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Pol ypepti des useful as |Inmunot herapeutic Agents and
Met hods of PUP§$@4306 de Preparation Field of the |nvent POWGH36/01816
The present invention relates to HPV pol ypepti de preparati ons and

their use in prophylactic or therapeutic treatnent of chronic HPV
infection. Methods of preparing these conbinations, i ncI udi ng protein

purification techniques mwd@gmsegﬂr lagg[uﬁﬁmgj- gﬁﬁgquences by
reconbi nant DNA techni ques |n qﬁ Ito eét‘ganc 3%3; ach| I gh level 10
expression of a particul ar t °If ?Bﬁ%d 'P n particul ar

E. coli bacterial cells, are generally applicable in the field of protein

production andikepd rgfatﬁétqt,mh@,spect of the invention. Backgr ound
of the Inventi omavi r u
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are a geneti Catrtflécﬁ'o‘ﬁerSﬁet%@é'beog)r%tﬁbrffﬁSE c};ombmah}%ﬁ% ChnEﬂitﬁ?tb protein

epithelial tissu€, and can

o seases. OverPUERTIRAIRT SRGH nguess agd Hpeer a8 PTdnug .emamcgﬁe%ﬁquse@édbno
on the extent rcontsinant MNAr itdthariques) imeioneem tohenhangenaneachtevé afigh HMevel
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cut aneous war ts 6$ht hactesinis CG[H@F f@"e& gengpod 1y appldcabler &n &@go@ﬁ&ﬂ&f pratein

the rare di sorgredueiof edntoformph afiirghameaspedtf of rthe . indéntion.
Approxi mately twenty HPV types infect the genital nucosa, and can be

divided into two subsets on the basi s of severlty of the disease with
whi ch they ar eBagsd g : E : Agificdle viruses such as HPV-6

8, SR N PTR bt P cSBRr
§1° 53 mnd s SlEn i baTiahREY Pest Ok MREST ProfiTefanel fn 6 skinanCmucata
mal i gnant convaursacess of dJamaRs t Shesapte rogeretacaliediversd geowp of i BNA yiruses
ﬁgigpat ggnsme[wtﬂﬁg \)rgr&e:f Jegﬁﬁie'lﬁ’m %33%46812? can cause a range &F B f&ent human
proliferations‘tEam h%‘ﬂ%r ﬁﬁ’kﬁ%@%mﬁpﬁ)oég@ Bé"%ﬁ?@ggﬁtwuﬁhe& based
i nfecti oB0 Then the iextentf of toross diybeidisation- betweer bheiedgenomes, and tdfethose,
epi thel i um but 4EaReKE %W&h? th 5@3Eﬁﬂfﬂd' Ptnﬁa}‘?he witht QPefereRt | £ ygaﬁ of

| nst ead virus 8ene expressi o ar laif% protelrn m%p

S
can i nduce theY]$%R8%+ ed Eel?xaE“Bfﬁ)r%sté)rattéfpeﬁ f‘l gprociate
char act eri sti ccutaneous wartst bf thpplkandsagrel feetf. tHPéisv&arand Baee eassocidted with

the rare disorder epidermodysplasia verruciformis.

25 Approximately twenty HPV types infect the genital mucosa, and can
be divided into two subsets on the basis of severity of the disease with
which they are associated. The first group include viruses such as HPV-6
and HPV-11 which are associated with the majority of benign condylomas
(warts), including genital warts. The second group includes HPVs 16, 18,

30 31, 33 and 45, associated with flat warts of the cervix. and involved in
malignant conversions leading to carcinomas of the uterine cervix (zur
Hausen, Cancer Res, 49 (1989) pp 4677-4681).

Diseases associated with HPV are generally characterised by benign
proliferations of epithelial tissue (warts) caused directly by virus

35 infection. The virus infects the basal non-keratinised cells of the
epithelium but cannot complete its replication cycle in these cells.
Instead virus gene expression is limited to a set of early proteins which
can 1induce the infected cell to proliferate, giving rise to the
characteristic wart. In the upper layers of the wart however, the
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2 infected cells begin to undergo termnal differentiation towards

their wo Jsiodfde keratinised state, and this differenti atPCT/CBI6RISIEI Ci ent
to all ow the virus to conplete its replication cycle with the
production of virus proteins and ultimately new virus particles. 5
These | esions, although proliferative, &e at lowrisk of mali gnant

conversion, ;. and. i t .cases th rts.r i n.beni gn. .However, in, some
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Such d@g#\eﬁls’gw ﬁéﬁ#soﬁgeg%%aé%@]y e@%ﬁ}l@{'o_fa()'gpgaﬁ?y?ésreﬁﬁﬁ ng a
subst ant i al with particuanukissues sughyasothe 68rvix ankperisions. Regression is
believed to be It 15H5W \faﬁﬁdfchy jim@ne wg&m téélrﬁbﬁt? a2bole in co_ntroﬁfiﬁ@Ct ive
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anti bodi es waptisnend HiPV-assoctatiedr diseases inaoaases hin thpsmwhaednes receivingi on
of warts i sqfiunBSumFessivatrestnnt! ¥igdpaeing €ndthin hérﬁ}ﬁéés@a,vi!rwhh%t%tion”
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regrezgi on gf? §r§mit|ar|legrl]1%¥ﬁ)ér?‘3$r.éés’ﬁiggfbntsedxdli:ingrgﬂe&?sgrvat1on 15\/5;:(?3}: ngé %‘gﬁni mal
model s al so SRBURTS; Mt oaTET Warks. | HHRATER ¢ SdP e diSaPRE . oS i ng
di sease. Fegrassimpwa,tsdiave | been studiedt istolpgioall yBoevead ing a substantial

papi | | omavi {1 xBBY) T Prypekdcsein RAE RS16MROT Reghedetort qsbsemgg{/aﬂd BeNO.
yet vaccination w.th fysi on prqteln conprising sequences of L2 and
non- HPV seq® F@gd(qye%? d%gﬁ 8%se) has been shown to produce both

prophybacti ¢ and Effiectdpeuinmine esgsposses itn HP\esinfactions sarg sthoughto 2000e 36,
mainly cell-mediated since disease can persist in individuals with serum
antibodies against HPV. Moreover, it is known that spontaneous regression
of warts is often accompanied by lymphocytic infiltration, itching,
reddening of the affected area and other symptoms characteristic of cell-

30 mediated immune reaction. HPV infections are also common in patients with
impaired cellular immunity, where persistence of viral disease suggests
poor immune surveillance.

Studies on regression of papillomavirus-associated disease in
vaccinated animal models also support the concept of an immune effector

35 in combatting disease. For example, cattle vaccinated against Bovine
papillomavirus (BPV) produced antibodies reported not to be neutralising,
yet vaccination with a fusion protein comprising sequences of BPV L2 and
non-HPV sequences (beta galactosidase) has been shown to produce both
prophylactic and therapeutic responses in these animals: (see W093/00436,
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3 of Cancer Research Canpai gn Technology Limted: Jarrett et al, and
Jarrett WO 98104206, Vi rol ogy, 184 (1991) pp33-42). PCT/GBRiHS16s e
of HPV proteins such as L1, L2 in the preparation of 5 vaccines is
known for exanple from WO 93/02184 (Uni ngf Queensl and & CLS Ltd: |
Frazer et al: Papl | l'oma virus vaccine). her HPV proteins have been

decri bed for | s s 9

AB: J DillneP g& hg%}wggtc?@% feghncﬁngy \‘/‘gﬁéoé?s %&r%ﬁtgét é%gﬁmﬁ%ses
for di agnost P‘é a Tm¥iedegy,) 18‘&#& 0P3782b55 (Medgeni x: G De Martynoff et
10 al: Peptides, anti bod| es agai nst them and nethods for detection and
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ser or eadt i ve veptinepets dsnomefomeaamﬂwmw@ 193/02084 (Uniiwe\if3 Queenmsdands &EALS E6,
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are for scr eeAB: gDiBeer ptradossnthetic w&p&mdeseuf Namouadnme papeﬂommruses.
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Fol pr iyl afle. PRPEIAES o At ROLIED  Faadih, thel atomethiods, qtﬁﬁnngn
preparation dbsage pfcpaeuhlomazvarus) WO 92/ 16636 (| rmunol ogy Ltd: MEG
Boursnell et al) discloses genetlc sequences of HPV16 and HPV18 E6
and E7 as fused genes inserted i nmbi nant vaccinja virus

vector, causing |rﬁpvﬂ/o“%(ﬂrg@ss(llg?ﬂ-)of‘BSHH'@E@@@ C Bleyjtet abhi diselpsas on

EI( tT Ee live \peptﬁMe\semmr one 86 more seroreqdﬁﬂé??bﬁ)ﬁﬂ)és of( Befivied! seljuenice Hepm bb:
0 e ri S
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encodi ng a peft idédiseddsiebndd | sromoHPYEDOpbitatns E4, E6,0 EF.r e @1,of The E6

"egi ons. of rirSHl S ot o SO W8S titgg . ond TS BRH o lacEle Bin T °

pp 238-246, describe expression
20 WO 93/00436 (Cancer Research Campaign Technology: WFH Jarrett et

al) disclose papillomavirus proteins and fragments related to L2 protein
for prophylaxis and therapy of papillomavirus tumours, also mentioning
preparation of E7 protein.

