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
i nvent i onwopebal|sssso a conposition for vaccinati on whi clecemppodonemserenbr ane
vesi cl es conprising antigens and dendritic cell targeting nol ecul es.
Suitably the dendritic cell targeting nol ecules are nol ecul es which bind to
DC-SIGN. The invention further relates to uses, fornul ations, conpositions
and devi ces conprising such anti-DC- SI GN npl ecul es. BACKGROUND OF THE
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death, despite the fact that it accounts for only 4%of all skin
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tunour. Wien the Malignant melanoma is responsible for 79% of skin cancer-related death,

despite the fact that it accounts for only 4% of all skin cancers[1]. Australia and New
Zealand have the highest rate of incidence and mortality for melanoma and its
occurrence is reported to be on the rise [2].
Malignant melanoma arises from mutations in the melanin producing cells,
15  melanocytes. Because melanocytes are found mostly in the epidermal layer of the skin,
it is consequently the most common place for primary melanoma lesions [3]. Primary
lesions can also occur at non-cutaneous sites where melanocytes are found, such as the
oral mucosa, nasopharynx, paranasal sinuses, tracheobronchial tree, vulva, vagina, anus,
urinary tract, central nervous system and eye [4]. A staging system is used to measure
20  the extent and seriousness of the disease that is based on the examination of the primary
tumour and the extent of the spread. Because no reliable blood markers have been
identified for screening purposes, diagnosis relies on measurements obtained through
physical examination and radiology techniques. These mecasurements are used to
determine overall staging (Stage 0 to Stage IV) and patient prognosis. Early stages (0, 1
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



primary tunmour has netastasised to the |ynph glands or surrounding tissue
but not to a distant |ynph node or other organ, the patient is diagnosed as
stage |1 Iwowhmm4tizenel anona has spread to a di stant orgaofEpamw/o66sé ant

| ynph gl and(s), stage IV of the disease is diagnosed [5]. Since early
stages of nelanoma are generally synptom ess, by the tinme a patient is

di agnosed the cancer is generally at advanced stages (stages IIl or V) and
prognosis i s consequently poor. Early detection of cutaneous nel anoma

foll owed by an appropriate intervention has t he nost i npact on the
prognosis of patients with nel anoma. Wien detected at stages O 11, the
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or the survival rate associated with melanoma is inversely related to™its depth at the time of
15  diagnosis. When the primary melanoma has invaded more deeply, a sentinel node
biopsy is conducted for more accurate staging of the disease and to assist in determining
the need for additional treatment.
When later stages (IIT and IV) are diagnosed, the treatment options that exist for
malignant melanoma are unsatisfactory, and long term survival of metastatic melanoma
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



where netastases to | ynph nodes raise the risk of regional occurrence [8].
For stage |V nelanoma, the standard treatnent is chenotherapy using
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have also been tested with the aim of enhancing the patient’s immune response to the
tumour. However, despite over 15 years of studies none have yet been approved for use
15  outside of a clinical trial {16].

Accordingly, there remains a need for an effective melanoma treatment.

SUMMARY OF THE INVENTION
In one aspect, the present invention provides a composition comprising:
a) one or more antigens;
20 b) an anti-DC-SIGN immunoglobulin single variable domain; and
¢) 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.



b) an anti-DC- SIGN i nmunogl obulin single variable domain; and c) a carrier
which carries a) and b). In one enbodi nent, the conposition further
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conprises the domain is a single domain antibody (dAb), suitably a heavy chain dAb fragment such as
a Vy dAb fragment. In another embodiment, the anti-DC-SIGN immunoglobulin single
variable domain is a light chain dAb fragment such as a V. dAb fragment. In one

15 embodiment, the anti-DC-SIGN immunoglobulin single variable domain comprises 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
SEQID NO: 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-



specific single domain anti body, identified herein as DMS5000, conprising
an am no acid sequence as set out in SEQID NO 1 of Figure 12. In another
enbodi nenvo 20twe463381 - DC- SI GN i nrrunogl obul i n si ngl e var i abir&pdanms3es6 S
DVS5000 havi ng an ami no acid sequence as set out in SEQID NO 1 of Figure
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enbodi ment, the anti-DC Sl GN i munogl obul |{1 single variable domain is one
whi ch has the sanme binding specificity as the anti-DCSIGN i nmunogl obul in
single variable domai n having an am no acid sequence as set out in SEQ ID

NO 1 or SEQ Ife. g‘@N %nmhﬁbgﬂ)'ﬂ%rh%ﬁgl@@l‘?ﬂ;‘lm&ﬁam ttch%e %ﬂére%aSﬁ@ill t&[%llg{e

i mrunogl obul in single variab dofrain I's one has t he sane
sequences as W@b&\WNﬁl%lU&HSwGM@@'?&3%M qTr‘P"’SEQ IDNO 1 or 3. The

anti-DC-SIGN i rmun@&laeﬂaLﬂamargsmagaeeawml@hk Qe MRAR HRhEBKudhUss BisdesfARBE | SE a
pol yhistidine C-termnal tail. For exanple, the anti-DC Sl GN inmmunoglobulin

singl e vari abIECTEEREIS oFaiBENpHN RN SOmMEIS (RGMDe jodiratssalipasepesout | n

SEQ ID NG 52 g Enersng&r #ered NARniR@ldY DS tveltbReseh t &7 Mirlal drabdcepRahhes the
anti DC- SI GN i munoglobul i n single variable domain to be tethered via the

tail to the nﬁ?ﬁ?“hﬁé“t\ﬂébéiné'l“é§“rﬂ§i"r=f‘gp"’trﬁ‘éescﬁéi Rlustongiep Ofhes KAMSTHAMS i t abl e
carriers incl YggaRNHays HchddeRefe tdidss yapsm&m&ew%hmaan ReAdRGH ataidc

m crocapsul es or i mmino-sti nul ating | exes é % cochl eat es,
&/ Bicesg

| i posones, geflBtifoamentyf dhgiteraechegd Q‘E’b’@ﬁiﬂ&t?&?of 67°s Swilpbls diwents r yses

or bacteri a, @féd).;rlemm%ng/o,(gamgrerl c) virus-like particles, e.g.
bl uet ongue. Qther carrier systens in humans nmay_incl ude enteric rel ease

capsul es pPot ect i nt§ WREMEPHIIMEENDE FBHFTRA lRROBECSHANY + BRHRFOMELOPPIEES t onach

and pol yl act i gigos@myCdnitdgentsi SEAIPBLIAS conSiitudndddnabld itlcUBtSioR bEligbsemd. NaHCO8
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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 (NiSO4). NiSO4 facilitates the interaction of the polyhistidine C-
terminal tail with the chelator lipid 3SNTA-DTDA.

In another embodiment, the liposomal constituents comprise the lipid
o—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.



| i posonmal constituents. Such |iposomal constituents enable the formation of
| i posones. Suitable |iposomal constituents are described, for exanple, in
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In one embodiment, the preparation of membrane vesicles is by propagating
tumour cells, sonicating and preparing membrane pellets by centrifugation and
resuspension in PBS. In another embodiment, the liposomal constituent is prepared by

15 mixing POPC and Ni-3NTA-DTDA. In a further embodiment, the method 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) DMS5000 is also depicted.
Interferon gamma is depicted as being mainly associated with the outer surface of the
vaccine.

30



t he i munonodul atory factor; iv) adding the anti-DC- SI GN i nmunogl obul i n
single variable domain. In one enbodi nent, such steps for a nethod can be
per f or mredwonrosmpsezssder. | n one enbodi nent, the prepar at iPem/ErRoc@dss@NE
vesicles is by propagating tunmour cells, sonicating and preparing nenbrane
pell ets by centrifugation and resuspension in PBS. |In another enbodi nent,
the Iiposomal constituent is prepared by m xi ng POPC and N -3NTA-DTDA. In a
further enbodi ment, the nmethod further conprises supplenmenting with nickel.
I n anot her aspect, there is provided a coggbsition in accordance with the
invention for use as a nedicanent. In one aspect the conposition in
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antigens are visible. The dendrltlc cel l targltlng donmami n anti body (dAb)

DVB5000 i s al $tsredeips teaymbernf dargeting molpswianon 8l duiice vbbiravaxieMyg dideion y

associ at ed mnmgﬁgnghpghfﬁm§&ﬂmg&gugi t he vaccine. FIGURE 2 Increasing the
amount of 3NTA-DTDA in 1iposones, and the corresponding nolar ratio of dAb,

does not increase the targeting effect of Lipovaxin-MM THP-1 cells
expressi ng human DC-SI GN were i ncubated with an anti human DC- SI GN
nonocl onal anﬂ@URgE DHZ-seetions thoogta x ihvmul nonicptelerigedddénideitie nell aol() s of

SNTA- DTDA gnd  cngi af \3eh BBl HUIC\RRINNE RAALSPARR YTR RL aug

|ncrea5|ng t he nu target i ng ecu e€s on the surface povaxi n- MM
did not MM200 membrane ves1c1es mcorporatmg the BODIPY-500-510-C fluorescent dye

(green) and engrafted with the dAb DMS5000. moDCs were stained with BODIPY red
succinimidyl ester (red) and incubated with vaccine for 5 hours prior to microscopy.
Cells were placed on coverslips immediately prior to observation under the confocal
15  microscope. The Z-sections show both that vaccine binds to the surface of the moDC

(first and fourth images) and that it is taken inside the cell (second and third images).

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.



increase the targeting of the vaccine. FIGJRE 3 Z-sections through a human
nonocyt e-derived dendritic cell (noDC) incubated wi th Lipovaxin-MM Vaccine
was nmade woamoR@R3s 3NTA- DTDA and MVROO nenbrane vesi cl esTinre@9pescas i ng t he
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m croscope. The Z-sections show both that” Yaccine binds to the surface of
the noDC (first and fourth inages) and t hat it is taken inside the cell
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Li povaxi n-MM FI GURE 6 Quantitation of |FN-ganma activity associated with
Li povaxin-MM | FN-gamma activity of Lipovaxin-MM was neasured based on the
expressi on of FOREREChWEHPrilBIOCasil{sd afeNIM200 GldnklgrameeVesidlascUdd blyexdesfvoare 48

hour s at 0C wi dlff Nt n tions i.the Li i n- WM
or Ui povaxPn- RRPHRLD whFAl; JEPECE im0 Che Ay SRRt
centrifugati omro(ctdupisma)demplwmubﬁanerommeat eftithe smﬁﬁe}s wq:srm;@&lr@d then was

neasur ed by Loy eyl QUBLIN B! AfhoR"butll houRBeh I PReasT RESBRN (1208 GndhoWN as

1
mean + standard err
subjected to SDS-PAGE. Proteins were transferred onto nitrocellulose membranes and

blocked overnight. Membranes were probed with primary antibody, washed and

15 incubated with alkaline phosphatase conjugated secondary antibody. Bands were
visualised using Promega’s Western Blue stabilised substrate. Pan cadherin, Melan A
and gpl100 were visualised in both cell lysates (left) and MVs (right) prepared from
MM200 cells.

20  FIGURE 8 Stability of Lipovaxin stored at 4 °C: Effect on binding 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. [FN-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
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stimulus (ro DLV). Culture supernatants were collected and analysed for [FN-gamma
and TNF-alpha production using the BD CBA Non-Human Primate Th1/Th2 Cytokine

15 Kit. SN = supernatant.

FIGURE 11 Antibody production in macaques vaccinated with Lipovaxin-MM.
Two groups (A and B) of 4 macaques were vaccinated with Lipovaxin-MM according to
the schedule outlined below. Blood was taken at various times during the vaccination
20  schedule and enzyme-linked immunosorbent assays performed to measure the
production of antibodies specific to whole Lipovaxin-MM (Lipovaxin), the MM200
membrane vesicle component of Lipovaxin-MM (MV), and the domain antibody

DMSS5000 (dAb).

25
DETAILED DESCRIPTION OF THE INVENTION
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. Tt
is intended and should be appreciated that embodiments may be variously combined or

30  separated without parting from the invention.
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tissue. Differential expression may include, for example up regulatxon alternatively

spliced forms and so forth. Tumour antigens include the so-called cancer/testis antigens.

These are antigens/proteins that are generally not expressed in normal tissues/cells other

15  than the testes. However, these antigens are thought to be expressed specifically in

certain cancers/tumors such as bladder, breast, lung particularly non-small cell lung

cancer (NSCLC), liver, seminomas, melanoma, and/or head and neck cancers and

advantageously are capable of being recognised by cytotoxic T-cells. More than 50

cancer/testis antigens have been described so far and, for many of them, specific

20  epitopes recognized by T lymphocytes have been identified. In one embodiment of the
invention, said one or more antigens may be any cancer/testis antigen.

