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(57) Abstract: Polypeptides are disclosed comprising, in N-
terminal-to-C-terminal order: an N-terminal segment of Ad5S
fiber tail sequence; at least 2 pseudorepeats of an Ad5 fiber
shaft domain sequence; a portion of a third Ad5 fiber shatt
domain sequence; a carboxy-terminal segment of a T4 fibritin
bacteriophage trimerization domain sequence; a linker se-
quence; and a camelid single chain antibody sequence. A
camelid single chain antibody sequence can be against a hu-
man carcinoembryonic antigen. Also disclosed are nucleic
acids encoding these polypeptides, and adenovirus vectors
comprising the polypeptides. Methods are disclosed for treat-
ing a neoplastic disease. These methods can comprise admin-
istering an adenovirus vector comprising a disclosed poly-
peptide. Also disclosed are methods of targeting a vector to
CEA-expressing cells. These methods comprise administer-
ing an adenovirus vector comprising a disclosed polypeptide.
Methods can further comprise subjecting a subject to ionizing
radiation in an amount effective for inducing CEA overex-
pression.
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ADENQVIRAL TARGETING, COMPOSITIONS AND METHODS THEREFOR

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

This work recetved support from the Linited States Department of Heabth and Human
Services (DHHS), National Institute of Health (NIHD) grant 1R2IAH 0140301, The

government may bave certain rights in the invention.

REFERENCE TO PRIOR APPLICATION
This application claims priovity (o US Provisional Application 61/981 462, which is

herein incorporated by reference in its entirety.

INCORPORATION BY REFERENCE OF SEQUENCE LISTING

The Sequence Listing, which {5 a part of the present disclosure, includes a computer
readable form and a written sequence listing comprising pucleotide and/or aming acid
sequences, The subject matier of the Sequence Listing is incorporated herein by reference in
tis entirety, The informaiion recorded o electronic fovm furnished under Rude 13er 15

identical 1o the sequence Histing as contained in the international application.

INTRODUCTION
Human Ad serotype S {AdS), which ts msxociated with relatively mild diseases, can

T

infect 8 wide range of cell types with low oncogenic potential. There wre also methods for

generation of AdS recombinsd viruses for twoor-spectfic gene delivery (Bamett, B.G., el ol
2602 Biochimica ef biophysica acta, 20020 1575, 114}, Homan clivieat trials have validated
the overall safety of AdS-based cancer gene therapy and have demonstrated evidenee of
climieal efficacy {(Vasey, PLAL, ef ol 2002 Jowrnal of Cliniedd Oneology, 20, 15362-9 and Kirn,
D, erad 1998 Nasre Medicine 4, V34121 AdS ropisnt is dictated by recogmition of the
pative primary receptor “coxsack ic-and-adenovivus receplor” (CAR) via the knob domain of
the capsid protein fiber (Heaning, P, et ol J Gen Firol 87: 3151-3160; 1006}, AdS-based
gene therapy bas been Himited dae 1o fow CAR expression in tumor cells.

AdS tropism has been modified using both wolecular adapter proteins and genetic
capsid modifications {Glasgow, IN., e ol 2000 Cancer Geme Ther 130 830-44 and

Nowvredding, S.C, ef of. 1998 Mol Pharm. 2, 34173 CAR-independent AdS wransduction
i
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with enbanced veotor infectivity of tmor cells has been demonstrated (Dmitiey, L, efaf,
T90R . Firol 72: 9706-8T713, 1998). Some targeting twoteties have heen employed for
rendering recombinant Ad vectors tumor-selective {reviewed in Beatty, M.S,, el gl Addhvances
in Caneer Researoh V18 39-67_ 2012)

A molecular adaptor retargeting approach in conjonction with anti-tumor single~-chain
Fys has been used with tumor-selective gene debivery (Rashentseva, B.AL, of &, Cancer Res
62 609016, 2002; Barker, 3.1, er &f. Gene Ther, 10 1198-1204, 2003, Li, H.J., eral
Cancer Res 67 3334-83361, 3007 and Li, B, eraf. Cancer Res 69; 334-5364, 2009}, Genetic
modifications of &dS capsid have been used o ncorporate anti-tumor seFy into Ad particles
vig & "fiber roplacement™ approach (Belousova, N, et al., A Fivel 77 11367-11377, 2003).
However, whereas this strategy provides a means to incorporate Iarge targeting ligands o
the Ad capsid, # loss of binding specificity was observed. Additionally, the available
repertaire of anti-turor specificities of seFvs s Hoted which restricts this approach.

