Novel combination Field of the Invention The present invention relates to a
conbi nation of (a) a quinazoline derivative which is an inhibitor of the
tyrosi ne wonasasi11daman epi dermal growth factor receptor PRT(ERR@s/0kizonn as
HER- 2/ neu or c-erbB2) and the epidermal growh factor receptor (also known
as EGFR or c-erbBl) and (b) an ixpuNegeBingtie®nNposition targeting the HER- 2
nol ecul e. The conbi nation may be used in the treatnent of cancer.
Background of the Invention Protein tyrosine kinases catal yse the

hosphoryl ati on of specific tyrgs sidues in various proteins involved
Pn tﬁe rggulation of cell grow K%#%ﬁﬁ? ‘E?%%%iation. HER- 2/ neu and EGFR

are exanpirgs pRkeiic@tifn kA0S td1€ céhPiasish oS pARhiBezMHnel BAV RV SicRls
particular protein tyrosine kinases are given in, for exanple, W»O9/ 35146

(US2002 127 88iitoriaidhe porsine ditneeseHnmby epidtena rarewthEfgERr irsceptot 20¢akioa
single-chain tra rane gl rotei.n consisting of _an intracell ul ar
catal yti C%Eﬁ) i ﬁ%ﬁf&%&%@%ﬁ%ﬁﬁﬁeeﬂﬁ% .gé‘gf'&‘vfa.tc{}’,r.rﬁﬁepé?fc_ i ng
menbrane RRANDAIBGHRMRICCerBBH) A @ bf AEALARC dohGRBFioRIABLIME hE YT
HER- 2/ neu is a nenber of the epidermal growth factor receptor famly, a

fam |y of 2 molemsien ellici coagenatmoapiobsusetiatingltestnodt vficaicees or i nmunogeni ¢
conpositions targeting the HER-2/ neu nol ecul e have been described in, for
exanpl e, W000/ 44899 (US2002 177567) incorporated herein by reference.

HER-2{neu is a transmenbrane lﬁcﬁ%x%hﬂd W B rveRfi&e cted relative nol ecul ar
mass of 185 kD that is about 1255 amno acids i1n | ength. HER-2/neu has an

ext racel | Btotain dywosing kiiiGE) cathlyadb thet plfssphapiation a€isgscifia tyrogfll rgsitiyeriaphobi c
e o B b 610 A8 b, REPI 2 fomi (1 OO of
domai n" {$/m€y and BETFROMRIRafhPR of Protein tyrosine kinases. Examples of inhibitors of
particular protein tyrosine kinases are given in, for example, W099/35146 (US2002
15 177567), incorporated herein by reference.

EGFR i1s a 170-kDa single-chain transmembrane glycoprotein consisting of an
intracellular catalytic domain that possesses tyrosine kinase activity, an anchoring

membrane spanning domain and an extracellular ligand binding region.

20
HER-2/neu is a member of the epidermal growth factor receptor family, a family of
tyrosine kinase receptors.  Examples of vaccines or immunogenic compositions
targeting the HER-2/neu molecule have been described in, for example, W000/44899
(US2002 177567) incorporated herein by reference.

25

HER-2/neu is a transmembrane protein with a predicted relative molecular mass of
185 kD that is about 1255 amino acids in length. HER-2/neu has an extracellular
domain (ECD) of about 645 amino acids, a highly hydrophobic transmembrane
domain, and a carboxy terminal intracellular domain (ICD) of about 580 amino acids.
30 The term “PD” stands for the “phosphorylation domain” (i.e., the domain that is
phosphorylated) within the intracellular domain, “APD” refers to a particular fragment

of the phosphorylation domain that is within the phosphorylation domain (as shown in



phosphoryl ated) within the intracellular domain, "DPD' refers to a
particul ar fragnment of the phosphorylation domain that is within the
phosphor weatzn@metzsaai n (as shown i nSEQ I D NO 16), and PKXEP2008f0e3489t 0 t he
ki nase domain that is within the intracellular domin. HER2/neu PDis 268
amno acids in length, is intracellular, and can be phosphoryl ated by
protei n QE@EH MNOH b)) 288 SKDPheferR- 1R helasgan@ainghaip Withirethedigadellglapr ot ei n
over -expressed in approxi mately 30% of patients with breast cancer.

HER- 2/ nelomaér. - EER-@5s1ID h&§6ééﬂéfﬁn@| askisiipdangth, & WEpGedlularofndicdrf be ent

mal i gnanci es i ngl udi n r.east.,. oyar renal cell, prostate, pancreas,
colon, n 9%3?8@3%‘2??9?8?%8,W&%%E?ﬁ“é?%ssm ivary gland, bl adder and oral
squanmous cell. In patients with breast cancer HER-2/neu over-expression is
a poor prognostic factor and appears to be predictive for resistance to
sone &herieHBEB g @eagentmplifptRand theupretae oMesexpaesedll BnappERimaiedys DNA and

Her 2 t hay be. h t o J.nf T [ |t HER- 2/ 1. i
ol olics S BRI B s AR B R Brlo Vs R s DR SRR
(Her cept ignGhnety S UiTRREZ CEhaIBNREIeO AL A s BRAY, tRaERRAINE, Wadstheund to be

effective for %,reat ment of netastatic breast cancer. Statenment of invention
In a firpanaspectolaf, ndrespeakksentt lingy egasirom tahizary ghngr blddded and netahod of

treating cancer i manmmal , .conpri sing: i.ni stering to sai.d mammal a

t her apey SRRy Gl dETRUERS ol Preett coaser ARES RS GV MRS P POPT - Hi- or
|V aﬁiode}ﬁ%ﬁ% Bgfofafd aRRetab b8 PhddiotiveGhy ALRENGS tolidy! &Eﬁgﬂﬁz?dgiﬂtic
function erivatives thereof, in which RLis d or Br; Xis , N, or CF
and Het iageithi azole or furan; and (b) an i munogeni c conposition conprising

i sol ated protein conprising at | east one epitope fromthe HER- 2/ neu
protein, or a polynucleotide encoding such a protein.

HER-2/neu vaccines based on HER-2/neu DNA and Her2 peptides have been shown

to induce T cell immunity to HER-2/neu in animal models and in human vaccine
15 trials. Furthermore, Trastuzumab (Herceptin®, a humanized monoclonal antibody to

HER-2/neu was found to be effective for treatment of metastatic breast cancer.

Statement of invention
In a first aspect of the present invention there is provided a method of treating cancer
20  in a mammal, comprising: administering to said mammal a therapeutically effective
amount of
(a) a compound of formula I, II, IIT or IV as described herein, and/or salts,
solvates or physiologically functional derivatives thereof, in which Ry is
Cl or Br; X 1s CH, N, or CF; and Het is thiazole or furan; and
25 (b) an immunogenic composition comprising isolated protein comprising at
least one epitope from the HER-2/neu protein, or a polynucleotide

encoding such a protein.

In a second aspect of the present invention there is provided a pharmaceutical

30  combination, comprising therapeutically effective amounts of:



In a second aspect of the present invention there is provided a

phar maceuti cal conbi nation, conprising therapeutically effective anounts

of : (a) a worppaumstesef forrmula I, p, 11l or 1V as descri bedThee@snidsand/ or
salts, solvates or physiologically fugctional derivatives thereof, in which
Rl is d or Br; Xis CH N, or CF, and Het is thiazole or furan; and (b) an

i munogeni ¢ cqgpogichhPous® P EbSIUMILI BOi&CD/ BE Ab&hided BRI, 3ind@r akltd, east one
epi tope fromthe HER-2/neu protein, or a polynucleotide encoding such a
protein. In a thisdvasperphysologiealpr Biselinnal dosvatives theredein whishduilded a use
of a pharmaceutic cqnhi, nat.j as~described. herein dn the preparation of a
medi canent for tr?&Pﬁgg&bsfa&égﬁc%rrqﬁlar?ﬁy‘%%&q’f%o%s%;% anb?n%t he present

I nvention ther@w 8n RiaWing8&hi@ coBfoPliorRcHNBRRE WM dt6BbrRANROAPHERER at
conprising therapeutically effective anounts of a conpound of formula I,

11, EB5 or |V as désst iobedplitepei fromantit ollERal/nel mgoleinat @s aopolptieddosidegi cal | y
functional derivatives thereof in the preparation of a nedicanent for
treatnent of cancERCAHPELNCPAR P Gual , wherein the individual has been

adm ni stered wi th an i mmunogeni c conposition conprising at | east one

epi tope fromthe HER-2/neu protein, or a polynucleotide encoding such a
protei n, Ias tadaspétof ey piesent Swreptions thegd 15, provided pwsaodrphhammacehioeald t hat

t he conbi nati on, of conponent (.a) of the presept inventiop, together. with
adi ni St RGN 4 Eles O AeARIR T S19 RPHBITH i AP GPBI L e nogen ¢

compqg) tiQR.dpP) of the present invention, resulted in growth inhibition of

breast cancer cells. This synergistic effect of the two conponents was nuch
nore pronounced than inhibition shown with single agent treatnment. Brief

Description of the Figures Figure 1 shows.the f&lll | engt h_am no aci.d
sequence Isfa fopeh Repesh OLiR-pyesqRt invention there 1s provi ed a use of a pharmaceutical

combination comprising therapeutically effective amounts of a compound of formula
L I, III or IV as described herein and/or salts, solvates or physiologically functional
15  derivatives thereof in the preparation of a medicament for treatment of cancer in an
individual, wherein the individual has been administered with an immunogenic
composition comprising at least one epitope from the HER-2/neu protein, or a

polynucleotide encoding such a protein, as described herein.

20  Surprisingly, the inventors have found that the combination of component (a) of the
present invention, together with administration of sera obtained following
immunisation with an immunogenic composition (b) of the present invention, resulted
in growth inhibition of breast cancer cells. This synergistic effect of the two
components was much more pronounced than inhibition shown with single agent

25  treatment.
Brief Description of the Figures

Figure 1 shows the full length amino acid sequence of the human HER-2/neu
30 protein (SEQ ID NO:12).



protein (SEQ ID NO 12).Figure 2 shows the full length am no acid sequence
of the rat HER-2/neu protein (SEQ ID NGO 13). The ki nase domain spans the
regi on frwomasieemnsaci d 721 to am no acid 998, incl usivelPgT/HPe@30e3489 shows
the ami no acid sequence of the extracdllular HER-2/neu protein (SEQ ID NO
14). Figure 4 shows the am no acid sequence of the phosphoryl ation domain
(PD) of the hupgirdtERhdindate Mubtiehdh (2B ldoNOseqhitice 6 gisr @t JIEhanRuan
exanpl e of the am no acid sequence of a portion of the phosphor | ation
domai n_( DPRJein(SEQE ANprdR). HER: inpssloptan enans feEesippiform aBino apdy{#ldos shows
the am no aC| d se%emﬁgof a fusion protein conprisi ng t he extracel | ul ar
domai n ( enﬁ 0ry| ation domain (PD) of the human HER- 2/ neu
protein (SEQ IR NG 31ldhowsFiBUbRInG 5818VeqhifiReadt iR attdeleigt eTRIe 26fcua f usi on
protein conpri SI ng the extracel |l ul ar dorral n (ECD) and an exenplary portion
of the php@tﬂﬁ@f&ﬂ@ﬂD@deéh’m n (DPD) of the human HER-2/neu protein (SEQ ID

NG 18). Figur anm no acid sequence ,of th r.acel domai n
(ECD) of the r TS‘E%S@%%EW&HBP%F %(Séﬁ%fnfboﬁ@? S fspheaian s oo Rt
| engt h nugtBehiden SERUSHEE §§5@<S@ql‘ﬂ@ﬁ©)159f a DNA nol ecul e encoding the
human HER- 2/ neu protein. ﬁe ful'l I'ength nucl eoti de sequence is described

in WO 96/ 30514Figu® 5 ,slia6s 0R3xappie ohHthef anginoracpl sequienss afr @ pddwor ofbidd i n

W00/ 4489 S2002/ 0177567 d | 0 f db
refer encepl?PéP grxlafipn fpppm (G ) Hsrogﬁfl hs“%?aé’l.s# %ég \(Rfse @(ﬁ? WL@S{ ﬁt o
nucl eqj i de seqpgnkes (BER HR M&%I%lam@fse@e%mlfaﬁeﬁ PrBiR istdpetheat

HER- 2/ neu protein. This full length nucleotide sequence is described by
Bar gmann ettraatllulirida@in KECD) end BiePhaghofiaticardbmain (PD) of the human HER-

2/neu protein (SEQ ID NO:17).

Figure 7 shows the amino acid sequence of a fusion protein comprising the
extracellular domain (ECD) and an exemplary portion of the phosphorylation domain
15  (APD) of the human HER-2/neu protein (SEQ ID NO:18).
Figure 8 shows the amino acid sequence of the extracellular domain (ECD) of
the rat HER-2/neu protein (SEQ ID NO:19).
Figure 9 shows the full length nucleotide sequence (SEQ ID NO:20) of a DNA
molecule encoding the human HER-2/neu protein. The full length nucleotide sequence
20 s described in WO 96/30514 (US 5,726,023) and the fusion proteins are described in
WO00/44899 (US2002/0177567), the disclosures of which are incorporated by
reference herein in their entirety.
Figure 10 shows the full length nucleotide sequence (SEQ ID NO:21) of a
DNA molecule encoding the rat HER-2/neu protein. This full length nucleotide
25 sequence is described by Bargmann et al. (1986) Nature, 319:226-30, and
GENBANK/X03362, the disclosures of which are incorporated by reference herein in

their entirety.



GENBANK/ X03362, the disclosures of which are incorporated by reference
herein in their entirety. Figure 11 A shows Anti-pro liferative effect of
anti HERAWoewoquehiassl onal anti bodi es in conbinati on w t hpCapeéosios4on t he
proliferation of BT474 human breast c&ncer cells. Figure 11B shows
Antiproliferative effect of anti HER2/ neu pol yclonal antibodies in
conbi nati on %% c LBRAhOW tzxnﬁrprbh@raﬁv@Iefféarc&tahﬂmmz/&iﬁmyamMn br east
cancer cells igure 12A (top I;3ane| shows the results of treating
exponent i altibydigs mwiompiBTionavite Lipatinib on the praisetion ehBT¢eBanive control for
Iapatlnlb%[ (||%% tinib (0.1mMM, (iii) pAb (100ng/m ), (iv) lapatinib
(0.1 mMv) Rigpt /m), (v) TA2021 (1 GOmg/m ), (vi) lapatinib (0.1 nmV
and TA2021( 100F1 mlh,shewmnﬁtﬁx%ﬁfe@ﬁm&@feed &ﬂmhrHERz/ﬁéu pMliytlonall apat i ni b
(0.1 mM and tr tuzurrab (10 m). After 72 hr, P tosi s was assessed
usi ng Sannexibodies Bt @inrtiimayioarnvdtl Lm&tlomm@tzpyohfﬁlaggme SRBRSHwmandiredst ar
results to Figure 12A. Steady state protein | evels of activated
ggo;ipho EiaBEeZCFg ‘ErbB2), total ErbB2, and survivin were al so assessed after
r using t Eilasulﬁé’@) 'Er%atr%@( éritial ne ; |ane 2
is |lapatini bvf%g%n&zg (IQ(EF IQQBI) Sﬁwp% i pén4 IS a}:‘))gtllgm b (0.1
mV) and PB4 @mmm ) DM@ﬁbaane @e@d&ﬁ@&bn(rbmr@’pm)lb) (indepagnibs | apatini b

1,0 RO e 6 LT L e e °

ok ?' of, Lﬁ%eﬁvﬁggﬂgﬁg}aﬁlﬁa@%lf@% 1 PMR %M@Azb@f{%@gg/ﬁh) RPfein. BT474

A2021 served as controls for
| apati ni txramigméb (10 dpBebdi (wel)yapainguiOel ﬂMBasﬁdmtuztmealeflfOewg/ml)of speci fi ed
treatment conditions on BT474 ce|ll .growt h. (after usj ng, cont r ast
phase ni cABECEIY: PAPERSTERY 258N ‘ﬁ"g%%?‘qeﬁ’é‘i S@Hm%%‘%c{;ﬁ‘;% E%Frlybed for

Figure 12A, ang.gddbE QBR% kiilBeiduls B Biglle ©ssa) (0. 1nM);
Steady state protein levels of activated phospho-ErbB2 (p-ErbB2), total

15 ErbB2, and survivin were also assessed after 72 hr using Western blot (bottom panel,
where lane 1 is DMSO alone ; lane 2 is lapatinib (0.1pM); lane 3 is pAb (100pg/ml);
lane 4 is lapatinib (0.1 pM) and pAb (100pg/ml); lane 5 is TA2021 (100pg/ml); lane
6 is lapatinib (0.1 pM) and TA2021(100 pg/ml); lane 7 is trastuzumab (10pg/ml); and
lane 8 is lapatinib (0.1 uM) and trastuzumab (10 pg/ml). Actin steady state protein

20 levels served as a control for equal loading of protein. BT474 cells treated with
vehicle (DMSO) or TA2021 served as controls for lapatinib and pAb, respectively.

Figure 12B shows the effects of specified treatment conditions on BT474 cell
growth (after 72 hr) using contrast phase microscopy. Treatment conditions included
those as described for Figure 12A, and additionally, gefitinib (Iressa) (0.1uM);

25  gefitinib (0.1uM) and pAB (100pg/ml); gefitinib (0.1uM) and TA2021 (100pg/ml);
and gefitinib 0.1puM and trastuzumab (10pg/ml).

Figure 12C shows the effects of increasing concentrations of pAb either alone
or in combination with lapatinib (100nM) on apoptosis in BT474 cells using annexin
V staining and flow cytometry.
30 Figure 12D shows steady-state protein levels of total ErbB2 and p-ErbB2 in

response to increasing amounts of pAb, either alone or in combination with lapatinib



gefitinib (OlmMy) and pAB (I OOmg/m); gefitinib (Ol nmV) and TA2021
(1COm/mM); and gefitinib Ol mMand trastuzumab (1 Ong/m ). Figure 12C
shows t hewef2h@aiscs256f | ncreasi ng concentrations of pAb epCh@EP2@5ONRODr in
conbination with lapatinib (100nM oné6apoptosis in BT474 cells using
annexin V staining and flow cytonetry. Figure 12D shows steady-state
protein |(@y@inN) Qf atRbt blrrwBRerantotp At BRaty staRgROEEE eV Els kdtoEEasi Ng anount s
of pAb, either alone or in conbination with |apatinib(100nM as assessed by
Vést er n sostrol fae equnl Seadipofqrele®. protein | evel s served as a control for

equal | oading of pratein. F re 12E ws Siymilar results to Figure 12A
Figure 13 shov@g‘t’%elggcsgl?‘\yaf oﬁé—rg‘?sglﬁ setogl%]l%gekllaﬁz and Akt is modulated in
response to | anghieniBhand teasalnem st eeBrian indER i/ mietlAed ibodi es ( pAb) .
Exponentially growing BT474 cells were cultured for 72 hr under the

t r eat Arentresponst to laprtintdeast vasee-islusad pntsHaiRe 2 mew ertitpdiesVeAd).of t ot al

Erkl /2, tivated phosphqs; kl {2, total d actj,vate hospho- Akt

wer e ass%@gerﬁﬁ%@gﬁﬁ%@_ce@ﬁ@@ %“38?@?81‘ ﬁhu it h’gr%e\?gﬂ‘?pnél e (DVBO) or
TA2021 al BRgitRRs ¥&8riBsd. chBidyakate pfot@H & kb rIbayekt fpe a&i\fa?&itﬁm@{)hd-apat' ni b
and vacci ne-i nduced anti-HER-2/ neu anti bodi es (pAb) on the activation state

of Er bB3.ERT27ttal Alitsandsactivated plwspho-uykd srere/ass¢ssesby Weatemeblot.cOrlds t i ons, as

h . Aft 72 hr. |, | | ect ed d steady state protein
SO o Sl DRI S B e b Sr e POt
Fi g 3pA shows g & gqu](;sﬁ%§ tf el JripatAbedd VaS TBRLcSORRILEERDISMOD

apoptosis in B | s. Apoptosis was assessed using annexin V staining
and f| ow antibodres (pAb) Bnghd &ctBadmostate\WE Srddh BT 614 chlalwess sulofredtmdedy st at e
protein levels of total ErbB2, p-ErbB2, S ivin after. 72 hr_in BT474
el | o CulliPBaTriER: SoniTofai s bt Ak Fblh CDHERES Bk collecied and

steady state protein levels of total ErtbB3 and activated phospho-ErbB3 assessed by

—

Western blot.

15 Fig 15A shows the effects of the indicated treatment conditions on apoptosis in

BT474 cells. Apoptosis was assessed using annexin V staining and flow cytometry.

Fig 15 B shows Western blot analysis of steady state protein levels of total -
ErbB2, p-ErbB2, and survivin after 72 hr in BT474 cells cultured under the indicated
treatment conditions.

20 Fig 15C shows the effects of the indicated treatment conditions on steady state
protein levels of total Erk1/2, p-Erk1/2, total Akt; and p-Akt assessed by Western blot
after 72 hr of treatment.

Figure 16 shows the apoptotic effects of treating SKBR3 cells with (i) DMSO
alone (negative control for lapatinib) (ii) lapatinib (0.1pM), (iii) pAb (100pg/ml), (iv)

25  lapatinib (0.1pM) and pAb (100pg/ml); (v) TA2021 (100pg/ml), (vi) lapatinib
(0.1uM) and TA2021 (100pg/ml), (vii) trastuzumab (10pg/ml), or (viii) lapatinib
(0.1pM) and trastuzumab (10pg/ml). After 72 hr, apoptosis was assessed using
annexin V staining and flow cytometry.

Figure 17 shows the effects on survivin protein, when SKBR3 cells were

30 treated for 72 hours with (i) DMSO alone (negative control for lapatinib) (ii) lapatinib
(0.1pM), (iii) pAb (100pg/ml), (iv) lapatinib (0.1uM) and pAb (100pg/ml); (v)



Fig 15C shows the effects of the indicated treatnent conditions on steady
state protein levels of total Erkl/2, p-Erkl/2, total Akt, and p- Akt
assessed W9 20sateezsa bl ot after 72 hr of treatnent. Fi guPeTER2@b50ns09 he
apoptotic effects of treating SKBR3 célls with (i) DVSO al one (negative
control for Iapati nib) (ii) lapatinib (0.1 mM, (iii) pAb (10Om/m), (iv)
l'apati ni qaﬁmm) 0.4 T%@ZTA(mergl’oﬂ Yimlf,viQyii) apatini b
(0.1 ﬁMqur]%% 021 (I%% (VII)( tprmélgtuzunab rﬁH ?)r ((VIII)

| apat i ni braetﬁlzmnawﬂ(hugdnl)r@s(vu@llﬁmbnfol (OntgeMol and NSE@UWQ (h@ug/lélf@opt 0si s was
assessed usi n anne V stain flow c t 7. shows the
effects on su g‘*anﬁpn}Eﬁ"éﬁ# ﬁﬁ%‘% §£gﬁ?tl V¥T g‘a\ﬁgﬁiﬁ%ﬁ At antef’o % 2°hour s
with (i) @1%&&1%@&&&@1 sieRafels i®kbRBRAME, Ak Mdidatdd) | apatini b
(oImv, (711) pAb (I'COng/m), (iv) lapatinib (0.1mV and pAb (I OQmg/m );
(v) TA2021 (1OCOmg/ M), (vi) lapatinib (O Inm) and TA2021 (I OOng/ M), (vii)
trastuzumab (1 O/ m), or (viii) lapatinib (Ol mM and trastuzumab
(1Om/m). Fi gure 18 shows the effects of l|apatinib and anti-Her-2/neu
anti bodi d¥f@te dsperitioBa2hafeyedGeih- st r eam bi omarkers in SkbR3 cells, as

i ndi cated. Detailed Description of the Invention Throughout this

speci ficat h!rc?t&hoﬂtn LS Ss a{)tegﬁcﬁt?&{ & lesrseﬂi'é' &ttt %ﬁ%é %thetr\m:sev‘%éj%vorﬁéj”p” se”

and "include variations suc conprisin conpri ses’ I ncl udi ng",
"incl udeS‘compﬁlge” aaﬂe“i;rmldble”ceﬂswrmﬁdns naichs iay et‘gompirisatg”] s“cougmserf’ t hese
words wil | y the possible incl u5| on of integers or el enen not

specilfi camoylﬁ?%p t @y:luqeg; sHOUREE B bagagriedanclifivelye fhat dhclse %ﬁﬂl@se

bl t t d
T f%'r%?%l%&@m?éﬁt's%%% ’
i nterchangggll y with "pol ypeptide" or "peptide"

It should be noted that all references and publications referred to throughout the

15  specification are incorporated herein by reference.

Additionally, the term “protein” is used herein interchangeably with “polypeptide” or
“peptide”.

20  Component (a)

The following structure represents a compound of formula I:

0
N /©i
0~ \L KH R
N/\Het

H ZZ N
X N\
N
I
wherein R; is Cl or Br; X is CH, N, or CF; and Het is thiazole or furan.



