-1 - METHOD OF ELI CI TI NG OR | NDUCI NG AN | MMUNE RESPONSE FI ELD OF THE
| NVENTION 5 This invention relates to a nethod of eliciting or inducing an
i mmune response in a subject, particularly a human subject, and nore
particularly to a nethod which utilises a needle-less route of

adm ni stration, thereby providing an alternative to the nore traditional
injection routes for adm nistration of VacCci nes such as the subcutaneous
and intramuscul ar routes. 10 BACKGROUND OF THE | NVENTI ON Over nany years,
various attenpts have been nmade to utilise the respiratory tract as a neans
to deliver non- IM@D&&EM&T&N@Q&WHHQNGMM SEONSf erring
advantages 15 in terns of vaccine acceptability (avoiding "needl e phobia"),
the opportunity to induce |ocal immune responses and the potential to

i nduce r espPIRIgSOFITHE BNVBNTIONOsal sites given the assuned unity of the
mucosal i nmmune system Mich attention has been given to delivering vaccines
by the intranasal route in humans and animals. Results to date indicate

that thi g repient&idh 8Rte¥abYa Rictlbdast blgsingdos arlueing/anr inithenaisspafse in a
speci al i sed delivery 20 technol ogies t8 ensure &%i Qen ug)qt]‘za}ﬁe aFld L.mune
i nducti on. Sibjedtaartculagley 4 bansn sbjesh@ad e PRACHIARY i # methof yhis Pitdhar y

route has | Heetdikgle&al%fltg%?gﬁ&%%&éﬁ&?,%&éﬁdpéﬂﬁﬁig%!nia&@ﬁlaﬁ'ﬁi o\Be Mofeddnicauies,

such as m croencapsu or eXanpl e, a Alpa et al., 2005), in
order to opihjedtioe routsafor admeinjstatiersof wEcings sieh ks thesubawaneous 7 iptraauskylar

i nvention, t%ﬁ?i nventors have observed that delivery of vaccines by the

i ntranasal % is hi ghly inefficient, inducing poor |local immunity even
at high @nti gen doses. Accordingly, the inventors have investigated an
alternative_route of vaccin L ation which retains the advantage of
avoi ding " n@&ﬂlﬁc’%ﬂmﬁ. Tﬁ%ﬁ%&@éﬁgl y, the inventors have denonstrated
the. superiority of vaccine delivery to the |ung over that by the

intranasal route as a neans of inducing i m’rung‘hrespﬁns%%. Theé h%\rvet al so
denonst r at e@vehamny tyeupgvaripys GHPBPI hATR &S5 BFEH L& LULSE, e JeSRIRFEREE ot Pnty

very -2s lehnsqqdad@h{-retrln%ﬁ-.h%n bEEE AntideR)) THRIrbME RS sédntdl caslerinanidvantayes he
rticular, s -

lung. In pa the inventors ‘have shown that a straightforward

vacci ne 150mposdrtns aif vacribé acaegtability Gryoiding)“nesfilanhebialh i eBPEIER do BWee N ¢
i mune responses on intra-lung.delive | iedbivegd
upt ake t echrifiROYRYRe IGPORTSE iaggmelpy?e\ﬁﬁ@%ﬁ\%&gé;%#&srﬁ%mﬁ%t%ﬁaé% Rliruﬁ?dragﬁtlep%g 5
delivery resp hwnBd ity ofUEE IMicobaimitmeune esystems dychwitieption des theeragiveuddh as

one hundredfold (100x) greateyr than that. induced .by.c i O ent er al
i mruni sat i oelivarag vapraes\y e wrangsakiouis %“So%“da%{‘f‘égigﬁeg%‘fés @2‘1*‘?3@?‘5%& wi'th
adj uvant vi gt *}ﬁislfd{}@-mé%ﬁésf\b 1Sh Ahtiden AR6ds Aftkar thbeust hof spesialived aketiesy
delivery of ricin toxoid fornulated either in 10 ]iposones, wth alum nium
hydr oxi dz0 ornedhnolPgiSs tokmeurk iaptigeamptaks end ramuee B showed best protecti on;
al um ni um hydr oxi de did not inprove protection over PBS. WO ﬁggSI 1&0379
descri bes t isémjladyyodeliverydefl vacemes ofa shepintierlerg §F PUHBOTRFY AOWa RS R therpast
formul ati on was delivered as | r i l , for
sust ai ned regP%%fglgy 5FU4R isﬁ%’hglﬁicga%lh}eewgﬁé@gﬁ%’e%Ur?aééhﬁgb rgég{éé?:?of%iragg% f(?rél {0 any
prior publi eahhpl, O9f AlpafepalER006)) ilexemedpiimismimmupe wsperseany matter whi ch
is known, is not, and should not be taken as an acknow edgnent or adm ssion
or any form of suggestion that that prior publication (or informtion

derived 44 omifdr ¥ tHEBb A Rt fiVeklioahé idventoke havanvimsergd riatadelivergwifedge
in the f?gel gho‘%arzgéaen eavour tonwhi ch this speci%%cati on.r

] |.ates.
Thr oughout tvacenespyché inteanasehroateds highleingfficientAp “\chC’PBbQ"%‘L}m“é‘E‘éWtCHE‘ at
context reqyires ofheryjse r e i BRe infOM B ATalBIbORSTORICT as
"conpri ses” h a‘%%%?%%f’gshg"‘?é%ﬁ%)’b@eun erstood to i %QI y the inclusion of a
stated i nt egatcins adrhiajstratiorgwhial resding the @geantage of avoiding "néedle phobia”.

30 Surprisingly, the inventors have demonstrated the. superiority of vaccine delivery to the
lung over that by the intranasal route as a means of inducing immune responses. They

have also demonstrated that strong systemic immune responses can be induced using very



25 steps but not the exclusion of any other integer or step or group of
integers or steps. SUMVARY OF THE | NVENTI ON The present invention provides
a method for eliciting or inducing an immune response in a 30 human or

ani mal subject, which conprises adm nistering to said subject a conposition
conprising an antigen and an adjuvant, wherein the conposition is

adm nistered to the subject by the intra-lung or pul nonary route. - 3 -
Preferably, the conposition is fornmulated to be suitable for intra-lung or
pul nonary adm.ni stratiqn. .5 I n another .aspect. . t A '

provi des’ t FRay<Eagitics 02(?%%‘?5 ‘?%’%hg%lgﬁrﬁgivg&n%&%‘ﬁ&gﬁﬁptégn hdIln ;bn aé,a&r}%ﬁt in,
or in the nAvwAas hiveshehmahaediteagitidiwirdrvacding canpasitipnaronbining astigen and

adm ni stration to a human or anil subject to elicit or .i.nduce.an i ne
response i ridjuyanisipgpess strong) SYSEmpet IMINBE HEFPORESS Ut }n%ial,-.}gng APNSEY BW%B to@’;gges
an agent f Qoo Il Cinbdinithe@RuplaREliehiloAes, | STEHifiGarltSS RARS BednsAwA R In®d-hingi el
subj ect by the intra-lung or pul nonary route, V\,ﬁerel n said agent _is, a
conposi t § ondetivenyresvitsip lang mucosgbimmune respoasgs vhigh cargpy aspnyshagRpeiRgEdr THE
DRAW NGS 15 haur ; ' Lot FORE N | ue
Open bar :mfaﬁggg’%ﬁg&é‘% t:j%%t e‘%cld ggl%gﬁe%lgogl Hgﬁgﬁ%gh%lgﬁﬁ gaélr?tﬁ:’slg}eegmﬁzég
Figure 1 i svey stoslhqwantitiés dflaatigeneepddlivagdivithasjuvant vigthehang: egi ons whi ch
correspond to upper lung and | ower (or deep) lung (lung diagram nodified
fromfromNi ckel et al., 1979). Figures 2 and 3 are graphical

repr esent at G of ol (1997) @8sbribs tiabinttatietedl deliviry bfticiaxpeaid femuiatedXsther mups
of sheep were inmmunised, by the subcuta S..{s{.c) or  ntra-|un | un

rout es WPt hlinaspmes, gvithealumigium Rydraxige équr]ﬁ%r ;l,‘éq él?gsB’fne if?ﬁl?“lljagﬁdz%mg]’ %lﬂ%w‘%)
antigen (i ti i Ridel BRI a6t idprdvE Ofrbltiddedvar PBS100W0g

| SCOVATRI X%Jsﬁﬁi?ﬁt@c&ﬁ)@, (a W}nﬁ{l %/ATI%I XTm adjl uglgnt ?5 Bl oog (serum aﬁ? | ung
( br oncho- al 2005/ H03Thdesgeibes Balpulmangsy edelivieny eOft & particylals ap¥acEct ol e
first dose, . two, weeks after the firl : Onikel sesiRg teassecond
and third dipyRRlatom was %elf—yleeéetﬁirieg a2£ é:#%(g)&\/l\iastélgn% | Bl%%%\f}ea?lgggonls es )
[influenza-sfehfic endpoint titres in an Enzyme | munoassay (ETA) after
one, two _and three doses (10, 20 and 30 ) of fornulations consisting of
151. 1g ilff | uenza virus anti gen al one (equivalent to a nmonoval ent dose of
currently aygi labbseelinfid'GReificatituab aepprieriiblicaioni(atinfogmeiciderived fomwfit),

i nfl uenza anti gen
or togany matter which is known, is not, and should not be taken as an acknowledgment or

admission or any form of suggestion that that prior publication (or information derived

from if) or known matter forms part of the common general knowledge in the field of

20 endeavour to which this specification relates.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and or variations such as "comprises" or "comprising”,
will be understood to imply the inclusion of a stated integer or step or group of integers or

25  steps but not the exclusion of any other integer or step or group of integers or steps.

SUMMARY OF THE INVENTION

The present invention provides a method for eliciting or inducing an immune response in a
30 human or animal subject, which comprises administering to said subject a composition
comprising an antigen and an adjuvant, wherein the composition is administered to the

subject by the intra-lung or pulmonary route.



5 formul ated with 100pg | SCOVATRDea adj uvant. Assays for both 1gG and | gA
were carried out on serumand BAL (lung) sanples. (* significant

di fferences usi ng Mann-Witney anal ysis) Figure 3 shows anti body responses
usi ng the sanme inmuni sation and sanpling schedul e 10 and assay procedure as
for Figure 2, where inmmunisation by the gsubcutaneous and intralung routes
with a very | ow dose of influenza antigen (0.04g) wth and w thout

| SCOVATRDem adj uvant was carried out. (#, *, A , 1) significant

di fferences using Mann-Witney analyis) 15 For Figures 4, 6, 7, 9, 10
statistical analysis was carried out after the data was |og transformed and
the groups FERRALEGhYoRPaditeh 35 ErmuditédaRe de (SANEMIA) fomiintra-IBag roet pulmopargt - hoc
anal ysi s, using SPSS software version 13. 20 Figure 4 shows anti body
responses | WIHRSHAONOf sheep after immunisation with three doses of 0.04pg
i nfluenza antigen fornmulated with 100[tg | SCOVATRDem adj uvant delivered to
either the upper or lower lung (Figure 1). Serum and BAL (] ung) sanpl es

ver e col § ecineutotheraspeeskthafpresent ingertion paovidesdhe pss of jyequapositiog cqmprising an
Coomassi e- st al ne DS R cryl am o J A Tsh | of
purified cy%ngiﬁﬁlbgwg\??raﬁ@vw °§\g?éq§? %mé‘lnﬁkﬁg {)f;rghtﬁ ‘gé%%gfﬁlwas pg??fi ed
on an af f i npdlosey Wimirdstrative tg B- speai 61 anih8l sdbjerdrioclichar irdvee lbodynmumspl ed
to an NHS-activat.ed, HP.columm. Lanes 1 to '4 show AgB purified from four
different aHPRHEP B Lation runs. 30 - 5 - doses of CW AgB formul at ed
wi th 10014 | SCOVATRI Xi m adj uvant delivered by either the subcutaneous or

intra-lung routes. Antibody responses.in serumfanq. AL sag)l es were assayed
and endp8i nin yet epather @spest fheiBYeRtion proyasies 48 2eEHK 1okt }?QB‘% AJB A T ECA.
The graphs 1%%8% {1 PR SERRANSHBIEVEY e fltf-lahé 6f pllbeniryIrSite (oR@ein said
(post-primary), and one 5 week after the second (post-secondary) and third
(post - t er t i agepd is doomposition eomprising@easntiginfand g AdiE¥atsi ng ANOVA) . Figure 7
shows individual percentage neutralisation titres against CW of individual
sheep fromthe sanme groups of sheep as Figure 6. Serum sanples from bl eeds
t aken one 1PRVEERESCRIMTION ORGHE DRAWIDYE ( Prei mune), two weeks after the
first dose (Secondary) and one week after the second (Secondary) and third
(Terti ar1§) doses of CW AgB formul ated with 100pg | SCOVATRI X adj uvant were
assayed for Revis.al 650 aed det i vity. Each circular point is the
percentage neutralisation for an jndividual sheep serumcollected at the
nomi nat ed dose pdemgontabbarin CMPSEAR YRS sing titres fol l owing two and three
doses of the 15 atiqn wer I 308/ y greater than for prei mune
sera for both in{)fi?%’{-%ng and sdlglgﬁllfggé%%fgag{gléi very. (* significant

di fferences usi ndedibiVaE. =Fi gurld a8d SfpoewsentHes.results of in vitro

restimul ation of peripheral blood nononuclear cells 20 (PBMCs) foll ow ng

i ncubat izﬁn with the AgB protein. The PBMCs were collected fromthe
peripheral ploage1 @f a iiagrafpdiths bieep las illnstiaxiagiearegionowbicheeiespbudto upper

adm nistration of the third dose of,CW AgB.farnul at e i th, 10

| SCOVATRI XThngapd iesvee .(Orlﬂﬁ?ﬂ%\mgw %4‘?&5?‘55@@%%%@%‘%@%%“ éﬁ’g%?)ér ation
was determ ned by assay of tritiated thym dine incorporated into the cells.

