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En relacién con el expediente de la referencia y dando cumplimiento a la ultima

providencia recaida sobre este asunto por medio del prasente escrito me permito

manifestaries lo siguiente:

1. De acuerdo con. lo solicitado en el concapto técnico No. 1350 notificado mediante
oficio No. 70688 me permito adjuntar los siguientes documentos:

a.) El articulo de TINDLE ET AL Virology, Volume 200, Issue 2. pag 547 a 557.

b.) El articulo LONDONO ET AL. Vaccine, Volume 14, issue 8, pag. 545-552.

2. Con relacién al concepto técnico No. 1347 notificado mediante oficio No. 7997 la /
sociedad solicitante desea efectuar los siguientes comentarios acerca de la

novedad y el nive! inventivo de esta invencién:

a.) Adjuntamos un juego de las reivindicaciones modificadas las cuales son
equivalentes a las permitidas en Europa. En estas reivindicaciones, se ha
indicado la naturaleza del antigeno HPV. Como tales, las reivindicaciones

son novedosas sobre la técnica anterior.
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b.) Con respecio al nivel inventivo, se puede sostener que la persona versada en
la técnica no tiene ninguna motivacién para combinar la referencia de la
técnica anterior tal como lo seilala al Examinador.

. Londoflo y otros no hacen referencia al uso de adyuvantes.

. El D2 (Tindle y otros) se refiere al uso de un antigeno de nicleo de Hepatitis B
como un vehiculo de entrega de los epitopos HPV de ia protelna E7. El resumen
del D1 indica que "puesto que las particulas HBcAg pueden administrarse en un
adyuvante aceptable para aplicacibn humana... estos resultados tienen

implicaciones para disefio de vacuna en céncer anogenital asociado con HPV 168"

. En el Gltimo parégrafo en la columna a mano izquierda, de la pédgina 556, se
ampifa ia referencia a adyuvantes. £l documento dice: "en recientes documentos
hemos obtenidos titulos attos del anticuerpo E7 en ratones inmunizados con

particulas quiméricas HBcAg — E7 en algamulin.... y adyuvantes de athidrogel”

. Algamulin contiene inulina y alumbre gamma. Alhidrogel se refiere al élumbre?

. adyuvante. Se sabe que el alumbre provoca una fuerte respuesta TH2, pero no
una respuesta TH1. Por lo tanto, partiendo del D2, la persona versada en la
técnica estaria refirléndose a adyuvantes TH2 y no a adyuvantes TH1. Es decir, la
persona versada en la técnica no combinaria las ensefianzas del D1 con las del
D2. Dicha combinacién se haria dnicamente con el conocimiento de la presente

invencién y representa andlisis ex post facto, 10 cual es permisible.

. Sirvanse observar que la persona versada en esta materia no tiene ninguna
motivacion para combinar ciertos antigenos definidos con un adyuvante TH1 a la
luz de las enseflanzas de Tindle.
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8. Teniendo en cuenta lo dispuesto por el Consejo de Estado en sentencia proferida
dentro del Expedients No. 7684 el 22 de Octubre de 2004 y acogida por esa
Superintendencia mediante memorando intemo de fecha 22 de Diciembre de 2004
dirigido a los funcionarios de la Delegatura de Propiedad Industrial, no se hace
necesarioc acompafiar comprobante de pago por concepto de modificacién de la
solicitud por cuanto el nuavo pliego reivindicatorio se presenta a instancia de la
Superintendencia en cumplimiento de lo ordenado por el articulo 45 de la Dacisién
486.

Reanuncio al término faltante de traslado, y les solicito otorgar el privilegio de patente

de invencién aqui tramitado.

GERMAN CASTILLO
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chimeri¢c Hepatitla B Core Antigen Particles Comtaining 8- and Th-Epitopes of Human
Papillomavirus Typa 18 E7 Protein Induce Specific Antibody and
T-Helpar Responses in Immunised Mice

ROBERT W. TINDLE,' KAREN HERD, PATRICIA LONDONOQ," GERMAIN J. P. FERNANDO,
STEVEN N. CHATFIELD,* KAREN MALCOLM, Ano GORDON DOUGAN®
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Aucoivec Septembar 17, 1IE3; sccopied jarawry 13, 1834

The usa of haputitia B core antigen (HBcAg) 88 an immuragenic dellvery wehicls lor foreign aphopes has bean
reportad. Herd wa report tha nasrtion 57 DNA sequences sncading immunodominant inesr B-spitopse snd & “univar-
sal" T-helpar apitope of hyman papllomevirus {HPY) type 18 ET transforming protain into the fulllength HBcAg gene
cloned nte an induoibia baoterial sxprassion plesmid (pPNt.0). Tha resulting chimeric proteina sssembiad into part-
cie whinh were highly immunoganid. Mice immunisad with particies contstning ona ar two of the thres E7 B-epltopes
undar etnislderytion produged strang apitnna-apaclil: antiady reaporeea with both 100 snd loGEa aomponants which
recognisad sukaryotic E7, T-profiereti/e nesponsss ware slialted 1o the EY T-spkops ax well aa HBcAQ T-apltapain).
Lymph node colly irpen Immunieed mice produced IL-2 snd -4 whan apecifically recalisd iy vitra, indioating stmulatian
of both Thy snd Th, halper call compartmontas. Since HBaAg particies con be administersd in aduvent socaptebia lor
human sppicstion snd can aich mucossl meponses efter nasal or aral imnmavisation, thess results have implications
for veceina design in HPV 18-sasopiatad snooantal anDer. & 1 Axdenly Pram, e

INTRODUCTION

Human papillomavirus (HPV) ganotypes 8, 11, 18,
18, 33, 36, end 42 congtitute a subgroup of HFVe ine
faciiva for anogenital epithslium {Pfislar, 1084; DeVil-
lera 6t ol., 1988}, HPV18 DNA Ig found in about 60% of
cenvioal squemous call carcinomas [SCCs), and this
gssociation has raised the possibility of a cousal rala
kr HPV18 in earvical carcinngenesin (Lebeit ot &,
1982). Prograssion 1o mallphency ia acsociated with
groduction of E7 and EB virsl early open reading frame
{e-orf) call-translorming proteins (Hawley-Nelson st al,
1882 Metlashawakl at g/, 18587; Yasumoto et &l,
1988). Circumstential avidence Implicates hosl im-
mune mechanisms in the control of Hi"V-agaoolatad
tumours {for review, gee Frazer and Tincle, 1862), and
there is mn ingressed risk of SCC of tha cervix, but not
ol “control organe (e.g., breagt, rectum) in immuno-
suppraasad gliogreft reciplents (Rudlinger st al., 1986),
Antlbodies reacting with HPY 18 E7 protein are de-
teclad un to 14 mora fraquently in the ssrum of cenvi-
¢al carninoma patienta than those with 1on-malignant
infection or contylomats {lochmus-Kudielka et al.,
1988). Tha E7 protein functioned e # tumaur rejection
antigen in mice immunised with E7-irenfectad fibro-

' To whom répnint requasts should be sddrmasnd,

g4/

bilasts and subsequently challanged with E7-trans-
factad melanoma celly (Chan a2 8/, 1991). E7 [s thus e
candidate antigen for Inclusian In g therapeulic vaoolne
for aervical cancer. We have previcusly defined threa
major murine B-epitopes [Tindle er &/, 1990} and a T-
helper (Th) epltops (Tindla ar al.. 1991) In the E7 protsin
of HPY18. In addhion we have linked B-apitopes snd
the Th-apitope in gynthetic paptides which alicit moder-
alz antibody responsss when used 1o immunise mice
in complete Freunds adjuvent {CFA) {Tindle &t s/,
1881),

Wa have been concemead 10 maximies the antibody
rekponsan 10 thess E7 subunit vaceine paplides. Inthe
presant study we heve usad the bacterisl plasmid
PPN1.0 {=pPV Nhel (Brown er o)., 1981} which gons
taing the entire hepatitis B virug core antigen (HRcAg)
gend under the Influenca of a Tac promotar, 1o meka
thre2 chimeric MBcAg-E7 protsins which axprassed
one or mors B-sphtopas of E7. in eddition, two of the
chimeric proteing contalned the E7 Th-apitape.

The use of HBeAg as a delivery vehicla for forelgn
epliopes hey sevarsl advantages (Brown af al., 1991),
Tha protein subunil is u 21-kDa polypeptide that $pon-
tanaocualy gssambles Ino 27-nm’ particiss which are
powerful immunogens (Hooinagla et al, 1973) be-
causa of their polymearc neture and the preaance of a
number of Th- eplicpes within the HBcAg sequance
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which ware enalysed spectrophotometiically ang 1,

{Mllich et al, 1887). Peptide -HBcAg lusion particles
are mors mmunogenic than the comasponding pep-
tide-canier conjugales (Frencis er al, 1980).

Two of the thres chimaric proteine reporiad hare
wars highly immunogenic at iow dosea when usad o
Immunisa mice, sliching anibody reeponges specifi-
cally recogniaing E7 paptides contalning tha come-
sponding B-aphtopes, s the whiole E7 protein, /n vire
proilferation and interiaukin-2 (IL-2) a'W intarleukin-4
(IL-4) production asasys indicated the Induction of both
Th-1 end Th-2 typé reeponaes, reapactivly, a uppoai-
tlon aupponed by the observation of coth IgG2a and
ig31 componenta of the spacific antibody meaponsas.

Hince HBCAg particles can ba adminiatared In adju-
vant acceptable for human applicafion and cen slicis
rasponaee sftar nacal or oral immunisation (Frencis af
&/, 1880), tha present findings hava impllcations for
HPV18 vaccine dasign,

MATERIALS AND METHODS

Genatlc manipulations

Recombinant DNA manipulations were camled out
using plpsmid pPN1,0 which containa a Ahel restrc-
tion site mutated Into the a1 reglon of the HBcAg se-
guenoe whioch e undar the trenscriptional contral of a
Tac prometar. To constnict chimeric fuslon partclas
contalning spacific epitopas of the HPV18 E7 protein,
aynthetic oligonucleotides flanked by NAsl cohesive
ends wers prapsred using an Applied Blosyatems
3JB1A DNA synthesizer (sequences availgble upon rg-
quaat). Following annealing the oligonuctaatides wara
ligated Into Nhel-digasted pPN 1.0 which had baen puri-
hed from agarcas ysing standard methods. Escha-
richia ooli XI.-1 blus were trensformed with ligatad DINA.

Colony screaning sysey

Expreesion of chimeric proleing In bacterial colonles
an ampicliin-agar plates waa induced by addidon of
isopropyl-B-D-thiogaiactoside (IPTG; 100 ug/ml finel
concantration), Colonles expreaaing HPV18 E7 B-api-
topes wera datacted on replicate nltrocaliulose biots
using a penel of HPV 18 E7 sphope-g2scific monoclo:
nal antibadien {MAbe; below). Specific binding waa de.
tected using '*l-antl-mouss Ig (Amersham, UK} and
autoradiography on X-OMAT film {Kousk).