Conmponent (a) The followi ng structure represents a conpound of fornula I

| wherein R is d or Br; Xis CH N, or CF, and Het is thiazole or

furan. | n woecentsodsnent, RL is C; X is CH and Het is frararomdnd4oonponent
(a) may be a compound of Fornula Il a®d/or salts, solvates or
physi ol ogically functional derivatives thereof. p The conpound of fornmula

Il has t 3XGRICH; and-Hekt 35 fulrat 208 @B2pb yb
oxy] phenglﬁ}oﬁg%{ﬂbg&héﬂarﬁelmn%(sulk:g%oﬁyl ) et hyl ] arerll no?@ngt heynlt)(a) m? urey?] 4-

qui nazol icosaponed ¢ Fomotlserll eardddi welis, , sHyates @@l physiplogicrily afwectidonl | s

t hi azol e,, and.co t (a) my be a corrpound of formula Ill and/or salts,
sol vat es BFY h‘?é:%(%’gncal |y functional derivatives thereof. in The conpound
of formula Il is (4-(3-Fluoro-benzyl oxy)-3-chl orophenyl)-(6-

(2-((2- et hanesul phonyl - et hyl am no) - et hyl ) -t hi azol - 4-yl ) qui nazolin-4-yl)-a
mne.In a further enbodinent, R is Br; Xis CH and Het is furan, and
conponent (a) may be a conpound of fornmula IV and/or sal sol vat es or
physi ol ogi cally fynctional derivatives thereof. rv The nd of fornula
IV is (4-(3-Fl g benzyl oxy) - 3- br or nophenyl ) - b- ((2- F

met hanesul phonyl % no) - met hyl ) - f ur an- 2- g nazolin-4-yl)-am ne. As
used herein, the/term effectiye m)unt meafg that GEnount of a drug or

pharnaceutlcal Qgent t hat \wi |
a tissue, system aninmal or ng sought, for instance, by a
researcher or clinician. "therapeutically effective
anount" nmeans any

The compound of formula IT has the chemical name N-{3-Chloro-4-[(3-fluorobenzyl)
oxy]phenyl}-6-[5-({[2-(methanesulphonyl)ethyl]amino} methyl)-2-furyl]-4-
quinazolinamine.

10 A
In another embodiment, R; is Cl; X is CH; and Het is thiazole, and component (a)
may be a compound of formula IIT and/or salts, solvates or physiologically functional

derivatives thereof.
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The compound of formula III is (4-(3-Fluoro-benzyloxy)-3-chlorophenyl)-(6-
(2-((2-methanesulphonyl-ethylamino)-methyl)-thiazol-4-yl)quinazolin-4-yl)-amine.



anount which, as conpared to a correspondi ng subject who has not received
such anount, results in inproved treatnent, healing, prevention, or

anel i or atwono@foessesdi sease, di sorder, or side effect, orpaTdPessasmodn the
rate of advancenent of a disease or di9sorder. The termalso includes wthin
its scope anobunts effective to enhance normal physiol ogical function.
Suitably, conmponent (a) is admnistered in an effective anount and/or a

t herapeutically effective anbunt. As used _herein, the term "physiologically
funct i ondi a denthey atribedimansfRr is Bro Xais - Thraad At éufirara ppg cameepith)dnder i vat i ve

of a compound of Formul.ae | I, 411 r I or an
ari de, _whF cheuBBRRar reradloinde siusoRied 8 RS ABRRpetuiRkRL

(direct! Ye@¥ativedideget!l y) a conpound of Formulae I, p, DI, or IV or an
active nmetabolite thereof. Such derivatives are clear to those skilled in
the aft, w thout undue experinentation, and with reference to the teaching
of Burger's Medicinal Chem stry And Drug Discovery, 5th Edition, Vol 1:
Principles and Practice, which is incorporated herein by reference to the

extent that it teaches physiologically functional derixatives. As used
herein, the term"solvate" refers to a conpl ex ofstoichi onetry
formed by ﬁcsqbute (in this invention, a compeunt-Qf fe mla |, [, IH or
|V or a salt\df physiologically functi onaati ve thereof) and a
sol vent . Such/Sé‘oT\(Te_’rl;a for the purpose of A1 \éfntion may not interfere
wi th the bi obégi ca Htivi off the sol utht! Exanpl es of suitable solvents
i ncl ude, but are not | i\t ) et hanol , et hanol and acetic acid.
1% y>Rccept abl e sol vent. Exanpl es of
sui t abl e pharmaceutical ly acceptab ol venffs i nclude water, ethanol and
acetic acid. In one enbodinent the vent _dsed i s water. Conpounds (a) of
formulae I, Il, Ill and IV have the™abiliNy to crystallize in nore than one
form a characteristic, which is known as polynmorphism and it is

under stood that such pol ynorphic forns ("polynorphs”) are within the scope
of formulae I, 11, Il and v

The compound of formula IV is (4-(3-Fluoro-benzyloxy)-3-bromophenyl)-(6-(5-((2-

10  methanesulphonyl-ethylamino)-methyl)-furan-2-yl)quinazolin-4-yl)-amine.

As used herein, the term "effective amount" means that amount of a drug or
pharmaceutical agent that will elicit the biological or medical response of a tissue,
system, ‘animal or human that is being sought, for instance, by a researcher or
15  clinician. Furthermore, the term “therapeutically effective amount” means any
amount which, as compared to a corresponding subject who has not received such
amount, results in improved treatment, healing, prevention, or amelioration of a
disease, disorder, or side effect, or a decrease in the rate of advancement of a disease
or disorder. The term also includes within its scope amounts effective to enhance
20 normal physiological function. Suitably, component (a) is administered in an

effective amount and/or a therapeutically effective amount.

As used herein, the term “physiologically functional derivative” refers to any
pharmaceutically acceptable derivative of a compound of Formutae I, II, IIL, or IV, for

25  example, an ester or an amide, which upon administration to a mammal is capable of



rvV. Pol ynorphi smgenerally can occur as a response to changes in
tenperature or pressure or both and can also result fromvariations in the
crystal | iwetzn@meprsecess. Pol ynor phs can be di sti ngui she@ChEPR@SI003489

physi cal characteristics known in theltart such as x-ray diffraction
patterns, solubility, and nelting point. Typically, the salts of the

conpounds, Rfiqihe (axéAylor ihdirectll) a cOhpbiideser RRAIRECEUI, @alTVYoragceftabl e
salts. Salts enconpassed within the term "pharmaceutically acceptable

sal ts" r efaabdite tlomedfoxBuchs dériwtives effecleantothods skfled Hp ghe iytevtifhont Sal ts
of the conmpounds of formula I,.p, LE or IV co Lse aci ddi tion
salts deruir"{B‘é‘H CKPBHP Ly &ﬂén‘*”é}g rgflege{?ﬁ%ptf)tt}}%g?gépwgt eb}:l%gulglg%gfn# ornul a
l, p, 1l |(%1eﬁﬁstWAnB%§§ﬁE@o%Ebfy 8" gadifih, W | 1UBBintiBRs faak IPoxdiiee, wRIchSs
acetate, benzeresul fonate, benzoate, bicarbonate, bisulfate, bitartrate,
borat &, linnpateted hatet byrefetent te theewtentitbdtet teacdedplsiadogictilyolunetegnal

clavul anate, citrate, dihydrochloride, edetate, edisylate, estolate,

esyl at e, dFUK#ISBe, gl uceptate, gl uconate, glutamate, glycollylarsanilate,
hexyl resorci nate, hydrabam ne, hydrobrom de, hydrochl ori de,

hydr oxynapht hoat e, iodide, isethionate, |actate, |actobionate, |aurate,
mal at e, ma esddeheromndied adre “sodeapé araersntet ycbmpbaxi ot yamakid ptondhiommetey

met hyl sul f at e, nonopot assi.um mal eate, nucate, _nap nitrate,

Nnet hyl glf%l_%ﬁﬁii Pea ety &? His BBt a(@ﬁﬁ’(?ﬁ%% &y fmﬁ%‘?ﬁ ?faﬁg Orp]'yn%? ﬁ%lﬁa_t e,
phosppat & dhoheRBRaNF AREbYAUACLNORELE! RALASHIN SIa i for diEd! UM

stearate, acefate, succinate, tannate,” tartrate, teoclate, tosylate and
di t osyl atparpdse ioftile Ookeniton tay met mtedernomituthednologmhleactitvey oftthersols®l t s,

whi ch are not pharmaceutically acceptable, may be useful jn th reparation
of conpodix@apdss afsrdable %ﬁ?ﬂ%ﬁmg}ﬁ]& ‘P‘Hé‘§‘°en‘?td¥%¥eél Pyuveiee Fn%dg?ﬁ?ite%%ﬂ%o he

I nvent | O%.Ind '%"(’:Eﬁ@?ﬁﬁm Fhe Y nti?%e%iolﬁﬁ%ltgeall ipﬂ%ﬁ(bgilﬁgfcgﬂf la@ée,plﬁ%qlé gbgenf Orm I n

one enbodi nment, e compoun , , or IV is a hydrochloride
or dit osyxahglsalftspititsle pharampbweicallyiat@piebht ehwatstinclide wateangshanol hed
rmnohgdr ate of the ditosylate salt. The side chain CH3SO2CH2CH2NHCH 2 of

t he danpdgeiifsacid Mommemporiment thesolygnt psgd is water.

Compounds (a) of formulae I, II, IIT and IV have the ability to crystallize in more than
one form, a characteristic, which is known as polymorphism, and it is understood that
such polymorphic forms (“polymorphs™) are within the scope of formulae I, II, III and
20 IV. Polymorphism generally can occur as a response to changes in temperature or
pressure or both and can also result from variations in the crystallization process.
Polymorphs can be distinguished by various physical characteristics known in the art

such as x-ray diffraction patterns, solubility, and melting point.

25  Typically, the salts of the compounds of formula I, II, III, or IV are pharmaceutically
acceptable salts. Salts encompassed within the term "pharmaceutically acceptable
salis" refer to non-toxic salts of the compounds of this invention. Salts of the
compounds of formula I, II, IIT, or IV may comprise acid addition salts derived from a
nitrogen on a substituent in the compound of formula I, II, I, or IV. Representative

30 salts include the following salts: acetate, benzenesulfonate, benzoate, bicarbonate,
bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate, carbonate, chloride,

clavulanate, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate,



may be linked to any suitable position of the group Het. Simlarly, the

phenyl group of the quinazoline core may be linked to any suitable position
of the grwopoddais12sBn one enbodi ment of the present inverCr@mposom@onent (a)
may be Lapatinib ditosylate (GSK572016t Lapatinib) (GSK), either anhydrous
or hydrated form such as the nonohydrate of the ditosylate salt. Conponent

(b) As Ugﬁgeﬂi%?%m’coﬁé}@, $18faMatd, ERUVIGRAAGI1A6TROS It RBina R GodERESas, any
conposi tion ‘which, when adninistered to a suitable mam‘rai i an subj ect, has
t he abi | hydroboniideludeydsavhiaridenehydepoapkthpates hmdideybjsstitionate, atlaqtéast one
portion of HER-2/ Neu used herei.n, the t "1 mu en" ers.to the
conponent?SiPPIEe; 2@%@%1 tf”&ﬂ?t%i%ﬂeﬁgzs T ejfg%’l irf"flqy?aggi ﬁaﬁtéglgﬁ%mldﬁﬂmne

r €SPONSe i i h@afteIAIRIRRY LhddpolasstER RANRY, mESIDONPRYlateh hitfily N-ONPY i se
an isol at egiygjélort ei n conpri sing ap IaZést one eprint ope froir,nat hel ﬁ%éé 2/ neu

pr ot €5 n, nethydglpoinyinec| extiatte epaooditeg Gudienatepr opelnmtdté, omerintheviteent of

the present jnvention, the at .| east one epi.tope j.s.9 or ppore anino acids in
| ength.  PhePhERbtosRa | BbEeRoBIE D BaREPEr rraliagaige SPEEM, igEde

non- huma LAt 3 j 8 di idkhe

HER- 2/ negub%%ﬁtg%h %CC esé? I é&éﬁ%%?ﬁ%%%egﬁl\aéé gﬁf@i@rﬁg@%?%f ’giia;t?lb%lg E’a hybri d

t her eof . trimethplanmendumdadhment velferdithe Mtlesesdltsj mideclt iaom,not hghakBRcRLicaly | s
human. Li one. enbodi ment be h resent .invention

descr i bedcqaialen MY PeUSRY © BFIPEHORCEEOBPORER AT LR Vﬁgﬁ%ar%f‘%ﬁ%zst one
epi L ppe RS hithelaRep! Ste fhAge! FURmBRIRIA s imd) ROLHAHAIGA! bde

encodi ng's a proteln. one enbodi nent of the présent i1 nvention, the at
| east ongydpietiofpeni sinSormer embsdimant, rice eanpeumidnofl fonguta. I, HI, Iher éWbieci ment of

t he present invention, copponent (b) conprises an isolated profein
conpr i si Rylreshlende ot difRsyiste sald I‘r-ﬁERe’SfY“i‘Fgg eHPREEr| iﬂ?fa%toﬁl Wﬁfe %€ a

monohydrate of the ditosylate salt. .

15  The side chain CH3SO,CH,CH,NHCH,; of the compounds of formula I, I, III, or IV
may be linked to any suitable position of the group Het. Similarly, the phenyl group

of the quinazoline core may be linked to any suitable position of the group Het.

In one embodiment of the present invention, component (a) may be Lapatinib
20  ditosylate (GSK572016; Lapatinib) (GSK), either anhydrous or hydrated form, such as
the monohydrate of the ditosylate salt.

Component (b)

As used herein, the term “immunogenic composition” encompasses any composition
25  which, when administered to a suitable mammalian subject, has the ability to induce

an immune response in that subject to at least one portion of HER-2/Neu As used

herein, the term “immunogen” refers to the component of the composition which has

the ability to induce an immune response to at least one portion of HER-2/Neu.

30 Component (b) may comprise an isolated protein comprising at least one epitope from

the HER-2/neu protein, or a polynucleotide encoding such a protein. In one



pol ynucl eoti de encodi ng such a protein. In one enbodi nrent of the present

i nvention, conponent (b) as described herein may conprise an isol ated
prot ei n cwopniaicnzF3at | east one epitope fromthe HER- 2/ rew/Eraaosacabd ul ar
dormai n, or a polynucl eotide encodi ng 8uch a protein. In one enbodi nent of
the present invention, the at |east one epitope is 9 or nore amno acids in

length.  lephaBiAdk 6F fRtgr¥enembestion e, at @&@m&%;ﬁtolﬂéﬂi)s cambieaEn@acitsol at ed
protein conprising or consisting of the HER- 2/ neu intracellul ar donain, or

a pol ynudh &mgihde encodi ng such a protein. hi an alternative enbodi nent of
the present invention, conponent (b) conprises a fusion protein conprising
at | east one epitope fromthe HER-2/ neu protein, for exanple fromthe

extracel lfleapROMR moRcuR RRLNFAChEsIh gy BBEA nfttise Uh-Rurdopindie, Exanpl es
of fusion proteins which may be used in the present invention are described

in WOS0/ 44808 drlaSkaeRr! there67)n oheembpdinmensdhh BER-Anby mataiedesstifee term
"fusion protein" refers to a protein.conprisi t | east two pepti des or
pol ypept H“B@én njgy %gleeﬁ%tbrﬂiﬂfgf‘ﬁm’o‘?r %h?'ﬁ%n%)(%er Oggt@i foe SW@BIgbetnl 48 1By

pol ypept i chSin{&fihOMe HIELAI ispaHance or domain and the other peptide or
pol ypeptide Is from anot her protein sequence or dommin. The peptides or

pol ypepti des nmay be covalently |inked, for exanple via a coval ent |inker,
e.g., an_amno acid |linker, such.as ol ygl yci | i nker. anot her type
of chen d&[onf eppafimegt Q?hf‘apféa%bw&ﬁlﬁlﬁeco%ﬁ’ﬁﬁg}t%aaﬁ ??ﬁmab‘?‘f PerEA ey o ¢ y
aci dqhin e RA!YALRE prbielk 8bmphsife -at T&& 0B EpitdpeefonPitd. HEREZ/ABRNSON,
Bioc&hjuggﬁgm?%%ﬁﬁfgdggI?%ggg)fyplﬁ %z#urthgr eﬁ%éﬁ?ngnt of the present

i nvent i orxtreciiplnedéméin) orayp eolypoclsetide Mec®fime suph ot eproteamd/ dn epd t ope

t hereof as describ herein, conjugated to a carrier. nolecule (far, exanple
ot e Ch SRR AT TS AP B Ry T e s BaoRs S0 Tansedrind hdie s ( Lor

exanpl e tpifopm a reconbi nant fusion protein conprising Her2/neu protein
and/ or eplgoge'thereof and the carrier). The carrier may provide T-cel
hel p for

15 In one embodiment of the present invention, component (b) comprises an isolated
protein comprising or consisting of the HER-2/neu extracellular domain, or a

polynucleotide encoding such a protein.

In one embodiment of the present invention, component (b) as described herein may
20 comprise an isolated protein comprising at least one epitope from the HER-2/neu
intracellular domain, or a polynucleotide encoding such a protein. In one embodiment

of the present invention, the at least one epitope is 9 or more amino acids in length.

In an alternative embodiment, component (b) comprises an isolated protein
25  comprising or consisting of the HER-2/neu intracellular domain, or a polynucleotide

encoding such a protein.

In an alternative embodiment of the present invention, component (b) comprises a
fusion protein comprising at least one epitope from the HER-2/neu protein, for
30 example from the extracellular domain, or a polynucleotide encoding such a protein.
Examples of fusion proteins which may be used in the present invention are described

in W000/44899 (US2002 177567), incorporated herein by reference.



generation of an imune response to the HER-2/neu nol ecule. A

non- exhaustive list of carriers which may be used in the present invention
i ncl udes:wleaybwilee258i npet Haenocyani n (KLH), serum al bumpPo3/Epa@i/oasiobovi ne
or human serum al bum n (BSA or HSA), ®val bumin (OVA), inactivated bacterial
toxi ns such as tetanus toxoid (TT) or diphtheria toxoid (DT), or

reconbi nant fragnments thereof (for exanple, Domain 1 of Fragnent C of TT,
or the translocation domain of DT), the purified protein derivative of

t uber cul iThe (tBRD)“fusion arptenbaoeferseint adfrotehecompising ¢h 1¢ast e dIeptides @arri.er
protein is, of i mal -origin,. such_.as, KLH or. a serum.al bum n, arrier
protein Hﬁl}’pﬁﬁlaqgéc Pﬁﬁﬁ]:ngmbﬁél? i 8fISTPH PR B BFRE dr?toroqorf}f%églg%vsenti on
the carriggf BRY pRfeiRTL®inBe Br fdogiiinagdraNbthes pétfde Us N g p RO 2O A640B1

i ncor por at ed hePel n by reference). Protein Di1s an | gDbinding protein from
Haenophi busthéemgrbisengemecnedr dasiaire eihpperdneedr pylypptidgy may bncogl¢ntBo 26,

granted EP 0, 594 610 Bl incorporated herein by reference) hi sone

ci r cumst EHJE%,&’ SRR nﬁaeaicﬁeaﬁgtoﬁﬂkeﬁaﬁtg"i WHB@%&%Q&P%%%FB% &tens it
may be dggj F?,?Jes RIi &4 GinkeDe & 0F cEbaRRIrete HikeLian D 1/3rd
(conpri s?ﬁgg?ﬁgﬁl%%f%ﬁaaﬁﬁ%%o- loofg%lencl) aci ds’ o ’prgt ei ﬁws (GB 9717953, 5
(US6, 342]igid¥ Jinkerg ar paityateid hekee) @ pylyetbéreliskere)dg., PAEGneice i ment of the

present invention_the carri e;l mi%’p@?%@ "T-cell hel per (Th) epitope" or

"T- hel pefle8prasopeBiocqipigaie feshap )able to bind to an MHC nol ecul e and
stinyyate T-cells in an animal species. The T-hel per epitope may be a
foreign or non-self epitope. T-cell epitopes may be prom scuous epitopes,

i e. epitopesfirthat etnbodintent af shih pteaedti iaverftioac tompomsnt Np)Coely amsaprise ol ecul es

in an animal species or popul ati on (Panj na-Bordi gnon et al, EJI. .1989,
16: 2237 BEIICREEE SPUSF ebype YETROF 15 fegsbed hGan SoRSAREHALEATEr i n by

referenc BPLLARAS (SHR! iRhfcAIRBEHAHRoRliGuY Ghliscand Deaad! Y
reacti veﬁgor%ecél?l%qgmf an ﬁuma CpopuT atci g}rlllg W t hd\%lg1 %I 2/ di vergent MHC types
(Parti dosncécudd (fof E&hple"tonfiornea recombinant fusion protein comprising Her2/neu

15  protein and/or epitope thereof and the carrier). The carrier may provide T-cell help for

generation of an immune response to the HER-2/neu molecule.

A non-exhaustive list of carriers which may be used in the present invention includes:
Keyhole Limpet Haemocyanin (KLH), serum albumins such as bovine or human
20  serum albumin (BSA or HSA), ovalbumin (OVA), inactivated bacterial toxins such as
tetanus toxoid (TT) or diphtheria toxoid (DT), or recombinant fragments thereof (for
example, Domain 1 of Fragment C of TT, or the translocation domain of DT), the
purified protein derivative of tuberculin (PPD). In an embodiment of the invention in
which the carrier protein is of animal-origin, such as KLH or a serum albumin, the

25  carrier protein may be recombinantly derived.

In one embodiment of the invention the carrier may be Protein D from Haemophilus
influenzae (EP0594610B1 incorporated herein by reference). Protein D is an IgD-
binding protein from Haemophilus influenzae and has been patented by Forsgren (WO
30  91/18926, granted EP 0 594 610 B1 incorporated herein by reference). In some
circumstances, for example in recombinant immunogen expression systems it may be

desirable to use fragments of protein D, for example Protein D 1/3rd (comprising the



Responses in Mce Follow ng I munisation with chimaeric Synthetic Peptides
Representing B and T Cell Epitopes of Measles Virus Proteins” J . of Gen.
Virol. 72v028&/@2%9; US 5, 759, 551, incorporated herein bpgTmPb@senie? ). The
Th domains that may be used in accordéhce with the present invention have
fromabout 10 to about 50 am no acids, for exanple from about 10 to about

30 am no \agdlsnal Wiem 110!l dhidbeadiBs effi pRRES BY €GBr @9eM53.5 h@iss,3my22a) | be the
sanme (ie the epitopes are honol ogous) or a conbination of nore than one

type of epidrppetedeierdiebysaferefided)-t he epitopes are heterogeneous). Th
epi topes include as exanpl es, pathogen derived epitopes such as Hepatitis
surface or core (peptide 50-69, Ferrari et al., J.din.lnvest, 1991, 88,

214- 222) 130 Bbolitln &R rIRE resBRNAHSEDS theOirferTRap b kOGS heb@nTs) t oxi n Th
epi topes (such as P2 (EP O 378 881 Bl incorporated herein bé reference) and
[

P30 (9D 3HitBASEE, “TABEIDS/ aﬂwaei wmmwaam@euahbdpdaméﬂem%&l imolpgule

reference), mea virus F e| n.Th a di,a t achonati s

maj or outi@fl s i %\ acshls o & é’b‘?otleépé@p (tﬁ@ P! PF baegz'g R ER T
| mmunol ogy,,, oL 1to¥<,9 ’{Jcegi)epxtﬁ%%%zﬁ'lﬁ ﬂr@M?s%h(b’hs éﬂ)ﬁtg sh% |%1&)9é’§1hﬁkb1hdpf | uenza

Vi rus haemagl | ci parum CS anti gen her Th epitopes
are descrtb la@dbstmtidhérabnmreoﬁMM(éplassriﬂ imedéauips ian @8in23 GBS iesSyprhweton et al |

rro- 700, (aivpssbeats o Hgob r}%ﬁégéﬁé%f’%eie%e?éi U199 53T 0o e
599?61841(:0@%%5&%% in By B63dsdy; Hammer et al., 1993, Cell 74:197-203;

and al k nogenetlcs 39: 230-242, US 5,759, 551; Cease et
al ., 1987, PNAS 84, 4249-4253; Partldos et al., J.Gen. \froI 1991, 72,

L5 L% 0 LA B0 Sl B °
brosent  TROGRIPEE WRRSALEY ERELT MG bR ins . 2CT @28?’? %E%“%%Sf e
sel ect ed HgspomdeheingiMivgp Iodllosying dp&lsumMDnvwvith thimdetio Synthetic Peptides
15 Representing B and T Cell Epitopes of Measles Virus Proteins" J. of Gen. Virol.
72:1293-1299; US 5,759,551, incorporated herein by reference.). The Th domains
that may be used in accordance with the present invention have from about 10-to
about 50 amino acids, for example from about 10 to about 30 amino acids. When
multiple Th epitopes are present, these may all be the same (ie the epitopes are

20 homologous) or a combination of more than one type of epitope may be used (ie the

epitopes are heterogeneous).

