gl nate from % aéja d Bgsrnte(s\fal o se Cﬁn eﬁéto the uan gflcorélposmoal e
anpoul e (dated 23hDibfedd %%l suptaiverste founert dre dh)ﬁ@éhatrs)l(qmlnﬁosa; bfoekzor Pet er

Her sey (Univer sifhy b Necaskl ereaRLoDY cand: W BRhAOY. ENbE Negast | e,

Australia), The docungntation 'receive i cates that the 994"
cel|'s were 25 haduisistaignfor snive @é@&rﬂaﬁ"vs“éiﬂ“f)uﬂé‘e ergl heggsn BosThEP e cul t ur e
and that thoge gﬁ,l(heglrgaay,eu,peﬁnna; ested for and confl rmed to be clear of
contam nati ng advent$ ﬁg@aa ents. A vent|I| has al so been

conducted on the cel P i 0;58%'%5% }ofq’ﬁpwsu?é?n% Fai*"St udi es.
- 23 - NI M20O0 cehd, fayticslanmelaidmerenfl 6ir kreatmeht bithdt woientounds of centri fugati on,

| ow speed followed by Oigh., ﬁp%%m@@{%aﬁﬁ%ﬂ&n}r@dnﬁlm@q%% ZUGRLIBR of i the

production of the W Is con dcted 1 n mul , processing lots. Brief
soni cation assi onsst @frﬁhs‘?%éoﬁacﬁywa‘lomcﬂﬁd@?aser'rﬂ‘lhtbftl%ﬁ@f‘f Bpergaey E‘T"e‘gseﬂ%"lﬁfavary in

size and foryy t RanAsth bOEd SRR aReNErsAbf diftesevags aibaag. sydpthe. vesi cl es carry
nuner ous proteins including nmelanoma antigens. Ili1AlVs are then prepared by

resuspendi ng the rrer%r %Qa(?chpi%t Lﬁclcﬁve el%gﬁ Q%E@s/x@ﬁu&&ﬁe@ﬂné% 52{4& (( tﬁg) The

resul ting menbrane fractlons are su sequent generate the bal k
NV material. Theriegitlé rteat gheodemyne; sys@wna@cb@dnaa@ébw Al 3oty BregaiHe

contami nati on  yaccination in order to boost endogenous immune function against the cancer, to break
immune tolerance to the cancer, and to stimulate the destruction of tumour cells [17]. It

20 is now recognised that DCs play a central role in the initiation of the T cell-mediated

adaptive immune responses which are important for the destruction of tumours [18].

DCs are unique in their ability to shape the immune response. On the one hand they are

able to initiate adaptive immune responses while on the other they are responsible for

maintaining tolerance towards self antigens. Which of the two types of immune

25  response is initiated depends largely on the signals received by the DCs at the time of

antigen uptake. Vaccine strategies for cancer immunotherapy — including melanoma

— are thus concentrated on the delivery — in vivo and ex vivo — of cancer antigens to

this specific subset of antigen presenting cells.



10 of the MW material. Terminal sterilisation is not possible. Bulk Nilv's
are subsequently di spensed aseptically such that each vial contains
sufficient material for the production of 2ind. of Lipovaxin-MM Random
aliquots are tested for the presence of adventitious agents and for their
mel anonma antigen profile. |INTA-DTDA 15The N-nitrilotriacetic acid
(NTA)/Fits-tag systemis widely used for the one-step isolation and
purification of reconbinant proteins. The tetra-dentate |igand NTA fornms a
hexagonal conplex with divalent nmetal ions, such as N124, which occupy four
of the six binding sites in the conplex. The im dazole rings fromtwo

hi stidines of a string of consecutive histil8i-rne residues (al so known as a
His-tag) hind to the unoccupied sites of 20t he netal ion-NTA conpl ex.. The
binding is synergistjc and.t

creates stabl e i mobl" 7§18 '% 3% wﬁm 1vmnwn8uﬂﬁ Bpmmnghﬁkaﬁ%%BA as
described in V\DMﬂdrﬁﬂad?(hpawdm\im«izOﬂﬁch1(3186111mwaiest, @ymmesp&éacmgmgh a six
step synthesis cou anot her
NTA gr oup. The rEStTr e EAR Rl it Baflnah i VF2f: PRERRLHE 707 NTA
head groups thatandla dm“'feérheﬁ"hﬁhee"as?l%ﬁoiSePf%H‘iEPHch‘i"hg'xcPPmPi?’@"‘f JBYRESr ot ei ns.

The 3NTA heads greufed (wshﬁ@paidd%ﬁmmoo MBI arAm GallshHB DMGNQ;ﬁd’cmmoﬁahﬁl ns to

produce a ehelator lip t ead cova e i nked
to DTDA (ditetr 08y é‘iﬁq‘ﬁ@& Ri?o Q@Iclhg?)‘ﬂ’ahpdc‘c\%@k@"ﬁnﬁﬁ 8°T' tdhtetr "Mdi ng
sites in each of(3trhe DTDZA nick STEAGIa0UPESO. X he cvmadi_medapbeamrirry(ﬁl‘bg@ntm)n chai ns
fpl’ ma lipid m)laﬁé% h@}a mitoy?B—oﬂaoﬁrpﬁ'igsghzitlg)glaio‘ &%Pbi’@)l d inlayer of

| i posomes [ 33]

(a-Pal m | oyl-6-01cyol -sn-d ycer o- 3- Phosphochal i ne) hospholipid with 2
5 asymmetric hydr ocaltSofeR#ienEaction P'i.iM Oga’f‘ﬂ?"ﬁ{"écfe'li%fogﬁ i BHaHY and a
1110110. - ci sto Mﬂé%&ﬁhtéd%ﬁg&ﬁhﬁﬂu«ﬂ@hﬂanﬂmh hssauieddabiduk entigarsdDMS bet ween

the 9th and the 5&9(} I qd?jéggl?§/r$ r?cb%m $ ﬁlnuematnrlﬁp%lir‘(érgib §I§Wa§%§%ﬂﬁa§ hE: Oi’ .PCPC

fromgel phase t ase I's aroun
normal |ipid cowsetcnﬂcubhi\teooﬁf thﬁe\iai:cllrﬁetnﬁican@sAS5p%0 initatfeerogl, s e dolyiristidive G

preparation of |l AQSPHES, (E3RRLAD,IREL aRRUbS Olud Ngid WOAGPIM A, MY
reported a satis actory saf et?/ profile faor the r eate%ﬂ‘C str%tion of
14- 16 ny of POPGHedHAFsHepRIdent pole AstenesAE NS G- d%fﬁ'}é)‘mf (S ’?E‘F

(http:// ww. phannageat bt te ciles nagiiae&e%@ﬁaﬁqunoﬁaﬂﬁﬁaeﬂﬁﬁo&dmom )The

Synt heti c Liposo lﬁ?%%ﬁl\fl st| Jes %erql gitre gna] ng;e ?hctsig(eh%r}gm DTDA

[ 34-36], or 3NIAY are Tused rane
vesicles. This eiieﬁre@tessaeleﬁfemrlfwsonls he | ncor por ati on of either of the

chelater |ipids int OLI})MX]L iR G -«pldJomr valind/ iR uiBRRRIpR 16 eBiSdabd Rslanofa

Hi s-tagged protein (such is engrafted on_the surface %f t he
resul ting nodi fiveéFhrerby %ﬂ‘i‘éf%@%i“(ﬂe@sg ‘fsii‘ﬂ’sge@’ﬁf*&‘{‘i"\}léﬁ?p SISRY FHEL At esi cl e
with a |igangh wainedte af heab DICBe: ¥aSi BE-SIGNishe esfegicirieptbd 4nd badgebedct 0 a

chosen cell surface re rane vesi cl nmodi f i ei t her
NTA- DTDA or 3NTABFHIA® %Q\g}%&@é’éﬁyﬁ%@g‘& ipismpeRting %i":s"a"‘"“e'u%dmta?’ CoigteR eQ'b?

nodel s[ 37] . NI CKieLDSULRiel dafdine also carries the cytokme IFN-gamma which stimulates DC
maturation. Lipovaxin-MM has thus been designed to enable the cytokine to provide a

stimulatory signal to the DCs at the same time that the DCs receive and process the

25  antigenic material, thus providing the DCs with a better chance to initiate appropriate

vaccine-specific stimulatory T cell responses. No ex vivo manipulation of patient DCs

is required, which is a significant advantage over existing DC-targeted melanoma

vaccines trialed to date. Co-culture of human DCs with Lipovaxin-MM in vitro leads to

the internalisation of the vaccine and the up-regulation of a number of DC maturation



Li povaxin-MMin its final formulation contains approximately itip.g/nml, of
ni ckel sul phate (1:1 nolar ratio of nickel sul phate to NTA-head groups),

all of which is 25 expected to be associated with the chelalor lipid

3NTA- DTDA. Ni ckel binds NTA with high affinity (jc<1011M. Because it is
present in the same nolar ratio as the NTA noiety on the head group of
3NTA- DTDA, the concentration of free nickel in Lipovaxin-MJ preparations is

expected to be extrenmely low. - 25 - Although nickel and its salts have
been reported to be toxic and carcinogenic at high ievel s[391, the content
of nickel within Lipovaxiii-MMis well within acceptable |evels. The

general popul ation takes in nost nickel thugh food, with the average
daily Western dietary nickel intake being 69-162pg. Thus even the highest

dose of 10nt. of h b DLk
ose 9 M. O mar etrsnmplo‘¥ ﬁ%bgéﬁ W“%V\&?& CBRR HEA %g‘lt ¢ e?a 1%139)9 e%ggcr etion

represents no nore ary |nt
of system cal |y Bbs®Rbed nickel is mainly through the urine; half life

val ues are around 28; RoULS.MANGrplist NI ol ol 8¥eand AP %nBiend &¥iSieMom Hese of
nickel is recovered in either urine or .as unabsorbed nickel in stool {391.