immunogiobulins (1) derived from the camelid fansly have heavy-chains as the basis
of antigen {Ag) recognition and binding franobodies,” Hamers-Casterman, ., et al., Naswre
363:446-348, 1993; Vaneyeken, &, etal, J Mad Mad 51 HIO-T106, 2010; Revets, H., o af.,
Expery Oprn, Bia. Ther, 5. VW24, 2005), Some researchers bave developad non-imnume
single domain antibody {sdAb) libraries and have emploved them for biopanaing {Sheo, C.Y.,
et af. Mol Imunol, 44 636-663, 2007, Wel, Gu, et al., PLoS Ore 6, €28309, 201 1;
Verhessen, P, ¢f ol Biochin, Biophys, Aetg V040 1307-1319, 2000; Goldman, E.R., ¢7 al,,
Awned Ches. 78; 8243-8255, 2006; Reiter, Y., of ¢f., 4 Mol Bial 200: 683698, 1999). Some

enginesred sdAb fusion proteins have demonstrated fumor targeting in model system

L

{Corter-Ratamozo, V., & of. Cancer Res, 640 28532837, 2004 and Corter-Retamorzo, V., f
al, IntfJ, Concer 980 456-462, 20023,

PCT Application PUTAISZ01 34031062 (WO201 3133505 A1)y of O'Shea, U et al.
discloses adenoviral cancer cell~tarpeting construets comprising a UBA-VHH operably linked
i FKEP. This POT application does not disclose o Bber incheding both a fibritin domain and
a single chain antibody donmin

Krasnvkh, V., eral, J Virel 73 4176-4183, 2001 discloses a human AdS
incorporating chimeric fiber-Hbritin proteins to target artificial receptor molecules.
Nowredding, 3.0, and Curiel, VT, Ml Pharm. 20 341347, 2003 reviews genstic targeting
strategies fiw AdS. ULS. Patent 6,210,946 to Curiel, D.T., ¢ o/ discloses an adenovirus

inchiding s chimeric fiber. ULS. Patent 6,824,771 1o Curiel, LT, er ol discloses an
2
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adenovirus including a fiber substitute protein. None of Krasavkh, V., ef gl 2001 Firel 75
4176-4183, 2001, Nowreddind, §.C., et al, UK. Patent 6,214,946 or LIS, Patent 6,824,771
discloses incorporation of camelid single chain antibodiex into an adenovirus vector,

NMeowredding, S.C, e af. Vitus Res. 2006 TI6/185-95, Epub 2005 Nov 15 (absiract)
discloses an AdS-based vector but does not disclose camelid single chain antibodies,

LLS. Patent 6 555,368 to Curiel, DT, er gl discloses recombinant adenovival veotors
in which a single-chain antibody has besa introduced inte the minor capsid profeins, pilla or
pIX, te target the adenoviral vector to a particular cell type. This patent does nof disclose use
of camelid single chain antihodies.

“Retargeting of adenovirus vectors through genstic fusion of a single-chain or single-
domain antibody to capsid protein IX™ of Pontling KL, et 2l 2 Firol 84: 10074-10086, 2010
discloses modification of pIX capsid proteins, but does not disclose modification of the fiber
protein.

Matsud, H., e of. Biomateriais. 34: 41914201, 2013 discloses modifications in A4l

capsid proteins using sdAb mimic-monobodies based on the 10th fibronectin type I domain.

Perebosva, L. et al,, Gene Ther 140 627037, 2007 discloses modification of

adenoviral vectors o farget EGFR-expressing cells én vigre and does not disclose camelid

antibodies.