Purificetlan of fusion particles

Cultures {800 mi) of bacteria harbouring rscombl-
nant plasmida wara grown in amplcl in/LB broth and
inducad with IPTQ@ aa describad (Clerka ar &l., 1990)
Peliotted bacterla wera lysed and particles were ex-
tracted (Stahf ot 8/, 1082) and purifiad on 15-46% au-
cronn densily gradienta ny described (Clarks or al.,
1960). Gradients ware fractionaled into 2-mi aliquots
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Immunoblot using HPV16 £7 epitope-specifie

Paak fractions wars poolad and dialyssd againg phos.
phata-buifered saline (PES), pH 7.4, t0 remove

and the particles were concentrated by cantiugatin,
{110,000 g, 4°, SW28 rotor 16 hr). Tha pelletted pery.
cles wara resuspenced in PBS; examined by glactm,
micresaepy, and formulated for vaccing preparmtion,

Analysis of chimaric products

Bactarial lysetes and purified partioise were ang.
iysed on 12.0% reducing SDS-polyacrylamide (Sng-
PAQE) gels. Proteins were visuslised by Coomassig
blue ataining end by Weatemn bilotting using antihp.
cAg-spaolfic sntlsarum and HPY 18 £7 epitope-spe-

cific MAbs. Biots wers developad by inoubation wiy

snti-apacies Ig conjugatad to horesradish peroxidage
(Sllanus Pty, Australia} and visualised using dierning.
benzidine tetrahydrochioride (DAB) (Slgma) with hydre-
gen paraxida.

Epftopes and antibodies

Thres immunedominant linear B-epitopes of the
HPV 18 E7, "°EYMLD™ |aingle letter srino acid code),
HpapY, and “QAEPDY ware defined by mouss
MADs BF, 4F, and 8D, respectively (Tindle ot sl., 1980),
“DRAHYNI*™ iz a universel Th-epliops of HPV18 E7
capebls of providing "*help"’ for entibady production o
sny of the B}-opltopu gingly of in gombination (Tinde
at al, 1991),

Paptides

HPV 16 E7 peptides were synthaslBed using B-fluar-
unylitglwayce bunyl (Fice) chamlatry on ga Applicd
Biosysiema 431A peptids syntheslaer. Tha HPLC-pro-

lila, aming acid composition, toxicity. and mitogeniaity
of all peptides ware checked.

Baculovirua E7

A fuldength E7 gane cloned into baculovirug inter

mediste vector poYM1 was cotranslectsd into Spo-
doplere frugiparda cells with wild-lype virus 1 yield
polyhedrin gene recomblnants which produced euker-
yotic E7 when infected into “‘sacond round” Spadap-
ters cells (Park of al., 1994). Lyaates from E7 contain
ing calis wers saparatad on SDS-PAGE, irangtemad 0
nitraoaiiuioes, end Immunabiottad with gera from i
munised mice, or E7-specific MAba. Specific bands
wors visuglised with '¥l-anti-mouse Ig and autoradiog-
raphy an X-OMAT flim,

Mice

Inbred mouss etraing ware obtained from the Univer
alty of Queensland anime! breeding facillty or from Ak
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Fib 1. (A} Schematic porreyal of plagmid pPN'. 0. | e nucieoude soquancss Lvrouncing tho Al it ond the analstions] resding nema are
thawn, “The irgt and lest meidusa encoded by HPV18 E7-darved suquencas. {8} Aming scid sequencas uncoded by HPV18 EY Insarts snd
m'mupbmara racombinan plesmica pPN 1.1, pPN1,15 and pPN1.27. HPV10,E7 B-epitopes am boued, HPV18 B7 Th-apliope ks undev-

mal Rasourcas Centre (Parth, Wastern Australla), Mice
wers usad al 8-24 weeks of ege. Geretic purlty was
checked routinely by iscenzyme analysis.

Immunigstion tor antibody

Mice wara immunised intramuacuisy {im) with purl-
find wiid-type or recombinsnt HBcAQ pardoles In In-
compiste Freunds adjuvent {IFA} on Dayz D and 56

{srudy 1) or 48 {study 2). Mice wom blad from the retro-
orbitel plexus et interveds, and serum was preparad
and testad (n ELISA sgainst paptides containing ap-
propriate E7 B-apitops eagquencas,

Paptida ELISA ssany

Poptidea were bound to microtiire platas by Incuba-
tion a1 10 zg/m! in PBS, pH 7.4. Ramalning binding
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Fia. 2 SDR-PAGE [12.0%) at yaxtes of £ oo XL-1 bius calis
comuining HBcAg plssmids. (A} Coomaesis bius-naingd gol ol IPTG
tnduced fanss 1, 3, &, 10] and uninduced flanas 2, 4, 8, 11] bacteris
eoniaining pPN1.1; IPTT induced (lanes 8, 12} snduninduced (lanea
6, 13) bactrld conmining pPN1.0, E//ME2 meplicase fusion profein
{ana 7} and MW markare (lene 18] B, Wrstom biat snaivyls ol &
duplicatn gel using MAD rmix 8D + 4F {lanas 1.7), or guines pig
i-HacAg antiserutry lanes B-13).

milea weve blockes whh PBS/0.25% gelatin/0.1%
Twaen 20. Binding and antiganic intagrity of bound
peptides were confirmed uging Mabse 8F, 4F, and 8D.
ELI2A ansays on thess costed plates vaire conducted
a& described praviously (Tindle &t al., 1891). Briafly the
pletes were incubated with sedal dilatlons (in PBS/
0.126% galatin/0.05% Tween 20) of sara fram Immu-
nised mice, and anti-mouse |g conjugated 1o horse-
radigh perovidase, with sppropriste ‘asshing s18ps.
Raaction wan visualised by addition ol subgtrare (2,2%
azinobis (3-ethylbenxthiaxoline) sulpronic acid} end
chromogeniolty monitored at 414 nM on g Tilenek su-
tomatic plate resder. In laotypa specifiz assaye, hesvy
chain-specific antl-mouae 1gG2a and entl-mouss gGt
replaced antl-mouse Ip.

Lymph nede cell (LNC) proliferation aysays

Prolifevation sssays were camied out sa desorbad
(Tindle &¢ al,, 1981). Briafly, CE7BL/6 mice wers im-
munleed aubcutsnsously (s2.) at the base of the tail
with 8 ug purified wild-typs or recombivent HBaAg par-
ticiaw amulsified in CFA (Diloo R37), Eight 10 10 days
later & suapenaion of drsining LNCe wag prepared and
8 4-day proliferation ssssy wag done in paptide-coated

TINDLE ET AL

migrotiire pistes. Proliferation wes quantified by py. il

thymidine incarporation aver 8 hours,

Assay for cytoking praduction

Supernatents from LNC proiiferation sasays
harvestad st 4 days and tagted for thelr abllity 1o Inguce
proliferation of the interleukin-3 (IL-3) dapendem gay

fine FDG-P1 (Dotaika snd Sanderson, 19B7), thg (L2, -

dependent call line CTLL (Qifls er o/, 1978) ang the
IL-4-dependant oell line CT-48 (Hu-U et a/., 1889), a5
measured by PHithymidine Incorporstion over 8 hy.

RESULTS

HBeAG-E7 particies

Threa sequances ware selactad 1o sncode the Im-
munogenic reglons of the HPV18 E7 protain. (Fig. 18,
The firat saquence ancoded two of the thres B-apt-
topas (IDGP and QAEFPD), snd the minimal Th-apitope
(ORAHYNI). The sacond asguence encoded the thind
B-apltopu (EYMLD) only. The third sequenta sncodad
ol 3 B-gpitopes and the Th-spitope.

The plasmid vectar pPN1.0 comtaing the ante
HBcAg gens Into which has been mutsted a Ahel re-
gtriction site (Brown st &/, 1881), In & ragion which

encadea the immunadominant at surigce loop reglon -

of the particle {Fig. 1A). Synthetic oligonuclectides
cuding for the amino acid saquencas shawn In figure
18 ware Insartad inta pPN1.0 at the Nhel sita to pro-
duce plasmids pPN1.1, pPN1.16 and pPN1.27. Clones
identfled as exprassing insarst in ¢ colony screaning
assay using E7 epitope-specifio MAba, were grown in
tha prasance of IPTG ta produce recombinant antigan
and sampligs from tha cell lvsates of thaya bactaria
were analysed by SDS-PAGE and Westem blatting.
Figure 2A showa s Coomassie’ blus-ateined gel from
two individusl cofonies containing recombinant plas-
mid pPN1.1. A novel pretein of the expected M, {28
kDes) was epperent In bacteda containing pPN1.1
{lanes 1~4: arowead In lane 3) but not In bacteria cam
taining the parent plasmid pPN 1.0 which produes non-
racombinant HBaAg protain of M, 24 kDa (lanas 5, 6!
amowad in fane 6} {Note that plasmid encoded pro-
teing are sieo axpropaad at a lowar laval in bacterls not
grown in IPTG. This presumebly results from “leaky”
axpregelon from the Tac promoter In the XL-1 blue
strain of E. colf) The induced protein in recombinant
lysatee but not perant lyeetes reacted with an entibody
probe coneisting of a mixture of 6D and 4F MAbas, con-

fiming the presence of E7-derived aminc acld ge- .

quancas (Fig. 28, ianes 1-4}. The major immunode-
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F, 3. Electron miwagreph (40,000) ol core particies produced from plasmid pPNL.1,

tacted band wea seen at ca.2B8 kDa. A s2cond bend
was aleo datected at ca.20 kDa which may represent a
carboxy-terminsl claavagse product of tha racomblnant
HBcAg (Clarke ¢r &, 1990) which nonetheless cone
tamed Inteci E7 B-spltopes. While nonrecombinant
HBeAg in parant lysates was recognised by anti
HBeAg antiserum (Fig. 28, lane 12), HBcAg recambi-
nam for E7 saquenoe was not (Fig. 28, lanes 8-11),
ir:mng that Insertion deatrnys apitope{s) within

Cultureg (500 ml) of XL-1 bius cells contalning
PPNE.1, pPN1. 16, or pPN1.27 plasmida vsere pellettad
and tha assembled cora-particles purified kom becte-
rial lyaates as deecribed (Clarke et ¢/, 1890). Concon-
traled paak fractions irom the sucroas gredlsnts con-
lalneg particulats structures visualisad by eigctron mi-
croacopy, Thoaa of pPN1.1 are shown in Fig. 3. Core
perticlas from pPN1.0, pPN1.15, and pPN1.27 were
morphologically Identical to thosa from pPN1.1. Purd-
feu porticiaa were anolysed by SDS-PAGE win) Wast-
&M blotting (Fig. 4). Pariicles produced by pPN1.1
Plagrnid reacted with MAbs 4F and 6D which recog-
niea £7 B-apitopes IDGP and QAEPD, raspactively,
&nd particles produced by pPN1.15 raacted with MAb

8F which recognises E7 B-spltopa EYMLD. Particies
produced by pPN1.27 rescted with 4F, 80, and BF,
Indicating that all three B-epitopee were prasent. Irele-
vant MAbg were negative on all particlas. Particles pro-
dueed by perent plaamid pPN 1.0 reacted with nona of
the MAba,