A well characterised cancer/testis antigen family is the MAGE family, which

includes 12 closely related genes, MAGE 1, MAGE 2, MAGE 3, MAGE 4, MAGE 5,

MAGE 6, MAGE 7 , MAGE 8, MAGE 9, MAGE 10, MAGE 11, MAGE 12, located on

25  chromosome X and sharing with each other 64 to 85% homology in their coding

sequence (De Plaen, Immunogenetics 1994, 40: 5 (360-369)). These are sometimes

known as MAGE Al, MAGE A2, MAGE A3, MAGE A4, MAGE A5, MAGE A6,

MAGE A7, MAGE A8, MAGE A9, MAGE A 10, MAGE Al 1, MAGE A 12 (The

MAGE A family). Two other groups of proteins are also part of the MAGE family

30 although more distantly related. These are the MAGE B and MAGE C group. The



Ausubel et al, Short Protocols in Ml ecular Biology (1999) 4th Ed, John
Wley & Sons, Inc. which are incorporated herein by reference) and chem cal
met hods. wotnganrsssBor use in the conpositions of the presEmP200006356 ON

i ncl ude tunmour antigens. Suitably, such antigens may include any antigens
that are differentially expressed on tunour cells as conpared to non-tunour
cells derived fromthe sane tissue. Differential expression may include,
for exanple, up-regulation, alternatively spliced fornms and so forth.
Tumour antigens include the so-called cancErvtestis antigens. These are
antigens/proteins that are generally not expressed in normal tissues/cells

other than tNg{8pUES,mEONENEL, MASESI UILJ ARAS A ddiOUgT aliODRR Gapr essed

specifically in certal n cancers/tunors suc adder, "breast, |ung
particul arly MoNGE Rl (Rlse khdwnl asdAGERaRrand BV ©) MAGE &3 and MAGE s, the

mel anoma, andhgr. bead; A0 RRFKIGARGRASE RN AMAGERgeoUs| y are capabl e of

bei ng recogni sed by cytotoxic T-cells. Mre than 50 cancer/testis antigens
have been descri belh asie embediment, anfigans fagrvge Bfthe ¢rerposigpreefi the prewept inpqméign
recogni zed sby % hAIRBAGKELSs. RAKSIOREBn dntlelibdns B thds8 1P SreGORPALBPLT Of t he

invention, said one or nore antigens nmay be any cancer/testis anti'gen. A

wel | char act ertlsethcluding ethy tcarcel/stgnantigerns sushi asyMAGH heanfdB Glghi These whi ch

includes 12 cLasghyak &ls8tadiugang StheMiEord Fo , MAEE.33;s t\h&PEn dmalVAGE 5,
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sequence (De Eh%ﬁﬁusk&ﬁ&ﬁ&ﬁﬁﬁ?%iﬁété&?éui&Qk(5Céﬁﬁ&'§ﬁ99&mc&b§ﬁﬁm€&£
someti nes known as MAGE Al, MAGE A2, MAGE A3, MAGE A4, MAGE A5, NMAGE A6,

MAGE A7, NBGEcager NGEEAQ alspigproduagy, inviaeest mancer, gligbiastamap nqurphlasignee A
famly). Two gEfier 48 GHRRIAY 8hedreoNhedfifrdd. SOtRAmelRomb hﬁl&}gaﬁ{intﬁaé ly
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TheMAGE B f anfelanpeyeq dideagenpeeticpdiffesqntigtionn aiteens inpdmex MAREAMeyivi10) |
MAGE B2 (al so bR, 5P GRd XPE 08N AN itablMade @3 indide M¥cEnS4 BAGRE
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 1gG, IgM, IgA, IgD or IgE or a fragment

(such as a Fab, F(ab’)y, 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
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domain can be present in a format (eJg., 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 (i.e., 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 Vyy dAbs.

25  Camelid Vyy 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 Vyjmay 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
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structure. A variety of suitable antibody formatsare known in the art, such
as, chimeric antibodies, humani zed anti bodi es, human anti bodi es, single
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antigen bi ndi Qg admuﬁlvnga]eretammnem AP WhrdheVRG1IALARA Qi dfithEfull- Wher e
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t he addltlonammgﬁﬁ?é%me domains). A "domin antibody” or "dAb" is the same

as an "immunogl obubiirg iy dain! Aabén-BIRIRY ProtedS (iftind §lebifitity) Uaadadigrein. A
"single |nnunoglobulln vari abl e domain" is the sane as an "inmrunogl obulin
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vari abl e domBicRamgll, atckid | RRMKEisS DI \BRpARNE BRIIREN "askays ! hdcsage as an
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vari abl e donakgm,&m@nggggzmagkqﬂe§m§bgg%gt@ﬂ%ﬁbody vari abl e domai ns from

ot her species such as rodent &;or exanR as_disclosed in WO Q0/ 29004, the
contents of which Gemaplementarity Determining egions (CDRs) and framework regions are
15  those regions of an immunoglobulin variable domain. In particular there are regions of
the sequence of a single antibody variable domain which display particular variability
i.e. the CDR (complementarity determining region) sequences. The CDRs are at defined
positions within the sequence of the antibody variable domain. A number of systems for
defining the CDR regions of a sequence will be familiar to those skilled in the art. In
20  one embodiment, the CDR sequences of the present invention are as defined in the
Kabat database of Sequences of Proteins of Immunological Interest (Kabat E.A.,
Wu,T.T., Perry, H., Gottesman, K. and Foeller, C. (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition. NIH Publication No. 91-3242) which gives a
standard numbering 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 (CDRI1, CDR2, CDR3) of the Vy
(CDRHI etc.) and Vi (CDRLI etc.) (V) 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
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transferred to other proteins without |oss of function of the renai nder of

the protei nan%gg,gq%gth@ﬁn&mg Bre mbelcl 8L AN LB 1 00PLIaa P08 WiRMBLSs 1S a

f ol ded pol ypept lomail N conprisi ng sequences characteristic of antibody
variabl e domaiupde KiGi.ct HEl0eHAP@A i-ntl tidfe 41180HIRsccanniterpiitgly herdetenaediomai ns
and nodi fi ed %%ﬁé RS Cut AP BPERbhia L&Eed%qmltign of te WRIchfal 90 r@éioﬁ?f@mﬁﬁ?ps have
been repl aced by sequences which are not characteristic of antibody
vari abl e domaiehsl. @P8%rianfoagtionsof apmenedabilimdyidiyachblaogiotsedeture ditat ed or
conprise Ns Okaz@z)\t,ﬂﬁw-mb, KX5BRS1OMHM RSoniRdrhis@BerhPlrdRthaf LADTROLS) Of
vari abl e domains which rétain at |east the binding activity and specificity
of the fulll engerinoirghaCongise prethpd (Mpadcinngystl stavetuden andaredisitindliohgPnicbt ei n
(bi ndi ng specidsjdald With StBerd Sasfoflos. t Ose@ M ivivBe Biofir. oRRIKIBRE fof adhithfe
determ ned by any suitablé assay, including, Tor exanple, Scatchard
anal ysi s and/ giethednigeddierminafi i -ng assays, such as radi oi munoassays
(RIA), enzyme | MUHRIASIAY RsidhClihs BsenBhmblreaNcheSan dith GPpI¢ WRlbVinQTAE Says,
and the different variants thereof. Conplenmentarity erm ni ng Regi ons
(CDRs) and®f r 4PV K r egi ons are those regions of an i munogl obulin
vari abl e domain. In particular there are regions of the sequence of a
single antibody variable domain which display particular variability i.e.
the CDR (conpl emenf#hetty deternining region) sequences. The CDRs are at
defined positions ghkhpinzihesseesence of the anti body variable domain. A
nunber of systens for

CDR H2: 50-65

15 CDR H3:95-102
CDR L1: 24-34
CDR L2: 50-56

CDR L3: 89-97

20 Chothia:
CDR H1:26-32
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 -



defining the CDR regions of a sequence will be famliar to those skilled in
the art. In one enbodi nent, the CDR sequences of the present invention are
as defi nenoiznioidaessKabat dat abase of Sequences of Protei meT@P20007066%66 0gi cal
Interest (Kabat E.A, Wi, T.T., Perry, H, Cottesnman, K and Foeller, C.
(1991) Sequences of Proteins of Imunological Interest, Fifth Edition. NI H
Publ i cati on No. 91-3242) which gives a standard nunbering schene for
nunbering the residues in an antibody in a consistent manner. The

i mrunogl obul in single variabl e domai ns (dAbS) described herein contain
conplenentarity determ ning regions (CDRI, CDR2 and CDR3). The ami no acid

sequences of the HLPRl g, CDR2, CDR3) of the VH (CDRH etc.) and VL
(CDRLI etc.) (Vk) s described herein will be readily apparent to the
person of skill inCPRd-1a?4-3based on the well known Kabat amino acid

nunbering system apfrdef spkgi on of the CDRs. According to the Kabat
nunberi ng system the nost commonly used nethod based on sequence

vari ability, heavyCPRdi3n8EPR- H3 havevarying | engths, insertions are
nunber ed bgtween residue HHOO and HA wth letters up to K (i.e. H OQ
HOOA ... HOOK, HA). CDRs can alternatively be determ ned using the
system of Chot hi a ¢®Ha&d on | ocation of the structural |oop regions)

(Chothia et al., (d389ka6R0hAEIRE): ONPustfy dHIRNAGLREM)I N hypervari abl e
regions; Nature 34 & 252&, 5877-883), according to AbM (conpromnm se between
Kabat and Chot hi a) CBR e é¢3PHy32® t H&3&ont act met hod (based on crystal
structures and predpati0p7.9§ contact .residues with antigen) as follows. See
http://ww. bi oi nf. orqg. uk/abs/ for suitable nmethods for determ ning CDRs.
Once each Pesi due ﬁagiﬁ%gﬁi%hnbered,‘one can then apply the foll owi ng CDR
definitions: KabatcprGPRsdHhg 31-35/35A/35B CDR H2: 50-65

CDR L2: 46-55 -
CDR L3: 89-96 -

15 (“-“ means the same numbering as Kabat)

The present invention provides a vaccine or pharmaceutical composition which,
optionally further includes a pharmaceutically acceptable carrier.

Generally, the composition of the invention will be utilised in purified form

20  together with pharmacologically appropriate carriers. Typically, these carriers include
aqueous or alcoholic/aqueous solutions, emulsions or suspensions, 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.



CDR H3: 95-102 CDR LI: 24-34 CDR L2: 50-56 CDR L3: 89-97 Chothia: CDR H :
26-32 CDR H2: 52-56 CDR H3: 95-102 CDR LI: 24-34 CDR L2: 50-56 CDR L3:
89- 97 AbMvo(umvmagssKabat numnbering): (using Chot hi a nunbecirmgproosoedesé

26- 35/ 35A/ 35B 26-35 CDR H2: 50-58CDR H3: 95-102 CDR LI :

24-34 CDR L2: 50-56

CDR L3: 89-97 Contact (using Kabat nunbering): (using Chothia nunbering):
CDR H : 30-35/35A/35B 30-35 CDR H2: 47-58 CDR H3: 93-101 CDR LI: 30-36 CDR

L2: 46-55
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The composition of the present invention may be used as separately
administered compositions or in conjunction with other agents. Pharmaceutical
compositions can include "cocktails" of various cytotoxic or other agents in conjunction
with the composition of the present invention, or even combinations of compositions
having different specificities, such as compositions comprising ligands selected using
different target antigens or epitopes, or compositions comprising different
immunomodulatory factors, whether or not they are pooled prior to administration.

The route of administration of pharmaceutical compositions according to the
invention may be any of those commonly known to those of ordinary skill in the art. For
therapy, including without limitation immunotherapy, the selected compositions of the
invention can be administered to any patient in accordance with standard techniques.

The administration can be by any appropriate mode, including parenterally,
intravenously, intramuscularly, intraperitoneally, transdermally, via the pulmonary
route, or also, appropriately, by direct infusion with a catheter. The dosage and
frequency of administration will depend on the age, sex and condition of the patient,
concurrent administration of other drugs, counter indications and other parameters to be
taken into account by the clinician. Administration can be local (e.g., local delivery to
the lung by pulmonary administration, e.g., intranasal administration) or systemic as
indicated.

The anti-DC-SIGN immunoglobulin single variable domains for use in the
composition of the present invention can be lyophilised for storage and reconstituted in
a suitable carrier prior to use. This technique has been shown to be effective with
conventional immunoglobulins and art-known lyophilisation and reconstitution
techniques can be employed. It will be appreciated by those skilled in the art that
lyophilisation and reconstitution can lead to varying degrees of antibody activity loss
(e.g. with conventional immunoglobulins, IgM antibodies tend to have greater activity
loss than IgG antibodies) and that use levels may have to be adjusted upward to
compensate.

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

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



CDR L3: 89-96 ("-" neans the sane nunbering as Kabat) The present invention
provi des a vacci ne or pharmaceutical conposition which, optionally further

i ncl udes wophavorssseut i cal | y acceptabl e carrier. GCeneral PgI/EPb@9063spOSi ti ON
of the invention will be utilised in purified formtogether with

phar macol ogi cal |y appropriate carriers. Typically, these carriers include
aqueous or al coholic/aqueous sol utions, enul sions or suspensions, any

i ncl udi ng saline and/or buffered nedia. Parenteral vehicles include sodium
chl oride solution, Ringer's dextrose, dextYose and sodi um chlori de and

| actated Ringer's. Suitable physiologicalIyacceptable adj uvants, if

necessary 19 KeARaARRINACR LS GAIRLAK. . BHRREDR |0 pofBiidic BR3P {1 om

t hi ckeners such as ca ose yVvi i one, gelatin
and alginatescdbnsﬂaﬁed@as'V@hm@keébmﬁﬁ$Mm%¢$¢uﬁmmamdnnuhdﬂ@m@mwe@henlshers

and el ectrol yhgsagg %&lﬁde.é:p&glﬁ.@gn th% gg\@ﬂ@ of ttl@%s%asgadﬁ(? gle %@rbegl @Q{%rof %he %énli gse.