An interesting pafarparelidgivedaregiteie Frclien 19 Nttt e Sen g e e 8nal
di sease 10 mai npploptt sEimuRtodi s@dnyle Snsme@ermmalmmmamoiabesmghempct dnl00 pg

ot oposed dose, 10 Erpletd s PRE NPy ol B MY Qe SAEL peflahiriirliy 0!
conpar abl e to t hedrkersgyeh wfPar- h@hapyas e apﬂ?él@m"ea gsppeiated potpins.ndhe praelmext ure of
the two lipids ig aP'ie%&?%@éio# ﬂﬂese%%t%d 1_%)5065Wélr%@%%wrtlu'hgkﬁéenand the

resultlng preparatlon IS y Il sed osones are stored as a
| yophi | i sed powdenfirggd #hthp gaweoﬁ\éwefoat é’éfhi“FFt‘WétdeMWB? MSEORPREAsFSIRR I at i on

process. & MO Db aitigerd adonBiikeAidtte PRt ihdmentbaank n@,ctela&xaazmmap aci d
sequence set out |n Fig nd,is

hi ghl'y speci fic $oF°tHe Hﬁﬁﬁlﬁ)w“ﬁégcéeﬁﬁ'e%op EXo: ep]exémé Qant' (?[f:dspem fic
i ntercel |l ul ar adhesy omt nivhidea e @wgqeatdbvavgmﬂ@mlgwsegcr |an))artl®d)1rram1anama| bodi es
are the smal | estdlf?e%ﬁ&ttoggla&anpérF}ggtlggi;zjﬁttglgn Olfw@atﬂf,tafaml@,ﬁs -PARE 60 *’b?s'o?t of the

vari abl e region of elther eav l%;? Chni nS of human
anti bodi es. DNVBSODemigang fTaﬂ‘IOBgBW[ﬁ AH“el"é‘é‘P%E‘t”éd‘s‘-’dd“ LrevasiadY™ by jt s

ability to faci Irweatcembprasahdagfﬂfoompewlam@aiptrahtau ng Li posonres to human
DC- SI GNexpressing cel lL.s when en gfted onto gﬁq sequence

set out in SEQ |D NOy MPUEIONS SREHa(e pirreans T‘f’%ﬁmergg ad’uenom\/\?ﬁm rch’oare present
in the expressi on assedttetwmiuylbilrm(@fesmm decWimbdathéeva thia lIN-gdnom, mhicki te f or

expression. The %@@g%ﬁ&%@%&%ﬁ&hﬁs 21, tﬁsaegtuﬁénuaea P Bl Olalish. SEQ I D

NO 3. - 26 - | [ produced as a SecCreted protein using a process
that invol ves priggachi gatosie tipehptictiniassopigfed il the f BEFndd Soiecdpttire of |e
protein fromoonRgidirRRetiRely dights htiB: sDhé Gaes theanficat @irfo Waches them.

The membrane vesicles which are integral to Lipovaxin-MM carry on their
surface numerous copies of a His-tagged recombinant Vi dAb (DMS5000) that was
selected for its ability to specifically target the human DC surface marker DC-SIGN
(DC-specific intercellular adhesion molecule 3-grabbing nonintegrin), a C-type lectin.

25 DC-SIGN is specifically expressed by human DCs [22]. It is induced during DC
differentiation, is moderately down-regulated upon the maturation of DCs [23] and is
implicated in the capture and uptake of pathogens that range in size from very small
pathogens such as viruses (HIV, hepatitis C virus (HCV), Ebola, dengue) to the much
larger bacteria, fungi and parasites [24]. DC-SIGN is rapidly internalised upon ligand

30  binding[25], with in vitro studies showing that antigens targeted to DC-SIGN on human

DCs are rapidly endocytosed, transported to the lysosomes and presented to T cells in



S5Further contam nants are renoved by ani on-exchange chromat ography and the
remai ni ng endotoxin is renoved by passage over a Mustang E filter, D alysis
into the final fornulation is followed by sterile filtration. The resulting
bul k protein is finally subjected to aseptic fill and finish to produce
vialed material fbr the clinical trial, 10A DMS5000-f| uorescent |iposone
mxture is able to bind DC SI G\-expressing cells - DCs or any other cell
types that have been genetically nodified to express exogenous human

DC- S1IGN (e.g. THP-1/DC- SI OGN cel | s) only when the chelator |ipid 3NTA- DTDA
is added to the |iposoine mxture (Figure 2), thus confirmng that

associ ation of DM35000 with the |iposones -i2¢-dependent on Ni - 3NTA-D1DA, 1S
Confocal m croscopy has enabl ed the visualization of the interacti on

bet ween Li povaxin expre
t hus confirning bgthyan @{@CF& ; angg]aﬁs nﬁos%fX [Qghe %Lﬁm‘éatx In(r:Lg]IlAILég!ltE%t {Ego that it
is internalised vbl;sattlehélela@s lipithag akbaysfa Hlﬁ#ggﬂatm'?qu (ehsh jay it gtigdy|dr gBvaxi n- MM

to the DC-SIGN r, 5IGRBY L n%t)zg)raﬂgclﬁymtﬁ-% stffacQ'émEbng& dr Sncn®tah ORI DY
endocytosi s and I nterna afisation of e car

g
NI/ Fel t: TURI NG Wwithpgcthe weed f%é‘m?"r‘@f“eﬂ'r‘:’@ﬁ%@“‘g’ffl?&ff’ﬁrﬂtﬁlf“h"cet“ﬁrra@‘ﬁ’)T&(A&Ecd?dance
wi th Good Latg matel, WNRsaet bbled Be Rirganddavhen op @es$shbeenghéed ligistmavab at i on
corrponent S are accordance 25w th ct | ctice
(G M), by appr g‘ﬂﬂnfg}‘b{)g%léﬂf’éprreesd'fl% S AT T@%@W‘%\%& |+h;td?%ﬁ§[ gpr oduct
is formul ated bypN%9DI-dipagledthaed srerifie b?rhymﬂreﬁf:csll% ot ﬁuqlqﬁ@fr‘ fpaeserty

constituent and JEN cGARRRNARY LHRkGiAYcARERILBRCc PAOAORO, lisipdgled 1n a
final step before the |nvest| atlona praoduct is ag ni ster dtot
patient, C) PROPERTIES b ‘Pﬂ%&iﬂ&t@@ﬁ? by inggrngliasion, o W&§1°°'B%ser°°tef‘f'8‘gr? t| ent

recei ves a tat altheofntigévd ey WpovaRin2dWing 3pERDTOMAIIQ, 13y tNegghelof sul phat e
and 3. 8rag DNlSSathl)g%ns io hlErrI?aenSBCQ W3O g&ltﬂ)@ §Idl\lﬂe¥sm§r:§ grafted mouse model (mice

transplanted with human immune cells), has recently been reported to elicit stimulatory

immune responses and to inhibit the growth of engrafted tumours thus supporting the

notion that this receptor is an effective target for the delivery of cancer antigens [27].

15 While a specific description of a melanoma vaccine is given herein, it will be
appreciated that the composition and methods of the invention can be adapted for
suitability in treatment of other tumours especially antigenic tumours including, for
example, bladder, breast, lung particularly small cell lung cell carcinoma (SCLC) or
non-small cell lung cell carcinoma (non-SCLC), liver, seminomas, melanoma, and/or

20 head and neck cancers squamous cell carcinoma of the head and neck (SCCHN), colon

cancer, breast cancer, glioblastoma, neuroblastoma and medullary cancer of the thyroid.

The invention is further described in the following examples, for the purposes of

illustration only.
25
EXAMPLES

1) PHYSICAL, CHEMICAL AND PHARMACEUTICAL PROPERTIES AND
FORMULATION

A) DRUG SUBSTANCE - Background



5expected to he of little pharnmacol ogi cal consequence. ii) ANALYSI S AND
CHARACTERI SATI ON  Li povaxi n-MM characterisation involves the anal ysis of

at |east fbur paraneters, all of which are expected to directly affect the
pot ency of the vaccine. Firstly, engraflinent of 10 DMB5000 by bi ndi ng of
its His-tag to Nl -3NTADIDA is determ ned (Figure 4). Second!)ability of the
vaccine to target and bind DC SI G\ expressing cells is confirmed in vitro
(Figure 5). 15Thirdly, the vaccine preparation is analysed to confirmthe
physi cal association of the cytokine IFN-gamma with the vaccine, As

Li povaxi n-MM s node of action is highly dependent on the delivery of
ON-ganmt to the target cells, association2df the cytokine with the vaccine
i sI inmportant for its activity (Figure 6). 20Fi nal I y, t he presence of

me anona-aSSOC| ted a ens _in the vaccine on i nflrned b
Western bl ot an p;‘?%alx %Mg{:fuf’répa?‘:)d Eﬂ" é”lg,&‘iﬂl'el'_‘\D *‘ oﬁnsggmghf’ Y
criteria are uséamblgtioveasperents’ h§h$t<abp$lﬁl¢nyanéfch4_w§mvt&x|0ﬁﬂM\l4iP0|Vm\:li MM ng its

stability after r%tfgmaﬁon&hq)oﬁen@a.@@autt,ymie @ vaccine preparation to bind
human 25 DC- Sl &N—expresa ng cells, (ii) the proportion of IIN-gatitrita

that remains physically associated w t h the vesicles and (iii) the

Ib| ol ogi ca: act i wiAwpRANN BESicRgsbound ' EN-- gamma_ Because Lipovaxin-MMis a
i posornal vaccine, the merrbrane bi | aye t e vac |ne are

susceptible to éﬁ"ﬁéﬁ@m’%@ DEIPERL; e na‘%éh(%mé eoﬂlcgpo em%pa" r}mcm" r e

cryoprot ect ant . Mti0aghnagfia e ThaMd00 gﬁtllnenalmebnmtl lm%thath\éic E‘P@P(b only

possi bl e at tenmpshatiures i srglaany AResdRin J@%g&m &smACHLIAI PaNAxi n- M
bi nding to DC- SI GN expréssing cells Tenai nsvﬂr@ tered for a D of up to

4 weeks (Fi gur e®8)3; BrgPaPRE-PNnchyaneramal gyt YRy BiR PRADESIS J]B f(l)?iﬂf’ weeks
but it appeans hivepeadieasibidesly Tt sazioate lifd ommpbine tvagqedsnere Wetahomancr easi ng

storage tine at di%f%:regt!:altiglu gn%gézgn)s tyrosinase, gp100 and MART-1, and the cancer testis antigens
MAGE-A3, MAGE A-10. BAGE, GAGE and XAGE, but not MAGE-A1, CT-7,

NA17-1 or NY-ESO-1[29]. Patients diagnosed with melanoma have been shown to

have a high frequency of MM200-specific antibodies in their serum [30]. Unrelated

15  clinical studies have also reported the use of this cell line for malignant melanoma

vaccine studies [29, 31, 32]

This cell line has been used by others in pre-clinical studies of a vaccinia lysate MM200
melanoma vaccine and over 400 patients have received an MM200-based vaccinia
20  lysate vaccine with no apparent adverse effect [29, 31, 32]. The MM200 cells used in
Lipovaxin-MM pre-clinical studies originate from the same pool of cells used in those
studies, a single ampoule (dated 28/01/1994) obtained from the laboratory of Professor
Peter Hersey (University of Newcastle, Oncology and Immunology Unit, Newcastle,
Australia). The documentation received indicates that the ‘28/01/1994° cells were
25  harvested from a secondary culture of a 1986 primary culture and that those cells have
been tested for and confirmed to be clear of contaminating adventitious agents.
Adventitious agent testing has also been conducted on the cells used in the Lipovaxin-

MM pre-clinical studies.