Th epitopes include as examples, pathogen derived epitopes such as Hepatitis surface
or core (peptide 50-69, Ferrari et al., J.Clin.Invest, 1991, 88, 214-222) antigen Th
25  epitopes, Pertussis toxin Th epitopes, tetanus toxin Th epitopes (such as P2 (EP 0 378
881 B1 incorporated herein by reference) and P30 (WO 96/34888, WO 95/31480, WO
95/26365 incorporated herein by reference), measles virus F protein Th epitopes,
Chlamydia trachomatis major outer membrane protein Th epitopes (such as P11,
Stagg et al., Immunology, 1993, 79, 1-9), Yersinia invasin, diphtheria toxoid,

30  influenza virus haemagluttinin (HA), and P.falciparum CS antigen.



nunber of individuals expressing nore than one MHC Il nol ecul es in humans.

For exanple, epitopes that are specifically contenplated are P2 and P30

epi t opes woamels1{sPani na- Bor di gnon Eur. J . | nmunol 1989CTEPed3)132887). In
one enbodi nent the heterol ogous T-cel15epitope is P2 or P30 from TT. The P2
epi tope has the sequence QYI KANSKFIG TE (SEQ ID No: 1) and corresponds to

am no aciifer839- 8fdorth Lhe dbedeus id aké MiteGe PIAcIEMEOPF O 1988i3dBeS 947- 967
of Tetanus Toxin) has the sequence FNNFTVSFV\LRNPKVSASHLE SEQ I D NO 2);
t he FNNFSvuthegoérta.,t@98obt inonundly 16 $6B€388; Siardaska eirdly éP&&[Naturepi t opes

are deri le f t he circungp ite protein ftr | asmodi um. £ al ci parum
- in par gg@uﬁéﬁgﬁn IS F° %t;% gégsz "RYS T C%élgu'gnnfc@'mw% Btaf,
DI EKKI AKWYBHASSMENY VNG 4(, S5R.4 D1 N@andther Al X a00terCell 74: 192403 amaumilie vt 1 (9), p
751-761). Anot her epitope which may be used is derived from Measl es virus
fusi ofi pebt Ei%, khmuesgedaidcs? 8- ZWR242a VN 76 h65 s dipashetenl . SEFKEWAHREEGY ( SEQ
E) No: 4) (Partidos.CD, 9 Je.. Vi .0 ) - .Y ot her
epi t ope %ﬁ%ﬁzﬁﬁi& abtéioﬁfééﬂi J(SJG%VF\%QQ?}(#T bw%%’égﬁg’ ?9 é%éﬁbggg %‘ﬁ‘:‘gg)g
anti gen, i i | oM ' g BGACH k- b PiRh LY RPQSLD( SEQ
| D No: 5)7%55‘&?@%(3?%52{(:%*1?& %%Pté ggg?s\?\h%i%\??\l%ﬁagleﬁsggg i scderi ved from
di pht her ipaptidexiPADREUr(VoO95/0836€7 (epe,bdr42 ) aintorpomibiddkerain1by edcrege)- 340,
331- 350, . 351-370) . .map within the T domajn of fra of the toxin, and
the renmalhPRpEDdodpe Wv}d'[t%‘i"épﬁs%ﬁ%‘feﬁu?%i Q CapRey usg %@B?‘E
PVFACGANYAAVWAVNVAQVI D (SEQ I D No: 6 ) VHHNTEEI VAQSI ALSSLW (SEQ I D No: 7 )
QS| ALSSLMWAQAI PLVGEL (SEQ I D No: 8 )

The T-cell epitope may be selected from the group of epitopes that will bind to a

number of individuals expressing more than one MHC II molecules in humans. For

example, epitopes that are specifically contemplated are P2 and P30 epitopes from TT

(Panina—Bordignon Eur. J. Immunol 1989 19 (12) 2237). In one embodiment the
15  heterologous T-cell epitope is P2 or P30 from TT.

The P2 epitope has the sequence QYIKANSKFIGITE (SEQ ID No: 1) and

corresponds to amino acids 830-843 of the Tetanus toxin.

20 The P30 epitope (residues 947-967 of Tetanus Toxin) has the sequence
FNNFTVSFWLRVPKVSASHLE (SEQ ID No: 2); the FNNFTV sequence may
optionally be deleted.

Other universal T epitopes are derivable from the circumsporozoite protein from

25  Plasmodium falciparum — in particular the region 378-398 having the sequence
DIEKKIAKMEKASSVENVVNS (SEQ ID No: 3) (Alexander J, (1994) Immunity 1
(9), p 751-761).

Another epitope which may be used is derived from Measles virus fusion protein at
30 residue 288-302 having the sequence LSEIKGVIVHRLEGV (SEQ ID No: 4)
(Partidos CD, 1990, J. Gen. Virol 71(9) 2099-2105).



VDI GFAAYNFVES | I NLFQV (SEQ I D No: 9 ) QGESGHDI KI TAENTPLPI A (SEQ I D No: 10)
GVLLPTI PGKLDVNKSKTHI (SEQ I D No: 11) (Raju R, Navaneetham D., Ckita D.,

D et hel mwi20@/B1253McCormick D., Conti-Fine B. M (1995pCEmP2003/0134n9runol .
25: 3207-14.) The i mmunogeni ¢ conpositd on of the present invention my,
therefore, conprise a Her2/neu protein and/or epitope thereof as described

herein, apgd GRH @hiofWkh TayeR) hames @siveeFEdn hegatheyr Bi vingi lREe as
chem cal conjugates or as pure?,y synthetic peptide constructs. The

i NMunoge rentigyn, e piricwedammotasedsThavang thepeguopraFELEPREerPQSLY. (SEQ P G y) at
ei t her tgﬁ l\g} or Ctermnus of the i ”Mmunogen. One or nore carrier(s) and/or
prom scuot$ °th epitope(s) may be included. In one enbodi ment the

i mrunogeni ¢ conposition may conprise between 2 to 5 carriers and/or Th
epitopes. In one enbodi nent, the i nmunogen may be directly conjugated to

| i poséme Amathéresesof epifopes whichaua bé weed|i$ derdadpirim aeliphthrisdigems lsapabl e of
providing T-cell hel p. Conju i fusi rotein carri.er or Th

epi t ope %ﬁ?seti@%@ﬁpdag’d“%%‘?lﬂbgzi“l%g{ih%‘%@’ 2?3]1]%3861% ldyiae‘flf‘p Wﬁtg%gﬁeﬁﬂ_ the art.
Thus, for [ oTatNToINl hbo ' utilise a
car bodi i rﬁlo e, gkﬁl?%ﬁlglﬁtdlgﬁg e %f‘g{ﬁb[ggﬁ?rm el ﬁ]hggbﬂﬁ%‘%‘?f%]%?ﬁg’cf‘ﬁﬂm de
ester, ut430,43nrg5®omon comerci al ly avail abl e het erobi functional 1inkers
such as CDAP and SPDP (using manufacturers instructions). After the
coupling reaction, the conjugate nmay easily be isolated and purified by
rreanslggf a dialysis nethod, a gel filtration nethod, a fractionation nethod

etc. njugates forned by use of gluteral dehyde or nal ei m de chem stry may
be used |PVEAGANTASSNNVANENR | 6BEQ| HD oe: @hbodi nent, mal ei m de chenistry

e %4 h r{ oty Th epitope may be fused to the
TRy Do usEnrfh AR ARl dhand NEsEE" £ %o PF)

QSIALSSLMVAQAIPLVGEL (SEQ ID No:8)

VDIGFAAYNFVESIINLFQV (SEQ ID No:9)
15 QGESGHDIKITAENTPLPIA (SEQ ID No:10)

GVLLPTIPGKLDVNKSKTHI (SEQ ID No:11)

(Raju R., Navaneetham D., Okita D., Diethelm-Okita B., McCormick D., Conti-Fine B. M. (1995)
Eur. J. Immunol. 25: 3207-14.)

20
The immunogenic composition of the present invention may, therefore, comprise a
Her2/neu protein and/or epitope thereof as described herein, and carriers and/or Th
epitopes as described herein either as chemical conjugates or as purely synthetic
peptide constructs. The immunogen may be joined to the Th epitopes via a spacer

25  (e.g., Gly-Gly) at either the N- or C-terminus of the immunogen.

One or more carrier(s) and/or promiscuous Th epitope(s) may be included. In one
embodiment the immunogenic composition may comprise between 2 to 5 carriers
and/or Th epitopes.

30
In one embodiment, the immunogen may be directly conjugated to liposome carriers,

which may additionally comprise immunogens capable of providing T-cell help.

Conjugation or fusion protein



epi tope as described herein. For exanple, EP0421635B (i ncorporated herein
by reference) describes the use of chimaeric hepadnavirus core antigen
parti cl eswoaogmssmat forei gn peptide sequences in a VvireeTIEPR@5pad409 cl e. As
such, fusion nolecules may conprise ifWunogen of the present invention
presented in chimaeric particles consisting of e.g. hepatitis B core

antigen. fld ernatd Vel ¥itdph endyaseodBb RaMsinUSinethoR 0¥ cBhjLSatIERYwEID BRGW/S €
i mmunogen and NSI of the’influenza virus.” For any reconbi nantly expressed
prot ei n whithé aftorAsisp &rtexemplep digrotieast c¢tlendfcowplingpitas pnssiblaveniilisma t he

nucl ei ¢ aci d whi.ch epncodes. said pratein.also.for aspect..of the present
i nvent i orfABqdugH Se %Y?lﬁlﬁmdaeofort Q@%’P@%ﬁéﬂ?&%\%@%f‘%,wﬁ%@?l&gi 8Hictnr ot ei n
may be ey xpr &55iheR c%n?e‘r‘agﬂg{ Gl b1 RAERB LR iohS lifkerPatées €D APt i onal |y
via a |inker sequence. Polypeptides form ng the fusion protein nmay be

| i nked C-dndr 8PDBs (tsmgNniannfiactunes iAbtretions)i velfygr thieeyoupdipgbesadtiank ebie
Cterminus to Gterm nus, erm erm nus N-t er

C 1 or m mEem B ey Hul: betsel oG EHLDHEION BEBRErh et e Mg & der . The

ternms "pabynept idemnoand 'ﬁfaﬂﬁdn Aol RE@bA" etafye@ég%aE&f €5l ggn&%r yatively

nodi fied varrants, polynorphic variants, a mut ant, sub sequences and
i nt er spedgileierdidsintio gt ealehidehbepditypept badessd iorth¢ heespuliypepibndds ohdat nake
up a fusion protein. Fusion proteins nmay be produced by covalently linking a
chain of %@ﬁQQHnﬁgiH@kmﬁﬁﬁﬁbﬁémBVéF@ﬂW‘§@guence to a chain of anino acids
from,anot her protein sequence, e.g., by preparing a reconbi nant

pol ynucl eoti de conti guously encoding the fusion protein. Fusion proteins
can conprAk&niveldy, the earriepree Th fepro@ninag el fisedfto diné Bler-ddiedsprbteimot he sane
or different species. The different chains Rf nbp? acids in a fusion
protein réyope agi eserhed Bepmeedof Sy@DAL: H5P %@5 e (ineREPPRER]) herely) Pred

toget her YiRef MRHEA hd Nl N GioUBiOhARnAI0 8! ol NG yip.  The
fusion protein may optionally conprise other conponents,” as described in
nmor e det girksdneF@tign peptide sequences in a virus-like particle. As such, fusion molecules
15 may comprise immunogen of the present invention presented in chimaeric particles
consisting of e.g. hepatitis B core antigen. Alternatively, the recombinant fusion

proteins may comprise immunogen and NS1 of the influenza virus.

For any recombinantly expressed protein which forms part of component (b) of the
20  present invention, the nucleic acid which encodes said protein also forms an aspect of

the present invention.

In one embodiment of the present invention, the fusion‘protein may be the expression
of genetically engineered fusion partners, optionally via a linker sequence.
25
Polypeptides forming the fusion protein may be linked C-terminus to N-terminus.
Alternatively, they may be linked C-terminus to C-terminus, N-terminus to N-
terminus, or N-terminus to C-terminus. The polypeptides of the fusion protein may be
in any order. The terms “polypeptide” and “fusion protein” may also refer to
30  conservatively modified variants, polymorphic variants, alleles, mutant, sub-
sequences and interspecies homologues of the polypeptides, or the polypeptides that

make up a fusion protein.



The conjugate or fusion protein may be substantially biologically inactive.
I n one enbodi nent, the HER-2/neu protein or epitope described herein may be
| i nked orwbus@det2zs3r econbi nant GV CSF, for exanpl e hunarCEWPEHE/01309 a
further enbodi ment, a conposition contising a HER-2/ neu protein or epitope
as described herein may further conprise GV CSF. As used herein, the term
"HER- 2/ neu ECD-1CD fusion protein,"” also referred to herein as "ECD- I CD" or
"ECD-1CD fusion protein," refers to a fusion protein or fragment thereof

whi ch coffpsios gsoteing maay berpriclueed by sevpletydinksrgpe chiingf omigvagis fiopy of t he
extracel lul ar domain or fr men%s 1 herglof' andalﬁﬁi{iﬁ% an am'eno aci db sequence
conpri si R§° BIOEBRETELFRE éb‘a%‘t‘%% FRinp 2P opngno NOOr YA et 5™ her eof

of the H%%gl%ﬁﬁgla RicBhBirtint A1 MRSERRS Soritigubiigy teabstind T st pRfnPD fusi on

protein", so referred to'as "ECD-PD' or PD fusion protein", refers
to a $§usiFusioppotteins can compgseehit3, thoemane diffdrett chaimp of swmo(acjdsaromitheno aci d

sequence conpri si.ng,or consistj. of .the extracel.lLul ar.domain or fragnents
Cher eof ; SERECY (H13ErSH SBTRTo |Hi TS S OLBIHN Sidkdh SR SEMIRR0T t he
phosphor g a&iféaﬂy ek t(%etﬁerf 3&”&@%%6'[ haredly %110%3@0%@5%2{7@%‘ cREMRIcI N- AS
used herein, the term "HER-2/ neu ECD-DPD fusi'on protein," also referred to
as " ECD- BiKihgogrolyfr ©OD-abPinfnesicad lipkmigegroyy. rldeefusionpratefrusiagroppiooeli n or

' ci d sequence conprising or

fragnent thereof which conprises (i) .an a na
consi st i FGUBFISE HECTSARAIERTS ASHes ilﬁnﬁfen%‘?%‘b s thereof; and (ii) an

am nggaci d sequence conprising or consisting of the DPD donain or fragments
thereof of the HER-2/neu protein. In one enbodi nent, conponent (b)

conpr i seghagonjipainogfsian poteposiay be substmprllsbiolpgirally amstise.i ng of the fusion
protein "ECD-1CD'", or a polynucl eotide encoding the fusion protein. In an
alternative enbodi ment, conponent (b) conprises an i nmrunogeni c conposition

In one embodiment, the HER-2/neu protein or epitope described herein may be linked
or fused to recombinant GM-CSF, for example human GM-CSF. In a further
15 embodiment, a composition comprising a HER-2/neu protein or epitope as described

herein may further comprise GM-CSF.

As used herein, the term “HER-2/neu ECD-ICD fusion protein,” also referred to
herein as “ECD-ICD” or “ECD-ICD fusion protein,” refers to a fusion protein or
20  fragment thereof which comprises (i) an amino acid sequence comprising or
consisting of the extracellular domain or fragments thereof; and (ii) an amino acid
sequence comprising or consisting of the intracellular domain or fragments thereof of

the HER-2/neu protein.

25  As used herein, the term “HER-2/neu ECD-PD fusion protein”, also referred to as
“ECD-PD” or “ECD-PD fusion protein”, refers to a fusion protein or fragment thereof
which comprises (i) an amino acid sequence comprising or consisting of the
extracellular domain or fragments thereof; and (ii) an amino acid sequence comprising
or consisting of the phosphorylation domain or fragments thereof of the HER-2/neu

30 protein.



conprising or consisting of the fusion protein "ECD-PD', or a

pol ynucl eoti de encoding the fusion protein. In a further alternative

enbodi mrenwp 20@mpemsent (b) conprises an i nmunogeni ¢ CONP@STIEPROVSOMIIPY | Si NY
or consisting of the fusion protein "ECD DPD', or a polynucl eotide encoding
the fusion protein. In one enbodi nent of the present invention, the fusion
protein dge ﬁseragﬁeréiﬂf:{ﬂédt@rrﬁ‘ PRS0 ARL IFUD PP RbOfrotdke HER RfeRed to as
transmenbrane domaih. In a further enbodi nent, the fusion protein does not

i ncl ude amCRAPDTeoHEFERLAPD fusian prewrin, aneedomra fusiGCPrdtER drufsdgnmenpr ot ei ns
and the ECD-PD fusion proteins of the invention nmay be sol uble, secreted
and st abl thetiepf whichugosnrises §) apPRIDY Agd SEHGIEF FYNAESIAE & CPPEHINEIdNA ar e

under st ood .t 0 ,j ncl ude. ) i I
oaur val onpefrl Pt pRATERb s bRFRR I (IPPARES AR B tnblgE o8
i n whisch QN@nQkiHESRh@APDURECHISSr frberh@BSMeRAl ofitleirrl2Meuppibiaced by ot her
am no acid(s) or non-am no acid(s) which, in sone enbodi nents of the

invention, either (i) increase the elicitation or enhancenment of an inmune

response to, the HER- 2/ tei ii) d t tantiall
LT oot o o iofias PRHCGMeGhnaNERSA 7 Snstisangn rsupkhtesis YHionBtRe o the

HER- 2/ neu, pitsBioh of @ollsisthil o&Nhe Shiibd | RbRH aECESRAVS oY hlRRIcofidsel | s or
cytotoxic T cell's or stimulates the production of antibodies). Exanples of
vari ant s émcodingithegfusxsippdtemy fragments, honol ogs and functional equival ents

of the HER- 2/ neu ECD- | fusjon protein and HER- 2/ neu ECD PD fusj.on protein
are dOscrnpEdliemags emBRtEIR: CR PO AR SOB PSSO B8R OmPRTPor at ed

herei n by g ef RLBNGE- co¥abifN o GaNARRN" sioRsh aHEBIBDY, | dentpipluciedlide
"substantially simlar”™ to a fusion protein conprising native pol ypeptide
conponentaicoding theefiision ptdienabi | ity to stinmulate an i mune response.
Exanpl es of variants which

In a further alternative embodiment, component (b) comprises an immunogenic
15  composition comprising or consisting of the fusion protein “ECD-APD”, or a

polynucleotide encoding the fusion protein.

In one embodiment of the present invention, the fusion protein does not include a
substantial portion of the HER-2/neu transmembrane domain. In a further
20  embodiment, the fusion protein does not include any of the HER-2/neu

transmembrane domain.

ECD-ICD fusion proteins and the ECD-PD fusion proteins of the invention may be
soluble, secreted and stable in culture media.
25
HER-2/neu proteins as described herein are understood to include fragments thereof,
homologs thereof and functional equivalents thereof (collectively referred to as
“variants”), such as those in which one or more amino acids is inserted, deleted or
replaced by other amino acid(s) or non-amino acid(s) which, in some embodiments of
30 the invention, either (i) increase the elicitation or enhancement of an immune response
as compared to the HER-2/neu protein, or (ii) do not substantially affect elicitation or

enhancement of an immune response as compared to the HER-2/neu protein (e.g.,



may be used and nethods of determ ning such variants are described in

W00/ 44899 (US2002/0 177567), incorporated herein by reference. The ICD

t hat may wormoguei1s3of the present invention rmay be of heCamP200&013#09 nouse
origin. Human ICD (Figure 1; SEQ ID N&@ 12) inclusively spans the region of
Lys 676 to Val 1255. The rat 1CDis set forthin Fig. 2 and SEQ ID NO 13 as
i ncl usi V@aﬁaﬁ@ﬁﬁ%lﬁ@s hhespofied Bjﬂh@prelLTsceﬁg br Eﬁof@(ﬁc T2R8s of RemBRtdshae may
formpart of the present invention nmay be of human, rat or nouse origin.
The hunmamprédtion s€antfbodids).in Fig. 4 (anmino acid sequence 1 to 266 of SEQ ID
NGO 15, equivalent to am no acid sequence 990 to 1255 of HER-2/neu). The
human PD nay be the human DPD, as shown in Fig. 15 (amno acid sequence 1
to 59 of e HPnaetd KRGS 9fint 50 of
HER- 2/ neuFS%!;%lphéeg rugtvaé%mlssm&%om :Etral(elltlzll g.” 2 and tSI’EQ DD I\%C%ggagml fri:(():rli]afij)y vely
spannisng dqngrateagsi of) thef HER28@1 ECDVED figh® pidieinr zitd PORx@nebeE€RL D at DPD,

V\hlchlsshownlnFl 2 and SEQ ID 1 13. as, | iV j t he
region of fugipp wotein (?r%dﬁsci’é’&@ 1y Hloé%go @ﬁb’é’d%ﬁ& 42@%3%1%8@2@]}83%7)% f used
with eit r (hd ) R or a
ot D onttgsrimich BUER ) R S PO Ther
(i) a hursobstdfiatly saniiat td £usden piokein aothpnEng Bﬁhmpd])ﬁﬁe,pudc campartenB) or

DPD. The fu3|on protein that may formpart of th ent i nvention nay
conpri se AJIPERIN Gierbilitgte sHwE] fofcy P I RSP G REIRLCS RV v ich

PhoSBRCT Yha! bO DA Rlind i et lfin{RKNANEL ERERGS BLCRORSHO% 0%
or Y0 i cal e sequence o0 NO: a sequence at | east
80% 90% (WIS296101 TE6T), @ﬁdorp@aﬂehele&eqbwmfmxuﬁe. SEQ I D NO 14 fused to a

sequence at | east 80% 90% or 95%identical to the sequence of SEQ ID NO

15. Alternatively, the protein may conprise a sequence at | east 80% 90% or

95% i dent di frﬁ‘cﬁlegatto? k@M no
aci d sequiel?l?!e %ﬁlal& %%}gﬁ%ﬁ}l EIFE&J% l\ggl"[é? Ca ue sequence Phcl usi ve
of origin. Human ICD (Figure 1; SEQ ID NO:12) 1nclu51ve1y spans the region of Lys

15 676 to Val 1255. The rat ICD is set forth in Fig. 2 and SEQ ID NO:13 as inclusively

spanning the region of Lys 677 to Val 1256.

The PD that may form part of the present invention may be of human, rat or mouse

origin. The human PD is set forth in Fig. 4 (amino acid sequence 1 to 266 of SEQ ID
20 NO:15, equivalent to amino acid sequence 990 to 1255 of HER-2/neu). The human

PD may be the human APD, as shown in Fig. 15 (amino acid sequence 1 to 59 of

SEQ ID NO:16, equivalent to amino acid sequence 990 to 1050 of HER-2/neu). The

rat PD is shown in Fig. 2 and SEQ ID NO:13 as inclusively spanning the region of

Gln 991 to Val 1256. The rat PD may be the rat APD, which is shown in Fig. 2 and
25  SEQID NO:13 as inclusively spanning the region of Gln 991 to Arg 1049.

In one embodiment, a human ECD can be fused with either (1) a human ICD or a rat

ICD or (ii) a human PD or APD, or a rat PD or APD. In another embodiment, a rat

ECD can be fused with either (i) a human ICD or a rat ICD or (ii) a human PD or
30 APD, orarat PD or APD.



Gn 991 to Val 1256 of SEQ ID NO 13, or a sequence at |east 80% 90% or
95% i dentical to the sequence of SEQ ID NO 3 (17) fused to the amno acid
sequence WO 20@&as12580% 90% or 95% i dentical to the sequentEPosSlHusYe of
Gn 991 to Val 1256 of SEQ ID NO 13.2Alternatively, the protein may
conprise a sequence at |east 80% 90% or 95%identical to the sequence of

SEQ | D NOTha udithd gotdiy tHauseg fomm dagedulenp@sdat ilveasin 80YcolPson HIF%
identical to the sequence of SEQ ID NQ__15 or a sequence at |east 80% 90%
or 95% i defen caraseiiedaapneficd dp sSEGR-Bnrm phospiaigaton glomateqiktce at

ATt er nat 1 JETY T EHGF Gt BRI b0 B SR Men ) b S080o e or o506

Al ternati pr nmay conprise a se ce at |leas

i denti cal SEogl IS BT We AGeqdnc Sk 9%, 909, 6f 9 8%tilishticis®aht eedubfceddd No aci d
sequence inclusive of Gn 991 to Val 1256 of SEQ ID NO 13, or a sequence

at | eadt 869 090 6594 itdenseaiance ot asst §8%udAte opfOSZEGIEficaldo e f used
to a sequence at 909::90%.0r 95% i dentical to the .am no acid sequence
et st ve oot erg§Ta g N 57 o ARty ey by BnBhoc

embodi NMenfeastt§186,f90%4 SN P, U AtBa B Y¥he HAREARFIBAER RIO18dirgxly Rs&] douar

domain fused to a fragment of the HER-2/neu phosphoryl ation domain. In one

enmbodi neneminochacigeaguenas aragashdle, 0%y Peliculentical et ssquence Osdustvedddo

or 06t s P2 SETRSE SANRATE P Wl el L FRUE RO S B30 7
| east 180%deH0841 @6 tf%%qh&%tdm% tgg O pEgyeRago dhe %@ﬂci%%&ﬁee at

Alternatively, the protein nmay conprise a sequence at |eas % 90% or 95%
i denti cal leagt §0a Xéqoeh idéntGEQoRhe Kuener igrlusiwe oy Gly§8H ta Yahl2wmience at

| east 80%,..908 95% i, dentj.cal to the.ami no aci.d sequence jncluysiyve of Gn
091 t o Ar SEROITDNSY TREAEFRE Sy i oho st CoP R ASPH 0 0690 %bsos
i denti cal 9b® drlvgos RIIHEOSE ®o e SER ek NOEQLD Nés edl dlrecthy SesHRNE&qatndeeast
80% 90% or 95%identical to the am no acid sequence i nclusive of G n 991
to Arg 104Qleaft 88EQIND MMS5% 3dentcaldpribe sagubnce dfEQHINGD A Sneiya ssgpprdese a
15  at least 80%, 90% or 95% identical to the sequence of SEQ ID NO:19 fused to a
sequence at least 80%, 90% or 95% identical to the sequence of SEQ ID NO:15.
Alternatively, the protein may comprise a sequence at least 80%, 90% or 95%
identical to the sequence of SEQ ID NO:19 directly fused to the amino acid sequence
inclusive of Gln 991 to Val 1256 of SEQ ID NO:13, or a sequence at least 80%, 90%
20  or 95% identical to the sequence of SEQ ID NO:19 fused to a sequence at least 80%,
90% or 95% identical to the amino acid sequence inclusive of Gln 991 to Val 1256 of

SEQ ID NO:13.