Antlbody induotion

Sera collected at Day 7 | from mice immunised with
3.8 pg of recombinent core particles In IFA on Days 0
and 49 wera raactad In ELIBA ageinat HPV 18 E7 pep-
tides 101 (MHGDTPTLHEYMLDLQPE), 104 (YEQLND-
SBEEE G), and 108 { YNWTF.
CCKCD}, which oontain the B-apitopes EYMLD, IDGP,
and OAEPD respectively {underiined). Sera from 4/4
mice immunised with pPN1.1 panticies reacted with
peplide 104 snd 3/4 reactad with peptids 106. Sera
from nene cof these mioa reaalad with peptide 101.
{Figa. 5A-5C), Sern from 4/4 mioe Immunigad with
PPN1.16 particlsa raagted with peplida 101, but not
with peptides 104 or 108. Nona of the sgra from mice
Immunised with pPN1.27 reacted with any of the three
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Fi. 4. Coomassie bhus-glalned oals of puritied HBEAQ partichea A.pPN1.0 0anos 2. €, 105, pPN 1.1 {anes 3, 7, 11), PPN1.15 fures 4,8, 12),

nnd MW nikese: C.pPN1.0 Jancs 2, 5, 0, 11), pPN1.27 Janes 3, 8. 0, 12}, Wastorn B/t of duplioata gals atained with B.MADS 4F lanes

4), D fQarwn 8, 7, B) ano 8F (enea 10, 11, 12): D, Msba BF {tanse 2, 1), 4F fanse 5. 6) 8D (unes 0. §) and imglevant sniibody (lanes 11, 12,

paptides, sithough eli reacted with HB¢Ag, indlcating
that the mice had been effectively immunised (data not
shown). Sera fram mica immunised with pPN1. (| In ee-
fina falled to react with any peptide. Sara from mics
Immynised with 8 ug of paplide 105 (DGPAGQAEPD-
RAHYN{) cantalning E-aphopas IDGP and QAEPD and
Tl-uplue DRAI IYNL, i OFA, slzo follod to raact with
any rantlrs

To determine the tme course and maintengnce o}
Immune responga induction, serum from mice immun-
lesd on Days 0 and 58 with 3.8 ug pPN 1.1 In IFA were
sempled ot intervals for ELISA reactivily to HBcAg and
10 peptide 105 (Fig. 6D), Aithough high-titre amtibody to
HBcAg waa apparant at Doy 28 efter Frstimmunisation
snd persisted at lesst umil Dey 83 when avaluation
cemsad, high titre antibody 10 peptida 106 was not da-
lectad until Day 83, 7 deys ofter the sacond Immuniaa.
tion, Righ anibody ttres to paptide : 06 ware still ap-
parent at Day 133.

The contribution of IgG1 snd IgG2a subclasses 0
the E7-epitope-gpecific antibody rasponse of pPN1.1
immuniead mioa was Investigated by Jsing HRPO antl-
gamma 1 and anit.gemma 23 heavy-chein-gpecific
"sgcond"” sntlbodies 83 datectors in ELISA reactlons
of serm with paptida 105 (Table 1). Of the seven sera
ueéd In this axpariment, six contalned IgG1 and threa
conained igQ2a antibodiag reactive \vith paptida 105,
respectivaly {posilive reaponse defined as 0D,,, > 0.1
Bl 1:200 dlivtion). The ELISA absorbancs reedinga of
the 3 1g32a pogilive sera were congiderably lowar than
thoee of tha IgG1 pasiliva sera. Contralg Indicatad that
the efficacy g8 ELISA deweloping reaganta of the HRPQ
antl.gemma 2a and HRPO and-gemma 1 for aquivalant
amounts of mouse igG2a and mouse IgQ1 ware com-
parabla (not shown),

Antibodies recognise eukeryotic E7

To ascartein whather immuniaation with HBeAg par-
ticles scombinant for E? B-apltopse produced am-
sarm which recognicad whola euksaryotic E7 proteln,
s8re weare uged 1o lImmunablot E7 from lysetay of Spo-
doprers calls infacted with baculovirua re-
combinant for HPV18 E7 protein. Sera from pPN1,1

Inningidaod e bt aet preshinniursd g, detesled w

band ot tha game poettion sa that detectad by the ant-
E7 MADb 80 (Fig. 8).

T-profiferation and cytokine production

To demonetrate Th- epitopes within the HBcAg-E7
particles, draining LNC from mice immunised with
pPN1.1, pPN1.16, or paptida 108 wera assayed for
gralliereton end Cytokine secrstion upon ohallenge
with pPN1.0 snd paptide 108 (which contalne the E7
Th epitopa DRAHYNI (Tincle ¢t &/, 1891} LNC from
PpPN1.1 and 108 Immunized mice spacifically proliter-
ated whan chellengaed with peptide 108, and LNC from
PPN 1.1 and pPN1.16 immuniesd mice specifically pro-

literated when challenged with pPN1.0 (Figs. 7A and *

7B). These data indicate that tha CSE7BL/G (H-2b)
mousa T-call mperiolea (a) waa primed by the murina
Th-apitope DRAHYNI prasent in pPN1.1 particles since
apecifically pimed cella could ba recalled by E7 pap-
tide containing DRAHYNI and (b} was primad by T sp-
tope{s) in HBcAg, since apaaifically primed oallx could
be recatied with non-recombinant pPN1.0 pargnt pert
oles. In & further experiment, {Figs. 7C, 7D, end 78
supematant fluids of prolifsrating LNG from pPN1.1
Immunlsad mica racelied /n vitro with pPN1.0 ware
added to eytokine-siarved call inea CTLL, EDC-P),
and CT-48 which are critically dapandent upon IL-2,
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A B. (A-C} ELISA rasctivity of mers fom mice (CE7BL/B; 4/group] imnunided with pPN1.1 In IFA {opsn squarss), pPN1.1 in salina {open

Gemonds), pPN1.16 in IFA (closed squarael. pFNIL2T in iFA jopen rangiee], and pPN1.0 In iFA (vlored trisnglen) sgainet HPV 18 E7 peptides

cantalning B-spttopes EYMLD (&), IDAP (8} or QAEFD [C). Data points ark arthmetia meanhs of reactive mica x BD. 1) ELIRA titers (withmatio

maan &= 30} of eora from mice (Hah/C) immunised with pPN1. 1 In [FA on Days § and &2 (swowe) and collected on Daye 0, 28, B8, 83, 81, and
153 againat HBcAG [open squaros] or poplice 108 {elosad sauores).

fL-3, and [i.-4, respectivaly, for praliferation. Thesa au-
pamatanta induced tha prollferation ol CTLL, FDC-P1,
and CT-48 eulls, whemnas control supematents did not.
Thasa deta indicate that T-apilopes in HBCAg stimu-
Inte polycional T cell papulationa to escrate IL-2, IL-3,
anvi Il 4. Thess oviokinea are impiioaned in Th cell-dri-
VN iMMUne reaponses.

TABLE 1
K. SuscLass REarONEE OF MiGE IMMUNISED \WITH RECOMINNAKT
HecAg PANNCLEN
Mean sarym ELIBA reacivity = SD*
{rumber of resative mice)
ImMmuncgen Igq, 1905

N1 1.45 = 0.32 (&/7) 0.20 £ 0.08 (AN
8RN0 0.02 £ 0.003 {/5) .01 = 0.00" [O/B)

Noig. Sary teiran iroen mios B3 days ahar mmunisgtion on Days 0
o 56 werm reacted In ELISA saady whh peplice 10B. I subcinss-
pacifia hinging was dutermingd wsing sni-gaevns 1-or and-gamma
Zx-tpeafic HRPO -oonjugsted animanm.

*004 14, 1/200 msrum difutian.

DISCUSSION

Tha susceptibliity of naturelly or iatrogenically T-im=
munosuppressed individuals to progreselon of HFY 18
associoted leslons indicates Immune aysiem ivolve- .
memt in control of disggae and suggests that s vaceine
Approach 1o merepy iuy st enillie tliacuased in Tin
dis and Frazar, 1493). E7 la the most abundeni viral
protein produced in premalignant and malignant HPV
16-am30ciated legione (Smotkin and Wettstein, 1987).
Ite candidatura as e target for vaceine mediatad tm-
munomodulation le reinforced by the demonatration of
E7 a8 8 putative tumaur-agsocisted antigen {Chen a!
al.. 1991).

Our previous work hay sivown that synthetic pep-
tidea composed of inked B-spitopaa and a Th-apitopa
of HPV 18 E7 protein ailcit madersta antibody re-
sponses which recognise tha Intect E7 molacule,
whan edminigterad in CFA to mice (Tindle st al., 1991).
in the prasent study, wa lnvestigatad the poasibiliy of
enhaneing Immunogenicity by prassnting the apltopas
as tugion protelne with HBcAg. Recombinant HBeAg
fusion protaing havo been expreased In » rangs of sya-
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i 6, Wastern Blot of 5. frugiowcis calie Infuc lad with bagulovirya
recombinant for twm whole E7 prarein of HPV14. Lysawss frarn In-
facted cells wers sepwrated by SDS -PAGE, transfermed to nitroceiiu-
loga, and immunabiated with imelevant MAD Jana 1), BD MAD (ans
2}, pocled pr-immuna mousa sarum {ene J) peoled sera trom mios
immunisad with pPN1.1 partcies {ang 4).

temns other than bacteris, including yesat (Kniakern ot
a., 1988), mammalian calls (Roosinck o ., 1038),
vaccinia virua (Clarke et 8., 1987), and bacukovirua
{Lanford &t &., 1889). In bacterla, hatarclogous as-
quencea have baen insaertcd N-terminal to the HBcAg
gena {Clarke er &/.. 1980) or st 3 Nhe sita genatically
angineared Into the a-coding region within the gane
(Brown et &l., 1991). Ciarke et &/, (1980) reported ex-
presslon end immunogenicity of three viral B-epitopes
(from pollovirug type 1, fglina lsukaemia virus, snd hu-
man rhinovirue, regpectively) oncoded by sequances
N-terminglly flanking the HBgAg gana in a Tac-drivan
bactesisl axpression plesmid. However, immunologlcel
rospongses to the humen rhingvirys e Jtopa ware 10-
fold grester when the coding sequencas wera inaaried
Into the Ahel altg within the HBcAg a-regian (Brown e+
al., 1891). Structural predictions indicaie thet ke e-re-
gion product ahould ba pregent as a surfaca localed
loop wilhin the HBcAg particles (Arogs and Fuller.
1988) which 13 a likely resson for the immunodomin-
anca of thin reglon (Brown ar &/, 1881),

Wa mads thras recombinant cansi:ucta aach eom-
poaad of DNA ancoding ono or more HPV 18 E7 epl
topas inRarted into the e-raglon of H3cAg under Ihe
influence of the Tac pramoter in bactersl plasmid

TINDLE ET AL

pPN1.0. The chimeric HBCAQ-E7 proteine werp g,
preasad 1g high levala in bactaria, end the individug) £y
G-epitopes were easlly Immunodetactebly. The o,
mario proteins essemblaed intd particlas morphalogs
cally indistinguishabls from thosa described far native
core antigan (Stahl at &l 1982) and which cauk be

subsentially purified from becterisl proteing an g,

crosa danslty gradiants.