Stinulation index (Si) was calculated as the ratio gf,tri,tl um 25

i ncor por at eBigumes® awd 3 eresaraphicah repeesentetiona b thegesults opiined Hb’&‘tg& PEREEPLS: o

control . unsti nul ated ce - indoi g(l > esibE e o8 0inhe-1ehdPQsid)ires

prol i ferzgti b@O‘}ng c?ﬁeée .‘lw%lr?’gure eg’n(b) ant | odf résf)bonses in g'g(;)gouggs'of

sheep (4 shegh thiee FdosesNat fhigeuwaelt intervals, of influenza virus antigen (influenza antigen)
alone or the antigen formulated with 100pg ISCOMATRIX™ adjuvant (IMX =
ISCOMATRIX™" adjuvant). Blood (serum) and lung (broncho-alveolar lavage — BAL)

samples were taken one week prior to the first dose, two weeks after the first and one week

30 following the second and third doses.



group;. 7 sheep in each of adjuvant groups), immunised with influenza
antigen fornulated 30 with a variety of adjuvants. The inmunisation and
sanpl i ng schedul es and assay procedure were the sane as for Figure 1. (*
significant differences using ANOVA). 6 Figure 10 shows haenmaggl uti nati on
inhibition assay (HAI) results for the_zqne groups of sheep as Figure 9.
HAl titre for each sanple was determ ned by end point inhibition on turkey
red cells. 5 (* significant differences using ANOVA). DETAILED DESCRI PTI ON

OF THE I NVENTION I n one aspect, the present inyenti ? VI des aErret hod of
eliciting digunedhichogs antibagy Fesponges; bailusmzasspes! ﬁ?fﬁ’ﬂﬁ’ S APl “eBPect

whi ch Coﬁpé}n %Q{? gﬁ )ez[\lg*h nteotﬁ@'aﬁd%%Hsesa(ﬁomﬁ)%dt3°0ﬁoﬂwfﬁﬁﬂaiong an
antigen and an a \Y; erein the conposition I s adni ni stered
subj ect by cbimstlngt Q’falﬂugngﬂumaevlmsr@ﬂé?fabloye (F%"aé%j ta & mogovpleny PF of
however the rre f..th I

n%vq?l 1%1% A %&c%ksf aﬁc? d%]bj iy (i WinfiResChbf ﬁ!ﬂuhﬁbgl &Mtigen

i nduci ng arif'f’ onsé 1 h an an as a livestock aninal
(e.9., sheeapmulsted @ﬁmhw%@) ISAOMATRIXT pdjuarsmt eemsaymfo( &ot. IgGrand deA rware
rabbit or guipea o) (e.g., dog or cat) or wild animal.
As used her@igd Wg?‘gg"‘ é% gg&‘(ﬂ}?ﬁ? pL]J g" or "pul nonary" delivery of a
conposition_ refer o deli \Aeri{@ﬁ_{lv&%& 03| tion to rrucosal surfaces of
the | ung V\/I{elsgn%ﬁﬁ"én FIHRECE GHPS E Y AR X6%03| tion (i.e. antigen and

adj uvant) can contact the capillary systemin the |lung and/ or t he nucosal
i mmune system These terns include "deep lung” or "lower lung" delivery of

the conposigy hgﬂ! 3 bilkRls dxﬁ%bgf}i fe\éﬁfnxesoa‘nsﬂghm AP Gainuhizatidroaridhemiting stiedule hi |

bronchi ol i al veo of the lun 25 Prefer at{)éy accordan e wth
this inve ntandrassafyanr@@dpmastfpbﬁlgw% ERREFajion oyrhe a@;cwamus agq 1nfra-

adri ni st er cfled hitel Nl YAS) 108/ dblaeof uhingita A5igh S60ARYI WAk &l dithoovcler
form with aeroso owder being delivered using a nebuliser or
simlar deviSOOMET aadjuutmtwas:samchOducts for intra-lung or pul nonary

del i very of ,phaf ageut eall 39, 8H 48 LWyt | known Lo per sons

skilled in he°a

15 For Figures 4, 6, 7, 9, 10 statistical analysis was carried out after the data was log
transformed and the groups compared by analysis of variance (ANOVA) with Dunnett’s

post-hoc analysis, using SPSS software version 13.

20 Figure 4 shows antibody responses in groups of sheep after immunisation with three doses
of 0.04pg influenza antigen formulated with 100ug IS COMATRIX" adjuvant delivered to
either the upper or lower lung (Figure 1). Serum and BAL (lung) samples were collected
one week after the third dose.

25 Figure 5 is a Coomassie-stained SDS Polyacrylamide gel electrophoresis (SDS-PAGE) gel
of purified cytomegalovirus (CMV) AgB protein, after the protein was purified on an
affinity column of the gB-specific 58-15 monoclonal antibody coupled to an NHS-
activated HP coiumn. Lanes 1 to 4 show AgB purified from four different affinity

purification runs.

30
Figure 6 shows CMV AgB-specific antibody responses in groups of 8 sheep after three



- 7 - conposition conprising an antigen and an adjuvant in, or in the
manuf acture of a nedi canent for, intra-lung admnistration to a human or
ani mal subject to elicit or induce an i mrune response in the subject. 5 In
yet anot her aspect, the invention provides an agent for eliciting or

i nducing an immune response in a human og_ani mal subject by the intra-Ilung
route, wherein said agent is a conposition conprising an antigen and an
adj uvant. Preferably, the antigen which is adm nistered in accordance with
t he present 4 i i Ak i Ggan i el d cit. or. i nduce. an

i mune res pgar)\%gsggﬁ 3 %Eafg)ﬁﬁ{r‘\lgt% %%o@@ﬁg égt}?:ﬁp%m Iiﬁfé‘ﬁ' t,&)e&l‘ﬁ?rﬁ efi et
pngum)ni ag, mﬁeshﬁutmew%or éqmﬁlganfg adutegi Anithodp mlspmgﬁmcsiexl—unemmdBALtsax%a@e& PeRe

under st ood, _however,, at. the antige S e sel ec to.elicit _or

i nduce an i AEITS a1 ERGRORL Ulre Grermerl P #é—?%‘g&é using Iau%l&fépeﬁéﬁ%}éb"engheof

ot her mucosgilaphs §iR%; arftibode xespphRs twis hieeRP aftdrethe Birdt Qloke (&%{-{mﬁl ,andFoneCOi |,

cholera, HV, sexually transmtted 15 di sease organisns, etc. Antigen
admi ni stéreﬁ@kﬁ%&%&ﬁﬁ%ﬁ‘ézp%tfwoﬁ‘mykﬁnéM@Pﬁﬂ dHo%¢8s t he advant age of

hi gh reci pi gng PaidBlehbdusl@vaiaonge of "needl e phobia” and ease of
adm ni strat| oni. In particular, 1t reSults in both strong nucosal and
system c i nmune responses, indicating that it will be useful for all
vacci nati ong;| ugi : j u LC L. esponse. 20
The.anti gentiBay ¢ et shaSRfal Burolitlac Baieetis (B SeblF PEN. S ARE Gunr
Preferably sheep tfiomthe sameqgreumsfchéeptan Figuré 6. Seromcsasmples Frdne bleddinkenSone

associ at.ed with rmucosal .sjtes include but are not lLimted tqg.lung tunours,
t umour s ]§f VRE 3‘? g?en@?gté?sﬁa(lp reipmupe), B’gﬁfst er fheam‘&“ g‘iﬁﬁ%ﬁ?"é’?‘ Iy ande
anti gen mayortewaRuiehheisérind ¢Sdcohdaryhng BhifP(Tegldre) dos€d of OMVCA B ormTEae
response in a hupan_or animal ., including but not limted to a whol e-cell

i nact i vat edVBRdP¥e IRGQMAIRIK (adivvantwere gssaved (i Vi peabrelising agtivityy Bachor a
subunit theg; i i : %'%cf 1 a
gangl i osi de{&g‘iaégﬁ?gﬁg%eﬁ%é??%&ggggﬁ%igﬁb ytgllacc ar | gl {)hf e%‘se%%ﬁ}é?%%gerggaﬁ |ﬂ1§e; o]
it can be anwwiniehdese@eindfSemy GNMVinsutaisinggitesa following trweehdtbjea dases of dred

even nore p | a . ostl i [ofa re C%g\lll such. as
| SCOVATRY X %%glﬁﬁéxna%}.@ %grd\‘g‘\%@ g aet%b’géefﬁ p{eh@}éﬁ{ S%Qafi”rs g" en@% sBE t he
use of ot hesubtuuneoosddlivetyat i ng adj uvants, either individually or in

conmbi nati on w. t hq ano .Pfer adj uvan %1 as an i munosti nmul ati ng conpl ex,
i ncl udi ng fOr 'ncb Sref’?eﬁd‘asl?ﬁé@ag ~in-water adjuvants such as M59,
al um nium salt adjuvants such as al um ni um hydroxi de and al um ni um

phosphate, |ipopol ysacchari de adjuvants such as |ipid A and nonophosphoryl
lipid A (vATigure} phpsysthe esultiel imayie wmstimulstion O%Eermg@al blood mononuclear cells

20 (PBMCs) following incubation with the AgB protein. The PBMCs were collected from the
peripheral blood of the same sheep as in Example 7, one week after administration of the
third dose of CMV AgB formulated with 100pug ISCOMATRIX™ adjuvant. Following

stimulation with AgB, cell proliferation was determined by assay of tritiated thymidine

r

incorporated into the cells. Stimulation index (SI) was calculated as the ratio of tritium
25 incorporated into cells stimulated with AgB to tritium incorporated into control

unstimulated cells. An SI > 4 was considered to be a positive proliferative response.

Figure 9 shows antibody responses in groups of sheep (4 sheep in Flu No Adjuvant

group;. 7 sheep in each of adjuvant groups), immunised with influenza antigen formulated
30 with a variety of adjuvants. The immunisation and sampling schedules and assay procedure

were the same as for Figure 1.

(* significant differences using ANOVA).



ol i gonucl eoti de adjuvant, and nmucosal adjuvants such as chol era toxin.