Revets, H., et al. Baperr Opin. Biad, Ther, 50 111-124, 2005 discloses single chain
antibodies but not fiber-fibritin chimenic proteins with cameclid antibodics as targeting
Trgads,

Radiation can be divected at 3 specific site using external or infernal sourees as a
method of treating cancer cells, However, this approach can be himited by systenuc woxicity
and radiosensitization of normal fissues. Thers is a need for Wentification of targeted therapy
agents that could enhance the efficacy of radiation treatment for multimadality therapies,

There is also aneed for successful re-targeting of gene transfeor vectors o achieve the
gene therapy pharmacelogio mandates of ofBcient and specific tareet celf transduction.
Binlogic issues have copfounded the logical and divect exploitation of antibody spesiss to
retarget Ad vectors, There isa need for Ad-targeting technology to facilitate the application
of cancer gene therapies (o the clinical context of metastatic disease (Khare, R., er 4/,

Crerrend Gene Therapy 11, 2412258, 201 1),

SUMMARY
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The present inventors disclose modified AdS veetors with altered tropisms, In vartous
embodiments, an Ad knob sequence can be replaced with camelid anbibody species to alter
wropism for cell-speeiiic targeted gene transier,

in some embodiments, the present teachings fnclude a geneticallv-modified
adenoviral vector cotaprizing a chimeric polypeptide comprizing a de-kenobbed AdS fber, a
T4 bacteriophage fibnitin trivnerization sequence and a camelid (VHH single chain) antibody
sequence. An adenoviral veotor of the present teachings can be used in conjunction with
many different camelid antibodies. For example and without lmitation, in various
configurations, 8 camelid antibody of the present teachings can be divected against a cell-
surface antigen, such as human carcinoembryonic antizen (“hCEA™ & human tumor antigen),
or Nb-DCT.8 which can recopnize hone marrow-derived dendrific cells (Do Groeve, K, et
al., L Nuel Med 51 72789, 2014, A vector of the present teachings can thus be vsed tos
effect targeted mfection of 8 ecll with an adenovirus, which can inchude g heterslogous
nucleic acid sequence andfor a polypeptide for defivery into 3 spectfic cell type.

in some embodiments, the present teachings include combinations of Ad and antibody
species o accomplish specific gene transfer for gene therapy applications or for vaceines.

i some embodiments, an adensviral vector of the present teachings can comprise an
anti-hCEA VHH (such as VHHIZZ) #n 3 de-knobbed AdS fiber-fibritin chimera, In some
embadiments, introduction of 8 VHH such as an hCEA VHHE and removal of the knob can
provide an AdS veator which is tergeted to tumor cells without the ability to bind CAR that
may be present in non-fensor cells.

in some embodiments, the present teachings inchude adenovirus vectors comprising
anti-huan carcinoembrvonic antigen (hCEA) single variable domains devived from a heavy
chaig OVHED camelid antibody for targeted gene ransfer.

In some embodiments, the present feachings iclude adenovirus veotors comprising a
canwlid-antibody against a human dendritic eel] marker, such as, without Hmitation Nb-
DCLS.

in some embodiments, the present teachings inchude immunization of a mammal o
effect higher expression fevels of cell protein such as interferon. In same configurations,
splenocytes from nice inunonized with a vector of the present teachings can exhibit
statistinally significant increases of INFy exprossion relative to controls.

in some embodiments, adenoviral vectors of the present teachings can be targeted to

dendritic cells,
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In some embodiments, the present teachings invlude a pave! of reconshinant Ads-
based vectors expressing a fiber-fibritin-VHEH fagion protein,

in some embodiments, the present eachingy include methods and compositions for
divecting site-specific Ad-roedinted therapeuntic gene expression to a tumor by use of mdiation
ter ephanee the bicavailability of an anti-cancer gene therapy. In some configurations, these

suethods can reduce or funimize systemic toxicities.

in some embodiments, the present teachings include a polvpeptide comprising,
consisting essentially of, or consisting of, in N-terminal-to-C-terminal order: an N-ferminal
sepment of AdS fiber tafl sequence; at feast 7 pseudorepeats of an AdS fiber shaft domain
sequence; a porbon of a thind AdS fiber shafl domain sequencs: 8 carboxy-tenninal segment
of a T4 fibritin bacteriophage trimertzation domain sequence: a linker sequence; and 8
camelid single chain antihody sequence. In various configurations, a carhoxy-terminal
segmnent of g T4 fibeitin bacteriophage trimerization domain sequence of 2 polvpeptide of the
present teachings can comprise an aebelical domain and 2 foldon domain,

