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[0001] This application clains the benefit of U S

Provi sional Application No. 60/406,659, filed August

29, 2002, the content of which is herein incorporated
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useful for 1inducing protective inmune response

agai nst allergens and to vaccines conprising the
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dramatic increase in the prevalence of allergic

di seases worldwide in recent years, particularly in
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rgggﬁnts and strategies ainmed at suppressing or

TP Ecting the imune response induced upon exposure

of an atopic individual to an allergen (1-8). [0004]
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[0004] Briefly, activation of an immune response requires the activation of T
cells, either cytotoxic T (killer) cells, or T helper cells. Cytotoxic T cells (commonly
referred to as CD8+ cells) are responsible for cellulai~based immunity-—These cells .
are stimulated by the presentation of antigen epitopes in complex with MHC class 1
molecules at the surface of an antigen presenting cell. Antigen-activated cytotoxic T
cells then induce cytosis of infected cells presenting the specific antigen epitope.
Antigens that enter the MHC class I presentation pathway are usually derived from

pathogens that multiply within the cytoplasm of a host cell, such as a virus.

[0005] T helper cells (commonly referred to as CD4+ cells) are involved in
humoral immunity. T helper cells are activated by the presentation of antigen
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produce cytokines that stimnulate production of

antigen-specific anti bodies. Antigens derived from
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attractive approach dat e reat ment of
aI | ergi c di seases involves the use of various DNA
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conjugates (AIC); and inmunonodul ati on using
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of autoinnunity i nduced by gene-based vacci nes appears
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al RSB ScR BRI AGRLASs sl exBRERHPatRadfRGphYach.N o date, DNA
treatment of allergic diseases involves the use of various DNA preparations including
gene-based  vaccines; protein allergens mixed with immunostimulatory
oligodeoxynucleotide (ISS-ODN); allergen-ISS-ODN conjugates (AIC); and
immunomodulation using ISS-ODN alone. However, the use of ISS-ODN-based
vaccines raises a potential risk of inducing autoimmune reactions in the host (9 & 10).
In contrast, the risk of autoimmunity induced by gene-based vaccines appears to be

very low (11).



al l ergen of interest under control of a strong,
broad-specificity eukaryotic pronoter, for exanple
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up by a wde variety of cells, including antigen
presenting cells, which express the allergen, and
process it for presentation by way of MHC nol ecul es.
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encoding T cell epitopes activates CD8+ cells and inhibits allergen induced IgE
synthesis (see also US Patent Nos. 5,958,891 and 6,251,663) and it has been

suggested that activation of CD8+ T cells might confer protection against a

subsequent allergic challenge.

[0012] Apart from pet Felis domesticus and cockroach, the house dust mite
species Dermatophagoides pteronyssinus, (D.p.) Dermatophagoides farinae (D.f.) and

Blomia tropicalis (B.t.) are the main triggering factors of indoor allergen-induced



regi ons wher eas Der mat ophagoi des pteronyssinus is well
adapted to tenperate, tropical and subtropical areas
ware4Dernat ophagoi des farinae is nore preval enPCT/8G2003/000205
cold tenperate regions (1&2). The nmajor house dust
allergens identified in these species are Der p 1,
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signal that targets the allergen, when expressed in

the cell to an endosone or |ysosone. [0014] The

reconbi nant nucleic acid can be used to induce an
SUMMARY OFEHERANVENIPONse agai nst an allergen and the

i nvention in one aspect provides a vaccine conprising

a reconbi nant nucleic acid according to the present
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al l ergen conprising adm nistering a reconbi nant
nucl eic acid, a vaccine or conposition according to
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response against an allergen and the invention in one aspect provides a vaccine

comprising a recombinant nucleic acid according to the present invention. The
invention also provides a composition comprising a recombinant nucleic acid or a
vaccine according to the invention and a pharmaceutically acceptable carrier or

diluent.

[0015] The invention in other aspects provides methods of i) immunizing a
subject against an allergen; ii) inducing a Th 1 type immune response; iii) inhibiting

allergen specific Ig E production; iv) preventing or treating an allergic reaction to an
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of a reconbi nant nucleic acid, a vaccine or a
conposition according to the invention to i) inmmunize
w@2@diop®et agai nst an allergen; ii) induce a TPCT/SG308000205
I mmune response; iii) inhibit allergen specific Ig E
production; iv) prevent or treat an allergic reaction
an allergen and use for the manufacture of a
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SWHC-BALB/ cJ nice by intramuscul ar injection
vvi t h a DNA vaccine encoding 5 WD 2004/019978
PCT/ S&2003/ 000205 a chineric protein conprising the

DRI @%"?@3?‘??%5‘“?@ B ope and the L1
38T FW@% F B EHEEHRR oPs g o SR EALB mice

immunized with alum-absorbed recombinant Blo t 5 protein, as measured by the

amount of Th2- and Thl-specific cytokines produced, the level of allergen-specific

IgE production, and the airway hyperreactivity response.

[0018] TFigure 2 shows induction of specific Thl type humoral responses in
BALB/cJ mice by immunized with DNA vaccine encoding the full-length Blo t 5

gene.

[0019]  Figure 3 shows induction of specific Th1 humoral and cellular immune
responses in BALB/cJ mice by intramuscular injection with a DNA vaccine encoding
5



[0020] Figure 4 shows induction of specific Thl type
hunoral response in BALB/cJ mce via intradernal
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0023475 "GARIRNS BBbs GHEARIOASHE R BBl i
[ boogt e th a@uﬁ‘rls g‘és@@iggd&B %&?ﬁ%ﬁqgll g? ggh pr glt e ponses 1
BALBée] miqerod ortgethsoulat jectibn wWid02 BINAcivgerine Encolimgs chimeric

i nduction .of | -termBlo t 5-specific_imunit .
IO T e AMP] Sinpl USRS CTe 417 § 3 Eiie Seediettgoding
H2 A ViRE ThNSiteps At e TANPLIMBAnenfirMEAdl &REPAINSE A8main,
the LAMP-1 signal sequence, the Blot 5 gene_f;&%rrent
follawed ihygboosting] withsalpineabserbeth Blo t Spalleagrn protein Ambsubsequent
t f C | asm omai n, and then

a%{;)%gtg‘gﬁ %h[%ﬁg%ﬁg%%oa%i%@%%@%ﬁtﬁ% 5 all ergen protein.
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[0023] Figure 7 shows induction of long-term Blo t 5-specific immunity memory
in BALB/cJ mice intramuscularly injected with a DNA vaccine encoding a chimeric
protein comprising the LAMP-1 signal sequence, the Blo ¢ 5 gene fragment encoding
H-2"-restricted Th epitope and the LAMP-1 transmembrane and cytoplasmic domain,
and then boosted with alum-absorbed Blo t 5 allergen protein. The DNA vaccine
priming was given in three doses over an extended period of time before boosting was

performed.



al um absorbed Blo t 5 protein. [0025] Figure 9 shows

the induction of Der p 1l-specific Thl type inmmunity in
W@B20B0cY781i ce by intramuscul ar injection wth BCDBA2003/000205

vacci ne encoding a chinmeric protein conprising the

LAMP-1 signal sequence, the Der p 1 gene and the

LAMP-1 transnenbrane and cytoplasm c domain, and

subsequent boosting with alum absorbed Der p 1
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Figure 11 shows the production of Thl specific
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Der p 1 in BALB/cJ mice immunized intramuscularly with a DNA vaccine encoding a

chimeric protein comprising the human tissue plasminogen activator signal sequence,
the Der p 1 gene and and the LAMP-1 transmembrane and cytoplasmic domain, and

subsequent boosting with alum-absorbed Der p 1 protein.

[0028]  Figure 12 shows the production of Th1 specific antibodies raised against
Der p 1 in BALB/cJ mice immunized orally with chitosan-DNA nanoparticles. The
nanoparticles contained a DNA vaccine encoding a chimeric protein comprising the
human tissue plasminogen activator signal sequence, the Der p I gene and and the

LAMP-1 transmembrane and cytoplasmic domain. Priming was followed by



as type | hypersensitivity reactions. The term

allergic reaction or allergic reactions are used
whewadkyp78 o refer to such reactions and to di SREEE62008/000205

synptons associated wth such reactions including

allergic rhinitis, allergic asthm, anaphyl axis, wheal

and flare reaction, eczema, urticaria and dermatitis.
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ré? i) Gfarf hflé}ﬂi bolihig gf’dtmﬂ? Biat S CQH'YethEm caed %gfés such as

at "‘encodes” anh am no acli d sequence that acts
pe]lgngianfsmr npitofeeesn Onlcdntagt withadiei mecosa wif e airwdyes, forldxample

to di.re the .al | e 0 team aci d
et Slerkorfer B e bomEltnl it Wetetioum For
exanpl e and without limtation, theflrst 8 WO

2004/ 019978 PCT/ SG2003/ 000205 &;I peptide may be
[0\ tBlnemenm:s psqtqnaalndsa@qty@m@eused qip @rgyiaended to refer to any

igAl\/P-ﬁ BS heéargjgigol f‘ﬁ&lloélﬁ go%np&‘f-ttll%ﬁgt%nai SIﬁ?dliiQa{tlon (eg

onmal I ane

gl-ylcNESflétion( é‘rq&loélﬂforﬁx@dﬁ) lagtd 3@611152; POt B andﬁeptiﬂ% asAfhde3fod by
{CD4 TCeIIsInducedbyaBgA g}
th ledgine e o eI heq ey BEpie. gt dit fpe tem peptide
ez, Stephanie

R T B R, S0 s

. Li ndsay Whi tton. JOURNAL OF VI ROLOGY, Vol . 75(21)
[Qﬁ:? All'glyér%ggr% ilnantT rrl]uecle?g %&3 eéc’y l%ee B&\"A g% ﬁﬁsA k eg)ne ethbodiment
the recombinant nucleic acid is DNA comprising a gene encoding a first signal
peptide operably linked to a gene encoding an allergen wherein the first signal peptide
mediates the translocation of the allergen once expressed in the cell, into the
endoplasmic reticulum. The gene encoding a first signal peptide may be any sequence
that encodes an amino acid sequence that acts as a signal for protein folding
machinery within the cell to direct the allergen to which the amino acid sequence is

linked, to the endoplasmic reticulum. For example and without limitation, the first



Contai ned in the Extended Carboxyl Cytoplasmc Tail,
Are Critical for Targeting of the Resident Lysosonal
wo/kobos¥es Protein LIMP 11 to Lysosones. | gnaci BCKSG2003/000205
Sandoval Juan J. ArredondoS, Jose Al cal de, Alfonso
Gonzal ez Noriegall, Joel Vandekerckhove, Maria A
Jimenezl |, and Manuel Rico. The Journal of
sig'lalqieptiﬂg magy, be thsl N-taﬁﬁ(ﬂ) sigifih 28qEhidd fid9 dhe Faregfolr ilngGMVP-1,

o e el PR bl 156 o

Iﬂeﬁbﬂd@:ﬂr@!eﬁl\lfﬂﬁﬁl ARERT ¢ &%gl%TkE@ @M§@S@’E§z 28, 30, 32),

uel = A Vega, Fernando RodriguezSV, Bart
( ul’ Celtaiindiced 0ok BNA Vagdise: Iﬁhnm’md@cal ﬂmhsetqylnacas of Epitope-

SRS on e CE B R oot QRN ST

RE&PINGSFse M. MDe RefeBPAndEN CHHH%? Wttt WUiz}JA@ dﬁOVQiOLOGY
74- kDa Lysosonal Membrane Profein Relat to the

Vol 48D: G Doposts ah@m@mmsgmaw@‘ Bev, Val, Ala)*™,

C'@t%ﬁe@h %Frﬁ}eﬁg%tghdeg b g ez, 9@%?01%1 gﬁadg?ﬁgr &Wgetc{;mfaggf:&ng of

thegRegdent \Lysosoitslvfemblite PENALINGG Bl €3 s5lsb68¥mes. Ignacio V.
EM STRY, _Vol 6(25): 16818-16824,1991), DEC- 205

Sqadegal dpane ] arﬁfrﬁ‘éiosgzg | fosodicaige, 1slforse Goamleq rgiegall, Joel
VRIS ckh&veoﬁﬂga%cﬁﬁé Lt a ﬁl%?'gsen‘?ozi (e Jotm az(%h%m%ﬁustry,

Recyc e and hance ti gen
Vbl. 2686D)mo6a2246631, 19/94Cdli’qngatmg(]>ﬁﬂiysdsbmabhﬁegraNMembrane Protein

YRR, FRBUNELAS RS K ARRREE O RSk o

LB €18 WFRICHNNT RIR D INVECS EARGHTING$0 E Jﬁ;@@@mé Miguel
Cel | Bi olgg%, Vol . 151(3): 673-683,2000; Efficrent

ATYegatForg RedrigyierS V ABaitglemet Seguh eCeretr Calesll,Ceise Alcalde,

o ARy e PO RGO e AL, ConalisfiEg, vot

266(B)Od1.6269 18002, Pegl; pbmadg, SEPrendingelahd Tmlﬁés@ﬂﬁe of 2 cDNA
Laura Bonifaz, David Bonnya Kar st en Mahnke, ue

EpgofitaR ML L@ Noyr J0rkHa iposainal Msmbrensitrisiai Saleied fo the

R e e

AluahbnGEiEﬁ- 20Bmeln Qeiesit Farramiot Roémiguep) bt Vardedpidkhowsy, and

S s T RO o SERICAE G vl

26\6(385) higg 13- 15@@%%@1@0@5 (@Ze f&}A& 8 siz@?ﬁj 5NOS :14, 16, 34,

P-'sél ectin (seé for exanple SEQ

3Q)L(Ehes Drendritie Galls Receptdr Fors Ené@tymsls DEC-205 Can Recycle and
Enhance Antigen Presentation via Major Histocompatibility Complex Class IT-

positive Lysosomal Compartments Karsten Mahnke, Ming Guo, Sena Lee, Homero
Sepulveda, Suzy L. Swain, Michel Nussenzweig, and Ralph M. Steinman. The
Journal of Cell Biology, Vol. 151(3): 673-683,2000; Efficient Targeting of Protein
Antigen to the Dendritic Cell Receptor DEC-205 in the Steady State Leads to Antigen
Presentation on Major Histocompatibility Complex Class I Products and Peripheral
CD8" T Cell Tolerance. Laura Bonifaz, David Bonnyay, Karsten Mahnke, Miguel
Rivera, Michel C. Nussenzweig, and Ralph M. Steinman. J. Exp. Med. Vol. 196(12):
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Is Mediated by a Novel Sequence within Its Cytoplasmc

Tail. Anastasia D. Blagoveshchenskaya, John P.
wolego19978 and Daniel F. Cutler. THE JOURNAL OFPCT/SG2003/000205

Bl OLOG CAL CHEM STRY, Vol. 273(5): 2729-2737, 1998; A

Bal ance of Opposing Signals within the Cytoplasmc

Tail Controls the Lysosomal Targeting of P-selectin.
16272463851 2000; clNa@ olesihg e niskagm DEE-205,  tiidativiet gntagen-uptake

Dani eI F |ce{1§-ll\§e§?§3 1% R%@s%&%@g@ﬂa ﬁ-glarg{qilﬁéstme

I\Pfl\dgrr@ekﬁ%ge? W %or%mé%ergw Piegh, FeGHabektI, @anm 50,11998),
PC12 Cells.” John Norcott, Roberto Sol ari,

P-Beleitin (Sée f@mdample SEQ IEoNOSaﬂS 68) GalspsoBiad fl"@@ctmg%[‘f‘-selectm

1 : 229- 1996:; St Fun i.on I .
Isoded 7 & Npiel, Seavais e s CuPRente ol T bastagia .
Bﬁg&p@hbmakayat bblMst INbREOLHE aﬁ&'l@zﬁhélnF @tiﬂé}? fI‘HE JOURNAL OF

Ushiy Thomas LaueTI Kevin L. Moore, Harold P.

BEPL@@GAL QﬂEMé‘éﬂj%Y, PVol. \BT3(8): Zﬁ%ﬂﬁmm&aﬁ Balance of

OB s s S Yoot i R g BB T kil of

PReletieh. Mdahsia B BRgbesshéHentltga SBtie O Hewigtyiahd Dhiel F. Cutler.
Adhesr on Rec tors for Leukocytes. CGeoffrey |.
THE Iy QF, BIOTPIGAL FeHEMISTRNe el 2463k 4383687903,

I%EZ%G“I%?E B0 Ao T Ph R FREnEL Op ey Bl o2 ot

JokmaPiNercSER b iRrisCEolah, anﬂO al(l'e'll-E O@LERNFhe TFurBAIQRURICBiology,

vahy atios 1 ae2>-1385 1908 by e Soobimal Chasfigetion of
MBAbRRHB &Rl PLRER1A a'ﬁ@c@d'iﬁlpﬁs@ﬁ Syit Mdmbrade P%%Iec@@sﬁﬁgem

Sorting Signals for Late Endosomal and Lysosonal
Ubldyame,r ThonmesuM. AaugTd) Keyin Ipdviperey\Hardd Rk Erigleson, md Rodger P.

MEEGeS ad SRRES AT S R SR BT Y e Ve 4G 0 15220-

15933, 1223; d2)ctirEhe tiiy/Ho6@ah Gen&Enteding Crgnud MehitbraleFofen-140,

transporter GLUT4 contains an acidic cluster endosomal

a Mgnalestrof dherBelpetingFamidy of 4dherdonyReespéors dorsliqukasytes. Geotfrey L.

J@&@rl%ht & é\étf\ﬁﬁﬁ%ete{xj’\[] ggvl/nragfgeﬁg% dégl e 3}\’“@1131 IBURNAL

OBi B)IﬂIEQGIOAL C}HEMISERYDVQI 26934): @16&1—@@3% d990), tyrosinase (see

£ oeaenion IR pdPr Yok, eRbouTHE NN B BiqrqeicaL

CAMMISTRY V@IS l&bkrnNolorsV@ss%QOéf Q129 A, Ripl/ 1§%@D@’7§90¥9§9 A

responsi ve Tissues. Hirofiuni Fukumpfo Toshi aki
Cyteptasolic S¢gtenc®in Bugwh, Tyyosmase Defines a Second Class of Di-leucine-
based Sorting Signals for Late Endosomal and Lysosomal Delivery. Paul A. Calvo,
David W. Frank, Bert M. Bieler, Joanne F. Berson, and Michael S. Marks), the

glucose transporter GLUT4 (see for example SEQ ID NOS:22, 42) (The cytosolic C-

terminus of the glucose transporter GLUT4 contains an acidic cluster endosomal
targeting motif distal to the dileucine signal. Annette M. Shewan, Brad J. Marsh,
Derek R. Mmelvin, Sally Martin, Gwyn W. Ggoulda and David E. James. Biochem. J.
350: 99-107, 2000; Cloning and Characterization of the Major Insulin-responsive

Glucose Transporter Expressed in Human Skeletal Muscle and Other Insulin-
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Edwards, Paul F. PilcbW Gaene |. Bell, and Susunu

Sei no. THE JOURNAL OF BIOLOG CAL CHEM STRY, Vol .
WQeebg0d978 7776- 7779, 1989), endotubin (see forPCEIGIOE/@00205

SEQ I D NCS: 24, 44) (Cytoplasmc Signals Mediate Apical

Early Endosonmal Targeting of Endotubin in MDCK Cell s.