In an alternative embodiment, the fusion protein may comprise a HER-2/neu
25  extracellular domain fused to a fragment of the HER-2/neu phosphorylation domain.
In one embodiment, the protein may have a sequence at least 80%, 90% or 95%
identical to the sequence of SEQ ID NO:18, or a sequence at least 80%, 90% or 95%
identical to the sequence of SEQ ID NO:14 fused to a sequence at least 80%, 90% or
95% identical to the sequence of SEQ ID NO:16. Alternatively, the protein may
30  comprise a sequence at least 80%, 90% or 95% identical to the sequence of SEQ ID
NO:14 directly fused to a sequence at least 80%, 90% or 95% identical to the amino
acid sequence inclusive of Gln 991 to Arg 1049 of SEQ ID NO:2, or a sequence at



sequence at |east 80% 90% or 95%identical to the sequence of SEQ ID NO
19 directly fused to a sequence at |east 80% 90%or 95% i dentical to the
sequence WD 286@6II3NO 16, or a sequence at | east 80% 90vamP2@58d34dent i cal
to the sequence of SEQ ID NO 19 fuse2kto a sequence at |east 80% 90% or
95% i dentical to the sequence of SEQ ID NO 16. Alternatively, the protein

My conp gﬁ@S@%S%@@%Q@ﬁ% iiamehl 80%e 9QMeRte PREQHEDtNOAl4 figel he Sequence
of SEQ I'D NO 9 directly fused to a sequence at |east 80% 90% or 95%

i dent i calsequentéhat laast B36%aODY cscétﬁﬂ/e ibsmticaldp e sminofacd seqoeEetieclngiye 9049 of

SEQ I D 1 S C 90O 95%, i.dent | ta the
sequencg%ﬂ\El %gﬂ_:(ﬂ) I‘AE%’I\@18 %r} Sf%(@ila I\ﬁgslé sg %tth? 85%‘%m§’8%}{; COSBBPS% 4 959

| denti cal e@&nw%t HINBOHAC loflosS @H%%Cﬁiehﬁ&il %'t}i@ s@%ueﬁ:é" 0P XEQ IDAND: kD49 of
SEQ I D Né . In an altefnative enbodi nent, the fusion protein may conprise

2' HERS 2/ ri@tctix fusad ¢b hidequende ahiaastf &[%,d%% @ ¥¥ERidehtieal torthe sepiehed ef donai n.

ternativel e _protein may nce .at st 80% % or 95%
i denti calS ElQ)ﬁ? ﬁ@é@q@&l%uﬁceﬁﬁ%ar%% 901/& Ofggg %8‘?"}0&& 9 etsf)q‘%?n%ee&ge?lcre at ’
| east 8 %e @@?&bﬂ é%'eq%té% etnee L GeR1T80%, 294 o2 esHIeNaGticACkyshee of Lys

676 to Va or a sequence at |east 80% 90% or 95%
i dent i calsequentdef SEQUENDI:dS. ﬁm@rﬂaﬂvb@ thedprbiesethay compsiec aspgeenat at east

o Val - 13981 §PAetis PpORR 107 bodhe PSRt 0 13 AR LT Nl oshios aci o
| i nkijpg § ¢ [ t | t
0% ooc sfieBin B BOLA VBl or 08 (ERELE D dPGERTRIY RS IMENFOF! Lsed to

a sequencEnad9lleasty BRI oOSERQAD BEYA3,dand serpiendeoatt lngst 306 P04k iod 9SBquence
i nclusive of Lys 677 to Val_ 1256 of

conpri sedd eéltl%lcfeéh%@q&fmqeéhfsgt]a%@/qN@EQ Wdég%ﬁeﬂwgétall\ggﬁetg%%ﬂ @tog/‘gﬁlﬂggf:gi gf
SEQ 1D NQso 14 fiised, £ o n§oee961'<? eﬁcte 1%@?&(76 §P%n 8% K 0%0 LESAE BRI to the

am no amg sequence I nclusive
NO:13.

15
In an alternative embodiment, the fusion protein may comprise a HER-2/neu
extracellular domain fused to a HER-2/neu intracellular domain. Alternatively, the
protein may comprise a sequence at least 80%, 90% or 95% identical to the sequence
of SEQ ID NO:14 fused directly to a sequence at least 80%, 90% or 95% identical to
20  the amino .acid sequence inclusive of Lys 676 to Val 1255 in SEQ ID NO:12, or a
sequence at least 80%, 90% or 95% identical to the sequence of SEQ ID NO:14 fused
to a sequence at least 80%, 90% or 95% identical to the amino acid sequence inclusive
of Lys 676 to Val 1255 of SEQ ID NO:12 via at least one of a chemical or amino acid
linking group. Alternatively, the protein may comprise a sequence at least 80%, 90%
25  or 95% identical to the sequence of SEQ ID NO:14 directly fused to a sequence at
least 80%, 90% or 95% identical to the amino acid sequence inclusive of Lys 677 to
Val 1256 of SEQ ID NO:13, or wherein the protein comprises a sequence at least
80%, 90% or 95% identical to the sequence of SEQ ID NO:14 fused to a sequence at
least 80%, 90% or 95% identical to the amino acid sequence inclusive of Lys 677 to
30  Val 1256 of SEQ ID NO:2 via at least one of a chemical or amino acid linking group.
Alternatively, the protein may comprise a sequence at least 80%, 90% or 95%

identical to the sequence of SEQ ID NO:19 directly fused to a sequence at least 80%,



Val 1256 of SEQ ID NO 2 via at |east one of a chemcal or amno acid

| inking group. Alternatively, the protein nay conprise a sequence at | east
80% 90%w0 20&sizdenti cal to the sequence of SEQ TD NO pL9/re08013499 f used

to a sequence at | east 80% 90% or 95%43 dentical to the am no acid sequence
inclusive of Lys 676 to Val 1255 of SEQ ID NO 12, or a sequence at | east

80% 90%@y, Q2% dRAtiéAa ttarking a5idGueEee HelBRQ dfmyy@6 19 Vhusesh 40 a

sequence at |east 80% 90%or 95%identical to the ami no acid sequence
i ncl usi vBEQFIDLYE: sz@rtaose\metncm;asEasifé%O%E@OfVDon\@%zdmt@amo the seuenereofof a

compr | seSBOIINRRLE e e etk AoBin S0 080 b ad tER O ME W ce of

SEQ 1D NQ¥q %g?%h&,eﬁk Wivete s (696 f FEOUSAGE S@Q i1 23:1 800 at % Qe TR0
i dentica e am no acid’sequence inclusive of Lys 677 to Val 1256 of

SEQ ID Néhe}n:’hBal ar amirgequidroking gloepst ABOWatIi G the p9GI%in telitdopwirise @ t he
sequence of SEQ I 9 sed ne at | east 95%
i dent i caPeugngeH@t gﬁ?tn%o %c?é 8&:2?0@6???%?3% TR 0%%%@ BB %?%256 (:)f
SEQ I D g, M@ ¥ al £GHncORE 1&fst 80°%.160,Cl 039, i@t RCid dnhifkiap@ 9T oup.

The ECD usi on prot Ins which may be used in the present invention,
whi ch wi béqubﬁcamdhsls"e(;ﬁiw@Wm Medlé2¥@pf S8ROSID NAt13de aasegupos sit bdast

conbi nati on betvveen human and nhon- human i . n- hunan

ool ypept Sads %rﬁ;r%s/e roodn heranris e SH Hamnutd Tusstio agthne at oy

rmus g oR1 &ho, RQT iqrent, the
o T HaBRoR, St RIS 50 1ol b e B e e B L ot i

such as WMabgesd of rii) dp Nk nip athkeadnmmmfmﬂlﬁmcﬂ ot aBiroSkEQ k@ 14)

with the human 1CD, which is the am no acid sequence inclusively spanning

Lys 676 €BWal 1255, as shown in Fig. 1 (SEQ ID NO 12), with or without a
chem cal and/or am no acid |inking group, and variants thereof;

The ECD-ICD fusion proteins which may be used in the present invention, which will
15  be understood to include variants, include any possible combination between human

and non-human polypeptides. Non-human polypeptides comprise polypeptides from

any mammal, such as, e.g., rat, mouse, guinea pig, horse, cow, pig, sheep, dog, efc.. In

one embodiment, the ECD-ICD fusion proteins include:

20 (i) human ECD - human ICD fusion proteins, such as those formed by
linking the human ECD of Fig. 3 (SEQ ID NO:14) with the human
ICD, which is the amino acid sequence inclusively spanning Lys
676 to Val 1255, as shown in Fig. 1 (SEQ ID NO:12), with or
without a chemical and/or amino acid linking group, and variants
25 thereof;

(i) (ii) rat ECD - rat ICD fusion proteins, such as those formed by
linking the rat ECD of Fig. 8 (SEQ ID NO:19) with the rat ICD,
which is the amino acid sequence inclusively spanning Lys 677 to
Val 1256, as shown in Fig. 2 (SEQ ID NO:13), with or without a

30 chemical and/or amino acid linking group, and variants thereof;
(iii) human ECD - rat ICD fusion proteins, such as those formed by
linking the human ECD shown in Fig. 3 (SEQ ID NO:14) with the



(it) (1i) rat ECD - rat 1CD fusion proteins, such as those fornmed by
linking the rat ECD of Fig. 8 (SEQID NO 19) with the rat 1CD, which is

t he am nowecheb/®ersaence inclusively spanning Lys 677 toPUalEP2@561348% shown
inFig. 2 (SEQID NO13), with or without a chem cal and/or anmino acid

| i nki ng group, and variants thereof; (iii) human ECD - rat |CD fusion

proteins, such as thogerdorweRhRYiheiafkhdgeill B&uBhdsEnclRERelSRpMMIAgILYS 9. 3
(SEQ ID NO 14) with therat 1CD which is the am no aci d sequence

i nclusivel y spanni ng 6¥&to67al 1256 \asishawsén Figs 258N NOF1 3, withesEQ | D

NO 13), with or without a chem cal and/or. am nqg.acid |inki , and
variants thereof: andV{Poyt arcg‘te ag&ﬂﬁ?ﬂwola&%q?n%g%%%m%?’o g?’ﬁlggnqggch as
those formed by Iinkipggrdpegat ECD, as shown in Fig. 8 (SEQ ID NGO 19),

with the human | CD, which is the am no acid sequence inclusively spanning
Lys 636 to Val 1255) m¢EShbwurnm FGIY fusion8B@insDsutyas fiose feiited bor wi t hout a

chem cal and/or amino_acid._linkj rQup, . i f.
variants of the ECD | IP%Q}GJH%%&%@%&égﬁg-\@@ﬁ@zﬁ]&i?gg‘ilﬁé géed as
fusion proteins of thg, BEeREHwhidN K th Gfhind &i@gbaulérmqﬂémﬁ%lysmmgvari ant s

are substantially identical or substantially simlar to the native
HER- 2/ neu ECD- 1 CD pr oLgi 6f76atiodvaldRab,rastshewalbi Figt yf (FBQSH N0 BY)ewdlh o mmune
response. Human DNA sequence that1 e(lacode.the. .protein _are.shown, for
exanple, in Fig. 9 (SESPPHAGEIBI 48 PhERTS;Ai ﬂFPfgfmﬁtYBP tide 1 to
nucl q@t | de 1959. _I-lumag]e sequences that encode the I1CD protein are shown,
for example, in Fig. Q I D NO 20) as inclusively spanning nucl eoti de
282|6 to nucl eotide 3765. The effect of any sequence nodification on the
ability of a HER-2/neu ECD | rot ei .
y Any variants of the ECD-ICD fusion protleﬂls tdgsc%[i)(e)g ng%in are included as fusion
proteins of the present invention. In one embodiment, such variants are substantially
identical or substantially similar to the native HER-2/neu ECD-ICD protein and retain

15  the ability to stimulate an immune response.

Human DNA sequences that encode the ECD protein are shown, for example, in Fig.
9 (SEQ ID NO:20) as inclusively spanning nucleotide 1 to nucleotide 1959. Human
DNA sequences that encode the ICD protein are shown, for example, in Fig. 9 (SEQ
20 ID NO:20) as inclusively spanning nucleotide 2026 to nucleotide 3765. The effect of
any sequence modification on the ability of a HER-2/neu ECD-ICD protein to produce
an immune response may be readily determined, for example, by analyzing the ability
of the mutated HER-2/neu ECD-ICD protein to induce a T cell response using, for
example, the methods described herein, or by analyzing the ability of the mutated

25 HER-2/neu ECD-ICD protein to produce antibodies.

The ECD-PD fusion proteins which may be used in the present invention, which will

be understood to include variants, include any possible combination between human

and non-human polypeptides. Non-human polypeptides comprise, e.g., rat, mouse,
30  guinea pig, horse, cow, pig, sheep, dog, etc. In one embodiment, the ECD-PD fusion

proteins include:



an i mmune response may be readily determ ned, for exanple, by analyzing the
ability of the nutated HER-2/neu ECD-I1CD protein to induce a T cell
response wei2ng/o6izs8 exanpl e, the net hods descri bed her eiPol/Erroospiznal yzi ng
the ability of the nutated HER-2/neu BCD- I CD protein to produce anti bodi es.
The ECD-PD fusion proteins which may be used in the present invention,

whi ch will be under§tQagntECD DehWee PYAfiubidASoteinf Gt gs SHtyviasss bk e
conbi nati on between "hurman and non- hunan polypeptides. Non- hunman

p(r)ll ypep'([]I i(HBO TDoNPr 73 end waripnts thereof, mmleding fusioreprotsing, fomaedley lidang thei g,
sheep, , e l n_on i t. E PD } i i ncl ude: (i
Shecp. Cag £\Anl B 21S RHBRH TN e, SC0 PO ek B g ncl v (1)
17) and h3 ?vgthtog%)zt%%ﬁbaéﬂéﬁ{ié@aﬁ@of iR o] Qﬁlﬁﬁg‘%roﬁlﬁ,réfﬂdva%nﬂsi nking the

human ECD of QID NG 14) with the human PD of Fig. 4 (SEQ I D NO
15) wset h thareadt t hout a chem cal and/or am no acid |inking group, and
variants thereof; (ii) r ECD - rat PD fusio rot ei ns C s those
formed by Iinking tHefat t &P é?lﬁr.l PEOIPIBESUP .%@?’W?ﬁyﬁ Dgat PD,
which is 4be.aEm ﬁi%ﬁ 6: 199 ¢Jitshy gl i idto Val 1256
t . 19N GithSthd Bt YT RAHH B9hdAhing%did :
as shown !nl%lEl g. gf(%E @DQLI%%%B])? vlvith or W't hé)ut1 a cherlrli call and/ or am no
aci d | i nlseqgenge tigusivehycspuating (s 99 her Balf 256] as shownnafigeC(SEQ H? PD f usi on
proteins, such as those forped, by |jinking the human ECD shown in Fig. 3
(SEQ T RT3yl eriviat f herpisal G iido Brig ARG 80 SHrste
i ncl %! v%&egfpanni ng An 991 to Val 1256, as shown in Fig. 2 (SEQ I D NO
13), 'with or Wi t hout a chem cal and/or amino acid |inking group, and
vari ants thereof; giit) huimah BGI - EEDD fusiomgmotesf wsh enthpsefemed bysuch as

;[Nih? ?]et Lgﬁ% plb\l,u?lgllg ]%%Dt SQI%WI;’Ial}l FECED 3 (Sal%Q%B m@:lh)nwftil?he r8at f’gl,zgh{cmso 19,

the amino acid sequence inclusively spanning Gln 991 to Val 1256, as shown in Fig.
2 (SEQ ID NO:13), with or without a chemical and/or amino acid linking group, and

15  variants thereof; and

(iv) rat ECD - human PD fusion proteins, such as those formed by

linking the rat ECD, as shown in Fig. 8 (SEQ ID NO:19), with the human PD, as
shown in Fig. 4 (SEQ ID NO:15), with or without a chemical and/or amino acid
linking group, and variants thereof.

20
Any variants of the ECD-PD fusion proteins are included as embodiments of the
present invention. In one embodiment, such variants are substantially identical or
substantially similar to the native HER-2/neu ECD-PD protein and retain the ability to
stimulate an immune response. Human DNA sequences that encode the ECD protein

25  are shown, for example, in Fig. 9 (SEQ ID NO:20) as inclusively spanning nucleotide
1 to nucleotide 1959. Human DNA sequences that encode the PD protein are shown,
for example, in Fig. 9 (SEQ ID NO:20) as inclusively spanning nucleotide 2968 to
nucleotide 3765. The effect of any sequence modification on the ability of a HER-
2/neu ECD-PD protein to produce an immune response may be readily determined,

30  for example, by analyzing the ability of the mutated HER-2/neu ECD-PD protein to

induce a T cell response using, for example, the methods described herein, or by



shown in Fig. 4 (SEQID NO 15), with or without a chem cal and/or am no
acid linking group, and variants thereof. Any variants of the ECD PD fusion
pr ot ei ns woeolamshizsded as enbodi nents of the present i nveoTiErPRoosiom4one
enbodi nent, such variants are substantdally identical or substantially
simlar to the native HER-2/neu ECD-PD protein and retain the ability to

sti mul at g, A0, PIRINGifi §TUSRutatdd FIR DNuSEQUENS tehﬂvd piedgede the ECD
protein are shown, for exanple, in Fig. 9 (SEQ 1D NO 20) as inclusively

spanni ngantnlnﬂcheﬂl de 1 to nucleotide 1959. Human DNA sequences that encode
the PD protein are shown, for exanple, in Fig. 9 (SEQ ID NO 20) as
i ncl usively spanni ng nucl eotide 2968 to nucl eotide 3765. The effect of any

sequence prdif LCals RRmeRt, G @Eh! hj ﬁﬁloﬁfpré’te ERre BEDAPTFEIR SRt tO

produce an I mune responée may e readil eterm ned, for exanple, by
anal ygi nghd;btes@buﬂVehuomfwmttEWnUb@meﬂard’cm@hmﬂuddfma@@ pcbdaiganyo i nduce a T

cel | response using, for exanple, th hods descr.i be he ein, or
byanal yziPagsikl ﬁéoﬁll?mafflt’? befveeh BUumaR AR HOIH%WH ‘gﬁp@é@?ﬁ? Bf to pr oduce

anti bodi %% yg%ﬂté&gg%ﬁﬁélsgygqja{r%hset ﬁqeg%ﬁastew sﬂé | BSe,2Fe ECD-DPD

fusion pro ‘ent I nvéntion ch wil e u derstood to

i ncl ude VRbh&BhBodinitat, Yk PODaABD Passi plotsigoftiudat i on bet ween human and
non- human pol ypepti des. Non- human pol ypepti des conprise, e.g., rat, nouse,

gui nea pig, horse, (@dwm@i@Dshémpn NpBYfusienproteins.gieh anshsaymadtiz. 7 he
S T2 YA R T PR D
o e A e g i 1
and/ or amOA6chwitt drl\mthonga cremipgl aadr wainceavidlittieg goip, 4nud yariaats ECD - rat
DPD f usi (%}rl]ergorf(;)t eins, such as those forned by I|inking
(ii) rat ECD - rat APD fusion proteins, such as those formed by linking
15 therat ECD of Fig. 8 (SEQ ID NO:19) with the rat APD, which is the amino acid
sequence inclusively spanning Gln 991 to Arg 1049, as shown in Fig. 2 (SEQ ID
NO:13), with or without a chemical and/or amino acid linking group, and variants
thereof;
(iii) human ECD - rat APD fusion proteins, such as those formed by
20  linking the human ECD shown in Fig. 3 (SEQ ID NO:14) with the rat APD, which is
the amino acid sequence inclusively spanning Gln 991 to Arg 1049, as shown in Fig.
2 (SEQ ID NO:13), with or without a chemical and/or amino acid linking group, and
variants thereof; and
(iv) rat ECD - human APD fusion proteins, such as those formed by
25  linking the rat ECD, as shown in Fig. 8 (SEQ ID NO:19), with the human APD, as
shown in Fig. 5 (SEQ ID NO:16), with or without a chemical and/or amino acid

linking group, and variants thereof.

Any variants of the ECD-APD fusion proteins are included as embodiments of the
30  present invention. In one embodiment, such variants are substantially identical or
substantially similar to the native HER-2/neu ECD-APD protein and retain the ability

to stimulate an immune response. Human DNA sequences that encode the ECD



the rat ECD of Fig. 8 (SEQ ED NO 19) with the rat DPD, which is the am no
aci d sequence inclusively spanning G n 991 to Arg 1049, as shown in Fig. 2
(SEQ ED N&DD28)6/06wds8h or wi t hout a chem cal and/ or anm noPpatirk2005n0kisng group,
and variants thereof; (iii) human ECD27 rat DPD fusion proteins, such as
t hose formed by |inking the human ECD shown in Fig. 3 (SEQ ED NO 14) with
the rat MG h180n 3Gk dg bophdisbmsivilyspamgyg G n 991
to Arg 1%@?61%@63%28%’ {Oﬂgéiﬂgﬁl 2 (S%Q E%}%gjq\%)z?ymth or v}\ln Phoutg]a chem cal
and/ or aniudecaded tb nnklieogdegt I59p Huammoh WHA sqtiencthtbreafcpdatied ARy protab ECD -

human DPD fusion proteins, such as those_for |.inking.the.rat ECD, as
shown in #EQEDEREAORES N@W%@)T,GXWPE” tfh’%lghﬁggﬁQ%éd}IO%>§ﬁmﬁlﬂ15Wﬁ?¥i g. 5
(SEQ ED i L i i r i cid linking
group, an a\r/ug{l?l gllll’ll gg{f%ée)ﬁrgeégftsgﬂﬁ%oﬁercj}gﬁmt (s\ﬂcl‘%feﬁitg quI%I%ggI%%n%usi on proteins
are i gl ugedifReti QbR temilits 00h HERS2 fiee BOD-APIMgofeiro. produce ag iammadi ment ,

such variants are substantially identical or substantial _I_\é{ simlar to the
nati ve HERspynsemagdprerbypsicsrainedaios cranplienby malyabig the gbiliy ofttherul at e an

i Mune respons n uences that encode the ECDpratein are shown,
For exanpPBhTERGe: PeB ST e RRF 0 THECr R Gy ooryo oA (e ATe eot  do. 1
to nucl eofodrdiResdibtRMetdN) o BHUENFARS tﬂa:aaboﬂﬁg@pﬂﬁ e DR Alesi N Of SEQ
ID NO 16 are shown, for exanple; in"Fig. 9 (SEQ DD NO 20) as inclusively
spanni ng BOD-APDIipdecidd6 dpraducaactiteaidssde 3144. The ef fect of any sequence
nodi fication on the ability of a HER-2/neu ECD-DPD protein to produce an
im"runboresponse may be readily determ ned, for exanple, by analyzing the
ability o HERS 4 RER by QL& EOPUSS £&idy cel |
response Elséﬁr%ge?{q‘&tg?ﬁ%ghﬁg el?dg]taﬁle ‘e ﬁodg(@es%ﬁr%gdﬁher ei n, orl‘;}t)y anal yzi ng
t he abi | i piptaih of HpolyntcéadicdhtdbdnnawchBEsiBPPrg¢iot ei n t o produce anti bodi es.

In an embodiment of the present invention in which component (b) is a protein,
15  component (b) may further comprise adjuvant or immunostimulant such as but not
limited to one capable of stimulating a TH1 type response. In one embodiment of the
present invention, component (b) comprises an adjuvant capable of stimulating a TH1

type response.