Sui tabl e i nmunostimul ati ng adj uvants are descri bed by way of exanple by Cox
and Coulter, 1997. 10 The conposition of the invention may be delivered to
t he lungs using any one of a nunber of existing technol ogies as well as

t hose in devel opment. Nunerous exanpl es gf mechani cal devices able to
deliver drug or protein preparations to the |lung exist and nebuliser and
aerosol devices have been used for decades in the treatnment of asthma (see
15 Gonda, 2000). Typically the devices are intended to deliver material to
the lungs by oral inhalation. Recent advances in this field (see Edwards
and Dunbar,_2002) i.ncl yde . &hﬂ%' %h@ggm Bt Fhd Sy sadgfd

Sl owey, 200BEUEHIP PHORS, m?%%&%%@ﬂ??cs 3%?§$ , Ing:?‘Sg Kuo and | g%fp
Lechuga- Bal iiRsp & Bure?QG3AI 1if8 fomeash camplarizs determinedliby endvioit; igpbition on
conposition is admni stered to the human or aninmal subject in an
innunologicﬁ#??”%ﬂ?%ktive anount. As used herein, an i munol ogically
effectiveg a@qﬂgﬁﬁgﬁgm%hkmag‘gﬁ@ugﬂonggessary at least partly to attain the
desired i mmune response, or to delay the onset of, inhibit the progression
of, or halt altogether, the onset or progression of the particul ar
condi ti on begj . {GNTPPARE INgENgZOMependi ng upon 25 the heal th
and physica co%%???%%ﬂg?f?ﬁgNindiequal to be treated, the taxonom c group
of individual to be treated, the individual's inmune conpetence, the degree
of protectign desir the f -at 1 .an: lififine bl ghdagise as emtnof

t he nedical%%P?%ﬁ?ﬁgn,egﬁ%m%?ﬁgglgihgeg%{a%&??%?ﬁ?hlt'%s expec% d that the
amount wg | rdspbseiifl achunfinadri anithgl dabjoei whishgrompges administerpgtie SAL BT ough
routine tri %lor?li)os?t?on _cor%p;ising an antigen and an adjuvant, wherein the composition I

administered to the subject by the intra-lung route.

Preferably, the subject is a human, however the method of the invention also extends to
15 eliciting or inducing an immune response in an animal subject such as a livestock animal
(e.g., sheep, cow or horse), laboratory test animal (e.g., mouse, rat, rabbit or guinea pig),

companion animal (e.g., dog or cat) or wild animal.

As ﬁsed herein, references to "intra-lung" or “pulmonary" delivery of a composition refer
20 to delivery of the composition to mucosal surfaces of the lung where the active
components of the composition (i.e. antigen and adjuvant) can contact the capillary system
in the lung and/or the mucosal immune system. These terms include "deep lung" or "lower
lung" delivery of the composition, that is delivery of the composition to the deep bronchi,
bronchioli and/or alveoli of the lung.
25
Preferably, in accordance with this invention the composition comprising antigen and
adjuvant is administered into the lung(s) of the subject as an aerosol or in dry powder form,
with the aerosol or dry powder being delivered using a nebuliser or similar device.
Standard devices or products for intra-lung or pulmonary delivery of pharmaceutically

30 active products are well known to persons skilled in the art.

As indicated above, in another aspect the present invention provides the use of a



an antigen and an adjuvant has been found to give rise not only to a
system ¢ anti body response to the antigen as well as a mucosal response,

but also to the possibility of a major reduction in the antigen dose
required to elicit or induce such system c and nucosal responses. In
addition, effective intra-lung adm ni stration of the vaccine conposition in
5 accordance with the present inventiorf‘avoids the necessity for conplex
delivery systens such as nicroencapsul ati on or nucoadhesi ve or ot her

t echnol ogi es to enhance uptake of the vaccine at, nucqsal sites.
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i muni sed/ i figehed raapéaemn thesuljest! i cul ar, nucosal antibodi es may be of

great value in inproving protective immnity against influenza challenge. A
recent WHO consultation report (Cassetti et al., 2006) 15 stated: "In nouse

model s, guclﬁ%{ arlldbr a$peBS BRGhAidn Wrdvides hntageit if@reliziymg ws tindubinlg| arigenuend i n
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shoul d evaluate the ability of vaccines to induce nmucosal 20 i mune
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enhanci ng aft e responses and 1n carrying out effector functions such as
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i fecycle such as cobacteria,.chl a i.a and l.i k : f ur es
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Examples. It i : Stseod, however, that this detailed description
is included assgﬁ'ﬁ%rfnf% ﬁﬂmﬂg%ﬁ _

20 .
The antigen may also be a tumour-specific or tumour-associated antigen. Preferably the

tumour is one associated with a mucosal site. Tumours associated with mucosal sites

include but are not limited to lung tumours, tumours of the gastrointestinal tract and genital

tract tumours.

25
The antigen may be any chemical entity which can elicit or induce an immune response in

a human or animal, including but not limited to a whole-cell inactivated bacterium or a
subunit thereof, a whole inactivated virus or a subunit thereof, a protein or peptide, a
glycoprotein, a carbohydrate, a ganglioside, a polysaccharide, a lipopolysaccharide or a

30 lipopeptide; or it canbe a combination of any of these.

Preferably also, the adjuvant is an immunostimulating adjuvant, more preferably a



for the purposes of exenplifying the present invention

understood in any way as a restrictiog on the broad geécﬁpgtfggugg ?gg °e

i nvention as set out above. EXAMPLES 10 EXAMPLE 1 Background By way of
background to the present invention, the inventors exam ned nndeg ofy
vacglne delivery in the cannul ated sheeg nodel. Cannulation allows the
outklom/of the local draining |ynph node to be studied in sonme detail. This
wor k was perforned in sheep using 15 | SCOVATRI XTM adj uvant i nfl uenza Vi rus
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prs p ymg& XI'ng an” appropriate quantity of antigen with | S COMATRDCTm

juvantg For intra-lung inmunisations, sheep were carefully restrained in

?oggr gfe Sf hg%ﬂeegqn?éq%ﬁiég%%%gﬁ%eéﬂgﬁ [a§ fe YL1 ebdifro 6 funpPssinig dnytometofie nambetal
of existing technologies as well as those in development. Numerous examples of
mechanical devices able to deliver drug or protein preparations to the lung exist and
nebuliser and aerosol devices have been used for decades in the treatment of asthma (see

15 Gonda, 2000). Typically the devices are intended to deliver material to the lungs by oral
inhalation. Recent advances in this field (see Edwards and Dunbar, 2002) include those
made by the 3M Corporation (Shoyele and Slowey, 2006) and Inhale Therapeutics
Systems, Inc. (Kuo and Lechuga-Ballesteros, 2003).

20 In accordance with this invention, the composition is administered to the human or animal
subject in an immunologically effective amount. As used herein, an immunologically
effective amount means that amount necessary at least partly to attain the desired immune
response, or to delay the onset of, inhibit the progression of, or halt altogether, the onset or
progression of the particular condition being treated. This amount varies depending upon

25  the health and physical condition of the individual to be treated, the taxonomic group of
individual to be treated, the individual's immune competence, the degree of protection
desired, the formulation of the vaccine, the assessment of the medical situation, and other
relevant factors. It is expected that the amount will fall in a relatively broad range that can
be determined through routine trials.

30
It is to be noted, however, that particularly important advantages of the present invention

include the fact that the intra-lung administration of the vaccine composition comprising



5 formul ations were then infused in a total volune of 5 nm, followed by 10
mL of air to ensure conplete delivery. For subcutaneous inmunisations,
vacci ne formul ati ons were delivered in a total volume of 200 uL in the
inner thigh using a 1 nL syringe and a 25G needl e. 10 Bronchoal veol ar

| avage (BAL) collection For coIIectlonspf bronchoal veol ar | avage (BAL)
sanpl es, a bronchoscope was inserted int'o restrai ned sheep as for

vacci nations and 10 nL of PBS (phosphate-buffered saline pH7.2) delivered

into the lung | obe u5|ng a syringe attached to, the bro choscope
Syringe wasint#ntigenemstian @djquh&psagf:egp@um i giveirise pRkoRly ﬂ(?h%@t&g‘b‘éam%gdy
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es in cate were ev EIA (Enz | munoassay) .
Briefly, 9&edwktibn Maxhe antigehl duse requitssh tol dtcétsor(N@N@ s ea\éc apg INEPRA wer e

coat ed over n| t te 20
buf fer, pHI*® n?ﬂsatlgsad%gfng %Tﬁsgﬁvebpg 2t M’%I If%so |§lg1dgg§lg‘i %%@g?gqudl ng
100 111, 5 Of acdordined Wig ihaprébehtlibiamnion aboida i resessity forlomplexcdeliveineskigs of
specific anti-influenza antj bodi es s .detec p
total |g comphgamterosRoapsulfsion or mapeoadhesiys gy o @%gcm%&a%eéﬁaﬁ%ﬁpﬂ%%

anti - bovi n%ggh&gle 9 ué%ﬁf.ﬁ{e@.c Oxford) followed by rabbit anti-nouse horse

radi sh peroxi dase Col our was devel oped by addition of TMB 25
substrate (Zyrred, San Franci sco), stopped by addition of 2M H2SO4. Opti cal

density at um hed TRlcobdaR@BbAR| reépensee dalticaténtat
anti body en HPOT res CA c&f%? grl val uati on of Hadgnaé)gl ut]ggatl on
Tnhi bi tijon Wehilitig ymmunib@ion Seryuemlance B/AEcls%erﬁﬁ%Y lﬁ‘u@ﬂf@ ctions  and
anti gen-speci fi ¢ _ant bod response b % §§ ad/5: g@,gd for
Haermggl ut i RREREHY £ c&ﬁ‘?n%é’?ﬁn%s? P {E{h u:ﬁls? ass%y et ermnes the
titre of functional antlbodles by measuring the inhibition of red bl ood

cag ar oan Al S Bl EERH HPOREYTYY B! ERENTE T oy it fmagd "ot
cells. The g%‘[mtt i fiRnYe sharh mqg&nawﬁbec@ﬁﬁlmioﬁtrepbrt (Cassettit &radl.,i 006D ted
i nfl uenza a utination of t red bl ood cell EIAT ‘é’& ysS \/\ﬁrcFl ]1E)erfor

by the WSO ﬁateﬂa‘ﬂnmaﬁusmqo@mm@os@ﬂg&ésr %sﬁ%%%ds wita P PERABT PRTERAYS,

Mel bourne, Australia é\% at@n&}t&f ﬂj@% gﬁﬁcﬁ@ﬂd mé},aﬂlle%eg@ﬁcep@frmpb@amg}\bl ood

nononucl ear “’c@ti“fi]§ Vﬁh | ect ed fromthe%ngul ar ve| n
using a syr b@gaatamntﬁwummnenmmednm@d rcaxﬂta;watcswmﬂmte sHewithaY 100

1.1L of 5000U ral h | t s 20
i nut o5 wi t RORUSAARG Tvteal gy 7P B L 4T PRIGHDH JER infla vt

diluted to ?ﬂg&o‘ﬁ" dnfl 1RBSa0rb$iuas ahoulaesdleste Hhiepmtlite of Jaceimds tofindvice siucogghque
15 was added to the bottom of the cell suspension, and the sanples

centrif &fed immun@BEpemeR:-30 minutes with no brake. The peripheral bl ood
nononucl ear cells were then collected fromthe Ficoll- PBS interface, washed
in PBS and resuspended at 5x106/nL in conpl ete nedi umé eccqwf ayb%f i ed
Eagl es nedi urocsrdplgienintatluig deliv@yormess of thequerehHEIIORdhY Rqientia’ Yargfoior

U L streptonycin Qadtiest he
ant i )gen r esg’na?ﬁj 31388 gtaf’g%eéﬁeé%é f&gpgg ld%QM gﬁéf@i‘%@ﬁgww\%}g}gﬁl ?qugts ed

into 96- welrg @y@nﬁm?@ymzﬁicahﬁ'ﬁodytrespmsech were added in triplicate
10012L of e|t nmedi a al one or nedia containing 10 or 20 pg/nL A/ New
Cal edoni 25 i nf | uenza antigen (final concentration

Furthermore, antigen which is administered in accordance with the present inyention

‘—-

induces strong cellular immune responses. Antigen with adjuvant delivered by the intra-
lung route stimulates the production of peripheral blood cells which proliferate specifically
in response to the antigen. These cells belong to both the CD4+ and CD8+ classes of T
30 cells which have functions in enhancing antibody responses and in carrying out effector
functions such as the killing of virus-infected cells. The ability to induce cellular immune

responses in addition to antibody responses is of potential value in vaccination against