Plesmid pPN 1.1 encoded E? residues 36 ta 64 con.
taining two B-apitopes iIDGP and QAEPD and the T,
sphope DRAHYNI in the naturel linsar configuration |n
which they oocur In the whole E7 molecula. pPN1,s
pardoles Induced antibody o both the B-spitopes
when administered 10 mice. Mean mesponses of
groupa of mice measurad against IDGP-containing o
QAEPD-cantsining peplidas were simllar, though in
some IndMdusl mice, one or other of the spitopes was
preferantially recognised (data not ahown), Tha EY
DRAHYNI Th gpitope was elao recognisad by mice as
evidenced by prollferation of LNC from pPN1.1 immy-
nised mica when challenged /in viro with paprida con-
talning tha DRAHYN) sequence. Ideslly, subunit HPY
vaccinea would ba composad of T- and B-oell gphapes
darivad from tha same HPV protain 8o that 'atent and/
or subsequent natursl Infections would elicht a -
spansa fram both populationa. which is critical if T-8
co-operation is required for protection. A proltferstive
raeponge by LNC from pPN1.1 particle immunigad
mica waa aliglhted by perent HBcAg (pPN1.0) recel,
supporting the obsarvation of sotive Th-apitopes within
HBeAY (Mifich ot &., 1987). The mitogenioc response

ganeratad in vitro was ahown Lo ba dua to slimulaton

of T-cally, o the cullure supamatarma iror these cells
ware able to stimulete the IL.-3-dapendent cal ling
FDC-Pt. The presem exparimants do not demmina
whather the DRAHYNI T-apltopa or T-epitopes within
HEcAg or bath pravided help for tha cbasrvad antibody
reaponses (n pPN1.1 immunised mica. That mica im-
munised with pPN1.16 particlea which do not conlgin
an E7-derived 1-apitaps produced antibody Indicaies
that T-halp in this case wes derived solely from HBcAg.
Plagemid pPN1.15 sncoded E7 reslduss 10 ta 14 cam-
prging B-apltope EYMLD and pPN1.15 pariale im-
munlaad rice axhibited atrong antbody rasponads 10
peptide conteining EYMLD. Previously encounterad
fimhtetions in eliciting amibody responses to amall In_r
sane {«0aa) in HBCcAQ, atiributable to inefficiant ep-
10pe expoaure at tha aurface ol the pertola (Clarks, st
&., 1880} have spparently not applled to pPN1.15.
pPN1.27 was constructad in @ stiempt to deliver 1o
the Immune system all 3 B-epliopes and the E7 Th-eok
tope In a single recombinent particle. pPN1.27 an-
coded perlicles containing the EYMLD epilops con-
necled N terminally through an AG linkar to the slign-

ment {DGPAGQAEPDRAHYNI, used in pPN1.1. NO
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. 7, Tha in vitro profilarative raponaa (A, B1 ond ymphoking producuon (G, O, B) of LNC. {a) Pooled UNC lrom C5? BL/S mice (4 per group)
immunisad with 0 xg pPN 1.1 perticiar (hera 1, 2), § »g pPN1. 18 particles (hara 3, 4), or 8 «g peplica 108 In CFA than B, §) wave challanged in
wiya with peptica 108 m 10 xg/mi (baee 1, 3. 5) ér with tagus culwe madium (e 2, &, #). (8) Pociad LNC from CE7ELAS mice {4 per group)
immuniead with & ug of pPN 1.3 (Gar 1), 8 s of pPN".. 18 {bar 21, or 8 g pagtide 108 in CFA (oar 3} wers chafienged 2t Wiro with pPNY.0 particlas
[§ pgmi (oarw 1, 2, ). County woro means of [PHjusymiiing pulsod triphcate weits + Mandard devistlon, (G, O, E): Cullure supematents of LNC
om mice Immunisad with 2.6 pg of pPN1.1 particien (hars 1, 2), or tisaus culhma medium (barm 3, 4}, and chellenged a vizna with § ug/mi of
PPHY. Y particion (s 1, 3), or tasys cultura myadhan (Darg 2, 4) wera harvemted at 4 duye end added st 1:2 dilution 1o Cylotune-glarved reponar
ool linag (A) CTLL {IL. -2 daponden, {R) FDC-P1 {IL-3 depandent), und (C1 CT 45 (IL-4 dapandent], Walls ware puised with § uCi {*Hwmidine at
2 ICTLL and FOC-F1) or 72 I [C) 48) invar. ‘Wellk wary harveyiéd st 8 hr, Rezults s sithmellc means of irpivaie walls + atanderd
devigtior,. Backgmound countds (lesus culiure medium ddded ingtead of supevnatand were 498.5 + 92 {for CTLLY, 88.8 = 22.7 flor FOC.F1), and
85.7 £ 10.2 llor CT-481. Maximul sStmulabons siiacad by otding cytaling were 30,030 & 1787 (1.2 eoded 1o CTLL), 44.506 = 1825 0L-2 sdded

to FOC P1), and 20,047 & b8T (L4 sdded lo DT-45)

antibody was producad to paplides containing any of
the three B-ppitopas when mice were Im muniaad with
PPN1.27 partinies. It is nat immediately appamnt why
this was o0, since Western blotting indicated that all
lhree B-epitopas were intact and sucrose gradient
banding and eiectron micrescapy ehawed that the
BPN1.27 protsin oesambind into perticias similar to
thoge exprassed by the perent plasmid pPN1.0 and
raoambinant plaamids pPN1.1 and pPN1.15. Funher.
moere, tha sara from pPN1.27 perticla Immuniaed mice
confained antlbody to HBcAg indicating “hat mica were
adequatsly Immunissd and that perticls Th ephopas
werg funotlonal. Poraibly, addition of EYMLDAG
changes local e-loop configuration which praciudas In.
8an recognition by the host immune response.
Although compérative quantitative and tima-course
Sqeriments wera not part of this #tudy, the immunogo-

nicity of E7 B-epitopes prasented in HBeAg chimeric

. particies was consldembly graater than E7 8-epltopes

presented as peptide adminletared In CFA. Three point
8 ug of pPN1.1 particles, equivalant 10 0.21 ug {by mo-
lar ratio) ot E? sequence alicitad stong enlibody re-
spenses alter two Injections in IFA, B8 days epart, snd
furthermore responses laated at laast 77 osys after tha
aecond injaction. Six micrograme of frea peptide 105
{l.e., the sama sequence as that inserted in pPN1.Y
particlea) In CFA, identicelly administarad with the
same regiman, faiisd to wiicit any anti-paptide re-
sponss 83 datecied by ELISA. Previous axpariments
(Tindle er a/., 19A1) havo shown thit 08, 20~100 g of
fraa E7 paptide containing B-aplpeis} and DRAHYNI
Th-epllope givan thras timea in CFA arg required to
elicit entibady reaponaes similar In magnitude 1o those
reportgd hera with .21 ug of E7 aequsnce a8 recomiy-
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nant HBcAg particles. Furthermore, the fres peplide
antlbody responsa fatl away ca. 26 days after the third
injection.

Bulk [NC from pPN1.1 panicle-immunized mioa
werg induced 10 secrata cytokings IL-2 and IL-4 whan
recaliad in viro with HBcAg {(pPN1.0 particies). This
indicetas activation of Th-1 snd Th-2 “arms” ol the T
call responsa, respectively. This I8 suppored by tha
finding of both igG2a {Th-i driven} end Ig@1 (Th-2
driven) oomponents of the antibody responss 10 E7
B-spltopes, although the reaponss is skewad to IgQ1.
The netura of the reaponse may refiect the mode of
expasure of the hoet immune aysiam 10 the E7 B-apk
topea, I.g., exogansusly by Injection, as much &g the
properties of the HBcAg particles thamselves, immuni-
wation with HBcAg-E7 chimeric particies praduced an-
tibady which recognised aukeryetic E7 (produced by a
baculovirus recombinant), Claarty this Ie of import were
the particies to ba incorporatad into a vacoine. The rola
of entibody in the somml nf F7 axpreasing tumour
cella, whather in humana ({}ochmusg-Kudialke ar o/,
1964) or in axperimantsl mouse models {Chen et of,
1991; Griep i &/, 1883), In aquivocal. Invastigation of
putative macheniams, a.g., antibody dependent call-
madiatad eytotoxichy (ADCMC), aweits the davelop-
mont of sn sppmrviata F7-AxDressing i1 VATO Wit
cull modat,

Sinca cylatoxic T-ymphocyta (CTL) responaes
which are primarlly Th, drivan mey be mors efficacioun
than antibody In controlling E7-8xpresalng tumour
cells, it may be necessary to expraas E7 sequences
from HBcAg construots intracallularly in arder (o target
tha MHC class 1 antigen preseriation pathway.
HBcAg perticlen hava baan exprassed in mammalian
cefls (Roosinck st g/, 1986} and va vaocinia viug
(Clinkw ot 8/, 18087), Recombinant HBcAQ conatrcts,
driven ofl a low oxygen tangion inducible pramoter
nirB, and infactioua for gut coloniaing Saimonela yphi-
munum Iive oral veccine atrain (Chetbeld ar 21, 1892)
whera they become imtracellular, may pravide the altar-
nelve route, Thia (attar epproach has the added ed-
vantage of mucogst immunity induction,

In this paper, we show thai B- and Th- epitopas of
the E7 transforming protein of HPV 16 can ba randered
highly immunogenic (relative to immuniaetion with epi-
tope-containing peptides) when mcorporated into
HBcAg particies and edministerad I mice at low
doses in the ebasnce of CFA. In recont experimente
we hava obtsined high E7-gntibody titres In mice Im-
munised with HBcAg-E7 chimaric particies in Algam-
mulin (Cooper et al, 1981) and Ahvxirggel adjuvants
(Tindle and Herd, unpubliahed), the lanar of whiah I
licensad for uee in men. We suggast that thig spprosch
may hava implicatlons lor vaocine dealgn for HPV18
associatad cervies! cancar.

. HOORNATUL, |. M, Gamty, §, )., and Bampn, L F. {1973}, Antibodes

ACKNOWLEDGMENTS

Thia wark web funded by gramms from e National tegin gy -5
Mmmmwwmmum.mmm o5
mmwmmw.wnwh‘ b

REFERENCES

Anoca, P, and FuLien, 3. D. {1 988]. A madsl ior the Hapatigs B oy
protaln: Prociction of sraiganic siva and reiationship 1o ANA vy
ﬂw MI EMJ. ,l '1"“.'

Brguar, A: L, France, M. )., Hamomat, Q. Z.. PAer, N. A, Bamagey  *
P. V., Rewaanos, 0. J.. ond Cuan, B. E. (1881). Formign epiiongg -,
hmmmmdhﬂiﬂulmmnm
Imvrwnoganks and confimmistionally restricsrd. Vacohe 8, 598-a0y, .

Criaraen, 8. N, GHamLey, I G, MuSrr, A, J., Osen. M. D., Dey. ' -
aan, O, PcxaRD, O.. SLATER, D., ond FATWEATHER, N. F, {1 T
Usa af the A promoter o direct the atable expregsion of haumin.
gous sntigens In Saimoneds and vaccine stralne; devolopment ol s
sihgle-done oryl tetanye vacting, Siomchngiogy 10, BRS-ai2. ”

Cax, L., Troneas, €. R, HY, 8L, Heuemaow, |, ond Necsvw, .
K. E.{1891). Human pepliiomevirus type 18 nuckmprotsin E7 jg 4 ;.
uwana ejeciion antigen. Ares, Alarl Aran' Srd 14 AN, 110114, ™

Cuarez, B, E., Broww, B. L., Grac, K. Q. HAITwon, G, E,, Bnows, =~
@, AdwLANS, O. ., and Frawos. M. J. {1980). Presentdon and
InmunGoanicity of vidl spitanes on the wurlace of yvbrid hepelly  © -
8 vings aore partioles produced in bagrania. /. Gen, Wesl, 74, 1108-

(AR} A e

Cuanet, B, E.. Newrow, 8. €., Camiow, A R, FRavca, M, ), '
Abes PyasD. G, BYNGD, A L1, HOHMRLD, ., AUwianus, O, 1, wni |,
Baow, F. {1687), Improvod immunogenlcity ol 8 pagtics spdops
aftgr fugion ta hapetiy B viret cars protain, Nsture 330, 18 1-384,

Caoren, P. O., TuweR, K., snd McGovans, ), (1981). Algammuin
(@amma Inulw/stum hybrid sdisvand has graatar sdiyventicity than
mzmsmnwhm.mm.u
131134,

O Vusng, E-M.. Hisson-BE)0, A, KNmse-DOSRATY, &, Ne»
MANN, C... and Zun Hauman, H. {1888}, Two newly identfiod pepilio-
mavinm typan (HPV A0 and §7) xolaled from mucoal issions
Virology 171, 248-283.