30 A single batch of MM200 MVs is produced from a bulk MM200 cell preparation for the

production of the investigational product. MV production is based on the lysis of the



D) | NVESTI GATI ONAL PRODUCT i) FORMULATI ON Each dose of Litiovaxin-MNl is
formul ated by the hospital pharmacist no | onger than 6 hours before it is
adm nistered to the patient. The investigational product is fornulated 10
from4 pre-m x conponents: M 200 nenbrane vesicles, |yophilised

POPC/ Ni - BNTADTDA | i posonics, |FN-gamma and DVMb5000. For the O.1rriL and
lint. doses, 2inL of investigational product are prepared; for the !OnlL
dose 6 x 2nt. of investigational product are prepared and pool ed before
being adm nistered to the patient. |1SDVb5000 havi ng the sequence set out in
SEQID NO | is produced as a secreted protein in E toll BL21(DE3)

contai ning the vector pET30- GAS- DMS5000. pER30- GAS-DMb000 is a derivative
of pET30 (Invitrogen) which |ncor porates the universal GAS | eader signal

peptide (descri b\ﬁlgl"’Odc lelseox ioh Wol\%@eﬁ%?%xg%ﬂ%“)of%Enutnﬂ tlnt tlo\% r%)%ﬁl end of

DVB000. The protern Is omthe cul ture supernata
f erment ati on batfellpwsy bah's'ew@s SG'I’“C%'H'P W'ﬁ@ﬁ"&}ﬁ'ﬁ?f%fhém)dimﬁf&’l efdiegVser eam i ne

PrA (to capture Scee il thadprddbsi r{gqbtecshasamca&ﬂ Saphanesembsatdron
exchange purificati gg)é and. M r.enove endot oxi n c%h%am nant s) .

Purity was show™ttapdlasysieley atl%’&‘%é'éf‘% 2d Fgm g Wﬁgenﬁ%%"w &BRE1 usi on
Chr omat ogr aphy amd va:803cdy nRaveispeotéinasaudidiggieldvressitigas.Li qui d

Chr omat ogr aphy. Endotoxin levels were <50 EtErtil. The 25resulting protein
is fornmulated in PBS (1 ing/nl) for use in the production of Lipovaxin- MM
Aseptic fill and¥$ e shenofeperad dhiastspending theanembsang prlrirc efiophriabi fspr opri at e
facility to prodwge (PH§) thkeQEs%ltthm%@rSr& YL@ are subseagently pobld t&éen@rm & DTDA is

roduced i th_the bl i shed t t

Choun to be of  JGoK BaFIFY: Ti B PGrHAS P bEe Elp chiSel PrabiAban .

Pol ar Li pi ds1( caif eledgyV nwwbﬂrTe?‘rﬁi%&%nhiamh is @dbﬁ@b&lﬁ@@gys arPgybadgronly ce gr ade
N SO4 (99. 9985%; p&%eaba%@pgcﬁy ggﬁggacﬁm Lésu‘?ﬁﬁé?{ marh QAR AR pb@h&#aﬁy GrbH &

Co. KG (Zeppelinstrasse Kar sru Germany); stock
of 2mL of Lipovaxin-MM. Random aliquots are tested for the presence of adventitious

agents and for their melanoma antigen profile,

INTA-DTDA

15 The N-nitrilotriacetic acid (NTA)/His-tag system is widely used for the one-step
isolation and purification of recombinant proteins. The tetra-dentate ligand NTA forms
a hexagonal complex with divalent metal ions, such as Ni**, which occupy four of the
six binding sites in the complex. The imidazole rings from two histidines of a string of
consecutive histidine residues (also known as a His-tag) bind to thé unoccupied sites of
20  the metal ion-NTA complex. The binding is synergistic and the 2:1 (histidine : metal

ion-NTA) ratio creates stable immobilisation of the His-tagged molecule.

3NTA-DTDA, as described in WO 00/64471 and WO 2005/018610, is synthesised
through a six step synthesis by coupling each COOH group of the NTA head group to
another NTA group. The resulting 3NTA moiety achieves a higher local density of
25 NTA head groups that allows for a more stable anchoring of His-tagged proteins. The
3NTA head group is then linked to two 14-carbon hydrocarbon chains to produce a
chelator lipid that contains a 3NTA head group covalently linked to DTDA

(ditetradecylamine). Nickel ions occupy four of the six binding sites in each of the



10 nunber 10820 batch nunmber 22818; CAS?, 15244-37-8. The material was
filter sterilised and di spensed by aseptic fill and finish at 0.6ng/L in
sterile water at 2inf. per vial (1.2rng N Saistilphate per via]) by the
Canberr a- based conpany RadPhann Scientific. 15Lyophilised |iposones are
prepared as foll ows: 3NTA-DTDA is fornmulated in PBS arid POPC in ethanol.
Each solulion is filter sterilized and then m xed. Sterile N1504 is added
to the m xture which is aseptically dispensed into individual vials once
mxing is conplete in quantities sufficient to produce 2rriL of

i nvestigational product. The material is finally freeze-dried and tesied
for sterility, purity and activity. Stabilify of the stored material is
tested at regul ar |ntervals until the last patient has conpleted his/her

vacci nation schedyl I%t@ﬁ-tljl-%%ﬂ?g%drgg AcfiflnsOrn 9'1.%9%.%35’ @At bL on

entails the propagaln%h S 1n serumfree AIMV nedi a
(catal og nunber 1B8T%gin@hKlipid birecriehlireseaigtidf t hose cells in PBS and finally
t he production of menbrane vesicles also in PBS. Prior to 25 vesicle
production, haryegted cells are tested for adventitious agents and purity.
Random al i quots of the nenbrane vesicle preparations are also tested fur
adventi ti ous ag@mPs (arfdlimieyldrokl-antlygens Fheskadeadineiis p pRosNAliPBOBAGE FORM

AND PRESENTATE] O,y yimefd ﬂ;laﬁmarsb\ﬁeé,alhgaat ﬁmy@;m@te@cw@;rbdn chmu;xyla%ﬁg csh PBS.
When 10nL of |nvest|gat|ona product 1s adm nistered %ﬁh batches of

Li povaxi n- MM ar dns3esdr $craker haew i prendosble SRt HeRgtiern e Sftngddhs, {4
followi ng for mchQ:bcbnO(lB 1be§.ormae Ttrhﬁ;ltloﬂ\:taﬁﬁeteg&é ifgnEdPfodugt phae adifquid st er ed

to the patient. For tion and c i s _carnried Class 11
51 ani nar Fl ow c&BM qmmlsaggglgﬁ% ?ggﬁ 'ggh “%TP‘W%é”F? emﬁhaﬁWHC|st

The investigati ma:brapqsodmtelylusedot @advpamwapb'ammeEwﬁwnﬂégal@uiﬂ@dd@ancy to
settle when 1|0ef kAH}nQr'b&I MA@ ?él)on(tédrhesaggf?cw %ﬁ‘et)aﬂ'gﬁlérfﬁnﬁeere&fateﬁ Béninistration

i nvesti gational product correlates with the successful engraftnent of
DI Y135000 on t hef sifritces off tHECreapipingsiiposares eyey STORECECAND BARDLI NG

Li povaxi n- MM pr @i, 9k ihinfahuaGQERaRRR0S093 68 sk 04092008 Gfcdthual. - 20C, with the

Synthetic liposomes consisting of a mixture of POPC with either NTA-DTDA [34-36],
15 or 3NTA-DTDA [37, 38] are produced and fused with membrane vesicles. This
effectively allows the incorporation of either of the chelator lipids into the lipid bilayer
of the membrane vesicles. A His-tagged protein (such as DMS5000) is engrafted on the
surface of the resulting modified membrane vesicles thus effectively coating the vesicle
with a ligand which allows the vesicle to be specifically targeted to a chosen cell
20  surface receptor. Membrane vesicles modified to contain either NTA-DTDA or 3NTA-

DTDA have been used to target DCs in vivo in mouse models{37].

NICKEL SULPHATE

Lipovaxin-MM in its final formulation contains approximately 10ug/mL of nickel
sulphate (1:1 molar ratio of nickel sulphate to NTA-head groups), all of which is
25  expected to be associated with the chelator lipid 3NTA-DTDA. Nickel binds NTA with
high affinity (K4<10""'"M). Because it is present in the same molar ratio as the NTA
moiety on the head group of 3NTA-DTDA, the concentration of free nickel in

Lipovaxin-MM preparations is expected to be extremely low.



exception of | FN-gamma (I nukin, Boehringer Ingelheim Germany) which should
be stored at 4C as recomended by the manutlicturer Once fornul ated at the
hospi tal 15pharnmacy, the investigational product is stored at 4C for no

| onger than 6 hours, The investigational product nust be m xed by repeated
inversion of the vial but nmust not be vortexed prior to its admnistration
to the subjects, 20 iv) ADM NI STRATI ON The conposition is adm ni stered by
direct slew intravenous adm nistration. 2) IN VITRO STUDI ES: LI POVAXI N- MV
EFFECT ON DC MARKERS Monocyte-derived dendritic cells generated in vitro
can be used to test the specific 25 effect of Liprwaxin-MMon DC
maturation. To achieve this nonoeyte progeristor cells are prepared from
peri pheral bl ood nononuclear cells that are cultured in vitro in the

presence of a mxture of C3F f 6, days, at the end,of which
period those cel f&®° '?'%La"fjﬂté ﬁggﬁg\ﬁewegf'%{lto té”ﬁ'c%?d oVaxi emﬁ\ﬂe\i/lhgg
co-cul tured wi t hievelsfi@h theonaey berickel WitedLiDEsxin N it wed, wn&llmm@ble@ﬁ/elm

maturation mar keﬁ% eﬂ&!ﬂl%‘pmgloﬁqmgp@n‘lmo%&el %@h S8 QiR e h‘e}’a‘gea@gl and to a

| esser extent 111, - unregul ated and the cytoklne | L-12 is

detected in the Ve f"P‘é‘b{é‘&kﬁé"ﬁ?“é beippP%hdiatat T cum thefushatt ARe Ps 1B ctir s only

when the vacci neLicahkih-8AM, ﬁhbmwmms IO%fdfrﬂHkBlg rdphadntsi b be’él’tﬁhn'[th@ddil@l i very
of the antigen alone can stinu I?‘é,] uat mat ur hest when

tion, a
specifical ly del{&Y é'Ba"teo°f[9é°§e %g‘f%ﬁy bsgrbﬁcp'algiés mgPIESm
non-clinical st udnoe@ 8t gGresbaf lﬂfhailuasrare\/&r(tlmd) 28 ihpoy and wiivh B slagbl08%tod at ar get
speci tically the Qi {8% TRIHSE reb¥vesh TR uhid Br AElitahka qfcééméstaatl geni ¢

cargo to Des, via the en hway triggere
receptor. Tar get[ﬁ?ig ot lmqrﬁmzamfﬂle]MWtbe [B(VJHSYIG\PﬁT'Snt%W% C%fe&‘,‘%)ﬁﬁﬁa' is#ehy a
specific i ncﬁ@asrﬁalﬁtﬂnmn]aodmﬁﬁrr@élhm whSkdn SHstrh e lm@rp.lé%f fickeR Per\WRiysisas i N
the production of IL-12, a cytokine

[41]. The investigational product, at its highest proposed dose, is expected to deliver

quantities of nickel that are comparable to that type of therapy.