25 WO 92716636 (Immunology Ltd: MEG Boursnell et al) discloses genetic
sequences of HPV16 and HPV18 E6 and E7 as fused genes inserted in a
recombinant vaccinia virus vector, causing in-vivo expression of antigens
after administration of the 1ive virus vector.

30 WO 92/05248 (Bristol-Myers Squibb: EK Thomas et al) proposes
materials for inhibiting and treating human papillomavirus infection and
cell transformation, mentioning recombinant cells (including virus
vectors) containing a gene encoding a peptide substantially corresponding
to a region of the E6 and/or E7 gene product or a chimeric peptide

35 compound of one or more regions of HPV proteins,

CP Crum et al, Virology 178 (1990) pp 238-246, describe expression
of fused part-sequences of HPV-16 L1 and E4 and the use of the proteins
with Freund’'s complete adjuvant to immunise rabbits to make antisera for



of fused part-sequences of HPV-16 L1 and E4 and the use of the proteins
with Freund's conplete adjuvant to i nmunise rabbits to make anti sera for
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4 di agnostic or other test purposes. Summary and description
of the Invention: 5 The present invention provides fusion

pol ypepti des and aggregates of pol%ypepti des havi ng

papi | | omavi f,us-derived anti S cri bed nore particul arly bel ow,
and corrposic{liag?ﬁs 1ﬁeqre8$he5ng§#hgﬁﬂfp°g§ * for i Mmunogenic and vacci ne
purposes in eliciting papillomavirus-specific inmune 10 responses.

Al so provided are nethods of producing, treating and and purifying

such pol ypgpti des _and, conpositians. described bel ow.

Accor di ng T8y ARG QeSCHIPLIQ o3 td pol ypeptides and 15

pol ypepti de corrpositi ons conpri i ng a antigenic determnant of a
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pol ypept i degarthedlacdyribetow,2énd compapitionsthereafsamiethieiedisanforgimmanogengc from
each of at S di ; ; i | [ el e] A=Y : €.
conpri si ng %'g‘)a g?&}/@gstﬁéﬁﬁgﬁ [ 6gni %hc'?f"ﬂ'lgl Qg@?%@a‘ﬁ{@g gﬁagpi oH%vi rus
L2 prdfein, resRaN3as. at | east an antigenic deterninant selected from
El, E2, E4. E5, Kbsocaprovidedape!nethodd bfisproducing, pirettingsamhdnd Purifying

papi | | omavi fod : piLI | e 25 than in
(a). Fur t%@ %@fpg#@g?yapepﬁ@ég{%ro §€1 3%d%¥%e%e;¢s%%%ﬂ se

antigenic determnants fromat |east two papillomavirus proteins selected
fromEl, E2. E4, aEforditg attd thé Raventhienedhierds afd Qirdviideds palypdptt e hiadsai d

o e ShAR o AR AL Wi et
anti geni c deapdn hemairys girokeifan ipapgognegated riesmpwisichi when einy sadpution or  Hpy

type 6, 11, didperdfon Afahi §ess CtireLigh M NstHrs) PdatRowt £itrer f révm o harorpfdds
types and pé&r%l Qéeaoffonnon-humn ani mal papill omaviruses can al so be nade
and used. 9 ‘I'n further detail, the invention provides for

exanpl e pol ypept ifbes invention calgsr i pnavidesnt fusdan c patypeptidesntthat r comkineh of
at | eagt tweaphiihbfd-eAFudddiérived antigens, e.g. from each of at least two different
papillomavirus proteins, e.g. comprising (a) at least an antigenic
determinant of a papillomavirus L2 protein, and (b) at least an antigenic
determinant selected from E1, E2, E4, E5, E6 and E7 papillomavirus
proteins and L2 papillomavirus proteins of different papillomavirus type
25 than in (a). Further fusion polypeptides provided hereby comprise
antigenic determinants from at least two papiliomavirus proteins selected
from E1, E2, E4, £5, E6 and E7 papillomavirus proteins e.g. where the said
proteins are from different papillomavirus types.
Particularly preferred polypeptides and compositions hereof
30 comprise antigenic determinants of human papillomavirus proteins, e.g. of
HPV type 6, 11, 16, 18. Antigenic determinants of proteins from other HPV
types and proteins of non-human animal papillomaviruses can also be made
and used.

35 In further detail, the invention provides for example polypeptides
comprising antigenic determinants from each of at least two different HPV
proteins. An antigenic determinant of a papiliomavirus protein can for
example be represented and provided in connection with the invention
either by the full sequence of the papilliomavirus protein concerned, or



proteins. An antigenic determ nant of a papillomavirus protein can for
exanpl e be represented and provided in connection with the invention

ei ther by tW@9/0$106sequence of the papillomavirus protein conteVHB/01846
WD 98/ 04706 PCT/ GB96/ 01816
5 by such sub-sequences as nmay be desired, e.g. a sequence fragnent
conprising at |least 25% e.g. at least 50% or 75% of the full sequence of

tS he protein syg%afmﬁﬁm-]ge@enaeé_\k hgrfihylabeolaeﬁrb_@r Ne gl ‘i&e?é@@ﬁéefﬂ’?ﬁﬁbl ﬁt-d
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pr ot of 19 candpUcPATTI4 RS eyplscan be ys&l""PhiS affigeif cepliifinds G
prot ei ns canabeleastetnapapildamavirusprotainsgan fioraexample be E2 and another,

I n particul agng)c"ey emdt &rvthéventi on provi des a pol ypepti de 20
conprising an antigeni G.: r m of . \HP ei anti geni.c
de{ne)rm' na%t of HP _EBéF&r’gﬁe&ng&%%gbl%cmﬁﬁ% Fg? a@gﬁgﬁee% %é]s‘f an
subst ant i al | gntigenic degerminant faomreach of atelaastitwardifferenthprpidiosavirus
frgggmss ?r _pﬁb‘téﬁ}nﬁ? é\r/ﬁefr%f the same or from dfffeuéﬁ@@apmhmmr@? ' §iE n@oh2t
an rotei n.coppr, . sequenc r of ,at_J.eas
50% of e f GRAMESq it LeASBrorEoRF, B rbteins Eart Y SB1chely AYHRT of 12%nd/67
subst ant i al | pttTeastuone st dherprnoteing zanrhe selected fromEl, ofR. &AalbBSy Eamnder

i ncluding a ggquence of L1 protein. The pol ypepti de may
further include antigenic determn PV protei,ns or, be
g el

ts of other. . H
in adnixture or a EHARF  FX3PR H%V prBY&atiRn oproyjdes " a, pRlypeptide
fragmer@ls, swomprisind aw aatigenhéc detetminact ofB¥ris2 girotéim landrark antigenic
series of pagetbQiiR¥nt UsT CRAPPIEF rot@in)S suitably comprisihge yﬁ@ﬂgmeacan
conprise a single ptatein ifn%bngéofn& £7 rgtléSIon 0 ,2 an E or. a
fusion of L2354 ta&ﬁa%y_ UA t i ¥2| §nqioe E7 proteip| gheiRY.qorc MTLBRIFi se
an L2- E7 fusifoagmentbioreniuteing therepofaitein for 35 prophyl actic or
therapeutic appli GRiy&dn protein comprising L2 and E7 proteins of HPV, can comprise
25 a sequence fragment of at least 50X of the full sequence of each of L2

protein and E7 protein, e.g. substantially the full sequence of L2 and of

E7: optionally further including a sequence of L1 protein.

The polypeptide may further include antigenic determinants of other
HPV proteins or be in admixture or aggregated with other HPV proteins or

30 protein fragments, such as L1 or another member or members of the L or E
series of papillomavirus-encoded proteins.

The polypeptide can comprise a single protein consisting of a
fusion of L2 and E7 or a fusion of L2, E7 and L1. Alternatively the
polypeptide can comprise an L2-E7 fusion combined with L1 protein for

35 prophylactic or therapeutic application.

The polypeptide may comprise a fusion molecule or can be derived
from individual polypeptides coupled or aggregated together. Soluble or
solubilised forms of the polypeptide fall within the scope of the
invention.