K. EE Gokay, R S. Young and J. M WIlson. Trafflic,
rédpodkve 'BiéﬁleSZHﬁ«lﬁmiiaFukahiotth, dTosEalqAﬁh}taabl BEolloBoBakel, Yvonne

Protein tq glosomas i n_Madi n- Dar by égm ne_Ki dne

Edwiards, Fa - Fdlsb Wyo Gt th #nd susjaESeing, TR AL OF

Bi@ybd'f@Aio @HE;NI R‘F Vi, 282 4?6?7762‘%)7@) 199%? Nafotubin (see for
protein or a functional “equi nt meanin

exanplat SEQ |ID tIROS g udd)c eéCyimpiasmaxes&gmals aMedmte i Apical Early

EpleieEnAl AAfEcHnE SbRaRPEn 3f POOCE Gkt BnPeCoRBORGey Vatngnd .

MTWiSor Cﬂrgﬁﬁé‘ bs t4'8*7-%"()() 235018 'T‘Qrg%ﬂﬁ% b2k 'Aﬁiléa)l EH&H&Hn‘Rﬂ Pistein to

sequences as described in nore detail below. In one
Eadbsodiesen Madithdagleyn €anine KddreydelN-RegrirenBivo SortgrgaMotifs. K.E.

R B R T8 R frotin 3 R0 L PRAE S el fctional

e§hi¢iloht MEAHENERy OdrideABA thd Suend?! ASNAJRE IO affedtiitéatfétion of
or_a functional equivalent. TO033] LAWP-1 is a

mediasingnagslesetiom o gndppiasnngzsrs%@m doel expaploalelic variants,

#@ggfalﬁz egﬂ k/%%&{a?u @%ﬁfcﬂ% op as ;“"a]B'eﬁ ﬁ)g%\}sh g‘%%‘e%"es as

dézckibedridmlord deaib BElOW! dh ®na Rehbodinddit atﬁegeneda{mﬂés ddtterminal
targets LAMP-1 to | ysosones and endosones. A chi meri
Efé{gment the

sigapirsegpenssd LAMEr ppadungtigaalegu 160 pogtherem
SR SRR R L OlIor T ROHn HonctTARNR R activator or
adomdttiahali eggivaleat.wi | d type HPV-16 E7 gene and it has

been suggested that targeting an antigen to the

endosomal and | ysosomal conpartments may enhance MHC

[00381s | LANMTES Rt Atnh&fbrafsl prateil FRindPRL BREYrSBind endosomes
[0034] In the case of DNA"vaccines for allergens,

Lwd\éPﬂe@ﬂntgmévml Dhtermgps signab| sequasge| thatd bxmhzqggL:AMfél to the

oh i R R R A ol By ol R S Bamain

taigétecLengPn tthelysusignef ahbe endusoimeat 12 nchlgfeﬁUpUMk&B-l/human
th control. It has been suggest ed that

ey B 7 nEY -1 N o antigsA degstients qﬁrlef&acmre&lﬁu%iy shown to

g B B g Wi

HPV-16 E7 gene and it has been suggested that targeting an antigen to the endosomal

and lysosomal compartments may enhance MHC class II presentation and vaccine

potency (18).

[0034] In the case of DNA vaccines for allergens, it has been shown that CD8+
cells could down-regulate the ongoing production of IgE while a lack of CD4+ cells
had no effect. Further, more CD8+ cells were detected in the lung of the vaccination
group than the control. It has been suggested that DNA vaccination might induce

endogenous production of allergic protein and upon presentation in the context of
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MHC cl ass | nol ecul es, activate CD8+ T cells capable

of conferring protection against subsequent allergic
webakloerge (see US patent nos. 5,958.891 and 6P@BIGBBIN00205

and Kwan et al). In contrast, there was no suggestion

t hat enhancing MHC class Il presentation or

processi ng woul d be advantageous in inhibiting |IgE

M udassoh t?](ﬂm%ij attivaid) €I)8-+e Te 0¢lls gz){ﬁblei Gfl,coﬁféﬁ‘ing protection

i nvent ors have_ made t surprising di scover t hat

PR SRP lIPeac il ET6e I8 F5tont ngy S 251,663,

iZ@N .

R San T oD Ao ARG fiord %, ) SEER B HIBBREMHC class 1

prg&adationyiriprecessitg botldrig aihanthgeous i inkibtarpsigEasoduction.

nmedi ated by | gE when conpared to a control group. The

i nventors have further found that a signal sequence
[0035] e dh 36 Presdnlf EnvlehAOE RS AiveRrOlave lh £I4RE s :ﬁﬁrnlg discovery
ex#)ress.ed in the cell to the endoplasmc reticulunris
that fargetiagantaleigen te MEC Thsd I provassing asg presentatitit pathwvay in the

ing..limted to. particular. theory, it is _,
B B o5 0¥, B oGS imtS mhppmasuidsitad by TeGau
Whils tinkibitligOfh hamuak | @§Heass hs nidiited byOrgMheh %&gh{ed to a
processi ng and presentation. [0036] Préferably, th

tiEokBrqvRn tThoNpventers have father fovad that acyenahbtqpeheabetimediates

' ' . ti in, th . .
SsRllfo36 0,SRAR AT LA SRRl it s
sufficisninte induceysTis b imunibiiespomseb aViteog Geing Hnitdd®o ranP/ particular

ass

nhance, presentfation of the allergen in the MHC c
B S Tk e o oo e o ot S of the
ARPEAS réRYd Q%ﬂ@cﬁs%qyﬁﬁﬁgﬁﬂﬁg%ggs%%ﬁo@n am no acid

sequence that interacts machi nery to
target the allergen to which it is attached to a

(0538T o Rl SR G G R oRie i gheavty ke
&enbenodial al eI A PRAREONRLretnhO BEINE HEAY g@ﬁtﬁleft&%’as the

the gene for LAMP-1, “human tissue pl asm noge
alergepde gn endesomeor lysoseme.o Fhis isbrbicsedIpurtiervoBatte prdsentation

. f ory exampl e SE D .
e pleretlyin B MIRr S B G, T ENBAT oo P secgmg iana
pegtiummle a’ﬁZ)fﬁqlke;ngathalt ym@a'em?s an(@e&ticf wq&mﬁzmbtqnéﬁ&s with
. , e cose ransporter see
th ol miieritarsst fesilbagonats) which Huist aigrhed Hoe yseome or an
- . . Nef i D r .
PRI XSO LT Sl B LA Bl i gy be e
Séerudnal elystromalientosomn! sdrgetintg segneficen flohotheofzene for LAMP-1,

LB 02 RafRu S8R, T b5 R B noso, 1,
%Qgge 2 %kgiag,gggicﬁmlg%)%%@lé YEQATPNOBOLSS 15€95E8HEP_selectin
(see for example SEQ ID NOS:19, 39), human tyrosinase (see for example SEQ ID
NOS:21, 41), the glucose transporter GLUT4 (see for example SEQ ID NOS:23, 43),
endotubin (see for example SEQ ID NOS:25, 45) or Nef protein, or a functional

equivalent meaning any variation in the sequence that does not affect its function of

(o pd

targeting to an endosome or lysosome, for example allelic variants, conservative

amino acid substitutions and substantially homologous sequences as described in
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WD 2004/ 019978 PCT/ S&003/ 000205 nore detail bel ow
I n one enbodi nent, the gene encodes the transnenbrane

war@4/009propl asm ¢ domai n of LAMP-1 or a functiPeEBEG2003/000205
equi val ent. [0037] The gene encoding the allergen as
that termis used refers to any gene encoding a full
| ength allergen, a T hel per cell epitope thereof or an
BRES detail delopr. agment etrﬂmdﬁméntcﬁiet @B ABo RGO traHBHh 6y ane and

|l epi functi onal equi val ent.
‘?xﬂ) ?%néﬁ% W@nffbfte[m f ]eo%fF Henad eqgivalet hi one
S—transferase pol I en, animal dander, house dust and
wﬂ is an accepted practlcelnthefleld of
ol 3@9 geae @Qetid“mggmeaﬂergan ds ‘et Itgﬁt g5 Qieéiat%‘férg & %3ny gene
c ald that Is reqwre to induce an
?I%n?%lgg rg@?}&%’s@h ta& EPr StJE helpar “gells gpitope ﬂlegeofsort an Htigenic

feagnmemt thaeel) c¢rﬂ'§mg%%8ﬁﬁ or R&HeOR Hgle%érhceetllpéé) Eog)ﬁ% o Tigunctlonal

case of all ergen vacci nes,
qufval Bpi tT@Eeailememb‘Béﬁ?S mlt@vailergcnh;eglafaﬂﬁﬁﬁd Sﬂransferase pollen,

| nent d T hel per_cell, epi topes
A8 Qe A0 ot SRR 3 s i G il Peictica e e Geld of

mnmmpkngy tof usani‘rm@naﬁs @nd SAHAMNS S5t r
003 ] term "functional equi ngtg% %é)ag%‘}é% a? atll that is
IFFQ Fy P pRe tfép@tsledﬂ a protdis is b shiatinge.g. 8 to 10 amino

263 |1ﬁmﬁﬁ% m no_a sequence of
t h9eI al l er %ée}ﬁc ? ﬁ atél‘EI q’ggdéé) Bﬁ%t ﬁ’e@} #3538 © grﬂﬁeﬁ%’ﬁl PNA vaccines,
genespbat gncgde Threlladpitopgdimve IbléeﬂJ Qlﬁ)vﬁﬂﬂpﬂe% @ﬁ'é@tlgetxjé@cm%sr Useful

on ui va ent. sequence will differ by
ﬁfngﬂl eé}l%s g er 6%??% Lshitepes ey beg@@;kj,]ﬁed det @rmple using computer-

aSsineanadisisieT agdth' Qcid Gé eﬁb&sa% ﬂ(h ?ﬂ'fhh
substitutions anong a Ci e Sane cl ass.
These cl asses incl ude, for exarrpl e, am no acids having

ar de.chai ,Such as asparagi ne,
gI u amgfr?ge Ig]!e?furl?gho?a% F%‘N?%fét 13 hepd tplesssibgeone primage deletion,

Slzhshdmohamndgi B 6r sddiort
a&d ai ﬁ%% g hi strl di ne; ngﬂ}lneﬁgmlzdél&gdgﬁ%\%%ggtgeoaugrgm that
C

%esdléo e aftigenig pgm e thee laﬂergﬂd ginubmeriembadintkint, the
d h h
fidiedonad 'Pqﬁgzagﬁg bRl DL BIRR S b fiofs Boetative Amino acid

cine
L%)ﬁ%tutln@s Cﬁmleﬂyhmeamnm adi@ stibsdiitifs dré %@Es@iﬂﬁﬁﬂs aﬁ{bqlg amino

e functi gnal ui val ent nmay be

a&a Sof V’%o& i é‘esq Slasses dnginde, qfar esathple, amincantids having
unchyrgeé | Sneeh d i dentif

reglggnspd)ﬁ an adiﬁ?% ;bg%ﬂf{& at? ar%‘ﬁg g‘e{a%u? ﬁgfl%r'i‘f%’%me and

LYEQsHIvy é@monacl‘h’dlaamghﬁs@csuib d‘faqlseﬁlmh as Eﬁsuﬁn a@iﬁﬁpl Ad histidine;

ent. species are conpared and
ar@i’ghiaé:?fse 3(/{1‘% 12{ ins Hoh; gs; aspartic pgid and glutamic acid; and
amino acids havmg nonpolar side chains, such as glycine, alanine, valine, leucine,

isoleucine, proline, phenylalanine, methionine, tryptophan, and cysteine.

[0039] The functional equivalent may be naturally occurring, for example, allelic
variants or may be designed using known methods for identifying regions of an
antigen that are likely to tolerate changes in the amino acid sequence. As an example

allergen from different species are compared and conserved sequences are identified.

13



WD 2004/ 019978 PCT/ S&003/ 000205 The nore divergent
sequences are nore likely to tol erate sequence
web@ngew7s Sequences may al so be nodified to bRCDI€2003/000205
nore reactive to T- and/or B-cells based on
conmput er - assi sted anal ysis of probable T- or B-cell
’Fr&/topes Such functional equivalent of an allergen
meter digont isquiriots et ol UGl id GoRFhte Melffitnce Oanges.

t h tat
%ﬁf’nﬁ"e‘fﬁ é‘i‘aﬁ’gaqo%ée Hod f%d tﬂneheggmg @rllo\;gmigglgét% 'g-ﬂahd/or B-cells based
SIE ComnPhtel-AGi M bilYsid B pRsiiabiaTe ﬁtglf? {;ﬂL %?I@Fg eSuch functional

pr ot ective immne response agal

qcmm@qnt lofi anndidngen eraldst readily iddaeifioe by Hiﬁ:ﬁmﬁ%?d& Znimal, for
functional equivalen

antiall | ogous,
i’ie i3 g t%‘g}nghq utgmg‘a (sapixAtenty| cheBengieg dreieningal with the
dblet dhﬁ the equi val.ent and
t heg“i%% LorRDE Hhohers T RRES o, R fReilvel famune

T&TR9BER 3Esinstthetallergennct i onal equival ent will be at
| east about 50% 75% 90% and 95% honol ogous.

Honol ogy i s measured using sequence anal ysi s software
0040] as | e
[ 1 asInSenpiest Genbddahif] t?le%% © %ng(?&‘ek@g@s%ntlép%homologous

Genetl (o] Con'puter Group, |ty of scon
figictio BlfqyIvalsnt. aaeaning thatythereUs iawebsartial Aveespenddedibs@ben the

I d
M 8030 0L pRARITIET Il il Sl S0 i,
In ﬁpeos’@qqahwmemsameaﬂuncmﬁp eqmaalemmme qug's@ abBﬁ‘r 50%, 75%,

i gnnent has been set up, egree
9ﬁ'9 ﬁgéé)/ % ngQgQBF |I';I>‘PT@€IIOB¥ l%mmdnyllm $equéncetanalysis software
suitihStii ISRBSerich t CI ds, af sequences

Lare i detril?el cal Mélgagtdl%ve get oft g? g%ﬂ’%é‘is g?mp‘lter Group,
Bb‘éeF&lefsW1§M] Bilotechmdogyr‘ﬂedteﬁemlo UhRelsR mna@nmadlson

“Eill\%@' es a gene encodlagg house dust nmte

Al Ter gen PrSn e Sequcncey Brialisned o makimize identity. GaPS may be

arfiificinily apthadyebd ago tiRf o h

fLari ng In one gnbo%ﬁ?rééﬁrﬁzt%% Qkﬂ;ﬁngﬁ ée?gfén QIR ?helol’tlmal
Hognant as s st ¥p, ‘béldegeg of bemolsgy 1§)estaﬁlishecDB$r récbrdihg all of

e or an anti geni c

L t
th@%fosﬂctl%né)fnt Ien;Elelgﬁé Al ocz% c} ng%g)lﬂbo SISs areri ﬁ'étlcﬂb rrelatiye to the

f ragnent
totadintimper;, of pwsitmnt.unct i onal equi val ent. Many al |l ergen

genes have been cloned and sequenced as described for

exanple in U S. patents nos. 6,441,157, 6, 268, 491,

[004314, 39Bne Satdhiimei] A

6,060, 057, 5 973, 13 ﬂ%ééeggg”?g’%zt ?%‘g&%’é‘s‘és a gene encoding
oysqg@s@ggntes a];lé'xggmoﬁ“pnﬁ spééies? Blombn 1+bpidAR, Be%cﬁ‘o%ldes
SronBiiZor Beriin farimae. Th one

P or Dérmatop. agoz es farinae. In one embodiment, the allergen is Blo

t1,Blot5, Derp 1, Der p 2, Der D3, Der f1, Der j2 or Der f3 or a T helper cell

epitope or an antigenic fragment thereof containing one or more T helper cell epitope,

or a functional equivalent. Many allergen genes have been cloned and sequenced as
described for example in U.S. patents nos. 6,441,157, 6,268,491, 6,214,358,
6,147,201, 6,086,897, 6,077,517, 6,060,057, 5,973,132, 5,876,722, 5,869,288,
5,798,099, 5,773,002, 5,770,202, 5,710,126, 5,556,953, 5,552,142, 5,433,948 and
5,405,758.
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14 WD 2004/ 019978 PCT/ S&003/ 000205 [0042] Where an

amno acid is represented by nore than one codon in
wWob@4gerset i ¢  code, a given organi smmay exhi bP€T/8G2003/000205

particul ar preference or nore commobn usage of one

codon over another. For exanple, the codons AGG AGA

and COT all encode arginine. AGG and AGA are used

frequently in human codi ng sequences, while codon CGT

rely, used. Thus,  silent nmutations within a coding
t@g n of NPSRAN SRR agid 1%@P’@§?nt%d by wre ﬁnaebaﬁ lcaftbn‘mlthagenetlc
e e P bl U, R ent pe P oo wsage of

of the same am no Acl uence
Pieceadendver emvithert Ror exemple, dfe dodend AGERAGA amdct}'iﬁau encode

h t
e, CATRR AT AGUS migciscd ofedugaflndn fuamer cedingorequences, while
@AOHIPHY if QaRE, iided UHRE s(flgxgﬂ ngtatl%ﬁg ldﬁﬁl?lg %u S?Elg} 4@9:"3 DNA

termgene is used in adcordance W

maderimselaet a oodemiprefetred Kod agpatipulaf ofgaelsei, Cblﬁcwtﬂlﬁh result in
sonet hi ng

[ t hat

REHGIER T i) L0 R of B Mealmn e v e
scep&)nﬁtheaﬁtfen’tiém adCtha Géreh "KL db O ﬁﬁé&oﬂo%fgreco ctﬂgl&ges in the

onpri sed of nucleic acid sequences that are join
&685 SEHRCRH o polerd fer godops msefimred or woinewal g founidondgingal coding
SE&&B@ ues. Afirst nucleic acid sequence is operably
I'inked to a second nucleic acid sequence when the
sequences are placed in a functional relationship. For
[0843]| eThe tandgdi@ is EeE BE fedofdanOP HiOHY uddal k&0 18 mean an

ter if the pronoter activates the transcription

5 agg'ehlg@él%@‘lp QEQ%ﬁé @cidSieii¢nges. y The hemmecembimmatinggns that

sbi@thidg Bds GéNako Pe% LGl ?hagJ p%frﬁ?egl?% F(lé |§12qke§d E}anlgqq@mlew acid

gene coding the a rgen |

refetsoteba rranlbc@&lﬁkhatt heccﬁnmﬂ ofPaRildid thﬂ?gé@feﬁéest tﬁ‘ﬁt are joined
nsl ocat t he al I ergen to the endoplasm c

tr‘%’ (T lyﬁ? glmrgiaw ofimelegsrebielngicnl techaiques; oddfirst nucleic

bly | ress
aglfkigfbﬁgelfgggs'ng?% uB OHﬂEéﬂl 'tc)é a éécbéﬁg ﬁlfcléfhcg laClpd 6{3{? ce w%en the

SECHES Gre placed ingar @mntlcbrml relationshlips dioe e&ﬁmbb@@%@d‘iﬁ% Iscrzqsutence is

é& i]lmiég% ?(pe? 81%1’%0%%1‘6%1’9;11%?%}' %%2\81 %%g Fdrélas&ppl AT ggm pEthe coding
SE@ARcee rﬂmﬂlaﬂg, thegreat leREHR) ﬂl@qirﬁtrk‘?grgﬁ E»%%t? Cﬁdd @ b e}hﬁnked to
second pepti de is operably

therg5me tcﬂ@ng gﬁ alé%@wfr}gwnwecp@mm géthe llenombm&n:u E)N!A the signal

@ﬁfél@%%ﬁfé tht nﬁnﬁl%‘é&f%' 0 e QﬁelArgen B’ ﬁlg eesndgglgsr(r)urc ge?lrcl?lum

sequences
Similarly, the gene coding the second signal peptide is operably linked if upon

expression of the recombinant DNA the second signal peptide targets the allergen to

an endosome or lysosome.