Derraca, €. W., and Sanosrson, C. I (1087). iInisdeukin 3 prooucton
AR § pangitive massury of T-ymphotyts aotvartion In the Mouss.
immunology B2, 858-200,

Franca, M, )., Haareme, Q. 2., Doy, A, L., Grace, K G., Row
LA, D. 1., Baowal, F., and CLamce, B, E. {1980). immunalagiexl
praperties of haneritia & eom sntigen fusion protsing. Aroc. M
Acpd. Sci USA B7, 2642-2548.

Frazan, |, H., and Traus, R. W. {1882). Coll madiated Immunity
pagiliomaviruses, Arpdomavinug Rapors 3/2, 53-88.

Gaus, 5., Fanss, M. M., Ou, W., and Baamy, K. A, {1074), T ol growth
factone: paramatws of produation nd & quandizthve microdesy
far activity. L immunol. 120, 2027-2032, .

Qmss, A, E., Hemaew, J., Jaon, B., Lowse, | K., Ovsmcm, 8. R.. ad
Laviasnr, P. F. (1803) Tumorigenicity by human pepliomavius
Typa 18 E3 and E7 in transgenic mice corylates with gltsralions in
Mm il o] tumour Growth snd aiffvantiation, 4 Wnol §7, 1373~
1384,

Haway-NeLsow, P., Vousoln, K. H,, Hussesr, N. L. Lowwr. D, R,
and ScraLLEm, J. T, {1988}, HPV 18 E8 and £7 proteing coopsne
10 Immorialiss human foreahin kerstinocytes, EAMAC 4 @, J905-
3010.

to hapatitiz B core panticies In man. Lances 2, BED-BY3.
WLy, 1., Owana, I WaTeon, W, Teana, W., And PauL, W, E. (1888}
Darivatdan of & T calf kng that it highly raspanaive 1 IL-4 sd IL-2 ‘




IC-'T-"'""' OF M) L S A Sl mapis mady & vyt B ¢h =t s HOTLARY

[ imminal 142. 800-807.

A, |, SormEpen, A, Gaan, R., Kanao, R, Soee-
wios, K E.. Seenoe, K., and Giemwain, L (T0E8] Antibodias
ﬂ-lmll\umlnplmw 18 sarly projoine In human
gora: Comalation of sni-E7 sotvily wilh carviesl cancer- J. Nad.
Lgnoar it BT, 1088~ 1704,

Joumzsne, P, 1., HagomaN, A, MOWTGOMERY, D, L., Oneetuian, G R,

* NoTVALL, L., and Bunimens, M. D. (1986], Linveualy high keel af
yxprosaion ot a forsigr: pong (hapatits B corm antigen) In Ssochar.
pmyoas cerovinime. Mol ol Bil, 8, 1393-1348.

Lan. D., BACK, W., WataAckER, F. V., HIMMANN, P., MiuoHsaT, F.,
Lyonand, K., and Lagmr, 5. {1992). Increseed deteciion of HPV 18
vius In Imvashve, But nat In eorly convigal cancera. / Mac. Virg), 38,
131-136,

m R. Eu LW. vn mw. R. G., DMI u. R., NoT-
vaLL L., pd Sunavens, M. 0, {1988). Exprassion ary churectariss-
son of hipatily B virtia gurface sniipen polypagiidos i inzsci celly
with 2 bacyiovirus marassion aystam. £, Vi, 63, 15451587,

MATLASHEWDM, O., Schmpen, J., Banxd, L, Jongw, N, Mumray, A,
ard CRAWFDRD, L. (1880). Humen papliomavirus 18 DNA ooopar-
.u.m; ecivitad 38 in tranatorming pimary clle. EMBO L 8,
1741-1 F48.

Moo, D R, MoLacsian, A, Momanaty, A, ond THORMIDN, Q.
{1947L Imawne response o Mupsiits B vbua com antigen
{MBeAgh Looaisation of T cell rocognion siee within HEzAY
HBaAg. / knmunol 138, 1223-1231,

farx, D, 5. Beovew, L A, Keuaaw, 8. A, and Frazsn, 1, H. (1084).

Hutasn papiiomavirus type 18 ES. E7 snd L) and type 18 ET

n P BT e Fr B 2 e T2

CHIMERIC MBoAg-HPV18 E7 PARTICLES B§7

mmlrmm“mm'l' Virol, Meih-

Praten, H. {1964). Biology =nd bioohamisty of papilounaviruses.
Rav. Payaiol, Blochem. Pharmacol, 99, 111-10,

RooBmuce, M. T., M, ., Lo, 8, H,, snd Siomou, A. {1888)

of hupatitie B vinsl core reglon in mammisen oalia.
Mo, Colt Sol, 8, 1383-1400,

Ruousen, R., S, | W., Buieey, M. H., gnef Huwten, ), A. (1088),
Human pepilomevirue infectiona in & group 2! renal targplan!
rediplenta. . /. Darmand, 115, 881 -882.

BTAR, 5., MAGRAY, P., Madazy, M., Bexs, A, A, and Musray, K.
(1982). Hepatitis B cone amigen: Synthesia I £, colf and spplics-
tione in disgnosiy. Aroc. Nad. Acerl. Sci, LISA 78, 15081810,

BumaTen. 0., and WiTTarem, F. D, {1M73. The aujor humen paplilo-
mavirus proiain in omvicsl cangers in a cytoglesmiz phosphepro:
tain. J. Vol &1, 18841880,

Twows, R. W,, Fenanno, G. ). P, STerug, 1. C.. snd Frazen, 1, H.
{1691). A "public* Y-heipar epitopa ot the E7 iransionming protsin
of human papliomavirys 16 provides cognats halp lor wevers! E7
B-call snliops from Cervical eancer-associated human pagiioms-
ving ganctypes. Froc. Natl Aced, Sol. USA B8, 8887Y-5881.

TRELE, R W., and FraZEn, . H. {1984), Human pathogenic
maviruzss. Cur. Topke Microbiol. imvmmol. 188, 217-282,

TeiDLE, R, W., By, 1. A, GeveEn, H. M., Seuvey, L. A, and Frazen,
I H. {1904]. Idanifiastien of B-epltopas in hyman papiiomavirus
(il-;:\;i :;Emmhmbﬂﬂnuﬁn..lm ol M,

YARMOTO, 5., EURSHARD, A, Danaaen, J,. wd 01 PagLo, ). A. (1858).
Human papliomavirus lyps 1§ DNA-induosd melignant trensfor-
masian of NIH-373 cella. £, Vol B7, 873-877.



| &
\24

EUEvIaR 0264-410X(95)00216-2

Immunisation of mice using Salmnonella
typhimurium expressing human
papillomavirus type 16 E7 epitopes
inserted into hepatitis B virus core
antigen

L. Patricia Londofio*, Steven Chatfieldt, Robert W. Tindle§, Karen Herd},
Xiao-Ming Gao*, Ian Frazer} and Gordon Dougan*§

Live vaccines based on BRDS09, an attemuated 8. typhimurium (aroA, aroD) strain,
were constructed--that directed the expression of-Repatitis.B_core artigen particles )
(HBcAg E(BRD9SY) or HBcAg harbouring human pepiliomavirus sype 16 E7 piotei
Sequences (BRD974). wnder the conirol of the in vivo inducible irB promoter.

strains were ussd to orally oi intrevenvisly immunive different_inbred mouse sirains and
humoral, secretoryamd cellular anti-E7-and anti-HBcAg responses wire monitored. Both
BRD969 and BRD974 induced _anti-HBcAg humoral IgG responses; following oral or
intravenous immunisation of BIO mice, although responses were higher in BRDGS
immumnised animals. IgG subelass anclysis revealed a predominanily IgG2a response in
these onimals. BRD974, but not BRD969, induced anti-E7 humoral IgG responses.
Anti-HBeAg (BRD969 and BRD974) and anti-E7 (BRD974) IgA responses were
detected in the intestines of orally imnumised mice. Ant. but not antl-HBcAg
or anti-E7 T helper cell res were detected in mice immunised with BRDS09,
BRDY969 and BRDY974. Thus onella vaccine strains can be used (o efficlently deliver

HBcAg and E7 epitopes 1o the mucosel and sysiemic immume sysiems. Copyright © 1996
Elsevier Science Lid.

Keywords: Pupilioma; Simonsis; hepathis B; virve oore sutigen

‘The developwment of cervical cancer is clorely associsted
in bumans with imfection by certain tvpss of human
pl];_ﬂgm?llu- (HPV) such as HPV type 16 (HPV-
16)"*, The molecular process of progression from virus
infection to invasive cancer is still poorly understood but
the onset of malignuncy is usually associated with the
insertion of viral DNA iato the Lozt genome and
enbanced expression of the HPV-16 ES and E7 proteins.
In cultured cell systems, expresmsion of E6 and E7 i
sufficient for Jmmortalisation®s, E7 ix an acidie, zinc-
binding phosphoprotein? datected in the cytoplasm? and

o nt of , Imperial Collehe of Bclance,
e g g
mu.mmmmmumumnm
Rassarch, of Blochemistry, | Golmol
SN e e A o eean gy Labora:
tories, l.lnlnulty' of {luur-lund. Prhmn'Xhundm

1850; roviaad 14 Baptembar 1005 asee)
1909)

nuclens of HPY-16-trapiformed cells® The E? protein
interacts with retinoblastoma tumour suppressor protein
(pkll){ml'ndimpﬁnihfunmhnunnllgfmh

Since expression of E7 is closely associated with the,

neoplastic pheaotype, this protein is considered to be &
potential target for immunotherapy. E7-specific anti-
bodies have been detected in the sem of patlents suffer-
ing from cwvical capeer'™!!, An immunodominant
vegion of the HPV-16 B protein bas been mapped
betwean amino acid retidues 38-57 with two diferent
B-cells'™13, a universal helper T-cell'>14!$ gnd o CTL
epitope’® clustered togetber (Table J). Tmmunisation
with synthetic peptides correaponding to this region
induces humoral, helper and cytotoxio anti-E7 responses
in mice'*#* aithough repest immunisstion and the use of
potentially toxic adjuvants are required.

Challengs studies in mico yugget that immumnis-
ation can induce selective destruction of HFVeinduced
tumours. For example, immunisation with a fbroblast
cell line expressing the HPV-16 E7 proieln can induce a
mnanr ragaion raeponea aprinat A gmgeneie HPV-16
E7 imansfected melanoma cell line. This responss is

Vaocine 1996 Volume 14 Numbar 8§ 545
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corv antigen (HBcAg), has
peptide sequences desived from HBY and other patho-
gons’’ . This particulate antigen is compoted of spproad-
polypeptids. Insertion
tide sequance, especially when the insertions are in the
ipmunodominmmt region of the HBaAg polypeptids
known as the e} . In thiy eport we describe the
construction of S. typhimuaim strains which express
cither or chimeric B7, paiticles
under coptrol of the air8 promoter. We demonstrats the
atability and persistence of these strains in vivo us well 23
their immupogemicity in & mouse model.