Preservatives an rtrves, such as antim crobial's, anti oxidants,
chel ati ng agenws andﬂknﬁﬁkmgébe3ﬂqmu9ﬂalsmﬂbémp&egéﬂmw@wﬁtRmvigsgﬂhe

Rem ngton’ g @?el; ¢ dsg.@h OIS&JC @selﬁereaﬁw ﬁe'ag;a st d’iﬁrshﬁa)‘opghgﬁ%t abl e

formul ati ons |ncI I ng ext en rel ease tornul ations
conposi ti on ofowen éO%ﬁg@sTerl’FeVmev’ehlﬂ)lt @deIE@ ofiJisehsas-gsdp ystireteissignioni st er ed

conposi tions a[ueéc@nc%o(m dtU rﬁpetvklg QCIYMB Pﬂs@t Mgk sﬁggd]élﬁnc:fnh@ﬂ MRCHIY tb G@fermine

conposi tions can inclu cockt ai various cytotoxic or other agents
i n conj unct i othewppriepidtedasmgpuerialitoticapfsupniess pr rrewent diseaseent i on, or even

conbi nations of Comegtﬁaeﬁt' &nﬁleﬁawlp@,%r%& fSihg Nthe %&ﬁf}dsfﬁoﬁé {1k @ bedSMENn ag

COHDOSItIOﬂS conprisin ands sel ect ed u5|ng ferent target antlgens or
epi t opes, 18r e@msb@dt“f: qu:oﬁ?neuosrrwgﬂ wmfwmredm%ﬁeﬁmmtéﬂaﬁrw%fca@t ors,

whet her or noiieast*aﬁyﬁaﬁteon&%mgl ek Qent Qal@}jpéld?!v@ws%lﬁ %ptaiﬁgeprss@wb%fo?é
adm ni strati on of ar naceuti cal conp03|t|ons accord ng to the invention

may be any of tr@fnmsré eroriebYd & koW Ptamstip @8 éndgfidug} Gi“W&'F ¢r BRegljanimainee art .

For treated with such composition or other suitable control. Symptoms will obviously vary
depending upon the disease or disorder targeted, but can be measured by an ordinarily
15  skilled clinician or technician. Such symptoms can be measured, for example, by
monitoring the level of one or more biochemical indicators of the disease or disorder
(e.g., levels of an enzyme or metabolite correlated with the disease, affected cell
numbers, etc.), by monitoring physical manifestations (e.g., inflammation, tumor 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,



t herapy, including without |imtation inmunotherapy, the selected
conpositions of the invention can be adm nistered to any patient in

accor dancwownton4sizandar d t echni ques. The adm ni strati onpCaErPb@by3cany
appropriate node, including parenterally, intravenously, intranuscularly,
intraperitoneal ly, transdermal Iy, via the pul nonary route, or also,
appropriately, by direct infusion wwth a catheter. The dosage and frequency
of adm nistration will depend on the age, sex and condition of the patient,
concurrent adm nistration of other drugs,'H%Unter i ndi cati ons and ot her
paranmeters to be taken into account by the clinician. Adm nistration can be
| ocal (e.g., | i ; : 1.9kt I.ON, €.g.
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conpensat e. TREe d6ApolYY MEeksofthren avegkse OB P1e | GivBATE BINNYE (&8¢ JBkeaitelt her eof
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certain therapeutic applications, an adequate anount to acconplish at |east
partial idfAi bty Gairedanoyred §mn, nodul ation, killing, or some ot her

neasur abl e paranet ﬁfitﬁbl?ftheacoﬁl‘ﬁgéitlicﬁitib &} a@hin®ehGl 89 pafdnt SuffefindBbREtheps @
"therapeutically-effective dose". Anpbunts needed to achieve this dosage
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cont ai ning the i . o ) )
onset of disease or a symptom of disease, inhibition of the progression of a disease or a

15 symptom of a disease, or the reversal of disease or a disease symptom.

The search for effective melanoma vaccines/immunotherapies is based on the
principle that the immune system can be manipulated de novo by therapeutic
vaccination 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.



present conposition or cocktails thereof may al so be adm nistered in
simlar or slightly |ower dosages, to prevent, inhibit or delay onset of

di sease (WOQ010/46338USt ai n rem ssion or qui escence, or teCHEPY@ODHESLt e
phase). The skilled clinician will be able to determ ne the appropriate
dosing interval to treat, suppress or prevent disease. Treatnent or therapy
performed using the conpositions described herein is considered "effective”
if one or nore synptons are reduced (e.g., by at |east 10%or at |east one
point on a clinical assessnment scale), rel 5t ve to such synpt ons present
before treatnent, or relative to such synptons in an individual (human or

model animal) not fr té%%omn’ieﬂt IHEC egeﬂ{rﬂ%ﬁ&ohod?mﬁ&es% iP&Vaxi 8} A nanPn”m
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scal e. A sust antrlte)dy (Al . DMBHI0 dthy berlatm)hled 36ntrlll®trf@etn0) aqiddlifetradoeylamingi sease
or disorder s g@? 9 ICTOM 1 0T IFN B9 ven
clinical scal | S | nﬁa@%kvele gt'eé(ﬂ ec | ve P(Jt}r gatt?rent ga%%y %3m @
prophyl axi s pend te hpid orpalmgord-feolepdphospbatidakhalms RO herein i s
"effective" if the onset or severity of one or nore synptons is delayed,

reduced or abol i Shﬁ% Fr@hBfahd FralnSHC MNEWTPIEERorhd cAsStofthd Avd Bt Chishal
(human or ani mal el) not treated wth the conposition. A conposition

accordi ng 0o m@bmnerg@m'a%wﬂmsowlm helangmatgsspsigted furpgus prijaeat t PMSand

therapeutic sepdg, R95, da® @égqleht rewg%.s@f! thehahiPPe rﬁdﬂ@z@bd@l@l\oﬁﬂ ehbidsihg or
renmoval of a seleéct target cell population in a mammal. The conposition can

be adni ni st er egFcHisdichyery GW?BIVQ&C@G t9 Bist VS0P tis tGtheredy via a polyhistidine C-
terminal tail, to the membrane vesicles using the chelator lipid SNTA-DTDA and this

interaction is dependent on the presence of NiSO4. Insertion of 3NTA-DTDA into the
15  membrane of the vesicles is enhanced by the inclusion of the carrier lipid POPC. The
cytokine IFN-gamma provides the stimulatory signal required to arm DCs to perform

their necessary effector functions.
Lipovaxin-MM is a liposomal vaccine/immunotherapy for malignant melanoma
which acts by specifically targeting its antigenic cargo to the DC-SIGN receptor on the
20  surface of human DCs in vivo. DC-SIGN is an endocytic receptor and binding of the
vaccine to DC-SIGN leads to the internalisation of the vaccine-DC-SIGN complex by
the DC. The vaccine also carries the cytokine 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



nore additional therapeutic or active agents. Wien a conposition is
adm ni stered with an additional therapeutic agent, the conposition can be
adm ni st ewedotafsesse, si nul t aneously with or subsequent tecadipeovodtscas i on of
the additional agent. Cenerally, the conposition and additional agent are
adm nistered in a manner that provides an overlap of therapeutic effect. As
used herein, the term"dose" refers to the quantity of conposition

adm nistered to a subject all at one tinme (unit dose), or in two or nore
adm ni strations 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 hqups)s &Qlﬂ?nkg CFRIELDAb V@)éta)éfbso%ﬁ HSERBCt M t}QFael'é?ser Likge weeks

or one or nore nont by a single admnistration, or by two or nore
admi ni strat i ofd)A-DRhe interval between doses can be any desired anount of

time. Suitably thep ¢QPRASUM Qikglts zICHoolaQ)'fn LRI aMkehO &erREd 'ﬁd?ﬁ fuffering
from cancer and, in particular, nmelanoma, and for treatnent of that

patient. As ugesthnpep e¢lhderiveremembrae fractiem{d Rgs whilst atthewmedimedelivriag ap o a

preventi on sof abﬂ@pr@a%ﬁltmu@aftory 's@ﬁﬁ%elﬁﬁre@heséf)mtapmt&fang{ §ﬁﬁ§§r el th on of
t he progression of a disease or a synptom of a disease, % he reversal of

di sease or a diesEagulatigmpeseihed Meeein dapeiaxindiMesardest zﬁ\ﬂérahﬁlaaﬁw&mbrane
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can be mani pul ated de novo by therapeutic vaccination in order to boost
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the cancer, ggnfh’gleétlﬂ 'EHé' E&né hgluﬁllgl%hf Hﬁéh'al%@telq;ed tMNﬁU(S nféﬁlbkaﬁejaészcllate& t TI S

nowrecognlse a central role in he 1 nitiation of
cel | - medi dfed metpapmni wlgpnﬁmmlscr bebotade pragpit @hthammbrﬁaew'zsaﬂhs thatsnmakmp

destruction Ofthet%@ahg %hdslaﬁ&wmg)@?e &h@erymgu&np@x P&ﬁ'o'? aftlehd {oMnd BCshape the

i mrune response. the one hand they are ab oinitiate adaptive inmune
responses mhlmwﬁém ndielipitingr the hehicar of vecspenaitigens fora Ratienia Aiclkgomal er ance

tovards self Qft@Rtn Vhelr Blsti &9‘ ) taM‘&eﬁ.yW&dm(Ienklm RBS-PAGE analysis of
the membrane fraction from the MM200 melanoma cells used in Lipovaxin-MM has
15 revealed the presence of >700 separate protein components.

DC maturation is essential to overcome T cell anergy, a phenomenon reported to
be associated with tumour progression [19, 20]. To achieve this, IFN-gamma, which
modulates multiple DC effector functions [21], has been included in the formulation.
Since this cytokine is physically associated with the vaccine, DCs receive an

20  appropriate stimulatory signal at the same time as the antigenic cargo reaches 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



response is initiated depends largely on the signals received by the DCs at
the tinme of antigen uptake. Vaccine strategies for cancer inmmunotherapy -
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Li povaxin-MMis a |i posonal vaCC|nellm'runotheraﬁ)i for malignant nel anoma

whi ch act ¢0by theppgiesmscarmey WakigerrisgM & anesigeld RlIeYr o Tl PREUBCOS an

receptor on th&ishy tAGEmal DUNBiouRkSDESIUNY Asind e Slafidl infousd nRAElOGYitd C
receptor and binding of the vaccine to DC SIGN, I eads tauéae internalisation
I

of the vacci né‘a’E@aS‘F@N‘%(yﬁ‘BP‘é%Wefﬁ'@ s repeiiEly Pagrfieprste i smplalory ne
cyt oki ne | FN- ganum 0khoRes Shd MUhEbR $heDowth 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



mat ur ati on. Li povaxi n-MM has thus been designed to enable the cytokine to
provide a stinulatory signal to the DCs at the sane tine that the DCs
recei ve awo2prooaexss the antigenic material, thus provi deog/EPb@DEssevi th a
better chance to initiate appropriate vaccine-specific stimulatory T cell
responses. No ex vivo mani pul ation of patient DCs is required, which is a
significant advantage over existing DC-targeted nel anoma vaccines trial ed
to date. Co-culture of human DCs with Lipovaxin-MMin vitro |leads to the
internalisation of the vaccine and the up‘-7r2e'gul ation of a nunber of DC
mat ur ati onmar kers i ncludi ng CD64, CD40, CD86, CD80 and HLA-ABC and to a

| esser extent ﬁh@ug}ﬁamlgo‘;fr bl %tgrg%&leﬂs %h ‘?rfaké“ﬂ Qo% tsb\%ens,

derived fromt noma ce deri ved nbr ane fracti o ilst at
t he sane ti nefdelajer p%gooawtapﬂih%mm@owilmaaqcmlyt@|Oérﬁleﬁ LmevaénlsM% t he

opti mal matur g;é fggn@;tlohggm{,&@gggrgqetlggsm Thlefhe fornul ation descri bed
herein, Lipovaxin-MM carries general plasma-nenbrane markers such as

