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PORCINE KN XENOTYPE CHIMERIC ADENOVIRAL VECTOR FOR DENDRITIC
CELL INFECTION

Related Applications

This application claims priority to US Provisional Patent Application 61/576,1 16 filed
{5 December 2011, which isincorporated by reference in its entirety.
Government Support

This work was made with the support of Grant 58 33A1076¢:46-06 from the National
Institutes of Health. The.government of the United States of America may have certain rights
in this work.
fncorporation-byv-reference of Sequence Listing

The Sequence Listing, which is apari of the present disclosure, includes a computer
readable form and awritten sequence listing comprising nucleotide and/or amino acid
sequences. The subject matter of the Sequence Listing is incorporated herein by reference in
its entirety. The information recorded in computer readable form is identical to the written
sequence listing.
introduction

Dendritic cells (DCs) are anr important component of innate mummify. DCs are potent
antigen presenting cells (APCs) with the ability to initiate the primary immune response.
Banchereau, J., et al., Aram. Rev. Immunol 18; 767-81 1, 20¢i0. 1xs addition to their role in
local innate immune responses, DCs play a crucia role in adaptive immune response by
priming the immune response or by inducing tolerance. Humans have DCs with different
phenotypes that are distributed throughout the body and reside & the site of potential
pathogen entry or tissue injury, where they differentiate into mature DCs (Li, K., et ai., Mol
Immunol, 48; 1121-1127,2011). During maturation, DCs undergo phenotypk and functional
changes allowing them to increase their antigen presenting and increase their expression of
co-stimulatory molecules (Rea, D., et al, J. Immunol 166: 5236-5244, 2001). Bacterial and
viral compounds have been identified as major DC maturation signals (Saljusto, F. and
Laiu-avecchia, A., J. Exp. Med. 182: 389-400, 1994; Harstmann, G., et aL Proc. Nail. Acad.
Sri. USA. 96: 9305-93 1}, 1999: Sparwasser, T., etaL Eur. J. Immunol. 28: 2045-2054,
1998; Verdik, RM., et al, J. Immunol 163:57-61, 1999; Cella, M., et. al., }. Exp. Med. 189:
821-829, 1999).

Since DCs have a unigue ability to prime an immune response, targeting them in

immune intervention strategies against infectious diseases asweli as cancer has shown
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promise {Palucka, K ., et al., 1 Immunol. 186; 1325-1331, 2G1{}. Multiple approaches have
been developed is: deliver antigens to DCs for presentation including (ransfeetion with DMA
or RNA and gene transfer viarecombinant vectors (Fong, L., et al.., Annu. Rev. Immunol. 18:
245-273, 2000; Gong, X, et a., Nat. Med. 3: 558-561, 1997). Genetic modification of DCs
with recombinant viruses oilers major advantages including jpersistent antigen presentation
over time and exposure to -potentially immune-activating viral components (Sloan, JM., et al.
Cancer Gene Ther. 9: 946-950, 2002). Clinical trials have shown treatment with adenovirus-
based vectors are safe and with the development of transductionaliy targeted, selectively
replicating vectors to be increasingly effective against diseases (Paul, C.P.L., etal, Cancer
Biol. Ther. 7: 786-793, 2008). Paul et al. showed that replacing the fiber knob of Ad5 with
certain non-human knobs enhanced infectivity of human glioma cell populations and primary-
tumor cells.

Infection of DCs with adenovirus is limited because human DCs lack the native
adenovirus receptor, coxsackie-adenovkus receptor (CAR). AdS carrying subgroug B Ad
fibers are more potent than classical AdS for gene transfer and expression in human DCs
(Rea, D., et a, J.Immunol. 166: 5236-44, 2001). In order to achieve meaningful therapeutic
efficacy of adenoviros-based therapies, new approaches for infection of human DCs are

required.

Summary

The present inventors have developed modified adenoviral vectors which can infect
dendritic cells with much greater infectivity compared to wild type adenovirus. In various
configurations, an adenoviral vector of the present teachings can be a chimeric adenovirus
which comprises afiber comprising atail, ashall and aknob, wherein the knob is aporcine
knob. In some configurations, the tail can be an Ad5 tail, and the shaft can be an Ad5 shaft,
so that afiber of the present teachings can comprise an AdS tail, an AdS shaft, and aporcine
knob. In some embodiments a chimeric adenovirus of the present teachings can bind dendritic
cells using areceptor other than a CAR receptor. in some embodiments, a chimeric
adenovirus of the present teachings can bind dendritic cells using areceptor other than an
integrin receptor. In some embodiments, a chimeric adenovirus of the present teachings can
bind dendritic cells using areceptor other than either a CAR receptor or an integrin receptor.
In some embodiments, achimeric adenovirus of the present teachings can comprise a fiber
comprising aknob, wherein the knob comprises agalectin domain. i some configurations, a
galectin domain can bind to one or more carbohydrates, such as a carbohydate comprising

2
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lactose and N-acety!-lactosamine units. In some conf gurations, a galectin domain comprised
by aknob of the present teachings can bind acarbohydrate structure selected from the group
consisting of Galf 1-4G!cNA¢SE-3Galli | 4GIcNAcfil -3Gaili 4GfcNAc ftrifNacetyi-
lactosamine)}, GIcNAcal -4Gafii-4GicNAc6 |-3Gaifi!-4G!IcNACB 1-3Galfi 1-4G!cNAC,
Gal61-4GkNACBI-3GaBi-4Glc (kcto-N-neotetraose), Gai«j-4GalBI-4GicNAc81-3GaSS1~
4G!c and Gal8.i-4GicNACcBI -3GaiSi-3GIcNAc. In some configurations, a chimeric
adenovirus comprising a fiber comprising a knob of the present teachings can bind a cell-
surface glycoprotein .comprising a carbohydrate structure such as, without limitation, Galfi-
4GIcNACBI-3Gal 8l -4GIcNACfil -3Gali1-4GicNAc {tr {Nacetyl-lactosasniine)), GIcNAcal ~
4Gal6l-4GIcNAc8l  -3Galfii-4GIcNA cBl~-3GalBl -4GIcNAc, Gall31-4GIcNAc6.1 -3Gai8! -
4GIc (lacto-N-neotetraoseX Galel -4Gal81-4GIcNACB 1-3Gaif51 ~4Glc, Ga!B 1-4GIcNACfil-
3Gal6l-3GICNAc  or a combination (hereof.

In various embodiments, a galectin domain comprised by aknob of the present
teachings can bind to Laeio-N-neotetrapse with adissociation constant of !83+9uM , 3-
anyinopropy#-lacto-N-neoietraose with a dissociation constant of 303+4uM , 2-azidoethyl-

di{ N-aeeryl-lactosamine} with adissociation constant of 309:+4uM, or 2-aminoethy!-tri(N-
acetyl-lactosamme) with adissociation constant of 3(&+40uM .

In various aspects, cellular uptake by adendritic ceil of DNA of achimeric Ad5 of the
present teachings can be greater than that of a wild-type Ad5. 1w various aspects, cellular
uptake by adendritic cell of DNA of achimeric AdS of the present teachings can be as great,
or greater than, that of .an adenovirus comprising a knob comprising an RGD sequence. |a
various aspects, cellular uptake by adendritic cell of DMA of achimeric AdS can be as gredt,
or greater than, that of an adenovirus comprising aknob comprising as adenovirus
comprising atype 35 fiber.