The pol ypeptide may conprise a fusion nolecule or can be derived
fromindividual polypeptides coupled or aggregated together. Soluble or

sol ubi | i sg dsayas Oof the pol ypeptide fall within the scope PET/GB6/01816
i nventi on. WO 98/ 04706
PCT/ GB96/ 01816 6 In

certain enbodi nents the pol ypeptide can Be coupl ed by chem cal
crosslinking, in.per r tand I gue .
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sterilisation er w ore size in
0. 16- 3022 nPERHRIN. 6. g. 0 2 mcron. It can be seen that the
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25 papillomavirus protein, e.g. a single papillomavirus protein, expressed
in the form of inclusion bodies in a recombinant host cell. Such a form
can offer an advantage in that it can be relatively easily purified, e.g.
for vaccine use.
Alternative aggregated preparations of the polypeptides need not be
30 filterable to sterilise them and can be prepared and purified by aseptic
technique.
Aggregated or reaggregated polypeptides as described herein can
have for example masses in the range about 100,000, e.g. 160,000 to
10,000,000 dalton. The molecular weight of a dimer of L2E7 can be about
35 130,000. The aggregates can for example have diameters on electron
microscopy in the range about 4 to 50 nm, e.g. 10 to 15 nm.
An example of a polypeptide provided by the invention as described
in detail in the example below contains a reaggregated L2E7 fusion
polypeptide containing aggregates of about 500,000 daiton, about 10-15 or



35 130, 000. The aggregates can for exanple have dianeters on el ectron
m croscopy in the range about 4 to 50 nm e.g. 10 to 15 nm
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in detail in the exanple bel ow contains a reaggregated L2E7 fusion

pol ypepti de contai ni ng aggr egates of abou% 500, 000 dal ton, about 10-15 or
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25 thiol-reduction followed by reaggregation.

The polypeptides mentioned above can suitably be prepared using
recombinant DNA techniques. Thus the invention also provides nucleic
acids which encode the above mentioned polypeptides, cloning and

30 expression vectors incorporating them and parts of them, and transfected
and transduced host cells incorporating such nucleic acids and able to
express them as protein. In a preferred example, the nucleic acid
comprises a fusion gene comprising for example the L2 and E7 genes
isolated for example from an isolate of HPV-6 obtained from a clinical

35 specimen of genital wart.

Preferably the polypeptides described above are prepared by
expression of the nucleic acid in a prokaryotic or eukaryotic host using
recombinant DNA techniques.



conprises a fusion gene conprising for exanple the L2 and E7 genes
I sol ated for exanple froman isolate of HPV-6 obtained froma clinical 35

speci menvah ogesyoé al wart . Preferably the pol poEEBI6es16
descri bed above are prepared by expression of the nucleic acid in a
prokaryotic or eukaryotic host using reconbi nant DNA techni ques.
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capable of mediating the regression of chronic HPV infections including

25 genital warts (especially where the products and the infections are based
on HPV of types 6 and/or 11) or cervical intra-epithelial neoplasia
(especially where the products and the infections are based on HPV of
types 16 and/or 18) in infected patients. Such immune response can be
targeted towards T-cells, e.g. CD4+ cells, e.g. by the use of appropriate

30 adjuvants.

Thus the invention further provides a method for preventing or
treating HPV infection or lesions associated therewith, which method
comprises administering to a patient an effective amount of a polypeptide
as described herein.

35 Embodiments provided by the invention include vaccine preparations
based on polypeptides as mentioned herein, which according to specificity
are intended for use in eliciting immune responses to papiliomavirus,
particularly for example of papillomaviruses of types HPV 6 and 11, and
of types HPV 16 and 18, for use in prophylaxis and therapy of human
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25 or other acceptable material. Hence the invention further provides a

vaccine or pharmaceutical composition which comprises a polypeptide as
described above in combination with a suitable carrier or excipient.

The polypeptide can be either a soluble monomer, for example of

L2E7, or a polypeptide aggregate. Preferably the polypeptide, e.g. an

30 L2E7 fusion protein, is formulated by combining with an adjuvant or other

accessory substance such as an immunostimulatory molecule in order to

enhance its effect as a therapeutic antigen, and also to stimulate a

preferred type of immune response in the recipient patient. Useful

adjuvants include, but are not limited to; aluminium hydroxide ("alum”),

35 e.g. in the form of Alhydrogel(TM) or Rehydrogel(TM); 3D-MPL (3-

deacylated monophosphoryl 1ipid A) e.g. as described in US 4,912,094 (Ribi

Immunochem Research: KR Myers and AT Truchot: describing adjuvants based

on modified lipopoly-saccharide, de-3-0-acy! monophosphoryl lipid A).

which can be applied for example as described in US 4,912,094 or as in
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30 The polypeptides may be given for therapeutic or prophylactic
purposes. Routes and procedures of administration include, but are not
Timited to standard intramuscular, subcutaneous, intradermal, intravenous,
oral or rectal routes and procedures.

The amount of polypeptide administered can be chosen according to

35 the formulation and the condition to be treated. Generally it is expected
that doses will be between 1-2000ug of the protein, preferably 10-300ug,
e.g. 10-250ug. Optimal amounts can readily be determined in subjects.
One or more doses of the vaccine may be administered at intervals (see
e.g. Example 13). This regime can readily be optimised in subjects.
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30 desired polypeptide.

In bacterial expression systems such as the T7 system, recombinant
polypeptides are found in insoluble aggregates or ‘inclusion bodies’ (IBs)
within the cell. The applicants have arranged a improved technique for
the recovery of said recombinant polypeptides.

35 Thus in a further aspect of the invention there is provided a
method of recovering a recombinant polypeptide from an inclusion body
within a prokaryotic host cell, said method comprising subjecting a
suspension comprising said inclusion bodies along with unwanted material
e.g. broken-cell debris to -cross-flow filtration and recovering
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25 formulated so as to be in a form suitable for administration by parenteral
injection to the recipient patient.

The invention is further described below by way of example with
reference to the accompanying diagrammatic drawings in which:
30 Figure 1 shows a nucleotide sequence for a vector expressing a HPV
L2E7 fusion protein according to an embodiment of the invention;
Figures la and 1b show sequences of the vector that precede the
start codon and follow the stop codon in the sequence of Figure 1;
Figure 2 shows a corresponding aminoacid sequence: and
35 Figure 3 illustrates a protein purification procedure for use
according to an embodiment of the invention in purifying the L2E7 fusion
protein of Figures 1 and 2.

The applicants have isolated certain HPV genes, in particular the



The invention is further described bel ow by way of exanple with
reference to the acconpanyi ng di agranmatic drawi ngs in which: 30

Figure 1 she@e8/8476c| eoti de sequence for a vector expressi ng PETpRP6/01816
L2E7 fusion protein according to an enbodi nent of the invention;
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start codon and follow the stop codon in e sequence of Figure 1,
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in E coli have bggfescOfteh' thé SHRV-6 virus were afsiigved risym id19méfded Chains

were anplified Po rase Chain.l ction (P froma,viral .
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het er ol ogous syst.em 5 A punber of nodifications to the gene
const r uct \AePEX‘??dBe"? ﬁl’@ﬁtﬁé?1°g°"s SYSE®M-nprove the production process.
Particularly useful nodifications were as follows:

1.
Introdygtion of apjl gagder GeRYEIISEations D tﬁé‘é{ﬁﬁ%koﬁéﬁrﬁ@? welrk Gfdde HP o?Q?rhe
a

of the 'encoded protelrn sequence I n order to nce e_expr.essi.on o
protein in Etocwvrw?eﬁ%w( FLiRR: PROGe3S eﬁcﬁr t Eﬁ‘bl“%%fé‘i]dﬁ‘?dﬂ 1qatdons were
peripl asma). as follows:2. I ntroduction of a sequence ("His-Tag") at the C
termnus of the 25 encoded protein sequence in order to allow

purification of the protein b}y .
1 Introduction of a leader sequence ("pelB leader™) at the N terminus

20 of the encoded protein sequence in order to enhance the expression of the
protein in E. coli cells (but not to direct the expression to the
periplasma).

2. Introduction of a sequence ("His-Tag") at the C terminus of the

25 encoded protein sequence in order to allow purification of the protein by

metal chelation chromatography.

3. Mutation of stretches of thymidine residues to eradicate sequences
implicated in the premature termination of transcription of the fusion

30 gene. The mutation affects solely the DNA sequence of the gene construct,
but does not effect the sequence of the encoded protein, since it involved
the mutation of the degenerate third position in the codon.

Constructs were assayed by transcription and translation of the

35 protein open reading frames, in vitro. In the case of the HPV-6 L2E7
fusion protein, both a full-length protein (80 kD) and a truncated protein
product (70 kD) were seen when using an HPY-6 L2E7 gene fusion construct
expressed in vitro,, and this pattern was repeated in vivo. The
appearance of a truncated form of the target protein was correlated with



metal chel ati on chromat ography. 3. Mut ati on of stretches of

thym di ne resi dues to eradi cate seqguences inplicated in the
premature‘#@r9 ) |on of transcription of the fusion 30 96?%393_5'1%16
mutation arféects solely the DNA sequence of the gene construct,

does not effect the sequence of the encoded protein, since it |nvolved
the mutation of the degenerate third posi4ion in the codon.
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driving expeelsEi7ofR0s ardoaaidwnstream sememodir@rﬁ hibeicking irepthias (His

bot ai ned,  a895nan o e YR FELG tepipus SR By, 6“@%5%9&2?2? N

encoded an upstream | eader sequence, peI B. the HPV- L2E7 CRF s and
a downst r eapj ellq_B encodi ng 6 histidine residues (H| S Tag) | n