[0044]  In one embodiment, the gene encoding the first signal peptide is operably
linked upstream to the gene encoding the allergen and the gene encoding the second
signal peptide is operably linked downstream from the gene encoding the allergen. In
specific embodiments, the recombinant DNA comprises one or more sequences of
SEQ ID NOS. 3 to 7 and 28 to 48.
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SEQ ID NOS. 3 to 7 and 28 to 48. 15 WD 2004/019978
PCT/ S&003/ 000205 [0045] The reconbi nant DNA in one
werdadigvesnt further conprises a pronoter operBdi/§G2003/000205

linked to drive the expression of the coding

sequences. Preferably, the pronoter is a strong,

broad specificity pronoter allowing for high I evels of

constitutive expression of the codi ng sequences, for
Ia%\?;on AR D ronoters . such as Rous sarcona

Aoens epodiment; fyghesrcomprises a promoter
(\@!drzilﬂi\ Qﬁ'ﬂt@&l tWﬂV@a{ﬁE Bfessﬁﬁ)\@?rtﬂe %B'dméhs%g légst Se}irﬁ@ly the

virus | ong term nal eat 1S a
PRMOEILSe@ iShong, abmadl speyificity epdoaroy@t altowiak! forbmgh levels of

GO B S e S st ek ot
sueh awiRions Barchthh S14€ (IIV) ﬁoﬁmftc%nnbﬁ e NIk h é’g Winifgham

ronot er _conponent i nvolved in positioifing
westan & HevandagHy The Rong saemhay viriiNkmg tamﬁﬂall\dapd:at is a strong

ﬁﬁgl?rt.ﬁ%\trvh%ﬁn %tﬁéﬂlggcil 78 100 % eeugw ng ?c?a% ﬁ@re WNA-mediated

enifntion, P(r&\/MhEAmaH @@pars A(mghw 5774 67\@-’1? e;%\é{o %bﬂﬁ)?er (Ghosh

sch- Hasl er K__Fleckenstein B, Scha
&T%WI%B ErismecRt, Glzmee X eldentifieation axh  proamter component
aJ pvi rus.
I 1 SRR, Bl R DAY BB e v
Aevarl; S dlAtS SAeIIQ&U 10031 04)] GM ¥ xgphasser @R rbmafbiflﬁaﬁtﬁﬁg MV

1991,
e RS ety bihancer MR sadinea gmgsm«zmdeber F, Jahn

G, D&EScHB331 Kn | gan
CW pr onot grr F%gﬁ%rﬁ{mﬁg Dmifﬁslgltct{l}gr‘lég (é%%r% anc?]r 18 located

uaﬁlaeatme i @@p@ar]d'%ﬁnamﬁ hismenvey it gatohieus. @Buntyssamt :521-

¢ oh stru c?te u%? Lajljh’d M)Xaztagjc ﬂ‘g fﬂgﬁ egﬁtk%% Iof%g rtglgah'egp(iessmn

ks fiettants iwith hﬁo@dlte otileesctdrbedne 1691, qmﬂlﬁéﬁ%od "lee also U.S.
S&g‘g ok§§t al. (2001) in Molecular Conin
0or?

48t and 53168,062).t foane e@bbdingpt,lth@ptdmndian,s human
&8ty Press, and other l|aboratory manuals. In
various aspects of the invention, nucleic acid
nol ecul es rmy be chem cally synt hesi zed usi ng

ch as are disclosed, for exanple, in
W?@ur a D A segugnces gf ansﬂbgens and gloe gjgual reptidesnase knewn and

o b 8 AR W o

stapdard tgﬁ@(bys khewn tpamegrskilled in the art and described, for example, in
Sambrook et al. (2001) in Molecular Cloning: A Laboratory Manual, 3rd Edition,
Cold Spring Harbor, Laboratory Press, and other laboratory manuals. In various
aspects of the invention, nucleic acid molecules may be chemically synthesized using
techniques such as are disclosed, for example, in Itakura ot al. U.S. Pat. No.
4,598,049; Caruthers et al. U.S. Pat. No. 4,458,066; and Itakura U.S. Pat. Nos.’
4,401,796 and 4,373,071. Such synthetic nucleic acids are by their nature
"recombinant" as that term is used herein (being the product of successive steps of

combining the constituent parts of the molecule).
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"reconbinant” as that termis used herein (being the

product of successive steps of conbining the
w@orgnierent parts of the nolecule). 16 WO 200B¢DIGHHZ 000205

PCT/ SG2003/ 000205 [0047] In alternative enbodi nents,

i sol ated nucleic acids may be conbined. By isolated,

it 1s meant that the' isolated substance has been

substantial ly separ ated or purified away from ot her

AP st Ebosnertd dEiTae ARG Sy 0%, ibined. By

iMIMed, % hﬁﬁﬁt ﬁﬁ?tHe%@bl@feﬁ%u%b’tQﬁeaﬁ%%ééﬁysubétﬁﬁﬁiﬂfy RParated or

mani pul at ed processed. The term "isol ated
puhiied fory ﬁrom: bﬂn@e sorspéventn sech asghiplogiceticorypaneatsdmith which it

B plofting R Eo B B Pralfits ong 45 T B R Bleg R0t oo may
iGHIE B GRniphl SN b fokdRel. STRS terRCaplatd’ therefsed Riclides sibtances
exanpl e, ‘isolated when it is not imediately

PuBHe gfeo ustandpndh pprifieation: gsthadantas ywell nwe@ubsﬁgm‘»pﬁ eprepared by
rlgc%% :l‘l"dﬂt %gﬁl%gﬁﬁ? nWatlﬂ)sWHsC\pel bs cﬁerﬁf?s?ﬁ?h thgs?ﬂstd SidRces. A

uralty occurring gencme organi’'sm

Ifrdslﬁa'(}ev\%sl cfdsrf ¢>¢amxﬁzgecnm& dvlieﬁ lvwn(ﬁtl%d‘ﬁﬂ)édlaﬁltyrmlfﬁgu@ﬁ witke (i.e.,
aval | abl. e for_ conbl ng or |igatlng agnent s DNA, ]
cqralertbplénke ﬁcodlng SEfHICHFS VEth Whleflefelﬁ ﬁpﬂnal&mﬂguw the

t
LA A 48 BB S48 s, o
strafegiet acd avafleble forecuniting pr hgitﬂlgs&@lnemmﬁ@Nle land! depandmg on

TR ki 5F JECDRPC haBehSL € shfis TRMEEY e rncity
a@?aféhtrtg cf46hd M&Mled iANBe NSt ructi on of such a vector by

Standard techniques wll also be well known to one of
ordi nary sKki II in the art. The vectors of the present

al so P . .
OABT | AP ORI AR O R R TR o

tﬁ@féc&mbﬁfanﬁﬁﬁl&ib ecid eslédide st @neatod. OoThs edctmtrady Be a plasmid
mar kers, and _ reporter genes, known to persons %Iél [ 1 ﬁgl1
chniques

qrif YiFRs ofrirs derie e senstryssioy & FeRlsa BeCctphiy stap
WA DR M RUowR WP OASEF @rd 806 &n Ble 2 OTROVAARS of Be present

one or nore restriction g’onucl ease recognition
invérgion th4)0419¢ cMaquﬂhexsmqumoemiemcntmo fdvdlitpteessetur propagation

tjon, trodu ed into a_ hos I
fﬁﬁ;ﬁe cHi okt £ Ot SEBE. e sueren pripseispl s, and
nbY KhBfn 180 RS sRillel 88 1Y art ARSI Yhe Yd¥fors of the
|nvent|on al so provides host cells contalnlng an

mmnémﬁntmnmw oompyfiset heequencerefingpleotidns forpng orggre restriction

‘(31 refers npt only to the
ehy onuclease recognition sites:

[0049] An expression vector of the present invention may be introduced into a
host cell, which may include a cell capable of expressing the protein encoded by the
expression vector. Accofdingly, the invention also provides host cells containing an
expression vector of the invention. The term "host cell" refers not only to the
particular subject cell but to the progeny or potential progeny of such a cell. Because

certain modifications may occur in succeeding generations due to cellular
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particul ar subject cell but to the progeny or

potential progeny of such a cell. Because certain
wOoR@HNLw®at i ons may occur in succeedi ng gener at PONSGZIN&000205

to cellular 17 WD 2004/019978 PCT/ SG003/ 000205

differentiation, nutation or environnental influences,

such progeny may not, in fact, be identical to the

differenitation) Iln}ltaﬁuil oaewvisanndntal ioflusheek, umctlhprngcrt}emsy apk in fact,

of, ,the ter rei r DNA c b

bf el Qe mpnt EFib U, Dl SRRSH 1D e FRPRL i form as
u9éd hdransf ection techni ques. The ternms "transformation”

and "transfection" refer to techniques for

i ntroducing foreign nucleic acid into a host cell,

B0 PR GE DR o BRATRRE £ L E Pl Fopegqrmtion
ok ItR@ER6H b BechBlqRES. 'TIRO keiink OMsansfofih &idA" e8idi ufanafeduon" refer to

viral -medi ated transfection. Suitable methods for
teohaiguen for ingroducing efﬁr@n@cnwlgc Heist inte oy hosarv‘éllwéchdmovmmum

pé?sp%x?fe O?r c@% Icgtl’r6 on| rr1 %ﬁfgbgrgégr y é?{@({ gélj((}fecuon

liﬁd'gdc'ti&%, elé&iﬂogoﬁﬂbhﬁﬁnéﬂaﬁlmﬁ?m ahd r\&tﬁbﬁmdﬂteﬂSSal(Sf@ﬁm) ) Suitable
and ot her |aborator manual_ s 05 tissue,
r%fftb%d«? fop prarsiefang o }/rﬁ@%fewmsh%?gls @é%WA\l %PPWB&%&F gt and can

,&!ng, | naf P4BBRAtory Manual
ran }%B?e ,glﬁ S%&b?%%ﬁsgteiﬁl @%lgaﬂﬁd(rng&g%e% c or ory Mannal
3lrd didifia, n€oldc Bpting Havbarahalsmatatys présa R0y prdogthey lafforatory
r%qr}gléﬁel | or organismand progeny produced froma

i ng program enpl oying a transgenic organismas a

parent and exhibiting an altered phenotype resulting
fromthe presence of a reconbinant nucleic acid
[eaﬁu r udt cellptissua.rergamios otgagisnl e Whichihas beey iatrgduced a foreign

anls t hat._ha [ s a hete JoleJ T
TG B confderkE b RDLE L St ML pRRLE A
ttalﬁﬁgdm@cﬁﬁ)r tth@sfoiass gelleor pfabidn ?dlse inclvaées pﬁfgen}h of the cell or
varil ous aspects prOV|des a transgenic cell a nan-
HERFPAIM A rRIP SR rRRORYEsSgTa, & O8TFHINEaPOSTHTE F@P 5%‘8:8 g transgenic

GRS T80 ol B NSRS PR A4 e e
afed [rsconlhinarg dunbein atcithtcpnsmpe nAi trgnsgalpo norggsm 1s therefore an
ST 5 ot BLE RS RS A 858 e pogens

d‘f@ﬁ@d a{lox@%&ﬁsmﬁh&t ih&18dds tHERARend. N Order to identify
and sel ect

[0052] The invention in various aspects provides a transgenic cell and a non-
human animal comprising a recombinant nucleic acid molecule according to various

embodiments of the invention.

[0053] For stable transfection of mammalian cells, it is known that, depending
upon the expression vector and transfection technique used, only a small fraction of
cells may integrate the foreign DNA into their genome. In order to identify and select

these integrants, a gene that encodes a selectable marker (such as resistance to
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these integrants, a gene that encodes a sel ectable

mar ker (such as resistance to 18 WO 2004/019978
weFanABE®3/ 000205 anti biotics) may be i ntr odeCESG005/000205

the host cells along with the gene of interest.

Preferred sel ectable markers include those that confer

resi stance to drugs, such as (418, hygronycin and

antbiotty)axay de ibttodweied intoi e st oellsngong wdthetifeagdne of interest.

mar ker may . be introduced jnto a host cel] on the sane
P\?%"{?FS‘? sleciphlgmisennagae ﬁ@%é}a@ﬁ et GRaRIS Er%ay such as
i : .
B i p A RRBC R T cnl Rl S mrkr may
bedmtrbdiideddinty adhesy @l ex tthosamp 0G5WE ashthat epcodingdind peptide

oPEEpEREe T5hbh Strodfieionch R DY BT ELeh the
iRrRhREPHIAIGRLEM mdy Pe iM¥RETed BT kale@fod. | Nhibits 1gE

production. The invention thérefore also provides a
vacci ne conprising a reconbi nant nucleic acid

di to the ipvent.ion., A vacci .according to .
IBRBAY [ B FeBimbRee % o (RIS B REEfLiftul roteotive
r&PRnES hgddddt tdnC bl dgen, ShéRRMEE it 46 idMicéshe pRbdoRhiBRR1yITREL type
.or gene frfi\rg_ur.rents to generate imunity. Wthout being
ity dansly inhiits {8E preductiomor The invention dherefpeq) alspapropides a

it . of A o .
BESE EpiciBt p LDLBEREE AR aciach i Rk, A vaceine
aocmitlingt foetheviawentivh add besustdrio tinemeniancaibifset agiingthgarticular

rimng effect_and production of antigen- specific Thl
Fresps Bing dhq allergen geng At go8A- pisite gppprate immunity. Without

WO 1R RY : = ifi :
SRR 59 UB PSR A5 frrion
aof dsrgengmntities ofi enddgderoupeallaganciperificBIlt epltepdsewdhinga host, the

5 SBLEBTIR cShmBboh 67 BEab SyRb AR Bl e
shBI A0 tTh® RffeBtoP LEIEY, TARRREES-MRIRS THIemrodvi8AmeRt ddfsired by
i) imunizing a subject against an allergen; ii)

f
tﬁ‘h allesgergsnecifie Hhli sffsstor gphlis beleyisd he mrediatq Th1 inpAnns resprgse in
| L o oducti o A
tﬁé aﬁ%%%gsée%ﬁgf% ch?eéllls gee{ﬁ%%@t Hl%tde%‘log{n‘éﬁtl @fé e%eggéﬂ-éb%m%% plasma

rea ron to an a
cehsmpporssubgeaent allesdemrchalienger econbi nant nucl eic acid or
a vaccine according to various enbodi nents of the
invention. The invention in other aspects provides

08 i me CERSIMAI T Bl CRiPels, Bihol RS Aar methods, of D
immunizing a sebjactsagajustin aldpgers tii) anduweidger orl; typé juinnoicasponse;
iﬁ}) @l}llp{t%g glgerlgen%ggeggiqef !%?(?%ﬁﬁ;évtﬂl'{y\/gﬂt}ngaérl tregagrelgn an allergic
reaction to an allergen comprising administering a recombinant nucleic acid or a
vaccine according to various embodiments of the invention. The invention in other
aspects provides use of a recombinant nucleic acid or a vaccine according to various
embodiments of the invention to i) immunize a subject against an allergen; ii) induce
a Th 1 type immune response; iii) inhibit allergen specific Ig E production; iv) prevent
or treat an allergic reaction to an allergen and use of a recombinant nucleic acid or a

vaccine according to various embodiments of the invention for the manufacture of a
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or treat an allergic reaction to an allergen and use
of a reconbinant nucleic acid or a vaccine according

wao o00vard9sis enbodi nents of the invention for tPEI/SG2003/000205
manufacture of a 19 WD 2004/ 019978 PCT/ SG2003/ 000205
medi canment to i) inmunize a subject against an
allergen; ii) induce a Th 1 type i nmmune response;
medigamantitbii) imhivaigen sslyedi dgamst gn Bllprgedy ) iinducei a/Th 1 type
.prevent or treat.an .allergic_r tiop t.o an all ergen.
ilAing fegnopee; i nbbitallcrgeapecificls F poprctign S LPiuFLOF teat an
AlBkiS YBhGIh {6 A Eﬂ%g\n. TROSGbidch AP RMAOH IR add'8n one
vaccine is plasmd expression vector. The plasm
embpdimeit; e sebjectlima ramaw origin of replication to
ensure mai ntenance of the vaccine wthin a host cell

1058 <l o5k BhoiRsa T wicinpt PGl DA FEPEe ¥iers The
P18l 'Y RERABYAKER0RE ofiBf & RpHdfion Yt lefite faintenance of the
AtisKian i srete g

prokaryotic host system Plasm een
vaccpaygathada ihnstacellb ot welll,athe plestnid mapriedledabpekagmtit lneigin of

i t hyl d. Unnet hyl at.ed G . .
el ond B pto kAR o R B SAMB st Pkt SIS Fobagptipp.gpfthe plasmid
Wilktif . PRokadfolict Bosh tsly§tbthat Blalidid DR SthbiTAE bbh pk%%éa%d ina
I n anot her ‘enbodi nent, the vaccine is a DNA or R

barterinl hest tivprefarale, o thel DNAcwEl bwymlg@l,yleftedn Samephated CpG
Y N T e

meiniitis or an al phavirus. As will be apparent to
one skilled in the art, the RNA viral vector upon
reverse transcription in infected host cells,

[ ngjgdef“ IndRGOT RAREN O ALEAE 4L EQDNR 611‘1§Nk”x\/i‘?£1tde%r The
F ] Live vaccine vectors avallable in the art |
viirat vacter wiayabe, \fexc exanspls, Uadenandrusa ddsmovissarsated airds, herpes virus,

j ruse [ bacterial vectors, e.g., . .
afifigiar P, Drelgiehivnan KA Wiip S SHOIRUOLETS Pt ABbRYiTsy As will
Ragphicht B deSskileedGal (i b ShERENA Rrita Bi&ekor \gﬁﬂ reverse transcription

Streptococcus. [0059] An exanpl e of an adenovirus
ipdafeeted host colld, pravides areedyalingng DN pseardisg ite the imyention.
adenovirus vector capable of expressing a DNA nol ecul e
of the invention, are described in U S. Patent No.
4,920, 209. Poxvirus vectors include vaccinia and
rﬁgn y _pox virus, described in U S. Patent No.
( $§'_L shavespascinesveatyp ayailagle in tkg%@rt 1 de viral vectors such as
j r ' t o
é{(}lgl?@lﬁ%{asy %‘11%5%’@;{‘3% %sis%ell ?% %ageﬁﬁ Je%g)lré,ae.ge., Sft’t%ella, Salmonella,
Vibrio cholerae, Lactobacillus, Bacille bilié de Calmette-Guérin (BCG), and

Streptococcus.