In some embodiments, a dendritic ceil of the present teachings can comprise a
chimeric adenovirus-5 (AdS) viral genome, wherein the chimeric AdS genome encodes a) a
fiber comprising a‘tail ashaft and aknob, wherein the knob isaporcine knob; and b) a
promoter operably linked to a heterologous sequence encoding an antigen peptide.

In some embodiments, the present teachings include ex vivo cell cultures comprising
a dendritic cell, in particular a human dendritic cell, wherein the dendritic cell comprises
nucleic acid sequences encoding AdSsequences encoding a modified tail that includes a
porcine knob segquence, as described herein .

In some embodiments, the present’ teachings include avaccine comprising an AdS

modified to comprise aporcine knob, aswell asan antigen peptide sequence such as, for
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example, an antigen peptide consisting of alinear peptide of from at least 8 up to {3 amino
acids, for example 9 amino acids such as a peptide sequence set forth in tabic 1.

In some embodiments, a vaccine of the present teachings can comprise adendritic
cell comprising AdS sequences encoding a modified tail protein, such asatail protein
comprising a porcine knob. In some configurations, avaccine can comprise dendritic cells
autologous b a subject such as a human subject, in which dendritic cells obtained from the
subject can be grown and/or infected with amodified AdS of the present teachings in aceil
culture ex vivo. Such cells can be administered to asubject such as, for example, the donor
of the dendritic cells, using methods well known to skilled artisans,

In some embodiments of the present teachings, a subject such as ahuman can receive
avaccination through administration of amodified AdS of the present teachings. In some
embodiments, a subject such asa human can receive avaccination through administration of
dendritic cells infected with an AdS of the present teachings. In some configurations, the
dendritic ceils can be autologous dendritic cells.

In various configurations, an antigen peptide sequence can comprise or consist of
from about 8, at least 8ttp to 15, or about i 5, contiguous amino acids in some
configurations, an antigen peptide sequence can comprise or consist of 9 contiguous amino
acids, In various aspects, a peptide sequence can be that of a protein fragment, wherein the
protein is apathogen protein or acellular protein, such as. for example, aprotein expressed
by acancer ceil In some aspects, an antigen can comprise an antigen peptide such asthat of
an HLA-A restricted peptide or HLA-B restricted peptide. h: some aspects, an antigen
peptide can comprise or consist of a sequence as set forth in Table 1.

Table i: Antigen Peptide Sequences

Name Source Sequence Identification

CMVppoes Cviomegalovirgs NLVPMVATV SEQ ID NG |
EBY BMLF Ebstein-Barr virus GLCTLVAML SEQIDNG: 2
flupMi influenza A viras GILGFVFTL SECQID NO: 3
GR09-2M human melanoma IMDOQVPESY SEQIDNG: 4
G280-9V human melanoma YLEPGPVTY SEQIDNO: 3

Various embodiments of the present teachings include a dendritic ce!l comprising a
chimeric adenovirus-5 (AdS) viral genome, wherein said chimeric AdS genome encodes a) a

fiber comprising atail ashaft and aknob, wherein the knob is aporcine knob; and b) a



WO 2013/090806 PCT/US2012/069884

promoter operably linked to aheterologous sequence encoding an.immnnizing antigen. As
used herein, an “tmmunizing antigen” is a protein, polypeptide or oligopeptide that can
stimulate an immune response in abody such as a human body.

In some embodiments, the present teachings include ai ex vivo celi culture
comprising adendritic eel! comprising achimeric Ad5 genome which encodes a) a fiber
comprising atai, a shaft ami a knob, wherein the knob is aporcine knob; and b) a promoter
operably linked b aheterologous sequence encoding an immunizing antigen. For example,
an antigen that can bind a corresponding MHC class ! heavy chain or MHC class Hike
antigen presenting molecule such as CD! (Ahamirano, M.M ., et al., Proc. Nat’t Acad. Sci.
08: 3288-3293, 2001).in some aspects, an immunizing antigen can be that of a peptide which
can be presented by an MHC class { molecule.

in some embodiments, the present teachings include vaccines, wherein a vaccine
comprises a dendritic ceill comprising achimeric Ad5 genome which encodes a) afiber
comprising atad, a shaft and aknaob, wherein the knob is aporcine knob; and b} apromoter
operably linked b a heterologous sequence encoding an immunizing antigen. In various
configurations, animmunizing antigen can be a peptide comprising or consisting of about 8.
froms 8to 5, or about {5 contiguous amino acids. in various configurations, an immunizing
antigen can be a peptide comprising or consisting of 9 contiguous amino acids, or about 9
contiguous amino acids. In various configurations, animmunizing antigen can be a peptide
comprising or consisting of a sequence selected from the group consisting of NLVPMVATV
(SEQ ID NO: 1), GLCTLVAML (SEQ ID NO: 2), GILGFVFTL {SEQ ID NO: 3),
IMDOQVEFSV (SEQ ID NO: 4) and YLEPGPVTV (SEQ ID NO: 5}.

Various embodiments of the present teachings include achimeric Ad5 comprising; a)
a fiber comprising atail, a shaft and a knob, wherein the knob is a porcine knob; and b) a
promoter operah§ linked to a heterologous sequence encoding an immunizing antigen. In
various configurations, an immunizing antigen can comprise or consist of a sequence of a
protein expressed by aeell at alevel associated with adisease. In various configurations, an
immunizing antigen can comprise or consist of a sequence of aprotein expressed by a cancer
cell at alevel associated with a cancerous phenctype. in various configurations, an
immunizing antigen can comprise or consist of about 8, from 8to 1%. or about 15 contiguous
amino acids In various configurations, an immunizing antigen can comprise or consist of 9,
or about 9 contiguous amino acids. in various configurations, an immunizing antigen can

comprise or consist of apeptide having a sequence selected fromny the group consisting of
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NLVPM VATV (SEQ ID NO: 1), QLCTLVAML (SE{) ID NO: 2), GILGFVFTL (SEQ ID
MO: 3), .MDQVPFSV (SEQ ID NO: 4) and YLEPGPVTV (SEQ ID MO: 5).

Brief description of the Drawings

FIG, lillustrates the design of (he Ad5Luc’i-Pk chimeric fiber.

FIG. 2illustrates molecular validation of Ad5Luci-PK virions.

FIG. 3 illustrates fluorescence micrographs of CAR-negative CHO and CAR-positive CHO-
hCAR cell lines.

FIG. 4 illustrates that gene transfer of Ads-PK vectors is CAR-inidependeni.

FIG. 5illustratesthat Ad5Lu€]-PK uses carbohydrate binding domains for gene transfer.
FIG, 6 illustrates that Ad5L uc 1-PK-mediated gene delivery is mediated by glycans
containing lactose.

FIG. 7illustrates A d5Luci-PK infeciivity in murinedendritic cells.

FIG. 8illustrates Ad5Ltci-PK infeciivity in Cynemaigis macaque dendritic cells.

FIG. 9illustrates Ad5L uct -PK infeciivity in human dendritic cells.

FIG. 10 illustrates Ad3GFP-PK. infeciivity in human dendritic cells.

Detailed Description

The present inventors disclose achimeric adenovirus and methods of transforming
dendritic cells therewith. These methods, in various configurations, can enhance infeciivity
adenovirus towar ds human dendritic cells. In various embodiments, a porcine knob, which
contains a galectin domain, is able to bind to carbohydrate moieties on the cell surface of
dendritic ceils. In some configurations, the carbohydrate moieties can comprise laciose and
N-aoetyl-iactosamine units. Furthermore, in some configurations the laciose and N-acetyl-
lagtosaniine units can he Gal01-4GleNAc6i-3Gai6i-4GIcNAcSI-3GalBI-4GIcNAC
(tri(Nacetyl-lactosamine)], GicNAcai-4GalBIl-4GIeNAcBI-3Gali3l-4GIcNAcBI-3Gali3l -
4GicNAc, Gah3i-4GIcNACc8I-3GalBIl-4Gk  (lacto-N-neoteiraose), Gaial-4Galfil-
4GicM AcB1-3GaL81-4Gle, Galfi 1-4GI cNACfii-3GalB 1-3GIcNAc or acombination thereof. In
various configurations the galectin domain can bind to Lacto-N-neotetraose with a
dissociation constant of 193+9 UM, to 3-aminopropyl-lacto-N-neotetraose with a dissociation
constant of 3034 UM, to 2-azidoethy1-di(N-acetyl-lactosamine) with a dissociation constant
of 309x9uM, or to 2-aT nittoethyl-tri(K-acetyl-lactosamine) with a dissociation constant of

308£40uM (the SPR response in pRILI).
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Monocytes and dendritic cells (DCs), such as freshly isolated human blood myeloid
DCs, plasmacytoid DCs and monocyte-derived DCs lack CAR expression, but Laogerhans
cells and dermal DCs from skin express CAR. Furthermore, monocyte-derived DCs have
lower CD46 expression . then dermal DCs, Langerhans DCs, myeloid DCs, aid p!'amacytoid
DCs. Expression .of CAR and CD46 (the subgroup C and B adenovirus receptors) on
dendritic cell surfaces can be measured using FACS in cell lines. The correlation between
infectivity enhancement and expression levels of CAR and CD46 can be determined.

For example, infectivity of apanel of liber-modified Ads that are CAR-nidependent
can be compared in a variety of cancer cell types. The .fiber-modified Ads.can be examined to
determine gene transfer to dendritic cell lines and compared with a tropism-modified Ad
vector, Ad5/3, which encodes a fiber composed of the native AdS tail and shaft domains, but
the fiber knob domain from Ad3.

In some configurations, AdS.uci-PK and Ad5Lucl-CKI fiber-modified adenovirus
vectors of the present teachings can be A d vectors with enhanced infectivity toward dendritic
cells in comparison b an AdS comprising awild-type knob. For example, three of the fiber-
modified vectors, Ad3i.uci-PK, AdS uci-CK1 and Ad5/3, can exhibit enhanced infectivity
towards human dendritic cells compared to Ad3i.uc!.in some configurations, AdS_uci~Pk
and Ad5Eucl-CK 1 can have more than a 1}-fold greater infectivity compared to that of
Ad5/3. In some configurations, an AdSLuci-PK can have agreater infectivity compared to
that of an AdS with atype 35 fiber described in Rea et al. (J. Immunol 166: 5236-44, 2001).
Methods

Methods and compositions described herein utilize laboratory techniques well known
to skilled artisans. Such techniques can be found in laboratory manuals such as Sambrook, J.,
et al .. Molecular Cloning: A Laboratory Manual, 3rd ed. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, 2001 ; Spector, D, L. et al.. Cells. A Laboratory Manual. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, {%98; Harlow, E., Using
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY. 1999.

The following materials and methods are used in some experiments reported herein.

Plasmid construction. A 1,750-bp region containing the PAdV-4 fiber knob and
carbohydrate binding domains (amino acids 121-703) of the fiber protein was amplified .from
cell lysates containing wild type PAdV-4 vims obtained from the US Department of
Agriculture National Veterinary Services Laboratory (Ames, lowa) using the following

primers. (PAd4 knob fwd) 5-TGTGG ACGGGGCCTGCTC-3 '(SEQ ID: 6) and {PA d4 knob
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revi S-TTTATTACAGTATCTGAGG-3 *(SEQ ID: 7). Plasmid pSHAFT, acloning vector
containing (he Ad5 fiber gene with the knob region deleted and replaced by asmall linker
containing Smal and EcoiCR1 restriction sites (Krasnykh, V.N., etal , J. Virol. 70: 6839-46,
1996), was linearized by Smal and EcoiCRI digestion, leaving two blunt ends. Following gel
purification, the PAdV-4 knob domain PCR product was !igated into linearized pSHAFT
resulting in pSHAFT-PK and positive clones were screened for correct orientation via
restriction enzyme digest. This plasmid contains the chimeric fiber gene encoding the
complete Ad5 fiber shal in-frame with the PAdV-4 knob domain, A stop codon and poly-
adenylafion sequence ‘is present at the 3' end. The chimeric fiber gene in pSHAFT ‘was
digested with Neof and Muni to liberate the DNA fragment containing the earboxy terminns
of the HAdV-5 shaft and the PAdV-4 knob domain. This fragment was Hgated into the Ncol-
Munli-digested fiber shuttle vector pNEB.PK.3.6 (Krasnykh, V ., el ai., J. Virol. 70: 6839-
46, 1996), resulting inpNEB.PK .3.6-PK.

Generation of recombinant adenovirus. The recombinant Ad5Lug |-PX genome
containing the chimeric PAdV-4 fiber gene was derived by homoiogous recombination in E.
eali BI5I&3 with Swai-iinearized rescue plasmid pVK 700 (Belousova, M., et al,. J. Viral. 76:
862!-31, 2002) and the fiber-containing Paci-K pni-fragment.of pNEB.PK 3 6-PK, essentially
as described (Krasnykh, V., etal., J. Virol 72: 1844-52, 1998). Plasmid pVK 7{}} is derived
from pTG3602 (Chattier, ., et a, J.Virol. 70: 4805- 10, 1996), but contains an almost
complete deletion of the fiber gene and contains afirefly luciferase reporter gene dr ves by
the cytomegalovirus immediate early promoter in place of the E} region. The recombinant
genome of AdSGFPi-PK containing the chimeric PAdV-4 fiber gene was derived by
homologous recombination in £, coil BI5183 with fiber shuttle plasmid pKan3.1-PK which
contains the same chimeric fiber gene as pNEB PK .3.6-PK described above, and Swal-
Imearized rescue plasmid pVK98H) (Murakami, ¥., et al, Virol. 407: 196-205, 2010).
Plasmid pVK 900 is afiber-deleted HAdV-5 genome plasmid essentially the samie as pV X700
except that EGFP is-encoded in the Ei region (supplied by Victor Krasnykh, University of
Texas M D Anderson Cancer Center). Ail genomic clones were sequenced and analyzed by
PCR prior to transfection of HREK. 293 cells. Ad3i.ucl isareplication defective Ef-deleted
Ad vector containing afirefly luciferase reporter gene driven by a cytomegalovirus promoter
(Krasnykh, V., etal., J. Virol. 75; 4176-83, 2001). All vectors were propagated on HEK 293
ceils and purified by equilibrium centrifugation i CsCi gradients by standard protocols. Vird

particle concentration was determined at 260 am by the method of Maize! et al. (Maizel, JV.,
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et al., Virol, 36: 115-25, 1968) by 'using a conversion factor of L1x10% viral

partigfedabsorbaace anil.