o M %h%@gﬁ% fled B ToNRRc) e et wispus.d tn S PGy,

| i ni t &6i on, nugleotide andeencoded aminaacid equencenofid prefkenned exanyleaohrtdker r ed
exanpl e of 4RE7 fusion ﬁo?:ﬁn prsdueed le(Ctth@'&cﬁﬁfﬁéﬁﬁs@ﬁb&@%e?ﬁiﬁ”ﬁ&m@&mg
descri bed herein, I ncE owndred saemtzlzeaderl. an' downstream t ag
Sequence. THE PSS e 8 Ta0 eguereRe e eafhrc REdiEpEE 32
591-601) camwebt asnthe &ag isequence r(@d. 533 6ldecan be omitted sfidesirednowigures
“?” codi t”ﬁ %@%#ﬂ‘?@%hbﬁ‘n nbﬁrﬁo]@f r@l‘ %du?ﬁce?u%ﬁé Ppefephed Wté%bres%%n vect¥i,ch
Bl qur 20 onafacH iprSSBULRt Start et o S PIB PICFtap gidsPei Fpune, 1.
and E7. | n t he ONAusequshaws blne sequensasef the rprefersedtfusien proteinsod L2
(inclusive gingSEPp CHﬂQHé WC%Gﬁuéhcb%ﬁq lfBE?'ISH’sepbﬁr@.' “1@&@16@?)' o {812
sequence reg("mc usive of s gg'cc%on)o encoé‘e a 'I::ZEf nfusz pr'otem and'?l tagseenrfound
sequence regions corresponding to L2 and E7 in Figures 1-2 have been found
25 to incorporate a few differences by comparison with published separate
aminoacid sequences of L2 and E7. The differences are as follows (with
reference first to an aminoacid residue in the sequence numbering of
Figures 1-2 herein, and then to the (different) aminoacid in the
corresponding position of the published sequence):
30 105 Gly was GIn in the published sequence; 215 Ile was Val; 230 Ile was
Val; 373 Glu was Asp; 381 Lys was Glu; 386 Asp was Gly; 422 Ile was
Leu; 544 Tyr was Phe.
In addition a few "silent’ differences were found in polynucleotide
sequence, i.e. differences not leading to any difference in translated
35 aminoacid sequence. These are believed to be without significance for the
present invention. Two silent mutations from TTTTTT to TTCTIC, produced
for reasons as discussed in the present text, are located at aminoacid
positions 83-4 and 483-4.

A fusion protein expressed with precise correspondence with the



25 to incorporate a few differences by conpari son with published
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sequence): 30 105 dy was An in the bl i shed sequence; 215 Ile was

Val; 230 Ile . e 3 , Al - \as
Gyl 420 116 B ished seqifftes S Shcorffiaeddin cliiboldtiolifas Aide1olRl R HT
few 'silent' ‘Wuldepenbighlycrrossanpigtive wath kbl prefegred L2E7 fusignepratein o
di ff erences nghownetiifigurtes hrandd2 fahdrwonte elncit eqeivalent185similaraor nvighl ¢

sequence. Th?’?‘%ﬁ%‘%éﬁuq m?%gnggst'hout significance for the

present inven WO STl en 1ons from TTTTIT to TTCTTC, produced
for reasbns as di sBlssdunckionablyysintiar weudd bar k2B7 fustan proteingodeniyed

posi tions 83- frgdhéB83eduences of other clifiddlSiigolatest 6f NHRXPr eyek dfurthBr
E@f&ggg;gﬁi&ﬂ%g‘ Fro'£hd {fiRicar 'environme\ﬁ? &%S%Q%bw have discrepancies
publ i shed seqofrsaguencendsi sonpared widh ithe csegpendesi gikenaders s bubsthesee e n

woul d be hi ghbynetted Sotets beVeighi Fitahbetod thd Perfitmhrde’ of USHeO inRin®i®i.n 1f
shown IEQFI gures. 1 .and 2 .an

d woul iclt._eguival ently.simlar_ qr. high
o ose- r At [vEeSIRRdn a2 dfisRedtntias Foid 'in°d B Bieuler i TbfEa Jscdats  hind
woul d be L2E7réaddilyn he oedimipates i ecgl by sitewpecificsemutagenesisf aff hehe
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envi ronnent c%’ﬁ%sgé)nsdjﬁglc;ong@gbedéﬂgg%g’gg%acriegsthe*éﬂlﬁbf sequence as conpared
wi th the sequences given here, but these are expected not to be
significant to theTherdene construat dbteinedvasideseribed hetdin wasldaserddd ngn
di screpgaRci es : ' s@bd CEdpNinG ' | be
elim na:;i gd e. 8;%3%5?{]5} Sgﬂ‘%utdi’ Féﬁ%ﬁﬁ?gﬁne@% 1pe$1@¥ ﬁéefprﬁﬁ’é‘iloﬂcgrrrées'géﬁ | r&%g
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col ool 1. TREDRBLRfE BUBhLES LI, i R8s KOPHR pih, et BRsE atdof
coli cells toof Wegesne eenstre&nsity fol |l owed by induction of the T7
pol ynmerzge within the cells, which [eads to the high |evel transcription

expr 65s0d. and. accurit AEEeR predct which dald tRECREIrRS S AT becli fatelienifl,
cells. Fol | doglugiemrbadies ginside the E. coli cells. Following harvest of the
cells, the protein was purified away from bacterial proteins, and prepared
as a solubilised protein extract. This protein extract comprises a high
25 molecular mass aggregate of protein molecules, which is soluble 1in an

aqueous solution.

The purified protein thus obtained can be used to form the basis of
a therapeutic antigen product in particular for the treatment of genital
30 warts.

The following Examples and the sequence data given herein
illustrate the invention but without intent to limit the scope of the
present disclosure.

35
EXAMPLE 1: Amplification and Cloning of HPYV-6 Genes

Viral DNA of the HPV type in the infected tissue was originally
deduced by PCR using a method based on a modification of the method of
Snijders et al., 1990,-Journal of General Virology, 71: pp 173-191 with



cells, the protein was purified away from bacterial proteins, and prepared
as a solubilised protein extract. This protein extract conprises a high 25

nol ecul aly gregate of protein nolecules, which is sol
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aqueous solution. The purified protein thus obtalned can be
used to formthe basis of a therapeutic antigen product in
particular for the treatnment of genital 180 warts. The

foll owi ng Exanpl es and the sequence data given herein illustrate the
i nventi on bstiandandhpoimerattamt HBVW6Li nit the scope of the pr esent

di scl osure. 35 EXAMPLE 1: Anplification and C oning of HPV-6 Cenes

Viral DNA of the p nfected tissue, rigipall ]
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sanpl e preptiecd] {mival aisolate eschatnnmpdrtﬁnt andi amyl etdﬂnél‘?&)hﬁﬁiaﬂcﬁﬁﬂa@é t he

basis for d t he
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not i nport aitial %mdmafoymed yfipgl Tag ANAt polymerasesf mmuﬁﬂ)emﬂdbe
practigal | ypeiery alsedtinethenPOR e et ot encdded 24 dlucleotides bhiekaed hBifdiogs

peror 9.1 e e B Y s tyet WY A5 ST et i

gene sequentkesef engedade sestrd chian eagmdmte&)m werk: | asided dbe mxistain the
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used 15 as figed assas follows: JPCO8 CAGTGICGACGGTCTTCGGT GCGCAGATGCACA  SEQ
IDNO1  spcos mermwetsa%mes GeueAGATGREAUC sEat tfiRopy | mer for

anplification of HPV E7 gene and Sall site for directional
cloning. 20 The single PCR products fromthe anplification
reactions of theNpa-coding strand oligonucleotide primer for amplification of HPV

7 E7 gene and Sall site for directional cloning.
20
The single PCR products from the amplification reactions of the L1,
L2 and E7 genes were used as template DNA in sequencing reactions to
generate a consensus sequence for each of the three genes. The consensus
DNA sequence was assumed to be an accurate reflection of the actual DNA
25 sequences of the genes in the viral DNA extracts because it was a sequence
generated from many individual template molecules.

The HPV-6 L2 gene was amplified by PCR from HPV-6 viral DNA as a
single product of approximately 1400 bp. The product was purified from

30 agarose and used as a template for DNA sequence analysis, and a consensus
sequence for the amplified L2 gene was generated using oligonucleotde
primers.

The purified L2 product was directly subcloned into the vector

35 pGEM-T to create plasmid pGW12. The full DNA sequence of the subcloned
L2 gene was generated from the pGW12 template DNA using the same
oligonucleotide primers as for the consensus sequence. The DNA sequence

of the cloned L2 gene was shown to be identical to that of the consensus.



L2 and E7 genes were used as tenplate DNA in sequencing reactions to
generate a consensus sequence for each of the three genes. The consensus
DNA sequenseovses7acsuned to be an accurate reflection of the PEIVGBIS/ORIA 25
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The purified E7 PCR product was directly subcloned into the vector
PGEM T to create s 2P The. f .  he, n
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PCR products were purified from agarose gels by binding to silica
matrix and 1igated to pGEM-T vector DNA. The products of these ligation
25 reactions were used to transform E. coli DH5a cells. Recombinant clones
were isolated and further screened for the correct HPV-6 gene inserts
using a method based on PCR.

The DNA sequences of the cloned HPV-6 L2 and E7 genes were obtained

30 and compared with the consensus sequence generated directly from the

original PCR products. Clones whose sequences agreed with the consensus

were used for the construction of recombinant protein expression
cassettes.