[0059] An example of an adenovirus vector, as well as a method for constructing

an adenovirus vector capable of expressing a DNA molecule of the invention, are

described in U.S. Patent No. 4,920,209. Poxvirus vectors include vaccinia and canary

pox virus, described in U.S. Patent No. 4,722,848 and U.S. Patent No. 5,364,773,

respectively. (Also see, e.g., Tartaglia er al., Virology (1992) 188:217) for a

description of a vaccinia virus vector and Taylor et al, Vaccine (1995) 13:539 for a
20



description of a vaccinia virus vector and Tayl or et

al, Vaccine (1995) 13:539 for a 20 WO 2004/019978
woeDUBEE3/ 000205 reference of a canary pox.PCT/SG2003/000205

Poxvi rus vectors capabl e of expressing a reconbi nant

nucl ei ¢ acid of the invention are obtained by

honol ogous reconbi nati on as described in Kieny et

referenciaf i ean@y08dy.) 3RGAVIGS vggtormmpablheofmmr@isiugaec're@ombinant

the.inventj,on is..inserte al nme,.unde .
g5 8 B emiiion AReotBiod Ry haBeloshts 1SS RE P o described
11?1Qt1|eﬁ¥1 eEaneNatury (1983% 302963 @b tHACHE MAcMid &did \bEGh®linvention is
for thera eutic or prophyl actic use, can be from

insesigd Ix 1the vigelagenpmel xunden apampanteage@dmm}s flepnexpression in

S L0 oY, BT oL RER Rk’ P bWt o

PEOPIDGACHE usey efie roatﬂom abbﬁtahxm%muanmd&rmdvaﬁtagéaﬁly from

arent eral | wexanple, in 3 doses
oy 1D B b 0 pepBreb i aB o Sk S oo oA LN plague-
t .
tbftn e A BBk IBRfO bARNDID, el VePlops i Rmiflistel A parenterally;
foo etdmeple, inad duses) 4)Iweek$ epdrt. [tAO @fﬂferlhble—tbcw(/bﬁbgﬂmg:a chemical
\i.bri o chol erae, nutant .Sstrains that are useful

A0 Hant b &1 COPBRSItIR. SALAIRIAG h VITRl Ketofn B 1% Inyentionapd, thereby
1hih#HBAng3HE imprhingd Rdp bhs%t%ﬂétﬁlmVecmltséyf882 278 descri be
strai ns which have stantial anmount of the coding
sequence of each of the two ctxA alleles deleted so

9B 35 cHaGHePRRle KRt efitertd ettt PRCHS bl op p tve

driiaddeidt £6 KBYwnMUVRkAINDS ok Al 5 Nattic@{(1993) 386:53¢ and U.S. Patent
conbined in a single strain W th CtxXA nutations. WD

Noy/48873%5 8d detoribp eﬁraam ahiehi davenat sphstaosiek jamgunt of the coding
sf mq{ﬂe%tcte 8P?Ach%tf)&fé % ]t%? (ﬂf@ed S5 @HFH& ﬁ%bttlglﬁ? ‘zﬁolerae toxin is
ant strains are gene eere

Ihedua:tedl GYOLER/1 13154 idgsutibes a&trdman rwlﬁdd tHenirdDIddhs wﬂﬁé’uvated by
effective vaccine dose of . a Vihrio ., chglerae strain
Iegfaa%é fogatencan dycombined wepiingle sErin Bt g ppations. WO
glegissat &éé%nﬁé&c URetidh iR Aa LB LGGioRl ERA LY SRSPIDNA

contai ns about 1x105 to about 1x109, preferably about
degud@es. o Thessunutantl §Binsyirgldenetirally engineénad do expresseheterologous

f. t h f ti
BREE e vl m ARG RoieRer S0 Rorfet oo
Ty oLt o\ ot £ angosl 15 a%?%?%#“fﬁgﬁg feAﬁ“;:gVa% pesed
atol

a2 POHe modealgof tha inveriien eentpiss a'gceﬁ di obhbji lfearelgrably
%):3{1’% L %ﬁf gﬁgbgﬁgﬁdﬁx RESHS b8%e E‘vgﬁlﬁleo%%&@prﬁ?é FHGRS selected

ise  ag "oral Vacd
route of administration. Preferred routes of adm1mstrat10n include all mucosal routes;

most preferably, these vectors are administered intranasally or orally.

[0061] Attenuated Salmonella typhimurium strains, genetically engineered for
recombinant expression of heterologous antigens or not, and their use as oral vaccines
are described in Nakayama et al. (Bio/Technology (1988) 6:693) and WO 92/11361.

Preferred routes of administration include all mucosal routes; most preferably, these
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are described in Nakayama et al. (Bi o/ Technol ogy
(1988) 6:693) and WD 92/11361. Preferred routes of
w@eviti1®rs at i on i ncl ude all nucosal routes; nOBET/SG2003/000205
preferably, these 21 WD 2004/019978 PCT/ SG2003/ 000205
vectors are adm nistered intranasally or orally.
[0062] Ot her bacterial strains used as vacci ne vectors
véotors e adarinisteteddfitradesalpyr exwally. i nventi on are descri bed
for Shigella flexneri in High et al., EMBO (1992) '
11 1991 and Sizenore et al., Science (1995) 270:299;
St r(ﬁﬁ%}%@feﬁﬂ?st%ﬁﬂ%@& hs VibcRGRGlok M the tokxt of E‘fﬁé)ﬁresent
Nat Aca Sci. USA (1995) 92:6868; and for Bacill
in@erhtiret me d:mmhed fon Shigeljo flegndri in @h et ¢ EMBI(3|(1992) 11 1991

ok her 0 B Ao 205850 G o it

eRAC PRI, NathRGzId) K83 USIE(1996) 92:6368; iadld Fbr B4 C¥lRkdite Guerin in
is'inserted into the Dbacterial genone or renm

Flonod lot €68, Molpidl. G99%) B0 Geonpl I1§ DOBR) SHAECH.cBEnPOI0GSO4,

WA REATORR AR SR WRIIIPORLCi N0 Socor aing to the

invention and a pharmaceutically acceptable carrier

or_diluent. The conposition is suitable for ods,
[00681us d3 baetssinl yrsPTanBy amclrifeacid pf das 1vaRansis lﬁ‘é‘?@gdlﬁ@ the

t effect
bg&eﬁ%@%@n@aﬁ???ggs&\%ml on W%olre ei negn: o

aspect provides an inmmunogeni c conposition conprising :
conbi nant nuclei¢c acid or a,vacci ne acgcordi
[%4 ousl REnHRSeReRE npyengion; @lso; provides, f Jgpgrpsition coglpnsmg a

rRBALIBRE Uk Gat | YcidC o Ph abh&ifArdceSidin® 1t e Nfnventid® and a
pharmaceutical conposition nmay be adapted for
phaimanclﬂtcaﬁymgmptdhie a@yigrpdie diluerd) | Fhe eomnesition| isysuitable for

| t | t
T T YR —
coBP6stion Meaififig € QLlEMENN an Irhﬁmﬁ@ esapbriseant thel tvehtiorathieebfore

or vaccine is diluted in a _physiolaogically acceptable
ins sIngt 3SPACtsDRONIdES ax FPMUBOZEHRIG FRINPPSIEOR GoMPTisHEr 8 iggombinant

nﬁ@ll fcna%ld oiN'at‘}ac&%f Wed ARHE 18 vaRbhd ﬁr§/1 bodlfeRsSEHE riﬁvenﬁbﬁ and a

rrier preferably 1s ISotonic, potonic, or weakly
phmﬁﬁrctammany aecegtabbescaarieradratiiuest yI‘liemhammeuusalr@ngmmtlon may

bétif’ BPA ot SRy B0. S0t - SSEREOORR buefhlly, nasally,
b{ﬂ%ﬂ&  infrARnb8E P NRIrARAh ally Ghi®dferiRslesl1 D rsuMﬂS‘g@th'}e etc.

rmy associated with agents that assist in cellular
upt ake Exanpl es of such agents are

[0065] In one embodiment, the recombinant nucleic acid or vaccine is diluted in a
physiologically acceptable solution such as sterile saline or sterile buffered saline,
with or without a carrier. When present, the carrier preferably is isotonic, hypotonic,
or weakly hypertonic, and has a relatively low ionic strength, such as provided by a

sucrose solution, e.g., a solution containing 20% sucrose.

[0066] In one embodiment, the recombinant nucleic acid or vaccine may be

associated with agents that assist in cellular uptake. Examples of such agents are
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22 WD 2004/ 019978 PCT/ S&003/ 000205 (i) chem cals
that nodify cellular perneability, such as bupivacai ne
W@ 2®e/01978). , WO 94/16737), (ii) |iposones forPCT/SG2003/000205
encapsul ati on of the polynucleotide, (iii) cationic
lipids or polyners or silica, gold, or tungsten
m croparticles that associate thenselves wth the
(ip ohgrmigals ethiat deedifyo cellule) p@tm«wdam, iva¢in parbupivasginesées, e.g.,

“39%6’ 16739)- i) Ravismes AR SnBo o Bt oo slseties i) stionie

slor BBRErd Br §il6a, 261d, bSRMgstén FhicropdrtiBies &L assodiat th 1
"Pract ?ca A préach% RPC New Ed Ed, R press (1990 M raa

vaﬂldfé@ golymclegtidesy op(ivh nm@fsaneatamgtlcfl@sr (Sﬁﬁkfr &gl }, Chew et al.
eful for delivering a | arge
#dﬁgzo%?n%%g%gﬁg%gicl udi ng pol ynucl eotgi des. [q0068]

Cationic lipids are also known in the art and are

commonly used for gene  delivery. Such |IpIdS i ncl ude
[9964df ec and ertighwiipesoneTie PRiliknown, @ the art (see, eg.,

L%h%%: 2%%@1%’[%&)’ Lblpp%alc\:h,'\hi’ T rﬁ'ﬁ, qﬂ@ﬂfem fd@bﬁ #of1%) detailed

dbdcsiptibe wif axethods- fot makbighlipaonies) ajdoarepant) foDBdRering a large

(d| t hy] di oct adecyl I ym brom de), DOGS
IIEeSEP glﬂjlé‘(%gﬂlé‘ﬁ‘a‘-‘g wyﬁ erm ne) and chol esterol

derivatives such as DC- Chol (3 beta-(N (N, N -dimnethyl
am nonet hane) - car banoyl ) chol esterol). A description
[MG&]h es@atiatic bpids atei apiodsiowain ttee arf andrate comEPnlyB8Fsed G, gene

%) Sedspiogigiuge Siscleqn oRkp ka3 38 B DY

didl@ylgﬁy)%ﬂfpyqqmﬁNﬁiﬁn‘é&fyl/arﬁhSmuﬁr&xfl(ﬁ{@P'DOwﬁP 1j20
association with a neutral lipid such”as DOPE (di ol eyl

bisitesyhay k- irimeataianmeniesnropans),dd3AB bed in WO 90/ 11092

DAl A 088 FRERL AR

speratind) aal icholeftal Heﬁxaahlvesgswn apDhdBol B bman@em (N'-ditmetinyl

are described in WO 93/1 759 WD 93/ 19768,

agmﬁ%@b@e)ﬁﬁ@avwbgb@lzﬁgrp PhdgsCrintion, §~°§é‘raﬁ?% lipids can be

f&ﬁ{d' ﬁifﬂlﬂ 1’397570%%@ loof19093, a8 k! P&téﬁtmg 5i0%8 1%53171@9[/&?%1,

rou A e nucl ear nenbrane see for exanpl e,

WO 9531613865@1)d QSdP atemiii¥ @ de5 376X 28e efmtlbnmhpgiscfonp@mrdsthvery are

l.e .salts

et use i aispraton b Aoy SR 156 7o L Gl

~ pgéﬁﬂlﬁﬁ%ﬁgﬂﬁbﬁdlﬁhﬁﬁﬂ 2§ dBSeriBE@ IS0 6/ oEeRendRhinpRY Y, as
escCri pe In

[0069] Formulation containing cationic liposomes may optionally contain other
transfection-facilitating compounds. A number of them are described in WO
93/18759, WO 93/19768, WO 94/25608, and WO 95/02397. They include spermine
derivatives useful for facilitating the transport of DNA through the nuclear membrane
(see, for example, WO 93/18759) and membrane-permeabilizing compounds such as

GALA, Gramicidine S, and cationic bile salts (see, for example, WO 93/19768).

[0070] Gold or tungsten microparticles are used for gene delivery, as described in
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WD 2004/ 019978 PCT/ S&003/ 000205 .WD 91/00359, WO
93/ 17706, and Tang et al. Nature (1992) 356:152. The
wore@soparg i cl e- coat ed pol ynucl eoti de i s i nj ectBdI/sG2003/000205
intradermal or intraepidermal routes using a
needl el ess injection device ("gene gun"), such as
those described in U'S. Patent No. 4,945,050, U S.
. Wt QHOOZN@ v 198/B806, and mgzr/ anowsturg (099%) REG:hiUs The

of nucle u3| nanoparticles of th
PP CopleH yRRTROLHE Y S0 g R ROPER! oty Spgpidermel
ﬁgm debice (" Qhiclths thdsé Uestkibed i
rd\illg%csgllﬁéﬁe Zlneg(%lggg(7 9 1%1(1}”et1(c):sa(néelen§%@1% “)C/I a?ed form ofe -
UchiPatent Nand, 945,050, 47.8. Patent N §,0d 888 candoW (24463t i on.
A pol ynucl eoti de can be vigorously mxed with
chitosan to yield chitosan nanoparticles containing

[007e1]Pol MBihedE OF ipdBmusiestided délivesy Q@mgCﬁeﬂlop&tMR:@ thftthe cationic
deli'ver DNA by oral or nucosal routes of

pelimien chitosar axsrknopoin the arhanshdeseribrskl foregamplay én J. L. Chew et al.

(@@3@ PReng by ey 25 GBS eey St BF i g may have

tlegréey oftERSlAtvE. aHDpU‘lynuclefoﬁﬂe rcantie mgoamslynmlxed with
e fectlve at dosages and for rlgds of tine

chitasas sxpigld ehitosarmpanpparticee copsain; ¢ Relvapdaetide. Sueh particles
cé&'s@ &3 18 db1 %%9 ﬂmg By o1 oY c&saﬁy&&éﬁ%ﬁﬁmyﬂr&%n,

feact]on n a reduction in allergic disease
progression, or the desired prophylactic result, such

rev t|n inhibitin e rate.of t 1 ..
1657 < Heip ke B oAmapeifians BPGHE resblbiub prlde acid or
dcnﬂar QQJo?cﬁﬁg 98 -thd W ERlior e af NEPERLVE bbb, tAh Péffective amount”
m ni stered to a subject depends, e.g., on the

refersdn gh moiint ﬁ&cpvarmdesag@ssm fon petfiedsrfAineeynepessaes, to achieve

th t t
o e BTSRRI LS BERGER B LR T REREH iy oton
ah@ if -turn 4 REIuoRbY M allagR: dissde geogeaion)@althe deélreﬂhlﬁophylacuc
subject), the node of adm nistratjon,

resyttnsicht3sdreventing on aybibiting theatepfe iype ég}ylpyrsgqasmw%/y reactIon or

L aph ve anDunt fromabout 100 g to
bt %ﬁg@a%‘%g’?%lﬁg%ﬁ’ygegﬁ%t 200 to 2000 gg of the
recombinant nucleic acid in the formof a plasmd is

R A6L S0k, TR, N BT 50 BB G e

s QIQ%H]OfTﬁli% frofiofer Q,fse@qﬁ‘ tRé PNAL E@RABY e iMMMnogenicity of the
conventional route used in the field of vaccines and

edpl@em:lsgeoﬂ ptdd@ctf, threnapindition rof $leet sbjastiintemsled ferasinpinistpion (e.g.,
¢he' gvleieghg ag genergldhegl]ﬂ? 9? t%e ng/eé ) 69 1;131/089 gggcﬁnjnistration, and the

type of formulation. In general, a therapeutically or prophylactically effective amount

from about 100 pg to 5000 pg, preferably, about 200 to 2000 pg of the recombinant
nucleic acid in the form of a plasmid is administered to human adults. The

administration can be achieved in a single dose or repeated at intervals.

[0074] The route of administration may be any conventional route used in the

field of vaccines and depends on the formulation selected. The recombinant nucleic
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acid is advantageously adm nistered via the
i ntramuscul ar, intradermal, sub-cutaneous or oral

wo o978 \hen del i vered orally, the reconbi naneCTHsGL03/600205
acid may be conmbined with ajelly, or a simlar
I ngesti bl e substance, so as to enhance ease of
delivery. [0075] In accordance with another aspect of
actieisiadvantageonsly adminiserodiiathe intranustdas irdreiddrmad, soCutaneous

Fapsaiedr WheadaTaet Alu e reonPhablmiser AR Fii i pombined

with Kjdliy, éh@dinfiMF fo38stibEOfIPEIaRE, sb Mre%ﬁhﬂo@%&séﬁfdeﬁ$&§
descri bed includi ng use thereof to prevent or treat an

allergic reaction. [0076] Anot her aspect of this

OBl en i o aleS e, it RFrneh %6 SRR e, mbinant

HudTEik Bcifl €6 INAEvANcing @ a CEBPERMidIRAdcoRlifi @b Ghe&ivdntidn may be
t he |nvent|on and subsequent boosting wth the

rapYidedydn. contpiaers e exommergightnaskagenuer xitsythak fugher comprise

N&hR I

Corrp}%ggg gc;r sgg'mld cgl‘[%% qgcl@r?igé g@é 4 eeo?ttbeﬂrtg&éﬁh eat ﬁ%\ allergic

xammeﬁonblnant nucl ei c aC|d accordlng to the |nvent|on

and in a second phase admnistering the allergen to

the subj ect. The subject may be any nmammal, i ncl uding

SUBLARE Sis is § QiFBdbOn RRY PAlchafibh 36

Fargen ngl%&bepégg%@lgggg% o rying par anef?%rﬂs?ﬁguc gimmet.