Generation of monocyte-derived DC.

DC medium is RPMI + 2mM glutamine + HEPES + non-essential amino-acids 4
Pen/Strep + 1% AB sera.

Peptide pulsing medium is Stemime -+ 2mM L-giitiamine+ PeniStrep+ 1% AB sera

A-DC generation.
1) Fresh PBMC are isolated from blood, bufly coats or leukep$eresis as instructed on
protocol. Frozen PBMC (yield ~ 2X 1 cellsivia) arethawed, counted. Fresh or frozen
PBMC are adjusted to 5x{6°/mi in DC media. Transfer 40ml {2xi¢* cells) to aT175 flask
and incubate for 2h ai 37°c .
2 Remove non-adherent cells and transfer to a 50m! conical tube. Wash T175 gently 2X
with 25 ml PBS and transfer to another 50 ml .conical tube,

a. These PBL can be discarded or can be used as a source of T cells (see Primary
CTL stimulation protocal).
3) To T175 ml flask add 30 mi DC media containing 100ng/ml GM-CSF (Leukine) and
20ng/ml iL -4 (CellGexnix). incubate ceils at 37°C 5% CO02.
4) On day 3 feed cells with 10ml DC medium containing |00ag/ml GM-CSF and
20ng/ml IL-4.
5} Harvest cells on day 6 by gently rocking flask back and forward; -collect non-adherent
and ioosaly adherent ceiis and transfer to a 50ml conical tube. Wash T175 flask gently 2X
with 25ml PBS and transfer b another 50 mi conical tube. Spin at i 500 RPM for 5 min,
aspirate supernatant, resuspend cells in DC medium (1-2 mi/tube), pool cells and count. DC
are adjusted to 2x 10%ml in DC media contai ning 200ng/mi GM-CSF and 40ng/ml 1L-4 (2X
concentration)

Yield: frozen PBMC ~2-5x I(}(} DC/flask; from fresh cells ~147 DC/f ask.

B-CD40L/IFN-y maturation

6) Immature DC consist of cells grown in GM-CSF and IL-4; diluted 1:} vol with DC
media.
7) J558-muCD40I. or K562-huCD40L are used for maturation, Ceiis are irradiated

(5,000 RADS for J558 or H),000RADS for K562), spun and resuspend in DC media a a
4x10° cells/ml in DC media.

9
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8) Mix. I :1vol of DC b CD40L-expresskg cells, up © 4ml per well of a6 well tray
(Ultra-low #3471). Ratio of DC to CD40L cells is SDC:iCD40L~expressmg -cell

9} Add §88e/ml iIFN-g (Actimmane). Incubate for 24-48h

10) Harvest DC, save undiluted supernatant b + assessment of cytokine production. Wash
cells once, and resuspend in Peptide pulsing media if cells are b beuse in stimulation of T
cd Is.

NOTE: immature (GM-CSG/IL-4) and mature (GM-CSG/IL-4 + CD40L+ IFN-y) are
characterized by production of IL-12p70 {ELISA) and up-regulation of H{LA-DR, CD86 and
CD83 {all markers vs. CDi ic, by FACS).

PCR Analysis of the Fiber Region. Genomic DMA contained in Ad5Luct, AdSLuci-
PK and PAdV-4 vira particles was used as templates for PCR amplification of fiber genes
using a HAdV-5~speeific primer sei: (fwd) 3'-CAGCTCCATCTCCTAACTGT-3 '(SEQ ID:
8) and (rev) 5-TTCTTGGGCAATGTATGAAA-3 '(SEQ ID:9) and a PAdV-4-specific
primer set: (fwd) 3*-TGTGGACGGGGCCTGCTC-3 " (SEQ 1D: 10) and (rev) 5'-
TITATFACAGT ATCTGAGG-3"(SEQ ID: 1i). Wild type PAdV-4 virus was used as a
positive control.

Western Blot Analysis. Purified Ad virions (5.0 x 103’) were diluted in Laemmli buffer
and incubated at room temperature (unboiled samples) or ¥57C (boiled samples) for 10
minutes and loaded onto a4-20% gradient SDS-poiyacrylamide gel {Biws-Rad, Hercules, CA).
Following eleetrophoretie separation, Ad capsid proteins were elecirobiotted onto a PViF
membrane and detected with a4D2 monaoclonal anti-fiber tail primary antibody diluted
/3000 (Lab Vision, Freemont CA). Immunoblots were deveioped. by addition of a secondary
horseradish peroxidase-coujugated anti-mouse immunoglobulin antibody at a 1/3000 dilution
(Dako Corporation, Carpentaria, CA), followed by incubation with 3-3"-digmirtobenzene
peroxidase substrate, DAB, (Sigma Chemical Company, St. Louis, MO).

Ad-Mediated Gene Transfer Assays. Cells were plated in 24-weli plates and were
transduced for 1hour at 37"C with each Ad vector diluted to 1{10-300 viral particles/ceil in
500 L of transduction media containing 2% FBS. Following the incubation, virus-containing
media was replaced with fresh media containing 2% FBS and cells were maintained at 37*C
in an atmosphere containing 5% C¢%a. Cells were harvested 24 hours post-transduction in
passive lysisbuffer and gene transfer was determined using a luciferase activity assay system

(Promega, Madison, W1). Fluorescence microscopy was performed with an inverted 1X-70
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microscope (Olympus) using a 20X objective. Cells were infected with Ad5GFPI-PK o r 24
hours prior-to imaging.

For experiments assessi ng the competitive inhibition containing of vector binding to
cells, recombinant fiber knob protein (Glasgow, IN., etal., Virol. 324; 103-16, 2004) at 0.5,
5.0 and 50 yg/mi final concentration or recombinant PAdV-4 carbohydrate binding domain
(CBD) protein [20] at 0.5, 5.0, 50 and 100 wg/mj was incubated with various cell fines at
37“C in media containing 2% FBS for 20 minutes prior to the addition of HAdV-5 vectors.
Following ta nsduction with Ad vectors, cells were rinsed with media to remove unbound
virus and blocking proteins, and were maintained a 37'C in an atmospher e containing 5%
COz.

To wmhibit glycosytation of cellular proteins, chemical inhibitors of glyeosylation were
used. CHO-Pro5 cells were incubated with medium containing ¢ gg/mi swainsonine (Sigma,
Saint Louis, MO., S8 135) and/or 1ug/mi benzyl-aGalNAc (Sigma B4894) for 24 hr at 37
“C, followed by addition of Ad vectors in media confining 2% FBS.

Examples

Thepresent teachings including descriptions provided in the Examples that are not
intended to limit the scope of any claim or aspect. Unless specifical ly presented in the past
tense, an example can be a prophetic or an actual example. The following non-limiting
examples are provided to further illustrate the present teachings. Those of skili in. the art
should, inlight of the present disclosure, appreciate that many changes can be made in the
specific embodiments that are disclosed and still obtain alike or similar result without

departing from the spirit and scope of the present teachings.

Example 1

This example illustrates the generation of afiber-modified HAdV-5 vector containing
the PAdV-4 knob and carbohydrate binding domains.

The fiber protein of PAdV-4 NADC-i iscomprised of ahomotrimer of 703 amino
acids (PIG. 1}. Predicted functional domains include atail domain (residues 1-37; containing
apenton interaction sequence, ashort shaft domain (residues 38-120) with six predicted triple
beta-spiral repeats (van Raaij, MJ,, et d Virol. 262: 333-4.3, 1999) and a fiber knob domain
homologous to other Ad fiber knob domains (residues 121-287) (Guardado-Calvo, P., et al.
Acta. Crystailogr. Sect. F Struct Biol. Cryst. Commu. 65: 1149-52, 2009). This fiber also

contains a unigue C-terminal domain composed of two tandem carbohydrate binding domains
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(CBDs) (residues 393-6%1) that bind carbohydrates containing lactose and N-aeetyS-
lactosamirie uiits (Guardado-Calvo. P., e a. J. Virol. 84: 1{155%-68, 2010). Almost all
mastadenoviruses contain a conserved t¥reonine-leucine-tryptophasi-threonine (TLWT) (SEQ
{D NO: 12) motif at the N-terininus of the fiber knob domain, and in human Ad2 and Ad5 a
flexible region separating ihe shaft and the knob domains precedes this motif (van Raaij,
M.J., et al. Nature. 40} : 935-8, 1999). The modular fiber structure was used to substitute ihe
coding region of the PAdV-4 knob and CBD domains for the HAdV-5 fiber knob sequence
while retaining the TLWT motif common to both fibers (Renaut, L., et al. Virol. 321; 189-
204, 2004). A recombinant E 1-deleted HAdV -5 genomg { Ad5Lucl~PK) containing the
chimeric HAdV-5 shafVPAdV-4 fiber gene and a firefly iueiferase reporter gene controlled
by the CMV immediate early promoter/enhancer were constructed. The Ad5L.uci-PK vector
was rescued following transection of HEK. 293 cells and large-scale preparations of
Ad5Luc.l -PK and the AdSLuci control vector were produced and purified by double CsCH
gradient centrifugation. AdS_uc!-PK vira particle concentration in ful} preparations ranged
from 1.2 x 10%1to 1.25 x 13 viral particlessml, similar to that of the AdSLuci control vector
containing the HAdV-5 wild type fiber. The AdSLuci vector isisogenic to Ad5Lucl-PK
except for the fiber protein.

The liber genotypes of AdSLuci and AdSLuc!-Pk vectors were confirmed via
diagnostic PCR using primer -pairs specific for the fiber knob domain and genomes from
purified virions as PCR templates. Genomic DNA from wild type PAdV-4 was used as a
positive control. The expected PCR products were observed for the wild type HAdV-5 fiber
knob domain (530 bp) and the PAdV-4 fiber knob and CBD domains (1,750 bp) (FIG.2A).

SDS-PAGE was performed followed by western blot analysis on purified viral
particles to verify that AdSLuci -PK virions contain correctly irimerized chimeric fiber
proteins (FIG. 2B). Blots were probed with a monoclonal primary antibody (4D2) directed
against the fiber tail domain common to both HAdV-5 and chimeric fiber molecules. In
samples that were not heai denatured (FIG. 2B, unboiled) bands were observed at 153 kDa
and an estimated 250 kDa, corresponding to trimers of the HAdV-5 fiber and chimeric fibers,
respectively. Further, bands in boiled samples resolved at apparent molecular masses of 60
kDa for the wild type HAdV-5 fiber and 90 kDa for the chimeric fiber in AdSLuci-PK,

representing fiber monomers.

Example 2
This example illustrates that Ad5~PK vector infect! vity isindependent of CAR.
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High resolution crystal structure analysis has shown thai the A-B loop inthe N-
terminal region of the PAdV~4 knob domain is structurally similar to the A-B loop in the
CAR-binding domain in adenoviruses that use CAR..asapr mary receptor, but that only one
CAR-hinding residue is conserved (Guardado-Calvo, P., et al.| Virol. 84; 10558-68, 2£10).
To investigate whether Ad5-PK veciors exhibii CAR-dependent tropism, gene transfer assays
were performed in two cei! lines with markedly different levels of CAR expression: CAR-
deficient Chinese hamster ovary (CHO) ceils and a CHOderived cell line, CHO-hCAR,
which stably expresses human CAR (Bergelson, JM., etal. Science. 275: 1320-3, 1997).
CHO angd CHQ~hCAR cells were infected with the ADSGFP control vector and AdSGFP}~
PK, avector isogenic to AdSLucl -PK. except tha the firefly luciferase reporter gene was
replaced with green fluorescent protein, GFP. Fluorescence microscopy showed GFP
expression in CHO-hCAR cdlls but not in CAR-deficient CHO ceils (FIG. 3), consistent with
native HAdV-5 tropism. In contrast, AdSLuc }-PK-mediated GFP gene delivery does not
depend on CAR expression, as similar number of GFP-posrtive ceils were observed in both
the CHO and CHO-hCAR cell lines. Similar gene transfer assays were performed using
luciferase-expressing AdSLucl and AdSLuc I-PK vectors to quantify differences in gene
deliver} - based solely on CAR expression. AdSLucl exhibited the expected CAR-dependent
tropism as demonstrated by an 80-fold increase in luciferase activity in CHO-hCAR cells
versus CHO cells (FiG. 4A). in contrast, AdSLucl-PK provided robust gene delivery to both
cell lines. In addition, competitive inhibition of CAR binding with recombinant HAdV-5
knob proteins (50 fig/ml) inhibited over 96% of AdSLucl -gene transfer to CHO-hCAR cedlls,
but did not inhibit the gene transfer of AdSLuc 1-PK (FIG. 4B).

Example 3

This example illustrates that AdSLuc 1-PK uses carbohydrate binding domains for
gene transfer.

To determine whether the CBDs in the chimeric fiber of AdSLuc 1-PK participate in
cellular attachment, competitive inhibition assays were performed using arecombinant
protein consisting of the tandem PAdV-4 CBDs (residues 393-703 of the PAdV-4 fiber
protein) or recombinant HAdV-S fiber knob protein as a negative control. Addition of PAdV-
4 C-BD protein during infection caused a dose-dependent inhibition of AdSLucl -PK-mediated
gene transfer with a maximum inhibition of 35% at 100 ugfni (FIG. 5), indicating that the

CBDs in the chimeric fiber are responsible for cellular attachment during infection.
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The CBDs within the PAdV-4 f ber protein bind to lactose, N-actyHactosamine and
poly-N-acetyl-lactosansine in order of increasing affinity (Guardado-Calvo, P., € a., J. Virol.
84: 10558-68. 2010). However, whether the CBDs in the PAdV-4 chimeric fiber recognize
these glycans a«d use then: as.ameans b r viral transduction isnot knows:. Gene transfer
assays were performed in the CHO-Lec8 cells which contains mutationsin the UDP-
galactose traasporter/translocase (UGT ) gene (Deutscher, S.L., et al, J. Biol. Chem. 261 : 96-
100, 1986; Stanley, P., Mol. Ceil. Biol. 5:923-29, {985; Oeiroann, S, et al, 1 Biol Chem.
276; 2624 1-3410, 2001), and tack the ability b galactosyhie glycoproteins and therefore
produce glycoproteins with truncated carbohydrate chains thai lack lactose, N-acetyl-
laetosamine and poly-N-acetyl-lactosamine. Thelevel of AdSLuc! gene delivery was
unchanged. between CH¢3-1.ec¥ cells and the control CHO-ProS cells that exhibits normal
glycosylation (Fig 6A). I» contrast, AdSLucl -PK gene delivery b CHO-Lec8 cells was
reduced by 64% compared to the control CHO-ProS cells, showing that the presence of
lactose-containing glycans at the cell surface iscritical for AdSLucl -PK infectivity.

There are two major types of carbohydrate chains on glycoproteins: N-linked glycans
linked to asparagine residues and O-linked glycans linked to serine or threonine (Li, H., and
d'Anjou, M., Cnrr. Opin. Biotechnol. 20: 678-84, 2009; Sehwarz, P., and Aebi, M, Cugr.
Opto. Struct. Biol. 21: 576-82, 201 1 ; Dwek, E.A., Chem. Rev. 96: 683-720, 1996;. To further
investigate thenature of the glycans recognized during Ad3Luct~PK infection, gene transfer
assays were performed following incubation of CHO-ProS cells with inhibitors of N-Unked
glycan synthesis (swainsonine, .10 ig/mt), or (3-linked glycan synthesis (benzyl-aGaNAc, 1
ug'mi) (Elbein, A.D., et at., Proc. Natl. Acad. Sei. USA. 78: 7393-7, 1989; Kuan, S.F., e al.,
J.Biol. Chem. 264: 19271-7, 1989). The addition of these inhibitors singly or in combination
to CHO-Pro# cells did not alter levels of AdSLucl gene transfer (Fig. 6B). in contrast,
Ad5Luci-PK gene transfer was blocked 35% by benzyl-a-GalNAe pre-lreatment, with a
minimal (<{£}%) reduction by swainsonine. Similar results were also observed in A549 cells
pre-treated with these inhibitors, suggesting that O-!mked cell-surface glycans may be
preferred by AdSLucl -PK for in& ction, Coiieciively, these data show that the CBDs in the
chimeric fiber protein of AdSLnci-PK directly participatein cellular attachment and that
infection is highly dependent on the presence of lactose and/or N-acety!-lactosamine-

containing glycans, consistent with a novel, gtycan-mediated cell entry pathway.

Example 4
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This example illustrates enhanced inactivity of AdS_uci-PK in murine dendritic
cells.

To analyze infectivity of AdSLuci ~PK, gene transfer assays were performed in
immature (iDC) and mature (LPS-treated) (mDC) -murine dendritic cells in these
experiments, iDC and mDC were infected with the AdSLuci and AdSLuci-PK. AdSLuci -PK.
demonstrated a 6-fold increase in hiciferase activity in iDC compared to AdSLuct, while in
mDC AdSLuci -PK demonstrated a 8.5 fold increase in hiciferase activity as compared to
AdSLuci (FIG. 7}.

Example 5

This example illustrates enhanced iiifectiviiy of AdSLuci -PK in Cyremelgus
macaque dendritic celis.

To anayze infectivity of AdSLuci -PK in £ynamlgeas macaque dendritic cells, gene
transfer assays were performed in C. macaque dendritic cells. In these experiments, .
macaqgue dendritic cells were infected with AdSLuci, Ad5/3 and AdS_u:-PK. AdSLuci -PK
demonstrated an increase in luciferase activity compared to Ad5/3 and AdSLuci (Fi(. 8).
AdSLuci (FIG. 7).

Example 6

This example illustrates enhanced infectivity- of AdSLuci -PK in human dendritic-
cells.

To anayze infectivity of AdSLuci -PK in human dendritic cells, gene transfer assays
were performed in immature (iDC) and mature (mDC) human dendritic cells. in these
experiments, human dendritic cells were infected with AdSLuci, Ad5/3 and AdSLuci -PK. in
iDC, AdS/3 demonstrated a 6-fold increase in luciferase activity as compared to AdSL uci,
while in mDC, Ad5/3 demonstrated a30-fold increase in luciferase activity as compared to
AdSLuci (FIG. 9). IniDC, AdSLuci -PK demonstrated an 8-fold increase in luciferase
activity compared to AdSLuet, whilein mDC, Ad3Luci-PK demonstrated a40-fold increase
in luciferase activity compared to AdSLuci (FIG. 9).

Example 7

This exampleillustrates FACS analysisof enhanced iiifectiviiy of AASGFPi-PK in

immature human dendritic ceils.

1§



WO 2013/090806 PCT/US2012/069884

To analyze infectivity of ADSGFPi~PK, gene transfer assays were performed in
human dendritic cells. in these experiments., immature human dendritic ceils were infected
with the AASGFP control vector (FIG. 10B, FIG. 1) and AdSGFPi-PK (FIG. {C, FIG
1{4#F), avector isogenic to AdSLucl-PK except thai the firefly lueiferase reporter gene was
replaced with green fluorescent protein, GFP. Uninfected immature human dendritic cells are
shown in FIG. 10A and FIG. 10D. Flow cytometry was performed using standard procedures
at 24 (FIG. 10 A, B, C) and 48 (FIG. 10 D, E, F) hours after infection. After 24 hours of
infection, ADSGFP infected about . 10% of the dendritic cell population (FIG. JOB) as
compared to control (FIG. 10A), while AdSGFP-PK infected 56.5% of the dendritic-cell
population (FIG. 163{) ascompared b control (FIG. 10A}. Alter 48 hours of infection,
AdSGFP infected about 20% of the dendritic cell population (FIG. iOE) as compared to
control (FIG. 10D), while ADSGFP-PK infected 67.7% of the dendritic cell population (FIG.

1OF) ascompared to control (FIG. 1{iD).

Example $

This example illustrates that xeno-knob-modiiied adenovirus can have enhanced
iiifectiviiy in human dendritic cells compared t:: other adenoviruses.

To analyze the efficiency of gene delivery of xenotype-modified adenoviral vectors
or dendritic cell lines in vitro, five xeno-knob fiber-modified vectors can be used. In vectors
AdSLucl -MK, AdSLucl-PK, AdsLuc!|-CK1 and AdSLucl -CK2 the native AdS ii ber knob
domain can be replaced by the corresponding fiber knob domain from mouse adenovirus type
1, porcine adenovirus, or canine adenovirus type i or 2, respectively. In the AdSLucl -OvF,
the entire AdS fiber can be replaced with the fiber from: ovine adenovirus 7. A control vector,
AdSLucl comprising the native Ad5 fiber, and a fiber-modified vector, Ad5/3, comprising a
human A d serotype 3 fiber knob domain can be used in this example. Both of these vectors
can serve as controls to which other fiber-modified Ad vectors can be compared. All Ad
vectors can be isogenic except for the fiber gene. The lueiferase iransgene activity of fiber-
modified vectors can be compared to the AdSLucl control vector in dendritic edl! lines;
plasmacytoid DCs, monocyte-derived DCs, migratory DCs, and lymphoid DCs. Lueiferase
expression levels can be shown asrelative light units (RLLY) normalized to that of AdSLucl
(AdSLucl =100%). Three of the vectors, AdSLucl -M K, AdSLuci-OvF, and AdSLucl -CK2
can augment gene delivery less than 2.5-fold above AdSLuc! in dendritic cell lines. In
various dendritic ceils, the AdSLucl -CKI vector can provide an increase ix lueiferase

Iransgene activity of at least 7-fold compared to an AdSLucl control. In various dendritic
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cells, the Ad5Lucl-CKI  vector can provide art increase in luciferase transgene activity of up
to 50-fold compared to an AdSLuc! control. The AdSLuc! -PK vector can have ass increase in
gese delivery from 10-fold up b 20-fold above AdSLuc! in the dendritic cell fines. An Ad5/3
vector can enhance gene delivery 14-fold up to 5-feid in dendritic cell lines compared t.an
AdSLuc! . mfectivity levels of these two viral vectors (comprising the porcine kiob or the
canine knobj} in the four dendritic eel! lines can be similar b or can exceed that of AdS/3,
which had previously been shown to act as a successful fiber-modified vector for

enhancement of viral infectivity in human dendritic cells.

Example 9

This example demonstrates that xeno-knob modified infectivity can be independent of
adenovirus native receptor, coxsackie-adenovirus-receptor (CAR).

To analyze the infectivity independent of CAR on dendritic cell linesin vitro,
Ad5Luci-PK and AdSLuc 1 can be used, where the AdSLuc 1can be used as a control. The
luciferase transgene activity of Ad5Luci-PK vector can be compared to the AdSLuc 1 control
vector in fwo dendritic cell lines, monocyte-derived DCs and monocyie-deriveci DCs that
constitutive!}' express high levels of CAR. The luciferase expression levels can be shown as
relative light units (RLU). After infection of AdSLuc, into two dendritic cell lines, the
luciferase transgene activity can increase up to 60 fold in monocyte-derived DCs that
consiituiively express CAR wher compared to rnonocyte-derived dendritic: cells. After
infection -of AdSLuc 1-PK, into monocyte-derived DCs, the luciferase transgene activity can
be more then 60-fold increase when compared to AdSLuc luciferase transgene activity in
monocyte-derived DCs. Furthermore, no increase in luciferase transgene activity could
(would) be observed in monocyte-derived cells that consiituiively express CAR infected with
AdSLuci-PK, as.compared b monocyte-derived. DCs iniecied with AdSLuc 1-PK.

To further demonstrate that xerio-rnodified infectivity can he independent of CAR, an
Ad5 Knob Inhibition assay can be performed. Monocyte-derived DCs that consiituiively
overexpress CAR can be infected with AdSLuc or AdSLuc 1-PK where increasing amounts
from 0-16¢:0 gg/snL. of Ad5 Knob can be added to the infection mixture. The luciferase
expression levels can he shown as relative light units (RLU). After infection of AdSLuc into
monocyte-derived DCs overexpressing CAR, there can be a 3-fold decrease in luciferase
transgene activity when comparing infection with no AdS Knob present and infection with 10
ig/mL of AdS Knob present. Infection sith 50 pg/mL or 100 pg/mL of AdS Knob present

can further decrease the luciferase transgene activity. Alter infection of AdSLuc! -PK into
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monocyte-derived DCs overexpressing CAR, there may be#io effeci on iueiferase fransgene
activiiy when comparing infection with no Ad5 Knob preseni and infection with 10 pug/mi. of
Ad5 Knob present infection with increasing amounts of Ad5 Knob, such as 50 wg/mL or {0
#gmL, may not affect hieiferase transgene activity in DCs overexpressitig CAR ‘infected
with AdSLucl-PK.

Example 10

This example demonstrates that the porcine knob.can bind to lactose and N-acetyi-
iactosamine units.

The affinity of porcine adenovirus knob domain for Lacio-N-neotetraose, 3-
aminopropyi-facto-N-neotetraose, 2-azidoethy |-di(N-acetyi-lactosamine), and 2-amminoethyi-
tei(N-acetyl-lactosami ae) can be assessed by surface plasmon resonance experiments. The
galectin can be bound t¢ a sensor chip, and the oligosaccharides can be injected at various
concentrations to monitor their binding to the galeciin domain. Sensorgrams can be evaiuated
via steady-state analysis o yield the corresponding isotherms from which the dissociation
constants can be calculated. Surface plasmon resonance response can be calculated in wRIU.
Lacfo~N-neotetraose binds weakly to the galeciin domain with adissociation constant of
193&9uM ; while 3-aminopropyl-lacto-N-neotetrapse,  2-azidoethyl-di(N-acetyl-!actosamine),
2-aniifloethyl-tri (N-acetyi-lactosamine) bingd stronger to the galectin domain with dissociation

constants. of 303x4uM , 309:%uM, and 308+:4QuM , respectively.

Ail references cited are incorporated by reference, each in its entirety.
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What isclaimed is:

1. A method of transforming one or more dendritic cells, the method comprising contacting
the dendritic cell with achimeric adenovirus-5 (AdS) comprising:

afiber comprising atisil, a shaft and a knob, wherein the kniob is aporcine knob; and

anucleic acid comprising a promoter operabSy linked to a heterologous sequence
encoding an antigen peptide.
2. A method in accordance with claim 1, wherein the tail isan AdS tail.
3. A method in accordance with claim i, wherein the shaft is an AdS shaft
4. A method in accordance with claim 1, wherein the fiber comprises an Ad5 taii, ann Ad5
shaft, and a porcine knaob.
5. A method in accordance wiih claim 1, wherein the chimeric AdS binds the one or more
dendritic cells via areceptor other than a CAR receptor.
6. A method in accordance with claim 1, wherein the chimeric AdS binds the one or more
dendritic ceils via adendritic cell receptor other than a CAR receptor or an integral receptor.
7. A method in accordance with claim 1, wherein the knob comprises a galectin domain.
8. A method in accordance with claim 7, wherein the galeciin domain binds to carbohydrates
comprising lactose and N-acetyl-lactosaniine units.
9. A method in accordance with claim 7, wherein the galectin domain binds a carbohydrate
structure selected from the group consisting of <3a8.1-4GIcNA cf 1~-3Gaif 1-4GIcNAc8.J -
3Gafi-4GIcNAC |tri(Nacetyl-iactosamine)d, GleNAca |-4Gal8l -4GIcNACcB I-3Gal81-
4GIcNAC8I-3Gal8I-4GIcNAC, GaiS1-4GIcNAch 1-3GalBl -4Glc (iacto-N-neotetrzose},
Galai-4Gai81-4GicNACc6I-3GaBI-4Glc  and Gal81-4G IcNAcfi 1-3Galf 1-3GIcN Ac.
1. A method in accordance with claim 7, wherein the galeciin domain binds to L agto-N-
neotelraose with a dissociation constant of {93+%uM .
1i. A method in accordance with claim 7, wherein the galectin domain binds to
3-aminopropyHacto-N-neotetraose ~ with a dissociation constant of 303 #4uM .
12. A method in accordance with claim 7, wherein the galectin domain binds to 2-azidoethyJ-
di(N-acetyl-iactosan:iine) with a dissociation constant of 309*9 uM.
13. A method in accordance with claim 7, wherein the galeciin domain binds to 2-
aminoemy|-tri(N-acetyl-iactosamine) with a dissociation constant of 308+40uM .
14. A method in accordance with claim !, wherein cellular uptake by the one or more
dendritic cells of DNA of the chimeric AdS isenhanced in comparison te cellular uptake by a
dendritic cell of DNA of awild-type AdS.
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15. A method i1 accordance with claim 1, wherein cellular uptake by the one or more
dendritic cells of DNA of the chimeric Ad5 isenhanced in comparison to cellular uptake by
one or more-dendritic cells of DNA  of an adenovirus comprising a.knob comprising an RGD
sequence.

16. A method in accordance with claim 1, wherein cellular uptake by the one or more
dendritic cells of the chimeric Ad5 DNA comprising aporcine knob is enhanced in
comparison to cellular ‘uptake by one or more dendritic cells of anrAd3 comprising atype 35
fiber.

17. A'method in accordance with claim 1, wherein cellular uptakeby the one or more
dendritic cells of DNA of the chimeric Ad5 isenhanced in comparison to cellular uptake by a
one or more dendritic cells of DNA of an adenovirus comprising atype 35 fiber.

18. A method in accordance with claim 1, wiierein infectivity of the chimeric A4S comprising
aporcine knob for ihe one or more dendritic cells exceeds that of wild-type AdS.

14, A method in accordance with claim 1, wherein infectivity of the chimeric Ad5 comprising
aporcine knob tor one or more immature dendritic cells exceeds that of wild-type AdS by at
least 8 fold.

20. A method in accordance with clairs 1, wherein infectivity of the chimeric Ad5 comprising
aporcine knob for one or more mature dendritic ceils exceeds that of wild-type AdS by at
least 30 fold.

2} .A meihod in accordance with clairs: 1, wiierein infectivity of the chimeric AdS comprising
a porcine knob for one or more mature dendritic cell sexceeds that of wil d-type AdS by
greater than 30 fold.

22. A method in accordance with claim 1, wherein infectivity of the chimeric AdS comprising
aporcine knob for one or sore mature dendritic cells exceeds that of wild-type AdS by at
least 40 fold.

23. A meihod in accordance with claim i, wiierein the heterologous sequence encoding an
antigen is expressed in the dendritic cell at alevel exceeding that of a dendritic cell.

24. A method of transforming dendritic cellsin acell culture, the method comprising adding
to acdll culture comprising dendritic ceils, a chimeric adenovirus-5 (AdS) comprising a) a
fiber comprising atail, a shaft and a knob, wherein the knob is aporcine knob; and b) a
nucleic acid comprising a promoter operabJy linked to a heterologous sequence encoding an
antigen peptide.

25. A method in accordance ‘with claim 24, wherein cellular uptake by the dendritic cells of

the nucleic acid comprising apromoter operably linked to aheterologous sequence is
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enhanced i1 comparison to cellular uptake of anucleic acid comprising :apromoter oper ably
linked io a heterologous -sequence by dendritic cells contacted with wild-type AdS.

26. A method in accordance with claim 24, wherein cellular uptake by the dendritic cells of
the nucleic acid comprising a promoter operably linked {0 aheterologous sequence is
enhanced in comparison io cellular uptake of anucleic acid comprising apromoter oper ably
linked to a heterologous sequence by dendritic ceils contacted with an adenovifus comprising
a knob comprising an R D sequence.

27. A method in accordance with claim 24, wherein cellular uptakeby the dendritic cells of
the nucleic acid comprising a promoter operably linked to a heieroiogous sequence is
enhanced iss -comparison to cellular uptake of anucleic acid comprising apromoter operably
linked to a heterologous sequence by dendritic cells contacted with an rAd5 comprising a
type 35 fiber.

28. A method in accordance with claim 24, wherein average expression of the heter ologous
sequence is enhanced in the dendritic cells in comparison to average expression of the
heterologous sequence in dendritic ceils contacted with an Ad5 comprising a wild-type knob
and anucleic acid comprising a promoter operably linked to a heter ologous sequence.

29. A method in accordance with claiy: 24, wherein expression of the heieroiogous sequence
isenhanced in the dendritic cell in comparison to expression of the heterologous sequence in
adendritic eel! comprising an Ads comprising a knob comprising an ROD sequence.

30. A method in accordance with claim 24, wherein expression of the heter ologous ‘sequence
is enhanced in the dendritic cell in comparison to expression of the heterologous sequence in
a dendritic ceil comprising an rAd5 comprising atype 35 fiber,

31. A method in accordance with claim 24, wherein infeciivity of the chimeric AdS
comprising .aporcine knob for the dendritic cells exceeds that of wild-type AdS.

32. A method in accordance with claim 23, wherein the heter ologous sequence encoding an
antigen peptide isexpressed in ihe dendritic ceils at alevel exceeding drat of dendritic cells
infected with AdS.

33. A method of transforming dendritic cellsin acell culture, comprising adding to a cell
culture comprising dendritic cells a.chimeric adenovirus-5 (AdS) comprising a) a fiber
comprising atail ashaft and aknob, wherein the knob comprises a gaSeciin domain; and b) a
nucleic acid comprising a promoter operably linked to a heterologous sequence encoding as
antigen peptide.

34. A dendritic ceil comprising achimeric adenovirus-5 (AdS)vira genome, wherein said

chimeric AdS genome encodes a) a fiber comprising atail, a shaft and a knob, wherein the

21



WO 2013/090806 PCT/US2012/069884

knob is a porcine knob; and b} a promoter operably linked to :aheterologous sequence
encoding an immunizing antigen.
35. An ex vive cell culture comprising adendritic cel.! of claim 34.
36. A vaccine comprising adendritic eel! of claim 34.
37. A vaccine i accordance with claim 36, wherein theimmunizing antigen is a peptide
comprising or consisting of about 8, from 8to 15, or about 15 contiguous amino acids.
38. A vaccine in accordance with claim 36, wherein tbe immunizing antigen is a peptide
comprising or consisting of 9 contiguous amino acids, or about % contiguous amino acids.
39. A vaccine in accordance with ctaim 36, wherein the immunizing antigen is a peptide
comprising or consisting of a sequence selected from the group consisting of NLVPMV ATV
(SEQ ID NO: 1), GLCTLVAML (SEQ D NO; 2), GILGFVFTL {SEQ {D NO: 3},
IMDQVPFSV (SEQ ID NO: 4), YLEPGPVTV (SEQ ID NO: 5}.
40. A chimeric Ad5 comprising:

a) afiber comprising atail, a shaft and aknob, wherein the knob is a porcine knob;
and

b) apromoter operably linked to a heterologous sequence encoding an immunizing
antigen.
41. A chimeric Ad5 in accordance with claim 40, wherein the immunizing antigen consists of
aportion of aprotein expressed by acancer cell a alevel associated with acancerous
phenotype.
42. A chimeric Ad5 in accordance with claim 40, wherein the immunizing antigen consists of
about 8, from 8to {3, or about 15 contiguous amino acids.
43. A chimeric Ad5 in accordance with claim 40, wherein the immunizing antigen consists of
9, or about 9 contiguous amino acids.
44. A chimeric Ad5 in accordance with claim 40, wherem the immunizing antigen consists of
a sequence selected from the group consisting of NLVPMV ATV (SEQ iD NO: 1),
GLCTLVAML (SEQ ID NO; 2), GILGFVFTL (SEQ ID NO: 3), IMDQVPFSV (SEQ ID
NO: 4), YLEPGPVTV (SEQ iD NO: 5),
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