35 Example 2: Comparison of HPV-6 Sequences with EMBL Database
The consensus sequence was compared to that of closely related HPV

types including HPV-11, HPV-16 and HPV-1B as well as the published
sequence of HPV-6b from the European Molecular Biology Laboratory (EMBL)



PCR products were purified fromagarose gels by binding to silica
matrix and ligated to pCEM T vector DNA. The products of these ligation 25
reacti onswwgg ed to transformE. coli DH5a cells. Recongi-nagbesisfes

were isolate further screened for the correct HPV-6 gene inserts

usi ng a net hod based on PCR The DNA sequences of the cloned
HPV-6 L2 and E7 genes were obtained 30 18 and conpared with the consensus
sequence generated directly fromthe original PCR products. C ones
whose sequbNAaiatabesectio venshre Héat dihecgenes amplifiedwwere firomdan HBY-6 hype
constructi Qoeyof reconbinant protein expression cassettes. 35

Exanpl e 2: Corrparl son of HPV-6 Sequences with EMBL Dat abase
The consensus sequence was conpared to that of closely related HPV
types i ncl udi ng Coparisonsiiwere Gaden i tiPthd iedp ofidldsengenehNavigbtors beftware

" 95 82%%0!@@&@?{1& HOMRrigethe! EAResEy, Mt Heghl RInCdxd Weéwf%gls 16

18 1igons wre Jradasit She A davelyand Sramdiner peadigted aminonasid HPv- 6
type sequerces of the three genédnpari sons were made with the hel p of

Lasergene Navi gat or software 5 (DNASt arlnc.) using the EditSeq, SegMan,
Megal i gn and Protean progra arisons we nmade at the DNA | evel

and fromthe pr ernétaé@Tmsmda@a%ed that t%quhcfégd &2, tldcand Eé gepenaere
Thi s @nal ydepiveddfechi afl HPVa6 type varpsi f The ﬂegulﬂsldéttﬁ\sﬁ?aﬁeﬂﬁ@c Whtibudh

The gene. ég%aﬁsiép el ¥, @E@@ml&@ﬁ#ﬁ%ﬁ o BPRE G, bfanpe et Ehe <"
predi cted $eadiated saguencehwens, ehserved Accor di ngI y, it is
consi dered that suitable constructs for use in 15 this invention can be

made on the basi i ca

EXAMPLE 3: Constéqggfq‘(?‘lﬂ%%f i b? é@gFW?ﬁc“é‘égt%“tam °°“5t"“Ct5r$f§"| WS JPdual
genesl or Ithiarisventinercandhes sads oo the hpshe oftGNA firemwi1d-typeus] vicablHE¥ul e
in the fol liQuaeesmanner: Both the L2 and E7 genes were

EXAMPLE 3: Construction of Expression Cassette
The individual genes for L2 and E7 were assembled to generate the
20 fusion molecule in the following manner: Both the L2 and E7 genes were
cioned by PCR amplification to dintroduce novel N- and C-terminal
restriction enzyme sites, whilst maintaining the integrity of the protein
sequence. These gene sequences were then ligated together into a cloning
vector, using standard recombinant DNA techniques, to create a L2E7 fusion
25 gene, so that the open reading frames of the two sequences were
maintained. The L2E7 fusion gene was constructed as follows.

The HPV-6 L2 gene was initially generated as a 1.1kb PCR fragment

flanked by BamHI and Nco I sites. This PCR fragment was sub-cloned into

30 the pGEM-T cloning vector. Clones possessing the required insert were

digested with the two enzymes in order to liberate the L2 gene, which was

then purified by separation on an agarose gel followed by extraction onto

glass milk. Similarly the HPV-6 E7 gene was generated as a 300 bp Nco I -

Sal I fragment, sub-cloned into pGEM-T. These two gene fragments were

35 ligated together to produce a 1.4kb BamH I - Sal I DNA fragment which
encoded an L2E7 fusion protein.

The resulting BamH I - Sal I DNA fragment was then ligated into a
derivative of pET16b, a non-expressing cloning vector possessing kanamycin



cloned by PCR anplification to introduce novel N and Cterm nal
restriction enzyne sites, whilst naintaining the integrity of the protein
sequence. We9go4gese sequences were then |igated together intREHGBIGHSBHY
vector. using standard reconbi nant DNA techniques, to create a L2E7 fusion
25 gene, so that the open reading { anes of the two sequences were
mai nt ai ned. The L2E7 fusi on gene was consttucted as foll ows.

(l'anked by siiecafis . Ihe ' ool HtoRtlefouds bl plallal |2 30E N2E, gere
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then purified by separation on an agarose gel followed by extraction onto
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resi stance. The resulting construct was named pGMS8. The L2E7 gene
fusi onas subseqlBdtydE7t Fusioncganeqwas then JagiEed By PGRr tocgensrate, Bamt el

to anal yse t brd dopr PterRinioéapgabte WfoaFiowing the f1gkfrtionSof the gene cds¥ettav ng

fra yse b ; ; . of . f
the yene vas ' ABroEneLEey NectBE coEafInd i 18 Trape HR1G Jeager sefidty' 4! ©
resi dues, whith® Sieerd gadian dn framediisalrg 3§ the datende « EhenPRRt fragmesit was
transcri pti ogloneliOthrough the E-T—QEEtJrUSérﬂnfﬁﬁf\;Ta\@anifRﬁemi a ipB¥ JaetbieR

| nser in of Cenyedcfron EIRgh, oThis rAFTcBhstaRE hel Bine LY cont ai ni ng

an in frame pel B | eader sequence at the 5 end and an in frane H s

Vector and LLoall o [Hing fasSHBIP| U usion, cansBRRS It tamnifepret M e

This final céﬁ%‘ﬁsu%ﬁ P an%e%%%‘."% vecséor S Enown as ﬁEﬁ"&#?fg‘aé@‘Sﬁ&"ﬁ t he

f usi on const KpeMn waectoranstomprisg t strong bactewiopbagenf Tgr dicangortiption and

expr essgigon vepimy1atidH¥ynass P Express wnsmay tsebehéuced by p*avading 8Csdiree

conprise StroRG-PRRK Polmerads in ‘tne’ Astotel' ' GiieR Yhe control of the inducible
lacUV5 promoter.  Addition of the inducer. IPTG, then results in
conversion of the cell's resources into target gene expression.
Potentially the desired product can then comprise more than 508 of the

25 total cell protein. Moreover, because the system is inducible, it can

maintain the target gene sequence in a transcriptionally silent state
prior to induction, allowing the expression of gene sequences which are
potentially toxic to the host cell.

30 Addition of IPTG to a rapidly growing culture of cells transformed
with the pET vector containing the target gene therefore leads to
induction of the polymerase enzyme and concomitant expression of the
cloned gene. The protein product may either be secreted, or in the case
of these HPV gene products directed into inclusion bodies.

35

The cloning step was performed by the introduction of a Bgl II
restriction enzyme site at each end of the gene fragment by PCR
mutagenesis, using the following oligonucleotide:



20 transl ation signals. Expression may then be induced by providing a

source of T7 RNA polynerase in the host cell, under the control of

t he induc%, 9%/04706 | acUV5 pronoter. Addition of the i rgiGShosn18181C
S In

then re conversion of the cell's resources into target gene
expressi on. Potentially the desired product can then conprise nore

t han 50% of the 25 total cell proteipy Mreover, because the systemis

i nduci ble, it can mai ntain the target gene sequence in a
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PCT/ GB96/ 0 regambi nant plasmids were then used to transform an approprmate host ceR\W.70

(G(TJ C?gﬁ?ﬁ\ucl &Sm@ﬁe ene for T7 HQ NOO%her host cells that

(o1 Snuct ke ah, f»he*s. i mﬁw}?m{ SRRTESSTTGr baso) SRAPESS IR ATBLAYATIAb 1R
codon is randihave been SucdessfuliyocusedTin éhikmetimguence (pel B). 5
DNA sequencing followed. The L2E7 fusion gene was then |igated into

the foll owng. vectors. pET1l1b. ET16b ET22b, which
differ in t '?\&t & ¢ BEression ﬂfié&i\ (';"aE nal sequences. The
recontd nant pl asm ds were then used to transform an appropriate host cell.

10 HVB174, c?ﬁtl abé&e”ﬁ 06T6nibS "weké pmké(&mfr Gv'p;ethe g'g?ﬁ'i’ortﬁﬁﬁ Fells

t hat d|ffer I'n ssmn are

avai | abl e Plate agdqused, o ﬂééFP]@ch?egéfi}I"ﬂW%@ﬁ 2Yh quqhgm rreﬂ’ﬁ?& aliquots
EXAMPLE 4. werpr gsawnonpoforl 2Ehodics)stthewtused €o ciobculdbe a 12 ml culture of

bl at 6. and &Z@éféﬂe?n%'ﬁﬂlaaﬁ“&i%“@ W‘“‘??f&?”@%ﬂ%& e ?ﬁé%tgbﬁ
ver e &t own Nygberof obacteria as ﬁeﬂ“é‘éﬁ Yy measurAment of oprigd! @G'I‘%Tﬁye“oﬁ
war med rredmum Thisestutgrédinersignown ap untdt whenoptdcd densityarezched St ent
at which point the cultures were split into two 5.0 ml aliquots. IPTG at
the recommended concentration of 1.0 mM was added to one culture, and both
cultures were incubated under identical conditions for 3 hours.
25
At the end of this period, the bacteria were transferred to ice and
the optical density was measured. The bacterial cultures were harvested
by centrifugation in a 15 m1 Falcon tube for 10 minutes at 4,000 rpm. The
supernatant was removed and the bacteria resuspended in TE at a final
30 volume of 0.5 ml.