’Hre tmaemﬁ:omuﬁsesdms énitidl pdithinggena subjeets Dhmaog vespobse with a
n t|o ra ni zation route.
Wmm@a?n aiisie e BF MeaRvertion and SUPRsavyat BRoRg Tk theplerzen.
ft)ﬂeséhft 1BRAt6H tRlsProdYs &khdthod fortiken@iitatioh Q@Zﬂst an allergen
| e doses of reconmbinant nucleic acid may b
mmwm admaigistering toda sukjeeain ®dirsfaphase gt réqc@mbm? nycleic acid

v ! 3 e 0
Fhbid e PR SR Pt RER RS BSEE Bl o o
dlibjest. UThd subjleoniby ba enymammal Tiheludingwhnmaﬁfsum bets.
adm ni strati on of the doses may be evenly spaced over

he doses ive irregul ar .
A7z o s Diereemn fat ey ansiuly Hlgret pfistiized By Verying
ﬂa?ﬁﬁ&teltsvﬁcﬁj g§ %%s%ieDﬁ%md‘&‘seg behedger bR of aﬂﬁﬁfl!)ﬁt ?fﬁfi‘iﬁhzatlon

I n anot her nbodi nent, at | east three doses are
taderifinetasd enitmlmtnauon oone, weitoutipadue expersmentatiiqn, ps avill be within

EREER Bt CEPRRRERL S ABAY Y 1 S Pncuced in the

subj ect. For exanple, in one enbodinent, nultiple

doses 25 WO 2004/019978 PCT/ SG2003/ 000205 L
[0078] Multiple doses of recombinant nucleic acid may be administered. The

doses may be administered over a given time span. For example, two or more doses
may be administered in the first phase in a period of two days up to about one year.
The timing of the administration of the doses may be evenly spaced over the time
span, or the doses may be given at irregular intervals over the time span. In one
embodiment, at least two doses are administered, about 2 weeks apart. In another
embodiment, at least three doses are administered, about one week apart. The
multiple doses may be administered over a period of time such that long term immune
memory is induced in the subject. For example, in one embodiment, multiple doses
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are admnistered in the first phase over a period of
about a year. [0079] The allergen nay be adm ni stered
w0 poothe9second phase in one or nore doses i n PCT/SG2003/000205
conbination with an adjuvant. Preferably, the adjuvant
Is chosen so as to elicit allergen-specific Th type 1
i mmune response. Such a response nay be neasured by
ar¢ hdminisbeted tn the fiodt plidde oypee périad ofrabonicgyesbul i ns and
cytoki nes. In one enbodinent, the allergen is
adm ni stered in conbination with alum [0080] The :
[op79ynt TR ,aﬂEﬂg@ﬁ GR4y BOAdafhiskéAat int MehRcadNphisstioral Gammore
be det erm ne by routine experimentation by a skilled
dgses Boenmbinatipmewi didinyant. Btederablyptherpgivigat isichegerpso as to
al | en is inistered, preferably a 1 100
ottt FiFTERr R, TheiBod HERS REDAFer Saa 5 repbibe' Ry be
meited 1) @k geodutieR b Thatshedfiviihuabglobulinsnandt @ytdiénesyIn one
of adjuvant, preferably about 2,m{:1 to.5 ng of
eralefjdimentt the THergan iscadguinisisreddinicempinatipn ydth aldpyvant may
be adm ni stered by nethods commonly known in the art.
For exanple, administration may be oral, sub-Ilingual,
[0080] apamhk tafidest of allefseh and adjuaintac be administeted zanibe détermined
, etc

sub- cut aneous, |ntrader mal . [ 008 The al.l er
by fputine expesigraiabinady {%cwr%ﬁms{n&%em db‘ﬂsnto?b%?@ng and

es. second. [

b
ethbéEmeéal, tHefallbiger ibsdniaiterédin doastinaibniwiilsdboat i ang ©of10 mg of

nucleic acid in the first prl)%saﬁ, and e ftnitiati nof1
adiayADhi RFeteERbIO AP 24MEdP geM8ial adyalis c bR aHETROT fctsen plus
| Afifn; : he ti0&€ SFE@kample,

a%%% %a ibg% ere Stg{/egﬁ})alﬁgt?%bn&{nﬁrﬁegﬂé’g%ﬁwgy di f ferent P
adflimistiation atniapn be owrads . subdingealanpitepetitaoealy masele ndrgtracheal,

.may be adm.nistered. in a period of two days up to
mé‘@é}‘tsc‘ﬂ% Wé?%g’i‘ne?ﬂ% "?tfa:#ﬂﬁﬁo‘f’tct he adni ni stration of
the doses may be evenly spaced over the tine span, or

the doses nmay be given at irregular intervals over
[Q08d]t i ikhesiisrgeniodisnsecprd phascanssorfimigtitered Heonfepagre doses.

: i ni ; '
TP PR g ey el MRy B ARR inP AR pfESCoPheliay be
afl e abyf BRe Getleen[tBO 8RB} adinitstration afevelvioaididrém theofirst phase
the i nmuni zati on reginmen hl type allergen- ZIS WR led
a_@bﬁwllpﬁ@gggom@gg’@g? obal gen & Ep?qogdggpqem pu iple doses
of i Y%erd By, ?Etdﬁ s inTAY BL ZRhiifSteid! byt 4 %%Ebciﬂi@@ban by

hucl € ¢ ac 0] I

[Sl=

e tnvention, facilitating the .
difénertatininistedtiohaogtes. gEamixamyple fwe nvimgendesss alay degdministered

in a period of two days up to about 10 weeks. The timing of the administration of the
doses may be evenly spaced over the time span, or the doses may be given at irregular

intervals over the time span.

[0082] In one embodiment, the method comprises administration of at least one

dose of the allergen by aerosol, preferably, the last dose is given by aerosol.

[0083]  Thus, in one embodiment of the immunization regimen, Thi type allergen-

26



specific Th epitopes in the first phase. The second
phase of the inmmunization reginen includes a boosting
weowrserspl enment ed by i ntraperitoneal or PCT/SG2003/000205

i ntraperitoneal and aerosol adm nistration of

allergen with adjuvant to the subject, leading to the

activation of allergen-specific cellular and hunoral
spevifimie]lplaa ndmiunity fserimerivy mrstwizationrwidh a sesombitant mebleic acid

[.I ergen, ich ca rovide an..additional Jevel of

oftiedhdaionp B ¥HEETHE eRiFEIM Of MEsEg o By Ecpfes alergen-
sYREEd TRt LAfbpEE Th TR Rt phiRel NYES sb@hdClhsd SFUHRE Gninidization

any DNA ‘vaccine and is not linmted to use with the
regimbr insludes d bopstitgecaurseaimplementethbls intiapetifgnead gy intraperitoneal

sui tabl.e vaccing fo n all engen in j . .
oo Cedrfgton §F ofigth xR0 ERRPHEL D 3he MR, foatipe to the
aBiivavibA € @f CAllpbsspretifec f EdlfilarPhage Winodli Minddinidyt fand  further

DNA vacci ne encoding an allergen, followed by a
admindsithtion aefe aerpsalized tallgrgeni (highh san Drevde e eéhtwnal level of

[ V. . .gi ven all ergen, the regi nen
afrfrgrég%gg e%g@‘??hﬂz@%n&g{/u@g%y%g dose of DNA, dose of

al l ergen, types of adjuvant, inmunization tinme franme
[6084]i Ml xaddirmtion aegimenof Heuinventihre cax pe rusad tidt aoy DNA

as Wll_be within the ski]l of one of_.ordinary skill .
vhsrinendsinot Hied i e Al theBBdPRaRkd oL g Ry Thus, using
ahmaghmet {Rink Sfop " Y LG Geis UFRILE Which AMuRi-AHSH 1§ Fediftred, a

a subject In a first phase a nucleic acid conprising

. vacrimstionersginpneis provided eompeising 4 firg phasonfl ppmisg with a DNA

adm ni stering t al | ergen t he subj ect erei.n _ .
VAR resdi du et TR e By o e ol ol witp the
allB@eh laf AbscRiBesd GbOMEIFor RN divsh Aiergah) thd reginy@bmas Gedptimized

to 1 nduce | ongﬁ)term i mmune nmenory in the subject. In

baneeyiae doseisd dPNAndose pE allengppdtypenpf jadisyant, immunization time

i nisteri | ek in. th .
DI ABER, MR8y 359 i e
skill eftome of gadigary kkillipdre del i very to the cells of the

subject that is to be vaccinated, the gene product of

'l ergen ene he al | n) is.expressed.wi,thin ..
IDRESE el 86 cofbdub ot rietrih PhmeRirgot feRpyidéd Dibrising
AiRfS5teRHg kO arh@g]%bﬂ“inai GirdtYlta¥e h HRCIROAAH REmPY¥ising an expressible

reference. [0088]- Al though various enbodi nents of the

allexgentgene; iar & setoad ipbassdadveipistaningriha pllezen ygthe subject, wherein

e o S g R R i SRR At BRERBRE e o peiod of

abBWEN ik s0l 4% to induce long term immune memory in the subject. In another

embodiment, the method comprises administering the allergen by aerosol in the

second phase.

[0086] A nucleic acid encodes an expressible allergen gene if, upon delivery
to the cells of the subject that is to be vaccinated, the gene product of the allergen

gene (the allergen) is expressed within the cells of the subject.
[0087] All documents referred to herein are fully incorporated by reference.

[0088] Although various embodiments of the invention are disclosed herein, many
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accordance with the common general know edge of those
skilled in this art. Such nodifications include the
W@ aegn199m i on of known equival ents for any aspeCt/S61003/000205
the invention in order to achieve the sanme result in
substantially the same way. Al technical and
scientific terns used herein have the sane neani ng as
adaptations ynd umetbfisatioos ntqy boanagie withlinnteyscepe 1of the) inveation in

art. of this,invention ess efi 0 rmds .
oRiaSe Yilb b Rirmtiag et 45oVI<CEs o8 §hose MR an s g Such
mb&fﬂéhu&iébﬁkﬁlﬂé'tﬁé lsitbstifftioh Ved Eﬁﬁwﬁ QqtiiRglePdI @S Qny aspect of the

‘including, but not limted to". The follow ng

ingsatine s ower to jahigee thet sapes efsult dni whetantighlycthe semetway. All

nve n d t
bR P S8 Ehes RS e Bl 1 P tade e s Sollporty
mi\ﬁtéﬂ&stp b9Oohd 0P Wdindyi skl Snaghe arfnenthisainventiorSi valds® defined

i ght week old female BALB/cJ mce, were purchased

0&$@ﬁ$@he Laboratory Animal Centre, Lorong Chencharu,

Senbawang, Singapore. The animals were kept in a

ent4an 78 U i di ;

D e e R R R
equivalentits ¢he pliraye 'dnclu%gabiﬁrrrmIlin;ateldrtpécTdefoﬂbwingl@(ampdﬂs are

plasm d per, dose IV in 2 n |on .501 per
1lﬁ1ﬁ§r%tgf nyjarigps aw& ofgg?mye{ltm}}, ajgﬁ gP ggﬁe‘tﬁoad aspects of
tHe"ih%hbﬁﬁs@i!%l)S%edq{é?emday 14. On day 21 and ei ther day

42 or day 49, the animals were treated

intraperitoneally with appropriate doses of
EXIANPEBSorbed nmte allergen (Blot 5 or Der p 1). For
some particular experinments animals were subjected to
_M@nﬁﬁﬂ&ﬁﬁ!kkﬂ%ﬂbﬁ@ye to aerosolized yeast reconbi nant

dust mte allergen (0.5 ng per Ml PBS) at day 63, day

[(0DegNd dawndRals iRl AemaniXationCSix g wekkdly famale BALB/cJ
stored at -20 Cuntil assay. The titer and _the

mieytyase muchased diome the t kabopateryt iAnimak iGeatrgmlngeng Chencharu,
Sgrﬁf)%(/ﬂ% §%Bé(re B, Shhin Iaﬁr\%@tﬁeﬁ{]mq]ﬁﬂv@ﬁ}%ammal rgom in the

per posi Ng ani ma ergen aeroso
NUB O0A%@mal efkidihgd Unjt. aForulraked oDINA nahmimnizetion, maniaials were

U trNEB 99, DeVil bi Heal th Care, o for
lmnmsml ¥ or mafi%rmaiw@aﬂew*fﬂhl%%}%ét R rrwzém dose(elven in 2

EAEEAISH) Bl PR, 8GR 108 FRDS ges s50AR )

dEFTY@C@QO&iyOQQZ% either day 42 or day 49, the animals were treated

intraperitoneally with appropriate doses of alum-absorbed mite allergen (Blo t 5 or

Der p 1). For some particular experiments animals were subjected to a further
exposure to aerosolized yeast recombinant dust mite allergen (0.5 mg per ml PBS) at
day 63, day 66 and day 69. The sera were collected weekly and stored at —20 OC until
assay. The titer and the isotype of the dust mite-specific antiserum were determined
by ELISA. Inhalation challenge was performed by exposing animals to allergen
aerosol (0.05%) generated by an ultrasonic nebulizer (model UltrNEB 99, DeVilbiss
Health Care, Sommerset, PA) for 20 minutes. Intratracheal administration was

performed by innnoculation of 20pg Der p 1 in 50ul PBS at back of the tongue.
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[0091] Plasm d Preparation: Plasm ds were prepared and
cloned in bacterial strain E. coli. Propagation of E

w@ odoi/01992sf or mant s (DH5a strain) and DNA pl asP@TSG2003/000205
purification was done according to the user manual of
Nucl eoBondRPCBAC kit ( MACHEREY- NAGEL, Cernmany).
Purified plasm d DNA was dissolved in
[p09thhat e-MlasmhidrRuepardtione Plaspid we. prephregl amdmlmmdzin bacterial

Sg'a%%c% er? atli?rBHagﬁ?mI? ﬁgﬁnff'ﬂf H%Wg %t?al@ Bl Plasmia

R atoRt ggg d%ie %b&‘é i hid 8RetsePahidual 68 NuddBRRaRPC/BAC kit
4 was

i gha solved 1 n 25mV] pH 5.5 acetic
(MACHEREY -NAGHL,C (G'Bmany)at Panifi el plam% DNA asvas d disbéAved in

s..dj ssol.ved in 45 ,sQdi um . I
P%?Mst&f%eﬁﬁfﬁam?o&ggyongq\ﬂg %ﬁﬁﬂ(ﬁgﬁs‘?’og@&éﬁ ﬂ%ad 0.795 g/L
@EWH 9 £5a fidd DNARBAG L GSEST NREMIGPPBEYVEd under

the & Axi overt 25 inverted m croscope (Carl Zeiss,
NYézand sizing of the nanoparticles was perforned by
[0892bn corEOQI eral omipistsatians @@pg ehitashie preticles, z@ntosaslo@&gma

vern ver
LT G 2heiiftis b 30 5y B qfip02%.
Paneid DRACWES diBsdveeas 45 ﬁﬂMlsBdﬂﬁﬂ‘mﬂpliaﬁé Iﬁﬁ‘@quadlakﬁdm@bf both
neutral pH by | aser  Doppl er anermmstry u3| ng Zetasi zer

sglytiong wers/ayxed todeld nsnepasticley T ew&}mpaemg Werg elservied under
tﬂé %ﬁggs d}au%v“ﬁ‘? %% fxﬁlgl\)"t%\ﬁe tn\t;‘\ié:t;bg&{'ﬂ% nt o g@gi: b%in%sof the
naag}mtldﬂm‘ Oras pefﬁﬁdedl gpyapiﬂ)tmk:enrelmam gpa@osmpyl oibitheu Hetasizer

S made, nanopar t en. m xed
08 MR ol ey L RS o & coliging rySep spnopesticle  size
ﬂxéHsﬁfeHﬁh’cso 'Z‘%{a b&ential e KORGYartiE18 b A4Eh EasticASE H&ﬁiinbﬁhsed
doubl e-distilled H20 heated to 50 C at 150% (w' V)
\@tpxeaﬂ yeuteal pit by dasen Dapplgr sREPmMeMycusing Zatasizerad0qth éMelvem

ur 0 tra and | ef.t to i f
RSSO RTRATHE ket BRRpb Sk Were R Vit iehn oA
1286patic1e @nfiRddedoin jEINA NEdee witte Pthced mtbl kapadatell |cafds before
for each nouse to eat at day O, After the nouse had

@ﬂﬁijg andpter Wias givea ad Aibitpe, gpsh]‘yﬁg adgipnepaticles wgre then mixed
h
gﬂ}%@rf&vmg igﬁ?? é&ﬁio{r‘r:g %ag] cgrgﬁglg (@?@%{?ﬂﬁhbﬁﬁl ‘Ind ﬁon% F(ong)

ssion o nes 1S under COI’]t
ihit e dEsbvpd ordduble-disB0QUH,®hastad ¢ HLIC Bt B508a$w/v) (15 g jelly

f the full h B
rests i B mte oo fie mohreauisdier MurbPape sRng 0 apg 1ok to
bllgieFe bCHforEBEeSod P nfile, ORfthsAHMBbA AN UHIARHEYD g of

vector (Pronega Corporation
DNA were mixed in jelly and left for each mouse to eat at day 0. After the mouse had

completely consumed the jelly, the mouse was fed standard mouse food.

[0093] Gene construction: The expression of all chimeric genes is under the

control of the CMV promoter.