Pan- cadher i n, as well as nel anona-associ ated proteins. The presence of at

| east threg OMEMﬂﬁﬂNW@ﬁt‘EES gpl OO, tyrosinase and MART-1 - has been
confirmed in the vaccine. Nunerous uncharacterised MO0

menbr ane- assodpatakgings| rmsHLs gtiggens dareedifiiop the wegmbrans finstipn @5dried i n t he

menbrane vesi M@@ootmanonﬁkealsumhémm@eal MRis i BdRn@hd &wnagtﬁah@asd@dmy@ry of a
conpl ex pool of antigens to the DCs and thereby not |imting the choice of

vacci ne anti g&R% arsimarpaepeNA Yreiniey savad Erpmfaé‘ﬁewrreﬂ wematr HEAYRIPE Testi s
(CT) antigen. 6@@ 87, 5B sR0N)2 Lhrmma@@alam Ikﬁrym;.& hBalPRHr BRI fiACt | ON

fromthe MVR0OO nel anona cells used in povaxi n- has reveal ed the

presence df >hong beepdssaibed 28t dibg Wﬁ%?féwt%e is rsporsh QreARES NG BeldBywht i al to

overconme T Cemﬁeﬁéﬂﬁit%}{ anﬁaeabamnﬁgbogpm@mamdﬂo Qﬂtﬁessaq@éra&sed aMfideRs t umour
progression [19, . To_achi‘eve thi S, nodul ates nul tiple

DC ef f ect or fE)’HAc@F éﬁs Magk AdGsBHEER Cl*ﬁ‘ﬁ:[f‘ @Hgd’(AQﬁE-t F’n‘é ‘P%rMﬁIC’é‘IAbn I'dj nce
thi s cytoki neniag 7Rhysiveatdoy 11268 PalicktL8iapobdd HIIE mMeBmEinA Bavelben [B&@ V& an

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



appropriate stinulatory signal at the same tine as the antigenic cargo
reaches them The nenbrane vesicles which are integral to Lipovaxi n- MV
carry on wbebro/mwsgace nunerous copi es of a His-tagged rermrbomasicss/u dAb
(DVB5000) that was selected for its ability to specifically target the
human DC surface marker DC- SIGN (DC-specific intercellul ar adhesion
nol ecul e 3-grabbing nonintegrin), a Ctype lectin. DCG-SIGN is specifically
expressed by human DCs [22]. It is induced durlng DC differentiation, is
noder at el y down-regul at ed upon the mat ur at1°on of DCs [23] and is |an|cated
in the capture and uptake of pathogens that range in size fromvery small
pat hogens SUCR/II@SOOVEJIHSﬁS sc(nwa}{lon RaRakd tb‘)st\\g MJUMIJSSOI( kmt"u #—1@9' fow gl&@(gue) to
t he much Iarger bacteri a, and parasites [24 %GN is rapidly
i nternalised doref byhigh smﬁeﬁdgmgcapfzsand Cmtflﬁlﬂmrpn\fprtth%p@flwpégf 56 ¥ srigy that
antigens tar g%&&ﬁlctwm%lﬁbl%p rEHd SRR 156 BREsof RRIofl la¥si N Ak foRtRARfdn of
transported to the 1P/sosomes and presented to T cells inboth an MAC O ass |
a

and O ass || &vftlanellar peicles thagvary Hovizeand-fam be paficey gormraneitoéheyagrdies at i | e

chel ator | ispi dpt h&lcldlchPWunfrdds prokddardudil ROkl omalaitighis.as an antibody or an
anti body fragnent) to associate with the surface of liposones or nenbrane

vesicles without the need for additional chem cal nodification of the

engrafted nol @ e thdd prégake. byw&pé;\@ Dgn@éoheﬁb&h@pélﬁfsgﬁt]ﬁsspﬂak ibW@érd Of
DMS5000- engrafted |i posonmes to human SI GN expressing cells, including

nonocyt e- der i vaipe (RBS)- Fheresmina aspbrans frapiss0 005- SH‘éSﬁ@f?d@hPooé‘iﬁ‘do SPEESthE to

human DC- SI GNpy v statbghie SThekntde hlob@E S6Rdiclel alepGaad td pri@¥BcohAmAMLIBY
conf ocal nlcrosco§¥ have confirnmed that, in vitro, binding of the vaccine

to human DBs PEheMY dksiakyermipa siarlisadon is oAt RFsiblRe BYAM YV are sehsaeady ng of

the antigens aaf,é.ig&ﬁas@mmmlmwmamaw iaSctﬁi@lﬂﬁthﬂﬂlethnit@Hi qxwma Prodic¥ién
targeting of antigens to human throu DC-%&gyﬂﬁu5|n (Lafted nouse

model (m ce t PhABhrAhiPas< AT h‘&ar‘i’ﬁ?fnla reipt e?ées?’é?ééﬁ't‘ yhiBeEh

reported to ehgﬁbgnghhmuha&gﬁwmhamq@epmﬂ&ponses and to inhibit the gromﬁh
of engrafted tunours thus supporting the notion that this receptor is an

ef fective targgﬁhhgiaéhe delivery of cancer antigens [27].

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 the 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



While a specific description of a nelanonma vaccine is given herein, it wll
be appreciated that the conposition and nethods of the invention can be
adapt ed fwo2810/d46d38] ity in treatnent of other tunours espemEpraddopesns i genic
tumours including, for exanple, bladder, breast, lung particularly small

cell lung cell carcinoma (SCLC) or non-small cell lung cell carcinoma
(non-SCLC), liver, sem nonmas, nelanoma, and/or head and neck cancers
squanous cell carcinona of the head and negk (SCCHN), colon cancer, breast
cancer, glioblastoma, neuroblastoma and ull ary cancer of the thyr oi d.

The invention is further described in the foll ow ng exanples, for the

purposes of i Il\j R%:’Elg ' e R{/U V4. caﬁ%ﬁl\ﬂahg&r%n S Gil-a llngM) Q@Ltha%NQ) be
PHARMACEUTI CAL P RTIES AND FCRI\/ULATl ON A) DRUGSUBSTANCE -

Backgr oundLi pwmdrlﬂtﬁ’/l\hellwlqotrﬂémloéupqsﬁmﬁ[63]r ngredi ents whi ch make up 4
starting 'preformul ati on conponents'. The conposition and characteristics
of the LipovaygpdW pre- fornul ati on conponents are set out in Table 1.
MEMBRANE VESI CLES The vacci ne's nunmerous antigens are derived fromthe

menbrane fractopn @frdinisls B sielyRaeTePHeHosholiRé)eis MMHIEbhERPil Withne is a
mel anoma cell line that was isolated froma pri marg/ mel anoma originally
Ony

removed frém asyzfgne;}réfaby%mr%rfaﬁns HL R ySfurried; Bg-cagbongghagandrpmogp-cis-
chr omosonal amaéauﬁzu@d a8 6hrkar Mﬁtnymuc o abubsd so@fmtﬁa@vee@kﬂe 9th ARd i@V eoubeen
described [28]. The MVQO cell line is repor ess .t he Ia oma

di fferentiati 6HP%h{i&knd: t Jhoupisaon teypgr f? M&&rﬁpma Pheifeto

testis anti genssiyiiaEphse idVBemdA4PQ, PORGE whihGE aaMnM@Ei ctbidﬁtuélﬂ?tof M@l(f- Al
CT-7, NA 17-1 or  NY-ESO-. %]%2%]9 Pati ents di %nosed | anona have been
shown to have ™MBrages fSradele HEY e piwasiud dippiomesn ?Pslam IPRUYCRENT  ser um

[ 30] . Unr abat eslnn Arbor, MA) reported a satisfactory safety profile for the repeated administration

of 14-16 mg of POPC-containing liposomes every 4 days for 7 cycles
(http://www.pharmaquality.com/mag/08092005/pfq_08092005_ FO2.html).

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 10pg/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.



clinical studies have also reported the use of this cell line for malignant
nmel anonma vaccine studies [29, 3 1, 32] This cell line has been used by

ot hers i nwpnetod4s3zscal studies of a vaccinia | ysate MR@QT/RPL@noEssyacci ne
and over 400 patients have received an MW00-based vaccinia | ysate vacci ne
Wi th no apparent adverse effect [29, 31, 32]. The MWROO cells used in

Li povaxin-MM pre-clinical studies originate fromthe sanme pool of cells
used in those studies, a single anpoul e (dated 28/01/1994) obtained from
the | aboratory of Professor Peter Hersey {University of Newcastle, Oncol ogy
and | mmunol ogy Unit, Newcastl e, Australia) The docunentation received

I ndi cates t hatAl&B@gh%ﬁél@l dd 1459&%5 \fé%érﬁre‘ﬂ@&e% e \(@x‘ié %ﬁi Ja?&x'iﬂg@mé qcRpeary

culture of a 1986 prinmary cul ture and t hose cel have "been tésted for
and confi r ned levglsiial. gheccaptent of n@bﬁtvathlmlamp\r@gmd\ﬂ%ﬁweil m\hgl weRptAdYe, levels.

Adventi tious ﬁggﬂ&n&ﬁsﬁbﬂﬁn&ﬁﬁméJﬁPn@ﬁQﬁd&P@QHﬁ%er@”wmh%wﬁﬁkh%eQﬁﬁﬂ in the
Li povaxi n- E e-clinical studies. A single batch of IS produced

froma bul k Eridptaryprdshingke bring @rlwé phvaRYER he ﬁl&bﬁsttdﬁ@ O Tom. of
i nvesti gat 'SOn‘fﬁl (RE)QE’W wWh QBIQQH§HO(R@ 6fsmgk%§ qur%nlghl% ﬁ]bﬁ%'tﬁanofhetéﬁﬁwoo

cells by sonlcatlon foll d by two rounds of centrifugation, | ow speed
fol | owed b\ hidigtars prtaks. ofswhed:éétq}orﬁ)@mowﬁtsystefnmgee\m abrorpest nicked ipmgdlet i on of

the Ws is Corw&gthetqe hnnemﬂ%l%h@ ﬁnde%remra&s%%lﬁagrsl aSwitthh ey s pitbs 8t b on

assists in the mation of multilanellar vesicles that vary in size and
form the anti gestentiodpewnadmickel istreoverad é pither Thie oreasi wipksorbed mickelnirqobus

proteins i ncl ysngy HANANE ARk 450 De MV B HhRED PPORERH Bkl BRSNS PENdi g

t he nenbrane pel]ets I n phosphate buffered saline (PBS). The resulting
menbr ane flPactiaowsndra sdiblyes crsimdny who edreabserd ugamdPhug of hiekd wekdipysis

material. The g [ ?t ']ﬁg W%ﬂt(ﬁlaf &P&BFF%PE& ﬁ%r&g ?@H)s%@ld!)s)é E%xpgc?eﬁqmdehver

contam nation o eria ermn I'i sation I's not possible.
Bul k MVs are sudiepudmickel thiit sigepmpatatidsiophat tvak bitherapsh t hat each vi al
contains sufficient material for the production of 2nL of Lipo\axin-M

Random al i quots are tested for the presence of adventitious
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 (SEQID 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 (Vi) 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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agents and for their melanoma antigen profile. 3NTA-DTDA The
N-nitrilotriacetic acid (NTA)/H s-tag systemis wdely used for the

one- st ep weabsad4eszsand purification of reconbi nant prot ecmErP200063656
tetra-dentate |igand NTA forns a hexagonal conplex wi th dival ent netal

ions, such as Ni +, which occupy four of the six binding sites in the

conpl ex. The im dazole rings fromtw histidines of a string of consecutive
hi sti di ne residues (al so known as a His- t%% bind to the unoccupied sites
of the metal ion-NTA conplex. The binding 1s synergistic and the 2 : 1
(histidine : netal ion-NTA) ratlo Ccreates stable immobilisation of the

1 o a0ged ol gsedf MO caacsFSEH 6 RodiQ ORARAATL AR N,2005! 01

8610, is synthe5|se a six s cou g eac

group of the MNEMréteindn §r quofotl@)v%lrhytqqeﬁurelvfﬁh@mmm frdrmeondé@m:ct inpdja BN noi et y
achi eves a hi ghernl@¢pleif@nsity of NTA head groups that allows for a nore
stabl e anchoring of Hi s-tagged proteins. The 3NTA head group is then |inked
to two 14-carbon hydrocarbon chains to produce a chelator |ipid that

contai ns as“%ﬁ?%ﬂ%ﬂtsc%alre%%y ty! %GﬁeiéﬂarBIDélréH&thgsﬁr@d%ﬁd’ | @i ne) .