Analysis by SDS-PAGE was carried out as follows:
The sample was then added to an equal volume of reducing
electrophoresis sample buffer, and heated at 100°C for 10 minutes. 50ul
35 of sample was then loaded on a 5 - 15 X polyacrylamide gel, and
electrophoresed at 10mA for 12 hours. The protein bands were visualised
by staining in Coomassie Brilliant Blue in 10X acetic acid, 10% methanol
for 30 minutes, followed by destaining. A major protein band of molecular
weight 90kD, corresponding to the full-length L2E7 protein, could be



20 nunber of bacteria as determ ned by neasurenment of optical density at
600 nm These cultures were grown up until the optical densit
reached 0. 6BW098/04706 at which point the cultures were split iﬁF@"QW"%’.‘@ m
aliquots. |IPTG at t he reconmended concentration of 1.0 mM was added
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band, of 80k|§0m§ﬂ_r.respondi ng to a product of either proteolytic
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25 This was investigated by Western blotting, using either anti-L2 or
anti-E7 anti-sera. The results confirmed that the major product was L2E7,
and suggested that the minor bands were lacking C-terminal regions.

Further characterisation was performed by protein sequencing, which
confirmed that the two major bands contained intact N-terminal sequences,

30 including an uncleaved pelB leader sequence.

EXAMPLE 5: In Vitro Transcription and Translation
In order to characterise the products further the genes were
analysed in a series of coupled in vitro transcription and translation
35 experiments. This system uses an introduced T7 polymerase enzyme to
generate an mRNA transcript from the cloned gene in the expression vector,
which is then translated in vitro to generate a synthetic protein product.
By incorporation of a radio-label into the protein product, its synthesis
can be monitored using SDS-PAGE analysis.



degradation or premature term nation of transcription or translation. 20
The initial SDS-PAGE analyses denonstrated the presence of a-
COOWHSS'QW?QQbﬂfﬁg protein band with a size correspondi ng peTidekostpect ed
for the full-length L2E7 gene product. In addition, there were a nunber

of other bands visible, which may correspond to ei t her proteol ytic

fragments of L2E7 or to prerratureterm tion artifacts. 25 Thi s
was investigated by Western b otting, usi n]g either anti-L2 or ant i
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L2E7 fusi opopymerase. consi sted of two maj or bands of 80 kD and 70 kD, while
the L1 product contained two major bands at 30 and 32 kD in addition to 5
the presuned full |ength product_ of 60 kD. DNA sequence

anal i s r EXAMALEG6: 1y genesi s af,BNA SequeRces for L1 and L2 there were
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protein sequence of the immunotherapeutic reagent. However, the mutation
should increase yield of expressed protein product by minimising the level

25 of artifacts due to premature ending of transcription or translation.

Mutation was performed by the PCR technique of gene overlap

extension using oligonucieotides JCT61, JPC81 defined below, in which the
natural DNA sequence is replaced by the mutant sequence in the relevant
area.

30 The following oligonucleotides were employed in the mutagenesis:

JCT61 CCAACCCTCCGAAGAACACCCCCAAAC
SEQ ID NO 3 (Non-coding strand oligonucleotide primer for mutagenesis of
HPV 6 L2 at DNA sequence positions 159 and 162 (TTTTTT to TTCTTC)).

35
JPC81 GATCAAATATTAAAATGGGGAAGTTTGGGGGTGTTCTTCGRAGEG
SEQ ID NO 4: (Coding strand oligonucleotide primer for HPV 6 L2
incorporating a mutagenesis of the sequence TTTTIT to TTCTTC at position
159 and 162. The oligonucleotide encodes an Sspl site AATATT.



the am no acid phenyl al ani ne (Phe), for which an alternative codon (TTC)
exists. It was therefore decided to replace the TTT codon by nutation to 20
generate t hwovsgersce TTC. thereby maintaining the readi ng frerpcassBIBie
natural protein sequence. This was chosen so as to | eave unaffected, in
this exanple, the properties of the product, by |eaving unchanged the
protein sequence of the i nmunot herapeutic2|3eagent. However, the nutation
shoul d i ncrease yigld of,expresse rotein product m ni msing the | evel
o5 o Cart fanth 68 STEF SRt Biitq F S Feiltectod misagerests using
transl ati on. the following oligonucleotidexs performed by the PCR techni que of
gene overl ap ext ensi on usi ng oligonucl eotides JCT61, JPC381 defi ned
bel ow, in which_ the n I yence_is replaced by the nutant
sequence in t‘ﬁ’@g el evant E‘éﬁ&kﬁgﬁ:ﬁmwm'r fol | owi ng
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posi tions 153388 162 (TTTTT to TTCITC)). 35 JPC81

GATCAAAATAAAAT GGGGAAGT TTGGEGGGTGT TCTTCGGAGGG SEQ 1D NO 4: (Codi ng

d oli I . de. nki . ' ' .
ut agenesi o of -t hollEchiIGEnprAFBEAEE Yol ahlnnsertod T BEAEY £ céatia timai
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PCT/ GB96/ 018ﬁpression. 23 A
second site was al so nutated by site-directed nmutagenesis using - the
foll owi ng oligonucl eoti de: JPCI0

CGTATTCCCTTA Zrcrpressionof MutategRequencdso 5  ( Codi ng strand

ol i gonucl eoti de pregyewing’ mit¥géndsis of thgi NGETP Vonstrlkt! ’\%\éi tdfect was
mut age is of the sequence a% 6093' ion 1359 and 36
The Timd geMOMHTaEdcPYual tHERO | AL IdVive EXpERssian  fablawed by nShS-PAGE

expressi on veanabysidesarghdestesntidos3aralgs nwhersedpgropriateitro and in vivo
expressi on. EXAMPLE 7: Expression of Mitated Sequences

Fol | ow ng nut ageneﬁ‘i_i,c{) the L2E7 construct the effect was 15 .honi t ored
by invitro and i3 exparavents, werg) |Rgrermed dJios adyse the Jpaivisre,
and Western Hransavipticn andvtearslapjoroprodutts of both mutated L2E7 and L1 genes.

20
The in vivo expression of the mutated L2E7 and the L1 gene were
examined as before. Individual colonies were selected and grown up to an
optical density of 0.6, at which point IPTG was used to induce half the
culture; three hours post-induction the cells were harvested and aliquots
25 prepared for analysis by SDS-PAGE. The expression cassette was found to
be translated satisfactorily.

Both in vitro and in vivo experiments confirmed that mutagenesis of

the poly-T-regions leads to a diminution in the yield of prematurely

30 terminated fragments of both L2E7 and L1, and an enhancement of the yield

of full-length product. The net result was a diminution in the yield of

the 70 kD product from expression of L2E7 and a loss of the 30-32 kD
fragments from expression of L1.

35 It is therefore clear that mutation of the poly-T regions leads to
an enhanced expression of the full-length species in this expression
system. This result has not previously been described for a T7
polymerase-based expression system, and may have wide applications in
other areas of expression work.



Initial experiments were perfornmed to analyse the in vitro

transcription and translation products of both nutated L2E7 and L1 genes.
20 WO 98/047061'€ i N Vvivo expression of the mutated L2E7 pificiBogoisis geNe
wer e exam ned as before. Individual colonies were selected and grown
up to an optical density of 0.6, at which point |IPTG was used to

I nduce half the culture; three h0|2|45 post-induction the cells were
harvest ed and aliquots 25 prepared for analysis by SDS-PAGE. The
expression cassette was found to be translated satisfactorily.
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fermenter ?ﬁq’ WA ‘Mre‘q‘ rngIPf$f¥§#WS%§Wr§@ga§8¢ %eﬁ\hﬁgar%%f @W’P m%‘m
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bel ow and | Qperture under a pressure of 5000 psi. Lysis of approx 95% efficiency can

be achieved by standard methods and is virtually complete after 3 passes.

E.coli cell lysate containing insoluble L2E7 1in the form of

inclusion bodies is centrifuged. The sedimented pellet. containing

25 inclusion bodies and cell debris was resuspended in a buffer containing

Triton X-100 detergent. In such tangential cross-flow filtration, which

is a per-se standard technique carried out in commercially-obtainable

“Filtron” (TM) apparatus. a flow of Tliquid or suspension to be

ultrafiltered or filtered 1is passed across an ultrafiltration or

30 filtration membrane under a transmembrane pressure sufficient to drive

filtrate through the membrane. In the present embodiment, tangential

cross-flow filtration is used to concentrate the inclusion body suspension

against a 0.16pm filter. Inclusion bodies are concentrated in the

retentate and contaminants are removed in the filtrate. The concentrate

35 is then diluted to reduce the Triton X-100 concentration, and concentrated

again. Urea and DITT (dithiothreitol) are then added to a final

concentration of 8M, and 10mM respectively, which solubilises the L2E7.