[0094] Plasmid pCI-Bt5 was generated by insertion of the full length Bt5 cDNA
(ref. 18. The gene bank access number is U27479) into the EcoRI and Xbal sites of

pCI mammalian expression vector (Promega Corporation ).
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WD 2004/ 019978 PCT/ S&003/ 000205 [0095] The contr ol
vector pCl-LAMPss-T/C was constructed by insertion of

wo b@4syrrhet i ¢ ol i gonucl eodi de conposi ng t he LP&PSG2003/000205
| eader sequence and the LAMP-1 sequence encoding the
transnmenbrane and cytoplasmic tail into the Xho |
(the corresponding site in the insert is bolded at the
5' end of sequence below) and Not | (the
corresponding site in the insert is bolded at the 3

@mo;nse e P g5 YO p i Ay 87 s g Ru AL MRetion of

isthetf oﬁgmmeldene@ﬂpmagt ige LANWIPY l@dderse@rBYEN®E the
and at the end of encoding sequence for LAMP-1

slnmummeenawane yheofsanssembreng qnd gyieplasmic\tail jntp Kbe Kho I
(%%%%Eﬂ 25 EE ?ﬁg ?ﬁéﬂi’g BEMHEE ﬂ}eog etnla (%f sequence be below) and

1 oni ng si

Nizlt Ueﬂﬁeﬁrrg@oﬁdmg site $¢ fHecidsdrsisHodded ehe]heDB\i e =55) sleﬁ)lence below)
The trangl ated protein seauences for the

omﬁ}'ﬂwictpre Adepqueiiliehtite e WHEUGNESE bsite Kps. designed i the end
PRI A DXV B AL o 050, g
sequente Aofs LAMPH Grésismembrane and cytoplasmic tail, respectively (both
SRR IS 5 5 0 e
iMolwhth! #060&8b4 @eR9I99RIEe@ 8 shown below [SEQ ID NO 1]

tgatccccattg t cggt gccctggca ct ggt cet
trnglated @roteid squ;en%gg\fogggﬂrg @ouseg %Al\%ggl leg(?er sequence and the mouse

LR GREIOS FRhARRACAM AP HAS R0GE J9BL S Rbas,

SEQ b Ndse}: Bt 550_67 T/ C was constructed using
synthetic oligonucleotide conposing the Blo t 5 gene
fragnent that encodes for the H2d- restricted Th

ep| tope. T g ert ad t Nhe
site at ?ﬁ&f‘qoewod&q? theL\Iﬁ%I\/{f’ qsif gda?erdgdegxug?e

Samttghgmabtheggccgoct:ee%bgd:cbg@gcczentgctcf:tgt:ﬂgetgcmggocttgcacatggc

sequence encodi ng the transnenbrane and cytopl asmi c

tail. The encoding sequence is [SEQID NO 2]: 30 WO

2Q04/ 019978 PCT/ S&2QQ3{,G0p2P W@@&&Nﬁi bglwng
sequence NMAAPGARRPLLLLLLAG.AHGA

gctagegaattcccggggatee atatgttgatceccattgctgtgggcggtgccctggcagggctggtcct

IVLIAYLIGRKRSHAGYETI
atcgtcctcatcgectacctcattggeaggaagaggagtcacgecggcetatcagaccatctageggeege 3°

[0096] Plasmid pCI-LAMPss-Bt5s0.67-T/C was constructed using synthetic
oligonucleotide composing the Blo t 5 gene fragment that encodes for the H-2%
restricted Th epitope. The oligonucleotide was inserted into the Nhe I site at the 3’
end of the LAMP-1 leader sequence and the Nde [ site at the 5° end of the LAMP-1
sequence encoding the transmembrane and cytoplasmic tail. The encoding sequence is

[SEQ ID NO:2]:
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5"
at ggccgcccccggecgeccggaggeccct get cct get get gt t ggcaggcect t
w@emeatyorgctagec 3' Blot 5 H 2d-restricted TPCESG2003/000205
epitope AELQEKI | RELDVVCAMNYS

gcagaat t gcaagagaaaat catt cgagaacttgatgtt gttt gcgccat gaat

3" Mouse LAMP-i transnenbrane & cytoplasm c domain M
LI PI A VGGALAGLVLI VLI AYLY

at gt t gat dMmsaLAME-dtsigat sggugmect ggcagggcet ggt cct cat cgt ¢
CI\/PaItﬁgQ’Ctﬁ@CRCR PoLuske ILAMP: L Ar sn$manti éa 8
5¢ We@BesaeebcEschR dc@ﬁﬁ&&fﬂg@gﬁ B0, y&ggccﬁgcacatg%cgcta%c 3’

at t ggcaggaagaggagt cacgccggc atcagaccatct ag

Pl as d s generated by insertion
of ?5@-?& i %%P clgdl ng the mat ur e

? of the
ﬂﬁﬂﬁai $°é‘ﬁ%*’e%aaasa aaa%c a&ﬁ e at the 5
end of the LAI\/P- sequence encodi ng the transnenbrane

and cytoplasmc tail. The Blot 5-LAMP encodi ng
sequeMossd EAMBEORm I izpne fwydeplasipdomeingnal
shfjdedd® IMMAVAGPGAALRARGPLILVILU NV L L AL AHGA'S

55 'atgttgatccecattgetgtgggcggteccetggeagggcetggtecteategtecteattgectacete
At ggccgcccccggecgecccggaggeccct gect cct gect gect gect ggcaggcectt
gcacatggcgctagc 3' Blo t 5 encodi ng sequence Q E HK

E%/Ié%seLm@Pﬂ t%n%ln@n%raﬁie'&k lasticdothdth H 5°
GaGRaUEf a2P]A %}2 ccgaaacgaatt cgat cacttgttg

tfg%ﬁ?agﬁg%‘%%@g%%&ggc al(c taFg 3H QLLYLQHQLD
gct at cgaaaagggagaacat caattgctttact t gcaacaccaact cgacgaa

[bbg tgaa Caal a&?[ LMSS—B% ﬁ“/é was ggnegat%d l%yvm\éel%oﬁ M PCR

aﬁﬂﬂﬂf@ét}iw@gm%%ﬁ&idi%ﬂfégﬁﬁﬁ@fgrb&ﬁ{ fkd ﬂietN&Cﬁﬁfea&tgﬁé % end
aag ccaaggagct RTDL
0% %A&d&lﬂe@ er sequence and the Nde I site at the 5’ end of the LAMP 1

sGAR0R0 o RO, LE RERIRAEAR, Ghd OBl JORE AT BT Tiare

ehoily Qe INBEOIB/NDIE78 PCT/ SG2003/ 000205

Mouse LAMP-1 signal sequence
MAAPGARRPLLLLLLAGLAHGAS
5° Atggccgeccecggegeccggaggeccctgetectgetgetgetggeaggecttgeacatggegetage 3°

Blo t 5 encoding sequence

QEHKPKKDDFRNEFDHLLIEQANH
5’ caagagcacaagccaaagaaggatgatttccgaaacgaattcgatcacttgtigatcgaacaggeaaaccat

AIEKGEHQLLYLQHQLDELNENKS
gctatcgaaaagggagaacatcaattgctttacttgecaacaccaactcgacgaattgaatgaaaacaagage

KELQEKIIRELDVVCAMIEGAQGA
aaggaattgcaagagaaaatcattcgagaacttgatgtigtttgcgecatgatcgaaggageccaaggaget

LERELKRTDLNILERFNYEEAQTL
ttggaacgtgaattgaagecgaactgatcttaacattttggaacgattcaactacgaagaggctcaaactctc

SKILLKDLKETEQKVKDIQTAQN
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agcaagat cttgctt aaggat tt gaaggaaaccgaacaaaaagt gaaggat at t
caaacccaaaat 3' ©Muse LAMP-1 transmenbrane &
W@ ioapi®ssn ¢ domain M| Pl AVGGALAGLVLI VLI AYLI PG&I/SG2003/000205

atgttgatccccattgct gtgggcggtgccctggcagggctggtcctcatcgtc
ctcatcgcctacctcatt GRKRSHAGYET

ggcaggaagaggagt cacgccggct at cagaccat ctag 3' [ 0098]

kbcanagatcitgefthagadiviimsgdab acogamcasten pigeapghtatinaaacccaaaat 3°
pCl - LAMPss-Bt5-T/C by replacenent of the Eco Rl / Not

I fragrrent encoding for a portion of Blot 5 and the

ARFPR TRERAEBAle QYR lﬁs?ffi'c%ﬁﬁmi' n wth the
s nce| ‘fg%gg é‘tm\P . 1TReyepcpdi ng
5 ag Geseatfs &c%'tggc]&gg;gc g ccE 'gﬁ:ckaégg&%icﬁ:a& A S

@g%c%g%&&g%@c%c%g%égcccct ctcctgetgetgetggcaggectt
geeasznaggesratengeceapectafgagaccastagiodi ng sequence Q E H K
PKKDDFRNEFDHLLI EQANHYS
caagagcacaagccaaagaaggat gattt ccgaaacgaattcgatcacttgttg

at cgaacaggcaaaccat Al EKGEHQLLYLQHQLD
[0})98] N E NPKs&id pCI-LAMPss-Bt5 was derived from pCI-LAMPss—BtS-T/C by

tatc attgctttactt Caaca a
SRl e AAg ALl o] EREmEeenofing To¢ EPOISR PLIE A g0 the
@ Parfdrienfbrane and cyt O}talasmlc domain with the Eco RI/Not I fragment
aaggaat t gcaagagaaaat cat't cgagaacttgatgttgtttgcgccatgatc

frgmapglaB e The guaditg seyErRee KHBBIQMD NRFMYEEAQTL

tt ggaacgt gaat t gaagcgaact gatctt aacat tttggaacgatt caact ac
gaagaggct caaactctc SMéusetAWl s1gna1 SequéglcE QKVKD

Pcbt R Bafohtk lodaduhatcEohataHa¥ tatt
YR 0ok B dpdobphote ot ol gty
was generated by insertion of PCR anplified Der pl

fragment enco Lol the mature Der p 1 protein (ref.
20. The geﬁgo ld%g%i? WESEIE  Unber i s U11695) into the

NQeE| HSKt e IS;Kt]beD3F ltfrmi BfF Thel LAV E lqeagfw H
50 Etbdatat hcpahttdgiRabil ¢
L Al\/%gﬁﬁs e%g ahfhobbigatttc&ahsced fﬁ a gct%g(i% cagfRaacca

ence encodi ng the 19978

PETf $ROGBEOPYPI. LYLQHQLDELNENK S

gctatcgaaaagggagaacatcaattgetttacttgcaacaccaactcgacgaattgaatgaaaacaagage

KELQEKIIRELDVVCAMIEGAQGA
aaggaattgcaagagaaaatcattcgagaacttgatgttgtitgegecatgatcgaaggageccaaggaget

LERELKRTDLNILERFNYEEAQTL
ttggaacgtgaattgaagcgaactgatcttaacatittggaacgattcaactacgaagaggctcaaactcte

SKILLKDLKETEQKVKDIQTAQN
agcaagatcttgcttaaggatttgaaggaaaccgaacaaaaagtgaaggataticaaacccaaaattaa 3°

[0099] Plasmid pCI-LAMPss-Derpl-T/C was generated by insertion of PCR-
amplified Der p1 fragment encoding for the mature Der p I protein (ref. 20. The gene
bank access number is U11695) into the Nhe I site at the 3> end of the LAMP-1 leader

sequence and the Nde I site at the 5’ end of the LAMP-1 sequence encoding the
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transnmenbrane and cytoplasmic tail. The encodi ng
sequence is [SEQ ID NO 5]: Muse LAMP-1 signal
wGeguemoes MAAPGARRPLLLLLLAGLAHGAS 5' PCT/SG2003/000205
at ggccgcccccggcgecccggaggeccct gect cct get gect gect ggcaggcect t
gcacat ggcgctagc3' (+1) mature Der p 1 encoding
sequence TN ACSI NGNAPAEADLRQVRTVTPI 5'
tracsnzeacyenst gulaytoplasmic tpgladhe gnqwumg@@qmatﬂém HYN§adkia
at gcgaact gt cactcccatt RI\/QGGCGSQ/\AFSG\/AATESAYLAY
cgtatgca t.tc ctttctctggtgttgccgcaact
Ry e SO QoHeDT

aat cag]%al ECJELV
5 Ak ok s Lget gl 4 élig' pt cegsa
S@éggygmcgcmg@pwga@@ctgctcptmg@gct%cwggcc
SYYRYVARE
@tlf)ccacgt gogmaturgPat pd @hcatiag ssjaeiaggt gt cgt ccaagaaagct ac
RN IASII NG RACIDORRPD MRQRABI SNY

5%cfdat c\étéga@awaé{gﬁéaatgctccagctgaaatcgatttgcgacaaatgcgaactgtcactcccatt
caat Cat gccgacgaccaaat gcacaacgtttcggt at ct caaactatt gccaa

fﬁ aécKéaécéaé@ afCA B § R AL A PRSTANSIAA YA V
5%.*359%aég?%%ﬁ%ﬁﬁab%t@%%%ﬁgﬁ%t@%g% tgsplosectatigactia
3R RCROE B LR hYCR § B i olc BB Y 0
é@@@ﬁ%ﬁ%ﬁ@%‘&%@%ﬁ%ﬁ@%‘@éﬁ&é@&?ﬁ@&3?%6?"&%&?%?88aac

tatcacgctgtcaacattgtt GY SNAQGVDYWI VRNS
WPRGMEGYDRQE NGVVQESYYRYVARE

gtitcaegigghtgmiralceagatatizepiig @i pggagdgtacyimatsgcsgngat
accaattggggtgataatggt YGY FAANI DL MMI EEY

RMEERREPENAZPXRFGISNYCQIYPPNVN
ARG dc 5@%&&%&%&5@@6@&6@%&&&&@&@ A @Ak GRS ARBIA G SAL At

gttgtca t Ct caat Mouse MP-1 transnenbrane &

CIthog'gs{I‘ %gafrhl\élﬁll RVPAIVGGRDEDRFV LI
g@ﬁl{t{:@tgﬁggﬁ 'icﬁ%atc‘éﬁaﬁﬁ%cgﬁtgagéccgtcta“aﬂ Caté’%?aggtiﬁg%?cga? cgt c

ct caé1 C acgt a I—P! V

of PCR anplified fragrrents encodi ng the | eader
s@qliehde Ar@rﬁ}h\/]rﬁnYt%éu‘é lbll‘ésﬁri\ﬁoge"ﬁ NWGDNG

gettacagtaacgcacaaggtgtcgattattggategtacgaaacagtigggataccaattggggtgataatggt

YGYFAANIDLMMIEEYPYV VIL N(+222)
tacggttattttgctgccaacatcgatttgatgatgattgaagaatatccatatgttgtcattctcaat3’

Mouse LAMP-1 transmembrane & cytoplasmic domain
MLIPIAVGGALAGLVLIVLIAYLIG
5’atgttgatceccattgetgtgggeggtgecctggeagggetggtectcategtectcatcgectaccteattgge

RKRSHAGYETI
aggaagaggagtcacgccggctatcagaccatetag 3’

[00100] Plasmid pVax-htpa-hDpl-LAMP was generated by insertion of PCR-
amplified fragments encoding the leader sequence from human tissue plasminogen

activator, humanized Der pl mature protein and the transmembrane and cytoplasmic
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activator, humani zed Der pl mature protein and the
transnenbrane and cytoplasmc 33 WO 2004/ 019978
weFanABE®3/ 000205 tail from LAMP-1 into the Bamb1003/000205
and Xba | sites of pVax (Invitrogen) which is a
pl asm d vector approved by the FDA for human use. The
encodi ng sequence is [SEQ ID NO 6]: human tissue
tagil fremi IDANPAl antdithaBemH EantbXbs dgitencfp ¥ax finyitgen)gehbich is a

t g.aag, aga tct t ctg.ctg ctg tgt a.,
ofjedigieatiergnee by freidia Hpiady e nhsdntitys Kayias tseQ
mwefoigt gtc ccg ccc ctc 3' humani zed Der p 1 sequence

5" acc aac gcc tgc agc atc aac ggc aat gcc ccc get gag
aft gat ctg cgc cag atg agg acc gtg act ccc atc cgc
at g bamangssugplashinoggggctivatortleggdet sgyugoee ttc tca ggce
50hig @ gcOaG aagaga gag clicbe e atd étg ctd etg dgieghadica ghottagtt tcg cce
afPeh Pt g &l 8iCodeicec B lotddRg ce@Bcdag ctc gtt gac tgce

gcc tcc caa cac gga tgt cat ggg gat acg att ccc aga
ggt aﬁ‘i@@dh@? tEqkAge Cat aat ggc gtc gtg cag gaa

Zgéfc 3@‘%@%% a g%tct a%g g%lt Qatgg[%{: &8 t%@? ?t? ggt cttgg%é c?igta‘fgg%g acc
gecale 5e° &9&%5 g ace
8¢ g GEyfac e Ecaly iy ‘@é’%égetgaﬂae %‘3 §t% c%ﬁ%g% g%c tgo

gg¢ tecxay cey'e&gaégfgcag 888 gotace it ceqrpadiet a‘fv‘aaa c@ate gee
gtecgtg sag gea agcdaidae egn gaatasetagRegnstcas teedge égCaca &6t gagcc cag
cgatic gggatljtoc aaaitat sgoccagtaty tggece dohaatigtgjaashes gisreeB9S Gogcte gcg
cag gegenc agaged aig gat gic gtcgrtc ggn Aasaggit clgpeac@gaa ttacgg eardat gac
gigdggaa gastc cagcg@g daaggge chgiced dat tgfeac geggtaaac at @tg gat
t&Aeg ﬁﬁ@i@tcﬂg b8 ofid gacdaStedat étg@gg 64 dgf6z0da@ agt @ac gk @gc gac

a8 Betac bAMR ESRSIRERIAHR ¢ gﬁtgté?@%@asgﬁgqa@@dﬁa@ gtz stg
alddg8t c ccc att get gtg ggc ggt "gcc ctg gca ggg ctg

gtc ctc atc gtc ctc att gcc tac etc att ggc agg aag

agg 51 g 3 [00101]
;gwg i 9 QpS i il
(i??ﬁrﬂa gtgggﬁ g(ig(‘tf% ggg:% S‘F%? cﬁc(‘ att gce tac ctc

@P@g&ﬁ%aweﬂ%gcqa%tﬁ cesfi?c %sga@d? GST Gene Fusi on
System and the yeast based Pichia Expresssion System
were enployed to express the reconbinant Blot 5

allergen. For the E. coli based expression system the
[e0101k erﬁr@ductgols ofjreeyubingnt Be (fr T ablergen sndygpprification of

oBHSE AR e BB P e b AR PR3 i rsion

S¥8hr and the yeast based Pichia Expresssion System were employed to express the

recombinant Blot 5 allergen. For the E.coli based expression system, the entire
encoding sequence for mature Blo t 5 was subcloned into the vector pGEX-4T
(Amersham Phamacia Biotech). In order to obtain recombinant Blo ¢ 5 with post-
translation modification properties of the native Blo ¢t 5, the coding sequence for the
mature Blo t 5 was subcloned into the pPICZa vector using the EasySeIectTM Pichia
Expression Kit (Inv1troge life technologies). Protein expression and purification
were achieved according to the manual provided by the manufacturers. Native Derp 1

was purified from spent mite media using mAb 4C1 by affinity chromatography.
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transl ation nodification properties of the native Blo

t 5, the coding sequence for the mature Blot 5 was
waamslorerl i nto the pPl CZa vector using the EaRyBeGE08/000205

Pichia Expression Kit (Invitrogen |ife technol ogies).

Protein expression and purification were achieved

according to the manual provided by the nmanufacturers.