MATERIALS AND METHODS

Oligonscigotides and DNA modification tnchaiques
. The synthetic oligontcleotides employnd in this study

were synthesised using an Applied Biosytems 392 DNA/
RNA synthesiser. Reetriction and modification enzymes

wore purchased from Bochringer Mmnnheim (Leowes,
East Suszex, UK) and uped following the manufacturer's
recommendations. The DNA Taq polymerase used
in Polymerase Chain Reactions (PCR) roactions waa
obtained frote Perkin Elmer Cotus {Stoke, Stafiordshire,
UK) tnd wsed in DNA amplifications following the
supplie’s rocommended conditions. Other DNA
menipulation techniques were according to™.

Bacterial siraing and growth conditions

E colt HB101™ secved as & host for DNA manipuls-
tion experiments. S. typhimurhem LB 5010* wap used
as an internpediste strain to prepare DNA
for introduction into Salmonellz vaccine strains. S
All the bacteriu! streins wers routinely cultured in Luria
broth to which ampicillin (100 ug mi™) was added when
nquind.gheu-oponﬁm was performed as previowsly

848 Vecoina 1996 Volume 14 Number 6

Comstruction of plagpmids lor axpression of HBcAg and
HPV-16 E7 epitopus

Plasmid pTetnirl$ directs the expression of tetapus
toxin fragment C from the nirB . A modified
version of pTetnirl5, which contnined an additonal
Ncol site located at the fmgment C gene trans-
lation initiation codon, was used in this study (Dr 1. Li,
unpublished). The DNA fiugment encoding fragment C
was excleed by cleavage with restriction enzymes Neoal
and Awsl and replaced with tha HBeAg gene. Two
oﬂ_l%l;cl-otida, 5066 (5' ACAGOGAAACAGTCATGA
A N and 5067 (STACCCQGACTAACATTOAG
ATTCCCTAGATTGAGATS’), representing tequences
at the 5' and 3’ ends of the gene, . were usad
for PCR amplification of the HBcAg puns from
pPNLO®. Tbs amplified fragment was digested with
BspH1 and Awval nud ligated to Neol-Aval digested
pTetnir}s.

Ta Introduce E7 DNA sequences into pGA, comp-
lementary oligonucleotides AH71 (SCTAGCGATGTT
GTAGTOAGCACAATCOGGTTCAGCTOACCAG
CCGGACCGTCQATTTCGTCTTCG3) and AHT2

$'CTAGCOGAAGACGAAATCOACGGTOCAGCTG
ITCAUUU IGAAULATUALLLI VUL TCACTACANAC

ATCX33'} encoding emine acld residues 35-54 of E7
(Table 1) were synthesised with flanking Nhel cohesive
cnds. Following aunnealing. the oligonusleotides were
ligated to Nkel-digested pGA. The Nhel sitn in pGA s
jocated in the reglon of the HBcAg gene encoding the el
loo&l’lumid PGAET7S was {solated from the products
of this ligation.

Condittors for indoction of airl promater, sodiumn
dodecyl sulphate polyncrylamide gol slactrophoresis

(SDS-PAGE) snd wostern
Saimonella strainy were wmder anserobic con-
ditiona to induoe the nirk . Briefly, overnight

promoter.
bacterial cultures were dlluted 100-fold in Luria broth
contaiping 100 48 mi"' ampleillin and incubated at 37°C
with shaling for 90 mia. At the end of this incubation
period, the cultures were transferred to smafler flusks,
overlaid with mineral oil (PCR oil from Sigma Chemical
Co., Poole, Dorset, UK) and Incubated at 37°C without
shaking for a further 6-30 b Bacterial cells were then
harvested mnd resuspended in SDS-FAGE mmple
buffer. These samples were heated at 100°C for 5 min
and cleared by cenfrifngation in & bench micro-
centsifuge. Aliquots were aoulysed using SDS-PAGE
and western blotting. For immunoblots, nitroceltulose
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membranes were blocked with 3% bovine serum
albumin in TBS (50 mM Tria-HC], 130 mM NaCl, pH
7.6) and then incubated with the primary antibody at
room tempoerature for 2-4 h. Elther un entd-HBcAg
antierum raigad in guinea pig or a mixture of antl-E7
monoclonal antibodies 6D and 4F™ were wed wm
primary antibodies. To avoid cross-reactivity with
bacterial antigens, antibodies wers diluted in 1%
BSA-TBST (TBS plus 0.05% Tween 20) containing a |
in 50 dilntion of E coll lysats (Biorud, Milton Keynes,
Buckinghanuhire, UK) and incubaied at 4°C overnight
or at room temperature far 1 h before use. Filters were
incubated with anti-species immunoglobuling conju-
gated to alkaling phosphatase (Sipma) and
ides were visualised using S-bromo-4chloro-3-
p-tofuiding salt (BCIP, Sigma) and
pitro blue tetrozolium (OPD, Sigma) as substrate.

" Oral and intravencus infection of mice and enumeration

of viable Selmonells in mones orgaus

Six 10 sight week-old female mice, bred by B end K
laboratories (Scunthorps, Humbarside, UK), were ussd
in this study. For iImmunisations, Salmonella straine
jrown 38 static cultures in Luris broth overnight were
barvested and resuspended in phosphate-buffared saline
(pH 7.2} (PBS). For oral tnmulﬂuﬁmmo‘ul of cell
suspensions containing approximately 1 x 10'Y colony
forming units {c.f.u.) was administered to each mouse
using a gavage needle. Between 1 x 10°ard 1 x 10° c.fu.
were injected into a tail wein for intravenous (i/v)
immunisations. Baoterial viability was by
counting colony forming units on Luce agar. Groups of
four orally tmmunised Balb/s mice were sacrificed on
days 7 snd 14 siter immupistion. Spleens, livers,
mesenteric lymph nodes and Peyer’s patches were
removed and homogenised sy described’®. Vinble
bacteria pretent on each homogenate were counted on
Luria agar with or without awpicillia.

Irsrermisation schadules

For analynis of mt.lbot}y responses upon intravenous
mmonisstion 4-5 mice from strwing Balt/c, CS7BI/S,
B10, BI0.BR or B10.D2 were immunised intravenously
as described above with bacterial straing BRDS69 or
BRD974. A booster immunisation was administered
on day 49 after the first Immunisation. For studies on
antibody responses upon oral immunisation, groups of
4-6 mice from strains, B10, C57BV6 or Balb/o were
immunised orally as described above on days 0 snd 36.
Serum samples were obtained from vaccinated mice
;:ol;fbrnﬂ:u mdl:l.nlm:m e res Balbin, CSTRVS
or BI0 were immonised orally with BRD509, BRD969
or BRD974 as described. On different dates after
hmuninﬂgnmnpsdthrumluwunﬂhdlnd
spieueciomived.

Meswwement of aptibody responses by ELISA

Mics from differant sirains iromunijsed orally or intra-
venously with Saimonella were bled from the tuil st
2-wock intervuis. Scra wers moulysed fn OLISA aguins
synthetic paptide P938'2 (Table J) recombinant HBcAg

mo9T/02Z3
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or a purified ghutathions-S-transferass-B7 fusion protein
{GST-E?, kind gift of Dr Germain Fernando, Univenity
of Queensland, Australia). HBcAg was prepared from
E. coll lysates using sucross gradieats™. Nuno maxisorb
plates wers coated for | h at 37°C and then overnight at
4°C, with 50 u1 per well of a solution of either 2 ug mi*
of HBcAg in PBS, 20 ug mi’ of P938 in

bicuboulhbuﬂbgpﬂ?.ﬁorm#‘ml" of GST-E7 in
PBS.A.ﬂerbloekm;with 1% skimmed milk in PBST
(PBS with 0.05% Tween 20), plates were inoubated with
appropriate dilutions of mouss sera for 2 h at 37°C.
Antl-maouse IgG- or IgA-biotiu

were pooled together for titration. Titres were defined as
the lowest dilation of serg to give an O.D.g, resding
0.03 unit above that of the preimmume sers. Monodlenal
antibodies against different mouse IgG mubtypes
conjugatad to biotin were obtained from PharMingen
(Hull, Humberside, UK).

Intestines were washed through with 2.5 mi of ios-cold
PBS. Lavagm from 4 mics per group

procassed as described?’. The total IgA present on
samples was detarmined by 8 sandwich-type HLISA
with plates coated with anti-mouss IgA antibody. A
solution containing a known amount of IgA was usod as
sandard™. Twofold dilutions of the isvages were then

i
3
K
43

Lymphocyts proliferation sseays

Mice immunised omlly with Salmoxells were
sacrificed on difftrent days after immunisation and
splenectomized. Single cell suspension weys roade (rom
poolad spleens of four mice per group. Mice to be used
23 a potitive contro] were immunised with 50 puf
peptide 8Q in compiete Freund's adjuvant at the
of the tall. In this case, call suspensions were prepared
from drmaiving lymph nodes. Standard S-dlx prolifers-
tion assays were carried out, sy described!. Diffarent
dilutions of the following recall antigens were used:
HBcAg, poptide 8Q (Table I) and bost-innctivated
s, imerium BRD5092, Controls included cells

ted with aither medlum, concanavalin A

(Sigina) or aa irrelevant peptide (datived from a non-
antigenic reglon of E7). Cellular proliferation was
measured by incorporation of *H-thymidine ¢ the
Iast 16 h of culitre. Stimulation indexes were
as the raup af ¢.pan, of wimolated and medis-only
caltures,

Vaccine 1868 Volume 14 Number 8 047
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antl-HBcAg anti-E7

K= | 234512345
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the iaft was
probed with a pig ami-HBSAQ ayvisansm, the Gne on tha right
was probed with a mbxure of monosional €7 (8D

RESULTS ]
Stable expression of the HBcAg and chimeric HBeAg
Salinonelia

pariicies fn
Plagmid pPN1.0%, which direots the expression of
nH under control of the tac icx, was fouad o

be unstable in BRD. when the strain was
administered to mice (our unpublished results). To over-
rrwna this problem, two plasmids. pGA and DGAETS,
wars constructed In which ion of the HBcAg was
vnder the control of the nirB promoter, which is induced
when bacteria enter encaryotic cells and has been uscd
previousty to stabilise the exprossion of joreign antigens
in Salmonslle®™. Plasmid pOA encodm the HBcAg
gene and several amino acid residues from the pre-oore
region?, Plasmid pGAE7S was construcied by inserting
imln pGA.pr‘:ndpau.s?s lmmnlrfuh:
to [} p

was iutroduced into 5. typhimurium BRD50S and the
It Ve e tBeant bcuots of HBeAS
BRD974, respectively. Si umounts

were detected in strain BRID969 lbllowin":_wthmdm‘
anaeroble conditions. The HBcAg polypeptide could be
visualised by Coomassie biue stalning (data not shown)
" and was identified by immunoblot using polyclonal
antibodics against HBoAg (Figre ). BRD$74 produced

-mwmmﬁmmawum
by monoclonal antibodies agalnst E7 epitopes (Figwre
I). This fusion roncted woakly with anti-HBcAgE
antibodics, co i which suggested

pruvious reporta
that insertions wnhh! the el loop disrupted the anti-
geaicity of IIaAg™. Blectron microsaopic sxamination
of HBcAg purified from BRID69 and BRD974 detected
assembled core particles (our unpublished observation).