20  Adjuvants suitable for protein formulations
It has long been known that enterobacterial lipopolysaccharide (LPS) is a potent
stimulator of the immune system, although its use in adjuvants has been curtailed by
its toxic effects. A non-toxic derivative of LPS, monophosphoryl lipid A (MPL),
produced by removal of the core carbohydrate group and the phosphate from the
25 reducing-end glucosamine, has been described by Ribi et al (1986, Immunology and
Immunopharmacology of bacterial endotoxins, Plenum Publ. Corp., NY, p407-419)

and has the following structure:



I n one enbodi nent, i mmunogeni c conponent (b) conprises an ECD-PD fusion
protein or a polynucleotide encoding such a fusion protein. In an

enbodi mrenwoaboddsespr esent i nvention in which conponent @oYX/EP2008/0p340% €i N,
conponent (b) may further conprise adpuvant or i mrunostinulant such as but
not limted to one capable of stinulating a TH type response. In one
enbodi nent of the preseg} |nventron conponent (b) conprises an, adj uvant
capabl e of stinulating épe response. Adjuvants suitablefor protein
formul ati ons Iﬂb%ﬁg*longgbee Oﬁp that enterobacterial |ipopolysaccharide
(LPS) is a potept eyl Mmune system al though its use in

adj uvant s has bee u ai

of LPS, nDnophOBpOoryI

Rets. A hon-toxic derivative
car bohydrate group and t howy

of the core
end gl ucosam ne, has

been described by Ripi. a , : inophar macol ogy of
bact eri al endot oxi ns; enum Publ cuder p. and has the
follow ng structure:.A fgHt her det¢xified versiongQi \f agults fromthe
removal of the acyl chajp fromth&H3-positi Oy gfCchar i de backbone,

and is called 3-O Deacyf'at ed nono sphoryhflrn d A (3D L). It can be
purified and prepareg e netjxqds taug =0n "B 21 1B, which reference
al so di scl oses the le%; ation %f(%osplmx,yl l'i pid{A “and 3-O deacyl ated
vari ants thereof: c1n;on ermb iy the. i @ﬁgen|C' nmposi ti on conpri ses
3D-MPL. hi one enbodCHpnt the fbrm of 3D be used-iis in the
formof an emul sion &ﬁbrng as ﬂmpartlch@ﬁﬁmze | esq . n 0.2mmin

di aneter, and its net’hod of marggacture is égsclosedm*hhe 294/ 21292,
|ncorporated herein by reference." Aqueous ? nulatroéﬁﬁ n% LgSi Ng
monophosphoryl lipid A and a surfactant .have been describegl in WO843670,
i ncorporated herein by reference B (Cﬂﬂu

cﬂa

A further detoxified version of MPL results from the removal of the acyl chain from
the 3-position of the disaccharide backbone, and is called 3-O-Deacylated
5  monophosphoryl lipid A (3D-MPL). It can be purified and prepared by the methods
taught in GB 2122204B, which reference also discloses the preparation of
diphosphoryl lipid A, and 3-O-deacylated variants thereof. In one embodiment, the

immunogenic composition comprises 3D-MPL.

10 In one embodiment the form of 3D-MPL which may be used is in the form of an
emulsion having a small particle size less than 0.2pm in diameter, and its method of
manufacture is disclosed in WO 94/21292, incorporated herein by reference. Aqueous
formulations comprising monophosphoryl lipid A and a surfactant have been
described in W09843670, incorporated herein by reference.

15
The bacterial lipopolysaccharide derived adjuvants to be formulated in the
compositions of the present invention may be purified and processed from bacterial
sources, or alternatively they may be synthetic. For example, purified
monophosphoryl lipid A is described in Ribi et al 1986 (supra), and 3-O-Deacylated

20  monophosphoryl or diphosphoryl lipid A derived from Salmonella sp. is described in



The bacterial |ipopolysaccharide derived adjuvants to be formulated in the
conpositions of the present invention may be purified and processed from
bact er i alweanssssz530r alternatively they may be synt het iPCT/HPeo0s@xBNDI €,
purified nonophosphoryl lipid Ais degcribed in Ribi et al 1986 (supra),
and 3- O Deacyl at ed nonophosphoryl or di phosphoryl lipid A derived from

Sal monel éi&qziﬁ S8 1Pedoi nGhI AL h@@ﬁtﬁéﬁcfmg&?mm&e hpw i fi ed

and synthetic |'ipopol ysacchari des have been described (Hilgers et al, 1986,
| nt . Ar chbédn éesgyibédrtilitesrs et 419 (1236,30RABh. Aldrgeemanola|79(4)BFE70; Hitgetol ogy,

1 pobol yShtlonib abnapapa 0L s et RGP B B0 hSReBEhEHBht i ves

that may I; iesentailhvve N i gy e those i munosti nul ants that
are sim It%?o#ﬁe%g%lrlﬁ%‘%o[l}%g to teﬂatJ of LPS or MPL or 3D MPL. hi anot her aspect

of the present invention the LPS derivatives nmay be an acyl ated
nonosacchari de, which_is a sub-portion to the Ig'?ﬁ'tjove truct.ure of MPL.

3D- MPL i dicsprdingdnithe LEP dppvRLYSs Q]éatr%?:yeB? B?eddn_(t REEG D ﬂlé_aéer’r%%ﬁﬁ ment,
one or ”%&uﬁ%;ﬁaéuﬁ&gQﬁ&%ﬁﬁ@%ﬁ@mcﬂﬁé Hﬁjﬁ&ié & od DI NQCEBINEPICOFPOSI ti on

of the present 1 nvention. agoni sts 1 nclude: |ipopolysaccharide (LPS)
from gr annepat avecbagttae ipaesear ifveatorenhs IPSedadfajivereatayshock prybttel n ( HSP)
10, 60, 65, 70, 75 or 90; surfactant Protein A h a%l nan

ol i gosac @HEepHEsa C}?eff}’élif%lris§§F‘fiﬁ%’é’nft?§&r?é’ﬁf’%§t“fq“ﬂg8 E{@t n fragnents,

fi brigogen pepti des and b-defensin-2 and MPL, for exanple 3D-MPL. Saponins
are tl ught in: Lacaille-Dubois, Mand Wagner H (1996. A review of the

bi ol ogi caD-BAd. Bhay sEek oFiTodlHlilactecsptds € ThR-4afoninssmiPdhertpdicbne vol 2
pp 363- 386). Saponins are steroid qr_ triterpene Iiycosi des.w dgl

di st ri butieate i FLRHe 2gmasits) apey Rarinaadethipean WH@W{%&P PRI § éf\{%ot ed for

formng colloid utdang i t I ARr8bakpRy.aand 4 Qr
pr eci pi tz?{elsﬁ%t %:nf?g?eo(s%{'eﬁ&%ﬁ\&%ﬁl@ag@lﬁﬂés%@é&%r ceFﬁ ma%br ancekér t hey
create pekgatlvekRcktin gt fipasntsithédest; Meaishatieprotuic (HERUe 6005, 70, 75 or

15 90; surfactant Protein A, hyaluronan oligosaccharides, heparan sulphate fragments,

fibronectin fragments, fibrinogen peptides and b-defensin-2 and MPL, for example
3D-MPL. '

Saponins are taught in: Lacaille-Dubois, M and Wagner H. (1996. A review of the
20  biological and pharmacological activities of saponins. Phytomedicine vol 2 pp 363-
386). Saponins are steroid or triterpene glycosides widely distributed in the plant and
marine animal kingdoms. Saponins are noted for forming colloidal solutions in water
which foam on shaking, and for precipitating cholesterol. When saponins are near cell
membranes they create pore-like structures in the membrane which cause the
25  membrane to burst. Haemolysis of erythrocytes is an example of this phenomenon,

which is a property of certain, but not all, saponins.

Saponins are known as adjuvants in vaccines for systemic administration. The
adjuvant and haemolytic activity of individual saponins has been extensively studied
30 in the art (Lacaille-Dubois and Wagner, supra). For example, Quil A (derived from
the bark of the South American tree Quillaja Saponaria Molina), and fractions thereof,

are described in US 5,057,540 and “Saponins as vaccine adjuvants”, Kensil, C. R.,



menbrane to burst. Haenolysis of erythrocytes is an exanple of this
phenonmenon, which is a property of certain, but not all, saponins. Saponins
are knowweoadjeizsant s i n vacci nes for system ¢ adm ni SPCREPRIVS/0TIIE9

adj uvant and haenolytic activity of i#dividual saponins has been

ext ensi vel y studi ed in the art (Lacaill e-Dubois and Wagner, supra). For
exanpl e, ? Cfa'h‘?éf‘ tne bagd of (1hg1SputhdArRrocrRn pre@Iill aja
Saponar i a and ractions thereof, are described in US 5, 057,540 and
" Saponi nstCulate etmetunadg texraert BYimunceSignnlatioy CRmpGrxies (IRSOMBR coDpusgingar ri er
Syst, 1996, 12( ; E 362 279 B articul ate structures,
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of their é%d’r)clﬁvswele% d&?%&egééd)oi“ﬁltu%s%kce%{lu‘f@&“sa@ a%?ﬂoor}déiielé 362 279
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i ncl ude t%ose rom ot p ant ’speci es such as Gypsophil'a and
Saponar i ssapfitinf evhitheliavalbeerassli meyst&aﬁi(cf)\)acsﬂﬁ’a&? gudits @RudeGheseadtrivednt

system whi ch may be used in the pres i nvention rises non t oxi c

lipid A m\Pél’ﬁf\PéafﬁﬁHe%eSs%‘ﬁBﬁF YR atail@éapwaﬁaﬂﬁpgg r&retéh YOS syst em

whi C?Il may. ]é)gg) |ses 3D- MPL and Q@S21, as disclosed in, for exanple,
/000 |ncorporat ed herein by reference. A further system whi ch may

be used conprises 3D-MPL and QS21, in which the Q821 is quenched with

chol esterol, as disclosed in, for exanple, W) 96/33739, incorporated herein
by ref er éAee adinqag FYaFHeVRighi ey Beroh Fethe PEeseph B BREILFRMPTRGE AN,

component () AJA §d-RARVE ¥ L UohRCTrRi A N BRIe A TRRS L SR-FANRER S Ng 2
saponi n, oge Hef™ With an i nmunost | mul at ory I'gonucleot exanpl e,
t he adj uvany HOURAStdthpiseBID-MPL and QS21, as disclosed in, for example, WO
15  94/00153, incorporated herein by reference. A further system which may be used
comprises 3D-MPL and QS21, in which the QS21 is quenched with cholesterol, as

disclosed in, for example, WO 96/33739, incorporated herein by reference.

In an alternative embodiment of the present invention, component (b) additionally
20  comprises an adjuvant composition comprising a saponin, together with an
immunostimulatory oligonucleotide. ~For example, the adjuvant Acomposition may
comprise QS21, together with immunomodulatory oligonucleotide, for example

oligonucleotide containing unmethylated CG motives (CpG oligonucleotide).

25  In one embodiment of the present invention, an immunostimulatory oligonucleotide

which may be included in an adjuvant is selected from the group:-
SEQ ID No 22 - TCC ATG ACG TTC CTG ACG TT (CpG 1826)
SEQ ID No 23 - TCT CCC AGC GTG CGC CAT (CpG 1758)
SEQ ID No 24 - ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG
30 SEQ ID No 25 - TCG TCG TTT TGT CGT TTT GTC GTT (CpG 2006)
SEQ ID No 26 - TCC ATG ACG TTC CTG ATG CT (CpG 1668)



conprise @21, together w th i mmunonodul atory ol igonucl eotide, for exanple
ol i gonucl eoti de contai ning unnet hyl ated CG notives (CpG oligonucl eoti de).

I n one emvodnewsi2sef the present invention, an inmunost iPCEIERR@SH13409

ol i gonucl eoti de which may be included3in an adjuvant is selected fromthe
group:- SEQID N o 22 -TCC ATG ACG TTC CTGACG T T (CpG 1826) SEQID N o 23
1CT CCIAGE GIGERE GhodiiaR 37 B8 prSE: i 2bmAenCH) LAda1G GOC CGT
GAC GBC ACC ACG SEQ ID N o 25 TCGPI'CG TTT TGT 'CGT TTT GIT .(CpG 2006)
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enbodi nent of nventi o additionally conprises
an adj uv@ade gﬁzeﬁgg%ﬁg?éghmcgpﬁr@&g {“5‘?’ emul sion, for exanple as
described in EP 382 271, incorporated herel n by reference. In a further

enbodi ment, conponent (b) additionally conprises an adjuvant conposition
for nubat dd wi filth3D- &RbodifBAY emdp@p@ db) guiditiinedy i dranp@@et amradjmama

| | - t bed i
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both a hunpyalmaid a6k dde Hg b@r: of, ?&%Q%%Ele JsMeEQIBANA $ROG2/9 490, adj uvant

forrrulatlo conprising | ust the formulation of the
i nvent i ornderyorard bersin by refeierce. asimarﬂ)mgﬂmmisynay moderdeth IHimosd pahse. I1n a
yet further enbodi ment of the_present inventi juvant is SB62'c, an

n, the a
adj uvant C@BWB‘E msdiied FesBPRSS; nnneTBPATERTS gw@nacﬁ“@n{;}g% AHOP COMREYRS the oi |

s aqpet I vBNd e 0 ihs nin (ww
i's |n6Eh2'9 ggpoaﬁd%% ’28’33 gor{rm#ﬁflgéf\/\gﬂta?rnggﬁr;;ms%dozamg\%c%o@eﬁﬂgescr|(bed)
in W9/ Jaﬁﬂzﬂrikagéobﬂyfautrbng@aﬁ{ﬂl rgpafsewhi ch is incorporated herein by

reference. In one embodinment, the ratio of the metabolisable oil:saponin
(Ww is substantially 48:1. The saponin may be a Quil A such as QS21. In

one exan‘pﬂlea yI—':thﬁlrﬁ[Ef 2hebhfah: ©raht ﬂréseﬁtq}ﬁ%:ﬁﬁﬁl; tﬂ@%dj%@ggt' fs SB62’c, an

adjuvant comprising an oil-in-water emulsion and a saponin, wherein the oil is a

15 metabolisable oil, and the ratio of the metabolisable oil:saponin (w/w) is in the range
of 1:1 to 200:1 (oil-in-water emulsion low dose) described in W(099/11241, the full
teaching of which is incorporated herein by reference. In one embodiment, the ratio
of the metabolisable oil:saponin (w/w) is substantially 48:1. The saponin may be a
QuilA, such as QS21. In one example, the metabolisable oil is squalene. The SB62’c

20  adjuvant composition may further comprise a sterol, for example cholesterol. The
SB62’c adjuvant composition may additionally or alternatively further comprise one
or more immunomodulators, for example: 3D-MPL and/or a-tocopherol. In an
embodiment of SB62°c which comprises 3D-MPL, the ratio of QS21:3D-MPL (w/w)
may be from 1:10 to 10:1, for example 1:1 to 1:2.5, or 1:1 to 1:20.

25
Thus, in one embodiment of the adjuvant SB62’c, the ratio of the metabolisable
oil:saponin (w/w) is in the range of 1:1 to 200:1 or is substantially 48:1, the saponin is
QS21 and the adjuvant also includes 3D-MPL (oil-in-water emulsion low dose, QS21,
3D-MPL).

30

In a further embodiment of the present invention, the adjuvant consists of an oil-in-

water emulsion comprising a tocol, for example as described in EP0382271,



adj uvant conposition may further conprise a sterol, for exanple

chol esterol. The SB62' ¢ adj uvant conposition may additionally or
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SB62' ¢, the 0 nmet abol i sabl e oil:saponin (wWw) is in the range of
1:1 t o 20Ghichanayi i wutsdm@ptisealo-tpcdigheiql. t he saponin is Q521 and the adjuvant
al so includes 3D-MPL (oil-in-water enulsion | ow dose, QS21, 3D-MPL). In a
further enbodi nent of the present invention, the adjuvant consists of an

oi | -i nwat B oféMehHodimenONbei &ijingna id an cldjuvhor cexporiiice as ddesibed heckin,n
EP0382271, i ncorporated herein by reference. In a_ further enbodi nent, the
oil-irk waP@ﬁefé?ﬁEMé‘ihﬁh aIOSAMAR{OT HE TR 2t GRgsFiDed dn R3S bhdrePorisdone
enbodi nmen L he | uvant, is | C IL1 i rein,

ot esent et Bodn ser Al o HRn  BIRARI GO RaGRoRBRE, G

i ncor por ajsxkiherein by reference. In a further enbodi nent, the adjuvant may
conprise nontani de | SA51. Vaccine The present invention also provides a
vacci ne conprising an i nmunogeni ¢ conposition as described herein, with a
phar maceuypga4td y acceptabl e exci pi ent, adjuvant or vehicle. The present
invention also provides a process for the manufacture of a_ vaccine

conpokl t i he pesprtiniengomilg prpvadesiai®oeing eQnerREPOERMIRIEEHE descri bed

herein with appropriate. g rmaceut.l cal | y accept abl e hicl.es. adjuvants or
exci pi ent 8‘.’%%5?%@ icgf%ﬂ@ e lg}%&}g{%ﬁ%ﬁu@lﬁgé’ Are t\%\@F Iex%ﬁloe\t/\l/tﬁ_ in the art
and i ncl udgui 8l of¥aHmL e THE bRk e inRihtibR hito pMAsddsADrideeParalid on i s general |y
described i'n Vaccine Designh ("The subunit and adjuvant approach" (eds
Powel | M fanufacture of a vaccine composition comprising mixing an Immunogenic

composition as described herein with appropriate pharmaceutically acceptable

15  vehicles, adjuvants or excipients. Appropriate vehicles and excipients are well known
in the art and include for example water or buffers. Vaccine preparation is generally

described in Vaccine Design (“The subunit and adjuvant approach” (eds Powell MLF.
& Newman M.J.) (1995) Plenum Press New York).

20  Polynucleotide
In one embodiment of the present invention, component (b) comprises a
polynucleotide sequence which encodes the fusion protein of the present invention as

described herein.

25  In a further embodiment, the polynucleotide sequence may hybridise under stringent
conditions to a polynucleotide sequence encoding the fusion protein.  As herein used,
the terms "stringent conditions" and "stringent hybridization conditions" mean
hybridization occurring only if there is at least 95% and preferably at least 97%
identity between the sequences. A specific example of stringent hybridization

30  conditions is overnight incubation at 42°C in a solution comprising: 50% formamide,
5x SSC (150mM NaCl, 15mM trisodium citrate), 50 mM sodium phosphate (pH7.6),
5% Denhardt's solution, 10% dextran sulfate, and 20 micrograms/ml of denatured,

sheared salmon sperm DNA, followed by washing the hybridization support in 0.1x



& Newman MJ.) (1995) Pl enum Press New York). Pol ynucl eotide In one

enbodi nent of the present invention, conponent (b) conprises a

pol ynucl ewbi2d&/wsesaence whi ch encodes the fusion protei RCOEPRIVS/OpI40% Nt
invention as described herein. In a f8¥ther enbodi nent, the pol ynucl eoti de
sequence may hybridi se under stringent conditions to a polynucl eotide

sequence s@@cgﬁi BEut B8oE US QP& Pnd Avadiecehditibae tre ] kB6WE A&t i ngent
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conprising: 50% formam de, 5x SSC (150nM NaCl, 15nMtrisodiumcitrate), 50
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washi ng the hybridizatjon support in O |xSSC at about. 65C. bridi zati on
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NY., (15?3 e?&!ﬁégl%dl c&ll@r%l ;? Chapt(&'% 11 t?\er eigg&imilz?%e pol ;nuc%ﬂggti dgggequences
encodi ng coimgrifdssi poiymelepfidgtdodponérer(bf mep additbudly wonsse wakipeint, omdi f i ed
vari ants, polynorphic variants, alleles, nutants,. sub s%gue ces,
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i nt er spe®F eddrhigiATe FAber jcoRFPTRARGR; WEtht OF FeRHEALYE SHIh flnf JFB‘}ntc%gpri ses a
pol _yrpblcl m&ggst?ﬁ&%g}pﬁ%h_( b) may additionally conprise an adjuvant, or be
el ther conto

adm nrstere I mtantly with or sequentially with an adjuvant or
i mrunosti mul atory agent. The pol ynucl eotide maybe presented within any of a
variety of delivery systenms known to those_of ordi ﬁgélﬁ skil] in the art,

i ncl udi nghApeherelealidegma by Bessnin WupaRK Of BEETAY PAIdRENAFEMSexpr essi on
systemns. k%’\gﬁ & Hl%sggp&dgl%l'}} S Yo € %prnglﬁ%ﬁlgqﬁl%le\l@édid expression systems,

bacteria and viral expression systems. Numerous gene delivery techniques are well

15  known in the art, such as those described by Rolland (1998) Crit. Rev. Therap. Drug
Carrier Systems 15:143-198, and references cited therein. Appropriate nucleic acid
expression systems contain the necessary DNA sequences for expression in the patient
(such as a suitable promoter and terminating signal). Bacterial delivery systems
involve the administration of a bacterium (such as Bacillus Calmette-Guerin) that

20  expresses an immunogenic portion of the fusion protein on its cell surface or secretes
such an epitope. In one embodiment, the DNA may be introduced using a viral
expression system or vector (e.g., vaccinia, pox virus, retrovirus, or adenovirus),
which may involve the use of a non-pathogenic (defective), replication competent
virus. Suitable systems are disclosed, for example, in Fisher-Hoch et al. (1989) Proc.

25  Natl. Acad. Sci. USA 86:317-321; Flexner et al. (1989) Ann. N.Y. Acad. Sci.
569:86-103; Flexner et al. (1990) Vaccine 8:17-21; U.S. Patent Nos. 4,603,112,
4,769,330, 4,777,127 and 5,017,487; WO 89/01973; GB 2,200,651; EP 0,345,242;
WO 91/02805; Berkner (1988) Biotechniques 6:616-627; Rosenfeld et al. (1991)
Science 252:431-434; Kolls et al. (1994) Proc. Natl. Acad. Sci. USA 91:215-219;

30 Kass-Eisler et al. (1993) Proc. Natl. Acad. Sci. US4 90:11498-11502; Guzman ef
al. (1993) Circulation 88:2838-2848; and Guzman et al. (1993) Cir. Res. 73:1202-

1207. Techniques for incorporating DNA into such expression systems are well



known in the art, such as those described by Rolland (1998) Crit. Rev.
Therap. Drug Carrier Systens 75:143-198, and references cited therein.

Appr opr i awe 2nesad6edsée aci d expressi on systens contai n t he POBEPI@ENYIIDNA
sequences for expression in the patie (such as a suitable pronoter and
term nating signal). Bacterial delivery systens involve the administration
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55: 2838-2848; and Guzman et al. (1993) CzV. Res. 73:1202- 1207. Techni ques
for i ncorysepines IGNDNMAZARIS COMPRSIERRIBEERIaNIAS Fak BhhgReed i8INS own t o t hose
of orﬂ;nar d%&i" in the art. The DNA may al so be "naked," as descri bed,
for e an'prle ., in Uner et al. (1993) Science 259:1745-1749 and revi ewed by
Cohen (1993) Science 259:1691-1692. The upt ake of naked DNA nay be

i ncreased by coating the DNA onto bi odegradabl e beads, which are

ef fi ci entInynunosheiater@spnts oyhidhemeehs wsed withyg polymicleghids seqitenegigelude vacci ne

or | MTUNogEnl B CATRERLLNG! shii® sLrESRIRNeALIRN RN AUPLESBaRoth 2

pol ynucl € _ pept i conpo _ Vaccin I“mrunogeni ¢
conposi t i geRciBYknx@VicdstithkateaTolgNiRaneRPtor MYYHArrison, et al. ‘Reduction of

15 recurrent HSV disease using imiquimod alone or combined with a glycoprotein
vaccine’, Vaccine 19: 1820-1826, (2001)); and resiquimod [S-28463, R-848]
(Vasilakos, et al. ° Adjuvant activites of immune response modifier R-843:
Comparison with CpG ODN’, Cellular immunology 204: 64-74 (2000).), Schiff bases
of carbonyls and amines that are constitutively expressed on antigen presenting cell

20  and T-cell surfaces, such as tucaresol (Rhodes, J. etal. ¢ Therapeutic potentiation of
the immune system by costimulatory Schiff-base-forming drugs’, Nature 377: 71-75
(1995)), cytokine, chemokine and co-stimulatory molecules as either protein or
peptide, this would include pro-inflammatory cytokines such as Interferons, particular
interferons and GM-CSF, IL-1 alpha, IL-1 beta, TGF- alpha and TGF — beta, Thl

25  inducers such as interferon gamma, IL-2, [L-12, IL-15, TL-18 and IL-21, Th2 inducers
such as IL-4, IL-5, IL-6, IL-10 and IL-13 and other chemokine and co-stimulatory
genes such as MCP-1, MIP-1 alpha, MIP-1 beta, RANTES, TCA-3, CD80, CD86 and
CD40L, other immunostimulatory targeting ligands such as CTLA-4 and L-selectin,
apoptosis stimulating proteins and peptides such as Fas, (49), synthetic lipid based

30 adjuvants, such as vaxfectin, (Reyes et al., ‘Vaxfectin enhances antigen specific
antibody titres and maintains Thl type immune responses to plasmid DNA

immunization’, Vaccine 19: 3778-3786) squalene, alpha- tocopherol, polysorbate 80,



response. | munostinul atory agents which may be used with a pol ynucl eoti de
sequence include synthetic imdazoquinolines such as imquinod [S- 26308,
R-837] orwarngosnsnz=s nol ecul e known to stinul ate Tol |l -1 i lPETEPe@S0340Y ,
(Harrison, et al. 'Reduction of recur8®nt HSV di sease using i m quinod al one
or conbined wth a glycoprotein vaccine', Vaccine 19: 1820-1826, (2001));
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I L-10 an er chenoki ne and co-stinulatory genes such as MCP-1,
M P- 1 al gipaprovss, | MyedtacteRANpESein TRIA, SepfgiycatDeschmid aGidddid, lipidhAr

i mmunostinulatory, targeting |igands such as CILA-4 d L-selectin,..
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r Ies EO nsegrédonphasiy Th Diypeirssponie aiclude, for éamapleeca 19pid 3Y d8riGB6)suslgaal ene,

al pha- tocopherol, polysorbate 80, DOPC and chol esterol,. endotoxin, [LPS],
Beut | er, ™Ronophesphgrtyiinid AT 3tderé-apdaien mpnophospheryl Lipk %er eMPL® o of

e DGR LU LSRR s RO P
sequencesPanag aNsar v4,488, 721, f 88UV 6¢1; Atdcaded nald gone, 00anunCg@tdonnainingSci ence
273 15  oligonucleotides (in which the CpG dinucleotide is unmethylated) also induce a
predominantly Thl response. Such oligonucleotides are well known and are
described, for example, in WO 96/02555, WO 99/33488 and U.S. Patent Nos.
6,008,200 and 5,856,462. Immunostimulatory DNA sequences are also described, for
example, by Sato et al., Science 273:352, 1996. Another adjuvant which may be used
20  comprises a saponin, such as Quil A, or derivatives thereof, including QS21 and QS7

(Aquila Biopharmaceuticals Inc., Framingham, MA); Escin; Digitonin; or Gypsophila

or Chenopodium quinoa saponins.