In various configurations, an N-terminal segment of AdS fiber tall sequence of

polypeptide of the present fvachings can be s forth as
MKRARPSEDTENPVYPYDTETGPPTVPFLTPPFVEPNGRQESPP (SEQ ID NO:1Y,
3 sequence having at {east T0% sequence identity with SEQ D NO:1 or about T0% sequence
identity with SEQ 1D N, a sequence having at least 73% sequence identity with SEQ 1D
N or abowut T8% seguence identiy with SEQ 1D RO, a sequence having at feast 80%
sequence ideptity with SECG ID NC: L or about 80% sequence deniity with SEQ ID NG, 2
sequence having at least 83% sequence identity with SEQ D NC:T or about 85% sequence
identity with SEQ ID'NO:1, a sequence having at least $0% sequence identity with SEQ 15
NG| or shout 90% sequence dentity with SEQ HY NO: T, gosequence baving at least 95%
sequence identity with SEQ Y NO or about 95% sequence identity with SEQ ID'NO, a
sequence having at feast 96% sequenee wdentity with SEQ 1D NOt,| a sequence having at
lesst 97% sequence identity with 8EQ HD NOG:LL g sequence baving at feist 98% sequenes
identity with SEQ 113 NOt T, or a sequence having at least 99% sequence identily with 8EQ
D NG

n various configurations, at feast 2 pseudorepeats of an AdS fiber shaft domain

spquence of & polvpeptide of the present teachings can be sot forth as
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GVESLRLESEPLYTSNGMALKMGNGLSLDEA (SEQ 1D NO2), 8 sequence having at least
7% sequence sdentity with SEQ 1D NO:2 or shout 70% sequence identity with SEQ D
N2, a sequence having af least 75% sequence identity with SEQ D NG:2 or abount 75%
sequence identity with SEQ Y NOG22, a sequence having at least 809 sequence identity with
SEQ D NO:2 or about 80% sequence Wentity with SEQ HD NO22, a sequence having at least
83% sequence idenlity with SEQ ID N2 or about 83% sequence identity with SEQ ID
N{3:2, w sequence having at least 90% sequence identity with SEQ D NO:2 or about 90%
sequence identiny with SEQ 1D NOZ, 2 sequence having at least 93%% sequence identity with
SEQ 12 N2 or about 95% sequence identity with SEQ 10 NO:2, a sequenice having at least
96% sequence dentity with SEQ D ND:2, o seguence having at feast 97% sequencs identity
with SEQ D NO:2, a sequence having at least 98% sequence identity with SEQ D N2, or
a sequence baving at fenst Q9% sequence identity with SEQ 1 NO:2.

In varioos configurations a portion of & third Ad$ fiber shaft domain sequence of a
polypeptide of the present feachings comprise af least 8 contipunus amino aeids of an AdS
fiber shaft domain sequence, such as GRLTSOQNY (SEQ HY NG:3), & sequence having at
least 70% sequence identity with SEQ 1D WO or about 70% sequencs identity with SEQ 1D
N2, asequence baving at least T5% sequence entity with SEQ D NG:3 or abomt 75%
sequence identify with SEQ 1 NO, 3 sequence having at least 0% sequenee identity with
SEQ I KO3 or ghout 80% sequence dentity with SEC DX NG:3, g sequence having af least
85% secprence identity with SEQ ID NG3 or about 83% sequence identity with SEQ 1D
N3

in various configurations, 3 carboxy-terminal segment of a T4 fibritin bacteriophage
frimerization domain sequence of a polypeptide of the present teachings can be set forth as
GYIPEAPRDGQAYVRKDGEWVLLSTELSPA (SEQ 1D NO:4), a seguence having af feast
(% sequence wlentity with 8RO D NO:d or about 70% sgquenee dentity with SEQ D
MO, a sequence having af Teast 73% sequence identity with SEQ WY NO:4 or about 75%
segpeence wdontity with SEQ D NCE4, a sequence Baving at leust 80% sequence wdentity with
SEQ 1D NO:4 or about 80% sequence identity with SEQ 1D NQ:4, a sequence baving af leagt
83% sequence idendily with SEQ 1D NG or about 85%% sequenee identity with SEQ ID
N4, & sequence baving at least 90% sequence identity with SEQ 1D NOwd or abomt 9%
sequence identity with SEQ 1D NOw, a sequence having at feast 853% sequence identity with
SEG NG or about 3% sequence identity with SE( 1D N4, 3 sequence having at feast