[88102]e Dernpvitro wakmanyr of i secorfdayyn stprowlation t of spléem cells and

usl 4 by..affinit hr omat ogr.aphy. 34 .
B33t T8ys heehfials sblBhb oS0 SRR GO ton iy Mlp ¢ 5-specific T
cBll ip#Bli fération $RGHN AR onSWboILbRifed T @ElLS Bogesbled] hispaittbn were

purified T cells: Unpurified spleen cells were use

d
usest fos peigwanAlp -epecifs: E el profierationcqultiargy  Briefhw vyl §hpurified
e
T T T -
b in HeQiredebtcdl bReide! dfD0Re IBrGST-BYo ¢ 5 .foXI &5 4@laks. fTtRCulture
T cells and 4.5x105 mtonycin-treated APCs were
seperaaipetyr asdallactod atwdayl 2 end daxt diend plosedeati-§07G anl BEISA. assays

B PRy dog M L laere iribeneh Hpr o bR trgipation
ANEres 203,897 8hlenRHes Wtlré bulkl-bPh a7 ate i thad MESBicé M20ug of

and nouse |L-4 were perfornmed. For the secondary
G- nbilfart 4 days. TidolleRlaqueZpudnficd' T sgllsemere coHectedk aml maintained

| tur.ed.in, 6- | plate i h f 209 af .
oAl octags 1 fp @S pEod RERE B pRe icpattbant L2 in
RIEMemeditihe ¢k Bf adtsle Moéals 3126 thadb® onROREIN (90 #ell U Batdm plate)

in the presence of 20 ng per m of nouse reconbi nant

pré¢-coatedy withPai-megse @D 3iex a8Hody ndewerec eblfusedvin dh¢ prasente or

nto LI (96-well. U.botto t re-coated, w,th
oo HE 1nk SRR BT ol Ao B PAE itbogP et BRGRY B hdurs or 48
HLRS THE 24-Blor 48%_@9 étﬁtlﬁé silpeht A kvallco Dt tnld-s00268 8t -G028 until
antlbodﬁ&or addi tional 24 hours or 48 hours. The

wa ithlloft BAgSA@ssey8ul t ure supernatant was col | ected and
stored at -80C until wuse in IL-4 ELISA assays.
[ 00103] | munogl obulin and cytoki ne ELI SA: A Cost ar

48P, "l kGl BRA: 0TS Wil bing 96

well ERISA phibuses tédyd ¢2h G TB)o 09 ehidtivgMergt 1 AraCanthhiotse 1L-4,
bl ocking the wells with 10% FCS of 1% BSA, )
ox ik @M IFN Codlegimderverpight sl Supdenhlogking the aells with

d ] h . ! .
RS DAL RGBT A B QYRS o wor s nd
Aatbs v Subjbaddl to averaipht immbsiton aGRAC. Bibtidobhjugmets mAD, rat
IL-4, or_rat anti-nmouse |FN7 were added, followed by

apfirrpouse digh. satieatirmeusshielion dehawi-mpyse Si-gn a1 rafaanti-mouse IFNy
WSy %h&’ézf“ ollowed by ExtrAvidin-alkaline phosphatase. The signal was developed

by p-Nitrophenylphosphate substrate and the optical density was measured at

OD405nm. Mouse IgE, IgG,,, recombinant mouse IL-4 & IFNy were used as

standards.

[00104] Measurement of airway responsiveness: Airway responsiveness was
assessed by methacholine-induced airflow obstruction on conscious animals using a

whole-body plethysmography (model PLY3211, Buxco Electronics Inc., Troy, New
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by p- N trophenyl phosphate substrate and the optica
density was neasured at OD405nm Mouse I gE, |gQa,

. WO e@aoiomant nouse 1L-4 & IFNy were used as sSPEN8G2043/000205
[00104] Measurenent of airway responsiveness: Airway
responsi veness was assessed by nethachol i ne-i nduced

ai rfl ow obstruction on conscious ani mals usin

Yario! S bholi e salimgecprmairees TRt spasel topHRS for baseline
E ics Inc... Troy. .New 35 WO 2004/ 01997 _
mgeSirendf oot S il Rufg 88 i gughachotine

TBE hidahgemerittindéx KBldefdpd as BellDaddBRlih©to haqlititd Penh = (Te/RT
measur enent foll owi ng by cunul ati ve increased doses of

—hex RIB1/PI whese Redrio palsaced mravse, nkeas axriraiony thpri B¢ T gelaxation

ﬁg@@fﬁ@g o SIS TR RO bR RO e

= expiratory time, RT = relaxation tine, PEF =
Epg@nlilegxpiratory flow, and PIF = peak inspiratory flow
(21). Exanple 1 [00105] Six to eight week old animals

[dorob]Per SL:OtPdighewBelt Hldr AR@klks (RRLRk YroupfWert Mk@p&stoneally
10g and 5g of yeast reconbinant BIot 5 1n 4 of “alum R
adnamistercé | Qg and Spapf Peastwtcombinadt Bl ¢ Sija dnig/ed alum TAmphojel®)

Il ect ed I d st d,at -20 il
oS i5hed Ve The Yok e cobraer Rrak 2af s 420 °C
uRISBERA hssald borddtbe-pefoAned Ve 16RI£6MBRLH sRpedihit BE anti-sera

One anti body production unit corresponds to one

wigen slgteaminsl by USEISg Que antibedy peodwetiorr unit eorggponds to one

oSO TGP 55K TP IE T AT BR8P b
od S A e i R e s SR

aluENgloae dday 0) Splenppges wieteustinwlatpé writh Biftsss7weptéde (SpM) for 72
det i ned, b | S Fi 1B). Six t i ght K .

gy Sh IRELs SERG i g ol suporbitpdip ke dFEtpingd by
E?@%&P%ﬁéﬁl@t ?ﬂ% Wsixh 1ol Q1R Ndeadd ok MBAAE MESEHAD b@@@o@'}){ Owere

2ng of alum at  day O and day 21, respectively.
infrapertonedlys admingstfatedt Wwigh 10pgsind pg ofhyeaBt cecombimmet Séok 5 in

2ivgsiarghef fof € jod g Fewenennd B sl i Hghopoosted wit

Biir %@ro%olQO.(ﬁZQS?Al)OQH dﬁ] e8r asyhl Zaﬂdn g&;ﬁ 3ue Aﬁﬁ%gﬁfﬂe%eacﬁvity

establishnent of "an al’l ergen-induced ® nouse node
nteaniragefthgas tpgied atrdaydiStigueal@et eri stics. IL-4 is the
key cytoki ne that

[00106] The results indicate successful establishment of an allergen-induced
mouse model having Th2 type immunity characteristics. IL-4 is the key cytokine that
regulates the synthesis of IgE. A statistically significant level of IL-4 (P=0.01) was
secreted by splenocytes from animals primed with alum-absorbed Blo ¢ 5 upon in
vitro stimulation with H-2%-restricted Blo ¢ 5 Th epitopes as compared with the control
group (Figure 1A). Administration of a further booster of alum-absorbed Blo ¢ 5 at
day 21 resulted in an immediate surge of Blo ¢ 5-specific IgE level at day 28, followed
by a sharp fall in the Blo ¢ 5-specific titer (Figure 1B). The magnitude of Blo ¢t 5-
specific IgE titer in the experimental group was persistently above the background

level for more than 6 weeks (data not shown). Animals characterized with Th2 type
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regul ates the synthesis of IgE. A statistically
significant level of IL-4 (P=0.01) was secreted by
w@piogiooyg es from animals prinmed wth al um abspeee2085/000205
t 5uponin vitro stinmulation with H 2d-restricted
Blot 5 Th epitopes as conpared with the control
group (Figure 1A). Adm nistration of-a further booster
Bl tab apﬁcairsamhnmtal c)xhlblEdata st@mallylslge@uamtedstmam symptom
i medi at e surg .Bl a
cosgpaciig, foocrony! Ay pAF Ao Ranaietplige effostlribs0.03)
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Etiter in the exp erlrrental roup ersistently
feas;blpéo tindsich ad kag-lasties ancbv@nﬁwg Blot érspmg umty in
not th Th2 type
B%@“% ﬁ&%gﬁga@%ﬁ%@gb%ﬁéﬁ%%@nﬁﬁ% Tt 5-specific
immunity exhibited a statically significant asthnmatic
ESYApom conparing to the control animals after
exposure to nethachol i ne aerosol (P=0.03) (Figure 1

[cﬁ1-o71h us, ShicSeibiWEkEafld SRinIOiRA0ber Do) Wiste Bhtvdin@Sularly
a Th adJ uvant I's feasible to Induce a I'ong-1asting

irjextedswighilDDggnf pEI-Bldt5 and p@l: af day Thad 14.fubsequenily thei animals

g O st p0s o ey S e iGlay ) of veas
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stBrdds a6 NC] until hesagrThealesels W B i Srspaniiis IgGhn eagmp 2A) and IgE

reat tW|ce with 10g (.day.,2 d (d 2)
ﬂ§z B) abbmprnre deigming! QP’I%I‘% Bl ﬂ?ﬁﬁ%ciy hrption unit
ot 5&&&0‘6ﬁéﬁaﬁ§§rﬁﬁﬁﬁﬂm ¥ nAdE serihOr €d at -20 C
unt| assay. The levels of Blot 5-specific Ig&a
(Figure 2A) and IgE (Figure 2B) anti-sera were
[%ﬂg’r] ni nedmmpngrespansesiod agieals Gy renedigd defranusenlar naked gene
. COrr on 0 r
ug nu %%R%g%é@q %oﬁ%ﬁ?ﬁgs a}o@n@eogfég % %ﬂ marFﬁ{ F%IUFPE As shown,
Bl®Gges \fell gont rigdmied zdtidh Wa§< ablegton eouintraLTh F-ptddomimeme immune

al um absorbed Blo t. S _hooster are_,shown.in
ToRpORY§IRAnImaly that rageived ﬂlrs%wga%m%%@rz‘awwwﬁﬁﬁﬂﬁe& gs seen
b?ﬁgetf‘ﬁg Rar Vegf g%ggi Qeerr]sg el VR fovelsEIRD 555 -& cﬁw RS 1gGy, as

ranuscul ar 1 nj ectl
eply aBlaoy 3] (Biguseh). leBtohﬂe5 amquarm Igfwasi @Wcﬂﬁdcfélﬂab’y?l in
el e ted, | f t 5
sBigly ety I epgi SRR e GBS he S Ru R i e
11&151&6@? H6HRCE RS ed lin FF-idnkmirizedai ¢8R (M gihrB] 2B, €lh1WypB immune

the control pCl vector. In contrast to the prom nent
rapEnsey ples persistently maintained in pCI-Blot5-immunized animals following

protein sensitization with yeast recombinant Blo ¢ 5 in alum (Figure 2A). These results
were consistent with the in vitro T cell cytokine profiles, with a greater than three-fold
INF-y/IL-4 ratio for the experimental animals as compared with that of the control

animals (data not shown).

Example 3

[00109] Enhancing DNA vaccine potency can be achieved by (1) targeting the
T helper cell epitope to the MHC II pathway, and (2) optimizing the immunization
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imunity profile elicited in pCl-imunized mce
(Figure 2B), Thi type imrune response was
w@engiostoehnt | y mai ntai ned in pCl-Bl ot S-i muni zeRPICHBGI85/800205
following protein sensitization wth yeast
recombinant Blot 5 .in alum (Figure 2A). These
results were consi stent with the in vitro T cell
timpfrgien mppaizatiens route.t #ndaapprepriate adivyant [@p dlemoppigated by the
| NE- the experinental animls as
re@@ﬁ%éérpl‘geémt@gﬁ%sﬁ%g the control animals (data not
shown). Exanple 3 [00109] Enhanci ng DNA vacci ne
[00t10jcy c8ix hﬁelghhbvealedlcbmu(rﬁ)s ad gt igt‘@.lli) heere Intrerhysenlarly

.cell epitope to at hway, and timzi 8
injeried wlrkOBue g PCLIAME o B o100 T mav/APo0S Gobusy and

[ t
TP AR P w0l S0t BBE PR i g e e
oFly@uéte&c&nbmaﬂt BiP 915 Ql1erge 1h04@gg:ﬁt aloRekt @hgl AN |aﬂ@|d€1y 49,
(n=4 per % oup) were intranuscularly |nJ ected with

regpggwéky -smwwgf- Rilseigd reelycmsk stpl@ﬂ-aLAﬁﬁsél yntd aggay. The
G, S0 e Py IR TPl S B0, (LA A 8 St e

dét%ﬁﬁﬁfed B_i;l IELIBAOOhe Ent&ﬂderpj&lhchﬁn ﬁm cofrespbhids tatondayndgram of
and day 49 respectively. The sera were collected
MQuEk g bamml of spEn.dp a sasoed §Ricqt expedments;THhie same, igmaurgzation

E
A
tiesated Liﬁtrapnmtaﬂwlly aoicecsithntBug and dpgnath ggarsarremnbmmm sklot 5
| g per of serum, In a second set qof exgerl nment

allgrgen ah%mgmm@t den21 gpdday 62, warecHygy opRignasytes Mepared at
d%lf ab v? & Qt Dot ¢ lrec%ﬁb%{n{c/w ﬁzl;betﬂ' 3\/' Qﬁ{?%gufg% gi‘%éurs The levels

eat e r aper| nea

oY $FNY ah@ qprmpfeaéﬁtecBhoﬂie chltuad bqueﬂﬁthntmwgf&daémﬁhémbﬁitELISA
day 21 and day 42, respectively. Splenocytes prepared
(Biguredy). 49 were stlrrul ated with reconbinant Blot 5
(10g/mM) for 72 hours. The levels of IFNy and IL-4

O9PER B AL BURTFARA Syl e ansms
igjsgeonis veith 1@0rigooll SCH).AMERSS-B5 5. GWICEOQPQEBAMSSéﬂéiram]ay 0, 7

injections with 100g of pCl-LAMPSs-Bt550-67-T/ C or
apdil 4 Alpetherrpatamgptegsayyerg as | lescaihad for thaaboys: grgriment. The levels

o@géggtvsggéﬁmg&ﬁ(ﬁg%é&m eSS IFiLRE 433 OG- R¥PF bl RMmined
by ELISA.

[00112] In another set of experiments (Figure 5), all animals subsequently
received additional yeast recombinant Blo ¢ 5 aerosol treatment at day 63, day 66, and
day 69. The sera were collected weekly and stored at —20 °C until assay. The levels of
Blo t 5-specific IgGa, (Figure 5A) and IgE (Figure SB) anti-sera were determined by
ELISA.

[00113] Six to eight week old animals (n=6 per group) were intramuscularly
injected with 100ug of pCI-LAMPss-Bt550.67-T/C or pCI-LAMPss-T/C at day 0 and

14 (Figure 6) or at day O, day 14 and day 294 (Figure 7). The animals were
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of Blot 5-specific Ig&a (Figure 4A) and IgE (Figure

4B) anti-sera were determned by ELISA [00112] In
wanpethern7set of experinments (Figure 5), all anP@®Eb62003/000205

subsequently received additional yeast reconbi nant

Blot 5 aerosol treatnment at day 63, day -66, and day

69. The sera were collected weekly and stored at -20 C
intmpeditonslyybookted tvaoe watholOpgBland t5p%- e wedst irecomj@@at Blo ¢ 5

Fé%?{a%éé‘%@”d ¢ fpd b} By 2, RbestiplynT ity wergpollected
g%a s&ﬁlafatp 290 0951941@ hsiS! Bnd VLIRS 815 a/mﬁ%czzc @gms

AMPss- Bt 550_67-TI C or g
6At 7AhyncDIM1gu1es 6(B:|7@t) rasti-Byraoveratetdnyined by ELISA. and
day 294 (Figure 7). The animals were 38 WO
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IS0 eq o fiEsES P doraita Tap bapoyl BF ka8 Jp BB
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respectively. The sera were collected weekly and

abmmgorfmder@ba @hdredriven sagkraipnt, Bn anwéllgcré#seslnoﬁfﬁr of Blo ¢t 5-
e R R

b Gotr FCBLAMPES-THO aettot, cwHenlfolluwed &ly tiwonbovster 6 aluarabsorbed
in BALB/cJ nmce prlmed wth Blot 5 mnige

Bl b3t @idgure i) al lghealssd picl Bhd (e lmmupﬂ%lebﬁm &Blﬁﬁw@st the
cOfthi! @(glirpe%}lﬁlg-ggﬁ%tqgéﬂé ) iéﬁ With B@I—EAM"E’C' vHcldt Z%?iﬁressed

n ti - speci Fic ser GZa was elicited
ai typieal ThL sintonatityr withi stgﬂﬁq:xfﬁt -lémﬂ/RﬁsBBt 536p6aifit/ drculating IgE

Bt T THS BirunielisuarBiohRae ety spiaig o eyt

c&t%kﬁletp‘f@ﬁl‘é%suﬁg SblakiRa ﬂ'm%%ﬁﬁidldlmn'df sﬁl‘éﬁbéy@éstmtﬁ B ¢ 5,

contr ol group animal s that were i nmunized with

apidididariditysa fivetolé difareree (0. é%%féﬁ 01223)yptveeeh tHRWEFNy/IL-4 ratio of

t. | of Blo
ti P ARG Bisee A G GNP omAREPE i cpgrl PO
T NNIP QL BRE BihfiniCéPS@LUY (Fighted Dt Bflcdn@pdring tHdHekdifof Figure 2 and

cytokine profile resul'ts obtained fromin vitro

Figuren3l, at pam befseerpthah acmpess than tiwemyofold magnifade ﬁﬁl iTahthwgnoral
11%%1‘\!&’ f I V efhg{t(gd gl Jﬂ‘lll%%ﬁ 28&1&92659\9% 8C9i%mssb§tr55o_67ﬁ‘/ é tﬂﬁan m

tlﬁt@bnhﬂuﬁ&&dﬁih&@ﬁlaﬂoﬂy@-i muni zed group conparing with
the control - LAMPss- T/ C-i nmuni zed group (Figure

I | f [
1] RS A0S e i B B
WO Nichildle off prllctiPYMRARbnity against allergen-induced diseases. Like

intramuscular injection, intradermal injection of pCI-LAMPss-Bt5sg.67-T/C in-vivo is

J

capable of priming substantial Thl-predominant immunity. Upon sensitization with
yeast recombinant Blo ¢ 5 in alum a comparable level of Blo t 5-specific serum IgGo,
(Figures 3A & 4A) was expressed in animals treated with pCI-LAMPss-Bt550.¢7-T/C
but not in animals treated with vector pCI-LAMPss-T/C (Figure 4B). These results
suggest that intradermal DNA immunization could be an alternative route to elicit

high quantity of specific Thl type immunity.

[00116] Allergen aerosol inhalation is an effective boosting route to raise
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immunity was elicited in animals i muni zed with

pCl - LAMPss- Bt 550-67-T/C than in those immunized with
w@ai4Blors. [ 00115] Intradermal DNA i mmuni zat | BCT/B620@81000205

alternative route that can achieve high |levels of

protective inmmunity against allergen-induced di seases.