In one embodiment of the present invention, an immunostimulatory oligonucleotide

25  which may be included in an adjuvant is selected from the group:-
SEQID No 22 - TCC ATG ACG TTC CTG ACG TT (CpG 1826)
SEQ ID No 23 - TCT CCC AGC GTG CGC CAT (CpG 1758)
SEQ ID No 24 - ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG
SEQID No 25 - TCG TCG TTT TGT CGT TTT GTC GTT (CpG 2006)
30 SEQID No 26 - TCC ATG ACG TTC CTG ATG CT (CpG 1668)

Combinations



(5273): 352-354 (1996). Hemm, H et al., "A Toll-like receptor recognizes
bacterial DNA , Nature 408: 740-745, (2000) and ot her potential |igands
that tri gyerodalsi2ssecept ors to produce Thl -induci ng cytProlinPe®s/0s340h as
synt heti c Mycobacterial |ipoproteins,3fcobacterial protein pi 9,

pepti dogl ycan, teichoic acid and lipid A. O her bacterial derived

| MuNost i WangidnBek (BY Sdddngponent (bYltay Geehgylyedax combinatioh tonbomitandydr mut ant
t oxoi ds thereof Exanples of adjuvants for eliciting a predom nantly Thi
-type respeatsatiplhcingas therepcubsalyperopaiais goimbimtgsr i vat i ve such as
nonophosphoryl lipid A or 3-de-O acyl ated nonophosphoryl lipid A MPL(r)
adj uvants are available from Cori xa Corporation (Seattle, WA, see, for

exanpl e, YheRALMMatidenaytbdSfiplbgdd irtadddrdafidelwith, (B hivedtora bl cdncBdiafd4) .
CpG- cont ai ni ng ol i gonucleotides (in which the OgG di nucl eotide is

unnet h§| atduanisirationof¢aoponrensy ¢d6hd Mty esEmple b fbrasdeninisigeig a unitary

ol i gonucl eptides are well known and .ar scribed. . far anpl e, ..in, WO

06/ 02555, POBTEEFHAD£OmReSYIOR. CRRpLsie NG EOBRRIHI50 O, ) e ity

| munost i RE@tifEdn &ﬂg@&@ at@ pBarlaBeutap &dthp®dtionk Rucles@ipligng e Sat o et
al ., Science 273:352, 1996. Anot her adjuvant which nmay be used conprises a
saponi n, ofithe espQuedts.A, or derivatives thereof, including @21 and QS7
(Aqui | a Bi opharmaceuticals Inc., Fram ngham M); Escin; Digitonin; or
Gypsophi l a or Chenopodi um qui noa saponi ns. In one enbodi nent of the present
| NVENYHonin Mk eHBIIRAL i%lﬁ%l@wmﬁbh@@d“{éb?aﬁ@%bﬂﬁe‘%fﬁhﬁrﬂst@ﬁ:)ﬂ s*_ié%arhﬂ% Lggted inoan
adj uvant is selected fromthe group:- QID No 22 - TCC ATG ACG TTC CTG
ACG TT ( CeGub8r6pn 8EQbe@donigigred at iE BOE tABCOGTG CEEEItAT magpd in #88h SEQ | D
No 24 - ACC GAT GAC GIC. GCC C GCC,ACC ACG SEQ ID No 25 - TCG TCG TTT
TGT CGT TP¥#e @6&%}?%{@5‘%@@5@ %@%‘T’ OR OBRCe VISR ATG ACG TTC CTG ATG CT
(CpG 1668)

As used herein, sequential administration refers to administration of both components
15 (a) and (b) within a biologically relevant time frame. Examples of sequential
administration include, e.g., administration of the second component as soon as
administration of the first is completed; or administering the second component at a
time when the subject is experiencing the biologic effects of the first-administered
component. Thus it will be apparent that when component (b) is administered first,
20  component (a) is administered during the period of an immune response, for example
an antibody and/or T-cell response elicited by component (b). In one embodiment of
the present invention in which component (b) is given in a prime-boost regimen,
component (a) may be given concomitant with a “boost” administration of component
(b).
25
Where component (a) is administered first, component (b) is administered during the
time period when component (a) is present in the subject’s body. It will be apparent
to those skilled in the art that the components may be administered in other than a 1:1
manner, e.g., component (b) may be administered more than once, in advance of
30  administration of component (a); administration of component (b) may be followed
by multiple administrations of component (a) within the biologically relevant time

frame, etc.



Combi nat i onsConponent (a) and conponent (b) may be enployed in conbination
concomtantly or sequentially in any therapeutically appropriate
conbi nat iw0.2006e1256hi nati on may be enpl oyed i n accor daRCe/BrR240s/013369
i nvention by concomtant adm nistrati®h of conponents (a) and (b) , for
exanple by (1) adm nistering a unitary pharnmaceutical conposition
conprising both conponents or (2) concomtantly admnistering to a subject
separate pharmaceutical conpositions each conprising one of the conponents.
I n t he enodigeanbodiment,chompopEohe@l sis ( giveanth (ddyamnee oddenmmpaiest «H).
separately, the c?nbin tian rr(g%/ be adm ni stered at thg sane tiT}?} or in a
sequent i af OHBENHEF (3) aRHeHVSHRIICE OF B9RT AR PReSE AV e O APt Her second
or vice versa. As used herein, sequential administration refers to
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rel evant Ini amotherammbodixany esmpdnese e igatenatmadvatce atfi oomporenude). e. g. ,
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first, compiidal hissheeh previvish shenBraiuritingninbeograid @dnmisitan (bymune
response, for exanple an anti body and/or T-cell response elicited by
conponent (b). In one enbodi mnent of the present invention in which
conp Nty (:R) .. [V N [ e S i t.{.a be given
coneo t ot bt e B B0k e e SRAPORTE Jore b Bke o Oent
(a) is adaminfihBtreti@ctmbi bs proteianpd banbdr bk ddmimdiritivnshey BeDNA.i ng the tinme
peri od when conponent (a) is present in the subject's body. It will be
apparent to those skilled in the art that the conponents may be
admi ni st ofed f e iSbnddipfhed disct iR Giddhatioff YIPARR: &) ool
adm ni stered nore than once; 1n advance o0

cancer treatment therapy in combination concomitantly or sequentially in any

15  therapeutically appropriate combination with the combinations of the present
invention. The additional cancer treatment therapy may include radiation therapy,
surgical therapy and/or at least one additional chemotherapeutic therapy comprising

administration of at least one additional anti-neoplastic agent.

20  In an embodiment of the present invention in which component (b) is administered in
advance of component (a), component (b) may be given at a time sufficient in advance
of component (a) to allow the generation of an immune response, for example a
polyclonal antibody response. In one embodiment of the present invention,
component (a) may be given at the peak of an immune response generated against
25 component (b). In one embodiment, component (a) may be given at the peak of

anamnestic (memory) response.

Administration of component (a)

While it is possible that, for use in therapy, compounds of formula I, II, ITI, IV as well
30  as salts, solvates and physiologically function derivatives thereof of component (a)

may be administered as the raw chemical, it is possible to present the active ingredient

as a pharmaceutical composition. Accordingly, in one embodiment, component (a) of



adm ni strati on of conmponent (a); adm nistration of conponent (b) may be
followed by multiple adm nistrations of conponent (a) within the
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acceptable carriers, diluents or excipients and providing such a pharmaceutical

15  formulation in combination with component (b) of the present invention.

The components of the pharmaceutical compositions of component (a) of the present
invention, may be formulated for administration by any route, and the appropriate
route will depend on the specific cancer being treated as well as the subjects to be
20 ftreated. Suitable pharmaceutical formulations include those for oral, rectal, nasal,
topical (including buccal, sub-lingual, and transdermal), vaginal or parenteral
(including intramuscular, sub-cutaneous, intravenous, and directly into the affected
tissue) administration or in a form suitable for administration by inhalation or
insufflation. The formulations may, where appropriate, be conveniently presented in
25  discrete dosage units and may be prepared by any of the methods well know in the

pharmacy art.

Pharmaceutical formulations adapted for oral administration may be presented as
discrete units such as capsules or tablets; powders or granules; solutions or
30  suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in-water

liquid emulsions or water-in-oil liquid emulsions.



as salts, solvates and physiologically function derivatives thereof of
conponent (a) may be adm nistered as the raw chemcal, it is possible to
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improve the availability of the medicament when the capsule is ingested.

15
Moreover, when desired or necessary, suitable binders, lubricants, disintegrating
agents and colouring agents can also be incorporated into the mixture. Suitable
binders include starch, gelatine, natural sugars such as glucose or beta-lactose, corn
sweeteners, natural and synthetic gums such as acacia, tragacanth or sodium alginate,

20  carboxymethylcellulose, polyethylene glycol, waxes and the like. Lubricants used in
these dosage forms include sodium oleate, sodium stearate, magnesium stearate,
sodium benzoate, sodium acetate, sodium chloride and the like. Disintegrators
include, without limitation, starch, methylcellulose, agar, bentonite, xanthan gum and
the like. Tablets are formulated, for example, by preparing a powder mixture,

25  granulating or slugging, adding a lubricant and disintegrant and pressing into tablets.
A powder mixture is prepared by mixing the compound, suitably comminuted, with a
diluent or base as described above, and optionally, with a binder such as
carboxymethylcellulose, an aliginate, gelatin, or polyvinyl pyrrolidone, a solution
retardant such as paraffin, a resorption accelerator such as a quaternary salt and/or an

30  absorption agent such as bentonite, kaolin or dicalcium phosphate. The powder

mixture can be granulated by wetting with a binder such as syrup, starch paste, acadia

mucilage or solutions of cellulosic or polymeric materials and forcing through a



Phar maceutical fornul ati ons adapted for oral adm nistration may be
presented as discrete units such as capsules or tablets; powders or

gr anul es;weabagde02s3 or suspensi ons i n aqueous Or non- aqREDEP2005Q1E40% ;
edi bl e foanms or whips; or oil-in-wate#0 |iquid enmulsions or water-in-oil
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starch Ortgmh&? bf stEARY Q5 NGbteaRitE SAE AL oY SrindlaBBRT ThOtiRRGe HiRFr&!g agent s
can al so be present. Capsul’es are nade by preparing a powder m xture as

descr sbeds aenwemmesed idtd tabiets. ol hee dorgpdaids o€ tsheratdns invehiidaeinsalsmble

| ubricants such as callqidal silica, talc, nmagnesium stearate, .cal cium
stearate C@Fnbéf&ﬂdi‘ﬁlﬂbélﬁ)‘iéaﬁwlkgw‘é‘el@f:%&’fa GPIRRICSE A HYO fat??ett?l r?f&)\)@@ Ot xt ur e
before thg.fihld ' bhpt@es ahi b vebirblestRtod t such
as agar - égréﬁlcl—:% citgér;glf:ag?tggﬂ ?glggégdigm cadrT or(r%atOgQJCaﬁJral SO beO added to
i mprove tdoasistigd bBbbdaliny codt dfhhbeliredh canbry ofidugar drhylyagsuinaterigl ampest ed.
Mor eover, when desired or necessary, l e hi nder%,éo | ubricants,

it
di si nt egreRLiFh §OHGER ISV EA 8BS BIAVIYEY- aége:%’g SCCER g addedéo eSO PPRIgE &Y i nto
t he rfioxt Lgiﬁinﬁ%htd?ﬁ%rgmanﬂ%%%%i&ncl ude starch, gelatine, natural sugars such

as glucose 0 eta-lTactose, rn sweeteners, natural and synthetic guns
such as acaci a, tragacanth or sodi um al gi nate, carboxynethyl cel |l ul ose,

pol yet hyl ene gjli"%col, waxes and the |ike. Lubricants used in Igese dosage
forms i ndPadBuilssheihisoioBEos; S)aHRs Hvh Jikaa car Be PHRGITELR dRTASP ¥BH AP S odi um

'l ude, BREHEHER REHEL Fon L R P ot =S PR SR e
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2 povl\/(ger v[/?li)l(et L(Iarli(;‘(irs are prepared through the use of a non-toxic alcoholic vehicle.
Suspensions can be formulated by dispersing the compound in a non-toxic vehicle.
Solubilisers and emulsifiers such as ethoxylated isostearyl alcohols and polyoxy
ethylene sorbitol ethers, preservatives, flavour additive such as peppermint oil or
natural sweeteners or saccharin or other artificial sweeteners, and the like can also be

20  added.

Where appropriate, dosage unit formulations for oral administration can be
microencapsulated. The formulation can also be prepared to prolong or sustain the
release as for example by coating or embedding particulate material in polymers, wax

25  orthe like.

The components of the pharmaceutical compositions of the present invention can also
be administered in the form of liposome delivery systems, such as small unilamellar
vesicles, large unilamellar vesicles and multilamellar vesicles. Liposomes can be
30 formed from a variety of phospholipids, such as cholesterol, stearylamine or

phosphatidylcholines.
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the conpound in a suitably flavoured aqueous solution, while elixirs are
prepared t hrough the use of a non-toxic alcoholic vehicle. Suspensions can
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pol yoxy ekliidcese parhbd idéndet heramaiprigSatinatei coatct vithwbe ep@idthisiofehsuch as
pepperm nt oil or natural sweeteners or saccharin or, other artificial
sweetlénerrecipigndfor meprojgaged apried abtie. For example, the active ingredient may be

delivered from the patch by iontophoresis as generally described in Pharmaceutical

Research, 3(6), 318 (1986).

Pharmaceutical formulations adapted for topical administration may be formulated as
20 ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays,

aerosols or oils.

For treatments of the eye or other external tissues, for example mouth and skin, the
formulations may be applied as a topical ointment or cream. When formulated in an
25 ointment, the active ingredient may be employed with either a paraffinic or a water-
miscible ointment base. Altematively, the active ingredient may be formulated in a

cream with an oil-in-water cream base or a water-in-oil base.

Pharmaceutical formulations adapted for topical administrations to the eye include eye
30  drops wherein the active ingredient is dissolved or suspended in a suitable carrier,

especially an aqueous solvent.
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adni ni st ration may presente I'screte patc inten enain in

i nti mate thembast Switdble fop@ukpbdewitinthe cheier &ca Pipdas fof adimﬁn@faﬂbﬂlaged peri od
of time. For_exanple, the actjive ingredient_may be delivered fromthe patch
by i ont opPSALEIeY AL gatab dEpsyinglude pausous phmbﬁfdvméamec%nmw@%da@ﬁ 3(6),
318 (1986).

Pharmaceutical formulations adapted for administration by inhalation include fine
15  particle dusts or mists, which may be generated by means of various types of metered,

dose pressurised aerosols, nebulizers or insufflators.

Pharmaceutical formulations adapted for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations.
20
Pharmaceutical formulations adapted for parenteral administration include aqueous
and non-aqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which may
25  include suspending agents and thickening agents. The formulations may be presented
in unit-dose or multi-dose containers, for example sealed ampoules and vials, and may
be stored in a freeze-dried (lyophilized) condition requiring only the addition of the
sterile liquid carrier, for example water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from sterile
30 powders, granules and tablets.
It should be understood that in addition to the ingredients particularly mentioned

above, the formulations may include other agents conventional in the art having



Phar maceuti cal fornul ati ons adapted for topical admnistration may be
formul ated as oi ntnents, creans, suspensions, |otions, powders, solutions,
pastes, OEDO@PBIEYS, aerosols or oils. For treatnents eCTiEPROSYE409 Ot her
external tissues, for exanple nouth a#d skin, the formul ati ons may be
applied as a topical ointnent or cream Wen fornulated in an ointnent, the

active | Qﬁ%&%@'t@%e BYe BE f&rimilQiadinghditieht Rerex@nmpdd @dst Rulalé far oral

wat erm sci bl e oi nt ment base. Alternatively, the active ingredient may be
f or mul at edniinistatgoreiany wictude dlavelnng ageniat er cream base or a wat er-i n- oi
base. Pharmaceutical formul ati ons adapted for topical admnistrations to
the eye include eye drops wherein the active ingredient is dissolved or

suspended i Qhé}aﬁéﬂtircé’llp){ EffeRfild efmoBSPEEI RInipondit FEYUFUShe pharmaceutical

sol vent . Pharnaceutical fornul ati ons adapted for topical admnistration in

t he mbut hreompokitides b fengesnt pasttidl wall degendomnt hnwawhesol fhwrnmebwing al
formul ations adapted for rectal adm nistratio be pr.esented .as
suppositd?“é@tanﬁgt%Hgﬁﬁ§§aﬁﬂ&?ﬁ%&égprfﬁﬁnfﬁﬂﬁH?éFFEﬁéﬁﬁﬁiﬁﬂ@ﬂnpag nasa
admi ni st rghl, 00, WaRH e %eb&atgf,artﬁé Efatir® Bf S@ki SoriRElisde dC IR SBuRROBHEr

having a particle size for éxanple in the range 20 to 500 mcrons which is
admi ni st exdednistratidve andwiruliimatehyi bd asthefdisdrelidnaddethe atterdand phyagiaa or

i nhal ation through_ the pasal passage froma container of the po r held
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aqueous olutions o e active ingredient. Pharnaceutl cal
f or mul at ivesightasdfaptipenf @nanadat) pesdayadridonodeyusiaihainghe omge pdl tdd0fmgikg particl e

dusts or msts, which may be generated b f ' t
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presente essari es, tanpons, creans, gels, pastes, foans or spray
formul ati ons.

15 Administration of component (b)
Routes and frequency of administration of the component (b) described herein, as well
as dosage, will vary from individual to individual, and may be readily established
using standard techniques. In general, the immunogenic compositions and/or vaccines
may be administered by injection (e.g., intracutaneous, intramuscular, intravenous or
20  subcutaneous), intranasally (e.g., by aspiration) or orally. In one embodiment,
between 1 and 10 doses may be administered over a 52 week period. 6 doses may be
administered, at intervals of 1 month, and booster vaccinations may be given
periodically thereafter. Alternate protocols may be appropriate for individual patients.
A suitable dose is an amount of a compound that, when administered as described
25  above, is capable of promoting an anti-tumour immune response, and is at least 10-
50% above the basal (i.e., untreated) level. For a vaccine, such response may be
monitored by measuring the anti-tumour antibodies in a patient or by vaccine-
dependent generation of cytolytic effector cells capable of killing the patient’s tumour
cells in vitro. Such vaccines may also be capable of causing an immune response that
30 leads to an improved clinical outcome (e.g., more frequent remissions, complete or
partial or longer disease-free survival) in vaccinated patients as compared to non-

vaccinated patients.



Phar maceuti cal fornmul ati ons adapted for parenteral adm nistration include
aqueous and non-aqueous sterile injection solutions which may contain

ant i - oxi daotege/dsufsBer s, bacteri ostats and sol ut es whi chPCemPerosnnz09

formul ation isotonic with the blood o# the intended recipient; and aqueous
and non-aqueous steril e suspensions which may include suspendi ng agents and
t hi ckeni ng agents. The fornul ati ons may be presented in unit-dose or

nmul ti-dose containers, for exanple seal ed anpoul es and vials, and nay be
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addition of the sterile liguid carrier, for exanple water for jnjections,

[ mmedi at SMYTIEGR PECRIdR 2 dERE Eger TRBOIROF AHEdD PORSSBY ERATBHIE Qe 1O
suspensi o r f bl ; 8R4 ets. It
houl d be LR K o e e A Py

ment i snedhabiaw ef tHehpatibmty batlvatlitgmisallyagngatbmdbdowtheml dyamug Seolnvent i onal in
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those suitable for oral adm nistration nmay include flavouring agents. A
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In general, an appropriate dosage and treatment regimen provides the active
compound(s) in an amount sufficient to provide therapeutic and/or prophylactic
benefit. Such a response can be monitored by establishing an improved clinical
outcome (e.g., more frequent remissions, complete or partial, or longer disease-free
20 survival) in treated patients as compared to non-treated patients. Generation of
immune responses or increase of pre-existing immune responses to a HER-2/neu
protein or fusion protein may also indicate use of a sufficient amount of component
(b). Increases in pre-existing immune responses may correlate with an improved
clinical outcome. Such immune responses may generally be evaluated using standard
25  proliferation, cytotoxicity or cytokine assays, which may be performed using samples

obtained from a patient before and after treatment.

T cells

Component (b) of the invention may also, or alternatively, comprise T cells specific
30 for a polypeptide or fusion protein as described herein. Such cells may generally be

prepared in vitro or ex vivo, using standard procedures. For example, T cells may be

isolated from bone marrow, peripheral blood or a fraction of bone marrow or



as dosage, will vary fromindividual to individual, and may be readily

est abl i shed using standard techni ques. In general, the inmunogenic

conposi t iwoendizzs vacci nes may be adm ni stered by i nj ecriEeRooSm13309

i ntracut aneous, intranuscul ar, intravéhous or subcutaneous), intranasally
(e.g., by aspiration) or orally. In one enbodi nent, between 1 and 10 doses

may be adpdrphgtaHeshdoyRs paided WaeKa Refin@dcially dPSRS1NBN fpardloh Rigéar ed, at
intervals of 1 nonth, and booster vaccinations nmay be given periodically
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vacci ne, such response nmay be nonitored by neasuring the anti-tunour
antibddies in a patient or by vacci nedependent generation of cytolytic
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partial or |onger disease-free survival) ccinated patients as conpared
t o nonvacpsdrfosured ymdti eontdtidng agdrfer al timé enfficnemino gemnit tiho gpaesationorST and
vacci nes, the anount o ach i.nmunogen present in a dose ranges from about
1 To o ThRARE Resiin 7 200 N BIBPHICe o e RANT & UM 5980 g per
kg Of110Skay Bl §r3RE A SHARSrWioNASIGES B Hhfosshee, 8 ridaRapkent ., but
wi Il typically range from about "0.1m to about 5 m. [n onée embodi ment, an
initial ogenprativaroy spevnil zellss on will be nmade with a HER- 2/ neu i munogeni c
conposition as described herein, for exanple a HER 2/ neu fusion protein
having, e.g., at least one of an ECD and/or a ICD or PD, and a subsequent

or boost of oLIMBICAALHARA Y bl siabTR B8 TRtleo/ERR fas HR: AR st on
pr ot ei nseZlflleta | e olr |nnul!r’1(ii SQ%tllsf%n f%c ude%%é%@%@gg e?gﬁ?mu will
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I mmunogeni ¢ conposition is a fusion e )
15g encodmrgrpthe fusion polypeptide. T cell specificity may be evaluated using any of a

variety of standard techniques. For example, within a chromium release assay or
proliferation assay, a stimulation index of more than two fold increase in lysis and/or
proliferation, compared to negative controls, indicates T cell specificity. Such assays
may be performed, for example, as described in Chen et al. (1994) Cancer Res.
20  54:1065-1070. Alternatively, detection of the proliferation of T cells may be
accomplished by a variety of known techniques. For example, T cell proliferation can
be detected by measuring an increased rate of DNA synthesis (e.g., by pulse-labeling
cultures of T cells with tritiated thymidine and measuring the amount of tritiated
thymidine incorporated into DNA). Contact with a HER-2/neu fusion polypeptide
25 (100 ng/ml - 100 pg/ml, for example 200 ng/ml - 25 pg/ml) for 3 - 7 days should
result in at least a two fold increase in proliferation of the T cells. Contact as
described above for 2-3 hours should result in activation of the T cells, as measured
using standard cytokine assays in which a two fold increase in the level of cytokine
release (e.g., TNF or IFNy) is indicative of T cell activation (see Coligan et al.,
30  Current Protocols in Immunology, vol. 1, Wiley Interscience (Greene 1998)). T cells
that have been activated in response to a HER-2/neu fusion polypeptide,
polynucleotide or fusion polypeptide-expressing APC may be CD4+ and/or CD8+.



protein, the present invention contenplates the use of an intact HER-2/neu
fusion protein as well as division of the Her-2/neu fusion protein into a
pl ural i t ywofo@apiisdes. hi general, an appropriate dosagecCarmpaoseainent

regi men provides the active conpound(4) in an anount sufficient to provide
t herapeutic and/ or prophylactic benefit. Such a response can be nonitored
by est abl HER-p@geanspapioTecells may dal expatdsdmgsife signdardoechni quesu eWithin
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protein or fusion prételn nmay also indicate*use I'cl ent anount of
conponent exgahsiohncr eases in pre-existing i mune responses nmay correl ate
with an inproved clinical outcone. Such inmune responses nmay generally be
eval uated using standard proliferation, cytotoxicity or cytokine assays,
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derived f2omdfes|stiradater callgiledt synthesiaensaHER-Hoen palyraptidenydiematively] onei nes or

cultures. T cell sti.pul.ated,wth a poly j de, pol ynucl eqti de
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Such st i mytpahi@nin Sundes: YrdiREnd NIREh0AE fsH d16:8AS callkthré dell&knbiviBn 3k 4k Ci ent to
permt the generation of T cells that are specific for the fusion

pol ypept i @l imrhuleplomitpepdiiwiono r Fgliwing ekeasioge the cells may be administered
15  back to the patient as described, for example, by Chang et al. (1996) Crit. Rev.