To prepare the liposomes, a mixture of the two lipids is prepared in PBS and
15  supplemented with nickel and the resulting preparation is lyophilised. The liposomes
are stored as a lyophilised powder which is reconstituted in water during the

formulation process.

DMS5000

DMS5000 is a domain antibody (dAb) having the amino acid sequence set out in Figure

20 12 (SEQ ID NO: 1; SEQ ID NO: 3) and is highly specific for the human DC cell surface
receptor DC-SIGN (DC-specific intercellular adhesion molecule 3-grabbing
nonintegrin). Domain antibodies are the smallest functional binding units of antibodies,
and consist of the variable region of either the heavy (Vy) or light (VL) chains of human
antibodies. DMSS5000 is a 14,386kDa Vy dAb, selected on the basis of its ability to

25 facilitate binding of 3NTA-DTDA-containing liposomes to human DC-SIGN-
expressing cells when engrafted onto the liposomes. The dAb sequence set out in SEQ
ID NO: 1 is preceded by Ser-Thr residues which are present in the expression vector
polylinker to accommodate a Sall cloning site for expression. The dAb sequence
without the ST residues is set out in SEQ ID NO: 3.
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inportant in the differentiation of naive T cells into Th I cells. 3 NON
-CLINICAL. STUDI ES In viva, studies have been limted to those ani mal
species that are known to express DC 15 SIGN honol ogues with patterns
consistent wth those seen in humans. Two speci es have been used, the
common mar noset and the macaque, but only the macaque was eventual ly found
to be relevant for inmunogenicity studies. |In macaques, Lipovaxi nMM was
shown to i nduce cell-nediated and huneral i mmune responses al the two doses
tested, despite the fact that in vitro its ability to bind/target nacaque
DC- SI GN was shown to be significantly lower than its ability to bind/target
human DC- SI GN. Even at the hi ghest dose no26ikgnificant adverse effects were
seen with the exception of one transient increase in AST |evels and one
transient increase.in ALT |evels see(ip only seven da%s .af [er t e.se?ond dose
in two different?™MilihisSONes PEETEFIST POER g 2 8PFAE AN AL PRVE S wer e
consi stentty | owsrpratintihg whdolbfved byecagtitgdy thepradin frro wondannatahaliageinpar ed

Wi th pre-vaccinati on. s, whilst 1-11)1, levels were consistently higher
after the four %’8@9#&?*@"‘?%” es in all four animals. 0 PROOF OF CONCEPT
STUDIES IN A MOUSE MODEL SUMVARY A proof of concept study for the

IBi povaxi ndphgd ! iFinmsioﬁ@mdlu.ﬁ; aek irfndVeL @y BrGausIRnECRbIENdriph{ Odnd eXPr €ssed

y nmouse dendritic.ce ,, this stu i nvesti ga t targeti.ng of a
Vhceine to the ERESGEREbEgrovE B ROE pats Mg bR Buthe " oos.
The study showedintifatnultior wddloprd pastatlé Oitratih. Fberbasere bulk vetsindd @wllf r om t he
hi ghly nmetast ati_c . ol s . - : .9 DCs in vivo
to elicit funct isoﬁ%dgﬁﬁtggl@%%ﬁsgﬁﬁ@lgﬁgaetﬁg} fteo'atlrhﬁgg@%g'tt lg' 1316- OVA
vaccine stinulated strong CMresponses in spicule T cells and induced

mar ked pr ot egt i QNpRGINDSHuctdddBRUKpoSHnRWMiRure Rk a8 &t BiRNDVASGIeRLAdRNEION t he
si nul t aneous delivery of both antigen and DC maturatjion signal.

Adni ni stration of REcoraweobsacell tors et hayvg de@qsspeicaidn @ofifedyic &l | enged
Wi th B16- OVA celesgeindisnsd Be-gicRld THPIMMOIGIEEAReNt dnfy Riidhakd chalr

prol onged di sease-free sur vi,v%b. I H}?CDJETAI L: An gpj ma/ st ud s conduct ed
to test the Li p&odeNiAgrH4 & atitdde MirdIPegyrei H <t dFeta A Al BIBIS0A REl anoma
cancer nodel [ 3%isociabbe of MVIRINOGVitDOthe Gosbrhs isviapanideneon NIBNIReOTDA. t hi s st udy
differs frorrllsLi povaxi n-MM and is specific for this animl nodel. The nurine
1316- OVA nel anona cancer nodel is a highly netastatic tunour which when

i nocul at ed i nt r &eefnelghigrojoapyo haj @eab&,eduglesviwaﬁ?@é?n ahdhed dderpetiph fepeemni mal s

through its abi it V. OvRELRASDRSIER  expishk el L Gncldfig| RIS DAND. thus
subsequently to other organs. The Lipovaxin PI?atformwas used to construct
S

a vacci ne prepafedimaipg pden thshit it 1 hsdarest 6ells Dot abgAhag 1S igtergplispdbnthe f or m of
I'i posornes nodi biced Thie coifiedd partad dklibéi@o%o@kin&l‘l’[N}FEKHQEHDNL{G@ptoi 6kh al |
cases targeting. to S e r.ed usi Say speci.f.ic r. t mar ker

DEC- 205 and Phe® ?)Pf\é\@ﬂ]aﬁ Py° {}?V(V)elgi%gee"‘%rgr'sfae"rd 6'?{“{:‘1%11'%‘?3"\9\5%“3 FNel uded as
t he ' danger si gffagure3)G oups of six C57B1/6 mce were inoculated with 1.5 Xx
105 816- OVA nel anona cells, and then either PBS or a vaccine (conprising 2
x 105 cel | equi yphanegFaczoratc SeFv-engral l ed 1316- OVA-derived MV) was

adm ni stered intravenously to the mice at days 3, 6 and 9 after tunour

i nocul ati on. CoRtchof tharrigredlests ae vapeprttieddin aecsrsipnee With foet Labera@rilirackicean

ave(rj agezg; 2|503?%1lpl)lqm whddGlossitie &B@reybmﬁztibygd#@yraeﬁﬁ ake3gidpBiRl 1 A0BSranedt hanic sed
at ay . n snar ntrast, vacci mce .ai not.. s .any signs o
Funor devel Gnerth At ratersar G Tnaorae b ange SHREGEY T1 0 vl v

al so 30i nduced protective inmunity against tunours in this system M ce

| mruni sed wi th 08, VaeeERe: h&RIR fofhibeddy Cortfiming Bk hefi MRl 8RR
&l vy-engrafted 1116- OVA-deri ved . . ] .
liposomal constituent and IFN-gamma and fusing by sonication. DMS5000 is added in

a final step before the investigational product is administered to the patient.
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- 33 - were examned for their ability to resist an i.v, challenge with
B16- OVA cells. Wien lung netastases were quantified 16 days after tunour
chal | enge, vaccinated mce showed a nuch | ower nunber of netastases
conpared to control mce but only when a "danger signal” |FN gamma or LPS
was incorporated into the vaccine, The study successfully denonstrated that
spl enocytes isolated front mce vaccinated with the nodified NM showed

maxi rum Cl L activity when the MVs were targeted to DC (either via DEC205 or
CD1l1c) and included a rel evant danger signal (IEN gama or LPS). The study
thus confirms that the vaccine produced using the Lipovaxin technology is
effective at inhibiting 1316-OVA tunour grot-h and netastasis in this 10
ani mal nodel and that this approach can greatly sinplify current strategies
used for DC-base ccine production and i mmunot herapy i n hunmans.
i) LIPOVAX/I N- M@ME@%TUDY SUMMARY: An initial study of Lipovasin-MW
was conducted Mt ,e common 15 marnoset (Callithrix jizochus), the small est
non- human pri matiePHABYAGPI Gkedi cal research In the marnoset, DC-SIGN
expr ession is de&ﬁﬁéﬁ"ﬂ est”dotsi‘ﬁme e%?&c a'tthP& ﬂ&@ﬁg@’bpc 0.297mg 3NTA-

i mmunol ti stochem stry usi ng ant 1 - human DC- Ab) . VWen the marnoset
study was initi 26 0al08mg ﬂ“éﬁkﬂ sdebgte andot- gy Bé‘é‘”‘@ad? F‘\?F"t‘!}'aﬁé‘f’m@ha@l vl S5000

and mar noset PC-Fhdhk Was oNREMaRhchlbticabuibeduaned be confirnmed. Aninal s
received 5 20 doses of 0.06nt, of vaccine at weekly intervals (a dose that

is equivalent to a human dose or | OnE scal ed based on weight in the
mar noset ). The tih) aNATMSTS AND CEARACTIRISATEINbut no si gnificant evi dence of

| munogei nei ty Vﬁ&ov%@éfsﬁ\y ggractylsgtlcinqmg the analysis of RUEB Bbur Mr‘nm’of i ncl uded

in the formul ati on was subsequent found to have reduced bi ol ogi cal
activity in vi tr@’%@r?xﬂ@@éltotcbfe%‘lyla t&leéwtﬁ%ﬁ/ﬁﬁ@%t’acb‘é‘f|Fp’ﬁ'é3f’5‘rgmf‘5‘eb‘l°éod
rnonocytes. fhi DMED0d Blemididei o ds BS-ta3 tPRERITA-BTDAUSEtehBied (Rgu@ppar ent | ack
of i mmunogenicity of Lipova.xin-MMin these aninmals. Since conpletion of

that study, the cloning of marnpbset DC-SI GN gene has facilitated nore

ext ensi ve bi ndi rfgeatiydihesbilisiafighecakdie tolagethay bin d¥hSIFbdixplestistcellseik pr ess
mar noset DG S 55 fi&ssynow i ndi cate that binding of Lipovaxirt-M
t o mar noset Ggf) ?s’ r‘ﬁﬁllﬁlldn% )at least in 30 vitro. The apparent reduced
affinity of Lirovaxin-MM for marmoset DC-SIGN in 4 - conbination with the
reduced actiw tyrhﬁﬁlyltETéecgaenﬁfeparanod RasgysaniondhGmveel big siba uSoSitignbf theant | y

inpaired the abili M .t o duce .a tec response
in those ani mal $Y® {S‘X‘T %& If‘”&("fﬂ e’ %'ﬁaﬁo‘%q‘ %V%%gﬁ?f &of&ﬁ %aﬁm"mrﬁllghq% t he
smal | est non- huntegengni mahcedemseesdoﬂ IAN{zrome ¢ thatargeles bsaassdviatipmofitheecytolinpros et |