Li ke intramuscul ar injection, intradermal injection
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the animals to yeast reconbinant Bt5 aerosol. After

achieesd bymeswsebinheletion ef Begntigerh dherefupsadstiniptraion route is a key
sl 3RO BT DT Rl ol dlonEBlen o

di spl ayed a remarkabl e | evel of allergen- specific
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serum I gE with basal Tevels of allergen-specific,
LAMPBsw Bt Gaa T(Qdo0nmired boiyalp roue cepable afiinducingi ayhigh level of

B).. These ..results. s est_ t\h a.fu [ Std
Bt 5PegRe T Rt ISR Ao Rote bhrihe P bifensgrbed
BRy : 884056l ab BodiRitaBeh 6f sdrhe1ev6l HIUERR intheni®f (Figure 6B). These
admnistration route is a_key factor for inprovin
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[00118] Figure 7 shows the immunity boost-up of the long-resting memory by

a new immunization protocol. Prior to alum-absorbed Blo ¢ 5 booster, an additional
pCI-LAMPss-Bt55.67-T/C-immunization was conducted at day 294 (Figure 7). As
expected, a much lower level of Blo ¢ 5 IgE was seen in pCI-LAMPss-Bt5s0.67-T/C-
immunized group with a significant reduction at day 329 (P=0.05) compared with the
result shown in Figure 6B. Both immunization protocols were able to elicit very

similar levels of Blo ¢ 5-specific Thl immunity (Figures 6 & 7). Taken together, the
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LAMPss- Bt 550_67- T/ C-i mmuni zed ani mal s were capabl e of
i nducing a high level of Blot 5-specific Thl
WO powii99y8 (Fi gure 6A) foll ow ng boosting w th PCT/SG2003/000205
alum absorbed Blot 5 as well as the elicitation of
some level of Th2 imunity (Figure 6B). These results
may inply the existing Blot 5-specific Thl nenory or
resﬁltse:stgges’smﬁlhniemq;rasbn ebrmeThatdominant iBlatd Vebpitapadinovivo by
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ﬁéﬁ%@g@%}ﬂﬂé@[g&% MOF olﬁ Exanple 4 [00119] Six

to eight week ol d ani rml s (n=4 per group) were

[00120]nus c Figart B showy epédific Whi fhui@dg iofmune responses in BALB/cJ

o h bR 0h Lo Pasng G lroravae ir el B Frave

chierRPES ek %&aéubyqul hREbBbstdd A% alﬁﬂldab"éGrb@ﬁ BIBaSs. An earlier
reconbi nant Bl o t al’lergen in 2 alum at day 21

peotectivey Ig(3y, immyne ciesnosks . wash eelisie lm,eﬂ@ @éll’rIeAeMB&s-Bﬁ-T/C-

.weekl yv.and stored at [

i "Bl toBbfhe st foghitt nGRERR s HEE b iERF oflimats
Rasts gHaw (Mt QuisiagiB (lose Tt BloSEbAluMe dostet erasisaitidy to induce
ELI SA. One ant.i body SSSrOdUCtI on unit_correspqn

compaiahleo valnodt Bligoti Jesnegifise ke Gen 18f P@%LéMPSFtﬁﬁ%ﬁEgmmunized
a{ifn%ggA%gfé e}t; QS dSRE G feqditba RYTRLBAMPIES ith RRRAEE Gfimals.

In

Example 5

[00121] Figures 9 and 10 show the effects of suppression of Der p 1-specific
IgE production and inhibition of airway hyperresponsiveness to Der p 1 challenging

in mice immunized with Derp1-LAMP chimeric gene.

[00122] Six to eight weeks old animals were intramuscularly injected with
100pg of pCI-LAMPss-Derp1-T/C (n=10) or pCI-LAMPss-T/C (n=6) at day 0 and
day 14. The animals were intraperitoneally boosted twice with 1pig of native Der p 1
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mce first prined with | ysosone-targeting or

| ysosone-non-targeting Blo t 5-LAMP chineric genes
wapa4®zequent | y boosted with al um absor bed BPOI/S$GH03/000205

An earlier protective Ig&a inmune response was

elicited in the pCl-LAWPSs-Bt5-T/C inmunized ani mal s

conparing with that of pCl-LAMPss-Bt5-i muni zed

imAng®wf slum &eky (2 sind deyw4 Hubsequentigtretrakhed adiniBispation of 20pg

o?é&q%%%%]s{ygg ca\gg%b é@t}t a{t Iﬂg}ll gtélil}gosp#nvggr% %ollgc?gciJ v?rggclfylr Snd stored

aPCho LAMRRT - &b '.ﬁ"h@;jl'e%Iy NirZ88) qngﬂ&eiﬁq I9E(FRErd YRB) and IgE
doses were required in pC -LA«/PS - BO- i nmmuni zed

(Bigirea9B) antissemapieresdgtaddindd byi GUISYs Onerautibodys powductien unit
effect‘f g{q sugpressi on.of Der. p 1-s?erfific IIgE imal
CW‘E‘F@% § on¢ flanpgram P’f‘ Jpouse Igi ?%15;1 of serum. The animals were

PARRS iR 'méhstrefifeft |8 N@HyNg4 (Figdte CROB) an

S{f%fime*rﬁﬁclI ggdﬁg\\nﬁ%wh%@%?bﬁx% cﬁii Meric gene.yn[ 00412%]%9 X ) and,
cytokirieghtctivegirefilss dbfavecomdasy Weealsi tot nativesBer arl ¢10ug/ml) were

I hj ect | 00 pCl - LAMPss- Der p1-TI C (n=10) or
dﬁ%ﬂﬁ%¥w@(%@%3%)'day 0 and day 14. The animals
were intraperitoneally boosted twice with 1 g of

[0@d231e Der Figude 9 4RoWORORALEHIRABTIRChiREED ¢ahP8Z A animals
in 2nmg of alumat day 21 and day 42. Subsequent

impnized avie PeadhAYE: ehiteda ginepddkesoBlndt § vEh Boiope DNA

. 1] 3, T L] act
B EpPggh Mtiathe B9, SRordBE oL SR REYET L e
Iiétélgl-m‘/(tl.-irﬁmeﬁizédl (gl‘dlg?lft fdtiig u:ge g@ﬂt}gﬁ?%iuﬁ,?lloﬁvﬁ%@%ﬁcﬁ doses of
antl -sera re ererm ne . antl oo
Ay abrorbedPera %0%@&5@&%@)%%%% aﬁ@ﬂfﬁp Vﬂﬁ@w 1-
. f . T i i .
SRS e RS o THE AT Sl o W UEE LGl oy

(A@Bje A)d, cytokine reactive profiles of secondary T
cells to native Der p 1 (10g/m) were determ ned by

IPREE, | on FBrSOrHD RE R &1 e 7 oY RopBiessed and airway

hi sty WMot Py [l isl AMvibieddl e fii6e GRMEniAcd K&&h BDerpl-TAMP
h epiopte DNA immunization, high |evels of Der Cp
chingsiccgqniee 1 géipa Tnpell gealidforation japsayhdndieate (thajras pCI-LAMPss-

£ G i J - ' I
e R R A e
ah@ a5 eevdl§iof UL et, Sfile the FCILARFss-TACSingiiintdedagibup displayed a
of Der p 1- specific | gE was expressed in the control
tyrical FH ol tvifirlopHievelR g6 ANsncigh ol of IL-4 (Figure 10A). The

pCI-LAMPss-T/C-immunized control group developed statistically significant airway

hypersensitivity as compared to the pCI-LAMP-Derpl-T/C experimental group after
administration of 20mg/ml and 40mg/ml of methacholine (Figure 10B; P=0.0017 &
P=0.0043). Taken together, these results suggest that Derpl-LAMP DNA vaccination

is capable of eliciting protective immunity against experimental induced Der p 1

asthma in mice.
Example 6
[00125] Female BALB/c (n=5) mice were immunized intramuscularly with 50
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(Figure 9B). [00124] Production of Der p 1-specific
Th2 cytokine is suppressed and airway
whypensonsi tivity to Der p 1 is inhibited i n mMPCESG2003/000205
i mmuni zed with Derpl-LAMP chineric gene. In vitro
T-cell proliferation assays indicate that the
pCl - LAMPss- Der pl-T/ Cimuni zed group exhibited a
wg nic plasmid BN | (P¥ agsbtne-MPphL | or opVRFNyectagngonton, with

- i e - L AMPSS- T/.C | ni.
IeRovaftn e s 0 e 75 MRS PR alvEN BRSO B g Der 1
mbteiy2anof dlughintrapeeiteneally hilday 14FNGi¢e Svetdfled whaRly from dO to
%a- LAVPss- T/ C- | nmuni zed contr ol gr oup_devel oped
@4 S 12z spesifigrdp es ah vagmeasred hy BELSA (Bigorad Dy as
conpared to the pCl-LAMP-Der pl-T/ C experinmental group

) adnj,ni td .
RS hol | ho" L GuieE Y Sap e RATB AR Ty wors o Jely
¢omipiting r chitobRs DNAe swilh 50pg0ge ithérhpVaatgathIAMPABNA or pVax
vachnation IS capable of eliciting protective

qaRirghYoiorg 4rn 8t Micp sterergiven bopsienieisetionewith 25 ugReripteprotein

; . . _ _ Cce
0 SEanf BB LAY S TRl RGeS SIGRY i o an
29 0/18G23PEci RCTY BE2HDRAOMB2MTed hygEDIS Ap(Figure d2JONA

(pVax- ht pa- hDpl - LAMP) or pVax vector control, with

poratlon. at days .0 and 7. .M ce wer i ven )
8032780} A e, sffroan et ol Py e 12
prbéudet Meérape rsgé@ﬂ@ By adlibotads. 14s WIS e¥®FRult fidicate that oral
weekly fromdO to d42. Serum|gGa specific to Der pl
fredingeh shitosan-BNAmaggparilen ensoding th¢ Hen 26 géne canlst taise a Thl

.=0f ' (he mce were fed jelly
e e LB e e P B8 &1 t hor
pVax- ht pa- hDpl - LAMP or pVax control vector at day O.
M ce were given booster injection with 25 ug Der pl
protein in 2ng of alumintraperitoneally at day 14.
Mce were bled weekly fromdO to d42. Serum | g&Ra
specific to Der pl was neasured by ELISA (Figure 12).
[00127] M ce immunized intramuscularly (Figure 11) or
orally (Figure 12) produced Der p 1 specific |Ig&Ra
anti bodies. As well, these results indicate that ora
feedi ng of chitosan-DNA nanoparticles encodi ng the Der
p 1 gene could raise a Thl specific immune responses
against Der p 1 allergen.
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PCT/ S&G2003/ 000205 WE CLAIM 1. A reconbinant nucleic
acid conprising a gene encoding a first signal peptide
e AAIM; i nked to a gene encoding an al |l ergen wherein
the first signal peptide nediates the translocation
of the allergen into the endoplasmc reticulum 2. The
hucl eAcrea@hbinait icRidracid 6binpHsihg alfdfe eBeodidiEa &ﬁ!ﬂét'sﬁ%nﬁl peptide
acid of claim1l or claim?2 wherein the first signa ]
pssably dinked tiea \gene cngeding a8 altreeh atherade the firsf\pignal peptide
ot ] ' r =] - 205,
b the BB LB b ARG Sl it ooy e
protein or a functional equivalent thereof. 4. The
ucl e ¢ acid of, any. one of claims 1 to 3 wherein the
21’ rst&ﬁ?ﬁ?@?lc %‘ﬂtql}&@msl whigl INDNév i nal  si gnal pepti de
of LAMP-1 or human tissue plasm nogen activator or a
functional equivalent thereof. 5. The nucleic acid of
3ny oibbe picleit atidef tlaim 1dorfolaimPwherenythe Sirst giganl peptide is the N-

erably inked n cqdi ng ,a second, si gnal . pepti
GRBHE e B0054 Lerha HUB Gene PaPpiett puivars, LAMP-I,
BECE2 @5 P-§dlectin, BROQRARE GIIUTY $A8OMBIn & NEPBrdith! &  functional
aci d of claimb wherein the second signal peptide is
eqwevatentitkareafhal | ysosone or endosone targeting

sequence of LAMP-|, human tissue plasn nogen
activator, LAMP-I1, DEC 205, P-selectin, tyrosinase,

UT4The gildeit abidrofahy Naé opelates D t®8 whefdi i Mddignal peptide is

4
ivalent thereof. 7. The nucleic acid of claim®6
R QV-dsrrinah st alosiide P hAMBrd i lipenan disgygeplasminogen activator or a

. topl asm ¢ domai n of LAMP-1. 8. The
%@Firlisg @@%i@%smﬂﬂ&e&ﬁ/

nuc of any one of clains 1 to 7 which encodes
the allergen Blot 5, Blot 1, Der p 1 or Der p 2,

ggirt gEﬁé ngl?%gicfalcid (%e armyf gﬁe (%e élaifn%ss’ 1 ?o I A]Pdlg*egoﬁper{sgng an operably

linked gene encoding a second signal peptide wherein the second signal peptide

targets the allergen to an endosome or lysosome.

6. The nucleic acid of claim 5 wherein the second signal peptide is the C-
terminal lysosome or endosome targeting sequence of LAMP-1, human tissue
plasminogen activator, LAMP-II, DEC-205, P-selectin, tyrosinase, GLUT4,

endotubin or Nef protein or a functional equivalent thereof.

7. The nucleic acid of claim 6 wherein the second signal peptide is the

transmembrane and cytoplasmic domain of LAMP-1.

8. The nucleic acid of any one of claims 1 to 7 which encodes the allergen Blo t

5,Blot1, Derp 1 orDerp 2, Derp 3, Der fl1, Der £2, Der 3, a T helper cell epitope
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WD 2004/ 019978 PCT/ S&003/ 000205 thereof, or a

antigenic fragnent thereof containing one or nore T
whedoporocel | epitope or a functional equival em€T/SO2003/000205

The nucleic acid of any one of clains 1 to 8

conprising the sequence of SEQ ID NGO 3, SEQ ID NQO 4,

SEQID NO5, SEQID NO6 or SEQID NO 7. 10. The

therdodi ar aawitigenic feagmenh therdof chutaminglonecoromoie T helpsr eell epitope

&ggﬁgkg.zil..ng nucl eic acid of any one of clains 1

0 A RAMVE8Mpri sing an operably I|inked pronoter.
12. The nucleic acid of claim1ll wherein the pronoter

is human CW pronoter. 13. The nucleic acid of claim
91 or Thenygigigkrcidsofany onp oé skiiton 1 e Stagmprising the vequenceeof SEQ

. GO A aggar A0 any
SRS 30 1B 63 BROID NS SRR BELS o SROIDINB AT ng
reconbi nant nucl ei ¢ acid according to any one of
ilains 1 to 13 and a pharmaceutically acceptable

rr i &he Bycleir peignt any gne of eheimsddodowvhichia aplasmidon
against an allergen conprising admnistering to a
subject in a first phase a reconbi nant nucleic acid
ttcor Thegudleicanid effwyameof@iaims 1 thd 0 futhemdtinprivitg an operably
ﬁ c%gg Ighase adm nistering the allergen to the
: ‘afﬁ PMOWE:  The method of claims 16 wherein the
allergen is adnministered in conbination wth an
adjuvant. 18. The nethod of claim 16 or 17 wherein the
Hucl eThe nudleic asidadelaim 4 evhedein thet fremofer issiunpnaGRVop@moter.
a period of tinme sufficient to induce |long term i nmune
menory in the subject. 47 WD 2004/019978
PLCT/ SEROME0QSAE clesin 1THoR 10%¥HicHis @f efprdbdidr-foctfier ei n
mul ti pl e doses of the nucleic acid is "~ admnistered in
the first phase over a period of about a year. 20. The
t ho y..one. |aj . t risin
BB ol sefittociiishly § o@obidde ol ERIRASIAR o any one of
clatmsalper i3t oneal | y and subsequently by aerosol. 21. The
met hod of any one of clains 16 to 20 wherein the
nucleic acid is admnistered orally in the first

PHaseA composition comprising a recombinant nucleic acid according to any one of

oot

claims 1 to 13 and a pharmaceutically acceptable carrier or diluent.

16. A method for immunization against an allergen comprising administering to a
subject in a first phase a recombinant nucleic acid according to any one of claims 1 to

13; and in a second phase administering the allergen to the subject.

17.  The method of claims 16 wherein the allergen is administered in combination

with an adjuvant.

18.  The method of claim 16 or 17 wherein the nucleic acid is administered in the
first phase over a period of time sufficient to induce long term immune memory in the

subject.
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22. The nethod of claim 22 conprising adm ni stering

chi tosan nanoparticles containing the nucleic acid.
wWQ@3004078et hod of any one of clains 16 to 20 RES@2003/000205

the nucleic acid is admnistered by intranuscul ar or

intradermal injection. 24. A nmethod for inmunization

agai nst an allergen conprising admnistering to a

subject a nucleic acid conprising an expressible

B SCPRLAA90 5P bl 58, wRRRBC MBS R o
Sintihsied iankl firephdl sVard pediot v abbiter@an to t h e

subject in a second phase. 25. A nmethod for treating
or preventlng an allergic reaction in a subject
r C . . .

%dgggr oﬁ%@hﬁ]ghg ;B% aﬁﬁ% ?q‘% ”@%@Bgﬁ&?g gadﬁﬁfugtenng the
aiw:geactd) theZﬁbJ ethintrapdrivarcbatify aﬁdl subseqentihdyaerostine
reconbi nant nucleic acid is adm nistered orally or by
i ntramuscul ar or intradermal injection.. 27. The

th | 26 WR&HS! ' 4.0N:q ;
ZITFSE agﬂhn&%@ %ﬁ}/?{ng Q% st %&g45&98a§r%&%ﬂf the' RAGEILCORLIA is
ddﬁﬁmS@@ﬂbﬁﬁmﬁﬁﬂh6ﬁnﬁ@ha&&e of a reconbi nant nucl eic
acid according to any one of clains 1 to 13 for
i mruni zati on agai nst an allergen. 29. Use of a
2ECONtheN ﬁ[bfthddlu 6f RleAimag) LoAGRRING Bdinirfst@ie ChRosah nanoparticles
claims 1 to 13 for the manufacture of a nedi canment
qmﬁmmnﬁﬂmnﬂﬂ@Qﬂmégalnst an allergen. 30. Use of a
reconbi nant nucleic acid according to any one of
claims 1 to 13 to treat or prevent an allergic
IxactTinmelibd bBanpfone o6fehiras N@nto ROCKWALGiAEednucleic acid is
according to any one of clainmg 1 to 13 for the

m%?&cﬂbs@maﬁmasmpémﬁiﬁm% igiegdign. or prevent an

allergic reaction. 32. The use according to claim 30
or 31 wherein the allergic reaction is asthma or
24 ni Aingetd@ for immunization against an allergen comprising administering to a

subject a nucleic acid comprising an expressible allergen gene in a first phase over a
period of about a year so as to induce long term immune memory in the subject; and

administering the allergen to the subject in a second phase.
25. A method for treating or preventing an allergic reaction in a subject
comprising administering a recombinant nucleic acid according to any one of claims 1

to 13 to the subject.

26. The method of claim 25 wherein the recombinant nucleic acid is administered

orally or by intramuscular or intradermal injection..

27.  The method of claim 25 or 26 wherein the allergic reaction is asthma or
rhinitis
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28.  Use of a recombinant nucleic acid according to any one of claims 1 to 13 for

immunization against an allergen.

29.  Use of a recombinant nucleic acid according to any one of claims 1 to 13 for

the manufacture of a medicament for immunization against an allergen.

30.  Use of a recombinant nucleic acid according to any one of claims 1 to 13 to

treat or prevent an allergic reaction.

31.  Use of a recombinant nucleic acid according to any one of claims 1 to 13 for

the manufacture of a medicament to treat or prevent an allergic reaction.

32.  The use according to claim 30 or 31 wherein the allergic reaction is asthma or
rhinitis
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