848 Vaccine 1m_Vo|urm 14 Numbaer 8

" cant IgG

Groups of Balb/c mice were Infected orally with a
of approximately 10'° BRD509, BRD969 or
BRD974, On days 7 and 14 aRter infection mice were

ware not significantly
the pumber of BRDS09 (£>0.05) (Figure 2). Almost all
of the Salmonelia recovered hrom ofgans of anumals

ampicillin, Similar results were obtained when viable
county werr perfaemed in nther argane incinding fiver,
maseateric lymph nodss and Payer’s patches (data not
shown). Therefore, neither pGA nor pGAE?S scemed
to be significantly segregated from Salmonslle during
colomisation of the host mice.

Humoral knmane resposse in differegt sirans of mice
following intravenous ilnsamisation with BRDOGD snd
BRD974

Mice from four different inbyed strains wore
{mmunised ifv with 10* BRD96) or BRDS74 and the
xoti-P938 and anti-HBcAg wntibody responses were
assessed using individual mouse serum. Zzble 2 shows
the results obtained with sera coflccted at the peak of the
rezponse, seven weaks after imommisation. All BLO
(H-2*) und 4 of 3 CS7BV6T (H-2") mice mounted signifl-

respopses agvinst the E7 pe P938 nfter a

single immunisation with BRD974, two of five
B10.BR (H-2*) and B10.D2 (H-2*) mica and only one of
five Balblc (H-2%) mice . Boosting did not
datectably influence thase results, All mice nnmunised
with BRD969 or BRDIT4 sero-converted to HBeAg
afver n alngle i dene. However, lsvals of anti-HBoAg
antibodiss were higher in mice received BRID96D
compared to BRDS74 (data not shown).
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Maean ELISA mading (B.D.) In
miod imimunised with airain
Murine strein BRD 208 BRO &74
carble 0.204 {0.0206) 0.7
B10 0478 (0 o417 1
Bi10.BR 0.291 ’ﬂa 0.485
B10.2 0.108 0.119 (0.1
0.098 &l ooro

B10 mice were imrunised orully with 10'° BRD969 or
BRD974 bacteria and the kinetics of the IgG antibody
response against 7 apd HBcAg were asalysed. All mice
.. immunised orally with BRD974 produced antibodics

that recognised F938 in their sern by 42 ufter the
boost (Figure 3A). Most of the mice had high anti-P938
antibody lavels after the first immunisation Sera from
toice immunised orally or ifv with BRD974 but not

BRD98® recopnized n (Figire
€). Anti-P938 1gG responses induced by oral nmunis-
atlon with BRD974 were mainly IgG2a and 1gG2b, wi
lower levela of IgG1 and 13G3. Iv immunisation
ipduced i 1gG2a and IgG2t. Neither IgG1
nor IgG3 antl-P938 antibody responses werc detected in
mice immunised ifv (Table 3).

In mics vaccinated orally with BROSE9, high levels of
anti-HBcAg bumoral 1gG were detected after the first
immunisation, whereas thers was no dotcctable anti-
P98 (Figure 3A,B). The anti-HBcAg response
in mice isod with BRID94 followed a slighty
different pattarn to BRD989-immunised mice. Thera
wasa increase in the IgG anti-HBcAg levela from
day 21 to 49 after the first jmnuunisation but the highest
w tln‘:. antl-HBcAg antibody were i after

Homoral angd secretory IgA responses In naice [mammised
with BRD9S® or BRD974

Anti-GSTB7 and anti-HBoAg humoml IgA anti-
bodias ware detected in the serum of mice orally, but not
ilv, immunised with BRD974 (Figure 5), wheraas orul
but oot iv immunistion with BRDS6S elicited IgA
antibodies agpinst HBCAR only. Mice immunised orally
with BRD969 or BRD974 dovaloped sirong intestinal
IgA. rosponses againgt HBcAg (Figure 6). A sight
but reproducible anti-E7 intestinal IgA response was
detcoted In BRD974 immunised mice. This response was
detectad nsing either P938 or GST-E7 as target antigen.

Colicder impmme respomses jo mice tmenwnised with
BRI or BRDY74

Figure 7 shows the resulta obtained in lymphocyte
proliferation studies carrled out with splenocyte popu-
lations from CS7BV/6 mice immunised orally with
. BRD509, BRD969 or BRD974. Shmilar resulis were
obtsined at different ime points after kramupisation or
when B10 or Balb/c mice wern used (not shown).
Heat-inactivated Salnonslla preparstions were able fo
stimulate vigorous prolifemtion of spleen cells from the

Papifiorne oral Salmonalia vaccine: LP. Londofio ot al.

successful &3 vacaine |tnlnlmfumdm?behl¢hly
unstable in vivo (Londofio, unpublished observation).
This was overcome by ueing the nirl? oter,
we have shown 10 bo inducihle wi macTos
phages and other cucaryotic calli™ . The levels of
of the recomblnant sabmonells within the
host was not significantly affectsd by the presence of
plasmids pGA or pGAETS. ‘Wa deteoted viable, pre-
dominantly ampicillin-resistant salmonellss in the
spleens and other tissues of mice omlly immunised with
strains BRDS69 or BRD974. Previous studies utilising
the fae promoter to axpress sore particles In Salmonella
ather did pot investigate stability or saccessfully utilized
& systemn suitable for in vivo plasmid selection®™.

DRDS74 was able to induce serum antibodies against
E7 epltopes in different inbred monse straing. Charac-
terisution of the anti-F938 antibody response showed a

H:f.l;ﬂl indl?:ug;md'rhlnd ofh:lp:trm
expense 8 Thi-type re-
sponse. This colncides with other studies In which u
predominantly Thi-typs response has been induced
by Saimonelia vaccination™, This is potentially very
important as nop-living, parenteral immunisation iy
a biascd in favour of a Th2

immunisation with BRDS74 wus to
induce an anti-B7 and aati-HBcAg IgA response in the
intestines of these mice. This is an intportant observation
sinee HPY infectiont ray cocur through epithelial sur-
faces of the urogenital tract and induction of ant-HPV
l"mmn'nlotufur lonlb‘lgA mmhmm
Dot 1est x reaponses 1
tracts, However, evidence for m common mucosal
immune system suggests that oral immnnisstion may be
a realistic route by which to prims other mucosal
surfaces™,

Given the successfl induction of humorsl and
mmmpmuqdmmbyordmﬂninﬂond
wice with BRD974, it was muprising that Bl-specific
T-cell proliferative responses wers not detectabls in
these apimals (Figww 7). However, T-call lmmuno-
genlelty of mcombinant proteins expressad in live
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Relvindicaciones

1. Una composicién de vacuna que comprende un antigenc de supefficie de
Hepatitis B y un antigeno del virus de papilloma humano (HPV), junto con un
adyuvante el cual es un estimulador preferencial de respuesta de célula TH1, en
donde la composicién de la vacuna no comprende un antigeno viral de herpes simples,
en donde la composicién es indicada para el tratamiento o profilaxis de infecciones del
virus de papilloma humano e infecciones de hepatitis B, y en donde el antigeno PPV
comprende |a proteina capsida mayor L.1 de HPV de HPV 18 y/o HPV 18, o una fusién
de proteina D de Haemophilus influenza B con E7 de HPV 16.

2. Una composicién de vacuna segun la reivindicaciéon 1 que adicionalments
comprende un vehiculo.

3. Una composicibn de vacuna segun la reivindicacion 1 6 2, en Ia cual el
estimulador preferencial de la respuesta de la célula TH1 es seleccionado del grupo de
adyuvantes que comprenden; 3D-MPL, 3D-MPL, en donde el tamafio de las particulas
de 3D-MPL es preferiblemente de aproximadamente o inferior a 100 nm, QS21, una
mezcla de QS21 y colesterol y un oligonucledtido CpG.

4, Una composicién de vacuna segun la reivindicacién 3, en la cual el estimulador
preferencial de la respuesta de célula TH1 es 3D-MPL.

5. Una composicion de vacuna segun cualquiera de las reivindicaciones 1 a 4, en ?)Ar
la cual el antigeno del virus Epstein Barr (EBV) est4 adicionalmente presenta. M

6. Una composicién de vacuna seguin se define en la reivindicacion 5, en la cual el » ¢
antigeno EBV es gp 350. w0
7. Una composicién de vacuna segun cualquiera de las reivindicaciones 1 a 4, en N‘\.
la cual un antigeno de hepatitis A esta adicionaimente presente. g
8. Una composicién de vacuna segun la reivindicacion 7, en |a cual el antigeno de 0
Hepatitis A viral (HAV) se deriva de la cepa HM-175.
o
9. Una composicién de vacuna segun cualquiera de las reivindicaciones 1 a 8, en \0‘}

la cual el vehiculo es seleccionado del grupo compuasto por hidréxrido de aluminio, M\‘F‘)
fosfato de aluminio y tocoferol en una emulsién aceite en agua.
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10. Una composicibn de vacuna segun las nreivindicaciones 1 a 9, que Fp r’(

adicionalmente comprenda el antigeno de Varicella Zoster viral (VZV). W_,LD
11. Una composicién de vacuna segun la reivindicacién 10, en la cual el antigeno Na!i
VZV es gpl.
g
g

12. Una composicién de vacuna segun cualquiera de las reivindicaciones 1 a 11, ‘JD A
que adicionalmente comprende un antigeno de citometgalovirus humano (HCMV). =
P

13. Una composicién de vacuna seguin la reivindicacién 12, en la cual el antigeno -f'o
HCMV es gB885* o pp85.

14. Una composiciéon de vacuna segun cualquiera de las reivindicaciones 1 a 13,
que adicionaimente comprende un antigeno Toxoplasma gondil,

15. Una composicion de vacuna seguan la reivindicacién 14, en la cual el antigeno
Toxoplasma gondii es SAG1 O TG34.

16. Una composicién de vacuna segun cualquiera de las reivindicaciones 1 a 4,
que comprende L2, EB, E7, proteina D-EB, proteina D-E7 o0 L2-E7 de HPV y
opcionalments, en adicién, uno o més de HSV-2 gDt; EBVgp 350; VZVgpl; cepa
inactivada de HAV HM-175; gB885** o pp85 de HCMV y antigenos SAG1 o0 TG34 de
Toxoplasma gondii.
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decisién 486 de la Comisién de la Comunidad Andina, se le comunica:

Documentos estudiados:

< El capltulo descriptivo {Folios: 4 a 59)

% Las nuevas relvindicaciones 1 a 16 (folios 148 a 148)que reemplazan el capitulo
descriptivo encontrado en folios: 60 a 63

¥ No se aceptan las reivindicacionesi, 6 a 7 y 9 a 17. Puesto que Ia materia reclamada en
ellas no se encuenira enteramente soportada por la descripcién. El mencionar que se van
a emplear ciertos antigenos en una composicién dada no quiere decir que esto constituya
una invencién, méas bien parece expresar una intencién hacia futuro por parte del
solicitante. Tras la lectura de toda la descripcién no se encontrd que las formulaciones
reclamadas en |as clausulas en mencion estén definidas a través de sus componentes ni
de la proporcion de éstos en la mezcla. Asi mismo, ninguna de |as formulaciones de las
redlizaciones preferenciales empleadas en los ensayos de inmunogenicidad (figuras 1 a 9)
contienen antigenos tipo EBV(gp30), HAV (HM-175), VZV (gpl), HCMV (gB685 o pp65),
SAG1 o TG34, o una fusién de proteina D de Haemophlius influenzae B con E7 de HPV 18.