Ni ckel ions occupy four of the six binding sites 1n each heNTA groups.
The two- 14- caftmwsiningendeiernboremened PrspPBesrPer l2iNvstangdi ey ﬂ'?éXSlscla‘i? the

inserted intoghlGodduptdn N fo¥ELd Wsté‘rll@gﬁﬁﬁ@@ h;%?‘x]esult'?r@%al Qm is f'nally
(a-Pal m toyl -b-A eyol -sn-Qd ycer o- 3- Phosphocholine) is a phospholipi'd with 2

asymmet ri ¢ hy ebireted rorsertiveil dﬁaIS’PEﬂHf9du§at“6'teéﬁ@ﬂ="&‘6°0'tth? Ekwabﬁ'al n and a
nono- ci sunsat urated 18-carbon chain with one double bond in between the 9th
and the 10th carbon (18:1, 9). The transition tenmperature for POPC from gel
phase to |1DquMDMS%QOaﬂmrﬁSéerﬁng@mesma?ummdlbm!@blrﬁcﬁi@SI@MﬁéwesswgaceH%r mal

[ ipid oonst it Uerbcot o8l loyIPTR A0RS: whiSte AN JHRAHANN riifieRrEPAGAK N Of

I|posones Esper|on apeutics; Inc nn Ar report
sati sfactory safgedops pnofin DE-JIGN (elpe TH@aélafé(ﬂGEch&ilsm—s{cm@t wben the chelator

lipid 3NTA-DTDA is added to the liposome mixture (Figure 2), thus confirming that
association of DMS5000 with the liposomes is dependent on Ni-3NTA-DTDA.
15
Confocal microscopy has enabled the visualization of the interaction between
Lipovaxin-MM and DC-SIGN expressing cells — including human DCs — thus
confirming not only that it binds to the target cells but also that it is internalised by the
DCs. This confirms that the delivery of Lipovaxin-MM to the DC-SIGN receptor on
20  the surface of human DCs is followed by endocytosis and internalisation of the cargo

(Figure 3).

B) MANUFACTURING

Each of the ingredients are manufactured in accordance with Good Laboratory Practice
(GLP) and when possible the pre-formulation components are prepared in accordance

25  with Good Manufacturing Practice (GMP), by appropriately accredited facilities

The investigational product is formulated by combining the membrane vesicles with the
liposomal constituent and [FN-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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of 14-16 nmg of POPC-containing |iposones every 4 days for 7 cycles
(http://ww. phar maqual i ty. coni mag/ 08092005/ pf g_08092005 FQ2. htm ).

Synt het i cwbizpmeassss consi sting of a m xture of POPC w t irCeirpb@w/0bsbde DTDA

[ 34-36], or 3NTA-DTDA [37, 38] are produced and fused wi th nmenbrane
vesicles. This effectively allows the incorporation of either of the
chelator lipids into the lipid bilayer of the nenbrane vesicles. A

Hi s-tagged protein (such as DVMS5000) is engrafted on the surface of the
resulting nodi fied menbrane vesicles thus ®ffectively coating the vesicle
with a ligand which allows the vesicle to be specifically targeted to a
chosen cell s iRepprg§ePt or . Menbrane vesicles nodified to contain either
NTA- DTDA or 3N‘f’ADTDA ave been used to target DCs in vivo in nouse

nodel s[ 37] . NI.CKEL _SULPHATE Lipovaxin-MMin its final fornulation contains
appr oxi mat el y')IP CREOfYckel sul phate (1:1 nolar ratio of nickel

| phate to NITA- Y Whi i Lated
wth the chel at o Mt BT aft gVl ReZ R SOk AR HREFRRAR U
| OL1M) . Becau$dDA, 6. ¥3peddm silphatchendshines MMEH000.alii thegsquahatieNTikyrané ety on
the head gm“@xp%%teg’hfrﬁ%'o% eghirﬂgco‘?cg’g’i‘c%ﬂt%tgée%hén%@. of free nickel in

Li povaxi n- preparations 1S expecte e extrenely | ow Al though nickel
and its salts have been reported to be toxic and carcinogenic at high

| evel s[ 39], tlﬁz m'ﬂ??ﬁ ARD Bhﬁkﬁlc igRisbPovaxin-MMis wel I within
acceptable lev f\s. e general population takes in nost nickel through
food, wth théimpvarimaltM dedracjerivgion ervelvds tieanslyns efkas leaptfperkardpwieng ab9f 1 62ny.
Thus even the hi S { ' i MM }: ' OOny of
ni ckel, repr eggiﬁ:tg g?enetgp%ger%go ? ﬁ%ﬁ%ee&gjgilp})egﬁt%rwlrﬁét{we;jlggnyo’% 9%%%%]? ot 40] .
Excretion 18f HMIEN buabindingofststbeteitt NkENTA-DTRA sidptermines@igute@. uri ne; hal f
life values are around 28 hours, and within 4 days 100% of a system c dose

of nickel is recovered in either urine or as unabsorbed nickel in stool
[39]. An intefewnilligthpabdity ef the yacaye tartasget adttind BCrEiNsexpiessingctlleris ¢ r enal

di sease confirmed in vitro (Figure 5).

15 Thirdly, the vaccine preparation is analysed to confirm the physical association of the
cytokine IFN-gamma with the vaccine. As Lipovaxin-MM’s mode of action is highly
dependent on the delivery of IFN-gamma to the target cells, association of the cytokine

with the vaccine is important for its activity (Figure 6).

20  Finally, the presence of melanoma-associated antigens 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



mai nt ai ned on a dialysis reginen, who can absorb up to 100 ng of nickel per
dialysis [41]. The investigational product, at its highest proposed dose,

i s expectwd 20m/idedssver quantities of nickel that are comrparmEebéos/otzssé hat
type of therapy. To prepare the |iposonmes, a mxture of the two lipids is
prepared in PBS and suppl enmented with nickel and the resulting preparation
is lyophilised. The |iposones are stored as a | yophilised powder which is
reconstituted in water during the fornul atjon process. DMS5000 DVMS5000 is a
domai n anti body (dAb) having the am no aci® sequence set out in Figure 12
(SEQID NO 1; SEQID NG 3) and is highly specific for the human DC cel
surface reCG%Q&m@%%@M.ﬂ& ﬁ%ﬁhﬁt'd%egrr&%&@l wh@f L%b@éx‘n MM BRRG W €
3-grabbi ng nonintegrin)y. Donmain antibodies are the smallest functional

bi ndi ng uni t s DSFSISMN sapesasingscellaremains Hailigred d¢r apgeiod efripanf wepksgigrredd ei t her

t he heavy (VH) or light (VL) chains of human anti bodi es. DMS5000 is a

14, 386kDa VH dAb, selected on the basis of its ability to facilitate

bi ndi ng of 3NFarbiDkerwn? astivitngs stabho &smpdo doverkihm IDEPPSPTER RINEESEYHY cel | s

when engr akt edisQRta@; {4tk VRRER RS inclOSind ABraseGHeRCLCIBLuRYS. i N SEQ ID NO 1
is preceded by Ser-Thr residues which are present in the expression vector

polylinker to. a ing site for expression. The dAb
sequence wt h&d?ﬁ?‘%g?@ﬁggﬁiﬁgﬁoéégget out in SEQ ID NO 3.DWVs5000 is
produced as a secreted protein using a process that involves production of

the protein imEORMYMLATION owed by capture of the protein fron1conditioned
media using Streamine Protein A Further contam nants are renoved

ani on- exchang&adrdaserat bigevaniyMbinig farmalated byiths hogpih alarBagish np éonlg%frfb%@ by

passage over @odYlsiraRG iFadrhinis@fed tPtiRlpYSdnd mtlgvets uama}odmnmhaxm@m i's
f ol | owed b¥ sterile filtration. The resulting b protein is final
o

subj ect ed o &gt pre-mtix pompongnts:iNSeP wen?ra'efdwe\s,lewgﬂpéaw%li’%‘?@@r 31?181‘—\ t he
clinical trialpTDA liposomes, IFN-gamma and DMS5000. For the 0.1mL and 1mL doses, 2mL of

investigational product are prepared; for the 10mL dose 6 x 2mL of investigational

product are prepared and pooled before being administered to the patient.

15 DMS5000 having the sequence set out in SEQ ID NO: | is produced as a secreted
protein in £. coli BL21(DE3) containing the vector pET30-GAS-DMS5000. pET30-
GAS-DM5000 is a derivative of pET30 (Invitrogen) which incorporates the universal
GAS leader signal peptide (described, for example in WO 2005/093074) at the N-
terminal end of DMS5000. The protein is purified from the culture supernatant of the

20  fermentation batch by a series of chromatography steps including Streamline PrA (to
capture correctly folded dAb molecules), SP Sepharose (cation exchange purification)
and Mustang E (to remove endotoxin contaminants). Purity was shown to be >95% by
Isoelectric Focusing, >95% by Size Exclusion Chromatography and >80% by Reverse
Phase-High Pressure Liquid Chromatography. Endotoxin levels were <50 EU/ml. The

25  resulting protein is formulated in PBS (1mg/ml) for use in the production of Lipovaxin-

MM.

Aseptic fill and finish of the bulk material is conducted in an appropriate facility to

produce 1mL lots in glass vials.



A DMVB5000-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 ewogerwusssguman DC-SI GN (e.g. THP- 1/ DC SI GN cel pgX/ErP2@nloyzeaen t he
chelator |ipid 3NTA-DTDA is added to the |iposone m xture (Figure T), thus
confirmng that association of DVS5000 with the |iposones is dependent on

Ni - 3NTA- DTDA. Confocal m croscopy has enabl ed the visualization of the

i nteraction between Lipovaxi n-MM and DC- Sl (EN expressing cells - including

human DCs - thus confirm ng not only that" ¥t binds to the target cells but
also that it is internalised by the DCs. This confirnms that the delivery of
Li povaxin-MM to the DC- SI GN receptor on the surface of human DCs is

foll owed by endocytosis and internalisation of the cargo (Figure 3). B)

MANUFACTURI NG18eh3BTAIHA igiredticechinsacegrdanaey ith &iet rpblithed pyndlesi6 maderee wi t h

Good Labor at ogys) BiBGbive & Kc@FBR9aparighen possi bl e the pre-formul ation
conponents are prepared in accordance with Good Manufacturing Practice

(GW), by appropriately accredited facilities The investigational product

is formul akeddp Eﬁﬁ@i’@i’@gvats rcﬂ?s_@@'ft%ﬂleA\\/aﬁﬁ!%la?iiﬂst%atﬁlhg nlBQSAN7,
constituent and | FN-gamma and fusing by sonication. 5000 is added in a

final step befd8FENKWEI§IR¢eSi gational product is administered to the
patient.C) PROPERTIES i) PHARMACOLOGY At the highest dose the patient
receives a total of 7.449 POPC, 0. 297 3NTADTDA, 0.103 Ni ckel sul phate
and 3. Sy DVBEBBEONTH sl uSQuETnRs ek hesn aesthEe e o8t JBISPY (| o
phar macol 0gi CMan@NERUHERTR. KG (Ze Ylse 7AND- TGERRG IR SATIntahly k- steer axi n- MV

characterisation involves the analysis of at |east four paraneters, all of
& che

whi ch are @xpashly 10§52¢)brich (nupbeg £ poXaféy8of Thedakgiakivie filtef r st y,

engraf t ment  Ofterilised and dispensed by aseptic fill and finish at 0.6mg/L in sterile water at 2mL per
vial (1.2mg NiSOssulphate per vial) by the Canberra-based company RadPharm

Scientific.

15  Lyophilised liposomes are prepared as follows: 3NTA-DTDA is formulated in PBS and
POPC in ethanol. Each solution is filter sterilized and then mixed. Sterile NiSQy is
added to the mixture which is aseptically dispensed into individual vials once mixing is
complete in quantities sufficient to produce 2mL of investigational product. The
material is finally freeze-dried and tested for sterility, purity and activity. Stability of

20  the stored material is tested at regular intervals until the last patient has completed

his/her vaccination schedule.

Bulk antigen is prepared as follows: Production entails the propagation of the MM200
cells in serum-free AIM-V media (catalog number 0870112DK), the harvesting of those
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



DVS5000 by binding of its His-tag to Ni-3NTA-DTDA is determ ned (Figure 4).
Secondly, the ability of the vaccine to target and bi nd DC SI G\- expressi ng
cells is wonbiwoaesssin vitro (Figure 5). Thirdly, the vaecimeP@epssati on is
anal ysed to confirmthe physical association of the cytokine |IFN-gamma wth
t he vaccine. As Lipovaxin-MM s node of action is highly dependent on the
delivery of IFNNgamma to the target cells, association of the cytokine with
the vaccine is inportant for its activity (Figure 6). Finally, the presence
of nel anoma- associ ated antigens in the vactine preparation is confirnmed by
Western bl ot analysis (Figure 7). iii) STABILITY The follow ng three
criteria are . r e:.S Ll Li axd - Al ihg its
stability aft g?l gg{. ‘E)e(rgté e%?ipﬁoc%lﬂelsa%ﬁﬁlétb& g? cpcaB S\'/gg%i\llngd% ?M e{?‘ée?t?égﬁg]ta(ﬁ; bi nd
human DC- SI G\pexdpetds admmipisigestl G(six) patyhes héLipP‘@p'tﬁrMNbﬁe aﬁparPRP@erbatQMat

remai ns physi ¢l yed *PGhal S WibRinkNEmUSRiof] Sefor@ B i(xbéﬁ/!'\i%atitarlih@ pRidgLagi cal
activity of vaccine-bound | FNgamma. "Because Li povaxin-MMis a ' |i posomal
vacci ne, the mdninisianed thitheapatieny. thammulatior @nd, patethpooling isi qaaied out wpseleptli bl e to

damege by fsr e%ingﬁwmﬁ,eamg@ge%ﬁ@&c AR HRIH bR EpHalYRRE Ot ect ant . Stor age
of the investigational product Is thereforé onlypossible at tenperatures at

which it does not freeze. At 4C, Lipovaxin-MM binding to DC SI GN expressing

cel I's remai ns 1pa{t&lo86bnkOfrodicPR iRy Bf appbariRe 4ndBRKSteldehGUb Getl whipt al
| FN-gamma activity iS stable for up to 4 weeks but it appears to

progr essi vel y lefi wisistirbade(the rgsapntan appgatance 96 thei inYestigatiprah Biod et somslalgeVith me at
4C (Figure 9) thelicd-NHFSI MV DMERIGNEThel shrfRORMHe Addil) Each dose of

Li povaxin-MM is formul ated by the hospital pharmaci st no | onger than 6
hours befdfe it is administered to the patient. The investigational product

i s formul at ed ;i STOEAQF AND HANDIAN@GENt s: MO0 nmenbr ane vesi cl es,

| yophi I'i sed POPC/ Ni - 3NTADTDA i i
Lipovaxin-MM pre-formulation components should be stored at -20°C, with the
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 CDé64, CD40, CD86, CD80 and HLA-ABC and to a lesser extent HLA-DR are



| i posones, | FN-gamma and DWVS5000. For the O.InmL and I nL doses, 2nL of

i nvestigational product are prepared; for the 101 dose 6 x 2nL of

i nvest i gavoanalo4pszeduct are prepared and pool ed before lpermp@dnsitsst er ed
to the patient. DVS5000 having the sequence set out in SEQIDNO 1 is
produced as a secreted protein in E. coli BL21(DE3) containing the vector
pPET30- GAS- DMS50Q. pET30- GAS-DMb000 is a derivative of pET30 (Invitrogen)
whi ch i ncorporates the universal GAS | eader, signal peptide (described, for
exanpl e in WD 2005/093074) at the Nterm nal” end of DVb000O. The protein is
purified fromthe culture supernatant of the fermentation batch by a series

of chromat ogr apRYuIstERR thO &G-St @aRdddia thY DnditinRaRIW QIraule6h | Y
fol ded dAb nol ecul es), SP Sepharose (cation exchange purification) and
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by 1soel ectri 6ifea688diNehy of R UnkYen Qe X GintiSdiO M EHONRLASS RS #i3fes280% by
Rever se Phase- H gh Pressure LI%UId Chr omat ogr aphy. Endotoxin |evels were
|

<50 EU ni. Thebheeensrifirally delivsreditnDCs virdioml Gl Beeetife-PBS (I mg/m ) for use in
t he producti on of Lipovaxin- MM Aseptic fill and finish of the bulk

material is conducted in an appropriate facility to produce IpL |ots in
gl ass vi al s. 1&yidgreedigmauonrpipics! studies sHggests that mwied Lpeyedn-MM ki ablsde Beast i shed

synt hesi s protgefical{y4} hansh BOGUIK DAOSION fr8RYadIVEry tof its @MRelic aa@o ROPC was
pur chased from Avanti_Pol ar Lipids,(caég%og,nug@g; (70557, LPt#‘
GN160181PC- 23)PCsplpsitlikehii g the groitc Ry igegesByfhih sseriden! 355iienaEed from
Al fa Aesar, Jojpesoin-MMtbepCOIGN & £ akGnlpdapp@lyi N Shéass ncrease ix TH185
Kar | sruhe, Gernmany); shoc nunbEr 10820, bat ch nunber, 228#2; CASH .
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fill and fini shpodanQn GG fEerdnfiatidn@®Fhie VaéIRNntatrhRedlisper vial (1.2nmg N Sq
4Sul phate per vial) by the Canberra-based conpany RadPharm

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 vitro 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



Scientific. Lyophilised |iposones are prepared as follows: 3NTA-DTDA is
formul ated in PBS and POPC in ethanol. Each solution is filter sterilized
and t hen woxetb/04&38rile Ni SO4 is added to the m xture werccEre®o@assps i cal |y
di spensed into individual vials once mxing is conplete in quantities
sufficient to produce 2nL of investigational product. The material is
finally freeze-dried and tested for sterility, purity and activity.
Stability of the stored material is tested_ at regular intervals until the
| ast patient has conpl eted his/her vaccina 3°on schedul e. Bulk anti gen is
prepared as foll ows: Production entails the propagation of the MWO0OO cells

In serumfree ohNRYEIA Brdof BF dnR&ht IMBP & tQ@EQ%&ﬁ@%&&Wm hahupeliing of

those cells in PBS and fi nal I(?/ t he production o rane vesicles also in
PBS. Prior tomsi desause dutGhbrs nehevieset by gnpuse fepdritieseadlg fhiy study

adventitious ageffssre@nke %éétib%’-of@’&%m‘e%! #Muabisc-0bs theprnbraps: wes cl e
preparations are also tested for adventitious agents and nel anoma anti gen

presence. ii) CHItAN bomame RERVIPNEHOREESERT ARt ONTHE ArsppRser ghMeBR®re pr oduct

i s fornul ated yidiclRBRm WeeightPretShtid MRS heRhdNE 16R5PAYE BeStad@idh b St er ed,
6 (six) batches of Lipovaxin-MM are ared and the batches conbined in a

AN A A pre ) Dat (
single vial f&Csdnifig e ehcifiantioan et olVaer Hediimougeicganicents Biv-Otittt is
admi ni stered tgctiRestiald@nbtronE OC T radpbiRBs dNdplet Ch-cPIROhdd thduSedCakikbed out
ina Cass Il Iam nar Fl ow cabi net using aseptic techni que by the hospital

phar maci st . Tﬁ@t‘icﬂ%%qi'g‘étt‘i"ﬁ?fﬁlgr?)‘?"Bdu’é’l"%F%O"cFVShdffpeP?F“éﬁBetﬁ? SHeRans9Ys has a
tendency to s@bitves ¥HRMh drtikén AHANDS ateRRn (ighel. K diibks@dtionRpaRIBIBCEVAl t he

i nvestigational product correlates with the successf engr af t nent  of
DVE5000  orl 0t h&Cs Hrgeidevaseing e “%)%%F‘&W&%gffi if Fl%@émm%%ﬁ PRigc
Li povaxi n- MM ph@ofdeapeaic «PociGaaproaidddisiweutd sieivat ored at -200C, with the
exception of |IFN-gamma (| nukin, Boehringer Ingel heim Germany) which should

be
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 C57BI/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-engrafied B16-OVA-derived MV)



stored at 4C as recommended by the manufacturer. Once formul ated at the
hospi tal pharmacy, the investigational product is stored at 4C for no

| onger thwo 261036638. The i nvestigati onal product nust becmereeohbyicsepeat ed
i nversion of the vial but must not be vortexed prior to its adm nistration
to the subjects. iv) ADM NI STRATI ON The conposition is adm ni stered by
direct slow intravenous admnistration. 2) IN VITRO STUDI ES: LI POVAXI N- WM
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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



honol ogues with patterns consistent with those seen in humans. Two species
have been used, the common nmarnobset and the macaque, but only the nacaque
was eventwel2by/fseased t o be rel evant for inmmunogenicity SCudEP2®/063656
macaques, Lipovaxin- MM was shown to induce cell-nediated and hunor al

i mmune responses at the two doses tested, despite the fact that in vitro
its ability to bind/target macaque DC- SI GN was shown to be significantly

| ower than its ability to bind/target hu DC-SI GN. Even at the highest
dose no significant adverse effects merenggén with the exception of one
transient increase in AST |levels and one transient increase in ALT |evels
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whi | st HDL | eyg) chsRithose @figiagl ently higher after the four vaccination
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CTL responses r42piaty| heryeen PMIOPS andh@anmosrs L SIN vt exresied c 11ve Eragachst

tunour grqwt haml%rara 8 Ghinfilks aactISReRNdestiveds ddes & iMEMIABECMSIne @t vy of
bot h anti gen and mat uration signal. Adm nistration of the B16-OVADC
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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 virro.



used in this study differs from Li povaxin-MM and is specific for this
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15  saphenous vein. Although in vitro bmdmg studies of Lipovaxin-MM to macaque DC-

STIGN 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 vitro 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



ani mal nodel and that this approach can greatly sinplify current strategies
used for DCbhased cancer vacci ne production and i munotherapy in humans. ii)
L1 POVAXI NvOIeh MARBA3SET STUDY SUWMARY: An initial study ofcirigresaxsssséM was
conducted in the common marnoset (Callithrix jacchus), the snall est

non- hurman prinmate used in bionmedical research. In the marnoset, DC SIGN
expression is detected in the spleen and | ynph node by i nmunohi st ochem stry
(using an anti-human DC- SI GN mAb). Wen th? mar noset study was initiated, a
certain degree of cross-reactivity between 5000 and mar noset DC- SI GN was
expected but could not be confirmed. Aninals received 5 doses of O O of

vacci ne at weeldsyreh@hfy W|W§@06Q§Qn§c§tﬁi1é HE-SEON I naa ! REH aﬁthﬁtehunﬁWzﬂ&Se of
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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
15  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
20  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 11.-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
25  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

30 stimulate a detectable vaccine-specific immune response in vaccinated animals.



mAb) . When the marnoset study was initiated, a certain degree of
crossreactivity between DMS5000 and marnoset DC- SI GN was expected. Two
groups ofwenbmel463383 ani mals in each group) received 5 dosEP2@b/063686ML 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 serious adverse effects
associated with the repeated adm nistration of either of the two vaccines
at a dose equivalent to a human dose of 1OrL (scal ed based on weight in the
mar noset ) . An%y@@bﬂwggﬁns were relatively stable. No significant changes in

hemat ol ogi cal paraneters were observed. Leukocyte subset analysis
i dentified anln thepiasied macaghe eudyaquthingd ghaveofiodr gnigals yerglamaistergthd defes |

Ani mal s that Radyiegel Yedxhm Bogetede Yass MgheN Ve nURET ERSL The
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subsequent|ly found to have reduced biological activity in vitro when used

to stinulate AR ABSeENHalim ks srdvh| 6baesiontycPritifocatriolliculrn bypelad PPed as a
possi bl e causgbdepled i sHRA ANy mpR Al ThiOBLBRGERM sGldetts that Dipevaammhet i on of
that study, the cloning of marnoset DC;SIGﬁhggne,has fa iLita%qg, re

ext ensi ve 1Bi nHrR§eR Progrerd ydPty werplsippddymphgl ttfé‘éanwwgﬁof‘?ieé‘& It mgﬁepr ess
mar noset  DC- Shfad, inkbi@if€anditivei BBalNaNha18 dExpadsSioh HRADCISTGN ihAgbeeh rdpbiR@Maxi n- MM
to marnoset DC- Sl is mninmal, at least, in vitro.iil) . )

LI POVAXI N- MV IsnsesERree oreant 1 bof maﬂtﬁdm@%s%@w@&w thelopyeraffinidest  of

Li povaxi n- MM wapMS5ub0 GbieladaGud De-9IGR; thdastiny udekdulhmaead neemsiba ima
(pigtailed macaque). This an'hat | species was select%g;gﬁﬁﬁus$hthe

those ihmune organs t ave been reported to express e 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 generally lower at the end of the

study compared with initial values.

30 ¢) BLOOD BIOCHEMISTRY



macaque DC-SI GN receptor is highly conserved at the amno acid | evel
conpared to its human counterpart and perforns an anal ogous function as an
endocyt i cwoeospl46338 The tissue distribution of DC Sl G\ expees@vngessel | s in
t he macaque al so generally corresponds with that seen in human tissues with
only some mnor differences. Two groups of animals were tested in the study
that differed in the doses of the vaccine admnistered to the animals. Four
animals were adm nistered three 0.6nL doses of Lipovaxin-MM (which is

equi val ent to a hunman dose of 101l scal ed down based on body wei ght) and
four animals were adm ni stered 5nL doses of Lipovaxin-MV (50% of the

hi ghest pr oposgdh140ETudess Wa@_ﬂBni@ﬁj&d‘{%ﬂ@gné SdmiARi-ARh omlpgmx)n—ﬁitM flasipek
intervals. The vaccine was adm ni stered intravenously under sedation into

t he saphenous o0 &laed anjinaygpgdtiase develst fob appiate aginstrangfeease GASTiopSCE) #rdM t o
macaque DCS| Ghlahiadl Aihcthhirshed(AMBlort §EpEAD T NESeiiok Mot ChzyhRWeYariad T i ni ty
to the macaque DCSI GN receptor than it does to its human counterpart, the
study confi r ne@nifipatly bpiavesheach abthgasimals) as theyafiong ins Rodtiebyt Avsreezanerpy s of
vacci ne- speci Liigingblifed i-@min alveV&li@ (D StceMIGndTHyvo irfhdfiBl Ma% Bfothe hi gher
dose group and a cell -nedi ated response (detected based on the production

of cytoki nes BYdypitdaycha gh 85T dsvebaseheervsthiniogp pniprhindiishdsd 1846 dent in

ani mal s of theab RN Becord) BIET Mibes werd bibkdyed MeydadR@MAat ivAtuddVt W5 35
conducted in the plgtalled ue (Macaca nemestrlna% . Hupan | EN- gamma

macag . man .
was confi r med °f e Edy PyInghatday (3 onat@any ebseguen gine; AqinG; these asstlisted i aklh assays
of pigtailed nacaque peri pheral bl ood nononuclear cells (PBMCs). There were
t herefore no doubts about the biological activity of the vaccine's danger
si gnal . Nﬁ@aque DC- SI GN ami no acid sequences are readily accessible and

known to be - §ABIIFeMiGghe litert AST ARH NP Edvels SRS tRE tdXidRigy RiualyGN i n

the lectin binding region -- _the sane region that s used fo generate
DVB5000. Becadbe thaabrognalirrdings oAt daner t?é&reegl\{fya?fg é’Bgeéb%ﬁdnétSTh_unan
DCSI GN aspartate aminotransferase, ALT= alanine aminotransferase, enzyme activity measured

in units per litre.

Animal # Animal # Animal # Animal #
2.5407 | 2.536 | 8874 6105
 |AST  ALT |AST ALT |[AST ALT |[AST |ALT
Day0 |64 45 85 52 40 27 23 37
Day7 |66 44 65 46 29 26 21 33
Day35 | 82 150 |51 38 166 55 30 29
Day 42 | 65 61 50 32 24 a4 16 61
Day 63 | 72 67 39 33 24 29 20 32
Day
70 |50 60 59 45 34 26 22 24
15 '
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).



are known to cross-react with macaque DC-SIGN [42, 43], a certain degree
of cross-reactivity of DVMS5000 to macaque DC- SI GN had been anticipated. In
vitro stuwDesiofseizspovaxi n- MM usi ng bot h nonocyt e- deri vedTmee@gwessBCs and
THP-1 cells that had been nodified to express exogenous nmacaque DC- Sl GN
identified however that DVS5000 had a |ower affinity for pigtailed nmacaque
DC- SI GN t han hunman DCSI GN. The study of Lipovaxin-MMin 8 pigtailed
macaques was designed to provide safety and i mmunogenicity information to
support an application for a first-in-hunatt Phase | clinical trial. Gven
t hat Li povaxi n-MM was shown to target macaque DCSIGN with | ower affinity
than human DOy Rloflimids #6H b O5T HAOSbut Bfmak VoS ENadt OB mHE YRfifSL Tt ©
t he potential 1 nmunogenicit vaccine in this animal no doses
(0. 6nL and Smnipyrivaequéar osprugleancelniafiiratiey . Thth ganjeotiier anifpae hads resuddvliglent to a
human dose of A%Q’gndg@qlr&qltpgmylgggpgte%d}an average human wei ght of 70kg and
ani mal wei ght of 4kg. The highér dose 1s equivalent to 50% of the absol ute
vol une of the highest proposed human dose which was al so t he maxi mum vol une
that coul dsbe Ta@ifigy St {ufindr drfifsépedeyUldfindtdf QHiERd BResatlorithe ani nal
facility. This is equivalent to approximately 8 tines the highest human
dose if it weftexicology smdpad8H: MhSpeatisdgdobody wei ght. The macaques were
divided into two groups of four animals. The first group received 3 doses
of 0.6nL Lipoyaxi n- MVpat244o0mek i nBe(s868) and Bst(eswcond B4 06105y ece| ved 3
doses of 5nlL Lipovaxi h:,MM Ani mal s hn t he second ‘gvroglg @g recel ved an
addi ti onal dose of Li eryptionin 7 |8 §f‘§v 1ofer grgu MRHEPEY by WHO
gui del i nes. Als:ref,ﬁm awal s were [wgeri ficed Welays afterlnshi s fourth dose
as part of a safety study. Both dgses of Lipoyaxin-Miresulted in-the
production of [Cetseloyy BNSTnes | FN- gk, TNF-al PR and | L- N8By PBMCs hs early
as 7 days aftger tne Tnﬂgl[ d%ﬁuf&g]gure 9), bul,il4 pq,y%ﬁa-INMspecnl C
anti bodi es wefre detec In animls recefving t ilgher dose of
Li povaxi n-MM | Thi s innpre\a@@éart hat |in the macagpaewseus type of i mMmune

response induced by L|.pouaxiedr Mdpas af f ect ed| v okl eshmh hydropic

Liver infiltration NSL 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 multifocalmild  muitifocallmild  multifocallmild multifocal

lymphoid tissuelymphoid tissue|lymphoid tissuellymphoid tissue

Lungs hyperplasia hyperplasia hyperplasia hyperplasia
Kidney INSL INSL INSL INSL

Heart INSL INSL INSL INSL
Pancreas  [NSL INSL INSL INSL

Testis INSL — INSL -

Ovary = NSL — INSL

Uterus - NSL - INSL




vacci ne adm ni stered and that the | ower dose of vaccine appeared to be
effective at stinmulating cell-nediated i nmune responses (which are critical
to an antwetwrmmds3zsesponse) whil e the hi gher dose was alpce/mpPeodoncksse

hunor al

i mmunity. Thus,

despite the lower affinity of DWVS5000 for

macaque

DC- SI G\, Li povaxin-MM was able to stinulate a detectabl e vaccine-specific
i nmune response in vaccinated animals.a) SUMWRRY In the pigtailed nmacaque
study outlined above,

Li povaxi n- MM (50% of the actual
tol erated and safe when adm ni stered at that dose.

n@ﬂ%@ﬁ? ““g ﬁﬂﬁmﬂcreas

was wel |
abnor nal
am not r ansf er
in the two di

observed afte

the study. At

t he spleen an
been processe

in the |ungs,

has been repo
despitert
vacci ne succef¥f
been reported
| ynmphoi d orga
bl ood draw, a
co

MC

Thus,

white cel
hematocri t,

conpared to p
ea

varied for

5

10

read

ani mal s
hi

f our

were adm
ghest p?%%‘

osed human dose).

The v
The onl

ni stered 4 doses of 5nlL of

acci ne
y

uts wWer

ferent
Lﬁg@ﬁ ﬁoc%

r ops

observed at
hse | evels was observ

it Yollicuthe
h%en‘:ﬁﬁaglgr t ho

tifocal

fallotaease

ﬁﬁg ani

g"mu®m5|ent

i 2Ny
rpl asi a

el

fdkeular was

il

ocal
rent

Ser

enzZynes
not

nimals in

ed in

%}a¥est|

d | ynph nodes.

This o

ndiyper pl asi &
e and liver

xdbla
L cul ar
bgading atartlage
hoi ¢
nﬁrahﬁ{})am I

>uggests t ha
i ssue was

Eﬁ%. Expres

t

Li povaxi
so iden

si on of DG

n- MM has
tified
SI GN

MLBdlef or

A

—+

NSEe organs

IN'SL bot h huni

+

wiSE and nmacaques.

DNC.-CL N

LIIC‘yI

i

on in thd

R e

O ON;—t

Yns that

ne
have

UrRaf§XPr ¢
ns indic

£ ne

pss DC- SI GN.
at es an activy
mat ol ogy

The visibly
e i nmune re;s

Nakt panel

||D|.\,a.quc

i mune o
I ncreased r
sponse. b)) H

eactivity
IAEMATOLOGY
conduct effS

ich in

bf t he
At each
cl uded

i4fntach I €
and

Nggel T counts
CHC | evel s we

Nnapd platel ¢
re _also ass

Ajgicount s.
bpssed.  Test

Rpgl obi n,

results wer

e

ubl i shed
ch indiv

Intestine

milor mahultifped]
IMoid”‘t ttilg'ﬁe

hyperplasia

wdd f owltifesel
KRAphOHS §dstB
hyperplasia

e s mutofod]
RO S 1Rk

hyperplasia

milki moltigshl
Iﬂdpﬂoiﬁqgssue

hyperplasia

counts

Skin and
vein biopsy
of low
extremity:
Right

Left

INSL
INSL

INSL

INSL

INSL
INSL

INSL
INSL

¢) 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

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 5SmL dose. The only significant adverse

effect that could be related to the vaccine was an increase in aminotransferase levels

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



show a consistent trend. Total red blood cell counts remained relatively
unchanged over the period of the study. Al val ues appeared to be within

t he 'normeb20r02agm8 It was noted that with the excepti orcofEpPoovs/oessséeral , t he
per cent age of |ynphocytes in peripheral blood at the end of the study was
general ly higher than at the beginning of the study. Conversely, neutrophi
percentages were generally lower at the end of the study conpared with
initial values. c¢) BLOOD Bl OCHEM STRYAni na|, |iver function was nonitored
foll owi ng adm nistration of Lipovaxi n-MM based on bl ood am notransferase

| evel s for aspartate am notransferase (AST or SGOT) and al ani ne

am not r ansf er §xeealAknl algﬁmusg%-’_t)otraﬂ_ lﬁ#asle %&@'ﬁ cgf‘n{)Q@J ho GEAVEE %bfﬁﬂ{eh %fore

significantly between each he ani nal he various tinme points but
wer e gener al | ydminiseptipnfishg %eﬁ@ﬂ dosy PYhilp 'thel evardanipal had p & TefoldeiBeEasa ivf t wo

readings at daypadae QlfnmtoﬁﬁlsﬁtfdégF/AST% HYindeasd wa gshséﬁtTaAdamlpome @bsierved in

one animal and a h%g | evel was identified in a second. Both val ues
were el evat ed WBeyEpiactitly i Waj i ebseated dayr Bthert tepthrondydirdy ays aér e day 42

or at any 3Ub§%Btre§did§9n&%a9tmobgé?@eﬂeanﬁthﬁe aftep U6 31 & 4TBPIhSsedwo hABlals, 1
Macaque |liver AST and ALT | evels throughout the tOXICO|Og y study. The tmo

abnormal readPhyfy Shseninels lafhecfawys@uavg thg study.riglesipral. tigdeeridead LIS

aspartate am nQtiknsd RLAS R berlohsistaliBNbWE AMe GRS 84 Sﬁ,anemzrymnﬁ@t i Vi ty
measured in units per litre. Animal # Animal # Aninmal Animal it 5407

2.536 8874 610¥neIMpRref tadhe lkyels pest bafore theagsintion, teeimessiaried, whil %2{% 27 23
37 Day 7 66 44615 wiR 0%95132@&@ hﬂghgleaft@aﬂ‘le four 8ZecthatbnredesdB all Gr aiimadQ. 28

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



Day 42 65 6 1 50 32 24 44 16 6 1 Day 63 72 67 39 33 24 29 20 32 Day 70 59
60 59 45 34 26 22 24 d) NECROPSY Hi st opat hol ogy exam nation reveal ed

mul t i f ocalvofoldad4easar hyperpl asia of all |ynphoid ti ssuecTwrea/ 06356
consistent with a cellular inmune response. Multifocal follicular
hyper pl asi a was observed in the spleen, lung and intestines of all animals
(Table 3).Liver sanples fromtwo out of the four aninmals showed evi dence of
mld multifocal perivascular nononuclear cgll infiltration. The sane two
ani mal s had returned high AST and ALT results on day 35 of the study. TABLE
2 Summary of hi stopat hol ogy exam nati on conducted as part of the toxicol ogy

study. NSL: N@l&ﬂﬁﬁ&ﬁh&jbﬁ%%@gﬁbof&%&gﬁl&ﬁVDIhkﬁmﬁB&Hﬁmﬂ@&a@QﬂﬂHﬁhﬁﬂ as an

extension to the efficacy stu of Li povaxi n- MM descri1 bed above. The four
ani mal s that B§sTeENITOATRA ¢iyr &t AliPSEA-hepdigrouppaigiogaiticd: f ourt h dose
after which the animals were sacrificed for necropsy. Animals were

noni tored closely follow ng adm nistration of the vaccine, and bl ood

haemat ol ogy ardPBictiitrdAiudnrt aishkfed HEC-gixstaresisd T AP Pt brwd yawingf(PEL- each

vacci nati 0. 3heisuAGRTR ¥fesiRId-tyhOlettird it icihe uad Mvak e §dredtfrohi® Sl
dose. The only significant adverse effect that could be related to the
vacci ne was aff InCebars dose- Shimumprandfestivsdose dgédngt bisaerydld fondisnek aft er

dose 2, in tweyrghdd\AE&R in Y H&UsS mbANE 1Rk ARthgehiddoR wordtof ol déalfddCBREd | N
al ani ne anlnotransferase%@ALT) conpared to readi ngs obtai ned before
adni ni st r at i of" ¥eighha clinicabere dguld requip the vshef aabgesitdnaFiahdsriveh o 5% % f ol d

increase in aspaelatmhisiknoniaRBUe IReRigitéShek dosthBf LipsvRASAM @foull ansi ent
and it is EOSSIbLe that it was artefactual. |t ﬁas ng% ogferved In.a
oYl

further tdft et ESErHoang¥alatintet i dhe bt riged Hote gy iit
observed anyt Bedby B HREGueIoAEiyAsthdl IROAEI babd 8N bvBMgs . huitan aRtyghobher
animals 10 the, ! i iverags machaus weight bk TIL SPLSOxin-MM S Rifans Snaan® -0
with 0.06mL in macaques. The starting dose of 0.1 is therefore 1/6th of the absolute
lowest dose volume given to the macaques or if adjusted based on weight it would be
15  equivalent to 0.006 mL being given to macaque, this is well below the lowest dose
administered to those animals. The highest planned dose of 10 mL is 2x the highest
absolute volume given to macaques. It is noted that the macaques had transient
transaminase elevation with histopathological changes of monocyte infiltration into the
liver at dose of 5mL which equates to 87.5mL dose in humans (if adjusted based in
20  average human weight of 70Kg and average macaque weight of 4Kg). A 10 fold
escalation is planned between cohorts, and this is consistent with dose escalation in
vaccine studies. However, if the immunogenicity and/or safety signals (e.g. robust
immune response with transient grade 2 elevation of transaminase) suggest a concern
with 10 fold escalation an intermediate dose is chosen.
25
In comparison, unrelated Phase 11 studies have been conducted that used an MM200-
based melanoma vaccine that was formulated from vaccinia virus-infected MM200 cell
lysates prepared from 5 x 10° MM200 cells, and that dose was shown to be
immunogenic [31, 32]. Thus for this study, 3 doses of vaccine have been chosen that

30  cover | x 10° cell equivalents to 1 x 107 cell equivalents and 1 x 10® cell equivalents,

respectively.



| evel s were found to be consistently |lower at the end of the study in al
four animals when conpared to the | evels seen before the vaccination regine
started, wbi2bsto46i3k | evel s were consi stently higher aftecTiEPRODOEE656

vacci nation series in all four animals. The significance of this
observation is unclear. Haematol ogy and ot her bl ood bi ochem stry paraneters
did not show any particular trends. At necropsy, nultifocal follicular
hyper pl asi a was observed in the spleen and | ynph nodes; both organs are
rich in DC Sl G\ expressing cells in both htifans and macaques. The high

| evel of activity seen in these organs of the immne system suggests that

Li povaxi n- MM was successfully processed by cells of the i nmune system and
that an active i mMmune response was generated. Hyperplasia of |ynphoid
tissue was also identified in the lungs, intestine and liver for al

ani mal s. Expressi oypf thGnwrinGbh He@sbeé’d Tﬁé?n@:fa‘?l@ sh&RPiddeRsdriBEd KR rdffre@lel three

organs in both humans and nacaq finding reflects that, despite the

| ower affinityP ‘é)T‘b@WSQ"EFOTﬂ)BW?foFt %ﬁéaqwéerﬁseo%bmoset thallegip thenart Hah¥alions t o have
successful ky ghinBall iatesich A defmynﬁy bE $RONECreinwhikRB Bepafiig Tont Makcdpave hi gh

| evel s of DC Sl expressing , as identified by the visibly increased
reactivity of tl}illvvep\}‘?ﬁﬁ‘i‘é?@aéﬁe@éh@e agpendydsiaingIST| F| CATI ON Because

Li povaxin-MM is a cell-derived vacci ne/i mmunot her apy, Li povaxi n- MM doses
can be described based on the nunber of cells that are used to derive the
"antigenic' fraction of the final product. In our studies, InL of

Li povaxin-MM i s prepared using nenbrane fraction material derived from 107
MVR20OO mel anorma cells, that is combined with POPC (0.98muol ), 3NTA- DTDA
(0.02mmol ), N SO4(0.06mmol) and DVS5000 (0.026mmol ), with DMVS5000 bei ng
added at an ~1.3-fold excess to 3NTA-DTDA to ensure that all 3NTA-head
groups are occupied. A pre-clinical study of a related DEC 205-targeted
3NTA- DTDA based vacci ne (DEC- 205 is another DC expressed C-type lectin) in
m ce [37] used a vaccine prepared from 2



x 105 cells per dose. A mninmumeffective dose had not been sought for this
DCt argeted vaccine in the nouse nodel. If this antigenic dose were to be
escal at edyohasadsezs wei ght, a clinical dose woul d requi PETIHPROMDE366E
antigenic material derived fromb5.6 x 10 cells. This first-in-man study

i nvestigates three doses of Lipovaxin-MMthrough an adaptive desi gn dose
escal ating study. The starting dose to be used in the study is guided by
the macaque toxicity study. If scaled base% on average human wei ght of 70Kg
and average nacaque wei ght of 4Kg, InmL of" ﬁ'povaxi n-MM i n hunans equates
with O Or in macaques. The starting dose of 0.1 is therefore |/6th of the
absol ute | owest dose volune given to the nacaques or if adjusted based on
weight it would be equivalent to 0.006 nL being given to nacaque, this is
wel | bel ow t he | se adm ni stered to those animals. The highest

pl anned dose &EF%CE@ 2x the highest absolute volunme given to nacaques.
It is noted that th@leﬂmawe:so&lagl ta0ess{aed 2008008 Jeptaase]; edevabls Gomn t h

hi st opat hol ogi cal ¢ha the I | Ver at dose
of 5nmL whi ch equat €8+ i i Laver age
human wei gt of YOJﬁgnanﬂ)raNee&;ﬂ@e Imanuazrw ght of 4Kg) A 10 foI d

escal ation is pI an et or and this js consi Wt h dose
escal ation in vacc' lg)t d%\f%g:a'c\&&\%éé}'?'cf'f C{”H%er ’ﬁnﬁ'ffgdéﬁ Zté)?? v fidr6F safety
signals (e.g. robusdriecs.motmAIHBSNafteeraw th transient grade 2 el evation of
dose |5 choser I rCEBABEr PR Munrir et PR T Gt aE e s
conducted that usesi(4npNUBO0- based nel anoma vaccine that was formul at ed
fromvacm ia,viru |nf d 00, cell 1y ared fro 5x 106 MvR0OO
cell's, and hat doélé %tsﬁﬁ(}m%ggbeanii%n@g%c i g'r')e[ g%mnnganc?hu‘s’mf 6f¢this

study, 3 doses of keﬁ@@ioﬂeut’ﬁm bmembne&rmns mkvaﬁonmwesmm&zaw df8, 88 lcbises
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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 comprise

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, gpl100 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 is a heavy chain dAb fragment.



b) an anti-DC SI GN i nmunogl obul i n single variable domain;

and c) a carrier

which carries a) and b). 2. The conposition according to claim1l further
conpri si yodproaaeizsmunonodul atory factor. 3. The conposipCir@mpr2@om63686 Ng t O
claiml or 2 wherein a) one or nore antigen is derived from nenbrane
vesicles (Ms). 4. The conposition according to claim3 wherein the

menbr ane vesi cl es conpri se nenbrane-associ ated anti gens.

5. The conposition

according to claim4 wherein the nmenbrane- gfsociated antigens are tunour

antigens. 6. The conposition according to

aim5 wherein the

nmenbr ane- associ ated antigens conprise tunour antigens selected fromthe
group consi st igNgh Ok o5 HEBL A ofidel B Rith | 8Xh&éln AU 4rGans. SidNQl%hﬂ@ﬁobugﬁ)l QO and

MART-1, and the cancer testis antl ens MAGE- A3, MAGE A-1 O BA

GAGE and

XAGE. 7. The cwalsosiisblagemainciep inddbiaeaent of clains 1 to 6 wherein the

menbr ane vesicles are derived fromtunour cells, nelanoma cells, or NWQOO

mel anoma cells. 8. The conposition according to any of clainms 1 to

wher ei n t he anifi TRCc@panitipracaeetitopuinynofsslaigs d (Paf ivdwsted dsratirPG- §K%N heavy

chain dAb fr ag.mﬂﬁog%bum;r DiRgle QIRAR ddnPith 8GHA1EN S 10 Neb:ai By Sedhenebns t he

anti-DC-SI GN i nmunogl obulin single variable domain is a VH d fragment.

10. The conmpo$PMSe¥0ccording to any of clains 1 to 9 wherein the

anti - DC- SI GN i nmunogl obul in single variable domain conprises SEQID NO 1

or SEQID NO 3 %h 5000).. 11. The conpasition according to any of clains 1
@a

to 10 whereinlth

FAMPOBRTSAGSRIGIEN rAIY 96 ST | 49 NG IVeheteisy theint- DG

further conpriisgsnckiddaliy Bingitivaiise Sorh8h MirlR} cdririses a polyhistidine C-terminal

tail.

12. The composition according to any of claims 1 to 11 wherein the carrier is a

liposome.

13. The composition according to claim 12 wherein the liposome comprises liposomal

constituents.

14. The composition according to claim 13 wherein the liposomal constituents comprise

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

15. The composition according to any of claims 13 or 14 wherein the liposomal

constituents comprise nickel sulphate (NiSOs4).

16. The composition according to any of claims 13 to 15 wherein the liposomal

constituents comprise the lipid a—palmitoyl-B—oleoyl-phosphatidylcholine (POPC)).

17. The composition according to any of claims 2 to 16 wherein the immunomodulatory

factor is the cytokine interferon gamma (IFN-gamma).

18. The composition according to any of claims | to 17 wherein the composition is a

vaccine composition.



12. The conposition according to any of clains 1 to 11 wherein the carrier
is a liposone. 13. The conposition according to claim 12 wherein the

| i posone worzpro/mess| i posormal constituents. 14. The conp®sTiEPRVIACHSs di ng t o
claim 13 wherein the |iposonmal constituents conprise the chelator lipid
3(nitrilotriacetic acid)-ditetradecyl am ne(3NTA-DITDA). 15. The conposition
according to any of clains 13 or 14 wherein the |iposomal constituents
conprise nickel sulphate (NSO ) . 16. The_conposition according to any of
clains 13 to 15 wherein the |iposonal constlituents conprise the lipid

a- pal mtoyl - b-ol eoyl - phosphati dyl choline (POPC)). 17. The conposition
according to QQYAQiceth%h?dr%ki%gta‘éoré%smﬁ%@domiﬁ a ot RtRmyrifiagt or is
the cytokine interferon gamma (I -ganma) . 18. The conposition according to
any of claims 1 to!)PEPHHEREMPraaetdtiosition is a vaccine conposition. 19.

A met hod for maki ng) RefaffiP@siibdsoRaerfRhng to any of clains 1to 18
conprising: i) preparin% menbr ane vesi cl es; ii% Ereparing t he IL@gsowm
constituent; iii) tdspNRniRg thhmembinps apclsrerddthe dpesamak ROSHtPGRS Srihathe
constituent with th{gnindenaeeuhiadrokyd factor; and iv) adding the
anti-DC- SI GN i nmunogl obul i n single variable domain. 20. The met hod
according to clai niv1¥difsehernt-RGSIGN apammeefoSplinynglieyasebindoaiti cles is by
propagating tunour cells, sonicating and preparing nenbrane pellets by
centrifugation and resuspension in PBS. 21. The nethod according to claim
19 or 20 wher éPntherpethadgacting e Peern 1he PisPYRAD W%mﬂﬁiv l$53pC and
Ni - 3NTA- DTDA. b2 2prophiatingetiacuracell doRBating any @bpingdi MmbQAnd Opelletd byrt her

conpri sing suppl ntin
P g %gntr? ugation argd resuspension in PBS.

21. The method according to claim 19 or 20 wherein the liposomal constituent is

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

22. The method according to any of claims 19 to 21 further comprising supplementing

with nickel.

23. The composition according to any of claims 1 to 18 for use as a medicament.

24. The composition according to any of claims 1 to 18 for use in the treatment of

cancer.

25. The composition according to claim 24 wherein the cancer is melanoma.

26. The composition according to any of claims 23 to 25 for intravenous administration.

27. A method for treating a tumour in a subject comprising administering a composition

as claimed in any of claims 1 to 18.

28. A composition or method as claimed in any of the preceding claims wherein the

anti-DC-SIGN immunoglobulin single variable domain is one which has the same



wi th nickel. 23. The conposition according to any of clains 1to 18 for use
as a nedi canent. 24. The conposition according to any of clains 1 to 18 for
use in thwotomaisemet of cancer. 25. The conposition accecuinrgomoecissai m 24
wherein the cancer is nelanonma. 26. The conposition according to any of
claims 23 to 25 for intravenous adm nistration. 27. A nethod for treating a
tunour in a subject conprising adm nistering a conposition as clainmed in
any of clainms 1 to 18. 28. A conposition o thod as clainmed in any of the
preceding clains wherein the anti-DC SIGN nogl obulin single variable
domain is one which has the sanebinding specificity as an anti-DC SI GN

| munogl obul i 'Bm%ln@%&.ﬂéﬂ& ekl SidorRidN hﬂMhﬁ}%lJbDﬁl aﬁgmarasredjo§.§m§ﬂﬁ§ as set
out in SEQ ID NO "lor 29. A conposition or net as clainmed i n any of

t he precedi ngtlﬁlamlwcmﬁ‘@ﬁ?? s et onhin iSERAPIION ‘?rr?nunogl obulin single

vari abl e domain is one which has the sane CDR sequences as the amno acid

sequence set out in SEQID NO 1 or
9. A composition or method as claimed in any of the preceding claims wherein the

anti-DC-SIGN immunoglobulin single variable domain is one which has the same CDR

sequences as the amino acid sequence set out in SEQ ID NO: 1 or 3.