96% sequence identity with SEQ 1D N4, a sequence baving at least 97% sequence identity
6
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with SEQ 1D NO:4, 2 sequenee having at least 98% sequence identity with SEQ 1D NGO, or
a sequence having af least 99% sequenee identity with SEQ D NO4.

fa various configurations, a Hoker sequence of a polypeptide of the present teachings
can comprise the sequence {GlyaSerdn, wherein i is an integer from 2 o 6, and m fs an
integer from 1 to 3. In various configurations, a Hnker sequence of a polypeptide of the
prosent teachings can be Cly-Gly-Gly-Glhy-Ser (SEQ D NO:S).

in varicus configurations, g samelid single chain antibody sequence of a polypeptide
of the present teachings can be agatnst a human carcinoenbryonic antigen. In various
configurations, 8 camelid single chain anttbody sequence of & polvpepiide of the presen
teachings can be selectied fronm the group consisting of HB-A3 set firth as
QVQLYETGGOLYQPOOSLRLESCAARGRISDINAMOWYRQAPORORELVAAITSVGS
MY VDSVKGRFTISKDRARNTVYLOMYSLENPEDRDTAVYYONTQCGTWLVUDRGRDOW
GRKOTLYTVSSEPKTRK PO (SEQ D NG:G), asequence having at least 709 sequence
identity with SEQ 1D NO® or gbout 7% sequence wlentity with SEQ 1D NO:6, a sequence
having at least 75% sequence identity with SEQ 1D NG:6 or about 75% sequence identity
with SEQ D WO, o sequence having at least B0% sequence identity with SEQ 1D NGO ov
about 3% sequence idemitty with SEC 1D NORE, 3 sequence having at teast B3% sequence
identity with SEQ HI NOné or about 5% sequener identity with SEQ D K6, a sequenes
having at least 20% sequence identity with SEQ {1 NO:6 or about 90%: sequence identity
with SEQ HD NOu6, a sequence having at least 95% sequence identity with SEQ 1D NOw or
about 95% sequencs idendity with SEQ HD NO:4, a sequence having at least 96% sequence
ideatity with SEQ D NGO, a sequence baving at lenst 37% sequence identity with SEQ 1D
NCEG, sosequence baving at least 98% sequence identity with SEQ 1D NO6, a sequence
having at least 99% sequence identity with SEQ 1D NQu6, JH3-B2 set forth as
QVQLVETGGOLYQPRGGSLRLSUAASESIFSTY AMOWYRQAPGROQRELVAAITTNDIA
NYADSVRKGRFTISRDONARKNTYYLOMNSINPEDTAVYYONATFPPYNYWGQGTOVT
VESEPKTPR PO (SEQ D NG, a sequence having at Teast 70% sequénce fdemity with
SEQ 1D NO:T or about 70% sequence-identity with SEQ 1D NQ:T, a sequence baving af leagt
73%5 sequence ideniity with SEQ 1D XOM7 or about 73% sequence identity with SEQ ID
N7, o sequence baving ag least 80% sequence identity with SEQ 1D NO:T or abosnt 8%
sequence identity with SEQ 1Y NOT, a sequence having at feast 85% sequence identity with
SEQ I NGT or about 353% sequence identity with SEQ D NOT, g sequence having at least