DC- SI GN expr essi gf ¢S, ﬁ{e%%g&amoslaqawaﬁ% &)d I'ymph node by

i mmunohi st ochem stry (using an anti - human SI'GN mAb) . When t he marnoset
study was initiated, a certain degree of cross-reactivity between DWVS5000
and manuoset20DC FRlaf@ (N sreR¥RaE trRthnomhMBss@iddRftighs in the vaccine preparation is

confirmed by Western blot analysis (Figure 7).

iii) STABILITY

The following three criteria are used to measure the stability of Lipovaxin-MM,
including its stability after storage: (i) the ability of a vaccine preparation to bind human
25  DC-SIGN-expressing cells, (ii) the proportion of IFN-gamma that remains physically
associated with the vesicles and (iii) the biological activity of vaccine-bound IFN-
gamma. Because Lipovaxin-MM is a liposomal vaccine, the membrane bilayers that
make up the vaccine are susceptible to damage by freezing in the absence of an

appropriate cryoprotectant. Storage of the investigational product is therefore only



10 animals (3 animals in each group) received 5 doses of 0.06nL of vaccine
at weekly intervals. The two groups differed in the dAb used to engraft on
the surface of the vaccine - one group received vaccine engrafted with
DVb5000 and the second was engrafted with a 'dumy dAb' (a dAIi with no
specific target). There were no serious adverse effects associated with the
repeated adm nistration of either of the two vaccines 15 at a dose

equi val ent to a human dose of 10nlL (scal ed based on weight in the

mar noset ). Animal weights were relatively stable. No significant changes in
hemat ol ogi cal paraneters were observed. Leukocyte subset anal ysis
identified an increase in circulating nyel-é@dd DCs in all six aninals.
Animal s that had received the targeted vacci ne showed a decrease in

circul ating plasmacyt oi repgnted. aft hat was
nost pronounced pBﬁﬁ’yﬁéteQB??%SH‘@%atWP'cgqldﬂasl {4t Aﬁédf cé‘?x\%e]g%ndmg 8
non-target ed Li pavsisiNexjdsinghels reashs pedered @da pamiodofi updd 4 wesks (Hrgarefon- t ar get ed
vacci ne group after dose 5 only. None of the animls appeared to be in any
di sconfort. No significant evidence of inmmunogenicity was obser ved The
"danger signal ' TohUhbsmmapeEjars pieRe fof He fubageks fut harreds e rssicihas
subsequent | y sf ouRebclaf bl thd av@nevatlusedsiky Sdr@gitiaalat MCIFigiré 9). i n vitro when
used to stinulate nmarnoset peripheral blood nonocytes. This was identified

as a possibl e cgyspkeF Ghl}poﬁgppﬁ@ﬂtjcfack of i munogenicity. Since
conpl eti on of tgzt stu the cloning of marnoset DC- SI GN gene has

facilitated nore i nding studies using cells that have been
nodified to expff@lﬁﬂf“ﬁig%lg DC- SI GN. These studi es now i ndi cate that

bi ndi ng of Li poyaxi dase @QIW)&@MNBE RS 6htedby Bt Npit3 mnﬂiciﬁaﬁo loder h@ast 1N
vitro. -35 - |||) LI POVAXI NMJ NICTYIthPlGTA ??AC{EJII:' %UJé/IVARY A
final test of LipHySsHHIMIRISIEEIANE PEE" ff‘?éesﬁ%aﬁw%ﬁrﬁ B EVacaca
nenmestrina (i gtfi@inldgde-nxcaoppecnts: NM00amdnrtedne sw@dns,dsOphd!sedé’élP@d‘{rélebecause
the 5 macaque a% DR ({dsdneE §RL ggmlh;an*a s\éo&%?ﬁ.wqm%d (e qaul BaLaei d | evel
conpared to its counterpart an erfbrms an anal ogous function as an
endoeytie r ecept"typstlgamealtW%’s‘ﬂé‘TedPrSRafqdb |“E§"n1°d.‘1‘fL foce §XGFlefpiesERigatel s in
the macaque al SQrHENSE BlepdfedAl pAKAGEBE bbink RintifiattreSREHY pafenhuman ti ssues with
only some nminor differences. Two groups of animals were tested in the study
that differed in the doses of the vaccine 10 adm nistered to the ani mals.
Four ani nal siswema1s3ded hiveik elicegqichceceet Qut GMEEQ [B0¥@s! &f prédupaivae sserikd (whi ch
is equivalent tag d ight) and
four animals V\Blplé)%éndi’lﬁ ni s?er ed@??)rllp(mam gl,egdeg Q%Tﬁlg?jr?%w&&g%%f t he

hi ghest pr opose&ASIMFI0ddse deriyasive aﬁpﬁ%&oé&vmsenamhﬁﬁlmcmwgtﬁ% the gpivegsahe ek

yids. The vacci @ﬁsv‘ﬁeﬁie?-ggﬂamp&tn@é' @ﬁscheédr W%ﬂﬂmé )h Waﬂ@oosfseﬂ)aa)l £Anhd Nt O t he
15 saphenous vein. Al thou

| gil\/gl % \'/1{1 tenl a’ es l(l.)le Y?i ﬂhe
macaque DC- S| GN'$a#2leet gbPMERY TPhBP {hép&’ &R %6?1 Foher® af f| nity
to the macagqee BemSitdthdh badept mseribharnhroﬁnaubgﬁshytsneps irslulingr@imeagbion®P@r part, t he

St Udy conf i rmed aEant ctrrrfl:c 1ny%% m@b Morecuft §P TSeR/h!al% zﬁlog%;w%&&gglaluﬁic%t?o\/lﬁl s of
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produce 1mL lots in glass vials.



I N DETAIL: A study of Lipovaxin-MV was conducted in the pigtailed nmacaque
(Mactica nenestrina). Human IFN-gairturia was confirned to be biologically
active 25 through in vitro stimulation assays of pigtailed nacaque

peri pheral bl ood nononuclear cells (PBMCs). There were therefore no doubts
about the biological activity of the vaccine's danger signal. Macaque

DC- SI GN am no acid sequences are readily accessible and known to be -93%
identical to the am no acid sequence of human DC-SIGN in the |ectin binding
region - the same region that was used to generate 30DVb5000. Because many
of the nonocl onal antibodi es raised agai nst human DC- SIGN are known to
cross-react with macaque DC-SIGN [42, 43],-A-certain degree of - 36-
cnes-reaclivity of DMb5000 to macaque DC-SIGN had been anticipated. In
vitro studi es of Lipovaxin-MM using both nonocyte-derived macaque DCs and
THP-1 cells that had been nodified to express exogenous nmacaque DC- Sl GN
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cells in PBS and finally the production of membrane vesicles also in PBS. Prior to
25  vesicle production, harvested cells are tested for adventitious agents and purity.

Random aliquots of the membrane vesicle preparations are also tested for adventitious

agents and melanoma antigen presence.

ii) FINAL DOSAGE FORM AND PRESENTATION



a) SUMVARY In the pigtailed macaque study outlined above, four animals were
adm ni stered 4 doses of litnL of Lipovaxin-MJ (50% of the actual highest
proposed human dose). The vaccine was well tolerated and safe when

adm ni stered at that dose. The only abnormal 5 readouts were observed at
day 35 when an increase in am notransferase |levels was observed in two
animals (two different enzynes in the two different aninmals). The increase
was transient as it was not observed after dose 3 or 4 for those two
animals, or any other animals in the study. At necropsy, nultifocal
follicular hyperp/asia was observed in the spleen and | ynph nodes. This
observation suggests that Lipovaxin-MM 103has been processed by DCs.
Hyper pl asia of |ynphoid ti ssue was also identified in the lungs, intestine
and liver for aft aninmals. reSS| eencre rted for DCs
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exception of IFN-gamma (Imukin, Boehringer Ingelheim, Germany) which should be
stored at 4°C as recommended by the manufacturer. Once formulated at the hospital

15  pharmacy, the investigational product is stored at 4°C for no longer than 6 hours.

The investigational product must be mixed by repeated inversion of the vial but must

not be vortexed prior to its administration to the subjects.

20 iv) ADMINISTRATION

The composition is administered by direct slow intravenous administration.

2) IN VITRO STUDIES: LIPOVAXIN-MM EFFECT ON DC MARKERS

Monocyte-derived dendritic cells generated in vitro can be used to test the specific
25  effect of Lipovaxin-MM on DC maturation. To achieve this monocyte progenitor cells
are prepared from peripheral blood mononuclear cells that are cultured in vitro in the
presence of a mixture of IL-4 and GM-CSF for 5-6 days, at the end of which period
those cells express the marker DC-SIGN. When Lipovaxin-MM is co-cultured with
human monocyte-derived DCs in vitro, a number of DC maturation markers including

30 CD64, CD40, CD86, CD80 and HLA-ABC and to a lesser extent HLA-DR are



38 - Animal liver function was nonitored follow ng adm ni stration of

Li povaxi n- MM based on bl ood am notransferase |evels for aspartate

am not ransferase (AST or SOOT) and al ani ne am netransferase (ALT or
SCA-7T). The levels of both enzynmes varied significantly between each of
the animals at the various tine points but were generally 5 within
published "normal' |evels with the exception of two readings at day 35 of
the study. At day 35 a high AST | evel was observed in one aninmal and a high
ALT |l evel was identified in a second. Both val ues were el evated beyond
normal values at day 35 of the study but not at day 42 or at any subsequent
time point; these are listed in Table 2. 1O3IFAMP | Macaque |iver AST and
ALT | evel s t hroughout the toxicology study. The two abnornmal readi ngs

observed at day 35 of Eg a n erline T, rt
ami not r ansf er ase" pr%&ﬁl‘f‘e 'ld i ‘X'&mhﬁé FARs eéir'ﬁq‘g o gr'lt'zon??@%%%t Uagetgmat'o" sured

in units per |i tafahe marattrudctcma!on@.@@@ tb&SYFCQ&LﬁEaASﬂFPBMB'%MOWg 6@*4!465462926
821505138L4. 655 ﬁﬁﬁ&égég%%éthe antigen alone can stimulate adequate maturation and is highest

when specifically delivered to DCs via DC-SIGN targeting.

Evidence from non-clinical studies suggests that in vitro Lipovaxin-MM is able to target
specifically the human DC marker DC-SIGN for the delivery of its antigenic cargo to
DCs, most likely via the endocytic pathway triggered by this receptor. Targeting of
Lipovaxin-MM to DC-SIGN is also accompanied by a specific increase in DC
10  maturation cell surface markers, as well as in the production of IL-12, a cytokine

important in the differentiation of naive T cells into Th1 cells.

3) NON-CLINICAL STUDIES

In vivo, studies have been limited to those animal species that are known to express DC-
15 SIGN homologues with patterns consistent with those seen in humans. Two species
have been used, the common marmoset and the macaque, but only the macaque was
eventually found to be relevant for immunogenicity studies. In macaques, Lipovaxin-
MM was shown to induce cell-mediated and humoral immune responses at the two
doses tested, despite the fact that in vifro its ability to bind/target macaque DC-SIGN
20 was shown to be significantly lower than its ability to bind/target human DC-SIGN.
Even at the highest dose no significant adverse effects were seen with the exception of
one transient increase in AST levels and one transient increase in ALT levels seen only
seven days after the second dose in two different animals. Cholesterol, triglyceride and
LDL levels were consistently lower at the end of the study in all four animals compared
25  with pre-vaccination levels whilst HDL levels were consistently higher after the four

vaccination series in all four animals.

i) PROOF OF CONCEPT STUDIES IN A MOUSE MODEL
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exam nation revealed rnultifocal follicular hyperplasia of all |ynphoid
ti ssue, which is consistent with a cellular inmune response. Miltifocal
follicular hyperplasia was observed in the spleen, lung and intestines of
all animals (Table 3)* "9
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SUMMARY: A proof of concept study for the Lipovaxin platform was conducted in
mice. Because DC-SIGN is not expressed by mouse dendritic cells, this study
investigated the targeting of a vaccine to the DEC-205 receptor, a C-type lectin
expressed by mouse DCs. The study showed that a crude preparation of membrane
5 vesicles from the highly metastatic murine melanoma (B16-OVA) can be targeted to
DCs in vivo to elicit functional effects. When used in syngeneic mice, the B16-OVA
vaccine stimulated strong CTL responses in splenic T cells and induced marked
protection against tumour growth. Protection was dependent on the simultaneous
delivery of both antigen and DC maturation signal. Administration of the B16-OVA-
10 DC targeted vaccine to mice challenged with B16-OVA cells induced a dramatic

immunotherapeutic effect and prolonged disease-free survival.

IN DETAIL: An animal study was conducted to test the Lipovaxin platform technology
in the murine B16-OVA melanoma cancer model [37]. The formulation of the vaccine
15  used in this study differs from Lipovaxin-MM and is specific for this animal model.
The murine B16-OVA melanoma cancer model is a highly metastatic tumour which
when inoculated intravenously into mice causes cancer and death in the animals through
its ability to metastasize, initially to the lungs, and subsequently to other organs. The
Lipovaxin platform was used to construct a vaccine prepared either from cultured B16-
20 OVA cells or in the form of liposomes modified to incorporate the OVA or SIINFEKL
peptide. In all cases targeting to DCs was ensured using ScFv specific for the marker
DEC-205 and the immunomodulatory cytokine interferon gamma was included as the
‘danger signal’. Groups of six C57Bl/6 mice were inoculated with 1.5 x 10° B16-OVA
melanoma cells, and then either PBS or a vaccine (comprising 2 x 10° cell equivalents
25  of ScFv-engrafted B16-OVA-derived MV) was administered intravenously to the mice
at days 3, 6 and 9 after tumour inoculation. Control animals developed a massive
tumour load with an average of 250+37 tumor foci in the lungs by day 16 (animals were
euthanised at day 22). In sharp contrast, vaccinated mice did not show any signs of
tumor development up to 8 months after tumor challenge. The modified MVs also
30  induced protective immunity against tumours in this system. Mice immunised with the

vaccine (comprising 2 x 10° cell equivalents of ScFv-engrafted B16-OVA-derived MV)
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were examined for their ability to resist an i.v. challenge with B16-OVA cells. When
lung metastases were quantified 16 days after tumour challenge, vaccinated mice
showed a much lower number of metastases compared to control mice but only when a
“danger signal” IFN-gamma or LPS was incorporated into the vaccine. The study
5 successfully demonstrated that splenocytes isolated from mice vaccinated with the
modified MVs showed maximum CTL activity when the MVs were targeted to DC
(either via DEC205 or CD11c) and included a relevant danger signal (IFN-gamma or
LPS). The study thus confirms that the vaccine produced using the Lipovaxin
technology is effective at inhibiting B16-OVA tumour growth and metastasis in this
10  animal model and that this approach can greatly simplify current strategies used for DC-

based cancer vaccine production and immunotherapy in humans.

ii) LIPOVAXIN-MM MARMOSET STUDY

SUMMARY: An initial study of Lipovaxin-MM was conducted in the common
15  marmoset (Callithrix jacchus), the smallest non-human primate used in biomedical
research. In the marmoset, DC-SIGN expression is detected in the spleen and lymph
node by immunohistochemistry (using an anti-human DC-SIGN mAb). When the
marmoset study was initiated, a certain degree of cross-reactivity between DMS5000
and marmoset DC-SIGN was expected but could not be confirmed. Animals received 5
20  doses of 0.06mL of vaccine at weekly intervals (a dose that is equivalent to a human
dose of 10mL scaled based on weight in the marmoset). The treatment was well
tolerated but no significant evidence of immunogenicity was observed. The ‘danger
signal’, (human) IFN-gamma, included in the formulation was subsequently found to
have reduced biological activity in vitro when used to stimulate marmoset peripheral
25  blood monocytes. This was identified as a possible cause for the apparent lack of
immunogenicity of Lipovaxin-MM in these animals. Since completion of that study, the
cloning of marmoset DC-SIGN gene has facilitated more extensive binding studies
using cells that have been modified to express marmoset DC-SIGN. Those studies now
indicate that binding of Lipovaxin-MM to marmoset DC-SIGN is minimal, at least in

30  vitro. The apparent reduced affinity of Lipovaxin-MM for marmoset DC-SIGN in
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combination with the reduced activity of IFN-gamma in those animals would have

significantly impaired the ability of Lipovaxin-MM to induce a detectable immune

response in those animals.

5 IN DETAIL: The common marmoset (Callithrix jacchus) is the smallest non-human
primate used in biomedical research. In the marmoset, DC-SIGN expression is detected
in the spleen and lymph node by immunohistochemistry (using an anti-human DC-
SIGN mAb). When the marmoset study was initiated, a certain degree of cross-
reactivity between DMS5000 and marmoset DC-SIGN was expected. Two groups of

10  animals (3 animals in each group) reccived 5 doses of 0.06mL of vaccine at weekly
intervals. The two groups differed in the dAb used to engraft on the surface of the
vaccine — one group received vaccine engrafted with DMS5000 and the second was
engrafted with a ‘dummy dAb’ (a dAb with no specific target). There were no serious
adverse effects associated with the repeated administration of either of the two vaccines

15 at a dose equivalent to a human dose of 10mL (scaled based on weight in the
marmoset). Animal weights were relatively stable. No significant changes in
hematological parameters were observed. Leukocyte subset analysis identified an
increase in circulating myeloid DCs in all six animals. Animals that had received the
targeted vaccine showed a decrease in circulating plasmacytoid DCs. A rash was

20  reported after dose 1 that was most pronounced on the abdomen of animals that had
received the non-targeted Lipovaxin-MM. The rash recurred in animals of the non-
targeted vaccine group after dose 5 only. None of the animals appeared to be in any
discomfort. No significant evidence of immunogenicity was observed. The ‘danger
signal’, (human) IFN-gamma, included in the formulation was subsequently found to

25 have reduced biological activity in vitro when used to stimulate marmoset peripheral
blood monocytes. This was identified as a possible cause for the apparent lack of
immunogenicity. Since completion of that study, the cloning of marmoset DC-SIGN
gene has facilitated more extensive binding studies using cells that have been modified
to express marmoset DC-SIGN. These studies now indicate that binding of Lipovaxin-

30 MM to marmoset DC-SIGN is minimal, at least in vitro.
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iii) LIPOVAXIN-MM IMMUNOGENICITY IN PIGTAILED MACAQUES

SUMMARY: A final test of Lipovaxin-MM was conducted in the non-human primate
Macaca nemestrina (pigtailed macaque). This animal species was selected because the

5  macaque DC-SIGN receptor is highly conserved at the amino acid level compared to its
human counterpart and performs an analogous function as an endocytic receptor. The
tissue distribution of DC-SIGN-expressing cells in the macaque also generally
corresponds with that seen in human tissues with only some minor differences. Two
groups of animals were tested in the study that differed in the doses of the vaccine

10  administered to the animals. Four animals were administered three 0.6mL doses of
Lipovaxin-MM (which is equivalent to a human dose of 10mL scaled down based on

body weight) and four animals were administered SmL doses of Lipovaxin-MM (50%

of the highest proposed human dose, not adjusted for animal weight) at 4 week
intervals. The vaccine was administered intravenously under sedation into the

15 saphenous vein. Although in vifro binding studies of Lipovaxin-MM to macaque DC-
SIGN had established that the dAb binds with much lower affinity to the macaque DC-
SIGN receptor than it does to its human counterpart, the study confirmed that the
vaccine was able to induce detectable levels of vaccine-specific antibodies that were
most evident in animals of the higher dose group and a cell-mediated response (detected

20  based on the production of cytokines by PBMCs collected after vaccination) that was

most evident in animals of the lower group.

IN DETAIL: A study of Lipovaxin-MM was conducted in the pigtailed macaque
(Macaca nemestrina). Human IFN-gamma was confirmed to be biologically active
25 through in vifro stimulation assays of pigtailed macaque peripheral blood mononuclear
cells (PBMCs). There were therefore no doubts about the biological activity of the
vaccine’s danger signal. Macaque DC-SIGN amino acid sequences are readily
accessible and known to be ~93% identical to the amino acid sequence of human DC-
SIGN in the lectin binding region — the same region that was used to generate
30 DMS5000. Because many of the monoclonal antibodies raised against human DC-

SIGN are known to cross-react with macaque DC-SIGN [42, 43], a certain degree of
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cross-reactivity of DMS5000 to macaque DC-SIGN had been anticipated. 7n vitro
studies of Lipovaxin-MM using both monocyte-derived macaque DCs and THP-1 cells
that had been modified to express exogenous macaque DC-SIGN identified however
that DMS5000 had a lower affinity for pigtailed macaque DC-SIGN than human DC-
SIGN. The study of Lipovaxin-MM in 8 pigtailed macaques was designed to provide
safety and immunogenicity information to support an application for a first-in-human
Phase I clinical trial. Given that Lipovaxin-MM was shown to target macaque DC-
SIGN with lower affinity than human DC-SIGN, it was understood that the study might
underestimate the potential immunogenicity of the vaccine in this animal model. Two
doses (0.6mL and 5mL) were tested in the study. The lower dose is equivalent to a
human dose of 10mL scaled down based on an average human weight of 70kg and
animal weight of 4kg. The higher dose is equivalent to 50% of the absolute volume of
the highest proposed human dose which was also the maximum volume that could be
administered to the animal under the guidelines of the animal facility. This is equivalent
to approximately 8 times the highest human dose if it were scaled based on macaque
body weight. The macaques were divided into two groups of four animals. The first
group received 3 doses of 0.6mL Lipovaxin-MM at 4 week intervals and the second
group received 3 doses of SmL Lipovaxin-MM. Animals in the second group also
received an additional dose of Lipovaxin-MM 7 days after dose 3 as recommended by
WHO guidelines. All four animals were sacrificed 7 days after this fourth dose as part
of a safety study. Both doses of Lipovaxin-MM resulted in the production of the
cytokines IFN-gamma, TNF-alpha and IL-6 by PBMCs as early as 7 days after the first
dose (Figure 9), but Lipovaxin-MM-specific antibodies were detected only in animals
receiving the higher dose of Lipovaxin-MM. This indicates that in the macaques the
type of immune response induced by Lipovaxin-MM was affected by the dose of
vaccine administered and that the lower dose of vaccine appeared to be effective at
stimulating cell-mediated immune responses (which are critical to an anti-tumour
response) while the higher dose was able to induce humoral immunity. Thus, despite
the lower affinity of DMS5000 for macaque DC-SIGN, Lipovaxin-MM was able to

stimulate a detectable vaccine-specific immune response in vaccinated animals.
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a) SUMMARY
In the pigtailed macaque study outlined above, four animals were administered 4 doses
of SmL of Lipovaxin-MM (50% of the actual highest proposed human dose). The
vaccine was well tolerated and safe when administered at that dose. The only abnormal
5 readouts were observed at day 35 when an increase in aminotransferase levels was
observed in two animals (two different enzymes in the two different animals). The
increase was transient as it was not observed after dose 3 or 4 for those two animals, or
any other animals in the study. At necropsy, multifocal follicular hyperplasia was
observed in the spleen and lymph nodes. This observation suggests that Lipovaxin-MM
10 has been processed by DCs. Hyperplasia of lymphoid tissue was also identified in the
lungs, intestine and liver for all animals. Expression of DC-SIGN has been reported for
DCs in all three organs in both humans and macaques. Thus, despite the lower affinity
of DMS-5000 for macaque DC-SIGN, the vaccine successfully induced a reaction in
those immune organs that have been reported to express DC-SIGN.  The visibly

15  increased reactivity of the lymphoid organs indicates an active immune response.

b) HAEMATOLOGY

At each blood draw, a routine haematology test panel was conducted which included
white cell counts, red cell counts and platelet counts. Hemoglobin, hematocrit, MCV
and MCHC levels were also assessed. Test results were compared to published

20  ‘normal’ values for macaques.

Total white cell counts varied for each individual at the various time points but did not
show a consistent trend. Total red blood cell counts remained relatively unchanged
over the period of the study. All values appeared to be within the ‘normal’ range. It
25  was noted that with the exception of one animal, the percentage of lymphocytes in
peripheral blood at the end of the study was generally higher than at the beginning of
the study. Conversely, neutrophil percentages were gencrally lower at the end of the

study compared with initial values.

30 ¢) BLOOD BIOCHEMISTRY
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Animal liver function was monitored following administration of Lipovaxin-MM based
on blood aminotransferase levels for aspartate aminotransferase (AST or SGOT) and
alanine aminotransferase (ALT or SGPT). The levels of both enzymes varied
significantly between each of the animals at the various time points but were generally
within published ‘normal’ levels with the exception of two readings at day 35 of the
study. At day 35 a high AST level was observed in one animal and a high ALT level
was identified in a second. Both values were elevated beyond normal values at day 35
of the study but not at day 42 or at any subsequent time point; these are listed in Table

2.

TABLE 1 Macaque liver AST and ALT levels throughout the toxicology study.
The two abnormal readings observed at day 35 of the study are underlined. AST =
aspartate aminotransferase, ALT= alanine aminotransferase, enzyme activity measured

in units per litre.

; Animal# | Animal# " fAnimal#  [Animal#
S TR e T
e ilAstiiATT C|AST . ALT |AST . ALT - [AST jALT .
Day0 |64 45 |85 sz |40 27 |23 31
Day7 | 66 44 65 46 29 26 21 33
Day 35| 82 150 | s1 38 166 S5 30 29
Day 42| 65 61 50 32 24 44 16 61
Day 63 | 72 67 39 33 24 29 20 32

" Day -

70 |59 60 59 45 34 26 22 24

d) NECROPSY

Histopathology examination revealed multifocal follicular hyperplasia of all lymphoid
tissue, which is consistent with a cellular immune response. Multifocal follicular

hyperplasia was observed in the spleen, lung and intestines of all animals (Table 3).



e) TOXI COLOGY This study was conducted as an extension to the efficacy
study of Lipovaxin-MM descri bed above, The four animals that had received

t he hi ghest dose (Sint.) received a 5 fourth dose after which the aninals
were sacrificed for necropsy. Animals were nonitored closely follow ng

adm ni stration of the vaccine, and bl ood haenat ol ogy and bi ochem cal

anal ysis was conducted before and after each vaccination. The vacci ne was
wel | tolerated when adm ni stered at the 5alll. dose. The only significant
adverse effect that could be related to the vaccine was an increase in

am notransferase | evel s 10observed one week after dose 2, in two different
animals (one aninmal had a 3.4-fold -39-  Ment he am notransfense (ALT)
conpared to readi ngs obtained before adm nistration of the second dose,
while the second.animal had a 5.7-fold increase in aspartat. A
A ot ranst o aod CASTT Mtee i 2t Rk BEPFERG R ARRE SRR bt o ¢ ha
it was artef act paiivascuter wasonpatar ojs @firetibni nTte shioe tireznihads badcemaed bighl 7 days
after the 5 abn@rmhh Al eadiNga i0O5 RS sibdy. ODserved anytine after dose 3 or
4 for those two animals, or any other animals in the study. During the
study, cholesterol, triglyceride and LDL |evels were found to be

consi st gntl y slhowlauBmez t hBwRRayodf Hihq)ﬁatou@y ekdidhtionf @Uductadi 35ast W(rjmavm I
conpared to the | evels see ef.ore vacci nation regi me started, il st
HDans wer e consitos'cé’ﬁ’ %t"?eﬁ'ghsgfﬁ(éé e@‘iﬁcgﬁséonf our vacci na?i on series in all
four ani rm' s. The !—Q)'Sl anificance-—of -thic aohe r\lnficnl LS unclear

Haenmat ol ogy and| ot her

Pb&*BDochenParyoar arfdt G840 i a“ﬁ‘i@ﬁﬁw any
particular trengds. At

Obteosiyns MUl [Obfedvadibnst Ol |DbtMadisnshy pEFsphatém Was
observed in the i i

v\A I\IWI‘\L‘\ n Fa¥alil l‘\f\"’h Va2 ol aVal oy ni I\L‘\ 1)

Lo | I_ylllJII LIL| y [SAUANE N RS A | arns Al C 11 LILELLAL
DC- SI G\- expr ess| G H8 | Sk bot h hu 'gl;s and 15°acaques“The hi gh|level of
activity seen i eichtis@ mslgans of t HESL nmune syis$lem suggextd. t hat
Li povaxi n- MM wa st-utHy—processed—by—cehlsof thejrmrne—syst em and
that an active | mune r@ggons"émwé%ﬁgener at ed. ?‘ﬁ%é‘%%?*i%? a of |ynphoid
ti ssue was al so| i dent i flpeeidastulart he ljungs, i nt egterivscudand | ifver for ajl

ani mal s. Expression or %O%Jyr hag)jal so been reparied: LQImikCShideR| | three
organs in both jhumans gn Lunar:yesNS]:I'hi S

PaY

Q)

Liver infiltration infiltration degeneration
multifocal multifocal multifocal
multifocal follicular{follicular follicular follicular
hyperplasia (whitelhyperplasia hyperplasia hyperplasia
Spleen pulp) (white pulp) (white pulp) (white pulp)
vascular
congestion,
mild multifocallmild  multifocalimild  multifocalmild multifocal

lymphoid tissuellymphoid tissuellymphoid tissue|lymphoid tissue

Lungs hyperplasia hyperplasia hyperplasia hyperplasia
Kidney  [NSL INSL NSL ~INSL i
Heart NSL INSL NSL INSL

Pancrcas  [NSL NSL ~NsL NSL

Testis NSL - NSL -

Ovary = NSL — NSL

Uterus - NSL - INSL




20 finding reflects that, despite the lower affinity of DWVS-5000 fir
macaque DC-SI G\, the vaccine appears to have successfully stinulated an

i mmune response in those organs that have high | evel s of DC- SI G\- expressi ng
DCs, as identified by the visibly increased reactivity of all |ynphoid
organs. 4) DOSE JUSTI FI CATI ON 25Because Lipovaxin-MMis a cell-derived
vacci nel i mmunot her apy, Lipovaxi n-MM doses can be descri bed based on the
nunber of cells that are used to derive the "antigenic' fraction of the
final preduci. In our studies, InL of Lipovaxin-MMis prepared using
menbrane fraction material derived from 109 h4M200 nel anoma cells, that is
conbi ned with POPC (0.98mmvl ), 3NTA-DTDA (-3%62mmol), N Sai (0.06mmvl) and
DVBS5000 (0.026mmol ), w th DVS5000 bei ng added at an -1,3-fold excess to
3NTA- DTDA t o ensure—that—atH—3NFA-hea otps upi re=c¢l inical
study of a relate DEC-205-targetedm§mfﬁ'DTDA a@gﬁ&va00|ﬁgnqﬁic- 5 205 is
anot her DC expressed C mmpéoclaldotlii:tnz)rfqllwum ce [ 3®flicubed a VEdcilae prepared
from2 x 105 cel m ni fecti e had en |sought
for this DCtar Léﬁ‘gp%de SR T DL HIELA S| Mpepsg N3 Z’Irg’?'f"'r?gﬁ. cldose
were to be escal ated, based on wei ghraling ¢Hilsgecal dose wqul d reqU|re t he
use of antigeni;ngﬁ@pri@ngerived fhgghﬁu@o% 1Qscel I's, ThisLfirst-iin-man
study investigates three doses of Ljpovaxin-MIthrough—ar 10—adapti ve
desi gn dose escidftleng BBldy. The sNgFtlng dosESto be usdiS¥n the study is
gui ded by the macaque twxsicity studsLI T scal egdsbased on [gserage hyman

wei ght of 70Kg ing_a¥epagernaeaque—meLghL—eL—QKH, —af—tEipovaxin-MM i n
humans equat es WMAY0. 06nd, in macagques. The starting doge of 0.1 is
t her ef ore 1/ 6t h|gdddérhe amaolute o sL dose voName glven NBL t he nmagaques or
i f adj usted based—oen—we uL H—wott 15— SvachL tg-0006—nt being
given to nacaquufmTﬁWs N§ wel | beIoMﬁFhe Iomesﬁ dose adnlnlstered to those

ani mal s. The hi ghest plgmaed alosi®cAmild0 Multifocdl®il@x hiigfotulghe stultifbad! ut e
vol ume given tofmacaque

i . |t..is notled that it u [ &nt
transam nase el gvation %"thﬁisfgﬁm)ﬁg+%§iéglggﬁgﬁﬁgs?%?tﬁﬁﬂ%%gpghé
infiltration infiwetihe | pyemlai dosehulrSri whittreegeat es B85l |dose in
humans (i f adju eu based T 20 avepage human (wei ght of [OKg and ayer age
macaque wei ght ?‘ A 10 fold ejscal ation i|s pl anned hetween cohorts,
and this is conyP@tanWmnth dose esfcal ation in vacci ne stiudi es. Hoyever, if
t he i munogeni cigky ang{pr safety sijgnals (e.g.| robust immune response with
transi ent grade|2 el evation of transam nase) sjuggest a cqncern with 10 fold
escal ation an i (fF&"&difat e dose is [chosen. 25 |In conpari gon, unrel ated
Phase |i studi eRrighavecopnduct ed t hat[Ndsed an MVRBD- based N8l anona yacci ne
t hat was formul dfro aceiniav s-infect MVROO c€ | ysate
pr epar ed fron151£E106 %0 cells, N%ﬁ that d gngnq qhnvhé%n he
i mmunogenic [31, 32]. Thus for this study, 3 doses of vacci ne have been
chosen t hat

¢) TOXICOLOGY

This study was conducted as an extension to the efficacy study of Lipovaxin-MM
described above. The four animals that had received the highest dose (SmL) received a
5  fourth dose after which the animals were sacrificed for necropsy. Animals were
monitored closely following administration of the vaccine, and blood haematology and
biochemical analysis was conducted before and after each vaccination. The vaccine
was well tolerated when administered at the SmL dose. The only significant adverse
effect that could be related to the vaccine was an increase in aminotransferase levels

10  observed one week after dose 2, in two different animals (one animal had a 3.4-fold



30cover 1 x 106 cell equivalents to I x 107 cell equivalents and I x 10
cell equival ents, respectively. 4. While this invention has been
particularly shown and described with references to enbodi nents thereof, it
wi |l be understood by those skilled in the art that various 5 changes in
formand details nmay be made therein w thout departing fromthe scope of
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was artéfactual. It was not observed in a further test conducted 7 days after the
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when compared to the levels seen before the vaccination regime started, whilst HDL
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10 significance of this observation is unclear. Haematology and other blood biochemistry

parameters did not show any particular trends.

At necropsy, multifocal follicular hyperplasia was observed in the spleen and lymph
nodes; both organs are rich in DC-SIGN-expressing cells in both humans and
15 macaques. The high level of activity seen in these organs of the immune system
suggests that Lipovaxin-MM was successfully processed by cells of the immune system
and that an active immune response was generated. Hyperplasia of lymphoid tissue was
also identified in the lungs, intestine and liver for all animals. Expression of DC-SIGN
has also been reported for DCs in all three organs in both humans and macaques. This
20  finding reflects that, despite the lower affinity of DMS-5000 for macaque DC-SIGN,
the vaccine appears to have successfully stimulated an immune response in those organs
that have high levels of DC-SIGN-expressing DCs, as identified by the visibly

increased reactivity of all lymphoid organs.

4) DOSE JUSTIFICATION

25 Because Lipovaxin-MM is a cell-derived vaccine/immunotherapy, Lipovaxin-MM
doses can be described based on the number of cells that are used to derive the
‘antigenic’ fraction of the final product. In our studies, ImL of Lipovaxin-MM is
prepared using membrane fraction material derived from 10" MM200 melanoma cells,

that is combined with POPC (0.98mmol), 3NTA-DTDA (0.02mmol), NiSO4
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wherein the anti-DC SIGN itranutioglobulin single variable domain conprises
SEQID NGO | or SEQID NO 3 (DWb5000). 2. The conposition according to
claiml further conprising d) an inmunonodul atory factor. 4The
conposition according to claim3 wherein the nenbrane vesicles conprise
menbr ane- associ ated antigens. 5. The conposition according to claim4
wherei n the nenbrane-associ ated antigens are tunour antigens. 6. The
conposition according to claimb5 wherein the nenbrane-associ ated antigens
conprise tunmour antigens selected fromthe group consisting of nel anona
differentiation antigens tyrosinase, gpl00 and MART- | , and the cancer
testis antigens Tvl AGE-A3, |vIAGE A-10, BA@E. GAGE and XAGE. 7. The
conposition according to any of clains6 wherein the nenbrane vesicles are

derived fromtunour cells, Mlanoma ce]ls, or, MROO ne|anoma cells. 8. The
conposi tion accordiﬁﬁ%?d§£ﬁﬁmgw’8ggﬂﬁfj?m¥ﬁ'fhﬂﬁ%BETﬂmlﬁBmﬁmmF5E%§ﬁlGN
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12. The conposition according to claim10 or 11 wherein the |iposornal
constituents conprise nickel sulphate (NiSO4), 13. The conposition
according to any of clainms 10 to 12 wherein the |iposonal constituents
conprise the lipid a-pal mtoyl-13-ol eoyi-phosphati dyl eholine (POPC)). 14.
The conposition according to any of clains 2 to 13 wherein the

i tni nunonodul atory factor is the cytokine interferon ganma (I FN-ganma). -
50 - 15. The conposition according to any of clainms ito 14 wherein the
conposition is a vaccine conposition. 16. A nethod for naking a conposition
according to any of clains I to 15 conprising: i) preparing nmenbrane
vesicles; ii) preparing the |iposomal const48t-uent; iii) conbining the
menbranc, vesicles and the |iposornal constituent with the

i mmunonodul i ttory fagtor:. an i addi ng the anti-DC- Sl i mmunpgl obuti n
single variable brralﬁ‘lﬁf%a%g? %ialli’ I%I'%Cemg%taf'?fﬁ'—ggf".(;\)famc%aﬁg'gf}o Huft rrlpeg'fsngl e
vari abl e domai n conpriaess. SE@!tdne@yue] angr mBEe) DSING: 1 YipDREBOBHY): 4.7. The
met hod according to ghai.;n 16 wherein the preparati on of nenbrane vesicles
is by propagating tupmour cells, sonicating and preparing nenbrane pellets
by centrifugatidn an#™F¥nsBisiehsiairsiar PBE-SI9Y by et ng’d heEdidi 4 to
claim 17 or 18 wher egenitd!ricdsbdin konmds aeDmsdub deples] ISVipl,2peD. eel4Py. 1866¢i ng POPC
and Ni - 3NTA- DTDA, 7.
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19. The nethod according to any of clainms 16 to 18 further conprising

suppl enmenting with nickel, 20.The conposition according to any of clains |
to 15 for use as a in 21. The conposition according to any of clains 1 to 15
for use in the treatnent o cancer. 22. The conposition according to claim?21
wherein the cancer is nelanoma. 23. The conposition according to any of
clains 20 to 22 for intravenous adm nistration. 24.Use of a conposition
according to any of clains 1 to 15 in % e manufacture of a nedi canent for
the treatment of cancer. 25.The use of ¢l'ai m 24, wherein he cancer is

mel anonma.

What is claimed is:

1. A composition comprising:
a) one or more antigens;
b) an anti-DC-SIGN immunoglobulin single variable domain; and
c) a carrier which carries a) and b);

wherein the anti-DC-SIGN immunoglobulin single variable domain comprises SEQ
ID NO: 1 or SEQ ID NO: 3 (DMS5000).

2. The composition according to claim 1 further comprising d) an immunomodulatory
factor.
3. The composition according to claim 1 or 2 wherein a) one or more antigen is derived

from membrane vesicles (MVs).

4 The composition according to claim 3 wherein the membrane vesicles compnse
membrane-associated antigens.

5. The composition according to claim 4 wherein the membrane-associated antigens are
tumour antigens.

6. The composition according to claim 5 wherein the membrane-associated antigens
comprise tumour antigens selected from the group consisting of melanoma differentiation
antigens tyrosinase, gpl00 and MART- 1, and the cancer testis antigens MAGE-A3, MAGE
A-10, BAGE, GAGE and XAGE.

7. The composition according to any of claims 1 to 6 wherein the membrane vesicles
are derived from tumour cells, melanoma cells, or MM200 melanoma cells.

8. The composition according to any of claims 1 to 7 wherein the anti-DC-SIGN
immunoglobulin single variable domain further comprises a polyhistidine C-terminal tail.

0. The composition according to any of claims 1 to 8 wherein the carrier is a liposome.
10. The composition according to claim 9 wherein the liposome comprises liposomal
constituents.

11. The composition according to claim 10 wherein the liposomal constituents comprise

the chelator lipid 3(nitrilotriacetic acid)-ditetradecylamine(3NTA-DTDA).

12. The composition according to claim 10 or 11 wherein the liposomal constituents
comprise nickel sulphate (NiSOy,).

13. The composition according to any of claims 10 to 12 wherein the liposomal
constituents comprise the lipid a-palmitoyl-p-oleoyl-phosphatidylcholine (POPC)).

14. The composition according to any of claims 2 to 13 wherein the immunomodulatory
factor is the cytokine interferon gamma (IFN-gamma).



15. The composition according to any of claims 1 to 14 wherein the composition is a
vaccine composition. '

16. A method for making a composition according to any of claims 1 to 15 comprising:
i) preparing membrane vesicles;
ii) preparing the liposomal constituent;

iii) combining the membrane vesicles and the liposomal constituent with the
immunomodulatory factor; and

iv) adding the anti-DC-SIGN immunoglobulin single variable domain, wherein the
anti-DC-SIGN immunoglobulin single variable domain comprises SEQ ID NO: 1 or
SEQ ID NO: 3 (DMS5000).

17. The method according to claim 16 wherein the preparation of membrane vesicles is
by propagating tumour cells, sonicating and preparing membrane pellets by centrifugation
and resuspension in PBS.

18. The method according to claim 17 or 18 wherein the liposomal constituent is

prepared by mixing POPC and Ni-3NTA-DTDA.

19. The method according to any of claims 16 to 18 further comprising supplementing

with nickel.

20. The composition according to any of claims 1 to 15 for use as a medicament.

21. The composition according to any of claims 1 to 15 for use in the treatment of

cancer.

22, The composition according to claim 21 wherein the cancer is melanoma.

23. The composition according to any of claims 20 to 22 for intravenous administration.

24, Use of a composition according to any of claims 1 to 15 in the manufacture of a medicament

for the treatment of cancer.

25. The use of claim 24, wherein the cancer is melanoma.