Oncol. Hematol. 22:213.

Dendfritic cells
Component (b) of the invention may also, or alternatively, comprise dendritic cells
20  (DCs) specific for a polypeptide or fusion protein as described herein. Such cells may
| generally be prepared in vitro or ex vivo, using standard procedures. An example of a
method which may be used is described in WOO01/74855, incorporated herein by

reference.

25  In one embodiment, the mammal in the methods and uses of the present invention is a

human.

Example of a method of preparation of component (a)
30  The free base, HCI salts, and ditosylate salts of the compound of Formula (I) may be
prepared according to the procedures of International Patent Application No.

PCT/EP99/00048, filed January 8, 1999, and published as WO 99/35146 on July 15,



may be present within a delivery vehicle, such as a mcrosphere, to
facilitate the generation of specific T cells. T cells are considered to be
speci fi c Wwonroa/adER32/ neu fusi on pol ypeptide if the T celrcs/Epeéos/otznget
cells coated with the fusion pol ypept#de or expressing a polynucl eotide
encodi ng the fusion polypeptide. T cell specificity may be eval uated using

any of a vmoi edf¥rred tositndand Hienbe Pient AppBIAER Ko. WATIUBOB2616NT um
rel ease assay or proliferation assay, a stimulation index of nore than two

fol d i ncriélgdelung £8:s2@1apnd gubpshsdi fe VA0 6028 Thpar Eauey hegafi2/endontrol s,
i ndicates_ T || ,specificity. Such assay. be rforned, for exanple, as
described“?%&@ﬁ%ﬁogﬁeéwpnwfé@4 X@ﬁﬁ%%ﬁeég?ﬁgéﬂ?loggyﬁé .pKFFéFﬁaé?Cgly,

det ect i onprepartrpehpdabiyife 8t onthefcothipethd 8f mupae(l)ﬂféﬁ%ﬁéhieah@@ovbi}ig% variety

of known techniques. For exanple, T cell proliferatiion can be detected by
measupi ngS@smierder eased rate of DNA synthesis (e.g., by pul se-labeling
cultures of T cells with tritiated thym dine and neasuring the anount of
tritiated thym dine incorporated into DNA). Contact with a HER-2/ neu fusion
pol ypeptide (100 ng/m - 100 ng/m, for exanple 200 ng/m - 25 ng/m) for 3
- 7 days should result in at least a two fold increase in proliferation of
the T cells. Contact as descri bed above for 2-3 hours should result in
activation of the T cells, as neasured using standard cytoki ne assays in
which a two fold increase in the | evel of cytokine release (e.g., TNF or
IFNg) is indicative of T cell activation (see Coligan et al., Current
Protocols in I munology, vol. 1, Wley Interscience (Geene 1998)). T cells
t hat have been activated in response to a HER-2/ neu fusion pol ypepti de,

pol ynucl eoti de or fusion pol ypepti de-expressi ng APC may be CD4+ and/ or
CD8+. HER- 2/ neu -specific T cells may be expanded using standard techni ques.
Wthin sonme enbodi nents, the T cells are derived froma patient, or froma
rel ated or unrelated donor, and are administered to the patient follow ng
stinmul ati on and expansi on. '



For therapeutic purposes, CD4+ or CD8+ T cells that proliferate in response
to a HER- 2/ neu pol ypepti de, polynucl eotide or APC can be expanded in nunber
ei t her i nwoi2o0660253i N vi vo. Proliferation of such T cel PsTiRR2005013%098Yy be
acconplished in a variety of ways. Fo#8 exanple, the T cells can be
re-exposed to a HER-2/ neu pol ypeptide with or without the addition of T
cell growth factors, such as interleukin- 2, and/or stinulator cells that
syntheéﬁi@ﬂleER-Zlneu pol ypeptide. Alternatively, one or nore T cells that
proliferate in the presence of a HER- 2/ neu protein can be expanded in
nunber by cloning. Methods for cloning cells are well known in the art, and

include limting dil@tion. Follow ng expansion, the cells may be
adm ni st ered bdeﬁ:zﬁgﬁhe patient as descAi bed, for exanple, by Chang et al.
(1996) Crit. Revl | Hemmtol . 22:21f. JDeddritic cells Conponent (b) of
the invention may al so, or alternati Vel y; ri se dendritic cells (DCs)
specific for a polypeptide or fusion protei nasrdescri bed herein. Such
cells may generally be prepared i@ vitro or ex vivo, using standard
procedures. An exanpl e of met fod whi ch nmay be used is described in
W01/ 74855, incorporated herekn by reference. In one enbodi nent, the mamal
in the nethods and uses ofsta§dve™Qresent invention is a human. Exanple of a
nmet hod of preparation of conpone (a) The free base, HO salts, and
ditosylate salts of the conpound o Fornula (I') may be prepared according
to the procedures of International Pal'e Application No. PCT/ EP99/00048,
filed January 8, 1999, and published 99/ 35146 on July 15,1999,
referred to above and I nternationglyRate Application No. PCT/USO /20706,
filed June 28, 2001 and published as WO 552 on January 10, 2002 and
according to the appropriate @- ghé recited bel ow. One such procedure for
N
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preparing the ditosylate salt of the conmpound of formula (lI) is presented
followng in Schene 1.Schene 1li schene 1, the preparation of the ditosylate
salt of tweowmsmsad of fornula (H) proceeds in four stPragaEP200Snazye 1:
Reaction of the indicated bicyclic co#pound and am ne to give the indicated
i odoqui nazoline derivative; Stage 2: preparation of the corresponding

al dehyde sgldchermt qgﬁqe%m}%}d’r@cﬁﬁf &t iHeryiRkylhleaf Wriag @bﬁég&nfﬁ sOyhataespl t; and
Stage 4 : nonohydrate ditosylate salt preparation. anpl es of howto
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over expr esmidifgagderde astnohphreteditoddata sadtiptepareiion. "treati ng cancer" does not
require that the subj ect be cured. As will be apparent to one skilled in
the art, successful clinical outcones when treating cancer include |onger
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well as remssion o ancer . Useof SUF VI vin ras I'oMar ker The results
provi ded hWOS0M4RA2I(GSRM2101d75&NHhanced tunor cell apoptosis in erbB2-

over expressi ng cancer cells foll ow ng conbi ned therapy (using a dual

EGFR/ erbB2 i nhibitor such as | apatinib and vaccine-induced anti-Her-2/neu
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does not require that the subject be cured. As will be apparent to one skilled in the
15 art, successful clinical outcomes when treating cancer include longer survival time,

longer time to disease progression, partial response, as well as remission of the cancer.

Use of Survivin as a BioMarker

20  The results provided herein indicate that enhanced tumor cell apoptosis in erbB2-
overexpressing cancer cells following combined therapy (using a dual EGFR/erbB2
inhibitor such as lapatinib and vaccine-induced anti-Her-2/neu antibodies) was more
closely associated with down-regulation of survivin protein, than with down-
regulation of either MAPK-Erk1/2 or PI3K-Akt pathways. This provides a biological

25  rationale for using such a combined therapy, and for using survivin levels as a

biomarker for the efficacy of such combined therapies.

Survivin is a member of the inhibitor of the apoptosis family of proteins (IAP).
Survivin protein expression was inhibited in BT474 cells treated with lapatinib alone
30  (Fig. 12A, bottom); in contrast, pAb or trastuzumab had little effect on survivin (Fig.
12A, bottom). Combining lapatinib with either pAb or trastuzumab inhibited survivin
to a greater degree (Fig. 12A, bottom) in BT474 cells.  Similarly, apoptosis was
enhanced in BT474 cells treated with combined lapatinib and pAb or trastuzumab,



(Fig. 12A, botton); in contrast, pAb or trastuzumab had little effect on
survivin (Fig. 12A, bottom. Conbining lapatinib with either pAb or

t rast uzurmsib 200ehii6lisBed survivin to a greater degree (Fi gPCIZAR2008013409) in
BT474 cells. Simlarly, apoptosis wasSenhanced in BT474 cells treated with
conmbi ned | apatinib and pAb or trastuzunmeb, conpared to lapatinib alone (Fig.
12A, top).colipprse s idpatinibesiend Righanal lopsi e SKBR3 ﬁ@één?edsﬂé}lé\lnaus‘ih%" | ar
rel ati onshi p between ‘survivin inhi bi tion and enhanced apopot osi s foll ow ng
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present resu i cate"that survivi sinerb ressing tunor
cells or tissues can be used to predict the likelihood that a patient with
such a tumpr wi |l _respond favorably to . treatnent vvlth a dual EGFR/ erbB2
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Changes in the levels of various specific proteins in tumor tissue in response to
treatment with a dual EGFR/erbB2 tyrosine kinase inhibitor have been suggested as
useful in assessing whether a patient’s tumor is responding to that therapy. See e.g.,
WO02005/017493; W02004/000094. The present results indicate that survivin levels
20  in erbB2-overexpressing tumor cells or tissues can be used to predict the likelihood
that a patient with such a tumor will respond favorably to treatment with a dual
EGFR/erbB2 tyrosine kinase inhibitor as described herein, or to treatment with a
combination of component (a) and (b) as described herein.  Subjects whose tumor
cells have decreased levels of survivin after an initial period of treatment (decreased
25  compared to pre-treatment levels) are more likely to have a favorable clinical response
to such treatment than subjects with unchanged, or increased, levels of survivin in
tumor cells following an initial period of treatment. In contrast, subjects with
unchanged or increased levels of survivin after an initial period of treatment are less
likely to have a favorable clinical response, and may benefit from alternate treatments.
30
Survivin may be measured by any suitable means as is known in the art.  As used

herein, a subject or patient refers to a mammal, including humans, afflicted with a



to such treatnment than subjects with unchanged, or increased, |evels of
survivin in tunor cells followwing an initial period of treatnent. hi
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fol | owi ng HJRE tumerntisgucaata ftsesseExanpl e 1 I ntroducti on As shown by the

fol |l owi ng exanpl es, vaccination of animals with the reconbi nant dHER2
protein induced a polyclonal antibody response specific for the HER2/ neu
mol ecule. The experinments described herein have shown that the polyclonal
anti bodies_inhibit the growh of HER2 over-expressing cells inin vitro
nodel s. Th@x@%‘?ﬁpl es provided herein evaluated the anti-proliferative
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15  Example ]
Introduction
As shown by the following examples, vaccination of animals with the recombinant
dHER2 protein induced a polyclonal antibody response specific for the HER2/neu
molecule.

20
The experiments described herein have shown that the polyclonal antibodies inhibit

the growth of HER2 over-expressing cells in in vifro models.

The examples provided herein evaluated the anti-proliferative effect of these vaccine-
25  generated, anti-HER2 polyclonal antibodies (pAb) in combination with Lapatinib, a
tyrosine kinase inhibitor specific for both the HER2/neu and EGFR molecules, on
human breast cancer cells over-expressing the HER2/neu molecule (BT474 and

SKBR3).

30  Methods and Materials



tyrosi ne kinase inhibitor specific for both the HER2/ neu and EGFR

nol ecul es, on human breast cancer cells over-expressing the HER2/ neu

nol ecul e WBRdM6aa5d SKBR3) . Met hods and WMat eri al sExanpl @CZ/EBonsSn3s40t i on of
expression plasmd codi ngfor the HER2sMheu protein A stable CHO Kl cell
l'ine, producing a reconbi nant Her2/neu glycoprotein has been established.
The protei gyhmppecreted into the cell culture medium fromwhich it is
subsequent |y purl fied. Briefly, the cDNAs corresponding to the

extracel | uIC@znstdlmner ofpresyonHE®Midcadingfeavhe HEREGRY pAgteln- 653) and to the

phosphoryl of .the intracel |l ular domain 991- 1255
) were anp tﬁﬂab@i@% '{Bﬁogﬂ(‘t‘%ﬁfecg g e’i}%{lieﬁ%‘(%@éaﬁsr@g Ot rom a
breast t umeyhbI&ABP! Bhe Jﬂaeel&sfs@&%&dmb%é agneuithaheguan dofd WReH it o a
pcDNA3. 1 hygronycin vector and a Hindl|-Xbal restriction fragnment (2782bp

| ong) was elbseebnilyporified.CHO Kl - G ut anmi ne Synt hase expressi on vector (pEE1l4
1Celltech ) .This plasmd was named pEEl4- ECD- PD#13 al so nanmed pRI T 15050
and used to stably transfect CHO Kl cells -(derived from Lonza's MCB 024M

, Using thechasal EBNA@%%%@% VIgEf&my é{%éé?ﬁla?ﬁeﬁﬁﬂ%ﬁhe lefict ed clones

were selected in GVEM (d asgow M'ninmal Eagle's nmedium wthout @& utam ne,
suppl enment evblesuteh(EER: fmﬁtlaﬂSBb)and fvethe phmsph@rbdhwoﬂe@landj’Dg bfithamat e,

Co03009) oSk o Qo SRAMS 2555 alts Sk iHhy RETR cEhwachint | y
expr esggd %ﬁngtvmﬂm ﬁsﬁ&h%q% WS huRbut 5 algtfggﬁ{jﬂbﬂm gh%ﬁt or

receptor consisting of sl on e extrace omal n ( nd a
C-t er mi nal lipted pdnbelphat intna pcdINAB R[@ygnim;tchevéctﬁrraad elHindBXtabrairietioh CD)

excl udi ng he tr ane portl n and phoki nase noi ety of the
receptor . S o i S ‘Bea CHG 1aeRE iR Syythase expression
vector (pEE14 I Celltech ) .This plasmid was named pEE14-ECD-PD#13 also named
pRIT 15050 and used to stably transfect CHO-K1 cells -(derived from Lonza's MCB

15 024M), using the classical CaPO4 co-precipitation procedure. Transfected clones
were selected in GMEM (Glasgow Minimal Eagle's medium) without Glutamine,
supplemented with 5% foetal bovine serum (New Zealand) glutamate, asparagine,
nucleosides and 30uM MSX as selective reagent. One clone (#13002) was selected
based on its expression level. The recombinantly expressed protein is a truncated

20  version of the HER2/neu growth factor receptor consisting of a fusion of the
extracellular domain (ECD) and a C-terminal phosphorylation part (PD) of the
intracellular domain (ICD), excluding the transmembrane portion and the
phosphokinase moiety of the receptor . This recombinant dHER2 protein is efficiently
secreted from CHOK1 cells and is purified from the cell culture supernatant.

25
Example 3
HER2/neu protein purification ( dHER2)

The culture harvest was subjected to chromatographic separation on an anion
exchange Q Sepharose FF column (Amersham) equilibrated in a 20 mM Bis-Tris

30  propane buffer pH 6.5 containing 150 mM of sodium chloride (NaCl). Antigen was
eluted from the column by increasing the concentration of NaCl in the same

equilibration buffer. After addition of phosphate, antigen positive eluate was passed
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15  Example 4

Vaccine or immunogenic composition

The immunogenic composition used in the present examples comprised the ECD-PD
(known as a “deleted” construct of Her-2/neu, or “dHER2”) protein formulated
extemporaneously, or the day before injection with a GSK Bio proprietary adjuvant
20  system comprising a liposomal formulation of 50 pg 3D-MPL (Corixa, Seattle, WA,
USA), 50 pg QS21 (Antigenics, New York, NY, USA) admixed with 500 pg CpG
Oligonucleotide 2006 (also known as ODN 7909) ( Coley Pharmaceutical).

Example 5

Cell lines and Reagents

25 BT474 and SKBR3 cells were obtained from American Type Culture Collection
(Manassas, VA, USA) and were cultured in DMEM supplemented with 10% Fetal

Bovine serum.

Anti-human survivin antibody was from RD System (Minneapolis, MN, USA).
30 Antimouse IgG was from Rockland (Gilbertsville, PA, USA). Antibodies to



system conprising a |liposomal fornulation of 50 ng 3D-MPL (Corixa, Seattle,
WA, USA), 50 ng Q@S21 (Antigenics, New York, NY, USA) adm xed with 500 ng
CpG A i gomoch@atizse 2006 (al so known as ODN 7909) ( Col egTRirasosmcane i cal ).
Exanple 5 Cell lines and Reagents BT4¥4 and SKBR3 cells were obtained from
American Type Culture Collection (Manassas, VA, USA) and were cultured in
DVEM supplghsepticegtosihé Bnd 8%nRedralpuidhuseddrce Sigma-Aftricht{Strhouis VM@, UiSi)ant i body
was from RD System (M nneapolis Ant i nouse | %G was from Rockl and

MN, USA). 1t 1N
(G | ber t s\ART-EDIHA (AbdA)  andmnthBihbes (@%?&bgﬁmﬂdﬁwpﬁe 2Fy Neet

Marksey e
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Ant i - phos phahAdidey, 38¢. (BIVIrlasA f USK).Calnki-Sktdrmlantigphdgtibrrk oy anti-Bek1

(Beverly, MA, USA). Anti-Aktl/2, anti-r ho%o- Erkl /2, anti-Erkl and
ant i - ESk2 aadtantiditke antiediespuiere pHEdEsHdr o SaRteCrog BioRrlytadesyn Bico 3anta nc.

(Santa Cr U Trast uzumab rcha nent n (Sout h
San Fr anc?@%‘@%&iﬁ%@& .ﬁﬁg%zvuénr%cx\gg%uﬁfglg?% %%% %gg%%lc %%s 3§Q‘f¢lo$n ava
Technol ogim@andi®o, (CRYUNA). @uavPCA 59PKESDh 08 wabepirch@et ofrdx Gikva
Sensitivity Substrate was from Pi erceA&ﬁRockf ord, DL, USA). Protein G

agar ose wakechuologias diic.f (BanvBadh G gbiS AVan Mveerpignak r Wasty Femtondvizgmgm

(lapatini s..synt hesi zed .as_descrijbe kerd |1 gt.al ., Bk>org Med.
Chom Lot tSentiviey SRz Fs 40y RS IRERAR Fo Db | Pty BB Hs
di ssoljged duacHabRO tokh B &hriftker, MAAGRARN EGdaHTPO- @Mm@a)aapaﬁmgmﬁs 6
Ani mal s Femal e New Zeal and Wite rabbits vaccinated with the dHER2 protein
i n adj uvarsynthesized as described (Cockerill et al.,Bioorg Med. Chem. Lett, 11:1401-1405

(2001)). Lapatinib for cell culture work was dissolved in DMSO (Xia et al.,

Oncogene 21:6255-63 (2002)).

15  Example 6
Animals
Feniale New‘Zealand White rabbits vaccipated with the dHER?2 protein in adjuvant
were used as source of serum for the in vitro growth inhibition experiments. Briefly
the rabbits were vaccinated intramuscularly 3 weeks apart with 100pg of dHER2

20  protein formulated in the liposomal adjuvant system as described in Example 4. A
booster injection was given at day 161 and sera were taken 14 days later. The IgG
fraction of the serum was purified on protein A sepharose and concentrated to

10mg/ml.

25  The selectivity of pAb for ErbB2 over ErbB1 and ErbB3 was demonstrated by
immunoprecipitation and Western blot analysis in BT474 cells (data not shown). In
contrast to a monoclonal antibody such as trastuzumab, polyclonal antibodies are
characterized by a spectrum of binding affinities against multiple epitopes of a target

immunogen.



were used as source of serumfor the in vitro growth inhibition
experinments. Briefly the rabbits were vaccinated intranmuscularly 3 weeks
apart w twol20emg138 dHER2 protein forrmulated in the |i pesomeRooadjisant
system as described in Exanple 4. A b#oster injection was given at day 161
and sera were taken 14 days later. The IgG fraction of the serum was
purified oBxgnsitei n A sepharose and concentrated to 10ng/m . The
selectivity of pAb for ErbB2 over ErbBl and ErbB3 was denonstrated by

i mmunopr eci pitation and Western bl ot analysis in BT474 cells (data not
shown) . | ndssessireas bf Apopeosid tiaakxnd Stantighn@\Fisw Oyiagettyr ast uzumab, o
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and | ate apoptotic cells.

7-AAD binds to cellular nuclear material after cellular membranes break down in late
apoptosis. Annexin-V staining indicates early apoptotic changes that precede the
15 loss of cellular membrane integrity. Use of Annexin-V in conjunction with 7-amino-

actinomycin D (7-AAD) thus can identify both early and late apoptotic cells.

Flow cytometry results were graphed as dot plot results (not shown) with annexin V
on the X-axis and 7-AAD on the Y-axis. Low annexin V and low 7-AAD

20  represented viable cells; low annexin V and high 7-AAD indicated nuclear debris;
cells with high annexin V staining indicated apoptotic cells. The graphs provided in
Figures 124, 12C, 15A, and 16 show the percentage of apoptotic cells (high annexin

V) compared to total cells.

Example 8
25  Cellular Protein levels: SDS-PAGE and Western Blot Analysis.

To assess the levels of various proteins in cells, whole cell extracts were prepared by
scraping cells off petri dishes, washing the cell pellet twice in phosphate buffered
saline (PBS), and then resuspending the pellet in two-packed-cell volumes of RIPA
buffer(150 mM NaCl, 50 mM Tris-HCI, pH 7.5, 0.25% (w/v) deoxycholate, 1% NP-



Fl ow cytonetry results were graphed as dot plot results (not shown) wth
annexin V on the X-axis and 7-AAD on the Y-axis. Low annexin V and | ow

7- AAD r epvoesmsi2ssi abl e cel l's; | ow annexin V and hi gh PcaAR200501389 ed
nucl ear debris; cells with high annexf V staining indicated apoptotic
cells. The graphs provided in Figures 12A, 12C, 15A, and 16 show t he
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Exanpl e 8 Cellular Protein level's: SDS-PAGE and Western Bl ot Anal ysis. To
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and ErpB rggepiiers were detected by Western Blot with anti-ErbB receptor
anti bodies. Steady state levels of Survivin, total ErbB2, phosphoryl ated
ErbB2 (pErbB2 or pTyr), total Erkl/2 , activated Erkl/2 (p-Erk), total

PErbB3, addtbadgtsete RREIDBBSHvEFiABhtal BreBa | phokphopylatce BibBNGFEB2 ¥ap BE),AKt
(p-Akt) protein were assessed b Western blot. Levels of pErbB2 were

assessed ustahBrkdf? aastivited @ﬂﬂlﬂf%lﬂp -Berietal pErRR3:, ejivatedynFishB3, émﬂfbgéh oryl ated
total AKT protein and activated Akt (p-Akt) protein were assessed by Western blot.

Levels of pErbB2 were assessed using an antibody that bound to multiple tyrosine-
15  phosphorylated forms of ErbB2 (i.e., the antibody was not phosphorylation-site
specific). Actin steady state protein levels served as a control for equal loading of

protein.

For Western blot, equal amounts of proteins were resolved by either 7.5% or 4-15%
gradient SDS polyacrylamide gel electrophoresis under reducing conditions. Proteins

20  were transferred to Immobilon-P or nitrocellulose membranes. Efficiency and equal
loading of proteins was evaluated by Ponceau S staining. Membranes were blocked
for 1 hr in TBS (25 mM Tris-HC], pH 7.4, 150 mM NaCl, 2.7 mM KCl) containing
4% (w/v) lowfat milk or 3% BSA (w/v). Membranes were then probed with specific
antibodies recognizing target proteins which were visualized with the SuperSignal

25  West Femto Maximum sensitivity substrate kit (Pierce) or Odyssey Infrared Imaging
System (LI-COR, Lincoln, NE USA).

Example 9
In vitro growth inhibition assay (anti-proliferation)
30  The antiproliferative effect of vaccine induced anti HER2 polyclonal antibodies (pAb)

in combination with Lapatinib was evaluted on human breast cancer cells



forns of ErbB2 (i.e., the antibody was not phosphoryl ation-site specific).
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conbi ngj i on of (@Ajg@pﬁgogg/gﬂ)(o 01 mM) and (3) pAb (50 ng/rﬂ) or 6) a
conbi nation of (2) Lapatinib (0.01 nM) and (4) pre-imune pAb (TA2021) (50

mg/ m ).
1pCi of [*H] Thymidine (5Ci/mmol; Amersham) was added for an additional 24h

after which cells were harvested by trypsinisation onto filter plates and the
incorporated radioactivity was counted in a beta counter. Results were expressed in

15  cpm and the percentage of growth inhibition was calculated referring to the medium.

Dose range curves were established for both Lapatinib and pAb (data not shown).
Suboptimal doses of each component, inducing only 10 to 30% growth inhibition
' were chosen in order to be able to see potential additive or synergistic effects. .
20
Purified IgG from non vaccinated rabbits (pAb pre-imm) were used as negative

controls in these assays.

The experiments have been performed at least three times independently and the
25  combined data for the triplicate wells of one representative experiment are provided in

Figures 11A and 11B .

Example 10
Results: antiproliferative effect
30  Vaccination of rabbits with the recombinant dHER2 protein formulated in a strong

adjuvant induced a polyclonal antibody response specific for the HER2/neu molecule.
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antiproli f@ga.\?,m[ﬂ'%p]_.q@‘sg&t(aggptggtggﬁdgﬂ%m yglgg) pol ycl onal anti bodies (pAb) in

conmbi nation wth Lapatini rosi ne kinase inhibitor specific for both
t he HER2/ nfll rasnts &GHewmh Ecguiress] 2 Ayd 8 Ce V2D Uk, édl, Iod\, HGBahS Grléasitl 10aneer cel | s

OVer expr esspregent iy e lHEBRIe s thre®imdepdndeftBkfddmadtel SKBR3). Data are shown in
Figurgg H A and H B Exanpl e 11: Results (apoptosis andprotein |evels) All

oS “'r 2; r ZSA%?&%;’HI} égé‘% inf e 1'}&?% 6&8 e, L%(:%Qnﬂ;%d %&ein&-%ucé%&ti-ﬁ%ﬁ-c ; g ggd 17
seen in Fi ﬁ?ue%lt%g%{es %éllj 39%,%1&@%%%?%#% g’ﬁ%%:"? Cl ne- &Iilﬁd uc ede%l?:lﬂ i - HER- 2/ neu
ant i bodi eS*PIFABPE BJHEF §7%% to i nduce apoptosis of ErbB2 (HER- 2/ neu)
over expr esF$i n% . . . or e
1gure 12A shows the results of treating exponentially growing BT474 with (i) DMSO
15  alone (negative control for lapatinib) (ii) lapatinib (0.1pM), (iii) pAb (100pg/ml), (iv)
lapatinib and pAb, (v) TA2021 (100pg/ml), (vi) lapatinib and TA2021, (vi1)
trastuzumab (10pg/ml), or (viii) lapatinib and trastuzumab After 72 hr, apoptosis was
assessed using annexin V staining and flow cytometry. Steady state protein levels of
activated phospho-ErbB2 (p-ErbB2), total ErbB2, and survivin were also assessed
20  after 72 hr using Western blot (Figure 12A, bottom panel). Actin steady state protein

levels served as a control for equal loading of protein. BT474 cells treated with

vehicle (DMSO) or TA2021 served as controls for lapatinib and pAb, respectively.

Figure 12B shows the effects of varied treatment conditions on BT474 cell growth
(after 72 hr) using contrast phase microscopy. Treatment conditions included those as

25  described for Figure 12A, and additionally, gefitinib (Iressa) (0.1pM); gefitinib
(0.1uM) and pAB (100pg/ml); gefitinib (0.1pM) and TA2021 (100pg/ml); and
gefitinib 0.1pM and trastuzumab (10pg/ml).

Figure 12C shows the effects of increasing concentrations of pAb either alone or in
combination with lapatinib (100nM) on apoptosis in BT474 cells using annexin V

30  staining and flow cytometry.

Figure 12D shows steady-state protein levels of total ErbB2 and p-ErbB2 in cells

treated with increasing conditions of pAb either alone or in combination with lapatinib



BT474 cells. Figure 12A shows the results of treating exponentially grow ng
BT474 with (i) DVSO al one (negative control for lapatinib) (ii) lapatinib
(Ol mV),woizoecyoepB (I OOrg/ m ), (iv) lapatinib and pAb, PCT)EPTARRO23409

(100mg/ M), (vi) lapatinib and TA202159 (vii) trastuzumab (1 Ong/m ), or
(viii) lapatinib and trastuzumab After 72 hr, apoptosis was assessed using
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acti vated phospho-ErbB2 (p-ErbB2), total ErbB2, and survivin were also
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steady state protein |levels served as a control for equal |oading of
protein. BT474 cells treated with vehicle (DVBQ or TA2021 served as
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(O ImM) and pAB (10COmg/m); gefitinib (O ImMY) and TA2021@§6I§CDTg/rﬂ); and
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i ncreasin onc rati f_ DAb _ej I Of j -naf.i W th

| apati ni b%ﬁﬁ%ﬁﬁnﬁ%ﬁh%%g%ﬁ%? %‘S?SﬁgdBﬁ;z@;f S%gﬁ}l?t‘uglelksgre%%ﬁm;(@ﬁ&@%gt ai ni ng and
fl ow cyt onghidte (DVMSO) or TAR0Shavke Sdrecichs-coh@bl. protein | evels of total ErbB2
and p-ErbB2 in cells treated with increasing conditions of pAb either alone

or in conbination with | apatini b(100nM, assessed by Western blot. Actin
st eady st dtigupridtshows thevedfests o€ tapetinib aad vastinssindficad aatjtFR{2d=di ng of

protein. Figure 13 shows the activatiqgn-stat Erkl/2 and Akt s

modul dted b diep KR opehy EEoR %ataﬁgﬁwj?&iﬁ“éﬁ‘lnﬁ@é SEEALPIHRRIST neu

ant i bod! €580 ieatfRORRKIGAL | SSEOHN RABIA OPIAAIRLS Bt £ fOr 72 hr
under the treatnent conditions described. Stéady state protein levels of-:

t ot al Er klsteady amatd pratefidiepéio spiotel ErbiB3 2nd dadivated pkidbspharittbB3 assessed by

Western blot.

15  Figure 15 shows the differences between lapatinib and gefitinib in their ability to
synergize with vaccine-induced anti-HER-2/neu antibodies (pAb) to induce BT474
cell apoptosis and to modulate survivin. Gefitinib (Iressa or zd1839) is an inhibitor of

the EGFR protein tyrosine kinase.

Fig 15A shows results using BT474 cells in exponential growth phase, cultured for
20 72 hr under the indicated treatment conditions. Apoptosis was assessed using annexin

V staining and flow cytometry.

Fig 15 B shows results of Western blot analysis of steady state protein levels of total
ErbB2, p-ErbB2, and survivin after 72 hr in BT474 cells cultured under the indicated

treatment conditions.

25  Figure 15 C shows effects of the indicated treatment conditions on steady state protein
levels of total Erk1/2, p-Erk1/2, total Akt, and p-Akt in BT474 cells, assessed by
Western blot after 72 hr of treatment.



activated phospho- Akt were assessed by Western blot. Cells treated with
either vehicle (DVBO or TA2021 al one served as controls. Figure 14 shows
t he ef f ecwe 20d6/d6#33at i ni b and vacci ne-i nduced anti - HER- 2 Po@EPasusionssds es
(pAb) on the activation state of ErbB& BT474 cells were cul tured under
various treatnent conditions, as shown. After 72 hr, cell lysates were

col | ect ed Aiphrsleablyws tiiitats of the @ndicdteal/e¢amerfit dontigdonErh BEX BRI callst iAfsred
phospho- Er bB3 assessed by Western bl ot. 5i ure 15 shows the differences
bet ween | apati-riPBPARNE YR RS BSTPR 2RHE} a?gqmlinsyn@ ONAE R De with

vacci ne-i nduced anti-HER-2/ neu anti bodi es (pAb) to induce BT474 cell
apoptosis and to nodul ate survivin. Gefitinib (Iressa or zdl 839) is an

i nhi bi t or Piguida 7EHeR spthet difaetst yf dei mdideiadageatmEnty cdiiitiaizons smesuh tis usi ng
BT474 cells_in exponential growth phase, cultured for 72 hr under the

i ndi cated SFSR afighth heBnef relBettosi s was assessed using annexin V
staining and flow cytonetry. Fig 15 B shows results of Wstern bl ot

anal ysis of steady state protein |levels of total ErbB2, p-ErbB2, and
survivin aFigite 728 hshows Bed 7effees! lof Taphtinib edndingai-Hehe/net d mgtiboditst bgat ment
conditions. Figure 15 C shows effects of the indicated treatnent conditions
on steady BURYRbBdtasddopavirambjonaskes ipplhRdcells, asipdicatedt ot al Akt, and
p- Akt in BT474 cells, assessed by Western blot after 72 hr of

treat nent . Fi 16 .effects of . the indicated treatmnent it ]
skors b1 | &5 M o TRy Ty Eher S bonse BEGB oG AP nB0PS i ni ng

and flow cyh@iRinab afhBHbBerhpics hWRed REa BfifieGhere®de thhPopodisqaimet 17£at ment
conditions on survivin in SKBR3 cells after 72 hours of treatment. Figure

18 shows t hp pEbhcompafed tapanirols EDNVHRO,aMA 2024 r Combening tpatioidi veith either
rTyr/Br bBllzaA%noq t(rja% uzﬁmSta erc?s%t%é ?I{rgrrlﬁ(a%cr:esd éu?no?%%ﬁ%pggtlolsig ’cor%%arieg%iﬁlagiﬁ%f
treatment alone (Figure 12A, top panel). Increasing the concentration of pAb by itself
15 had little impact on apoptosis (Figure 12C). When combined with a fixed
concentration of lapatinib, increasing the concentration of pAb resulted in enhanced
B474 cell apoptosis (Figure 12C). Similarly, combining lapatinib with pAb also
enhanced apoptosis of SKBR3 cells, another ErtbB2-overexpressing breast cancer cell
line, although less than that observed in BT474 cells (Figure 16).
20
As also shown in the Figures discussed above, steady-state levels of activated,
phosphorylated ErbB2 protein (pErbB2) were inhibited by lapatinib alone, without
affecting total ErbB2 protein (Figure 12A, bottom panel). Lapatinib also reduced
steady state levels of pErkl/2 and pAkt (Figure 13). In contrast, pAb markedly
25  inhibited total ErbB2 protein without affecting phdsphorylated (activated) ErbB2 (Fig.
12A, bottom panel). Phospho-Erk1/2 and pAkt were also markedly inhibited by pAb
(Figure 13). In the present studies, trastuzumab had less effect on total ErbB2
compared with pAb, although it slightly inhibited pErbB2 (Figure 12A, bottom panel).
Additionally, pErk1/2 and pAkt were also inhibited by trastuzumab, although less than
30  that observed with pAb (Figure 13). Combining lapatinib with pAb resulted in further
inhibition of pErbB2 compared with lapatinib alone (Figure 12A, bottom panel). The
combination of lapatinib with trastuzumab completely inhibited pErbB2 steady-state
protein levels (Figure 12A, bottom panel), in addition to inhibiting pErk1/2 and pAkt.



As shown in the Figures discussed above, treatnent with | apatinib, pAb, or
trastuzunab as nonotherapies resulted in a slight increase in apoptosis
(Fi gure Mo 2»@pepmael ) conpared to controls (DVSO, TA202Cx/EPGmSioiinng

| apatinib with either pAb or trastuzuétb resulted in enhanced tunor cell
apoptosis conpared wth either treatnent alone (Figure 12A, top panel).

| ncr easi ngnéBsig fresdncaitaionodt b foyn 20sel f00had200 phe didpat tleadnto
apoptosis (Figure 12C). Wen conbined with a fixed concentration of

| apat i ni b,in¢rased dshihijionref tot dehiB2 2roten Bt Gidpesudisiy enbgnged iahihiseef B474
cell apoptgsi Fi gur. e 11T | ining lapatinib with pAb al so
enhanced é%?ﬁ)ﬁ%mg&&lﬁﬁﬁ %E Iﬁ%‘{lt?aglﬁ%%%ﬁ&% bB2- over expressi ng breast
cancer cell line, although | ess than that observed in BT474 cells (Figure
16). As also shown in the Figures discussed above, steady-state |evels of
activabted, phosphoryl ated ErbB2 protein (pErbB2) were inhibited by

| apatinib al one, wthout affecting total ErbB2 protein (Figure 12A bottom
panel ). La‘g‘%ﬂcr%ﬁ% al so reduced steady state |levels of pErkl/2 and pAkt
(Figure 13gshbAnGRMFAS 1 AP BRsKEHOY g fivat@ek-indhadd datiDIBERRMES i n

w t hout affecting phosphorylated (activated) ErbB2 (Fig. 12A, bottom

panel ). Phodphmakbsdacih2nd ) 1pMk of Lapatinibl wspentivklydonly medesigrewthby pAb (Fi gure
13). In taﬁlﬂi resentb%%ueg' es, traﬁtuz b had |l ess effect on total ErbB2
conpar ed 1eRPn ol U@‘f?siV‘EaSQ FORiTy i nhibited pErbB2 (Figure 12A
bottoqypanel ). Additionally, pErkl/2 and pAkt were al so inhibited by

trastuzumab, although Iess than that observed with pAb (Figure 13).

Conbi ni ng Capliningiviecaing-hnduebd rs HERGhei anfibpdi¢sdipAbh Wbl apatinibatsylied b B2
conpared with |apatinih al one ((Figure 12A. bottom panel.).. The .conbi nation
of T apat | HERIF PRACPSH R CBHE e PRt EERRE phsse CHRAOIG: o o
protei n | e¥gls slfek@ i glcafdr 1RALMAANBRAABI inhibiREHEAFd@ o Bbth BT4bY kad)g

pErkl /2 and pAKt.lncreasing the concentration of° pAb from20 to 100 to 200
mg/ M di d SKO8R3 Sad/ta éovecerprsssihg eehlilics.i on of total ErbB2 protein but did

result __in enhanced inhibition of pErbB2, especially at higher
concertrati ons of pAb.



Concl usion As shown in Figure 11A and B, using 50ng/m of vaccine-induced
anti - HER2/ neu pol ycl onal serum and 0.01nmM of Lapatinib, respectively, only
nodest grwet2hod/asinisBi ti on on both cell |ines was observe@CTEPISOIIIGY

vacci ne-i nduced anti HER2/ neu anti bodées (pAb) and Lapatinib resulted in
nmore pronounced growth inhibition than single agent treatnment. This

conbi nat i ofLallds synergi stic (greater than additive) growh inhibitory
effects on both BT474 and SKBR3 Her 2/ neu over-expressing cell |ines.CLAl M5
1. A nethod of treating cancer in a mamral, conprising: adm nistering to
sai d manmel a tper aRaythsRbE HeRinkGhéd en AR af?fco&ﬁ)isiﬁ%.cﬁﬁﬂﬁiéfégingft?f ormul a

I, ILIIl or IV and/or salts, solvates or physiologically functioha

derivatives ther eof said mamiiat b tiRtapesitiGllyoaffeBiive 2nowtGH, N, or CF; and Het is
hi I ¢ _ X ) g L ol

bl ot el 1 compr | Sy AcomiREnd ghfe AGBEde 1r B GndY HER)g) SBE YR O o o
pol ynucl eoti de encogj E@tf&m ‘i};ﬂftﬁhﬁid&' . hognR ;8 .\wherein
RlLis d; Xis CH r@g’ |¥ uran. STIV%%Veemn%r% of cflgllrh lffrbl\lf\ﬁlé\régl n Rl
is Br; X is CH andiskH, N,orf0F and Hét isThiezotebhftargfinél ai m 1, wherein Rl is

C; Xis CH and Het s thiazole. 5.  The nethod of claim.1, wherein
component (a) i®)a FoHYBUIRECBIC OBIREIHAN compgsing Aolaed REYCIBCORPESAE L wher e

conponent (a) and c onent. - e il .1 The
rre?ﬁod of f:l ;i m 1 mﬁgﬁe&%o%%%ﬁ%nt%%a@% %%%gg)éﬁiteﬂ?b§lag?€&§dﬁeﬁﬁg? ered
sequent( al l'y. encoding such a protein.

2. The method of claim 1, wherein R; is Cl; X is CH; and Het is furan.

3.  The method of claim 1, wherein R; is Br; X is CH; and Het is furan.

15
4,  The method of claim 1, wherein R, is Cl; X is CH; and Het is thiazole.
5. The method of claim 1, wherein component (a) is a compound of
formula II.
20
6. The method of claim 1, where component (a) and component (b) are
administered simultaneously.
7. The method of claim 1 where component (a) and component (b) are
25 administered sequentially.
8. A pharmaceutical combination, comprising therapeutically effective
amounts of:
(a) a compound of formula I, II, Il or IV and/or salts, solvates or
30 physiologically functional derivatives thereof, in which R is Cl or Br; X

is CH, N, or CF; and Het is thiazole or furan; and



8. A pharmaceutical conbination, conprising therapeutically effective
anmopunts of: (a) a conpound of forrmula I, Il, H or IV and/or salts,

sol vat es WO 2pdwywizsBogi cal | y functi onal derivatives thereoff/EPRovsividdoh R1 is
Cl or Br; Xis CH N, or CF, and Het 6% thiazole or furan; and(b) an

i mrunogeni ¢ conposition conprising isolated protein conprising at |east one

epi tope from t hepfERiRhNABeRiOt&hfositin orRpiyitsbRed etcnNeatipringsach a
protein. 9. A pharmaceutical conposition, conprising: the conbination of
claim8. 10. A phalemteutiapibpe dreposthe i BRRe¥naopiviteins oori aslyanepetide i n
claim8 or 9 for use in therapy ,11. Use of a pharmaceutical conposition or
conbi nation as cl aieﬂ‘%%mi‘%lsuﬁh?p\é?telgl ains 8to 9 in the preparation of a

medi canment for treatnent of cancer. 12. Use of a pharnaceutical conbination
conprising therapeutically effective anmounts of a conpound of fornula I, p,
| H or FV and/ oM. salA pharsetanticgsompopitips, eongyistxgt the combutation af clden Bvat i ves
thereof in the preparation of a nedicanent for treatnent of cancer in an

i ndi vidual, wherein the individual has been adm nistered with an

| Munogeni ¢ CoRROSIA LRnGANREhItoRhositioh SRESmOREH &P Rl 9Bl JriBR- 2/ neu
protein, or a polynucleotide encoding such a protein. 13. A nethod,

conbi nati on, conpodgotusenn therapge according to any preceding claim in which
t he i mmunogeni ¢ conposition conprises a fusion protein conprising a
HER- 2/ neu extracel lul ar domain fused to a HER- 2/ neu phosphoryl ati on

donai By 14. A 18t heshe FAMRAALIAReal COMRBSEbA OF cOfbMaRoREE QLBhin! Myany of

clainms 1
of claims 8 to 9 in the preparation of a medicament for treatment of

cancer.

12. Use of a pharmaceutical combination comprising therapeutically

15 effective amounts of a compound of formula I, II, IIT or IV and/or salts,
solvates or physiologically functional derivatives thereof in the

preparation of a medicament for treatment of cancer in an individual,

wherein the individual has been administered with an immunogenic

composition comprising at least one epitope from the HER-2/neu

20 protein, or a polynucleotide encoding such a protein.

13. A method, combination, composition or use according to any preceding
claim, in which the immunogenic composition comprises a fusion
protein comprising a HER-2/neu extracellular domain fused to a HER-

25 2/neu phosphorylation domain.

14. A method, combination, composition or use according to any of claims 1
to 13, in which the immunogenic composition comprises a fusion protein
comprising a HER-2/neu extracellular domain fused to a HER-2/neu

30 intracellular domain



to 13, in which the inmunogeni c conposition conprises a fusion protein
conprising a HER-2/ neu extracel lular domain fused to a HER- 2/ neu

i ntracel Iwbanosdom®mBnl5. A et hod, conbi nation, conpositipom/EPRO0GSE348ECOr di Ng
to any preceding claim in which the #4munogeni c conposition conprises an
adjuvant. 16. A nethod, conbination, conposition or use according to claim
15, in which thg, adi wedd, compinatas conpositiooF @s®iccohtih@ &t arygpreceding

oil -in-water enulsion; oil-in-water enulsion | ow dose;  tocopherol;

| i posome; a saponi relaimpinehich fe HRYNEHHS SOMRDHAHEGIRISCHaM AT de. 17. A
met hod, conbi nation, conposition or use according to claim 16, in which the
adj uvant conprises a saponin, together with an i munosti nul atory

ol i gonucl eot i deg. 18 nfethdt, hothbik@oh) cudipdftionCamaesickb@ingdto ¢lsien aschr di ng to
claim 16, further conprising a |ipopolysaccharide. 19. A nethod,

conbi n&ti on, conposvhiththeordiuemt gewprishisryct & wPE of dplesterel olyisYden t he
saponin is QS21. 20. A.nethqd, conbination, conpositiop o us cording to
claim17 to 19, V\heefrgdl?_*o’f’hgﬁﬁ"ﬁv@g%l VaaeEe A0S g)eclogg?rg% jf-l‘]?(%ﬁ%%l%hea gr oup
of i. Monophosphor whpddipi Ib-MPIL, and an imunéehivtesli¥aagehimephoryl Lipid A
iii. Disphosphoryl Lipid A2 1. An i nmunogenic conposition as claimed in
any of clains 17 to 20 wherein the imunostinul atory ol i gonucl eoti de

tai t least t tifs.. 22 An i ' it | ai med
' any of ol ai g 177 B0 SRR S HOS: PRASE P B T 9BhAE Bot i de | s

sel ectjpd fromthe yhich the adjuvant comprises a saponin, together with an

immunostimulatory oligonucleotide.

18. A method, combination, composition or use according to claim 16,
further comprising a lipopolysaccharide.
15
19. A method, combination, composition or use according to claim 17 or 18,

wherein the saponin is QS21.

20. A method, combination, composition or use according to claim 17 to 19,
20 wherein the lipopolysaccharide is selected from the group of
i. Monophosphoryl Lipid A
ii. 3 —0—Deacylated Monophosphoryl Lipid A
iii. Disphosphoryl Lipid A

25 21. Animmunogenic composition as claimed in any of claims 17 to 20
wherein the immunostimulatory oligonucleotide contains at least two

CpG motifs.

22.  An immunogenic composition as claimed in any of claims 17 to 21
30 wherein the immunostimulatory oligonucleotide is selected from the
group:-
SEQ ID No 22 - TCC ATG ACG TTC CTG ACG TT (CpG 1826)
SEQ ID No 23 - TCT CCC AGC GTG CGC CAT (CpG 1758)



group:- SEQID N o 22 -TCC ATG ACG TTC CTG ACG TT (CpG 1826) SEQ ID N o 23
-TCT CCC AGC GIG CGC CAT (CpG 1758)SEQ ID N o 24 - ACC GAT GAC GIC GCC GGr
GAC GGC AU 208068B5® | D N o 25 -TCG TCG TTT TGT CGTI TTT ETTEBINS0CR® 2006)
SEQID N o 26 -TCC ATG ACG TTC CTG AT& C T (CpG 1668) 23. A conposition as
claimed in any of clains 17 to 22 wherein the saponin is fornulated to form
| SCOMS or i posom$EQZBNoA4€a0thairtdA@rGla:chc¢aGm@{CiGGcaﬂ&ryCMGcl aims 17 to 23

wherei n the saponi %Eb%DR{o §eﬁéG'rBG§"?Tgblrcb'h%tcﬁ%c?ﬁ"{ 25 A et hod,

conmbi nati on, conposition or to an rrecedil ng cI aim in which
the at |east one eSEQJP&oi26 - T@%M@H@Gé&@ﬂ&@eﬂqﬁ%ﬁcpﬁégﬁ%n of the HER-2/neu
protein.

5 23. A composition as claimed in any of claims 17 to 22 wherein the saponin

is formulated to form ISCOMS or liposomes.

24. A composition as claimed in any of claims 17 to 23 wherein the saponin
is present in an oil in water emulsion.
10
25. A method, combination, composition or use according to any preceding
claim, in which the at least one epitope is from the extracellular region

of the HER-2/neu protein.