Denatured, reduced L2E7 protein then passes through the 0.16y filter into
further filtrate where it is collected.



15 Figure 3 of the acconpanying draw ngs. Cell breakage is
performed to rel ease insol uble L2E7 stored as I ntracel | ul ar

i ncl usi on bwi es04éB' s). This is done using a hydraulic PCTGBS5®18¥6i Ch
causes cell lysis by passing the cells through a narrow 20 aperture
under a pressure of 5000 psi. Lysis of agﬁ_‘rox 95% ef fi ciency can be
achi eved by standard rret hods and is virtu y conpl ete after 3 passes.
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25 The size exclusion chromatography peak at this stage of the process
is dilute, at an approximate concentration of 0.25-0.5mg ml1:. The
product (1-2L) is concentrated by loading onto a small volume of anion
exchange matrix (~ 75ml1) at a flow rate of 0.5m1 cm?/min. The product is
eluted using urea DTT phosphate buffer pH 8.0 containing 1.0M sodium

30 chloride. The peak volume is 1-2 column volumes.

The concentrated Q anion cartridge peak was buffer exchanged into
a final formulation buffer at 48.9mM Tris pH 8.0 containing 5mM DTT. The
column matrix is Sepharose medium G25 with a volume of ~2.5 litres. A
"slug” of buffer containing 8M urea equal to the product volume is

35 preloaded onto the column. The product is then loaded at a ~100-150 mls
load. The formulated buffer exchanged product peak is typically eluted
at 0.5 column volumes using a flow rate of 0.06ml cm?/min. The final
product bulk is then -80°C stored.

A solution or dispersion of the product L2E7 protein obtainable in



which is then washed with 4 colum vol unes of 8. OMurea DTT phosphate (pH
15 6. 2) containing 210nM sodi um chl oride foll owed by L2E7 peak el ution

W th wogdardyf f er contai ni ng 500mM sodi um chl ori de i ntecaEBYsOIBIEL €l v
1.5 colum vol unes. The cation exchanger peak product

was | oaded onto a size excl usion matrix (as indicated in Figure 3)
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Expressi on of HPYeastouerestransyermed with the HBYcGLZ k% Appskrustrand grows up
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CneeRl o apr e TqRr BAGhHoR BTEy oo Bl tslee Hit
cerevi si ae HuttBARrBERNCcH 9fcpf iwdactageciipthe sediim, cag she soie savhan spurctased
on el enents of t0€112exiradssiwvere Prioducededyp désmiptior bf Nitieecallogenbrands: fin ames
the presence of glass beads. The extraction buffer was Tris-based and
contained a broad range protease inhibitors; PMSF, pepstatin, leupeptin,

25 antipain and chymostatin. Cell extracts were processed by SDS PAGE and
the resolved proteins were Western blotted using polyclonal antisera
raised in sheep against HPV-6 L2 and HPV-6 E7.

Yields of HPV-6 L2-E7 fusion protein produced from Saccharomyces
cerevisiae in this way have been estimated to be 10ug per litre of culture

30 in certain embodiments.

EXAMPLE 10
Cloning and Expression of HPV-6 Genes in Yeast - Pichia pastoris
An L2E7 fusion molecule (see Example 3 above) can be created as a
35 BamH I - Not I DNA fragment, and cloned into a suitable expression vector
such as a Pichia expression vector pPIC3K (obtained under license from
Phillips Petroleum). The gene can be placed under the control of the
Alcohol Oxidase promoter, AOXI, in order to allow high level expression
of the fusion protein. Following linearisation of the expression



genes driven by the GAL7 pronoter. The vector also contains the LEU 2d

mar ker, for selection of increased copy nunbers in yeast cells,. and the 15
kananyci n M@P#04#86e gene enabling sel ection in Escherichia EGT{GBI6AREIG
Saccharonyces host strain used for expression was S150-2B (genotype: a.

| eu2-3. 112. [err]his3, trpl-289, ura3-52é Yeast were
transfornmed with the HPV-6L2-E7 construct ?ind grown up : I n medi um
cont ai ning 2 HeREe CoF iRty [ ess
transcripti Oi}éoﬁ%om ?heﬁ%APssp‘?%m%teer. %e exgﬁteos [ Sﬁf \j\‘cl‘;eg'l%ﬁbﬁgggeropﬁs?f in

the presence 619K gal actose in the medium as the sole carbon source.

Cell extracts were produced by disruption of the cell nenbranes in
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10 EXRLEddion of theliRBAARS M B BSSAneY by AR CardTPER.  Bnd DA
was prepared from clones containing the correct orientation.

DNA from the pBacPAK1 transfer vector containing either L2E7
construct was transfected, using the standard Yipofectin mediated

25 procedure, into Spodoptera frugiperda (type Sf9) cells along with Bsu36
1 cut PBacPAKl viral DNA (Clontech). In vivo homologous recombination
between the plasmid and viral DNA then occurs to rescue the viral DNA, and
in the process the target gene is transferred to the viral genome.

The progeny viruses generated in the co-transfection supernatant

30 were then amplified by infecting fresh cells.

A fraction of the infected cells were harvested and genomic DNA was
prepared. PCR amplification using the above primebs indicated that
recombinant virus was present in the cells.

The passage one virus stock was then used to further infect cells

35 at a high multiplicity of infection to characterise gene expression by
determining the time course of protein production: Confluent Sf9 cells in
6 well dishes were infected at a high mulfip1icity of infection. cells and
supernatant were harvested 24 hrs, 48 hrs and 72 hrs post infection. The
results of the experiment were observed by SDS-PAGE analysis and Western



In order to investigate expression of the L2E7 fusion gene in

bacul ovirus, two constructs were generated, each coding for an. HPV-6 L2E7
fusion p ' ither with or without a HisTag tail. Neit uct 15
cont ai ne%%@g er sequence. as on this occasion it was w's el‘aﬁto é{?arri ne
the level of intracellular expression. The two constructs were
cloned by PCR anplification, which 28 introduced termnal Bgl Il sites,
into the pGEM T vector. The L2E7 genes were then isolated as Bgl I
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pl asm d veelaps aparbe gene sequences have been used to contruct gene

fusions for expression of HPV-6 proteins to high levels in prokaryotic and

eukaryotic systens. 10 EXAMPLE 12: I rrrruno%eni city of L2E7 in
m ce Serum was collected 7, 14 and 56 days after the 2nd injection of

L2E7/Alum. Serum anti-L2E7 antibody levels were determined in an L2E7

25 specific enzyme linked immunosorbent assay. Serum anti-L2E7 responses
peaked 14 days after the 2nd injection of L2E7 (mid point titre 4.572
1ogl0) and persisted to 56 days (mid point titre 4.127 logl0).

In vivo delayed type hypersensitivity responses (DTH) to L2E7 were
30 measured in a second group of mice immunized as above. 7 days after their
2nd injection with L2E7/Alum mice were challenged with 1.8ug L2E7 in their
right ear and an equal volume of buffer in their left ear. L2E7 specific
increase in ear thickness were measured with an engineers micrometer 24,
48 & 72 hours after the ear challenge. Mice immunized with L2E7/ATum made

35 in-vivo DTH responses.

In-vitro 1ymphoproliferative responses were measured with draining
1ymph node cells (axillary lymph node cells) taken from a third group of
mice, seven days after their second injection with L2E7 / alum product (as



The i mmunogenicity of an aggregate of L2E7 has been exam ned in

mce. It was found that when an aggregate of L2E7 adsorbed on 1 2, Lm
hydr oxi de (W& WR4%as i njected into 86CBA nice L2E7 speC|f|c¥8ﬁﬁ%ﬁg%9ﬁ€as
elicited. This L2E7 specific inmmunity included serum anti bodi es, of 15

I mmunogl obulin G (1gG class and i nmunogl lin GL subclass (1gd). L2E7
specific delayed type hypersensitivity responses and |ynphoproliferative

responses i.n nﬁ;’ e §1 @‘l}n%ﬂnﬁodg celhgg@en%on ag rﬁﬂg“wm(f"‘ﬁt Vﬁbf]e
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2nd inj ecti onvwr‘phm_:!EWOMSarﬁQﬂ-%E? K82Q00c ppm.| shipedatiophindes[ &M g L2E7 in
their right ear and an equal volume of buffer in their left ear.

L2E7 spegific ncrease_in ear thickness were neasured with an
engi neef@ m cm%r]‘?‘z Tow TRUNES FRSPRRSER) sh‘ﬁ‘la{'%'r t he ear chall enge.

M ce inmmuni zed with L2E7/AI um made 35 | n-vivo DTH responses.

In-vitro 'y”phoprou% %elx sshda r% "BARHIGH kol Tex of
RARER I fetie ntinibi bbbtttk ot

VD 98104706 an appropriate dose-related mnune response in healthy m#l€TvaRMBe€rs316
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gl utam ne, bet@- the produst:capfhet tvamnrhteanrd hatl | lbeenlgssven tiE7prediict by

o o er st MoniftanGstillF Shigcrion 4 TR b3S 6 B ;fgfd{aﬁe{rhgql dose, at

prollferatlon vvas ass ora
for the final 93% Onang §eRﬁat@¢1é°$§_5 HBLﬂachIIWrQay 28 (accelerated seded HD)I I s(Aﬂr om
mce wep® i MmuaTierastvel hsloker/ Alcheduleolfof evagtitatiion on days \0i,t 2® dnd 66&yagnse

to L2E7 (42000 £piprigd,! Tl 3Fdupl Y&l %raflrable.) Lymphoproliferative responses

were seen from day 7 at dose levels including the lowest dose, 3 yg. L2E7

specific antibody response was also shown in 29 of 32 assessable samples

from the volunteers (the three non-responders in the antibody test had

25 been given the lowest dose). Increased in-vitro production of IL-5,
consistent with the antibody production, was also seen. The two higher

doses elicited T-cell proliferation sooner than the lowest dose. The

highest dose, 300ug, stimulated more IFN-gamma production than the lower

doses. The observations made, of rapid T-cell proliferation and

30 associated production of IFN-gamma, are appropriately consistent with the
intended use of the product as a therapeutic vaccine for genital warts.

Regression of long-established human plantar warts, considered to

be due to human papillomavirus, has been seen in a recipient of the

product at a dose of 3 micro-g, whose cells were among those showing

35 lymphoproliferative response. Regression was observable at day 7 and

disappearance of warts occurred by day 14.

The 1invention described and the disclosure made herein are
susceptible to many modifications and variations as will be apparent to.



10 EXAMPLE 13: | mune responses in humans: A
vacci ne as descri bed above, an al um ni um hydr oxi de gel conpl ex -of

L2E7 pr epghegs ivalently as indicated above, has been she@r/¢svsioigidce

an appropriate dose-rel ated i nmune response in healthy male volunteers. 15
Cells fromall of 36 vaccinated volunteers showed a L2E7-specific in-vitro
| ynphoproliferative response (CD4+ T ceBbs) indicative of imune response
to the product. The volunteers had been iven the product by

i ntranuseculand regdidyi perfonmabdeebyoftie skl ted $eﬂx?e[renm] ghe ahighti of athitose at

day O and rﬁ?@ﬁsﬁﬂe‘doﬁﬁf e d*%)fﬂsuf‘é%ﬂéﬂdszgo(aﬂ%ﬁ‘gdt%ﬁ% e@g@ﬁgﬁg@ anc{ An 20

alternative vaccl nat

also triedS “Q‘FFH%FBQH& n§ed &?’Ef JIF abires) mer_lt ﬁgpﬁaﬁ% r%ﬁsFUbquesff%"ﬁ

were seen moomem; ¢ited htoein lace dierebydhcahipopatiedeby cefertendmse, 3 [err]g.
L2E7 - . specific antibody response was al so shown in 29 of 32
assessabl e sanpl es fromthe volunteers (the three non-responders in
the anti body test had 25 been given the | owest dose). | ncreased
in-vitro production of IL-5, consistent with the anti body
production, was al so seen. The two hi gher doses elicited T-cel
proliferation sooner than the | owest dose. The hi ghest dose,
300[err]g, stinulated nore | FN-gamma production than the | ower

doses. The observations nade, of rapid T-cell proliferation and 30
associ ated production of |IFN-gamma. are appropriately consistent with the
i ntended use of the product as a therapeutic vaccine for genital warts.
Regressi on of |ong-established hunman plantar warts, considered to be
due to human papill omavi rus, has been seen in a recipient of the

product at a dose of 3 mcro-g, whose cells were anong those show ng 35

| ynphoprol iferative response. Regressi on was observable at day 7 and

di sappearance of warts occurred by day 14. The invention
descri bed and the disclosure nade herein are suscepti bl e to many
nodi fications and variations as wll be apparent to, WO 98/ 04706
PCT/ GB96/ 01816 30 and readily
performable by, the skilled reader in the light of this di scl osure;

and the disclosure extends to adaptations, conbinations and
subconbi nati ons of the features nentioned and/or described herein.
Docunents cited herein are hereby incorporated by reference. 5



31 CLAI M5 1: A pol ypeptide or pol ypepti de conposition
conprising an antigenic determ nant of a papillomavrius protein
i n an anor pMe8/e4T0e6 egat ed f orm whi ch when in sol uti W&B%/DISN
di speni on can pass through a sterilisation filter. 5

pol ypepti de or pol ypaptide conposition accgrding to claiml corrprl sin

oo e e o s, o oo oo AR Y

pol ypepti de composition according to claim1l or 2. conpri'si ig at
| east one antigenic determ nant of papillomavirus L2 protein and at

| east one antj:geniA ptﬂtypepsmﬂanbr (o lppepthi e neompssitibd , comprisihg &R aftwﬁémc

Becordi n g Lo dgtarpinghe ot 8 RgRAS ﬁfs&ﬁﬁ# 7R e afRRE i et

of L2 arkl E7 i sotationgar dispersiqn canmass sihngugh a sterilisatdoudiitter,r ayment
of at |east S{{améfpholis dgdrégatedurpge of .each of L2 protein and E7
protein, e.g. corrprl sing substantially the*full sequence of L2 and of E7
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HPV uman a virds.
A })Q)I ypeﬁJ d@eéﬁ%péﬂ E@pt P'Elg}cé 8&? 5n according to any preceding 25

cI aim in the formof a denatured, reduced, and reaggregated preparation.

7: A I de

Ciaim oot bl e ?Aiﬂf‘ﬁﬁﬁ#%%ﬁﬁ%&?@bﬁﬁ% Seqitdifl A9 AR
subsequent  compris gastAnecsntdeeni Gdetepmpiang ofhanidiemayirys LAdroteim of
i ncl usi on bodirds at rleas80one antigenididebertminast ofepdpillomavirus E1, &2, EA E6

pol ypepid de de conposition according to claim?7, whi ch has
a nol eci ar ?g‘sg?p%@%gg%regate in the range about 100, 000 to about
10, 000, 000

4 A polypeptide or po’lypeptide composition according to claim 1, 2,
or 3, comprising antigenic determinants of L2 and E7 proteins of HPV, e.g.
comprising a sequence fragment of at least 50% of the full sequence of

20 each of L2 protein and E7 protein, e.g. comprising substantially the full
sequence of L2 and of E7: optionally further including a sequence of L1
protein.

5: A polypeptide or polypeptide composition according to any preceding
25 claim, wherein the antigenic determinant is of a papillomavirus protein
of HPV type 6, 11, 16, 18, or of a non-human animal papillomavirus.

6: A polypeptide or polypeptide composition according to any preceding
claim, in the form of a denatured, reduced. and reaggregated preparation.

30
7: A polypeptide or polypeptide composition according to any preceding
.claim, obtainable by denaturation, or denaturation with reduction., and
subsequent reaggregation of a polypeptide expressed in the form of
inclusion bodies in a recombinant host cell.
. ..
» 8 A polypep’nde or po]ypeptlde compos1t10n accordmg to claim 7,

" which has a molecular mass per' aggregate. in the range about 100,000 to
about 10,000,000 dalton.
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PCT/ GB96/ 01816 9: A pol ypeptide or

pol ypept ivig ofz@fgsi tion according to cI a whi ch eemRiBs8A$s16
aggregate particles m’n"u(mﬁ'mlﬂi‘l"m el ect ron m cr oscopy in the
range about 4 to 50 ) 15 nm 10: A pol ypeptide or
pol ypepti de conposition accordi ng to cla2m?7, whi ch conpri ses
aggregat e partlcles havi ng 2-200. e.g. 5-50 polypeptide chai ns per
aggr egat e. 9: A polypeptiderctry peivperdide eampppitiiondeceordpng itioi @daim chyr di ng
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12: A pol ypeptide or polypeptide conposition according to claim1l, 20
conprising_a fusion_pol ypeptide conprising an antigenic determ nant of L2
protein andlan #ntRoJ¥pertide: e RajyRePEIde nfamposHdon apeording to glaimal, E6

and HB prolcomprsising a fusids: polypeptidemgomgrasing @Onabsiédstn ansehtigehfc for
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t her al¥y of papphlmavmVumtemmla:w cBram tflon.E2, E4, E E6 and E7

papillomavirus proteins e.g. where the said proteins are from different
papillomavirus types.

12: A polypeptide or polypeptide composition according to claim 11,

20 comprising a fusion polypeptide comprising an antigenic determinant of L2
protein and an antigenic determinant from at least one of E1. E2, E4, E6
and E7 proteins.

13:  An immunogenic composition suitable for administration by
25 injection, comprising a polypeptide according to any preceding claim
together with an immunological adjuvant.

14: An immunogenic composition according to claim 13, wherein the
adjuvant comprises alumimium hydroxide and/or monophosphoryl lipid A.

30
15: Use of a polypeptide or immunogenic composition according to any
preceding claim as an immunogen, e.g. as a vaccine for prophylaxis or
therapy of a papillomavirus-associated condition.

-t