% Se acepla la prioridad reivindicada GB N° 9921146,8. de 7 de septiembre de 1989

¥ Respuesta a los conceplos técnicos 1347 y 1350 radicada el 5 de diciembre de 2005

Objeto de Invencién:

E! objeto de la presente solicltud se reflere a una composicion de vacuna que /
comprende un antigeno del virus de hepatitis B (HBV), un antigeno de paplloma
humano (HPV) mas un coadyuvante estimulador Th1 y un vehiculo. En donde el
antigeno de hepatitis es un antigeno de superficie de hepatitis B, el antigeno HPV
puede es L1 L1 de HPV16 o0 HPV18, o una fusidn de protelna D de Hasmophillus influenzae B con

E7 de HPV16 , el adyuvante estimulador Th1 es 3DMPL y el vehiculo se selecciona
entre Al{OH),, AIPO,, tocoferol 0 emulsién O/W Las composiciones pueden contener
ademas 1 o més antigenos derivados de EBV, HAV, HSV, VZV, HCMV, Toxoplasma
gondil.
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El objeto de la solicitud definido anteriormente se claslficd en la IPC A61K 38/00,
39/29, 39/205.

Determinacién del estado de la técnica:

El articulo 16 de Ia Declsion 488 de la Comision de la Comunidad Andina establece que “El estado de
la técnica comprenderd fodo lo que haya aldo accesible al ptiblico por una descripcion escrita u oral,
utlizacién, comerciaiizaciin o cuaiquier otro medio anfes de Ia fechea de pressntacin de la soliciiud de
Patenie o, en su caso, de la priorided reconocida.

Sdio pare el efecto de la determinacién de la novedad, también se considerard deniro del estado de fa
fécnica, el contenido de una solicitud de patents en trémite anle /a oficina nacional compeients, cuys

fecha de presentacién o de prioridad fuese anterior a ia fecha de presentacién o de prioridad de la
solicitud de patente que se estuviese examinando, siempre que dicho contenido esié incluido en la
soliciiud de fecha anterior cuando elfa se publique o hublese transcirrido el piazo previsto en el articulo
40".

Considerando que la fecha de presentacién de la primera solicitud de patente de la
cual se reivindica prioridad es: 7 de septiembre de 1999, se buscaron documentos
del estado de la técnica relacionados, con fecha de publicacién anterior a esta.

Se hizo la baisqueda de documentos relevantes en el estado de la técnica,
entendlendo como estado de a técnica la definicién provista en el articulo 16 de la
Declsldn 486 de la Comisidn de la Comunidad Andina y las excepciones fijadas en el
articulo 17 de la misma.

Se encontrd como anterioridades (documentos cuya fecha de publicacién es anterior
a la fecha de presentacion de la primera solicitud de patente sobre la cual se
relvindica prioridad o de la fecha de presentacion de esta solicitud) que pueden
afectar la patentabilidad del objeto de la presente solicitud:

Fecha de

N° Documento Titulo Publicacién

1 WO95/17209 VACCINES 29 de junlo de 1995

TINDLE ET Chimeric he;;ﬂ::d B CumMHga:' I;arldas
2 2%0‘?"""“2 v°'"5";° PapiBomavirus Type 16 E7 Protein Induced 1 do mayo de 1994
 |ssue 2,pag 547 |  gogcinc Antibody and T Helper Responses in
a 557 Immundsed Mice
LONDONO ET AL Immunisation of mice using Saimonella
3 | Vaccine, Volume 14, ﬁgﬁwﬁ m Abrl 1996

Evaluacién de los requisitos de Patentabllidad:

El Articulo 14 de la Decision 488 de la Comisién de le Comunidad Andina el cual establece: "Los

Palses Miembros olorgardn Patentss para Ias invenciones, sean de producto o de procedimiento en
fodos los campos de la lecnologia siempre que sean nuevas, tengan nivel inventivo y sean

susceplibles de aplicacion industrial”.

Se proced|d a evaluar los requisitos de novedad, nivel inventivo y aplicacién industrial
con el fin de establecer la patentabllidad de la invencion reivindicada en la solicltud
en estudio.



Evaluaclén de Nivel inventivo:

El artfculo 18 de Ia Decisién 486 de la Comisidn de le Comunidad Andina establece que "Se
considerard que una invencidn tiene nivel inventivo, s/ para una persona del oficky narmalimente
versada en ja maieria técnica correspondiente, esa invencién no hublese resultado obvia ni se hublese
derivado de manera evidento del estado de ia técnica".

El Nivel Inventivo se evalué por comparacién entre lo solicitado y encontrado en el
estado de la técnica y que se relaciona con el objeto reivindicado y de acuerdo con
la definicién de nivel inventivo del Articulo 18 de la Declsién 486 de la Comisidn de la
Comunidad Andina.

Las relvindicaciones 1 a 4 de la solicitud en estudio reclaman composiciones de
vacunas que comprenden un antigeno de Hepatitis B (HBV), un antigeno de
papiloma humano (HPV) més un coadyuvante estimulador Th1 y un vehiculo. En
donde el antigeno de hepatitis es una antigeno de superficie de Hepatitis B, el
antigenoc HPV es L1 L1 de HPV16 o HPV18, o una fusién de proteina D de
Haemophillus influenzae B con E7 de HPV18, y el adyuvante estimulador Th1 se
selecciona del grupo 3DMPL, QS21, o una mezcla QS21+colesterol+CpG. La
composicién puede contener una protelna de fusién o una protelna truncada.

La parte de la cldusula 1 referente a la fusién de proteina D de Haemophlllus
influenzae B con E7 de HPV18, no encuentra suficiente sustento en la descripcion,
dado que se menciona unicamente como una dentro de muchas fuslones preferidas,
de las cuales no se muestran datos ni ensayos concretos y por ende no pueden ser
consideradas como parte sustantiva de la invencién sino como una intencidn a futuro
del solicitante.

El documento Tindle et Al, de ahora en adelante denominado D2, revela la el uso del
antigeno de superficlie de Hepatitis b (HBcAg) como un vehiculo inmunogenico para
otros epitopes y describe especificamente una particula quimérica de Hepatitis b
(HBcAg) expresando epltopes E7 de HPV. Tras la inmunizacién de ratones con

dichas particulas se observd tanto respuesta humoral como proliferacién de Células
T.

Siendo que el antigeno (HBcAg) es un antigeno de superficie'de hepatitis B usado
ampllamente como carrier para antigenos patégenos, como también lo revela la
anterioridad D3, se establece que las vacunas de las reivindicaciones 1 a 4 se
diferencian de las divulgadas en D1, en el adyuvante estimulador de la respuesta
Th1.

Tal como se habla mencionado en el concepto técnico 1347 en la préctica s com(n
el empleo de adyuvantes estimuladores de la respuesta Th1, tales como 3DMPL,
saponinas, QS21 para potenciar la respuesta inmune a un antigeno dado. Esto
debido a que la respuesta Th1 a través de Iinterferén alfa esta asociada con
respuestas protectivas frente a patégenos intracelulares. De por sl el Documento
WO85/17209 6 D1, divulga en las relvindicaciénes 1 y 7 el empleo de 3DMPL y
QS21 en vacunas que contienen antigenos de Hepatitis B(HBV), Paplloma virus
humano (HPV), toxoplasma, citomegalovirus humano, Herpes Simplex, en forma de
emulsion O/W con el objeto de obtener respuestas Inmunolégicas mejoradas.

Dado que en la anterioridad D1 ya habla sido divulgado el uso de adyuvantes
3DMPL y QS21 en vacunas contenlendo antigenos provenientes de Hepatitis B y de
Papilomavirus humano (HPV) y en D2 se hablan revelado particulas quiméricas que



comprenden la combinacién del antigeno de superficie de HBV con el epitope E7 de
HPV , resulta obvio para una persona medianamente versada en el desarrolio de
vacunas, generar composiciones de vacuna en las cuales se usan las particulas
quiméricas o la combinacién de antigenos ya conocidas y adiclonar los adyuvantes
va recomendados en D1 para los mismos.

El solicitante afirma en su respuesta del 5 de diclembre que una persona versada en
la materia no buscarfa iIncrementar la respuesta Th1 dentro de la composicién puesto
que la sugerencia en D2 es el uso de adyuvantes como alhidrogel estimulantes de la
respuesta Th2. Cabe mencionar que el solicitante tamblén emplea adyuvantes de
aluminio estimulantes de la respuesta Th2 en las composiciones reclamadas
(relvindicaclén 9); ésto por que hasta el momento también eran adyuvantes
ampliamente empleados en la formulacién de vacunas y no porque le interesara
Unicamente obtener una respuesta tipo Th2. Sin embargo, un complemento obvio
para sus composiciones Inmunogénicas estaria en la Introduccién de adyuvantes
estimulantes de Th1, cuyo uso y efectividad con antigenos del mismo origen de los
empleados en la presente solicitud habfa sido divulgado previamente en D1 y en
muchas composiciones de vacuna desarrolladas posteriores a la publicacién de D1
en las cuales se buscaba incrementar la respuesta Inmune frente a patégenos.

Audn cuando no se aceptan las reivindicaciones 5 a 8 y 10 a 16 por no estar
enteramente sustentadas por la descripcion, vale la pena advertir que las vacunas
polivalentes que incluyen epftopes antigénicos de diferentes origenes, son conocidas
en el estado del arte. De esta forma un técnico en la materia podria de manera
evidente crear protelnas fusionadas a partir de sus epltopes de interés y de
antigenos de patégenos ampliamente conocldos en el estado del arte, para obtener
composiciones méas Inmunogénicas. Asique el objeto contenido en las clausulas en
mencién tampoco tendria cumpliria con el requisito de nivel Inventivo.

Por dltimo los vehiculos de hidréxido y fosfato de aluminio son ampliamente
empleados en vacunas y en formulaciones de emulsiones tipo O/W y por ende la
reivindicaclén 8 no seria considerada como inventiva.

La respuesta al problema técnico que se pretendia resolver, que era proveer
vacunas combinadas para ia prevencién frente a infecciones por virus de paplioma
humano (HPV) resulta derivado de la combinacién de las anterioridades D1 yD2. A
lo largo de la solicitad no se encuentra evidencla que la presents invencién pueda
representar un salto cualitativo respecto de las composiciones existentes en el
estado de la técnica.

Como se observa, el objeto de esta solicitud podria resultar obvio para una persona
del oficio normalmente versada en la materia y derivarse de manera evidente del
estado de la técnica.

En conclusion los requisitos de patentabllidad de la presente solicitud se encuentran
afectados asl:

Relvindicaclones
N° Documento afectadas Requisito que afecta
" A,| TINDLEETAL 14, Nivel inventivo
A WO095/17209 249 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
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Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de la notificacion de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, ilteral e), del
capfitulo quinto del tlitulo primearo de la Circular Unica N° 10 de 2001.

El antendr requerimiento fue notificado por fljacion en lista, de

fecha ' n'g-EHE 06

»

CONCEPTO TECNICO EXAMINADOR TECNICO 2005-12-28
N°: 2080 Codigo N*:




