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ADENOVI RAL VECTOR VACCI NE FIELD OF THE | NVENTI ON 5
[ 0001] The present invention relates to the
devel opnent of inmunity agai nst antigen expressing
cells using an adenoviral vector that expresses the
antigen fused to a secretable formof CD40 I|igand.
BACKGROUND OF THE | NVENTI ON [ 0002] The fol | owi ng
di scussi on of the background of the invention is
nmerely 10 provided to aid the reader in understanding
the invention and is not admtted to describe or
constitute prior ADENOVIRALVEBCSEOR VAUCINEoON. [ 0003]
The activation of antigen presenting cells (APCs)
including the dendritic cells (DCs), followed by
| oadi ng of the antigen LN ell with relevant
antigens, is a requ gﬂﬁéﬁgygiﬁpﬁvﬁﬁgiﬁﬁheration of a
T cell dependent imune response agai nst cancer 15
cells. Once activated and | oaded with tunor antigens,
DE80GH] gr he prasent duyieniicl relajeshthe dekdepnianief) intnpniiy @gainst antigen
ant| r

%gégﬁg ée%gﬁ% égnldeggif&ﬁ VectY(S‘ it QU éc %Leac{x‘% %Fﬁg Ga
nnk@ewbbim@ibfama&hgmﬂe requi red for optim
activation and expansion of T cell clones conpetent to
recogni ze tumor ant a8 tation
to naive T cells, E@ﬁﬁ@&%@?@@i%ﬁ #ﬁ%gévﬁﬁﬁ tory

nol ecul e 20 expreSS|on on the surface of the APC,

.| aon] t 0 ’Iaa éollpyving didcusebd of thélt)ackgdoumbuﬁhe invexts-is merely

P a0 A JoF oo n P e P oion epE ot Rl o dgserbe

| Mo bEgtiAMeprid=Net 16 Be prédniGohti@st , in the presence of
CD4+ T cell help, DCs change their functional ability

ortofiisf oo rp =Fetet & alper spieuina s B MRl 8 Rergliic cots
r e{g@lc@): mlowea Ity CEAR PR dntiganfesthiiSEAMOkih fer&z@f&aﬁﬁgdaa Ssa

CD40L .is a 33- kDa t e |l menbrane protein and

n*é?ﬂjlé?lte step i fhs sengratinarRs aflagell depeaMpriimpng Fospanse Agaigst Cancer
I
Lo dT"a%ém?%“t"’Sé‘ﬁgﬁﬁ SEURRERE R ebiobal ymph

| moderd LNesfooreses anhigans (agsiad dslenVexyeommmd s thesnABCs express
oS afBufor AR borVBRR nittoftes Y Rauivgd foroptima

Macivativh emch@qwhélm ciacdlienges cdih@tenﬁ Lo o gnireqmacktdneigens]
1 S,ﬁﬂg]ﬁg S 2 a af? ?’%}’ %«‘%ﬂ\éta 1%1 arh%c):nscf: §£ cos{unuPa%lory tolecule

expression on the surface of the APC, leads to anergy of T cells (2). Moreover, cross-

presentation by DCs without CD4" T cell help also results in peripheral deletion of Ag-
specific T cells in regional LNs (3). In contrast, in the presence of CD4" T cell help,
DCs change their functional ability to cross-prime T cells, resulting in clonal expansion
of effector T cells (4). This CD4" T cell help can be replaced with CD40-CD40 ligand
(CD40L) interactions (5). CD40L is a 33-kDa type Il membrane protein and a member
of the TNF gene family which is transiently expressed on CD4™ T cells after TCR
engagement (6).

[0004]  The ability of DCs to generate anti-twmnor immune responses in vivo has been
documented in a number of animal tumour models (7, 8). However, DC-mediated

induction of immunity represents a major therapeutic challenge. The current procedures
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routine clinical practice. In addition, it is

difficult to ensure that the antigen presenting cells

express appropri ate adhesi on nol ecul es and chenoki ne

receptors to attract the these DCs to secondary

| ynphoid organs for priming T cells (9-14). 5 SUMVARY

OF THE I NVENTI ON [ 0005] I n one aspect, the present

i nvention provides an adenoviral expression vector

f QL ORPRERLAS Shd SFH W gb@gﬂé fé§$ur@é"ﬁl‘ceﬂ§i% an-H"ﬁe Hﬁﬁ&@tr to agply to

conprises a transcription unit —encoding a polypept

C cmpme slimgal practing. tIm@déuﬁzpmt is diffitwliite ensure et die eniygen presenting
g]?sr %(g%ﬁgs %p%%@u e{%%el adﬁgs?](é{ 1%%1}18% a%gtc}#h Séku%ﬁl’]lte!:%‘f‘&s to atfract the

S lﬂb@é Dsit@bdcyndaky lyﬂfphblldmrganaﬂﬁ einthn g eell:bc(mmm

rendering CD40 |igand secretable. The secretory

signal sequence fu

ant i gen- CD40 Iigangﬁﬁbgggﬁ;BEﬂgﬁgﬁhnﬁgﬁgﬁﬁpartnents of

the cell which cause the fusion protein to be secreted

from the cell. 15 [0006! I n one enbodi nent, the tunor
aB00§kn insong asprehrhe RIRSSEL iAKeNtigR Rrovides amadangyiral expression vector
pﬁo%h BBl g infEifyUERAs taHHEJn it w&& do& h@@s FifarRérRith nit

nan;§ | oma~virus HPV). [0 In sone
erq:bmﬁmcéypeph@e OS] mzmﬂm ayrine tqrm@mssmcrsmmwé

t hat
¢ RELEEHG T Foufor & BSF i ARRRabaR COM Rzl RS s Bing ol o
I eﬂlgitelmamdalb@ﬂ’m@ﬁaﬁsmmbre{nﬁﬂﬁﬁ]mm renderoigt (D4 (eidand bevestable. The
the adenovi reSS|o vect ar co rlses
cmﬁegaalw[ SeuSiP SiRGi e e die g andgrC D0 g fusion
t LARSi6id SdohfRtn@histoTehe! JeB Ridh datideqRe fu@i&hﬁ)roté:ﬁ Q08 sebreted from

still another enbodi nent, the CD40 ligand is human

oli gand. 25 [0010] In yet anot her enbodi nent, the
CD40 ligand which |acks a functional t r ansmenbr ane

dgoge] | B QBREMMIIRRENE TR RindS antRES istd kAl antiBéh. Tn another

t ransinenbrane domain or, does not contain a

t reabefiEent Heduaendymor qutgents theE TaeteRat hymse pipillemg virus
pxﬁggzt i nvention provides methods of generating an

[ response in an individual against cells

expressing a tunor antlgln by 2 admi nistering an
efl0851 i v& sommambodimentre teipasrripBen WetneludgdfiegirnenbaiFmgodes a

t I'Ilﬁkérlﬂmeen mtth&gpanUgen and the CD40 ligand. Suitable linkers may vary in

length and composition.

[0008] In another embodiment, the adenoviral expression vecter comprises a human
cytomegalovirus promoter/enhancer for controlling transcription of the franscription

umit.
[0009] In still another embodiment, the CD40 ligand is human CD40 ligand.

[0010] In yet another embodiment, the CD40 ligand which lacks a functional
transmembrane domain is one which confains less than 10% of the transmembrane

domain or does not contain a transmembrane domain.

[0011] In another aspect, the present invention provides methods of generating an

immune response in an individual against cells expressing a tumor antigen by
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[0012] In one enbodi nent, the tunor antigen is a hunman
tunor antigen. In another enbodi nent, the human tunor
antigen is the E7 protein of human papillonma virus. 5
10013] In yet another enbodi nent, the cells are cancer
cells. In another enbodinent, the cancer cells are
cervical cancer cells. [0014] In still another
enbodi ment, the nethod results in the generation of
CYh QbR drn &Qﬁéctﬁre%ﬁlohﬁt AU APdntiS A v ebidrUmEn @rﬁé@é‘s'tﬁé ffhor
antigen. I'n another enbodi nent, the vector follow ng
adniigenstrati on i s taken up by ceIIs whi ch subsequently
secrete a fusion 10 protein encoded by the
t Irj Mt 4 R%t¥Blifment %étﬁﬂnoiﬁ @ﬁw%ﬁ b8 oA RREen. U Snother
esent 1 nvention provides net treating an
imﬂﬁumdmﬁlﬂmﬁmhwnanmamnugmns&wﬁﬁﬁs@@muihmmampmﬁMnm@ﬂﬂu&
The met hod conpri ses adninistering to the individua

IV unt | nv nt| S n ctor
eloB oo e B R YA BT SR BRSSP
ehbddifRa, thetcagcet Mrareammw Baricsr eelithuman t unor
antigen. In another enbodi nent, the human tum)r

UGN, ISl RSB e DURERR  BERL b QIR MBS e ot

celpE.T dellls agirishedid tueivh askocivii antig%ﬁ hﬁa”mﬂier ebddimaiitethe vector
cervical cancer cells. [0018 anot her

e AWiRTTRG MmImISEiqRds Hben Flé%?%l%“f ichsy e@%%le/éﬁrstﬁ 2 dipsion
éﬁ'&&ﬂ’éﬁ&de@%fﬁ@%ﬁn&ﬂﬁﬁ&d gnifigai nst sai d tunor

soci ated antigen. In another enbodi ment, the vect or
fol | ow ng}adm nistration is taken up by. cell's whic

s UMESEY U e Bt Yo aralleqr @fneci thepsesgit m\fﬁﬂ&%}ﬂﬁﬂéﬁ%@a@a dﬂb‘gf tfeﬁ%ng an

UG RRwiaHdl HfithQBndéP ikt e )%J%ge%]a tﬁ]ﬁoﬁanfngéﬂ hele ASREClompridss

present invention des net hod generat i ng

| arhmiiterinigrio alesmb}néuai ap gifeeiive amiovnt d:fﬁlemmﬁ% sxnrpSsioRaector

Vil 0 istering 25 to the individua
%ﬁ&mﬁ‘?ggmiﬁggH%E%%Pthe i nventi on adenovira

expreSS|on vector wherein the tunor antigen is the E6

o{0®EB] pr bt @isrendbodiment thejamiot dndigen ii arhuman f@N¢TODHeqn. |In another
;gﬁ}bﬁﬁ?lg{ gﬁ, @thh Qs g{ﬁog%gt\égeglltmo {hgrgg Rl em %gl%\%ﬁé lloma virus.

subsequent tinme to increase the |rmune response. The
i OANTi t yIrageh emsher etvbodinrent, thereligen caxpr@disi ngpnothlet s i s

| 9Nt B 2R EF RESCTUETL BT HE DRAWNGS 5

{0018] In still another embodiment, the method results in the generation of cytotoxic
CD8" T cells against said tumor associated antigen. In another embodiment, the vector
following administration is taken up by cells which subsequently secrete a fusion

protein encoded by the transcription unit.

[0019] In a further aspect, the present invention provides method of generating
immunity in a subject to infection by human papilloma virus, comprising administering
to the individual an effective amount of the invention adenoviral expression vector

wherein the tumor antigen is the E6 or E7 protein of human papilloma virus.
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[0021) FIG 1 shows a nodel for events which foll ow
subcut aneous injection of the secretable tunor
anti gen/ CD40L vector. A proposal for the steps which
occur followng the injection of the subcutaneous
space with respect to the activation, tunor antigen
| oading, mgration to regional |ynph nodes, activation
of CD8 cytotoxic T cells which 10 are specific for

ca SHEOH, PN a
32?2} c&%ﬁ%e ?&ﬂgg%endeﬁ?&%ﬁﬁgahﬁgagﬁﬁugg resggﬁée
[ GOR@itanEEly dhdshayviee givescinembsefieant tmg $e ingreaserthe immune response.

Sl SABLERS WAL o RRRY L T 0

order to inprove DC activation and tunor antigen
| oadi ng, an i NRRBIZBESCRIFSHON @ff YHWAR ABINIGSped t hat
used a reconbi nant adenovirus encoding a secretable
fonn of the oncoprotein E7 from high-risk human

PEPedL) OMRIGH I k5K a (b4 forfevta@siwhioh @MY dub@abolid Bfbction of the
whi ch the transnenbrane domai n had been del et ed. hi s

2GeeBiAble Fumer apRgendngf e tscin: ArrerRoselder e sispeviigh ocour following
ko) fford YIENHLRLADL GpaB)Hth LEBRS BPDEARRAP A Smiigen

from gand, which | ocat ed downstream from

e easithgn gu@monam degbheal émtbdwdgs, actéfawf (2¥jerdoionic T cells which
n I

here ot BT AARIAY Ll oRE PaR AR GO BB B

exlependentSThDMke immend egpdned.o i ts genonme whi ch encodes

25 a pol ypeptide. The vector nust be capable of

B P A O B R RO Srie e
Veatsingd@sACyCDI.ai ns at | east a portion of each
term nal repeat required to support the replication of

Furl |1 TR sequlheBItaftchBlyo O it ffiioy’ *1e

encapsi date the genone into a viral capsid. Many
sui tabl e adenoviral vectors have been 30 described in

t He023} t . Inorder ipppieye RE. acgyatiog and fmog @@t@ndw@ms?an
(G R Rhuh R gi @&l Hé«%ldélecl'l ﬂ:fét oLl E'i&:gm‘ﬁ Qe s encoding a

speciali ze agi ng I nes. erre
a@eqn@te’dilﬂ édmmfrbheecmpmtewﬁﬁ from hl@-mkehmﬂaatpapliloma viruses (HPV)

Jeh tEEH gaend‘ifotﬁl %%m!hrﬂh z{n@i%emﬁr%héé i) ggﬂeeﬁ'&%e&,ﬁ "Phis

ranscrlp uni t used erein
C countatti vosz enpinberédie beaaé&atahlle g ldeletipy s sytoplasmmtaml

n%ﬁgﬁnéemb?ratu:{ee oglgln%fﬁ'oDNéDELB ?itgands W]inr r\]avsa(s: olcgt%g downstream from E7

encoding DNA. and DNA encoding a signal sequence.

[0024]  The term “adenoviral expression vector” as used herein, refers to any
adenoviral vector that includes exogenous DNA inseried into its genome which encodes
a polypeptide. The vector must be capable of replicating and being packaged when any
deficient essential genes are provided in trans. An adenoviral vector desirably contains
at least a portion of each terminal repeat required to support the replication of the viral
DNA, preferably at least about 90% of the full ITR sequence, and the DNA required to
encapsidate the genome into a viral capsid. Many suitable adenoviral vectors have been
described in the art. U.S. Patent no. 6,440,944; see 6,040,174 (replication defective E1
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5 continuous nNRNA strand by RNA pol ynerase, and
i ncludes the signals for initiation and term nation
of transcription. For exanple, a transcription unit of
the invention is nucleic acid that encodes from5' to
3' a secretory signal sequence, the E7 protein from

Il PV and CD40 ligand without its transnmenbrane domai n.
The transcription unit is in operable Iinkage with
{ I RRsveBlotORAlsp Rilz6d pdckafisd @IRRA| A SXRERSSIIB bviral expression
control elenents 10 such as a pronoter and optionally
arvgetapisone fist smoplisafies dedsiveinmanodicely. enent (s) . A

usef ul prom)ter/enhancer is the cytonegal ovirus (CW)

| Voo I 33 : 0

2 849 gz gﬂ%&gﬂﬁ ofl 11411%) Q@Pg%%sgflﬁﬁﬁm%goﬁ eBlist With the
ﬁ@@rrcmr@lr e}!pmsgnmveMQmmtfeStre(tM DNA& rdgmal trassmbemasaa dingle,

SI ader
pepttiitans ARRA, Sipa vl B8P bo SRRHED 351 inofiies B 1B g miagion
sagd eemmangeaﬁmalsmpthyd Fopdxahplk, 4 ttasbilftiodrunite® RIihventieh is
abo t. 20 t m no Gids which is nt hesi zed_at the

%fen%p B 3{)1“? %& SSRLgtogyY p@r&% sequgnee, the E7 protein from
pqtmp%m 080 1 and i8N ORISR Bhibrah&ddifdth. UThe Fh8cription unit is in

secretory signal sequence is generally cleaved upon
t roaergbleélahg@nw@rtrmﬁ@im@n@lg@%r arnslatiowp] expresinophiagelaments

r & ;Hé% ﬁalg%ﬁg %#aée?{ex%n ﬁ)? %&eﬁﬁ%ﬂﬁ&%&%ﬁ%&t@) A

preferr ct| n € exo
g elﬁﬁukpwmmt/eldfanm it the cgidmpgalovimb (EXPTH asmbdmtewaﬂy or . A

! R e RO PHER BE B2 R Rat St once of |

human growt h hornone, i1 munogl obulin kappa chain, and
t 1€026] k eTh¢ @ﬁﬁ?‘}ecifdh@yts'@aﬂ] s'éqmmm’ (dss O‘sﬁgaﬁleehrmmd,’g‘aig'hal

s _used rs to ich .
| bellae3 pden setpatRE of e Befifis Ik i B hdonk 1 aibriptice
f €écendel é@eﬁdﬂ@@l@dﬁo@h@dm 1112;5a1@€ﬁt doﬂﬁiﬁi@ﬂng aBdiite0 tdB 0 hbinbRcids
sele ted or on ma nor nal cells, but_ at rmuch

P i B‘?]Ntf%}ﬁnw PRRlyPertidieiaad digecsibr pelypeptide to

T%_ éﬂaé/}ﬁas}ﬁﬁ@ PetidERT "l%%crét@rycs%faf @3hence islgéﬁéraﬁyﬁgéwfeh Gpon
ant| gen (TSA) (aka. "tunor-specific transplantation

tigy oftarpglypepéifieingo the epdqptasméd mstisvdum p Eukrayaticsncretory
1@1@2@@1&@ lal‘eépgefgﬁéi Ebzfd?ft’&%g abR&R/L o\f'{aﬁ:r]ax?gﬁnohgéc%? %&cﬁlﬂct of

caus becone 1 nmor
eﬁpraéwvwff axpreasivon yehs, ASGriESAS suitdbld sudusmdedrys st el daown

TR el SR BeTat PR SR BRERR Sl fiiopmone,

I yrmnhﬂnmuhﬁﬂmmm-oasmpmdaheﬁke antigens (TAA) are nore
common than TSA. 5 [0028] Both TAA and TSA may be the

| EHE%O | O’gh 3 aI t‘ RAde assomateg algpg%rq’oeﬁlm as it is used herein refers to a

protein which is present on tumor cells, and on normal cells during fetal life (onco-fetal

antigens), after birth in selected orgaus, or on many normal cells, but at much lower
concentration than on tumor cells. A variety of TAA have been described. In contrast,
tumor specific antigen (TSA) (aka. “tumor-specific transplantation antigen or TSTA)
refers to a protein not present on non-tumor cells. TSA usually appear when an
infecting virus has caused the cell to become immortal and to express virus antigens.
TSAs not induced by viruses can be idiotypes of the mamunoglobulhl on B cell
lymphomas or the T cell receptor (TCR) on T cell lymphomas. Tumor-associated
antigens (TAA) are more common than TSA.
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expression vector vaccine of the present invention.

Unl ess indicated otherwi se, the term "tunor antigen"

is used herein to refer collectively to TAA and TSA. A
preferred tunmor antigen is the E6 or E7 protein of

HPV. These antigens are preferably fromHPV type 5 16.
[0029] The term"linker" as it used herein with

respect to the transcription unit of the adenoviral

v r [ .
pavual Fiolt EAN IS oy B B AR rfR oPUF Bepovil
arrtprehgomyrctny vhenins afdie presgniohvantien. COulBsd indiaatdd otherwise, the term

(l.acki ng..a. f.uncti.onal trans r i Th
ConneBen b ifen BRGSO ARdp TR TR profored tumor
dedn€ipd i8 6@ B6ordtuRo@ i uTeIPV, t Thes@irltipets M€ blefdtSEW ol HPV type
the art and may be tested for efficacy. The linker is
getterally from about 3 to about 15 am no acids | ong,

nmore preferably about 5 to about 10 amino acids |ong,
hque208r , The RGRIliakers Aot L& HeteRKRRB rddBobt tdifle HERLrMontdd of the
l'i nker ,.may be di spensed with entirely. [0030] The term

" O VIRIGERIPT TEYS tRseny T anes Fnine peid gesidyien betygen the carboxy
MR End dP AR ARk e B AR AG I B adieand
cytoplasmc domain at its N-termnus, a transnenprane

r digcking afithctionad sensacsaitradeatondmra e atmposiiofatdlengthws the linker
CM0L is.a . nmenber aof the.tunpr. necrosis.factor
SaBariesRIT R e e B LePHE = fe e g e teted
TNbbeffiddel e S]S}G(Hnlri]lﬁf img&ﬁrdllﬂflﬁioﬁﬁzt%dﬁ} tdﬂl.bfnwﬂ 15 4}ﬁﬁ@ ad1dI048) kmore
TR TR TR T —

C e QR B Thlirtk@ R bb apdasal witlebiir&lg. 1 S desi gnat ed
herein as "ACt CD40L. " l1’he formof "~ CD40OL where the

tr mbr ane donmi n, has been deleted is desjgnated
PR dhe toporrrEBAg igmctigs uted st redas o PO BB IS

t BeIypYSHAR hawHE &n BRFhcENARTIBIES i i
dg,lgg?eﬂd I's dg%_i gnat ed lﬁgr ein égﬁﬁcg%ﬁggﬁa%%zgﬁ\éﬁn@%gg
nirensesitgene ragign ard foexaepadlulne derario et b Caponust (BMOL is a

e R Ainp LRA oo otof Uy bERp ke paf ey 3R
( ﬁ;signaag:gTwsa[JJn;ess @tﬁ@ﬁJJT.s]e indicatwtﬁhemplbngﬂrgDmL)is ﬁcﬁigﬁﬁfﬁd
: L » in o
AR AR o RS H IR o AU e e
t copRRiikGanRin 1he BBdn ebXddan Bl OXieiPdseANCIEDAN.” The form of
pasi tion 23-46, while the extracellul ar domain

e RE hspihe prsmebyare dgmaindiep beerflelpredis designtef ez as

¥ i : . ) o T

cy RERCER00 TR o} oA R B B8 et o8 o Bene
f domeinokavisibeen del&ad istdesighatal rereinhy ‘WEATMCD40L.” The nucleotide

and amino acid sequence of CD40L from mouse and human is well known in the art and
can be found, for example, in U.S. Patent No. 5,962,406 (Armitage et al.).

D

[0031] Murine CD40L (mCDA40L) is 260 amino acids in length. The cytoplasmic
(Ct) domain of mCDA40L extends approximately from position 1-22, the transmembrane
domain extends approximately from position 23-46, while the extracellular domain

extends approximately from position 47-260.

[0032] Human CD40L (hCD40L) is 261 amino acids in length. The cytoplasmic

domain of hCD40L extends approximately from position 1-22, the transmembrane
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6 domai n extends approxi mately from position 23-46,
whil e the extracellular donmain extends approximately
fromposition 47-261. [0033] The phrase "CD40 |i gand
is mssing all or substantially all of the
transmenbrane domai n rendering CD40 |igand secretable”
as it is used herein refers to a 5 reconbinant form

of CD40 l|igand that can be secreted froma cell. The
trd@ﬁxajﬂ'éf%naysgﬁ bid1yOfor BitorCNAG i 1B %@é&%&eﬂ%ﬂr domajn
am no acids | engt h functlons to anchor CD40 i gand

i extends appraximetelyrfegepostioad?-3%dom whi ch all of the

transnenbrane domai n has been deleted is CD40 |i gand

< JREPTD: TP pUMES GO e A AT SThah By allof e,

C mmgznmbxﬁner mm endeaing @3 lcg‘ané eaq:ma’cdé * amtit io meeddwrbifefers to a

;g%‘%??n g@ﬁﬂ%@aﬂ% Sec fﬁ%de%er W Jﬁﬁ S o8 brane

t fd@ﬁﬁﬁﬂ‘fm @aEhidg aBf D4 amﬁ, dolde fie e Bth Y 5 8s folRdfhor CD40
about 2 residues of se uence on_one end of the

t rigaacinthe ealanembrans: CLa feR isharlafdhg @anfmﬁ@%xaaa gorggin has
| %%én amﬁemg @b 18and ta%k]hg ?eaﬁmm @@ eCﬁ@(‘tS'ﬁg&d i8S suBstantially

| acks Subst an
t ralim£ therttansmemblangis ione éntj@mtaﬁg; & msdaﬂ:sm kess efsequaiot &t dng end of

t hat. _cont ai,ns .no |
o &6 A RooRRRER 05 et ofRG l 1R el Sl B B B couence o
C @nt andof thétrambeictibeme dombinpevex icae piefeaiitdy ledothm shoan? residues
optionally the c Iasn1c onai.n, 0 re than .am no
O e B osboiRe FamEE e ApRainy AT ALY T rekidue or
d g iR 08¢ enddMBY trarlsRedbiané BorB41AUTEnd) @ CIMDEBAt 0REs §ubdtantially
a CD40L which | acks a functional 20 transnenbrane

d @it Fherwsrg?mbnamf traraigeenderingdie GO peeawas isone that contains 0
c Xﬁcﬁg 1A '31}{(‘1‘6&91.[93 loPsequébrck %%ﬁ@endaof%@méﬁﬁ‘ ' §Ltbhl a§ ekmof Would

functional transnenb rane domai n may i nclude all or
s whutimnini @thtpe ite thesxideelitiar dogaitnang qnupmllydbmﬁt@plasnnc domam

I?lg glgéﬁ'%‘ | nV I J&?c{s%llrh'ﬁ o? B3 %g ?&%Yed i hegﬁ%&%mﬁfané cﬂ)%lau% of

I 'on can as a vacci ne
|mﬂmnm,|nnun|ty to a tunDr aSSOC|ated antigen. The
viral 25 vector may be fornulated as appropriate with

UG AR BhiRe wRSSERbAA AR Ve neREF BRI Y o
Megh&adsihncodom M ma ettt iudabll exmpeton 6fthe c)opladmic domain,
Sk MO AR S PR oy icace o
aQr Rt Bl drth oIV EIRFSelY dBRain! econsti tuted by

addition of a suitable diluent or other

har maceuti cal ly accepfabl e
P [0035] Asused h%/rem an e?denowral vector of the present invention can be

administered as a vaccine to induce immunity to a tamor associated antigen. The viral
vector may be formulated as appropriate with a pharmaceutically acceptable carrier.
Accordingly, the viral vectors may be used in the manufacture of a medicament or
pharmaceutical composition. Viral vectors of the invention may be formulated as
solutions or lyophilized powders for parenteral administration. Powders may be
reconstituted by addition of a suitable diluent or other pharmaceutically acceptable
carrier prior to use. Liquid formulations may be buffered, isotonic, aqueous solutions.
Powders also may be sprayed in dry form. Examples of suitable diluents are normal

isotonic saline solution, standard 5% dextrose in water, or buffered sodium or
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30 carrier prior to use. Liquid formulations may be
buf fered, isotonic, aqueous solutions. Powders also
may be sprayed in dry form Exanples of suitable
di luents are nornmal isotonic saline solution,
standard 5% dextrose in water, or buffered sodiumor 7
anmoni um acetate solution. Such fornul ations are
especi ally suitable for parenteral adm nistration,
(=Yo)
cont al n“I% [ natggorlre e Eﬂ‘% fjog%gia?lﬂ%am}r géﬁsﬁ%érlé#e%ga?g gorr parenteral
i pdmirfisteationrbut ay aley bbused doi araltsdminigiratidn orsaniashediing metered

L e T N

A?@lyﬂiﬂyﬁﬁh@hﬁ@iﬁ , oA, hj?dr@x}t dellti@se, acudial Pelybihidene F10663 Ghannitol,

ternately viral vectors nmpy be prepared for oral
oRdimprEHepRd the 18 | y acceptabl e solid or
Iqu|d carriers may be added to enhance or stabilize

t NG0IP P Attty vﬁﬁl Je@tofsaﬁay Bet;ﬁ‘é;ﬁxdélrﬁpélfaﬁédnﬂﬁls@ihchhe
viral vectors. ‘Sol carriers include starch

| Fberpscuticglly mﬁptglalp petideor diqwigpaziices mesehe addad fo-enhance or
MRGRsSL WY c%&%aélﬁ&? 09{0 fl(ghﬁieggﬁéﬂ atfdf lof thetvﬁjaf:vec ga‘:tSonid carriers
acacl a, agar urd carriers inclu
synm]mie spaeér; Mctosmclalcnm sulfatealifiydraig térreealba chagagseim st?drre,te or
i ncl ude a SeLe{St ai-hed,rel.ease naa -

Slehricoid e dies in, sbis e Br BeRE ARG B EASRUIR bl
a'oﬂn@u%fmwb"dﬂihe andvanster. TR canted Biay aBb irklded sasthinbdrelease material
varies but, preferably, will be bet\/\fen about 20 to

bW as glyperyd monaﬁgsa@té%ﬁwerﬂ\ﬂﬁé%mé% WEOyVERAMaS, g amount
U e chtid dAid? VERA TR, ipAtTeraBy @il H2 tehifeeh abdlt 20 nd: td AbS Wher

el 1xir, enulsion, 'Or an agueous or non-agueous
s degnen snibn Whep @ dmpid\errier isyised, epreraration max\hsan fhgdform of a
Iy usef ul
8 AP U drin e e e Bk, 3 c0 may

be adm nistered in conjunction with the
ad@f3T] st Vel vastass ofvhtimventiongeaydre fompilaed ancludpegther medically

usef
T o reiloait 3848 e AL Oflsc R g Mpinistered n
eppijoyceidn vethethe admhinsstrpivadeticadugs betdblogiealagontstiseful for the
refers to dos uf fi ent to _provi,de concentrations
h Eisfiase o6 BRI ek iEs Y SR CPRRUIE® PESBEHES i n t he
reci pi ent thereof The specific effective dose | evel
f qamo:mpy ﬂamhipwbahexembﬂhe ehravd ‘fah, effeqtive dmoupigihvefers/iara dety
actors i n¢l udi ng t.he .di.sor der beln treated, the
1epl o PFOYIfiCoF %‘Fh*‘%‘h%m @W\ﬁef“ﬁf FDEIH%N%@EI?%S%W the
Qéﬁiﬁ&ﬂ%erédfe ThE ieBifRle st e fosd 16081 it my bhgichlas ﬁtbj?:fct witldepend
cl earance of the viral vectors, the duration of

t tpeR areRety phfctarsingudisg e difordsnbaipgireai, theseverity of the
c ‘aisgﬁeg e achg? g{ f€s a}?:égﬁﬁl co ?G‘Iﬁ!ﬂ%ﬁl’e r&ﬁ@ oPEinRQMon, the rate of

sex genera
clearance of the viral vectors, the duration of treatment, the drugs used in combination

or coincident with the viral vectors, the age, body weight, sex, diet, and general health
of the subject, and like factors well known in the medical arts and sciences. Various
general considerations taken into account in determining the “therapeutically effective
amount” are known to those of skill in the art and are described, e.g., in Gilman et al,,
eds., Goodman And Gilman's: The Pharmacological Bases of Therapeutics, 8th ed.,
Pergamon Press, 1990; and Remington's Pharmaceutical Sciences, 17th ed., Mack

Publishing Co., Easton, Pa., 1990. For administration of adenoviral vectors, the range
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of the subject, and like factors well known in the
medi cal arts and sciences. Various genera

consi derations taken into account in determning the
"therapeutically effective anpbunt” are known to those
of skill in the art and are described, e.g., in Glnman
et at, 30 eds., Goodman And Gl man's: The

Phar macol ogi cal Bases of Therapeutics, 8th ed.

Pyt gatierRs E’ér%%imﬂt@a%@n t@ﬁtsaugﬁq‘ﬁdaﬂmt $ PIetrRce s czﬁbre
Sci ences, " 17t h ubl i shin EQSt on,

1 gudferailyrl BdAT o %Xrlﬁt i @l‘i eyen %@m@fembly v&30 ofog, thﬂe A viral

88 Bl ASHEL PRI BTN

10@raateally, ﬂﬂﬂaﬁ:nscaiaﬂlyesnbmtmmoeslp,rcefﬂm 13zl )Ad!ﬁnﬁisﬁﬂﬁntcan 2lso be

d I d
oaraie ey oty RS oy G BRRY Vit riasa heipat vetor

| MidydRraafidisteled as b BINS BH SI6WBnfiked. SHROMERPBPHSIEMBIYOT
the |like. Adm nistration can also be 5 orally,

é@@l‘lﬂiﬁem‘ilé‘élcmaﬂ?ﬂ‘mlﬁ’r ansdernal |y or inhalationally via
an aerosol. The viral vectors nmy be adm nistered as

aéb@dws THE ES prix dérivet $R¢h th:erhﬁm‘éﬁ iﬁi’ﬂorhémﬁﬁééf(ﬁ?@@ Was chosen

m ni stered subcutaneously he E7 protein

d @p thpsgenplersi TAd singerdt haqo@@n |sh@mt¢| bewg@rgng sipvalys gfthe cellular
SRR, SR Sn PRI LS b e B A W s

r geqmwatsda fromrHPY trmhnéomep tiesise HPOcaa\ceusy aceatitty of epithelistdesions

wh fr o PV t sf or
P BBt BB iRl whch HOS SR Siophdsf Oh e demalel B P oo
OEedoh& Iﬁlﬂnlg ctamd o? Eﬂmlcér&itea?ﬂa?@hg wdﬁiénﬁﬁﬂﬁgﬁilﬂldd g&@@&ﬁrﬂu@c genital
t he enl ta ra NSt | secon eadl n cause
of¥agt rf&@?caa@gm%%hﬁ&e%wgqf%? frpkcaegr|of th he HPV type
I mdsyaﬁng&ny Bé%bcmﬁé@ﬁr‘itﬁ mgaegwde@q drdtcb AL &aﬁ@ér'@ﬁw type 16.

neopl asia (CIN) and cancer of the cervix. type

18hempjordnphesivigel sancesiespress e non-irughirg rI‘HBéI G@muva&] dene
C fo\é.ll.l&@ 6 GRNES '611&0 I(J_EHYS tﬁ{?ﬁ’\ﬂ' ﬁ:rduce-ﬁn:% ?{ﬁcéxﬁg)?;{el , the E6/E7

rvical cancers express non-struc
1 Grabprateivslarg eeyuired fcw dwuttslaﬁﬁe alithe maligmogihenttepamd their

HPV- | nduced can nodel .. 7

oRBRP e ek Bon PR R iR BaEnie ot B IBS e Theretore, B6
mahd B esptespitaraioytd cmide fob etierthergpeniie sscRALGOTSlont es

with the transform ng potential of |3PV16( 15 16)

T or and . E7 e tar ice

{ BaBlo Ehetespt bR b b il S RO ot S et oisie Frc: eads o
r @pLbdabinfi@ich Bf &1O mﬂmamg e 1fedle b B8 kerotith Sf?ﬂhle @lﬁnﬁahc
thl? vector leads to; 1) Local infection of cell

AP tF?@“PFF@"H%"e’«S‘FSemﬂP%EWWZ pvesadPday periesram éhe vector
C b £Btd 11 B Bt o fttﬁ@ﬂg‘lgﬁ?ﬁi 1% AP@? 1ehfs RILcRY AR oF the

over a 10 'day pertod from the vect
APC’s and E7 presentation; 4) Migration of the lo aded and activated APCs to regional

lymph nodes, and 5) Evolution of T cell dependent systemic immunity to cell lines

carrying the tumor associated antigen which extends for greater than one year.

[0041]  Generation of cytotoxic T cell lymphoeytes specific for individual
populations of tumor cells by antigen presenting cells (dendritic cells) depends on the
activation of expression of co-stimulatory molecules. One of the mechanisms through
which this can occur is the binding of the CD40 ligand on the plasma membrane of CD4
Helper T Cell lymphocytes to the CD40 receptor on the dendritic cells, Following this
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injected cells; 3) Binding of the fusion protein to
APCs | eading to activation of the 25 APC s and E7
presentation; 4) Mgration of the | oaded and activated
APCs to regional |ynph nodes, and 5) Evolution of T
cell dependent systemc inmunity to cell lines
carrying the tunor associated antigen whi ch extends
for greater than one year. [0041] GCeneration of

C Yzicﬁﬁf%nc déﬁdﬁﬁé Lells YlﬂEﬁ% b orf' hfnbﬁes o ko $hB g?lléélﬁﬁélg*hli%h the

popu atlons of tunor anti gen present
( oERwRiatipr oLiae pﬁaﬁda%%m’ra@ frgm tpuner asanzma;@d anjigensinduses the

f
e REAR 00 s OB RO PLIPH B o i
ofccﬂ:tpete@@&edoigg:am&edmbﬂmsqﬁmagﬁﬂbr ane of CD4
Hel per T Cell [ynphocytes to the CD40 receptor on the

ceII this. tivation, .
B ; e Bon] GebPLERE obBlghiaT pii bRt AR which gan
t hec@izeetﬁndmrrassdﬁiatﬂd dfigens ph aRatcalld, Whidfleddd €0 BRMITALSE the
derived from tunor associated antigens induces the

adPmgnells heang Reth aRfEenh IHHmibshd Yoy et lakpes. QPneEptor is the low

I MB%'T BENARIE bOME Furb} 6l cRER anﬁgém SR umoP c RGP WA iticen
the tunor associated antig 0042] The evol ution

ofpresgatingrpls.dynoden s the faﬂu@l tp mdyn@ﬂhe swmulam mlolelcuins on the
SRR SR IARS P R S bRl S o

t hemer antigeygresific iC§)8 dyﬂritmeicl Thegll ipmmhot pied whish afvendpaehiad
is the. | ow, :lh vel e_‘yansf er of the tunor associ ated
aﬁ?‘f"&&%%a?%‘ HEPT e s into the anti gen presenting
cells. Another is the failure to i nduce the

c c[?ﬂs*-t&] mu M:Z]lbﬁdlemﬂﬁelﬁbﬁh‘lém thie (e r&&p&lﬁbié gﬂgeﬁﬁ)%&ﬁﬁﬂg&ﬂés can
ce cn are necessar, Qr sustal ned_actj vation an
T B e B e e Saalfcples e EVigs pxgsentipg oells.

c qh hizhoiATRBRGY S a8 MiigehiprREdtiAe BRRY(GHer §&drifi€ e&awr ﬁﬁncﬁ"&gﬂs
k||| theturmr cel |l s. OO4Z$~Ant|bod|es whi ch bi nd

gSples) V@Eb%lt@?ﬂ@ﬁab‘fﬁcm d-prtEaERdhywhish carieam CD40 ligand
Bort 148t I?a?é RisE DedOke@o ABFatE Qo-m{ﬂ{# ?9 ﬁ'b%gulia expression on

nDIecuPes I'n the antigen presenting ce
v ithey @ﬁgm pesanbng esfils phéle@morgeﬂs fsretadn tihjectionalfltissse dendritic cells

e A o RERUle B i O R B LR i o

a c&ll¥igtol Hrgamdcompeaamsrnbumhosﬁs camnyihg hasor abdidesart fead S€tbgression
ctivate .c mul ator mal ecul e expression on the
fﬁ)ﬁé'ﬁm I?&Bﬁf ?“Higmd%clr?a:?e ﬁ%‘ tumor cells (crystal).
Injectlon of these dendrltlc cells into the tunor

ncp@iuhps r additjoRgciivom gaﬁerhﬂitﬁi dftinBel Atigsh Hecifit T84 oxic T cell
ect ed tun‘ﬂﬁ 20 cells_jinto jmunoconpetent nouse

Of S PG T ViR JOPERE oHihg aigen Breﬁeeanggélsaﬁth tumor

assoclated antigens by incubation with tumor antigen peptide fragments, or with the

tumor cells themselves, or with adenoviral vectors which carry transeription units
encoding the tumor associated antigens, followed by injection of the antigen loaded

antigen presenting cells.

[0045]  In order to develop a more efficient way of generating a tumor antigen CD8
cytotoxic T cell lymphocyte dependent systemic immune response to tumor associated
antigens, it was hypothesized that the continuous release of a protein in the

subcutaneous space of immmunocompetent animals, which was capable of both activating
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of the tunor nodules and to increased survival.
"[0044] In addition, in vivo generation of tunor
antigen specific CD8 cytotoxic T cell |ynphocytes
results fromin vitro "loading" of the antigen
presenting cells with tunor associated antigens by

i ncubation with tunor antigen peptide fragnents, or
with the 25 tunor cells thenselves, or with adenoviral

V @i exprestibih sno%h{ﬂatwwsduudatm gﬁlguﬂ glte‘éennﬁg caski g ai 1R same
tunor associ ated antigens, fol i njection of

t Heegslivyg tlnéaropéapcwéfﬁlt angjaen laiwetb@ mtnaeﬁjlutaé spase of auigsi
| B QEAGE Lk ARYVE gggaﬁe&%a Coofifd 1k ga fa]tveyg%oﬂg c%%fbg{o%h@@ cell

a‘tunor “anti gen t oxi ¢
d&mapideytt respsise against ﬂm.tnmor exdlp bersimgitiee Wmnnassarsae@arﬁigeld
30 antigens, it was hypothesi zed that the continuous

A8 Bl BB BT R BGR Bhppotss
teml st s ks
R COE R T R AR
| pigiadepdd baeecwapﬁoﬁtelmwmlt REESHY i zgeciehe%mg%r

a 10 day period, could |ead to a very stron

cienssii apd pytoplpspip Hewgine of ths pEMSdiganrhi attachmgahmnan

Y Ry SEPLIBROE, P53 160 %) 9D i

chartiom of e fisirm pritein deyp oS tbestascous tmjqetibs effarcadenowinal vector

a30|ate nt| (the hu a Vir
t rglngfc orm ng ﬁgﬂo&} ‘%ﬁ“‘eﬂcﬁ‘gjg%lth? J%flﬁg’r}énﬁi f#i?éﬁ’rtf’r‘inﬂ’éﬁ‘ssomated
emmgenﬁ/cme I@Wd)fut ¢ kibg @ftdel:nll Thd 517%011\%111@1)4@5) w@artglbb B85 g@herate
crete cells in ic was bei ng ma
§ﬂ6‘a‘é ?q#-?t‘?dﬂ'?hs ot ﬁ%ﬁ%?%és%ﬁﬁloﬁfyﬁ@lﬂchsm cgdorml ns

of the CD40 |ligand, and attaching a human 10 growth

h[nﬁum]n e Isivgsihdongd thani Bellsdnfebied aithe Orirely B Balsitepgl of

E7 tunpr antigen portion of the fusion protein
GRS S ERAET H UL BRI sheash edemor At/ oBge Beand

VRL&Rré ffotdif hr %p |7 ?61@? Héﬁt(th‘% rﬁ Iehio g%%g Rk o ég&?vual

Secretory formof the tunor cl at ntlgen
| Yeﬁ'@ﬁ ertquy@i wHs produes the pm@bnEymA@tAfﬁa@mzmsgen@amg@smsennng

{
su g% utane Eg tt%gvgdglgwo h@%%gccf% fs F%glllﬁl[ %{?ﬁ% %}? Wogld take up E7
riemenarsccidthbéntizhy vdedh Womldbe digedied in thdyeroteosinms wigh thie resultant
t si.t.e .of subc QU injectjon of the vectar
G, e BERERH i PLaR L Bnbre S s or L SR infles
mmmnmeéms Hyehiallf) HbAD Oy sull phgertt iHER PRAdoP SisBtAtk M ahtigen
[ viral vector infected cells produce
b et i e Bl PlbiC TRowte ahSies funsgreniesh oaded antigen

Rir&e8iMd d#lls would migrate to lymphocyte bearing secondary organs such as the

regional lymph nodes or the spleen. During the two weeks of continuous release of the
tumor antigen/CD40 ligand fusion secretory protein, CD8 cytotoxic T cell lymphocytes
which were competent to recognize and kill cells, which carried the tumor associated
antigens, would be expanded in the lymph nodes and spleen by the presence of the
activated and antigen loaded dendritic cells. The continuous nature of the stimulation
and the expansion of the tumor antigen specific cytotoxic T cells by the continuous
release from the vector infected cells was believed to generate an immune response

which would be greater in magnitude than were possible using a vector which carried a
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cells (e.g. DC) in the vicinity of the infected cells
at the injection site would take up E7 20 tunor

associ ated anti gen, which would be digested in the
proteosome with the resultant E7 peptides trafficking
to the .endoplasmc reticulumwhere they would bind to
Class | MC nol ecul es. Eventually, the DCs woul d
present the E7 tunor associated antigen on the

S frh@Gesdciatddhati fdnASD40 1idMnE wiidhefdslen-sbtiorat Rtoutid B¥the

anti gen-| oaded anti gen presentl ng cells would mgrate
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weeks of continuous release tunor anti gen
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RS Prasis T AleHS o EridOF ahobes fr Hechin i PSS /A0
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specific cytotoxic T cells by the continuous release
fromthe vector infected cel|ls was bellev dto

gdtht e lm{w%wﬁ@eﬁ&m@ deggribeh hewsi meraéesg@l@attceiesnthese

NBEidEiomt BaiE Rl a1 RRSRERL RS Sﬁ&u’?&né’&ﬁ tugé(ftf@ﬁ'of g replication
carried a 11 tunor associ ated anti gen/ CD4

wiicempetery adeneviacieetpn michaarripg pistaretonf forrthef ths\Eéfrtmsor

t haboieuhth 00 ol il BLOaS R Pl RE SRS 1RO Bs

r eytaaxie TodelltiympHasgicaepguiatiteysieran dmtduas rasgomﬂsta agmnst cancer cells

otk Y 5 e PeasP T iR R dce VRS L owed

t DaltheVédke eRPrebies the@bdreety féfn bNth¥ inRoriBsbclafeddRn St B4@
strong and durable T cell dependent system c inmune

npgaieHsienrated 3 e TERAFS WhIch & mpdrstronger than the

' :ﬁﬂb@tﬁﬁﬁe@ﬂs Bfecfion ¥EFIRtor WA %r&%rtﬁéﬁ&ssegl%t %}ﬁl dt'the B7 tumor
CD40L al one, or a vector that expresses E/

| #sgepirted FtigewEDAP ligwnd fdiee promaD LIt isslem frogetbe élemxesm_nental
[0 & Ml B clfisitdreSusdheblfh BYBER TR RS iR SRR "

were designed to test hyp eses an
camigen/GBd0 &pindtsearcprefiision porisin pﬁuihcnstaa enuse ragp@Bé thanis

of reI' ation et ent, adenovi r.al 0 whi ch
Oy 8B T3P SRR E cBEep iigion E b vppich
am'rlleg&ﬂﬁﬁﬁﬁﬂoﬂ mﬁ&ﬁﬁcdﬂiﬁg &y for kAR thoP akBEiNed BRELSH 0PHAY

astin cytotoxic T cell Iynphocyte
o@ﬁ% {i ( EchEﬁPEn?nrﬁFﬁ’f’?@rY)esponse agai nst cancer

cells which carry the E7 tunor associ ated anti gen.
|podenrd, Th hédigsh erwAsehbwh thabs tdcsl r@i@@é@&ﬁ‘ tﬂéfuhbﬁbrdtm generates

vector expresses the secretory formof the tunor
FEE¥Rtogof antigen pErestingeolls, and their migration to the Iymphoid bearing

secondary organs. Finally, it was demonsirated herein that the immunological resistance

generated by the subcutaneous injection of adenoviral vectors carrying the E7 tumor
associated antigen/CDA40 ligand secretory transcription unit was specific to cells
carrying the tumor associated antigen and was long lasting for up to one year after the
vector injection. Although not wishing to be bound by any theory, it is believed that the
invention method of linking the tumor associated antigen to a secreted form of CD40

ligand creates a protein which can at the same time both activate antigen presenting cells
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i gand fusion protein generated an i mmune response
which is nmuch stronger than the subcutaneous
injection of a vector that expresses the non-secretory
formof the E7 tunor associated antigen/CD40 |igand
fusion protein. It is clear fromthe these
experinmental results that the subcutaneous injection
of vectors encoding the tunor associ ated 20
anhil 4Ry R thirg mvosa,@{ﬁgauha e{peﬁseoﬁldnﬁ@fogisﬁca@fn%%ﬁﬁs
an i mmune response that is h stronger "t han” occurs
f @bgogistedgvithiva vgtmaﬂnprah@befsama@mr@ﬁe@hnmells leecyteloxio cell
mﬁgﬁﬂy)?@ [ries transcription units encoding only for
nor associ ated antigen or the CD40 |igand
(secretory or non-secretory). [0049] In addition, it
W 8058h owd sebertd adMantigscsithal ibe asesd thef seristedfturmommsquiatddaintigen/
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|ng to be I'eve
t ﬂljallpHOhﬁe réspomesa gainst thet thodr sstodidterkantigen Eveoréssing tumor cell.
associ ated anti gen to a secreted formof CD40 |igand

' h
SATRIED oA AR ey S brBnde} BB b0 O secrcec
t Ipeoteih may iaviivase/@i-dinndatbiyent xmensessoton ihe ahﬁ@n@tdsaaing cell,
pr.obl e Cciated,w t \ n of
DR getng B ety oasbrideot Shiptint o oh Biemphocst hetp.
| ynphocytes. [0050] A second advant age |s that t he use

otoasn]a SAcbmtiedivhntagy ofabhseeietirg dataridf Genfiral Elsﬁ’a@ﬂatein
antj gen

ndeS|On ein far aCt|Vat| n an
St e T Bty e sB i Apsus et i {hs gpivRfghE and antigen
aﬂ)taﬁﬁg Hudis S5 ﬁ%&@b&@po@ﬁﬁteﬁ'b?réﬁﬁggntpr&sfenﬁﬂg%eﬁ@weg €10 day

into the intracellular Bace anti gen

pPeridn s gnay @rsountrigipart iy thejrobastyess phile naMnerespsmse observed
dg&img&#?g?zsuff|0|ent tunor antigens into the

i ntrace r space of a subject which is frequented
ﬁh@antlgfn presenting cells so as a sufficient
dH1983k y ‘bire degision te yHlis the HBVgeunpig asihe thimon geseriatedhantigen of

nﬁ:@%ﬁ&?%rgfeﬂ Vt}gs Iﬁgttn}ag:%l g@é\?&ﬁr}ﬁd‘c&g ﬁ"ﬁnj-: #l%t {s%at tl%e E7 protein has

generating a strong cyt cel
r bepoheen by trmlsfommgtaucﬂrmsem%ﬁn itheet cedtuawﬂlpgdiferatlon of HPV

S L e R e AT
population would carry the antigen. In addition, the choice of a DNA virus
transforming protein as the tumor associated antigen was designed to make the
experiments unambiguous with respect to the testing of the value of the secretory fusion
franscription unit. A separate but important reason for selecting HPV E7 as the tumor
associated antigen in the invention vector was to evaluate the ability of E7 to prevent the
infection and proliferation of HPV infected cervical epithelial. If such vector could

generate an immune response against HPV infected cells, then individuals in whom such
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protein may activate co-stinulatory anti gen expression
on the antigen presenting cell, thus making the
activation independent of ‘initial CD4 T cel

| ynphocyte hel p. 15 [0052] A fourth advantage of the
secretory nature of the viral fusion protein
transcription unit is that there nmaybe conti nuous

rel ease of the activating and antigen | oading fusion

Pr DfcgétidnivouldBe SPRFaARARHIM B RenikHé 228 vdsBemt fbrtﬁéﬁfféch&gofthe
cells over a 10 day period. This may account in part

f JpumapPapYTSviEss of the i mune response observed
and |ts durability. 20 [0053] The decision to utilize

Ei'mga{rngf{ gnﬁne%ira e Slﬂcﬁic@et e.gz@g { A @Ene

the fu3|on I n was tlvate y sever actors.
Thresponsssthatiis n@&safﬁmmt@npnm mfwtlhmson@mmnsﬂmﬂm i$ thabihere are

tr r nti nu
or T 18] BB R, BMe o e €2 taDi oo gpig sequeoe and
ofthérefossnaniqesepitbpds thaistlowfthd’r.tiitas & ¢scgie detegtiaeby mdivitiuhid @xposed
po {/}@t vvouldc Q%Jm ant.i en In additjion, the
OB PLE! BV SBRPr o ibond Terdes et horg 25 ormeatlpmiiber ol
t UABIGidAsIS Mhb AbSehaB RIS SRANIARIHRS IndRE LGoARNMSE Hﬁﬁmfected cells.
ex erinents unanblgéous W th respect to'the testing o

ch indipddustls mppebe de oaesip Whpmsibanmic HP Hrinketins riewlqnmxch lead
A 15 BRI Bsbhilia bAPRih ARl BARAT Ok, BEARGIdGookloY fan
as the tu associ ated antigen 1nt nve
v @etvidal paisers areaehtaddo infediienswith iheyHRW 16&Zertotyper Up&m D5% of

el S Bl Fey R ot s B Bdpa e of
amgnmgmh ﬁxﬁ&z@ﬂ&ﬁe@@aﬂﬁﬁﬂi Shﬂvzpv raﬁsatefaed ni‘aﬁlgilrgmleﬁ hBremerging
et TS BanE eSSt Blsa s et
| nkRG wmeﬁfbementﬁ%egﬂom%hh@m virus. [0054] Human
papi | Tomavirus (HPV) i nfection induces a natural host

|nnun res nse that is not sufficient to elimnate
| (PO | oo

fo 2gplnan goyngirespprsedo e HEG ndecsgdecelissso as to
o‘ﬁ@{’ei%ﬂﬂﬁﬁ@t% BRs/ RfecHBY s8R nfinotbh&i Maﬁ%ﬂéﬁe@ The

uni que am no aci d sequence and therefore un

e dheransuiic papdide and pteithbasod vassinen (163 CH4 (bﬁétae@ virdedgr-based
| Qgild 'f'?ﬂ) %ﬁﬁ%ﬁﬁ?tﬁ ﬁﬁinortcgll ?1t85] Gild ﬁ%&j@(ﬁ%ﬂ %@%d%acéngseﬁ Bﬂﬂl have

reason is ere are'a’sna
| heknirdtatdy wivestigaed andizpertédio genmite dmmehd nsbpinsdsneThiBan

0, HPV.inf ecte ells. ..Such i.ndi
RS A PP MG otaby TP TiOs HHEiraregp hovn that 2
Webitidty bﬁ]ﬁtﬁpalQtldrﬁbfmsldaﬁ&hmdm&mu&ﬂe&xmnﬁ@ldr RRAGhIKE ncluding
cgﬁﬁlegf cancer.. $%g$t|on 60% of hunan cervica
d50ed PRl rEptaina> G tupe Edh mBi0S Colsd R traphnges with tzior-
O RN ARNA bPvirsl v8a¥esq00,21,22). At present, in vitro CDA0 ligand activation of
MART-1 gene modified DC can promote CD8 T cell lymphocyte mediated immunity to
melanoma cells (23). Injection of CD40 ligand-transduced tumor showed a therapeutic
effect against the established MCA205 brain tumor cell line (24). These studies
indicated that DCs that were loaded with antigen and activated at the same time can

provide strong protective immunity.

f0056] Recombinant adenoviral vectors offer a potentially superior approach that
allows a higher efficiency of gene transfer than that of DNA vaccines. Adenoviral

vectors encoding tumor associated antigens also can induce the protective cellular and
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cervical cancer cases are attributable to HPV

i nfections. The second | eadi ng cause of cancer death

anong wormen worl dwi de is HPV associ ated nal i gnhanci es.

In emerging nations of the world, HPV associ ated

mal i gnanci es represent the | eading cause of death 15

anong wonen between the ages of 25 and 35. [0055] In

order to anplify an i mmune response to the HPV

[ [

| G e B Piich Rl ARG ke e

tﬁéfﬂwﬁétlc pepti de and protein-based vacci nes (15),

DNA (16) and viral vector-based vaccines (17),
ThesRrSplaf it aRPu Rtk bl Lfli o JAFH: spyipoa

aﬂm;ahemet afch fusiony progimtenposeloia newpaniges (B0 hhkmﬁn a secretory

oh DIt SRRG BTt SRR aroaedts A fspment of

p&ﬁaaivahntegtncsbem inGainist llnwhsaiemoaﬁr&édtaﬁtsb&etable E7-

Mén& Luni ty, i ncludi ng | oaded with
prbt2tm D4%§°@%@@W@tﬁﬂi{°ﬁ%?m@mqs ghepogpnpyef the cellular immune

t
(gegﬁgge %?7 iﬁbstnfi‘\betrtg:lggx; %ellg fﬁ@/ﬁlﬁfén (sﬁg%ctﬁ%h f‘{hg‘l’iﬁfﬁ’ﬁr S

aéCiVEmCBAOb vecter alisiter itr@mﬂ“amdlﬁﬁ CEg" Meﬁmdmtcﬂnmmmlty,

catich BprontiPe i e Bl B0 S R s e By

shmwadﬁémmngnapeutlc ef fect against the established
MCA205 brain tunor cell line (24) These st udi es

I peli-gAt e . 1 ha re aded With anti

TSSE cAdBhnat kiRl HEShn BT RO R g eiom o
pthetobsdriedenhamasmichtyof E?Qspb&ﬂdéabsﬂeaﬁn‘acmmytfomﬂaﬁ%mydcabn of the
vectors ({%eﬁli? ?_ungotente@zgll gup ?1 pr oach, t

A VFEiRRsRpdipe e bt niiey FiglegdmoLis s eplamesd agivatiogyand
Ofni dNPOIGFUeHRA ProfARRNAVATEY whi¥ie frle Q6 Ser ABE OFHHR JuilcdPRbous release
associ ated antigens al so can induce the protective

cef fugipaproqei from Yeaton imdectadpslin Incongst festhe sitpsegy of loading DCs
aRich GffiRn b&%@fnﬂﬂﬁt&%&egt zpe SRigkf s \é%b@h SMSER e?m@émox, protein,

devel ope [ 0057 I cat’l on ective a enov
vesctbe dermal ibrbblrstseir nthteocaye neilhasld)outantoun sdce may am:lre effectively

r ed of Lunor .
R e e A T R R S
Inmamﬂw facilitated DCs maturation, pronoting the
developnent of effective antigen-specific imunity. It

4 ble . E7- LQ
Rl o s Roa R ok Sue e BB refingps+ T
c@llll aAdtivity Byt melEﬂmnmmmn vedtoia Shet ise ©f the MEI-1e6£th IBY. protein

Su%ﬁutaneous injection of the Ad E7-
e fumor associated antigen. Some workers have compared immune responses

achieved with vaccines based on either HPV cytolytic T lymphocyte (CTL) plus helper
T lymphocyte epitopes or the CTL epitope alone derived from the E7 peptide of the
HPV16 strain. The results showed that the E7-specific CD8+ response was significantly
greater for the vaccine based on HPV epitopes plus helper Th epitopes than for the
vaccine based only on the CTL epitope (15).

[0060] In summary, the findings illustrate that linkage of ATmCD40L, which is a
secretory form of a CD40L, to a tumor associated antigen, can lead to enhanced antigen-

specific CD8+ T-cell activity in vivo,
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ACt ATnCDAOL vector elicited strong E7-specific CD8+ T
cell-nmediated imunity, 10 which could prevent the
engraft ment of cancer cells which express the E7 tunor
associ ated antigen. [0058] Although not wi shing to be
bound by any theory, a potential nechanismfor the
observed enhancenent of E7-specific CD8+ T-cell
activity following injection of the vector encoding
tﬁ@o&f]"m"rh%%ﬂcﬂ;ﬁﬂé SRmiable t&mﬁ&}até g RYRRES These
activation and 15 mgration of dernmm Fessi ona
ARZ8IPIGE etg 1nne W ieies i h}lltﬂhﬂsscs}umlfuhﬂnmgnr el ease
of fusion protein fromvector infected cells. In
contrast to the strategy ofxh@ash DCs with antigen
by adm ni stering the antigen, Secretion of the

AT Bl oy B35 Bl 1001251
ef[ﬁ X fzg h¥ traﬁ’&hgﬂﬁ{ &J@E‘? A@gﬁmt%@t_lﬁ_ﬁftg?de%’wﬁpvm encoded

be ective In activafing systemc
i rarsigmiat gccremysg]uemmwedﬂaﬂh@mrmgmm B gqnea\ﬂiﬁm:ismgnnected

oy AR B B R e Stk eonini S el

f uﬂloinairamhdmt e thnehehitana® oytoplasmflons S0 €7 3#46 8mall enough that
ared i.mune responses

ﬁﬁl@%}%dl%sﬁ?ﬁh%{?@? %égr%ﬁz st RoFar meF anrgR frigeri o the gatjve

WIRNGSY D46 Gdnd. Pt Fudil R6Kk k
or the CTL eﬁgtgﬁe al one 1)‘o}lere}n\2/‘2a‘cﬂs ??%%%%%eggﬁuﬁ%%m

ofinfpeied cqllp\bnle‘: itignef a vigaalsequenesstodhroameito-tevainat pral of the E7
r SiRahd bE ottt S ARE AR Rl anE b A dom R cDeo

epgashes than for the vaccine based only on the CTL
epi tope (15). [0060] In sumuary, the findings
i ra : ch is.

s3] ot et R RO Bl M Bl
aadangemal veenr b@kbbneo Adieh ivadehoxirtl wgetor pafded ere g%alted in

Ts ctivit 1 The ol | ow.n ] )
HER AR e Yerle A Siee BRAGY Shr b Ehlon BB semtifugation.
TiTes presexcaopihe Sigatigebiidd 18 tMPdehdViRNEREbr Was borfiried JBﬁ?1‘t=:stnctmn
sco e of the inventjon. EXAMPLES 1. Construction

ianalysis gad b DNGvsequenees 5 [ 0062] The
transcrl ption unit, E7-ACtATnCD40L, of the adenoviral

VOD6O]  eAgadeal vReHigiE diSERR ek isRE WeRCRcThSh L Awedh.
bx the HPV type 16 E7 gene whi ch was connected
TmCD40L, Ad-E7-wtTmCD40L Ad-ATmCD40L, Ad-wtTmCD40L, and Ad-GFP-

ATmCDA40L were constructed (see materials and methods) (GFP refers to green

fluorescent protein).

2. Cell free expression Adenoviral vector transcription units

[0065]  An in vitro cell free transcription/translation system was used to confirm that
the adenoviral vector containing transcription unit encodes the correct molecular weight
protein. The results summarized in Table I show that the proteins produced by the in
vitro transcription/translation reactions using PCR~generated cDNAs as templates
migrated as expected with the following molecular weights: the E7-ACtATmCD40L is
32 kDa , E7-wiCDA40L is 39 kDa, and the ACtATmCD40L is 22 kDa.
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via a linker to the fragnent of the CD40 |igand which
contai ned the extracellular domain wthout the
transmenbrane or cytoplasm c domains. E7 was snal |
enough that it did not disrupt the natural assenbly
of a honotrineric array trineric of the native 10 wld
type CD40 ligand. The fusion protein was engineered to
be secreted fromvector infected cells by the

addi ti gn R '

and of % e %‘mﬁ Bifolsls i Pl TR b LA b e
transmenbrane an cytop asm c domai ns of the CD40
l'igand. [0063] The transcription unit was introduced

i (1066} heWektegehler analgsiowaofiset heeahuago®e proteia exp&@steﬂﬁn cells

oS EER i eke S4ARORRR e i i BOTIBfSUpRATgA R abe show

Pt fabREuIRYwEiEB: BIthe Bfo%ﬁﬁo&te@&i h?t!ﬂ& vER ihfefidd eéus%m the Ad-
The presence of the Sig de in the adenoviral

vEZT@AMQMBEWW% ﬁlﬁb&d Wé%ﬂ@ é@]], wertorethe YWieGRAC§4Tre CDAOL
a@%ft \%ﬁ%@ﬂ&‘d Nbnd 8 %41.110 qﬁ‘[@ﬂd&ﬁ&e&é%g gegpfwlﬁ/ay

ei'ent transcri pfl on units I nclud
ATZHORY 85k DG OlElYa, RORDCIMICIZk Bl - m@mnﬁm thatﬂrm@mpnon

and Ad- GEP-  ATnCD4QL con ruct.ed e mat

13k A eRen apd T 1§ VBN shohdGa i B thdbribea
pmit tednBiated Znto GRItdin b REG AP 1REE tOBe MM haleVRE bIE.
transcription units [0065] An in vitro cell free

that bt heMateRae Pk b e emisngrodicts

transcription unit encodes the correct nolecul ar
vve ht protein. The_results_sumrarized in Table |

% hat the protei Nolgsubgitaghtby the in  viMlepular Weight
transcrl ption/ transl| &€} Eferlaasenipg usi ng by Westem
PCR- gener at ed cDNAs Amngletigit ates migrated as expected
with the follow ng nol ecul ar weights: the

E E7-wt CD40L is 39 and
%d%?ﬁ%@ i s 2%2@ 16 3. Western bl OSE)EPQI ysi s
ohdiHTeCIP4GIt €i NS in c89kDa293 infected by thessiDs
reconbi nant Adenovi rush]é0066] Western bl ot anal ysis
vﬁ%@'%‘éﬁngg 8l al uat e22 K3 pr ot ei ns expr essed P?lk%él s 5
with the dig nt adenoviral vecto he
resu tgﬂsummrl zed in @%I e | show that nol E’éiu gr
wisd-giPsAGA To D48 ot eNnsDpreoduced in the vect 0 kDa

infected cells fromthe Ad- E7- ACt ATnCD40L vector, the
Ad- wt TnCD40L vector, the Ad- GFP- ACt ATnCD40L

4, Comparison of the Adenoviral expression vectorsfor efficiency of
activation of DCs.

[0067]  The various adenoviral vectors were compared for efficiency of activation of
DC cells. For this purpose, bone marrow derived DCs were exposed in vitro o each of
the vectors, under conditions that \result in infection of close to 100% of the test cells
(293 cells). After 48 hours, the cells were reacted with antibodies to activation markers
CD80 and CD54 and evaluated in a fluorescent activated cell sorter. The percentage of
cells positive for the CD80 and CD54 activation markers on the DCs exposed to the
vectors carrying the secretable CD40L transcription units (either the E7/CD40L or the
CD40L) was far above that seen with the DCs exposed to the vectors carrying either of
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vector, the Ad-wt TnCD40L, and the Ad- ACt ATnCD40L
vectors are respectively: 32kDa, 35kDa, 50kDa, 39kDa
and 22kDa. These data confirmthat the transcription
10 units are structurally correct and that the vector
DNA i n each case can be transcribed and translated
into protein at sufficient levels to be detected in a

Western blot. Table | : Ml ecul ar wei ght of viral
v
08 Bl on AR ML D6 ety Yo o

Whet AG-HFP Meeinstsahpon bAldwig Talde NTnCDAOL 32 kDa 32 kDa
Ad- E7- CDA0OL 39 kDa 32 kDa 20 Ad- ACt ATnCDAOL 22 kDa 22
kDa Ad KR, AGHATMCDA0L  Not
Done 53% ﬁpéo n%zé%ﬁ?ao ﬁiﬂﬁaﬂ: %enow ral expression
vectorsfor efficiency of 25 activation of DCs. [0067]
The_various adenoviral vectors were compared for

efficiency of activad}.gRcBkes DC cell s, E¥nshhl S
purpose,—hbone pmarrow derived DCs were pxnnqu in vitro

t o eamhwf4ot he vect or s i3areder condi tl?GEBS that result
i A—-hfecti-on—-of—closeto 100%of the test cells 30

(293 BN EHCD4Et er 48 holrM¥, the cel | s®vi¥re reacted

o TTarkers —¢b80—and—€D54
and 3 uated in a fluor®&&ent activatd¥%ell sorter.
The percentage of cells positive for the CD80 and

CRA ARSI, TR PLE 00,4 O SR EORS SO,
unanssnmtmmmﬂrls lnheh dreCEAG Ent du aﬂhetmg@l%@iu)vzmﬂzaﬁ dfe vectors
above that see e posed to the vectors
c%Wﬁ%‘g‘e E?Q“rfrs‘irev‘f? “’F‘?ﬂst"ﬂB“?Po‘FPléecr etabl e CD40OL
transcription units (w TnCD40L, or E7/wt TMCD4OL), or
the Ad-CGEP vector as shown below in Table H Table 11

Ex presSpuRragdson gLl angd Iy repking pelexse froan DEistigiected by
80+ Per c &denebsd expragiion vee@ma0L 13. 27% 17. 66% AdE7- A
TnCD4A0OL 40. 4% 38. 6%

[6068]  Activation of DCs as measured by the release of cytokines IL-12 and IFN-

gamma was determined for the various adenoviral vector transcription units. A
statistically significant difference in the level of induction of IL-12 production following
exposure of the DCs to the Ad-E7-ACtATmCD40L and Ad-E7-CD40L vectors was
observed (P <0.0001). Specifically, 18 + 4pg /2x10°cell / m1/24h and 88 +
29pg/2x10%cell / mI/48h of IL-12 were produced by the DCs exposed to the AdE7-
ACtATmCDA40L vector, whereas exposure of DCs to the Ad-E7-CD40L vector,
produced 0 pg /2x10%cell / m1/24h and 7 pg/2x10%cell / ml/48h of IL-12.

[0069]  Similarly, there was a statistically significant difference in the amount of
IFN-y released by DCs exposed to the Ad-E7-ACtATmCDA40L vector (335+ 29pg) as
compared to DCs exposed to the Ad-CD40L vector (1861 9 pg) in first 24 hours (P <
0.0001), However, there was no significant difference between the level of IL-12
produced by DCs exposed to the vectors containing the secretable vs the non-secretable
E7/CDAOL transcription units at 48 hours.

[06070] These data indicate that the Ad-E7-ACtATmCD40L vector is more efficient at
inducing a cytokine release from the DCs than the Ad-E7-CD40L vector or the other
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AdGFP 4.63% 3.87% 5 These results indicate that the
adenoviral vector with the secretable CD40L
transcription unit is much nore efficient in
activating DCs in vitro than the vectors carrying the
non- secretable transcription units. 5. Conparison of

"I'L-12 and I FN-y cytokine release from DCs infected by

10 Adenoviral expression vectors. [0068] Activation of

Dottt vERaS UeMden! ftte ikl R8%8dMHmEYinakémeBad kg c%ﬁe,mx

| FN- ganma was deternmined for the various adenovir al
v Sleaudst engpgmie D90 renspion PR dendpitic gellstte effpct aytpkine release, these

S duct | .
184 g0t ol L7 SRErbOrE AR AR AR g
t h@le&dleﬁwtmbbﬁyt;@mﬁmabmm td\engage BRAIMAOrectprs was
observed (P <0.0001). Specifically, 18 4pg /2x

105cel L/ X L/ [48h of |
05 AR B SO BER oS S
ACt orncDA6t%Wect or, wher eas exposure of DCs to the

Ad- E7- CD40L vector, produced O pg /2x 105cell /

njoo2fh anelaséedd @Ae?éfﬁdaﬁ’s_’ eethe Ad-BT-AGBATREDUOE $ebtordBr prevention of

[0069] Simlarly, there was a statistically

sergriiperiaf th@|Ef7ﬁ)9mélﬁ%@0rlnceillﬁmah€@?ﬁuémcq,Fl'mlﬁ pfu of each

5S35 B AR, 1. A5 400 IR g oo

Aﬂ}e@metzeomoma’. rgiveh 8 Ond wegh after the laﬁtva&ﬁhahom,rSSX (® RC-1 cells were

DI RO rbhe PR op PSR At sstpEe dopdhe

t hﬁlcli 8640 iBjecoit sfeN Following ASISET-ACTIECYA0T! WiRtor injection, all of
n-secretabl e 25 E7/ CD4O0L, transcription units at 48

Y0 Veig FporiFresb dayat® atiseiumer hallonge. (p gontrast, following
Aﬂl detio ¥ty IICAY A mas400 ) AliSCHRVTE A%t]é'? EDABL, Afl( 5/5?1 mice

[ nduc:| ng a cytokine rel éase fromthe DCs than
AdRvEIRD ors/githind 5 daystafier wuiee challangﬁomdr ) hadelieddrysiay 42
addi tion, since the secreted tunor antigen/ CD40 |igand

EX

oS otrosggmot@nggt&g bk BPoIHT CIRGRRIAA if i pleddtdor
stugye gtovithanice Were@wpbatemmmm@ ICI}SLE c@l& bpranhmdm tlfe@tmmt jrior to
f r
HREPhRR ol ALERACATRROIIN, Brfbol) Bes Bt ST B e
c’ﬁ(ﬁde:mallemga to dmuuéqmqﬂeodqﬂeﬂm;a ofderiosells albsex PItess iobserved that a

?({ns&% e Tgmgé G Werpgpplg{e&b at e;b?glfe @Qeor CD8 T cells. This
suggests that presence of both CD4 and CD8 T cells are important for the antitumor
effect induced by Ad-E7-ACtATmCD40L.

7. DC binding of fusions proteins expressed by Adenoviral expression
vectors.

[0073]  To test whether the secretable E7-ACtATmCDA40L protein binds to DCs in the
areas close to the site of vector injection, as predicted in the model in FIG. 1, the skin at
the site of intradermal injection of the Ad-E7-ACtATmCD40L vector was sectioned and
double stained these sections with antibodies to the CD40L, and the DC markers CD80
and MHC-II. A widespread distribution of double-staining was observed in the
epidermis from mice vaccinated with Ad-E7-ACtATmCD40L and Ad-ACtATmCD40L
vectors. These results showed soluble E7-ACtATmCD40L protein binding to the
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engraftment of the E7 positive TC-1 cell line in
C57BL/6 mce, 1 x 108 pfu of each 10 vector was

i njected subcutaneously into nmice. Seven days later, a
repeat (boost) dose of the sanme vector was given. One
week after the last vaccination, 5 x 105 TG 1 cells
were injected subcutaneously on the back of the
Co7BL/6 mice at a site separate fromthe which vector

S A 0 RSO 8L
affew rposltmmells wetd ahsgmed MQ@a@mmgtfpllémhng %amgn bbthe Ad-E7-

QL. A
A 85 3BT Lo e P i B gpe vector

t uﬁgetuahh dihkengilts aifiband thathbeinfdbtch dihahagtof Sarryib @hé 3dcretable

To characterjze the tﬁ/pes of effector cells jnvolved

i Aomnel ©f SH(dUOLIR MR mogR ifecliveiiuernersHgTelgindhat binds to the
d et Eheisthe EIEDAGL Ghofeid tt%?!i&e% nBYcoafild %&drp%gﬁndﬁgh gas the

prior to vaccination wth Ad-E/-LCtaT
t rteaasmembranodomai eThase of ik tvestort dasy@@ tH'eCE’ﬂ[AEh@D@hg e

oS BEe BPRRD SRS Shreliadbo Cuf Prrdin BRRRS LS ity e
werfectdf fesicedr frbmehd MBictddTRCGP4 mofch @aBer bopelatisn of THES The

sugg sts th%}& Bﬁesence of both CD4 ,and CD8 T cells are
% Sheecst dniggtionof thrvecter fasring theisrsesipbly form of the

A [
G7RIDASH dﬁ}by 2 Wil Rt gendratePudiiHigHeP Bvak of A8iv28S DR %a[%le@%lt]l the B7

expresse oviral expression 25 vectors
T@Wcmpﬁe@ctqrﬁergeg ﬂetnamsecraablﬁa&mmf@m ototgin.oEhés prediction

bkﬁg?eseﬁd% Xt&r £as close to the site of vector

|nject|on pre icted in the nodel in FIG 1, the

skin at the site of intradermal injection of the

Ad- E7- ACExTmatiag of DEs migrafias i vigwianddul vivn indi@ed by vhecination
st ai ned tiusingeAdenovirahBxpressionaViedtdedi es to t he CD40L,

and the DC markers CD80 and MHC-11. A w despread

BT i ERPRe e B S A LD RB E BescbenioL

aiderAdi ARG Rlor aSEn@T0 TAEECD105tHchHr Scﬁﬁl\ﬁﬁﬂand the
sol ubl e Eg ACY A;"QJ:DZLOL protein binding to t he
s SFISERIETHETSEEn fusl POTHSHEE PHItEOF iigerpentides, the DCs migrate o

Agecgﬁaaeﬂﬁﬁmgmsl fegﬁ)emtmﬁﬁ nod?:@ 'tcyb&omé SWnROBICS! Yfthat

cells were observed in the epl derms foll ow ng

i Hjcaléan, ge aeﬁvat‘wéameerépadm@tcanmemﬁhe nghoE7ssaEaied antigenic

VGRS ald bkt 64 08! Sof £ P Ran? oINS ot ShobgE T el
i hjgphbiyges (GITLH) wdhioherrt salectimely yoxngfor banceraretle tvhivheaiby fhertumor
of the E?/ CDAOL is nmuch nore effective in generating

p?sg?pé‘f’lﬁ i nds to the

[0075]  Inorder to test if the injection of AdE7-ACtATmCDA40L vectors induced such
a migration of the DCs to the regional lymph nodes in vivo, DCs that were derived in
vitro from bone marrow cells were labeled by the supravital dye CFSA and then
exposed to vector Ad-E7-CtATmCD40L, Ad-E7-CD40L, Ad-ACtATmCDA40L and Ad-
CDA40L under conditions (100 MOT) designed to generate 100% infectivity. The
infected dye loaded DCs were injected into the left flank of the C57BL/6 mice. Three
days after these injections, the mice were sacrificed and the axillary lymph nodes on
either side were harvested and studied for the presence of the dye loaded DCs. CFDA
SE stained DC’s carrying the secretable E7/CD40L transcription unit were observed in
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- vitro an

DCs than is the E7/ CD40L protein that does not contain
the signal peptide and has the transnmenbrane domai n.
The use of the vector carrying the E7/ ATnCD40L
transcription unit which encodes a secreted form of

.the protein appears to anplify the effect of the

vector fromthe infected DCs to a nuch | arger -
popul ati on of DCs. The 10 results suggest that the

i@eﬁﬁ%lb 73% %kﬁje?! QP ePdas @:@bws@ &th@D@@scéa?%ﬁ%l ﬁ@/@mm

protein wi il generate nuc
| énaedesipiddn wrdt Werametioldgyed mafdgdnahl)tmphlmdesz7 t han
injections of vector carrying the non-secretable form

|O];1 E E'e§n§(; gg&i‘,&{rj‘}eﬁﬂi@ Fﬁi Bﬁ: eli‘é’ﬂ?d B&:@vﬁ% ﬁfshla)ﬁﬁn of

|erl1’§'V| Vo lprecf,lce y “Vacci nati on 15 using

b?@(?lgx 1b8 bl 3%81{110 g&g %R:tn?\rol 39%64: gj‘é%: lﬂ%rteﬂa%nses to

[ ﬁ:ttfemth:bn tmabt eeils.olt wdsexdmimed whetherdi¥rspeidio CIDSgali’wbiI@be
recept or n%lgrr]%l}eeé an?eghgq? 7E%géquent qﬂ( g% ti oyﬁeg&ﬁ@ml‘
prSREEs PR OHbIY 3%515 "

t %&& BERe ﬁd@mfeépw&g We?e &Eﬁm%smrg%?iogﬂ%?&?rﬁgﬁp@m{&fi@&etection

becone nmature : | oCa ,
a@f mfigeeapegifi %Hps tllsm'db@l epgedmiiehinurenespat KBLISERT) assay.
associ ated antigenic peptides and stinulate naYve CD4

h ?d TMQ&EI &%&e %‘@n 4P hdbfcﬂta%f E%écﬁBM&h the cf‘tﬁichoi}rlg vectors: (1)

Iynphoc tes (CIC) which are se Ively toxic
c élde%'} AG‘QX’HI&CRNIG H2)Ad-HCP40he(3) M?—C@é%dﬂhﬁé@mm’rmcmu

o Fd 8 Beanipi ST e A ot B b clea lCe Wl b B oy
oExposre RChe TC-1 belisrat graiivadf 25 P h celde snd srple\enwell fo@8 hours. The

BB Elsa s e (e BT 48 Seioall AFesRuiAge 16 piaces which bad

eK&ﬁ&:@ﬁie& it QeHBYdiAdo Eifnd s mm A6k IEL4, GEMRIwing the washing
Ad- ACt ATnCDA0L and Ad- CDA0OL under conditions C?

dekthgiwels wih geliner tie ELITROIZ psspewes sartsd outh”éhea@su(lﬁs@éﬂwed
dEEIﬁP@ﬁdﬁ?w%& AR shduBREGH i Qétﬁmtol.’[} elvebbr Mn?éﬂgl e secretable

the C57BL/6 mce. Three days after these 1Inj
t B&CR40b pwsein stgniftdanily e:greawd MHE chags I- ieamteﬂﬁﬁih ﬂmbmss

0 her e.wer.e h sted 2 d studi.e

oPeieC o PO S Bt Pt AR n Sepelnanthatpofifolowing
CRfdcHbNGE thb Se@datly Bl &H@Q@ﬁblemm Rirs&MptiéRiuhit or other
were observed in_ 20 the regional |ynph nodes, whereas

Crpyobectorn Alse, T fequanay il Bellsmredueing drbi-type cytokine IFN-y

L{)lg Z_—g (i 5.5 P)t\kr%ns@ﬁﬁéan\fﬁ %h@%a&ﬁ’éq%‘éﬂ%f‘sﬁeﬁ&g{eg @gﬂab eotP h
secreting a Th2 cytokine such as IL-4 (22.3+ 3.68). These data indicate that the E7-
ACIATmCDAOL vectdr vaccination stimulates a Th1 rather than a Th2 immune

reésponse.

[0078] To determine if CD8 T cell Iymphocyte effector cells specifically toxic for
cancer cells bearing the E7 antigen were generated following injection of C57BL/6 mice
following injection of the vector carrying the secretable E7/CD40L vector, splenocytes
obtained animals given two subcutaneous injections of vector were incubated ir vitro
with mitomycin C-treated TC-1 cells for 5 days for restimulation. Restimulated effector
cells were mixed with TC-1 or contro] target cells for 4 hours and the release of LDH

was measured. It was observed that spleen cells from mice injected with the Ad-E7-
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9. Evaluation of the i mune response elicited

follow ng adm nistration of Adenoviral expression
vectors. 5 [0076] CD8+ T cell |ynphocytes are involved

in protective i mune responses to infected or tunor

cells. It was exam ned whether E7-specific CD8+ T

cells were induced by subcutaneous injection of

C57BL/6 mice with the Ad- E7- ACt ATnCD40L vector. CD8+

T : e

1418 DAEUGRRSFISDR MSEHISyEA L8 NS iy

usgaiept itrlevantyrreyrgensie BLidwelln odpdt do 1t c8PGHp Edsstigen. The level

; . SN eot
P E R o i B0 B e SRR ke e

( zgtm?«:mm ?n_ac(téi')injéﬁt-rﬁiif fﬁﬂé @1:1,'(1 sﬁl@mcﬁfbs @}Q”eﬂﬁﬁﬂ:iﬂ?b previously
an negat.ive ol . een cells fromvector
iHP%%%@@' é“ﬁ%}gﬁgbﬁﬁﬁﬁgfgd by exposure to the TG 1
cells at aratio of 25 TG-1 cells to one spleen cel

for 489h®isté&riald ed Mefisddsnul at ed spl een cells were then
plated in 96 cell nitrocellulose filter plates which
had 15 been coated with antibodies to either
interferon 3a¥HeR or 1L-4. Follow ng the washing of
the wells with saline, the ELI SPOT assay was carried

0 Theg.re . 1.0l hat the
Hiorok o bR s B p mtkS R b SR8 055 g P
secretable E7/CD40OL protein significantly increased
IVHC cl ass Ibyr@dtlinest ed CTLs that were detectable with
IFN-y in spleens to a degree which was greater than

t f ing 20.injecti f. th t
by e e e Serusic b TR Vi fe R V-16ES
URAEPfened R tranSRBhELitl %thqérasﬂné&elng %;f']f(%_?_ %%{i&s)éesqgw

cells producing the Tl-type cytokine

1ovd pi FnandsE Handris bighty tympiiganer: TCHawas grewn enidhMd 1640, 10%

SRUR M C3nERRAR B0 en AEEERD: 8 S bty oy
ACnAFTM aininceciddf 1 wddf sodhat ppmvae, S0yIN D SdE qatBVP withtloes CO,.
than a Th2 i mune 25 response. [0078] To determine if

C8 T cel | ¥rnAnagh B Flch Bl SRESSREC! 11 cal | Y

toxic for ancer ce earing ntigen were

t - OV nj.ecti C57BL/ I, .
PROEAY bl Qi B ol SReHRe ML peptide from the
SeGHedeab ngstreath GDDMNA veotiog theshll tsbQyHEE typellbdM@6tein upstream
a | s ven two subcut aneous injections of vector
REACH FobOE 1o Rowried. DDAGEIRG the yerh oM bemege sigul
ey . . iy
e MATCARTSLERMROLACLE R QR IR 1o Maakh B &l
dSEQIDXNG: ) witsprepazaschst anaeatiop phesphorlylatddtaligomuleotides (SEQ ID
o8y BEES) tb el MSAN YR hkAHoi PR B Rich B ThERon
overhangs.

Growth hormone signal upper strand (coding sequence in italics):

S“GATCT CCACC ATG GCTACA GGC TCC CGG ACG TCC CTG CIC CTG GCT
TTT GGC CTG CTC IGC CTG CCC IGG CIT CAA GAG GGC AGT GCC GGC -3
(SEQ ID NO: 2)
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21 ATm CDAOL vector lysed 90% of the TC-1 target

cells. No apparent |ysis was observed against

irrel evant but syngeneic EL-4 cells, which do not

carry the E7 antigen. The level of cytotoxicity to

TC- 1 cells was higher with splenocytes taken fromthe

Ad- E7 ACt ATnCDA0L vector inject mce than with

spl enocytes taken frommnice previously 5 injected

i - g_”@% cgor. 9. Materials and Methods

2@%2‘8?@%?5? |x%%ﬁ§§'\/\k-ol d C57BL/6 m ce were

pBird ABIKGG flIACHCHAr TER CCAOAGCGCCI TG A GIDGAUDBA GAE CGA
7BL I.C - ' j .t h e

oRreCeRE TR A e U A B SR R kol

CEBEOCHG s ® N0%). TG 1 expresses low levels of

E6 and E7 and is highly tunorigenic. TCG-1 was grown in

RPM 1640, 10% FCS, 2 mM L-glutam ne, 100 U ni

Peyore | | : ki I ' ;

P e H D gl B A e 3 el aling the oy upper

2anijHowersiragd oligash The vdigBwerddigyolveddul 6¢ 1l HrD (#bout 3 mg/ml). 1 pl

¢ o R AP ER A U3E R ooy GRS s vl Lygg mne
tw-lﬁtl;sg?gﬁaoemwf B?g?MﬁEMSH@gz .n%ﬂh?MM%Labamg) ctéd at 4
Rt e B oA A A S A FT A LR OHGH o e ammesled
SOk as hOsPHRAE Sred/y Bk hefdondt LRGSR uh & Bh@ird
letter amno acid code) 20 (SEQ ID NO 1) was prepared

bsPuditieBal i ng phosphoryl ated ol i gonucl eoti des (SEQ I D
NGs: 2 and 3) to generate the fall 26 ami no acid HCGH

S[pAsE N C MM HGHBEnal deq@iibe M Bol BRI NBNESverZh WV inserted via

hor none si gnal upper “strand (codi ng sequence’in
i Bgllll vx) Not7 intoapRteEAC I ATEUDEDL ARAIBEGDcEAG yaiipshuttle-

T 25 TTT GGC CTG CTC TGC CTG CCC
PEHEACRIGEE AGT GoC Goc -3 (SEQID No 2) 22
Growt h hornone signal |ower strand: 3'-A GGIGG TAC CGA
TO084PCG pRE&HHSET - ACA TAMED 1BAGn 68an AAE ket was prepared as follows:

Plasmid pDC406-mCD40L was purchased from the American Type Culture Collection.
A pair of PCR primers (SEQ ID NOs: 4 and 5) was designed to amplify the mouse
CD40 ligand from position 52 to 260 (i.e., without the cytoplasmic and transmembrane

domains) and include sequence encoding a linker (indicated as ““+ spacer *) at the 5° end

of the amplicon.

Mouse ACtATmCD40L+ spacer forward primer (MCD40LSPF) (CD40L sequence
italicized): '
5’- CCG CTCGAG AACGACGCACAAGCACCAAAATCAAAGGTCGAAGAGGAA

. GT4 -3’ (SEQ ID NO: 4).
Mouse CD40L reverse primer (MCD40LR)
5’-CCC AAGCTT ATCAGAGTTTCACTAAGCCAA-3’ (SEQ ID NO: 5)
[0085] The forward primer MCD40LSPF encoded a 10 residue spacer

(FENDAQAPKS; single Ietter code; SEQ ID NO: 6) to be located between the tumor

23



10

15

20

25

30

AAA CCG GAC GAG ACG GAC GGG ACC GAA GIT CTC CCG TCA
CGG CCECCGG -5'. (SEQ ID NG 3) 5 [0082] Synthetic HGH
signal sequence was prepared by annealing the above
upper and | ower strand oligos. The oligos were

di ssolved in 50 | H20 (about 3 mg/mM ). 1|1 from each
oligo (upper and | ower strand) was added to 48 |
anneal i ng buffer (100 MM potassium acetate, 30 mV

1gaﬁm nut egﬁéé?ﬁgg%gﬁ?gnﬁ nut z/gftgtg 70Cﬁ%1t%1dé si oWy cegfgfté%dusmg

t dhefostierdagd revgese arimsts (SBQ IDNIOwA snpHicwg RiasyldpRE406-mCD40L
i | i de ki andard

oo B i SR B K SR LR R R Tl R e fasertea

arigto Mo plhsrﬁirzi@SggtlAemATmm%?gﬁ&ﬁﬁc%@nﬁﬁﬁicmhde ag"e)dﬁ&'p&nt ith Hind

| e- - .no0 SiI gnal A, sequence 0

yitta R biana Xopd (HECPER) Bt RYoriasotesiPoog

D Pt RCATACH AT R 0etyr o0 SR REATPERN AR same excopt

p tinat iteemectict faltichpth ODMOLirsther thypihe ﬁmijfttattrdafofsﬁml Tie trédidt-was made

A_pai i SEQ | D NGs: 4. .

038R PR s wh el s iyt pigmrine CDAOL.

P Thistveptor BickignaA€DpSHuttRCDAOL (R4 Endl BRueepp! asni ¢ and
transnenbrane 20 domai ns) and i ncl ude sequence

e I n Linker (ipdicated as "+ spacer ") at_the 5
e E@’%%Lf gI"ﬁ’él%%BPl? ﬁ“ﬁ)ﬁé%ﬂﬁz@%‘f%@?msnal §?ﬂz§zerecre) to include the
f ' . _
| ?lgr\ﬁli([:fjgg gg:é’f&?ﬁdﬁ@‘@%%ﬁga%ﬁ CENRhceSRRUER Glished as follows:
1 CRAEEEPERAAGAGGHRed BEPCR AmpBiying from

AR ee A RRT )
SR e EREE OB 5 (50 10 o B

[ 0085] The forward prinmer MCDAOLSPF encoded a 10
r BEVALfeE 3 pavwrd prirEENGRQIEKE0:§) ngl e | etter code; SEQ

L%‘ E%&%ﬁ%ﬁ@%@%@%ﬂﬂ%ﬁg@ n;c‘rzisp?inf)ingen

un! t. PCR performed using the forvvard. and reverse
PR el SEQh Re VR AnA0g. §) @nd Pl asni d pDCA06- MCDAOL

5-CC CTCGAG TTATGGTTTCTGAGAACAGAT-3’

The resulting amplicon was HPV 16 E 7 encoding DNA with 5° end Not I and 3° end
Xho 1 restriction sites. The E7 DNA was inserted into the pShuttleACtATmCDA40L
between the CMV promoter and directly 5 to the spacer of the ACCATMCD40L
sequence using Not I (GCGGCCGC) and Xho I (CTCGAG). The plasmid is designated
pShuttle-E7-ACtATmCD40L (no signal sequence) and was used for insertion of the
HGH signal sequence upstream of E7 to generate HGH/E7-ACtATmCDA40L as already
described. Thus, the transcription unit HGH/E7-ACtATmCD40L encodes the HGH
secretory signal followed by the full length HPV type 16 B7 followed by a 10 amino
acid linker with (FENDAQAPKS; SEQ ID NO: 9) followed by murine CD40 ligand
residues 52-260,

[0087] A similar procedure as described above was used to insert the E7 encoding
DNA upstream of full length CD40 in pShuttleCD40L(no signal sequence).
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as the tenplate resulted in PCR fragnent

"space+ACt ATMCD40L", which was inserted into the

pl asm d pShuttle-CW (13) after restriction

endonucl ease digestion with Hnd 5 111 (AAGCIT) and
Xho I (CTCGAG . This vector is designated

pShutt | eACt ATnCD40L, A vector was produced that was

ot herwi se the sane except that it encoded full |ength

COMfbe 2058, SRR PR

st duvtristrepne ofihn MV pmmnqtﬂem@mmﬂﬁam tdemanAemobtlﬁ)Is or mCD40L

; %%%n a%/g:g?@is &y 116‘1% 6% O‘% 1‘@1%@ Ao ((:vg%}o% i1hissq vectors

s eRee ﬁ%i‘])astc@nﬂrdl@ | oter adaﬁovuidf%cﬂ&s %&e&@&t&aﬁt@%ﬁ&ﬂg}m

CD40 | igand_sequence was acconplished as fol | ows:

Sevigedias thediad isiggali saeueneq hetwiep thaCHY proviotar andyiiso DNA

obt ai g ena
B ACATERCRAIE b oAt Vo s B g
( SEQtOIJ;)ré‘d@ecuX/)sly;l@ o atedVedbr YSBHIEBEEHACIATMCDACL and pShuttle-
AATOATGCATGGAGA 3" HPV E7 reverse prinmer (SEQ'ID
N@ HEDY0bregpreidyey. TTATGGTTTCTGAGAACAGAT- 3'  The
resulting anplicon was HPV 16 E 7 encoding DNA with 5'

e [
o1 @ﬁ%ﬁg@r@%ﬁuﬁéﬂfsﬁgﬁﬁcgﬁe%%%n%ﬁfequeﬂr@oﬁhe

b éll‘%@é R keppenhaip genroipsireasnef WINAegeddingsthe fidl length EFAClype 16

Jtlﬁﬁtoéﬁt%gc e pI asm K‘%&ﬁ%{{%ﬁéﬂs lﬁﬁ%%m’wmg

p$humelr$e E7- ACt ATnCD40L (no signal sequence) and was
used for insertion of the HGH signal sequence

uRS1A mggf r :
a}%r ea 5&%&?6&%&@1@ Cﬁi@‘%ﬁfﬂ“{in'sz’gr Pt
FGSEE?HJANDAT&)CMOL encodes the HGH secretory si gnal
followed by the full Iength HPV type 16 E7 foll owed by
a 10 amno acid linker with (FENDAQAPKS; SEQ I D NO
9% -1t COGRUT AV G GTReC TB4IT @ € et (7 LE3icie s a2r 260
[gg (ibeA siml ar procedure as described above was used
B NOtHe E7 encodi ng 30 DNA upstream of full
 ength CD40 in pShuttl eCD40L(no signal sequence). 24
[ 0088 m_l n.a simlar fashion, the green fluorescent
POt RTCHGS GIanE CNs6T B 664 CRIGCT B HTE A BE-1 he OW
pt@@hgﬁq@qq)upstreamthe mMACt ATnCD40L or nCD40L

i

5’- TGG GTT CCA GGT TCC ACT GGT GAC ATG CAT GGA G AT ACA CCT
AC-3’ (SEQ ID NO: 13); and

5’- CCG CTC GAG TGG TTT CTG AGA ACA GAT GGG GCA C -3.’
(SEQ ID NO: 14)

K/E7 with the upstream kappa signal sequence was generated by four rounds of PCR
amplification (1% round: primers 4 +5; 2™ round: add primer 3; 3™ round: add primer 2;
4™ round: add primer 1). The K/E7 encoding DNA was cloned into the pcDNAT™ 3,1
TOPO vector (Invitrogen, San Diego, CA) forming pcDNA-K/E7.
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(w | dtype CD40OL) and in a replication inconpetent
adenoviral vector. These vectors were used as
controls. Qther adenoviral vectors were created by
inserting DNA 5 encodi ng the HGH signal sequence
between the CW pronoter and 5 to DNA encoding

ACt ATnCD4A0L or CDAOL of vector pShuttle- ACt ATnCD40L or
pShuttl e- CD40L, respectively, to create vectors

p I e aHGHIA _
WL AR LRRE] %%??tgﬁlgﬁﬁép%ﬁdgﬁ CpASHERHom which the
mmbrmémmglasrgwtdnmam Igd dkersdripieh@Et8TmCRE0L) Gas

RSP OB RO NESAR y8 FE5R. M

gﬁﬁﬂbﬁﬂﬂﬁgW£maﬁamusing HPV 16 plasm d and the
follow ng priners: - ACG ATG GAG ACA GAC ACA

T8 Ghcgaddud %&@%@&%@ﬁ@&dﬁ GhX aaG

GEALGIA SAC J1BC-3(SHID RONs), 3dd 5' - TG ' CTC TGG
GIT,GCl 11 t--CCACT GGT GACATG CAT G3 20 (SEQID NO

12) S' - TGG GIT CCA GGI' TCC ACT GGT GAC ATG CAT GG

SR Ao 24 Mg M 2Oy IR IS
NB}(SEQ)DRAEG716)i(hih fifddity BERdtaRotiwppa si gnal sequence
was generated by four rounds of PCR anplification

(1St round: prinmers 4 +5; 2nd round: add priner 3; 3'a

r B:ta@dwn‘ammmmas dhgesttl vithQtnd:and CXGionehtﬁieﬁoﬁéndoﬂ'ﬁtﬁeases

TP By S HBEACH DA Regtasmt g et from he
p DA Kebtér arZﬁn&te@@ o the PNAuitiE pREMIMusinEAting ANk RBA sites

e nouse CD40 and fromwhich the transnenbrane

aﬂ@he kéﬂﬁ&%@mﬁ h Tas %Kﬁ%@@ﬂ@ﬂ?%ﬁmm@udes the
%agﬁaﬁ E&Ea&yf 1%@1@11&9 X%&?%ﬂo@ved bya

usi ng primners
10 amino acid lmker (LQNDAQAPKS SEQ ID NO 17) foﬂowed by murine CD40

ligand residues 52-260.

[0091]  Adenoviral vector encoding a fusion protein with E7 upstream of full length
mouse CD40L was made using primers to amplify full Iength mouse CD40L. The

following primers were used:

5’- GAGAC CTC GAG CAGTCA GC ATGATAGA AACATACAGC
CAACCTTCCC-3’ (SEQ ID NO: 18);

5’- CCGCGC CCCAAGCTTA TCAGAGTTTGAGTAAGCCAAAAG-3". (SEQ ID
NO: 19).

Amplified DNA was initially subcloned into the pCDNA3 with Xba I and Xhol
restriction endonucleases. The full length CD40L gene or ACtATmCDA40L was
directionally cloned into the pShuttle plasmid with the Hind IIT and Xba I sites. An
overview of the scheme for constructing adenoviral expression vector encoding E7-

ACtATmCD40L is shown in FIG. 2.
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5 5' - CCG CTCGAG AAC GAC GCA CAA GCA CCA AAA ACC AAG

GIC GAA GAG GAA GTA AAC CTT G 3'(SEQ ID NO 15); and

5' - CGCGCCGCGCGCTAG TCTAGA GAGTTTGAGTAAGCCAAAAGATGAG
3'(SEQ ID NGO 16) (high fidelity PCR kit, Roche). 10
Fragnment ACt ATnCDAOL was digested with Xba | and Xhol
restriction endonucl eases and then ligated into

pcDNA- E7. K/ E7- ACt ATnCD40L fragnent was cut fromthe
PCDNA vector and inserted into the pShuttle plasmd

using Hind I'll and Xba | sites (pShuttle

K/[@ﬁzh h TherompinamtiadenoviraleveRloE M ¢r O AFrMBEMGIng the ddEady vector

oy HE frind Ref TRGB, £7 B GEF B Bl BRRlg sl Gy

amommcnmlou Mﬁle(mﬁshmmmﬁl SHuktpyed
by rnurine CD40 :é%and resi dues 52-260. %0091

A FPapSileFHARE P AYL: and pShusite-BESYRT etk linsaized with

t
o7 R G oG ool o S o g P FRAEas, B viral
f SN A nlasgyido (Rasembines wergselbcted with GAGAGCITOdGAEeRAGH@striction

2B YR o RSPl R ERAG it Peco

( Skif@sk s IrN@*tedl’BénnuM‘B.bp efatsdm'RPhiﬂi trasfebted iit@R9IA cells to produce
supcl one Xba | and, Xhol

to t he .
ARV R T A A deridad bTiesue guiae
Olinf&Hond BEEAGIC meodi rectionally cloned into the
pShuttle p e i nd 111 and Xba | Sites. An
overview of the schene for constructing adenoviral

eXi993k si Bramges derpmpdifving hwgaeyCATSI GOHATDpRCer sing @ mam CD40
F i nant adenoviral vectors

h%décgr%?gngggégeﬁgﬁoﬁgg%%ésy vector system
(Strategene, San Diego, CA). Briefly the resulting
pHagah aGyShnCDHELHaMeE Torwad] piin@ENID40LSPE) (CD40L sequence
E@y‘%ﬁlﬁ? HGH CD40L, pShuttl e- HGH E7- CD40L, pShuttle 5

" pShut t | eHGH GFP- CD40L, and pShuttl e- HGH E7

were linearized wth Pnme | and co-transformed into E
cHHiIC&Erai n BJ5183 together with pAdEasy-1, the viral

CTCGAGAACGACGCACAAGCACCAAAATCACATAGAAGGTTGGACAA

G-3’ (SEQ ID NO: 20).
Human CD40L reverse primer (HICD40LR)
5°-CCC AAGCTT TCAGAGTTTGAGTAAGCCAAAGGAC-3’ (SEQ ID NO: 21)

These primers will amplify a ACtATmCDA0L+spacer which encodes 47-261 of human
CDA40L. The forward primer HCD40LSPF encodes a 10 residue spacer
(FENDAQAPKS; single letter code; SEQ ID NO: 9) to be located between the tumor
antigen and the CD40 ligand (hCD40L) of the transcription unit. PCR performed using
the forward and reverse primers (SEQ ID NOs 20 and 21) and Plasmid pDC406-
hCD40L as the template results in PCR fragment “space+ACtATmCDAOL (human)”,
which is inserted into the plasmid pShuttle-CMV (13) after restriction endonuclease
digestion with Hind III (AAGCTT) and Xho I (CTCGAG). This vector is designated
pShuttleACtIATmCD40L{human). Modification of pShuttleACtATmCD40L(human) to
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DNA pl asm d. Reconbi nants were sel ected with kananycin

and screened by restriction enzyne analysis. The

reconbi nant adenoviral construct was then cleaved with

Pac Ito expose its Inverted Term nal Repeats |ITR) and

transfected into 293A cells to produce 10 vira

particles. The titer of reconbi nant adenovirus was

deci ded by Tissue culture |Infectious Dose (TCl D50)
83 i f

A R s Lo B LRt f e el Vg Plnence v

t eamlapleshaci essersially e dascrifstl abovetfonthn aGATHEDAigEnd encodmg

fgvgerg )rcsugm dz(s esign %eﬁpauélc%okcﬂ?[‘%&%i(h an)(no
s'«é@%ﬁ.‘bﬁm & M%%ﬁﬁﬁ%%@@%%:ﬂ%%ﬁ of E7 to

Human CDAOL reverse pri nmer OLR)
cgeeeta AfokEEHrarer ARuscharasadpidn (SETHE?-

AT 3 B g iy gy o s

CIHRY. typFHé deﬂwaﬂ hyra HeamikCEd 0 LERE (EFNDACARK S GEQ ID NO:9)
r es, due .spacer NDA le letter code; SEQ
ﬁ@%’%&“ IF %a%mé? 1]"!’”‘?nﬂﬁhe tunor antigen and
the CD40 Iigand (hCD40L) of the transcription unit.
PCR performgd using 25 the forward and reverse priners
(SEQ | D Nos 9bf ¥rd eml)essa?mofp#%@.walp‘meramqem wts
the tenp(@ e results in PCR fragne

EQ’WWFWPUOWH% sysigra of BELL, (ENT kits from

t hgy t aft
ea@ofﬁ%i’@éﬂggé“*‘%f%e%f?%%ﬁ*ﬁ“ e PR R E T no

AnEd %@1@34%%@@%{3&401, Ad—thmCD4OL and Ad-

p
%?ut y Z%%W R P BT B TINA gpgg o he 0
EILI upsmcmelamtlué cmﬂmmhg 2aml GIRRL) 3 gla:tfd‘l\ﬂemmﬂmémfﬁsl ul of T7
li shed ti.al I d d.ab t
e BB S ot RS G SRt s 1 of ST
P ashibaing, sndl € $i @ﬂ&ﬁcﬁdclease inhibitor RNAsm (40U/pl). The reaction was
pShut E7- ACt ATnCD4 gggal sequence)

D R ltcd BE PGRAH P 8 16 67 1O 15 Pl pHbelidcpromtse was run

UBRLNeMBOE-PRGH Qelnd 8RS8t @ X-film overnight.
HGH E7- ACt ATnCD40L( hunen) . Thus, the transcription

uni t HGH E7- ACt ATrrCD40L(hurran) encodes the HCGH
secretory sPgNsitemoMpbdRalyHs the full |ength

{0095]  The cell lysate derived from 293 cells infected by an adenoviral vector at
MOI 40 was fractionated on a 10% reducing SDS-PAGE gel and transferred to an
IMMOBILON-P membrane (Millipore, Bedford, MA).After blocking with 5% nonfat
milk for 2 h at room temperature, the membrane was probed with an antibody against
the specific mouse CD40 ligand (mCD40L) in TBS-T buffer (20 mM Tris-HCl [pH 7.6],
137 mM NaCl, and 0.5% Tween 20) in the presence of 2% BSA overnight. After
washing four times with TBS-T buffer, the blot was incubated with goat anti-hamster

Tﬂ

.

alkaline phosphatase conjugated antibody (Jackson Immunoresearch) for 1 hour. The
immunoreactive bands were visualized on membrane by using the ProtoBlot IT AP

system (Promega Corp.).

f) Flow cytometry analyses of DC
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HPV type 16 E7 followed by a 10 am no acid |inker

( FENDAQAPKS; SEQ ID NO 9) followed by human CD40

ligand residues 47-261. 10 d) In vitro expression of
Adenoviral vector transcription units [0094] The

coupled in vitro transcription-translation system of

RILL (TNT kits from Protege Corp.) was used for the
synthesis of the follow ng vectors: Ad-E7- CthTnCD40L,

A vvtfg@f@grg;gy HEEY Ok surfids BGR¢ -
Eg'.)@'lhwo go leacthlf%@f{@?rfsiﬁ d DNAQEFF PCngieEner a(t%%l)@&]fés’ the
t desprellsaverppaineds il HEC-tos PEHenmigated anti-mensstmanochingl antibodies

contiaiyy I TNT . r ion buffer. I
BB e, brh, dilep e ey B250 A of etariny
wiithhmubstaining wdthilsteledAts, Diie ABSSHerefist |ﬂlilc)ilbht&ﬁwitﬁ kL blocking
of ribonucl ease inhihitor R in (4 . The reaction
ngnbo%g t’é’i“@ﬁseﬁéﬁ ﬁ@@%ﬁ%ﬁ“&mﬁo 3%9%%&9@8?#39 bygling of mAbs
Ofio P@¥Rededfof. Thebals SfbrdMhesiwained@sict, Yiked HU% p!lﬂ%mlaldehyde, and
SDS- PAGE gel _and exposed to X-fil movernight. 20 e)
V\esalrsed using e BeatenyRickingon dlow) cyiasecterdFACE adiper)der i ved

from 293 cells infected by an adenoviral vector at

MO 40 was i 9 1 ifhPpACE gel

and transf e%yrggtb%{%@ %&fhlcli\)i/lc\i/I[l]%?EIf %%@gﬁqrrgﬁbu?‘gine es

( £9057] po'es DEewkraidieciwwithithefollbvigledeny viel vecHes AdB7at

o SELACPAL, Al B0, AR RGP ARRRRL R e o

CpU@phategrhofferpdeilied (HBS)at TBSE T00b eifd ated 2R 4ndITplates K> 10°

Ol 137 M d 0,.5%T 20) i h
by A o O LS o e
t hamestatl 4dd cERBfuked W feBlove HéMRis DT 1eWRST gt 0o Nt amma

goat apti-hanster al kali ne phosphat ase_conj ugat ed

aFRlsasetito the ENSBHMEdH RS as®ased RY eppmetlinksd pmmypasorbent assay
| (ELBAY GAGNEMBARTE- 198776 of Il A8 R @D :

usi ng It’he r ot oBl ot I\IQ%ZPOBO syglésﬁem %rogzggﬁ%rg%%&dy

f) Flow cytonetry anal yses of DC 28 [0096] To

guantify th@QQMIG%OBnAFSéV%I of surface nol ecul es of

APCs or DCs, the test cells were stained with FITC
of00B8 ¢ oRaiyatoee] uset fio-shsy dies inwiitecthigration A DICs o¢kis dke same as that
( bri EHn ] for

oy Roant SR FP MR thesbln dein ek B o8 MR byt g3l and

ThentraHedvasane dérsaldlvenwolsat e thedofam Yndnitoate afgheSnner
ﬁ@ﬁ@%geg%@sl‘ Qs adine Chofiibe e figsos GulfirS bR tdnsen 8 Uath, hStan)
The outer chamber was loaded with 1X10® vector particles. It was then filled with

culture medium so that the vector particles could bath the skin from undemeath. The

epidermal part of the skin was thus exposed to air. The cultures were incubated at 37°C
for 3 days. The number of DCs that had emigrated from the skin into culture medium

was counted under the hemocytometer.

[0099]  The DC in vivo migration experiment was carried out as follows. After the
bone marrow derived DCs were cultured 6 days with I1.-3 ,GM-CSF, they were loaded
with the CFDA SE suprevital dye. Briefly, the DCs were incubated with 10 ul of
CFDA. SE for 15 min at 37 °C. The dendritic cells were then pelleted and resuspended in
fresh prewarmed medinm for 30 min. The cells were mixed with each recombinant
adenoviral vector at MOI 200. The vector was then injected into the Ieft flank of the test
mouse, Three days later, the axillary lymph nodes draining the region of the injection
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to Fc-Y receptors. The cells were then washed tw ce,
fixed in 4% par af ormal dehyde, and anal yzed using a
Bect on Di cki nson flow cytoneter (FACS Calipur). Q)
Cyt oki ne production of Ad-nmCD40L-nodified DCs [0097]
The DCs were infected with the foll ow ng adenoviral
vectors: Ad E7 10 OCt hTmCD40L, AdnCD40OL, AdE7- CD40L,
AdGFP, AdGFP- nCD40L, AdE7 or phosphate buf f er ed
saéﬂ 16 theBEk Rt ﬂxgzn ¢ Yozl {

'3 x 105 ceel mV Affzer I ncu tg%sg%d%énd\@fewg%%sﬁgt
Sﬂmmw@ummpmmolfﬂ uid (InM) was harvested and
centrifuged to renove debris. The | evel of nurine
IL-12 or rel ease nto the culture nedium
was assesseylgvmé’ﬁ‘}h)’ﬁg l}eﬂ}ffgﬁt‘?mnosor bent assay 15
(ELI SA), using the mouse IL-12 p70 or |FNgamma R Sc.
D \By6in@ieB nfi@sPas kioiodd 3 d@s a@@r 10k %%M@mﬁ%mm% %38]

The protocol used to stugZT he in vitro mgratio

AR GIMELs AAR7-4D40Rat dETEB40b yemmm:m@toname( $in yt.the site
| g l%%tﬁf subiheSt 1 _169{11 XHJ&' lﬁ%gs A ol %ﬁ arlgﬁ)c% Qolv\%crple and cut into 5-

dorsal and ventr ves n torsa I'VEes
Ccyiny sncadnso ihe slelebottednoutretet) wdtheataitiME CHID atibay, rat anti-CD40L

o1 Rfas, P 134 ey Ebo Selilon b o tienosh 3 b6 s o s exposue
Waﬁbﬂoﬁﬁljdﬁdd godt bntl-xat OHG wekHoay (N200 difkies) ankilavidaShibhEbmplex
Ie{HIS@ culture nmedi um.so that the vector

o FdoT, Bipingsrae, 4 The dpnesiidesihen Were mpanted, and

e@hﬂﬁ:ﬁ%ﬂer@ﬁ%re@éen%@ﬁu&@cﬂpé’vaS thus exposed to air.
The cultures were I ncubated at 37C for 3 days. The

nunber of DCs that had em grated fromthe skin into

cul ture nedj)utokdise Reefile by MIJSPOXdessayshe

henocyt oneter. [0099] The DC in vivo mgration
exXpODhelthe massncaof E2sheoific effsctboT bellsdn thafimetunizaé midons also

' DCs | d . it h -
A S e B e
dC[yéEtXingiEi&eﬁnl 1yice VhoidatE wie @ch BLMb diffeentwédiord Vet re@fmulated in

7. C.. The dendrit |1
Chir Syttt i e el fesdparden® s rblaongria i oy e
Wpféb&ﬂcfb bO10 BRANITLR fof B8 he@k. Fe-WakRattd éiﬁéilo@jrt%é“w&@‘%ﬁb 1 plated in

reconbi nant  adenovir al vect or at The vec

wel&-vieHaxiracalidesedgter plates (h& 10epellsiin é@ﬂ(mtﬁrohtﬁé) flag wells were pre-
”Eé’agt&i wﬂ_lhfa? Entij Asd Q:[‘afe  irN-bhighoR k Xﬁgglﬂpodg}f gﬁgrtlﬁcubatlon

draining the region of the |nJ
Dty 2iprers ﬂé&ﬁﬁ‘ﬁé‘ﬂ/ Qrothe plates s;wueethsnewasl:eﬁ svithePBS, amtithe presence

09?&)}3{&93 ﬁrgdﬁcrﬁ?g splleen 409 \Jﬁzéjsod’e%%t%g %3(? mrguga{ﬁ%ic ?R‘EC with biotinylated
goat anti—rat secondary antibody, followed by 100 microliter/well horseradish
peroxidase avidinD and 150 microliter/well freshly prepared substrate buffer (0.4 mg/ml
3-amino-9-ethyl-carbazole in a total of 50 ml 0.05 mol/L sodium acetate buffer) and 20
microliter 30% H,0,. The stained spots corresponding with IFN producing cells or IL-4

producing cells were enumerated under a dissecting microscope.
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1) I mmunobi st ochem cal Staining Vacci nated mce were
sacrificed 3 days after the Ad E7- ACt ATnCD40L, Ad 5
4Ctt TmCDA0L, AdE7- CD40OL, AdE7- CD4AOL vector

vacci nation. The skin at the site of vector

subcut aneous injection was bi opsi ed, enbedded in Cct
solution, and cut into 5- gmsections. The slides were
i ncubated with rat anti-MRC-I1 antibody, rat

anti - CD40L rat anti-CD80 pol ycI onal Ab
(B| 0SCi ence)k? Th wﬂ}.’ sg%qfl owed by exposur e

i[(ﬁg ?‘o &os%l]lda ce r ; r#eg o@ac% Pﬁigﬁé e%ﬁq_%iganeous injection of

d lthufdllemng\»(eeﬁoﬁsr Admvr Acmgmmﬂ‘()secr&lnﬂe e tgand) Ades
t hen were nounte under a fluorescence

mAGaSBEHMOL, (sqc;et@}@ 61?1491 ég@ﬂb qu RB7-5P4EL (sporcmtably SDA0L), Ad-
TR iR ERE 1850 bnha BTGBl B8 e BBl S0 w7 o

ambmtmsuqanﬁemmu #lsy cdetsaly FRfeetay mjiapﬁsa)subcatdnecﬁdsly on days 0 and

o ERERY e Moy Bler oL ham ety St oo irs ety Rk o

b)PBSih}eUfe@) Whreisdd® tdsotirce F EffdctdiRells for cytotoxicity studles Aliquots
(res onder-to-stinulator ratiq 25:1) in the presence

of® 11@ spies cqll suspansions;werg dhpnco-ipgubateq sithapigamycin C-treated TC-1
S %M@#mzmrﬁeamﬁ rbuﬁ’ﬁl@xﬁ@rﬁed @ﬁh 9@% WSl M 2-megcaptoethanol, 2

nitrocellulose filter plates (5 s in
mng¥.@lytaing,) 1nﬂ‘71twrm@t6|, @ndmnessmt@l ammatae@s svinder qedltculture

ALpOAE Sk 06 B il B iRy 1P Uy @2 Ygor et

pl(atges callBy weﬂelmmbamd; it thea slhhlullm, spiasmb hoenpelesaesite(effoftor

el sttt et 0o fon SR st Ao T R media contining
S GEPFRRI At theeddsTdNe mf:@ah@’i}@ibn@ﬂuol&@céﬂ—ﬁfeﬂia'téd%ffdf&hélty was

hor ser adi sh {oerom dase, avi di nD.and 150

nideteanined psineibe npradinasjive pEpRKiSHY st kit dicdeasert FRH ip gulgre

'Tg{l atadAThdBeRueh BY b E@E@%ﬁ%e@eéd@r &k Qb werd cé&.llzm:d as:
0. nmol /L sodi um acetate buffer) and 20 25 mcroliter

39% H202. The st ai ned S ots correspondi n with | FN
pr/m@é’é@%@?@Q T¥ EXR. SR 1Y \Qe"? €MB) 100 where

e
e N

r m:fergab@ll\ﬁamnimmm bhHuelgass, EMBds taaged oelbmpximaot LDH r@!fease, VC
f Ad E7- A se bl.e
oitsthe tton, 36 B0 i i il PR R R SRS

| Sgﬁﬁﬂ)s unpdirdd 4-t€3D4AkL uded o d g aariat the HfeNdEN Hefwddl the various

V\é-foélp? ]QF‘QE%P@ r et abl cgo%%%gtgy a%@)gs é\%.tlSEtZGal ;i-gn%ﬁga%%g \?vra.'-:.S

determined at the 0. 01 level.

1) In vivo Efficacy Experiment in Mouse Model

[00102] Mice (5 or 10 per group) were vaccinated via subcutaneous injection with,
1X10° PFU Ad-BE7-ACtATmCD40L, Ad-E7, Ad-E7-CD40L, Ad-ACtATmCDA0L or
Ad-CD40L, vectors. One week later, mice were boosted with the same adenoviral vector
regimen as the first vaccination. One week after the last vaccination, mice were
challenged by subcutaneous injection of 5 X 10° TC-1 cells/mouse in the right leg and

then monitored twice a week.
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a subcut aneous injection. As a control, PBS was

i nj ected subcutaneously on days 0 and 7 (control

m ce). Mnonucl ear cells fromthe spleens of these

mce (vector injected or PBS injected) were used as

the source of effector cells for cytotoxicity studies.
Aliquots of the spleen cell suspensions were then
co-incubated with mtomycin Ctreated TGC-1 10 cells in

R 6 i i 0 .
L3 PRt B, e R TEt i KRR dome STt mice
nemgsseed toived magnehocawimniste eoneheior toédl T aells. tlimmer growth was

condi tions, fo days. To performthe cytotoxicity
aggi?fed%sieﬁ%ei?m?éﬂy‘t unor cells (target cells)
were incubated with the stinulated spl enic nononucl ear
cell s (effem)Btatisitesd | s) at an effector/target ratio of

100: 1 for 4 hours at 37 i,n .cu re, medj a | ni
TE0Ya G012 SahCiblels Sien bt BiP St s R ASIICh dufobed by
C StHeffR gtRb@de GHRIIANE 6brh)ariéeds as PEirH0P i34 811 A8k khSvn is
nonr adi oactive cytotoxicity assay kit. Released LDH in
cDicgemies asgupgm &fﬁ@%(é@ésur ed by an ELISA plate
reader. The data were cal cul ated as: % CYTOTOXICITY =
(EXR EﬁR]tI'ﬁFi'+ VB/ TVR TSR VC + CVvB) 100 where EXR is
experinmenta PEA T el ease, ESR is effector cell

spont aneous LDH rel ease, TSR 20 is target cell

spont atestrsanHnd €laga€eDenivie call deveppmente ultiplepatimmays to
LDH rel ease, VC s, val orrection, and CMB i s
cﬁ"ft't‘rﬁ%ea w&%ﬁ@k&gk‘t@%%9 Statistics: Student's
unpaired t-test was used to deternine the differences
bet veefteinBenl Rl GRkEch B/103sh [S,rKﬁcE:G:’f, Brohif epatHnd m(ﬂ
cytotoxicity assays. Statistical significance was

dateegionl vells miuqed &y nterlevikinyd)-treapml human gendritis cefly displeyantigen-
i ' ; . 1 e (5 or 10 per
g ogi:)ﬁ)c%%gsé}a%%%%\%gaiﬁg]b%éb’airvgg'us injection with

1X105 PFU Ad- E7- ACt ATnCD40L, Ad-E7, Ad-E7-CD40L,
Agl- ACt xdsuiid ML, MiatsueX- Kdshahm\I® dtofins J, Takeshneek, Matsa¢ . Killing

mce. e.boo ith.the.s a iral . vector . .
UG USPRE T oSttt skl el B e ipg it

| BEIDE agkiidyaint UD4(A) T eclEioth BO1 Lhakdi@NBee Binunol 32:1035-1043,
subcut aneous injection of 5 x 105 TC-1 cells/nouse in

t HO2y ght leg and then nonitored twice a week. 31

[ 00103] The donor splenocytes were harvested from

t ynor - : ' ; .
n%gnet(?]%ﬁgro Gﬁn%%Cht%Bd e a"??:’h@r?%ores?gdt%g‘ I %QF% T a—
g¥amin Aimweasol Y2 d08d2048. descri bed previ ously.

5. Luft T, Luetjens P, Hochrein H, Toy T, Masterman KA, Rizkalla M,
Maliszewski C, Shortman K, Cebon J, and Maraskovsky E. IFN-alpha enhances CD40
ligand-mediated activation of immature monocyte-derived dendritic cells. Int Immunol
14:367-380, 2002,

6. Skov S, Bonyhadi M, Odum N, and Ledbetter JA. IL-2 and IL-15 regulate
CD154 expression on activated CD4 T cells J Immunol. 164: 3500-3505, 2000.

7. Paglia P, et al. Murine dendritic cells loaded in vitro with soluble protein prime
cytotoxic T lymphocytes against tumor antigen in vivo (see comments). J Exp Med 183:
317-322, 1996.
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m Statistics 5 [00104] Al paraneters were anal yzed
using Student's t test, or ANOVA foll owed by

Scheffe's procedure for multiple conparisons
aspost-hoc analysis; all data shown is presented as
meanf S.E. of the nean (S.E. ). 11. References: 1.
Shortman K, and Caux C. Dendritic cell devel opnent:

mul tiple pathways to 10 nature's adjuvants Stem Cells

15; 409- 9

858 Kno Z%V%geﬁk%%ﬁ ?her ?Jf and%ﬁ @;tﬁ &&’ Fﬁ eﬁ)ﬂg rhendnm
i ratlls; p@}demmceﬂl‘ enllizj B ¢ostinnaationg aIthI‘rheip ezl-e:lali r1+ats$cxc1ated

ce j oS i fic suppressor activity.
BIJJ%EG%Q‘W‘S%%%??&O@%B. Kusuhara M Matsue K,

Edel baum D, Loftus J, Takashima A, Matsue H Killing

1%.0f mahye, & a:abé:ﬁnayc&mlﬁéctéd ﬁﬁﬂff&@éﬁ%ﬁ@ﬁﬂdﬂc& 'uﬁmumty in
cells (DO): in vivag study using killer DC DC hybrids
arfdnRepRptisnisy ] ampaols [adt %@1‘&2 5902Q8lce. Eur J 1 mmunol
32:1035-1043, 2002. 4. Gunzer M Janich S Varga G

ol ok 7 SuEpeiBHG. GRtbHRmabiBhiYe obtony Silflfhing
M e A i i s o
I ﬁ@%ﬁﬁﬁ%@ﬁ%&ﬁ?é@gﬁtﬁolﬁq gand- meai ated activati oﬁ of

i mmat ure nonocyte-derived dendritic cells. Int |munol

141367 -Hiﬁ@"J é%@@ RlacEinatiok QY pAienROMHB AL Mmg@ﬂﬁ‘u&lng ah@logous
Ledhet ter IL-2 and | L-15 reqgul ate

expit %eélsl?"é?? @ﬁn%ﬁ%]éft gt Med. 25 52ei8) £996. | nmunol . 164
3500 3505, 2000. 7. Paglia P, et al. Miurine dendritic

I j . i
cail s hasesold ol SEILBRE pRELSI REATE o
( émteemﬁmﬂéldbmjntlc\beﬁ( Patieigd. 148 328-332,7199822, 1996. 32 8.

Zitvogel L, et al. Therapy of marine tunors with tunor

30 A, e G PRI L i
1‘Pf?’fﬁ“’f@é;'ﬁp&bﬂ’ﬁ medtratd Aegen pbpfiidd: Mpithse ﬂl%%osta%g cahber vOSRRe trial

Fong L, et al Dendr|t|c cells injécted via
d|“$VP Waﬁp@@p@@ hogag;@ereﬁmmmeiﬁaqtqﬁm disease. Prostate 38: 73-78, 1999,

14, Dhodapkar MV, et al. Rapid generation of broad T-cell immunity in humans
after a single injection of mature dendritic cells. J Clin Invest.104: 173-180, 1999.

15. Zwaveling S, Ferreira Mota SC, Nouta J, Johnson M, Lipford GB, Offringa R,
van der Burg SH, and Melief CJ. Established human papillomavirus type 16-expressing
tumors are effectively eradicated following vaccination with long peptides J Immunol
:350-358, 2002.

16.  Liu W, Gao F, Zhao K, Zhao W, Fernando G, Thomas R, and Frazer 1. Codon
Modified Human Papillomavirus Type 16 E7 DNA Vaccine Enhances Cytotoxic T-
Lymphocyte Induction and Anti-tumor Activity. Virology 15: 301-343, 2002.

17.  Lamikanra A, Pan ZK, Isaacs SN, Wu TC, and Paterson Y. Regression of
established human papillomavirus type 16 (HPV-16) immortalized tumors iz vivo by
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5 cancer patients. J Immunol. 166: 4254-4259, 2001.

10. Markowi cz S, Engleman EG G anul ocyt e- macr ophage
colony-stinmulating factor pronotes differentiation
and survival of human peripheral blood dendritic cells
in vitro. J din Invest. 85: 955-961, 1990. 11. Hsu
FJ, et al. Vaccination of patients with B-cel

| ynphoma usi ng aut ol ogous 10 anti gen-pul sed dendritic

C @hdcinia WadseMothresding A febdht fobide 6f HPR-1\NEBEdrR1dt62 witll erbbnced

V%ﬁquﬁflon of nelan%18 patients with peptide- or
‘yelhresponsesthel haws e the fumerdsite J. Vingli IGP664, 2001.

328-332, 1998. 13. Murphy GP, et aI I nf usi on of

degdri &j ikl A2

p?gsta§gﬁéggﬁéﬁggﬂg§ Hgﬁé antlgen pep&cggghkgjgﬁééészz

1RO ost at e cancer vaccine trial 15 involving patients

wi th hornone-refractory netastatic di sease Prostate

38, 73,7 99. 1 da W, Rapi d

gi%rer aBF%W&& g?‘@ﬁt}aé‘? Ig‘gg‘l?vﬁmﬁﬁt Hﬁm%aﬁ%ndn&lﬂceus ae

S hét@h&dlngcﬁﬁdr@muﬁlfan B’?illkflﬁav‘iﬁﬂ %?bh'(ﬁ@uﬁ@lﬂ( & partic1€d 4dfdl induce

I nvest.104; 173-180, 1999. 15

velin Ferreira
VeRitppe-speci fighimaeniT cellymtpenies i szpprI@rmm@% 1665 §91715§24,R001.
van der Burg SH, and Melief CJ. Established human

pagi | | [ rs ar .

Do DL, Yt KOGl Bl T BEE R 255524
p&S des J I mmunol :350-358, 2002. 16. Liu W Gao F
Zhao K, Zhao W Fernando G Thomas R, and Frazer 1|I.

Mdifie ma pi_|.l.omavi ruys pe 16 E7 DNA
\Cffiﬁcu nETERFEIRR %‘f?&%cﬁ% e cqll; mﬁaa,%écanﬁ%rmwﬁﬂla@ay
Althral REPIMACE0:\50Y 520, Miopel ogy 15! 301- 343, 2002. 25
17. Lam kanra A, Pan ZK | saacs SN, Wi TC, and

Pat erson Y. Regression of established human

p%am | | Rekeake Ky Banghseean 6 Denpitia e3lls| ariimde hedweadunateasiraglaptive
[ expreSS|ng di fferent
forrrs f gg(‘/‘i%(&%@ ggo}/érg#lsl?gs wi th enhanced CD8(+)

T-cell responses that hone to the tunor site. .J
\23. ol :RiBEDA; Bitedfiel® D8] AmbfhaniBMIDieyttVVB, KHED, Meng WS,

ARG AR viir o e
Wﬂlﬂﬂﬂ@ﬁsséﬁﬂﬂ labddlfte fQlirdmddk for IS4 T ¥alsQfhriBY ifeRLBEHoR with

human papi ] | omavi rus tfi/ e-16 virus-like particles and
i el dbises geeapetified dondriiingelly b RessploHed S 703, 2001.
vitro. J Imunol. 166: 5917-5924, 2001.

24.  Broder H, Anderson A, Odesa SK, Kermen T, and Liau LM. Recombinant

adenovirus-transduced dendritic cell immunization in a murine mode! of central nervous

system tumor Neurosurg Focus 9;1-8,2000.

25.  Crook T, Morgenstern JP, Crawford L and Banks L. Continned expression of
HPV-16 E7 protein is required for maintenance of the transformed phenotype of cells
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10 absence of any elenent or elenents, limtation or
[imtations which is not specifically disclosed
herein. Thus, for exanple, in each instance herein any
of the ternms "conprising," "consisting essentially of
and "consisting of may be replaced wwth either of the
other two terns. The terns and expressions whi ch have
wWeeaingnpl oyed are used as ternms of description and
not of limtation, and there is no intention that in

the 15 ; r ' . ' :
any don At E bl OB E A Bl ity SR Bfhor antigen,
said vpoot coomisines tradscriptien wtit érsoding agl vpepitiden aaid palypeptsle
nodi.f.i C%rti o&s ar e t%ﬁSSi bl e v¥ithi.n a;l)he scope of t‘{‘l'ﬁ d
CPHDBHPE SRS AL CHREES 2 SeereRBLT 8N e &SqYRtEr & FERYF T HEE™ 0
CI40NQiaah, Wikeeipseida ot Mteh iodifflornt RERAITCBHIREEdGal Mherein said

di scl osed by preferred enbodi nents and optional | .

G4 ligaad 1s misaing jal Hr Sehstantially all phthe drqnsmembiane dorpaigrendering the
CﬁﬁkﬁkﬁgghﬁﬁiOSEd may 20 be resorted to by those

skilled 1n the art, and that such nodifications and

variations are considered to be within the scope of
t hi s 2i Fvesdenovirad sxpresdiereviedsyr of igkimpgpehreid seiddigrer antigen is a

107 enbodi nents are set forth within the
h%%@?%ﬁ%%gkggé}ns. 35 W claim 1. An adenovira

expression vector for generating immunity against a
t unoB. B adpeoyiral sapdsszec vaptorad eiaimn S wigereintseidrisimor pitigen is the E7
uni.t codi ng . ol ypepti de, said pol ypeptide
pg&ﬁﬁf&ﬁ?ﬁ@“?%%ﬁ?&ﬂgﬁﬁﬁino term nus a secretory signal
sequence, a tunor antigen, and 5 CD40 |igand, wherein
\?\zi d4t mn@ﬁdegetriirag %ﬁpxiegsi@h féécmrejmf; b@mfmj ichs! 1l gRter@fitsaid

erei.n sai O.ligand is missing all or,k6 )
trapssEiPEAR PRl P@cogf??a Brkar PgtvrqeR AUAEHBP LA eR AR $pid CD40 ligand.
rendering the CD40L secretable. 2. The adenovira

expr 8SThOMME ek AlexPlesididbtdk IFRBY 8hdoB@hithst UMD Hherein said vector
;antigen is a human tunor antigen. 10 3. Th

! The -
inpdedes wihugtan sxiomegalopijus pemeter@nhancas for sonrdling wansaription of the

u%H&%_ﬁaﬂhE%en is the E7 protein of human papill ona
virus. 4. The adenoviral expression vector of any one

of clainmse 1 - 3 wherein said transcription unit
enco@eShaadanakical espreppiemverstrdirnyone eneldigisn ahwhergingsaid CD40

! - . adenoviral expression vector of
11%:}13 13 hh%%ﬁ%g_?gll 1{1%1%? i

one 4 wherein said vector 15
i ncl udes a human cyt onmegal ovi rus pronoter/enhancer for
cont 70Th¢ adpnbvizal s picptiomneatdr aflapy obe ahdaimsplt + 6 whersin said CD40

ligand lacks a cytoplasmic domain.

8. The adenoviral expression vector of any one of claims 1 — 7 wherein the vector
encodes a CD40L that includes no more than six residues from either end of the

transmembrane domain.

9. The adenoviral expression vector of any one of claims 1 - 7 wherein said vector

does not encode the transmembrane domain of CD40 ligand.

10. The adenoviral expression vector of claim 6 wherein said CD40 ligand

comprises residues 47-261.
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6. The adenoviral expression vector of any one of
clains 1 - 5 wherein said C40 ligand is human CD40
ligand. 7. The adenoviral expression vector of any one
of claimse 1 - 6 wherein said CD40 20 ligand |acks a
cytoplasm c domain. 8. The adenoviral expression
vector of any one of clains 1 - 7 wherein the vector

encodesTir «db¥®liral Biredsitel wed@s oNElaiDb & Hehdm s&d X'D40 ligand
residues fromeither end of the transnenbrane donain.

CQMPries iSOV 23 AnddNY0dssi on vector of any one of
clains 1 - 7 wherein said vector 25 does not encode

the 15 aARMRENAACHRERIA \%EtOPQ?Q’l)J 6&%?@1%\1%19 1-1h %vherfgn said vector

adenoviral expression vector claim6 erein sa
1sGeaderéd nrmgplicasimgin senal duindueells47- 261. 36 11. The
adenoviral expression vector of claim6 wherein said

and ses .resi
e LR of SRR ERs B StR Ry bR o ofimeas 12 in the
manufadthro\bed Bedicaaé fegherating Sn LEMULE %@gonse in an individual against
non-replicating in normal human cells 13. The use

ot cRreAHES B WPY aN8gFkessi on vector of any one of
claims 1 - 12 in the manufacture of a nmedi canent for

genef at4ng 80 LIRS WISRAPLSE tdn‘lbraaﬁn \fﬁéjﬂ%r ﬁ‘bﬁﬁﬁman

cel I's ‘expressing a tunor antigen. ihe use c al m
pdBllwhevein said tunor antigen is the E7 proteln of
human papilloma virus. 10 15. The use of claim13

oo Sb iRt et 11 §kat S CTRD s PR GR AT g

cervical cancer cells. 17. The use of claim 16

wher @6 NTiseaise of biARA 186f I 9 @heictn &ald PdrREedells @fe d¥AABA cancer cells.
papilloma virus. 18. The use of any one of clains 13 -

17 wherein adm nistering is repeated. 15 19. The use
of ahy- Dreaisepf gleiin Af wherein s8d {itveerainH senis &7 niptgineot human

L R$fud ncludes the generation of cytotoxic CD8+ T
péﬁﬁ@@ agalnst sai d tunor associated antigen. 20. The

use of any one of claim 13 -19 wherein foll ow ng
adnmi 8 skhreatsk ofi anseedoivodgmer 3 -i1§ whekan adipinisterereg is sepeated.
whi ch subsequently secrete a fusion protein encoded by

the E&aﬂ‘l Cursle %% any one of claims 13 - 18 wherein said immune response includes the

generation of cytotoxic CD8" T cells against said tumor associated antigen.

20. The use of any one of claim 13 -19 wherein following administration, said vector
is taken up by cells which subsequently secrete a fusion protein encoded by the transcription

umnit.

21. The use of claim 20 wherein said fusion protein forms a homotrimer through

interaction of CD40 ligand extracellular domains.

22. The use of an adenoviral expression vector of any one of claims 1 - 12 in the
manufacture of a medicament for treating an individual with cancer that expresses a tumor

antigen.

23. The use of claim 22 wherein said tumor antigen is the E7 protein of human

papilloma virus.
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unit. 20 21. The use of claim 20 wherein said fusion
protein fornms a honotrinmer through interaction of
CD40 |igand extracel lul ar domains. 22. The use of an
adenoviral expression vector of any one of clainms 1 -
12 in the manufacture of a medicanent for treating an
i ndi vidual with cancer that expresses a tunor

ant i g¢rheAfe 38 clalth @2 waRred sidl @DMOA aldd & HinianSEDAD 1 el
antigen is the E7 protein of human papilloma virus.
37 24. The use of claim 22 wherein said CD40 ligand is
humasd Cligorse of ghaan 22 prclaipp 84 ydereyn saigl saneepts cgyvical ganper-
24 wherein said cancer is cervical cancer. 26. The
Use . : . . . 7

orot 2Pt SR Gea 2 P el MR anBl5l A% prbchlof man
papillomaeiro$. clains 22 - 26 wherein adnministering is
repeated. 28. The use of any one of clains 22 - 27

wherejin_sai d i.nmune r on incl udes the . generation
of col OTEIE OEFBAORE TS 20 5 Moy DLP RIPTRBFring is Tepeated.
associ ated antigen. 29. The use of any one of clains

22 - 2@8TIMNKRE @K Bnyf Ghd SWINS s 20 TR ah kAR imAfhE resp8iteHicludes the
is taken up by cells which subsequently secrete a

genesation gficrtosonc ERSoden!p geainss said umprasieaiated aigenni t .
30. The use of claim29 wherein said fusion protein
for t ki t [ y . - .
ext r 22T HRAE ¥ e e 2 s SEL SRl i R0E s
veotyr ie sakien mp \beakily whichanlysequentlyfsealei anfisibn prdt@iniencdded by the
manuf actur,e of a nedi canent for generating inmunity in

ANCHBPLY™ o i nfection by human 15 papilloma virus,
wherein said tunor antigen is the E6 or E7 protein of

humang PR sk @R Blaind 20 Yhered? said RBidiSHofin fordk Mhdhotrimer through
wherein said CD40 ligand is human CD40 |igand. 33.

inferactipgeofdfD40 bgandzxtragellglagdeggngmswher ei n admi ni steri ng
is repeated. 34. The use of any one of clainms 31 - 33

wher g'l nTl’Feadsg folf &%o{rﬁeﬁ%%g?é@slﬂnq Q%#&eosf ahP Bne 8ﬁclaims 1-121in the
generation of cytotoxic + cell's agarl nst uman
npapfaktuosef amnedisam&8 for generating immunity in a subject to infection by human

papilloma virus, wherein said tumor antigen is the E6 or E7 protein of human papilloma

virus.
32. The use of claim 31 wherein said CD40 ligand is human CD40 ligand.
33. The use of claim 31 or claim 32 wherein administering is repeated.

34. The use of any one of claims 31 - 33 wherein said immune response includes the

generation of cytotoxicCD8" T cells against human papilloma virus.
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