5 or 10 nglnL antigen). After 5 days culture at 37Cin a humdified

i ncubator, all wells were pulsed with 20 pl of 1 4G tritiated thym dine
for 24 hours. Cells were then 25 harvested onto glass fibre filters using a
Packard Harvester, placed into cassettes with Mcroscint scintillation

| iquid, and B-radiation neasured using afp aut omat ed mcroplate
scintillation counter. Evaluation of inmmunisation to the upper and | ower

| ung 30 Exami nation of the effectiveness of immunisation by delivery to the

upper lung,, as .an alternative to lLivery to the lLower |ung.was ried out
as descri beﬂ‘?‘f?é‘%?/v.ag?’i‘t&u Partipuleyly oﬁfv’- \ﬁfgz\égwﬂsgsk@pde acgria “%é%)mlglﬁéeus rat es
the sites ofnnbbaluthpBite inifhgirkiFReclEk slichdsnycebactdria, Hnytiperd listetiad. oner | ung.
Vaccine delivered to the "upper lung" - the vaccine was delivered into the
upper lung using 5 a fibre-optic bronchoscope. The vacci ne was introduced
into the pringidp! ' ' Jr9dre t ritRl finr gt followin
Vacci ne deIF%ﬁﬁ%@fegwﬂ?og%?ﬁpm@%@?taﬁn\?(g?:cf?%gnvﬁgls_ del i vered deef)g into
the caudal Exagplesilh ta beiupderstopd,ihowevantbhiobissistailed descripiian in dngheded solely

i ntroduced ere the cauydal bron e) : chi,
10 cm past ?qqé{‘%ﬁ}"??sef © c?ﬁ%rﬁghf%}"gt}# ?S: gga?%d}]%\{%%ngagg? ?gl?\}g ,néﬁﬁggﬂgfi‘ét%%_ﬁﬁ

col l ecti on ampwk} 4sSfreatsistiotsonthe broad descegtionof theindedoniabed ofibabavhe ot her
experinments. The sheep received three doses of 0.04pg influenza antigen

wi th 100pg | SCOVMATRam adj uvant. 15 Results: Antibody induction by

i mmuni sation via the intra-|lung rout @AMPLESpar ate experi nents sheep were
i muni sed by the intra-lung route. Bleeds were taken at 2 weeks post 1
dose, and oEXAMEEELst 2 and 3 doses 20 Experiment |Sheep were i munised
W th eitherBJac oftha 1° lig of antigen plus 100 [tg | SCOVATRDCA adj uvant .
Three i mun were given, 3 weeks apart. Serum sanples were collected
bef ore conmByowayesithackardursl toahe prasdnt inventionathednventors exasnipesyades ¢favaccine

surprising finding that 1 of, .adj uvant A tirdeiudial | tehedocal
intra2s | un&e\}ﬁgg%ﬂéeff a&él S&%eﬁ?%ggf; gafshrélct:l%{ﬁ%z%}(%%r{lhnent exani nedo.ca
further reddgdiniofBmiph ridt kgbstodisein soxeatetaitefibis A8hne wps perfamednimslicse using t h
el ther 01'504’IS(?(')I%/IA'IlRIX5M gcrlju\%aSnt plhgue%znetll 58 vaccine as the vaccine model. A principal
finding from this work was that intranasal delivery was highly inefficient, inducing poor

local immunity even at high antigen doses.

These findings prompted a change in direction for the project to study the outcome of
vaccine delivery in uncannulated sheep by the intra-lung route, by delivering vaccine deep

20 into one lobe of the lung.

Experimental Methods:

Blood collection
Sheep were restrained and 10 mL of blood collected from the jugular vein using a 10 mL

syringe and an 18G needle.
25

Immunisations

Influenza antigen used in these studies was sucrose gradient purified A/New Caledonia

20/99 HIN1 virus, which had been inactivated and detergent disrupted (Coulter et al.,

1998). Antigen concentration was based on haemagglutinin content and determined by
30 single radial immunodiffusion. GMP grade ISCOMATRIX"™ adjuvant was prepared by

CSL Limited according to a previously described process (Pearse and Drane, 2005). Prior



plus 100 [tg | SCOVATRI XI N adj uvant. Three inmmuni sations were given, 3 weeks
apart. Serum sanples were coll ected before 30commencenent, and after each

i mmuni sation. - 14 - These experinments denonstrated that all antigen doses
i nduced significant antibody responses in recipient animals - even as | ow
as 0.04 p,g antigen. The | ower antigen ﬂpses i nduced very few anti bodies
after one dose. However, inmmunity in recipient aninmals was equivalent to

t he hi gher antigen doses following 2 and 3 doses. These anti body responses

5 included functional haemagglutination inhihitiagn.(HAl), [ and | gA
level s in shizepuisation, weené HORFGVERP Pwpetcgbyﬁaﬁn’éﬂ% F‘S%?P%Pr%q%‘gﬁ‘%
| SCOVATRI XTh adj uv ™, to those obtained foll ow ng

st re e ST Sk

subcut aneo 15°gg of antigen alone (current vaccine
dose). The | ow dose intra-.l 1Q.. LS@léfane REteinedeth \eehyrmgssodnd evel s

of specifi &F g‘ﬂ“%fﬁﬁ’gl 5&“}‘%‘3#@%54 %}?QH (B%t - brg%chi al ?I Vegﬁaéﬁ{ga&a?@ﬂe
superi or t @rédensscopimpetedyiatthe 1éfi ghsril tho descaudplelobe @f b o &St
Experiment 3The third exper.i t. ev (Ap € IR BN inIf 6f aid@p uvant
for 5 forrnul'qlt}?é’e‘jc‘,"ieFFgé’gP ﬁ%clgrﬁ%#amﬁg}eydfva %‘ﬂ“’l ow anti‘gen dose, (ii)
directly 15&99%’9@6&&&%&’&5’] gen dose (0.044g) delivered intra-lung with | ow
dose delivered subcutaneously, (iii) exam ned even |ower antigen

doses (0. 0GR, [t Ak SnuniEiGorshidceine fppmulatient were dghiyasprbitiadate] pelume of
observations nade in the first two;, 20 ggéﬁgeg?a%é&é ed that adjuvant was
essential {200 wlhie theignenthigh using g i SYIP8 R&ETEVETY 'l ow dose anti gen;
(c)found that adjuvanted | ow dose antigen delivered intra-|lung induced
simlar serum antibodi es and superior |ung anti bodi es conpared to the sane
| ow anti gen dose vaccine or the current vacci ne dose, delivered

subcut an@ouBionchoabolarlavege BALN selleelioR t han 2 doses of adjuvanted very | ow

dose ant i gep Injiegt ed sy a&gamsga.}vggs saflples, 4 thetohoscapt vheinseTtad inio

i nhibitory um ant ol I'owi n 3rd dos re.re d.
Thi s i nhi bi {s@4inél shegpts for vaccirfatibhsoandny mL,,péPg& (gg@pgete% ered saline ;ﬁ-&’f’?}

into the lung lobe using a syringe attached to the bronchoscope. The same

delivered
syringe was then used to withdraw BAL fluid via the bronchoscope.

15

Evaluation of antibody responses by EIA

Anti-influenza antibodies in BAL and serum samples in duplicate were evaluated by EIA

(Enzyme Immunoassay). Briefly, 96 well Maxisorp flat bottom plates (NUNC, Roskilde,
Denmark) were coated overnight with 50 pL of 10 pg/mL influenza antigen in carbonate
20 buffer, pH9.6. Plates were then blocked with 1% sodium casein before adding 100 pL of 1
in S serial dilutions of samples in duplicates. Binding of specific anti-influenza antibodies

was detected using rabbit anti-sheep total Ig conjugated with horse radish peroxidase

(Dako, Denmark) or anti-bovine/ovine IgA (Serotec, Oxford) followed by rabbit anti-

mouse horse radish peroxidase (Dako). Colour was developed by addition of TMB
25 substrate (Zymed, San Francisco), stopped by addition of 2M H,S04. Optical density at

450 nm was determined on a Bio-Tek ELx800 plate reader and antibody endpoint fitres

calculated.

Evaluation of Haemagglutination Inhibition Activity




- 15 - (e)found that intra-lung i munisation with even 0.00 [
5 - ( .0081.tg antigen
adm ni stered with 100gg | SCOVATRI XTm adj uvant i nduced signifi cagt ant igbody

i nduction, though |ess than induced by 0.04li [ i

( , : : g antigen with | SCOVATRI XT
adj uvant. 5 The conbined data for experinents 1 to 3 are summuarised in "
Figure 2 and Table 1. -16- Table 1Hae glutination Inhibition (HAl)

activity induced by intra-lung inmuni satton with reducing d
. ( oses of
i nfluenza antigen and | SCOVATRI KTh adj uvant Serun?Secondary 30

(20-100) 33SO (20- 64(32_L ) ) ) ]

erum and BAL samples which gave an antigen-specific antibody response by ELISA

were also examined for Haemagglutination Inhibition Activity (HAI). This assay

determines the titre of functional antibodies, by measuring the inhibition of red blood cell

agglutination by influenza virus. Samples were tested for HAI against egg grown A/New

5 Caledonia/20/99 virus (HIN1) using turkey red blood cells. The HAI titre was determined

as the endpoint dilution that inhibited influenza agglutination of the red blood cells. HAI

assays were performed by the WHO Collaborating Centre for Reference and Research on

Influenza, Melbourne, Australia.

10 In vitro antigen restimulation of peripheral blood mononuclear cells

Blood samples (50mL) collected from the jugular vein using a syringe and 18G needle
were placed into a 50 mL tube containing 100 pL of 5000U/mL heparin. The cells were
then centrifuged at 800g for 20 minutes with no brake, the buffy coat collected into a
15mL tube and diluted to 8 mI with PBS. Using a transfer pipette, 3.5 mL of Ficoll-paque
15 was added to the bottom of the cell suspension, and the samples centrifuged at 1000g for
30 minutes with no brake. The peripheral blood mononuclear cells were then collected
from the Ficoll-PBS interface, washed in PBS and resuspended at 5x10%/mL in complete
medium (Dulbecco’s Modified Eagles medium supplemented with 10% FCS, L-glutamine,
penicillin (100 U/mL), streptomyein (100 pg/mL) and 50 uM 2-mercaptoethanol).

20 For the antigen restimulation assay, 100 pL of cells (5x105/we11) were aliquoted into 96-
well tissue culture plates, to which were added in triplicate 100 pL of either media alone or
media containing 10 or 20 pg/mL A/New Caledonia influenza antigen (final concentration
5 or 10 pg/mL antigen). After 5 days culture at 37°C in a humidified incubator, all wells
were pulsed with 20 pL of 1 uCi tritiated thymidine for 24 hours. Cells were then

25 harvested onto glass fibre filters using a Packard Harvester, placed into cassettes with
Microscint scintillation liquid, and B-radiation measured using an automated microplate

scintillation counter.

Evaluation of immunisation to the upper and lower lung

30 Examination of the effectiveness of immunisation by delivery to the upper lung, as an

alternative to delivery to the lower lung was carried out as described below. Figure 1 (from
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Nickel et al., 1979) illustrates the sites of the sheep lung used for delivery to the upper and

lower lung.

Vaccine delivered to the ‘upper lung’ - the vaccine was delivered into the upper lung using
5 a fibre-optic bronchoscope. The vaccine was introduced into the principle bronchi, lem

past the major tracheal bifurcation.

Vaccine delivered to the ‘lower lung’ - the vaccine was delivered deep into the caudal lung
using a fibre-optic bronchoscope. The vaccine was introduced where the caudal bronchus

10 joins the caudal segmental bronchi, 10 cm past the major tracheal bifurcation,

Immunisations, bleeds, BAL collection and ELISA assays were carried out as described
for the other experiments. The sheep received three doses of 0.04pg influenza antigen with
100pg ISCOMATRIX " adjuvant .

15 |
Results:

Antibody induction by immunisation via the intra-lung route

In 3 separate experiments sheep were immunised by the intra-lung route. Bleeds were
taken at 2 weeks post 1° dose, and one week post 2° and 3° doses

20 Experiment I Sheep were immunised with either 1, 5 or 15 pg of antigen plus 100

ug ISCOMATRIX™ adjuvant. Three immunisations were given, 3

weeks apart. Serum samples were collected before commencement,

and after each vaccination.

Following the surprising finding that 1ug of adjuvant influenza antigen delivered intra-
25 lung was as effective as 15 pg, a second experiment examined further reductions in antigen

dose.

Experiment 2 Sheep were immunised with either 0.04, 0.2, 1, 5 or 15 pg antigen
' plus 100 pg ISCOMATRIX" adjuvant. Three immunisations were
given, 3 weeks apart. Serum samples were collected before

30 commencement, and after each immunisation.
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These experiments demonstrated that all antigen doses induced significant antibody
responses in recipient animals — even as low as 0.04 pg antigen. The lower antigen doses
induced very few antibodies after one dose. However, immunity in recipient animals was
equivalent to the higher antigen doses following 2 and 3 doses. These antibody responses
included functional haemagglutination inhibition (HAI).

Serum IgG and IgA levels in sheep immunised intra-lung with 0.04 pg antigen and 100 pg
ISCOMATRIX™ adjuvant were equivalent to those obtained following subcutanebus
immunisation with 15 pg of antigen alone (current vaccine dose). The low dose intra-lung
immunisations produced very good levels of specific IgA and IgG in the lung (BAL —

bronchial alveolar lavage), superior to that induced by the higher doses injected

subcutaneously.

Experiment 3 The third experiment evaluated (i) the requirement for adjuvant for
inducing significant immunity with low antigen dose, (ii) directly
compared low antigen dose (0.04pg) delivered intra-lung with low
dose delivered subcutaneously, (iii) examined even lower antigen
doses (0.008 pg antigen).

The third experiment:

(a)  repeated the observations made in the first two;

(b)  demonstrated that adjuvant was essential for the induction of immunity against very

low dose antigen;

(©) found that adjuvanted low dose antigen delivered intra-lung induced similar serum
antibodies and superior lung antibodies compared to the same low antigen dose

vaccine or the current vaccine dose, delivered subcutaneously;

(d  found that more than 2 doses of adjuvanted very low dose antigen injected
subcutaneously appeared to induce 2 tolerance or inhibitory effect as serum
antibodies following a 3rd dose were reduced. This inhibition did not occur

following lung delivery;

Lung
titre
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i nfluenza antigen plus 100 1.tg of | SCOVATRDCA adj uvant (I1MX). A group of
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The combin



(not shown). Significantly higher HAT titre conpared wi th subcut aneously
i mmuni sed control (Mann Witney; p<0.004). 20 - 17 - The data for
experinment 3 are shown in Table 2 and Fig= 3. Table 2Requirenent of

adj uvant and route of delivery on Haemaggl utination

I nhibition activity induced by imunisation wth extrenely | ow doses of
5i nfl uenza anti gen Medi an HAI (Interééértile titre range)

Bronchoal veol ar Secondary | avage Tertiary 0 (0) Serum Rout e Vacci ne

Table 1 Haemagglutination Inhibition (H..AI) activity induced “ti)v .intra-lu4ng
:mmunisation with reducing doses of influenza antigen and ISCOMATRIX " adjuvant

Median HAI titre
(Interquartile range)
Serum Bronchoalveolar lavage
Route | Vaccine | Primary Secondary | Tertiary Prirgary Secogdary Terga
5 30 100
sc | 1swef | guy | @o100 | o440 | O 1(3)* 1(3)*
10 330 60
Lung liﬁu (10) (20-640) (35-400) (g) (10(-)20) (1‘:)(;2*0)
0 160 240
Lung Si‘ngvﬁ? ©) | (120-160) | (70-400) (0) (0-10) (8-550)
1pg flu 0 30 160 0 0 00
Lung }  pvx 0] (15-40) | (140-320) (g) (g) ( ]
0 15 160
g | % | @ | o0 | @20 ] © © | e
0 10 160
Lung O%P\lm%ﬂu ©) 0-40) | (140-640) |  (©) (g) (o-go)
0.008pg 0 0 20 0 © o
Lung | gyMx | (0) ©0) (0-40) ©
5 »
: i i 3 geparate experiments. Groups of sheep
Table 1 legend: Data is combined from ar periments, o PVX sroen
= , except the 15pg flu group (n=12) and the 0.04pg X gro
Eﬁ:?%;rv%:::pimmufised in the left lung with Trj:duc':mg doses of split vmor;
influenza antigen plus 100 pg of ISCOMATRIX afju:;‘g)(%;mi%:flegt
i trol sheep were immunised subcutaneously i .
0 322212; c?r?;l strain of I’Zhe current human influenza vaccine (115( pgs mﬂuex;z'ci af?t;ﬁzg
i i isati d by 3 weeks. Sera and le
alone). Sheep received 3 immunisations, space e, e e, ook
i AL) were collected from all sheep one weex prior 1O
Zvéz%ges ;Ema,r)y dose and one week after the secondary .and tertiary dose_s. ’ljhe
titration of these samples which inhibited influenza medlateq haemagglutination
P was then determined. All preimmunisation samples were negative for HAI activity
(not shown). ’ | 1
* Significantly higher HAI titre compared with subcutaneously immunised contro
(Mann Whitney; p<0.004).

20



Primary Secondary Tertiary Primary
(18-160) 0 (0) 0 (0)
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The data for experiment 3 are shown in Table 2 and Figure 3.

SIC 15 p.g flu 0 (0_3) 30 (20-100) 30
SIC0.04 [tg flu 0 (0)

Table 2 Requirement of adjuvant and route of delivery on Haemagglutination
Inhibition activity induced by immunisation with extremely low doses of
5 influenza antigen
Median HAI titre
(Interquartile range) -
Serum Bronchoalveolar lavage
Route | Vaccine | Primary | Secondary | Tertiary | Primary | Secondary | Tertiary
S/C 15 pg flu 0 30 30 0 0 0
(0-3) (20-100) | (18-160) (0) (0) 0)
S/C 0.04 ng 0 10 25 0 0 0
flu (V] (0-40) (8-50) 0 (V)] ()
gc | 004pg | 207 320 *A 160 A 0 0 0
flu +IMX (8-20) (280-400) (80-320) 0) 0) (D)
Lo 0.04 pg 0 0# 0# 0 0 0
S| flu ©) © (0) ©) (0) (0)
Lung | 00408 0 5 160 ~ 0 0 60 *~
flu +IMX 0 (0-18) {80-200) (1)) (0) (30-100)
Table 2 legend: Groups of sheep (n=8) were immunised in the left lung with an
extremely low dose (0.04 ug) of split virion influenza antigen with or without 100
10 ng of ISCOMATRIX" adjuvant (IMX). Other groups received the same vaccines

injected subcutaneously (S/C). One group of control sheep was immunised
subcutaneously with an equivalent antigen dose of one strain of the current human
influenza vaccine (15 pg influenza antigen alone). Sheep received 3 immunisations,
spaced by 3 weeks. Sera and left lung washings (BAL) were collected from all
15 sheep one week prior to and two weeks after the primary immunisation and one
week after the secondary and tertiary doses. The titration of these samples which
inhibited influenza mediated haemagglutination was then determined. All
preimmunisation samples were negative for HAI activity (not shown).

# Significantly lower HAI titre compared with subcutaneously immunised control
20 (Mann Whitney; p<0.002).
* Significantly higher HAI titre compared with subcutaneously immunised control
(Mann Whitney; p<0.028).
n Significantly higher HAI titre compared with unadjuvanted group (Mann Whitney;
p<0.01).

25



10 (0-40) 25 (8-50) 0 (0) 0 (0) O (0) S/C 0.04 gg fl \
320 *A (280-400) 160 A (80-320) 0 Eo; O gg flu +LMEX 20 *A (8-20)
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In Figures 1 and 2:
Horizontal bar = median value
Open bar = middle 50% of values
Vertical line = 10 and 90 percentiles.
5 IMX =  ISCOMATRIX™ adjuvant

The bars show the influenza-specific endpoint antibody titre after the first (1°%), second 2%

and third (3°) immunisations as described above.
InFigure 1:  *Significantly greater than 15 pg s/c group (Mann-Whitney; p<03).

In Figure 2
10 # Significantly less than 15 pg s/c group (Mann-Whitney; p<0.01).

* Significantly greater than 15 pg s/c group (Mann-Whitney; p<0.038).

A Significantly greater than unadjuvanted vaccine delivered via the same

route  (Mann-Whitney; p<0.038).

§ Subcutaneous, significantly greater than same vaccine delivered intralung
15 (Mann-Whitney; p<0.028).
B Intralung, significantly greater than same vaccine delivered subcutaneously
(Mann-Whitney; p<0.021).
Experiment 4 This experiment evaluated the effectiveness of delivery of

adjuvanted influenza antigen to the upper lung, in comparison with
20 delivery to the lower lung used in earlier experiments. Two groups
of 8 sheep received a formulation containing 0.04pg influenza
antigen and 100pg ISCOMATRIX " adjuvant to either the upper or
lower lung three times and serum and BAL antibody responses were
examined by EIA (Figure 4).
25
These results indicated that after three doses, although delivery to the upper lung induced
serum and BAL responses, significantly better responses in both serum and BAL for both

IgG and IgA were induced by lower lung delivery.
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Summary:
Intra-lung immunisation with influenza virus antigen with 100pg ISCOMATRIX ™

adjuvant proved highly efficient in the induction of both systemic and mucosal (BAL)
antibody responses with HAI activity.

5 Strong serum antibody responses were observed even at exiremely low levels of antigen
(0.04pg influenza antigen with ISCOMATRIX adjuvant). These responses were much
stronger than those induced by subcutaneous injection (s/c) of 15ug of influenza antigen
alone (as per the current vaccine) and matched those induced by subcutaneous 0.04pg

influenza antigen with ISCOMATRIX " adjuvant.

10 The mucosal antibody response induced by intra-lung delivery of 0.04pg influenza antigen
with ISCOMATRIX™ adjuvant was greatly elevated compared with subcutaneous 15ug of
influenza antigen or subcutaneous 0.04pg influenza antigen with ISCOMATRIX™

adjuvant. Neither of the latter induced detectable mucosal (lung) responses.

15 EXAMPLE 2.
Cellular immunity induction by vaccination via the intra-lung route.

Sheep received 4 intra-lung immunisations with either 0.04 pug influenza antigen alone, or

- 0.04 pg influenza + 100 pg ISCOMATRIX™ adjuvant. One week after the last
immunisation, peripheral blood was collected, and mononuclear cells cultured in 96 well

20 plates with either media alone (negative control), or 5 or 10 pg influenza antigen
(restimulated). After five days, wells were pulsed with tritiated thymidine for 24 hours.
Radioactivity was then measured to enumerate cell proliferation. The Stimulation Indices
were calculated by dividing the mean counts per minute (cpm) for the restimulated group

by the mean cpm for the medium alone control group.

25  The results of a cell proliferation study are shown in Table 3. When sheep were vaccinated
intra-lung with antigen alone, no proliferative response was detectable in the peripheral
blood. However, such a response was detected in sheep which received antigen with
ISCOMATRIX " adjuvant. These data demonstrate the requirement for adjuvant, following
lung vaccine delivery, to induce a cellular proliferative memory response in the peripheral

30 circulation.



(80-200) 0 (0O) O (0) 60 *A (30-100) Table 2 |Iegend: Goups of sheep (n=8)
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split virion influenza antigen with or wi thout 100 10 pg of | SCOVATRI XTm
adjuvant (I X). O her groups received the sane vaccines injected

subcut aneously (SIC). One group of contgpl sheep was inmuni sed

subcut aneously with an equi val ent antigen dose of one strain of the current
human i nfl uenza vaccine (15 gg influenza antigen al one). Sheep received 3

i mruni sations, spaced by 3 weeks. Sera and left |ung washings (BAL) were
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0.04 pg influenza n= 1(1-2) 1(1-3)
0.04 pg influenza
+100 pg = 6 (2-16 10 (3-25)
ISCOMATRIX™ n=8 (2-16)
adjuvant
EXAMPLES3.

Formulation of antigen with microfluidised oil-in-water adjuvant for administration

by the intra-lung route.

10 Antigen at an appropriate concentration (to result in a final antigen concentration yielding
a single dose in the range 0.01 to 500ug) is mixed with 5% v/v Squalane, 0.5% v/v Tween
80, 0.5% v/v Span 85 in PBS pH 7.2, 0.05% sodium azide. This mixture is then subjected
to high pressure microfluidisation at a pressure of 19-20,000 pounds per square inch (psi).
The microfluidisation is repeated a further seven times. The formulation is delivered via

15 the intra-lung route by the methods described above.

EXAMPLE 4.
Systemic and mucosal immunity induced by immunisation via the intra-lung route

with recombinant cytomegalovirus gB antigen formulated with ISCOMATRIX™
20 adjuvant

In order to confirn and extend observations made with influenza antigen and

ISCOMATRIX" adjuvant, studies were performed in sheep examining the immune

responses induced by intra-lung delivery of a recombinant viral antigen. A truncated form

of cytomegalovirus gB glycoprotein (CMV gB) formulated with ISCOMATRIX"™ adjuvant

25 was delivered by the intra-lung and subcutaneous routes and antibody responses in serum
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prevent cleavage of the expressed protein. The DNA was cloned into the pCEP4 vector

(Invitrogen) as a Kpnl/Notl fragment. The resulting plasmid (pCEP4AgB) was amplified in

E. coli and purified plasmid prepared using Qiagen Maxi Kit.

20
2. Expression of AgB protein in mammalian cells
Cultures of FreeStyleTM 293-F cells grown in FreeStyleTM Expression Medium
(Invitrogen) in shake flasks at 37°C were transfected with pCEP4AgB using 293fectin
transfection reagent (Invitrogen). Secreted expression of the protein AgB under selection
25 using Hygromycin B in the cultures was determined by SDS-PAGE gel analysis of cell
supernatant samples. Cell culture supernatants were harvested and clarified by

centrifugation at 2500rpm and then passed through a 0.45um filter prior to
chromatography.
3. Purification of AgB protein

30 The AgB protein was purified using affinity chromatography by capture with the gB-
specific monoclonal antibody 58-15 (Singh and Compton, 2000). The antibody was
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Immunisation of sheep with AgB
Blood collection

Methods were the same as those described in Example 1.

15 Immunisations |
Groups of sheep were immunised with AgB protein formulated with
ISCOMATRIX adjuvant Table 4). AgB protein from cytomegalovirus was prepared as
described.

All sheep received three vaccine doses, the details of which, including the blood collection

720 schedule are described in Example 1.

25
Table 4. Groups of sheep were immunised by the indicated route with AgB protein

formulated with ISCOMATRIX " adjuvant .
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Collection of BAL samples was performed as described in Example 1.

Evaluation of antibody responses by EIA
5 Methods for detecting sheep IgG and IgA were similar to those in Example 1 with the

following exceptions. Plates (96 well) were coated overnight with 100pl per well of
2ug/mL purified AgB protein in PBS. Bound sheep IgG was detected with rabbit anti-
sheep IgG (H+L) conjugated to horse radish peroxidise (Southern Biotech). In the case of
both IgG and IgA TMB peroxidise substrate was sourced from KPL Kirkegaard and Perry
10 Laboratories respectively. The reaction was stopped by addition of 50ul per well 0.5M

H,S0;.

Evaluation of functional activity against CMV

The capacity of the vaccines to induce functional serum antibodies was assessed using a

neutralisation assay based on recombinant human cytomegalovirus infection of MRC-5
15 cells. Assays were performed by Assoc. Prof. Rajiv Khanna and colleagues, Queensland

Institute of Medical Research, Brisbane, Australia, using recombinant CMV Ad169wi86-

EGFP expressing green fluorescent protein (Marschall et al., 2000; Wang et al., 2004).

After exposure of Ad169wi86-EGFP to serum dilutions, the ability of the virus to infect

human fibroblasts (MRC-5 cells) was assessed by quantifying the percentage cell nuclei
20 fluorescing using flow cytometry (FACS). The procedure is described below:

1. Sera from the sheep were incubated at 56°C for 30 minutes.

2. Sera from the sheep (neat and at 2-fold and 4-fold dilutions in 100ul DMEM) were
dispensed in a 96 well tray.



Experinmental nethods Production of truncated reconbi nant human CW ¢gB
protein (AgB) 10 1. Generation of plasm d containing DNA encodi ng AgB
protein. DNA encoding a truncated formof CW gB which had been engi neered
to renove the transnenbrane region of the protein was provided by Assoc.
Prof. Rajiv Khanna, Queensland Instituteg,of Medical Research, Brisbane,
Australia. This DNA encoded a protein containing the signal sequence of
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2500r pm and t her@%gé%%% stgﬁiﬁsgetrﬁé%s% ﬁ%@%ﬁ?ﬁ%ﬁ g?i orgc‘?o Sclhr onmat Oﬂl‘ aphy. 3.

Pﬁri fi ;:at i onhof gﬁg&nmmeiomaﬁﬁng' hhﬁlCRQBteb%ﬁ%i Y FﬂPiifaP@d};ﬁJ? gﬁ g‘?s"‘?YTSt y

chr omat ogr aphy aptu e e %j? i body 58-

Es{ Inlgh and)@npt‘é??ﬁ’aéé@glﬁo%’%bﬂ?rf %5%?%@ s“flgl.r%ﬁ%%pun %(lg% on gﬁPr ose_p]:A .
i pore) protein ol um. For rifjc ifie

anti bodywas Zouﬁ}eéamt A PR it 91304‘? %éaltv%g t&&s’ég t?%nm?%ﬁgksﬁaciegws_ _

Anersham) in equidh bnvasior, ed ten 500 uf IMEMAORdded ke sinlvellp kil Bicubabiceati f i ed

cell cul ture supernat ant was dilutedq 1:1 with 100nM Bor at e/ 150mM NaCl

pH8. 5. The di | ut¥dCan L¥hfelPninaiRvembgitappl i ed to the H Trap col um,

equilibrated with equilibration huffer apd eluted firstly w
d yci ne- HCL p#2. Bhe meat fayiba cpl medivm g ?61?“‘13&%95@ (i %%ets{éag ﬁg’é’%}lm‘? “his

time with 0.15M Anypis ielenX pelftdiyQemrifiatibed fractions were

15 9. The pellets were resuspended in PBS and pelleted again by centrifugation.

10. The pellets were resuspended vigorously in 100ul of hypotonic buffer (0.1%
sodium citrate, 0.1% (v/v) Triton X-100) containing 02ul Img/mL 7-

Aminoctinmycin D and left for 20 minutes at room temperature in the dark.
11. Samples of each pellet were transferred to tubes suitable for FACS analysis and
20 100ul PBS containing 1% Paraformaldehyde added. The mixture was left on ice for
30 minutes prior to FACS analysis.
12. The samples were analysed on a Becton Dickinson FACSCanto and the percentage
of fluorescing nuclei in the samples quantified.

13. The percentage neutralisation for each sample was calculated using the formula:

25 % neutralisation = [percentage of fluorescing nuclei (no serum added) — percentage

of fluorescing nuclei (serum sample) + percentage of fluorescing nuclei (no serum

added)] x 100.



neutralised using either 3MTris pH8 or 1M G ycine pH2.5. Protein purity
was exam ned by Coonessi e-stained SDS- PAGE gel el ectrophoresis (Figure 5).
Protein concentration 10 was estinated by determ ning the OD at 280 nm
| muni sation of sheep with MB Bl ood col | ection Methods were the same as
those described in Exanple 1. 15 Imunisations G oups of sheep were

I mmuni sed with AgB protein fornulated wth | SCOVATRI f dadj uvant Tabl e 4).
AgB proéel n from cytomagal ovirus was prepared as described. Al sheep

recei ved t 0] t he .det gil Licl udi ng the bl ood
col | ecti on A§ELATHEHIESIIEAAAARRS rﬁblld%o\gﬂh e g abl e 91 G oups of
sheep wer e Blosal Banqm (rsxom:U) e:olladdad: &bmdthe ngxmrwwirhus@@a pyobgs mdf b&(ﬁmle@diced

\,/A\Md} Bv ;ﬁtCC]l/A \;I/\;Bcgéil;gedag 0a O mL tube contaum(l)gu FPOOS pf of @8&6[?@% hgp%llﬁv'?hey cel rs]tve/ en
then centrifuged at 800g for 20 minutes with no brake, the buffy coat collected into a

5 15mL tube and diluted to 8 mL with PBS. Using a transfer pipette, 3.5 mL of Ficoll-paque

was added to the bottom of the cell suspension, and the samples centrifuged at 1000g for

30 minutes with no brake. The peripheral blood mononuclear cells were then collected

from the Ficoll-PBS interface, washed in PBS and resuspended at 5x10%mL in complete

medium (Dulbecco’s Modified Eagles medium supplemented with 10% FCS, L-glutamine,
10  penicillin (100 U/mL), streptomycin (100 pg/mL) and 50 pM 2-mercaptoethanol).

For the antigen restimulation assay, 100 pL of cells (5x10°/well) were aliquoted into 96-
well tissue culture plates, to which were added in triplicate 100 pL of either media alone or
media containing 5, 10, 20 or 40 pg/mL gB protein (final concentration 2.5, S, 10 or 20
pg/mL). After 5 days culture at 37°C in a humidified incubator, all wells were pulsed with
15 20 pL of 1 pCi tritiated thymidine for 24 hours. Cells were then harvested onto glass fibre
filters using a Packard Harvester, placed into cassettes with Microscint scintillation liquid,

and B-radiation measured using an automated microplate scintillation counter.

Results
Immune responses following intra-lung and subcutaneous immunisation with

20 recombinant CMV AgB antigen formulated with ISCOMATRIX " adjuvant

Sheep received three subcutaneous or intra-lung doses, at 3 week intervals of the CMV
AgB antigen formulated with ISCOMATRIX “adjuvant. Sera and BAL samples were
collected one week prior to the first dose, 2 weeks after the first dose and 1 week after the
second and third doses. For antibody EIA data, preimmunisation antibody titres were

25 subtracted.

The results of these experiments with AgB formulated with ISCOMATRIX ™ adjuvant
(Figure 6) were broadly similar to those shown in Example 2 using low dose influenza
antigen (0.04ug) formulated with ISCOMATRIX™ adjuvant, where serum IgG and IgA
responses following intra-lung were equivalent to those for subcutaneous delivery after
30 three doses. However, in contrast to the results obtained with influenza antigen

formulations, AgB formulated with ISCOMATRIX™ adjuvant delivered by the intra-lung



Subcut aneous 1514 CW AgB 10014 | SCOVATRI XI R adj uvant | SCOVATRI X' m adj uvant
2 n=8 Intra-lung 1514 CW AgB BAL col |l ection Coll ection of BAL sanpl es
was performed as described in Exanple 1. Eval uation of antibody responses
by EIA 5 Methods for detecting sheep 1gG and IgA were simlar to those in
Exanple 1 with the followi ng exceptionsys Plates (96 well) were coated
overnight with 100[ 11 per well of 21.tg/nmL purified AgB protein in PBS.
Bound sheep 1gG was detected with rabbit anti- sheep I1gG (H+L) conj ugated

to horse radi sh _pernddi se (Sout n Bi qt ; &fonBofWe dogés and
| gA TMB percrminé\éceéGﬁ@?ﬁﬁ%‘é%&éf]&ﬂ@ég‘ tp ?%“ﬁﬁfb‘fﬁ??‘é‘éﬁigﬁ‘d and Perry 10
Labor at ori E@ LeSPRALIVG! Mgheth@rine dpGi whennasspatisep pBer bye 6% PEBNSHMIBHD per
wel | 0.5M %64 val uati on of functional activity against CW The
capacity ofFigiwes ¢masites to i nduce functional serum antibodi es was assessed

:Jrsl:‘ ggt ?ogegmti ‘Ehav:%ggfj a?lgbc?dirsr%g/po?l?eséeig t}%quggggs%ghs%? Poﬁlo%@i?mﬁ%ﬁ&%ﬂ ABVABIS
5 formulated with ISCOMATRIX ™ adjuvant again paralleled observations made with low
" dose influenza antigen formulated with ISCOMATRIX™ adjuvant. AgB formulated with
ISCOMATRIX" adjuvant induced significantly higher antibody responses in the llung after
three doses when delivered intra-lung when compared to subcutaneous delivery of the

same formulation (Figures 6c and d).

10 In the case of functional antibody induction, the results for the CMV neutralisation assays
on sera were in agreement with those obtained in the EIA for serum IgG responses (Figure
7). Neutralising antibody responses induced by both intra-lung and subcutaneous de?ivery
of AgB formulated with ISCOMATRIX™ adjuvant were significantly higher than in the
preimmunisation sera. The neutralising responses increased further after three doses. :I'he
15 results indicate equivalence in induction of neutralising antibodies in serum when antigen
formulated with ISCOMATRIX™ adjuvant was delivered by the intra-lung and

subcutaneous routes.

The results from assay of restimulation of peripheral blood mononuclear cells with AgB
20 (Figure 8), indicéte that antigen formulated with ISCOMATRIX"™ adjuvant delivered by
either the intra-lung or subcutaneous routes induced T cell responses after two to three
doses (stimulation index of 4 or greater). The two routes of delivery induced equivalent T

cell responses.

25
EXAMPLE 3

Systemic and mucosal immunity induced by vaccination via the intra-lung route with

different adjuvant technologies



15 cells. Assays were performed by Assoc. Prof. Rajiv Khanna and

col | eagues, Queensland Institute of Medical Research, Brisbane, Australia,
usi ng reconbi nant CW Ad169wt 86- EGFP expressing green fluorescent protein
(Marschall et al., 2000; Wang et al., 2004). After exposure of
Ad169wt 86- EGFP to serumdilutions, the.gbility of the virus to infect human
fibroblasts (MRC-5 cells) was assessed by quantifying the percentage cel
nucl ei 20 fluorescing using flow cytonetry (FACS). The procedure is

descri bed below 1. Sera f.orom.th inGaHaab®et ®hn FOKNTRAX ™
minutes. 2 ThesgSidigsoygre Wéff%rﬁée«gﬁ"%’r%%g?‘ggﬁ loF aipetees and, 4-f,g|& di lutions in
1000 DVEM) ,ifa( $etdansad iaduca afigensdpkcifie ayucosal apd systemig anfBag) XpOnSes, 104

PFU Ad169wt'86- EGFP virus was, added tQ each soeld.i WikH US
S 05 aemben deinsatcoby te ib7elng o GisREs br 855} i iilhtniecd inFEluy

Previously, L Edates hatdean it yevaanbiemating  bECvEtt il sthegFesppnseh DVEM
b h 200 T inffHipHf abig? o

e serum (DVEM 10) by incubation.at 37Cin 7% CO2 in
air, 5had hemparpdwfﬁhraadsﬁﬁm AdeEr %‘@qua@gﬁlg;iat time of use. 6.
The cell culture nediumwas renoved fromthe MRC-5 cells. 500 of each
virus/serum sanpl e was then transferred to corresponding wells in the 48
well flat-bottomtrays containing MRC-5 cells, 50iil1l DVEM added and the 48
wel | trays incubated at 37C for 2 hours in 7 CO2 in air with gentle
rocki ng. 107. The inoculumwas aspirated fromthe 48 well trays, the wells
washed three tines with DMVEM 10, and then 500 p,1 DVEM 10 added to each
well, and incubated at 37Cin 7% CQ2 in air overnight. 8. The next day the
cell mediumand cells (using trypsin) were harvested fromthe 48 well trays
and the cells pelleted by centrifugation. 159. The pellets were resuspended
in PBS and pelleted again by centrifugation. 10. The pellets were
resuspended vigorously in 1000 of hypotonic buffer (0.1% sodiumcitrate,
0.1% (v/v) Triton X-100) containing 0.2111 Ing/nL 7- Am noctinmycin D and
|l eft for 20 minutes at roomtenperature in the dark. 11. Sanpl es of each
pellet were transferred to tubes suitable for FACS anal ysis and 20100121
PBS cont ai ni ng 1% Par af or mal dehyde added. The m xture was left on ice for
30 minutes prior to FACS analysis. 12. The sanples were anal ysed on a
Bect on Di cki nson FACSCanto and the percentage of fluorescing nuclei in the
sanples quantified. 13. The percentage neutralisation for each sanple was
cal cul ated using the fornmula: 25% neutralisation [percentage of fl uorescing
nucl ei (no serum added) - percentage of fluorescing nuclei (serum sanple)
percentage of fluorescing nuclei (no serum added)] x 100. -25 -



In vitro antigen restinmulation of peripheral blood nononuclear cells Bl ood
sanples (50nL) collected fromthe jugular vein using a syringe and 180
needl e were placed into a 50 nL tube containing 100 1.11 of 5000U niL
heparin. The cells were then centrifuged at 800g for 20 m nutes with no
brake, the buff y coat collected into ag¢5 15nm tube and diluted to 8 ni
with PBS. Using a transfer pipette, 3 raL of Ficoll-paque was added to
the bottom of the cell suspension, and the sanples centrifuged at 1000g for
30 mnutes wiwth no brake. The peripheral bl ood nononucl ear cells were then
collected fromthe Ficoll-PBS interface, washed in PBS and resuspended at
5x106/ L i 0 et i 16 WithE gfieenzs eanment ed
with 10% F (i gpgl ut ar@g]ﬁ;gs &%&;{éﬁ;‘ﬁ{é}:ﬁ%@wﬁ%ﬁﬁﬁn @,&Lst rept onyci ﬁﬁ?éloo

ug/ M) andr@uibteWvathneEoapidpetantfoahlatitr t he anti gen restinul ation assay,
100 I.LL of cells (5x105/well) were aliquoted into 96- well tissue culture
plates, to which were added in triplicate 100 L of either nedia alone or
medi a cont[B&Rj 58ize0, | 20 Mmfluéfzaug/ ML gB prot ei n Adjuvaht concentrati on 2.5,
5, 10 or 20 lig/jm). After 5 days glture at 37Cin a humdified incubator,
all wells were pul sed w8 Fl“&%‘%ei“g of 1 uG tritiated thymidine fon 24
hours. Cellls werle then harvested ontg-glass—+bre—t+t+ters—ustng—aPackard
Har vester,| pllced infto ,asset lés witH M crosm nt scintillation Iiquid,} and

13-radiati nn_uﬁiFureﬂ HSHrg—af-att-of Wmter.
Resul ts 3 uné‘=7es bonses 1150I | owi|n ISMF raOMAng an ubcut aneous

I mruni sat i HA—2Z20-retombr gt —CW T ¢ QR TRIK TWdakvast V8 MPL
‘I SCOVATRI X[Tm adj uv _t7 Sheep rggei ved Fﬁﬁgg subcut aneousﬁiovr mt% | ung
doses, at B vaek BT valr s of j15he CW mglmbmggﬂst)pgmﬂl_at ed with

| SCOVATRDr adj uvapt. Sera and BAL sanpl es were collected aone week prior to
the first (fOS&, P WeeKks |after fsne fi rslmglhmsomnstZSO@@p@fter t he secdnd
and third gdoses. | For antii body El A dat prei mmuni sation-anti-body—titres
were 25 ssubtracted. The results of these experinents with AgB forrrul at ed

wi th | SCOVATRI XTh adj uvant (Figure 6) were broadly simlar to those shown
in Exanple 2 using | ow dose influenza antigen (0.04ug) fornulated with

| SCOVATRI XExperimentatMetheds e serum 1 gG and 1 gA responses fol | owi ng
intra-lung were equivalent to those for subcutaneous delivery after 30
three dosesi’:ceﬂdmhwefadmvmt_mmpﬁo the results obtained with influenza
antigen for ations, AOfo % TRDem adj uvant delivered by
the intth- If{xnrirdposom%wemrp&ﬁaée% uced equi val ent serum 1 gG and I gA to

subcut aneous delivery after only tvvo doses and a significantly higher serum
| gG when responses after one dose were exanmined (Figures 6a and b). In the
case of antBlﬁf%iﬁO\ﬂ%Eonses in the lung, responses follow ng inmunisation

W th AgB IR buffer: 0.14M NaCl, 3mM KCl, $mM Na;HPO4, 0.05mM CaCl,.2H;0, 1.5mM
KH,PO4pH7.2 '

15
IVD buffer: 0.14M NaCl, 3.5mM Na,HPOj, 1.4mM NaH,P04.2H,0 pH7.2

1. A solution of 11.4mg/mL cholesterol, 12.4mg/mL dipalmitoylphosphatidylcholine
20 (DPPC) and Megal0 was prepared in IR buffer (Chol/DPPC).
9. Chol/DPPC was diluted 1/40 gradually over 30 minutes by addition of IVD buffer.
3. The diluted solution was concentrated by ultrafiltration at 40°C using an ST 200
Diafiltration Cartridge (Nephral) to 1/40 of the original diluted volume.



5 formulated with | SCOVATRI f adj uvant again parallel ed observations nmade
with | ow dose influenza antigen formulated with | SCOVATRI XTm adj uvant. AgB
formul ated with | SCOVATRI X114 adj uvant induced significantly higher

anti body responses in the lung after three doses when delivered intra-Iung
when conpared to subcutaneous delivery ,gf the same formulation (Figures 6c
and d). 10 In the case of functional antibody induction, the results for
the CW neutralisation assays on sera were in agreenment with those obtai ned
in the EIA for serum |1 gG responses (Fi e utrali 'ng } y
responses i nduck °B9°°Bg?tﬁd F‘ﬁ&?aa“-W%‘éﬁash%g{’%ﬁlé%ﬁwgﬁ%%&%ggh ver%gg% AgB
formul ated W t hyJegCOMATRDem adj uvant were significantly higher than in the
prei mmuni sati on sera. The neutralising respo iLncreased further after
three doses. STHENeIGhol/BEECrssluting N@&?@C@eﬁﬂtvﬁ? Btk ﬁﬁ&%‘g‘%&@%‘iﬁ%f
neutralising 6%\?&(9?@'11@3 ckitusSG CEBIHIT RN indfiatetl QF 0%CabL4 1adst hhdupCOVATRI XTm

adj uvant was delivered by the intra-lung and subcut aneous routes. The

resul t s5f r om7asksipysoofes werst axtrutied from GhoV/PBPE ysiag allipks) exdrpderd R AR Nosthermce | s
with AgB 20 (Figure.8),.indicate that,,anti i nd SSEDRT R XTm
adj uvant del i ve&@@sﬁgf}"&aflﬁ%%‘?g“%‘tﬁ%rla- u?l%%%?lf)égﬁ c%?g&;egéﬂﬁtjé&t@%ut es i nduced
T cel |l responsesragh®it tHewodeduiehr ee doses (stinulation index of 4 or

greater). The two routes of, geljve i uctsﬂl iwal ent I oonses.
25 EXAMPLE 58 s@’@tf"é’f?iné”aéﬁaﬂﬁg@%%ﬂ {Mﬁ’ﬁﬁ? °?(g’3?§d“8‘% a\Pg%Sg‘ugjﬁé’f 108 e
i ntra-1ung routgookpdinebivkh & 0eim BdidiwédMer.t echnol ogi es  -27 -

10 9. The process was repeated until all of the Chol/DPPC solution had been subjected to

10 passes through the system.

10. The resulting liposomes were assayed for cholesterol and DPPC content and
examined under the electron microscope using negative staining to assess size and
homogeneity.

15
B. Preparation of MPL
Lipid A monophosphoryl (MPL) (Sigma 1.6895) was resuspended in DMSO (Sigma
D2650) at 2mg/mL and maintained at 4°C until use.

20 C. Preparation of CpG
CpG (Sigma-Genosys 1062 4856-011) was resuspended in 10 mM Tris/ImM EDTA pH8

and maintained at 49C until use.

D. Preparation of adjuvant formulations

25  All adjuvant formulations were prepared by mixing the relevant components using PBS as
diluent prior to the addition of Influenza antigen (Table 5). Following this, the
formulations containing liposomes were subjected to sonication in a VirSonic sonicator at
setting 4 using a 1/8 inch probe. The formulations received two 5 second sonications
separated by 30 seconds, all performed on ice.

30



These studies were perfornmed to exam ne whet her adjuvants other than

| SCOVATRDed adj uvant were able to induce antigen-specific nucosal and
system ¢ anti body responses when delivered by the intra-lung route. G oups
of sheep were immunised intra-lung with influenza antigen fornmulated with
several alternative adjuvants and the rggponses 5 conpared with an

| SCOVATRI XTm adj uvant fornulation (Table 5). - 28 - Table 5G oups of sheep
i mmuni sed by the intra-lung route with influenza antigen formulated with
various adJIuvant {or mul ati ons G oup Size Influenza antigen dose (ligQ)

Adj uvant 1 22 n=7 15 10011 g | SCOVATRDC adj uvant 3 n=7 15 100119

| SCOVATRDC Gielinpiv@fnéhedp Sededinddrbinided with the influenza antigen and adjuvant formulations

described in Table 5, and bleeds taken, using the methods described in Example 1.

S BAL collection

Collection of BAL samples was performed as described in Example 1.

Evaluation of antibody responses by ELISA

Assay of antibody responses to influenza antigen in serum and BAL samples was

10 performed as described in Example 1.

Evaluation of Haemagglutination Inhibition Activity

Assay of HAI activity in serum and BAL samples was performed as described in Example
L.

15
Results

Evaluation of immune responses following intra-lung vaccination with formulations

of influenza antigen with a variety of adjuvants.

20 Sheep received three doses at 3 week intervals. Sera and lung (BAL) samples were
collected prior to and 2 weeks after the first dose, and 1 week after the second and third

doses. For antibody ELISA data, pre-immunisation antibody titres were subtracted.

The results of these experiments demonstrated that different adjuvant formulations varied
in their ability to induce antibody responses when combined with antigen and delivered by

25 the intra-lung route (Figures 9 and 10).

All adjuvants conferred some benefit in comparison with antigen alone in the induction of
antibody in serum. Formulations containing ISCOMATRIX™ adjuvant induced
significantly better responses than antigen alone after three doses in both serum and BAL
30 and in the case of serum IgG induced superior responses after two doses. Of particular note
is the data showing induction of functional (HAI) antibodies by both ISCOMATRIX ™
adjuvant formulations in serum after two doses and in BAL after three doses (Figure 10).



tr--7 15 Ing |iposones + 501.tg MPL 5 n=7 15 Ing |liposones + 7501,tg CpG 5
Experinental Methods Preparation of adjuvant formulations 10 A Liposones
were prepared by the follow ng nethod: Buffer solutions: IR buffer: 0.14M
NaCl, 3nmM KC1, 8mM Na2HPO4, 0.05mM CaCl2.2H20, 1.5mM KH2P 04 pH7.2 15 1VD
buffer: 0.14M NaCl, 3.5nM Na21-11304, 1s40M NaH2PO4. 2H20 pH7. 2 1. A
solution of 11.4ng/ L chol esterol, 12. 4rrg/ nmL di pal m t oyl phosphat i dyI chol i ne
20( DPPC) and I\/Egal 0 was prepar ed in IR buffer (Chol/DPPC).

Chol / DPPC di | ted aI I r 3 R /D
buf f er . éla‘H‘I g)séf‘h X@%"X?‘é’ﬁ‘t &gt”}égﬂéﬁﬁfer Z@qF?r atliglféniat 40C
using an S-Edﬁﬁ}gnt%ﬁﬁﬁlﬁﬁdr@t inQHatG@g‘nﬁﬁdaﬁ’gmcl(eMEB loval a)djuvanﬂdld& infsemuelgér japd nal
di luted vol une. - . The concentrated sol u¥| on . was. WaShe%vp%the

ultrafiltr dgA@ntlb@chw oggurwgﬁ aftep engand, iy dosgsirespectively, In sheep immunise
formulation containing antigen and ISCOMATRIX" adjuvant plus MPL.



ﬁit?hf'FhOI/DPPC sol ution was concentrated 2 fold by further
pres ?OL ;[aflon. 6. Prior to lipid extrusion Chol/DPPC was incubated at
sy extrudg?SETlogguLbr?Z- LIEQSQSES wer e extruded from Chol / DPPC using a
: ern Lipids Inc., Canada) fitted with
Ther mobarrel Extruder maintained at 42 h o e
barr ( Gt hroughout the procedure.
EEBBUSESBOE%Z fﬁ;gleﬂ oug in 10nmL lots é% Chol / DPPC usigg a pressu?é of
0- ugh a 0.1pm PC disc filter. 109. The process was

?R;IL glgnﬁkf%be Choé!DPPC_squ;ion had been subjected Fo 10 passesrfﬁfghgﬁ

y REMeEPesul ting |i posomes were assayed for chol esterol and

DPPC content and exam ned d ' i :
T Beephoh o ohglg O ERARGOBEASLA0: RERatle |
2nmg/ mL and mai néfglar%(f(f at 4C dt?%???ésﬁggéatgefm the Resonr Qlélvayifﬁhmso) at

. . 20 C, Preparati v
(Si ge: Genosys Rogansssciodd fiuks GrawigonaBER T S OreT SRR A o
o Tl g4 gD opar i on of s wvant formulat ons
usi ng PBS gpuliérl Aeet alprStodies on quergn;mtatl iaé])f:pvmté(ci i %}gﬁzvrégcgﬁqu?gﬂtﬁpca?%xg? nt5)s

Following this, the formil ations { i [ ise Jaes
soni cation in a“WP@oﬁP’@“gﬁﬂg SR ?&g% @Sgéfq%'@aagﬁgwgﬁﬁ g&?ﬂf}ﬁgﬁ pr ogée? The

formul ati ons reggogedet(Yiv1D: $B130 [ [
performed on i cg. ? E 38 - iﬁfmun'm:t:;isozlscat I gns igf:é;t o )b,\@yf >0, smectréo_nds, all
\ém Ejhbf he i axudfz AndHYeEn A5Rd %@}Wgsnf a‘f%srrgﬁg?l ons %Z{S%CH nggiri n T?i%?g 5
n eeds taken.;disipdcgint BT 1B@Y248l256r i bed in Exanple 1. ’
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5 BAL collection Collection of BAL sanples was perfornmed as described in
Exanpl e 1. Eval uation of antibody responses by ELI SA Assay of anti body
responses to influenza antigen in serumand BAL sanples was 10 perfornmed as
described in Exanple 1. Evaluation of Haemagglutination Inhibition Activity
Assay of HAI activity in serumand BAL_gapples was perfornmed as described
in Exanple 1. 15 Results Evaluation of 1 mrune responses foll ow ng
intra-lung vaccination with fornulations of influenza antigen with a
variety of adjuvants Eﬁ 3 week intervals.
Sera and |ung (BRI s]gwu@ﬁ&%&%@%@@gcg (gﬁ' éi?ﬁf%ogllo? 2 weeks after the
first dose, and 1 week after the second and third doses. For anti body ELISA
data, pre-inmmunisation antibody titres were subtracted. The results of

t hese experinments denonstrated that different adjuvant formnul ations varied
in their ability to induce anti body responses when conbined with antigen
and delivered by 25 the intra-lung route (Figures 9 and 10). All adjuvants
conferred sone benefit in conparison with antigen alone in the induction of
anti body in serum Formul ations containing | SCOVATRI XTh adj uvant i nduced
significantly better responses than antigen alone after three doses in both
serum and BAL 30 and in the case of serum | gG i nduced superior responses
after two doses. OF particular note is the data show ng induction of
functional (HAT) antibodi es by both | SCOVATRI XTh adj uvant fornulations in
serum after two doses and in BAL after three doses (Figure 10). - 31 - The
data (Figure 9) also suggests an effect fromthe addition of MPL to

| SCOVATRI XTm adj uvant formul ations, in that significant increases over

adj uvant alone in serum|lgG and | gA anti bodi es occurred after one and two
doses respectively, in sheep i mmunised with the formnul ation containing
antigen and | SCOVATRI XTh adj uvant plus MPL. - 32 -
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5. The method of claim 1, wherein the composition is delivered to the lower lung of
the subject.

6. The method of claim 1, wherein the composition comprises an immunostimulating
adjuvant.

7. The method of claim 6, wherein the composition comprises at least one adjuvant

selected from the group consisting of saponin-based adjuvants, liposomes, oil-in-
water adjuvants, aluminium salt adjuvants, lipopolysaccharide adjuvants,

oligonucleotide adjuvants and mucosal adjuvants.

8. The method of claim 6, wherein the composition comprises an immunostimulating

complex.

9. The method of claim 8, wherein the composition comprises ISCOMATRIX

adjuvant.



usi ng reconbi nant human cyt onegal ovirus strains expressing green
fluorescent - 33 - protein. Journal of Virological Mthods (2004), 120:
207-215. - 34 - CLAIMS: 1. A nethod for eliciting or inducing an immune
response in a human or ani mal subject, which conprises admnistering to
sai d subject a conposition conprising agsantigen and an adjuvant, wherein
the conposition is admnistered to the subject by the intra-lung route. 2.
The nethod of claim1, mherein the conposition is fornulated for intra-lung

adm ni stration t f P ' LCAMRORIHOs®Aulangn
aerosol or Pn d'rrg B’S@&ﬁgg‘% S‘W’n ‘J'T‘ﬁl ?IH%\A(}%@I Tl wherein the ¢
conposition is Mpl&ﬁﬁﬁfbﬂbﬁxa&bﬁvﬁﬂhtapmermynmaﬁmulﬂmQihli‘@nt 5. The net hod

of claim1, wherein the conposition is delivered to the |ower |ung of the
subject. 6. The nethod of claim 1, wherein the conposition conprises an

| mmunosti myhati Rge fiHdd @ tlaind 10 'Rb&rdmtl’&aﬂmpbsmbmcasmlﬁ';sem:trenmqsh@ulahng

~conposi tion conprises at |east one ad uvant sele from t he group
consi sting of samﬂﬁﬁub%@nﬂﬁl@fld‘(}% §’°PP]ina(9§ Y4 nwat er adj uvant s,
al um nium salt adjuvants, |ipopol ysaccharide adj uvant s, oligonucleotide

adj uvants and nucosal adj uvants. 8. The nethod of claim,B6, %MW
conposi ti onzcorrﬁﬂ\esmh@chofrwtmmolslt,lwhﬁr%mlth@ CQWIBQD °9mprﬁ?é1 claim
8, wherein the c |t|o rj.se gipppnt . -35- 10. The
net hod of cl ai m? g‘ne?lﬂié?%qnﬁ re(%(f;(’)l?rlp%séoa 0 %Il@l ses an i munost i mul ati ng
conplex in conbination with another i rmunostl rruI ating adjuvant. 11. The

met hod of claim 10, wherej ting
conplex in Eomlrﬁhﬁtnﬂeéhf’%ﬁ’é ‘ﬁm ﬁﬂ?c%n%@% fg%%dh%ﬁ?%ig%@?hod
of claimll, whepehRuhdfsFGEDR mmammompath@@nl SCOWATR XTh adj uvant in

conbi nati on mnth nonophosphoryl lipid A (MPL). 13. The method of claiml,
wherein the antigen is an antigen which elicits or induces an inmune

response agla4i. nstna pugasale PRIAOBL wherein the mucosal pathogen is influenza virus,

Chlamydia pneumoniae, respiratory syncytial virus, or pneumococcl.

15.  The method of claim 1, wherein the antigen is an antigen which elicits or induces

an immune response against a pathogen of non-mucosal sites.

16.  The method of claim 15, in which the pathogen is Helicobacter pylori; Salmonella,

E. coli, cholera, HIV, or a sexually transmitted disease organism.

17. The method of claim 1, wherein the antigen is a tumour specific or tumour

associated antigen.

18. The method of claim 17, wherein the tumour is associated with a mucosal site.

19. The method of claim 18, wherein the tumour is a lung tumour, a tumour of the

gastrointestinal tract, ora genital tract tumour.

20. Use of a composition comprising an antigen and an adjuvant in, or in the
manufacture of a medicament for, intra-lung administration to a human or animal

subject to elicit or induce an immune response in the subject.



14. The method of claim 13, wherein the nucosal pathogen is influenza
virus, Chlanydi a pneunoni ae, respiratory syncytial virus, or pneunbcocci.
15. The method of claim1l, wherein the antigen is an antigen which elicits
or induces an immune response agai nst a pathogen of non-nucosal sites. 16.
The method of claim15, in which the paghogen is Helicobacter pylori
Sal nonel la, E. coli, cholera, HYV, or a sexually transmtted di sease
organism 17. The method of claiml, wherein the antigen is a tunour
specific or tunour associated antigen. 18. The nethod of claim 17, wherein
the tunour is associated with a nucosal site. 19. The nethod of claim 18,
wherein they tUNRUr LS Rr|eUBfing WiaHAucir alumnumne)frwphnsegmsa rhomanegtwml
tract, or a genltgﬁ tract tunour. 20. Use of a ca 05|t| ng an
antigen and an axb;eut/h)nthel lntra-bmglfﬂmﬁah‘éh%mﬁ?léc?g ngcogprore %ﬁJfg
intra-1lung adnlnls 4%¥h§; ofit. NUMaN or ani mal subject to eI|C|t or induce
an i nmune respo ubject - 36 - 21. An agent for eliciting or

i nduci ng an |nnune response in a human or ani mal subject by the intra-I|ung
route, wherein said agent is a conposition conprising an antigen and an
adj uvant .