0% sequence identity with SEQ 1D NO:7 or about 90% sequence identity with SEQ 1D

-
!
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NCET, aosequence baving at least 95% sequence identity with SEQ H) NO:T or aboat 95%
sequence fdentity with SEQ D N7, 2 sequence having at least 96% sequence identity with
SEQ I NOKT | a sequence having at least 97% sequence identity with SEQ HRNOT 8
sequence having at least 98% sequence identity with SEQ D NO7, g sequence having at
least 99% sequence tdentity with SEQ 1D NO:7, LIB-BS set forth as
QVOQLVETGOOGLYVOQPCGGSLRPSCTASGSIFSIVAMGWYRQASGKQRELVALITRDEVEF
NYADSVKOGRFTISRDNAKDTVYLOMNSLEPEDTAVY YOWVETVNDHYNSGVEDY
WGQGTOVTVERERKTPRPQ (SEQ D NORR), & sequence having at least 70% seguance
identity with SEQ 1D NO:E or aboul 70% sequence ideniity with SEQ 1D NGB, 8 sequence
having at least 73% sequence identity with SEQ 1D NOK or about 75% sequence identity
with SEQ 1D NQ:S, a sequence having at least 80% sequence identity with SEQ D NO:R or
about 80% sequence dentity with SEQ 1D NO:S, a sequence having at least 85% sequence
identity with 8EQ 1D NO:Ror about 85% sequence fdentity with SEQ 1D NOR, a sequence
having at least 90% sequence wentity with SEQ 1D NO:S or about 90% sequence identity
with SEQ D NO:E, 2 sequence having at least 95% sequence identity with SEQ 1D NGO or
about $3% sequence identity with SEQ 113 MO8, 2 sequence having at feast 96% sequence
wdentity with SEQ ID NO:R, a sequence having af least 07% sequence identity with SEQID
K08, a sequence having at least 98% sequence identily with SEQ 1D ROuE, a sequence
having at least ¥9% sequence identity with SEQ D NOE, C17 set forth as
EVOLVESOQGORVOAGESLTLSCTSSTLSCTSSTLTRTPY RMAWYRQAPGRQRDLVAD
ISSGOGRTTINY ADFAKGRFTISRDNIKNTVFLRMTINLKPEDTAVY YONTFVSEVGIAR
S WOOQGTQVTVSSEP (SEQ 15 NQ:9), a sequence having at Teast 70% sequence identity
with SEQ 1D NO:9 or about T0% sequence identity with SEQ 1D NO9, a sequence having at
teast 75% sequence Wdentity with SEQ 1D NOW® or about 75% sequence identity with SEQ 1D
NEY, @ sequence having at Teaxt 8G% sequence identity with SEQ D NO% or about 80%
sequence entity with SEQ 1D NQO:, g sequence baving at least 83% sequence identity with
SEQ D NOS or ghout 3% sequence identity with SEG TD NG, g sequence baving at least
0% seguence identity with SEQ 1D N9 or about 80930 sequence identity with SEQ D
N{39, g sequence having at least 95% sequence identity with SEQ D NO or abom 93%
sequence identity with SEQ 1D NO9, a sequence having at least D6% sequence identity with
SEQ D NG, 3 sequence having st Teast 97% sequence identity with SEQ 1D NOW9a
sequence having at least 98% sequence identity with SEQ 13 NOWY, g sequence having at

feast 9% sequence identity sith SEQ 1D NO:D, TIB-DH set forth as
8
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OVOLVESOGLVOAGGSLRPSCAASGRIFLONAMOWYRQVPGRKORELVAAITIVDST
NYADSVEGRFTISRDNARKNTVYLOMNSLEKPEDTAVYYONAPWNSDY HWGKGTLVT
VESAHHSEDPS (SEQ 1D NGO, 5 sequence having at feast 70 sequence identity with
SEQ 1D NO: O or about 70% sequence weatity with SEQ D NOQ, a sequence having at
least 73% sequence identity with SEQ 1D NOCO or about 758% sequence identity with 8EQ
1D NG, & sequence having af least 80% scquence ideatity with SEQ 1D N 10 of about
80% sequence (dentity with SEQ 1D NO: 10, a sequence having at least 8596 sequense
identity with SEQ 1D NGO 10 or about 85% sequence identity with SEQ D NO10, a
sequence having at least 0% sequence identity with SEQ D NO:H or abau 90% sequence
dentity with SEQ D NO: 10, a sequence baving at least 95% sequence identily with SEQ 1D
NOH or sbout 95% sequence identity with SEQ TD NGu 10, o sequence having at feast 96%
sequence identity with SEQ HD NO: 10, g sequence having at feast 97% sequence identity
with SEQ 1D NO:1O, a seguence having ot Teast 98%) sequence identity with SEQ ID NG,
a sequence having at least 99% sequence identity with SEQ TD NQuO, VHHEI22 set forth as
EVQLOESGGGLVOQAGDSLRLSCLVAGREFNSYTMOWFROQAPGREREFVAAILWSGP
TTYYADSVRKGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCAAALGVLVLAPONVYY
SYWORGTOVTVES (SEQ D NG HD a seguence having at least 70% sequence idenisty
with SEQ 1D NO T or about 70% sequence identity with SEQ 1D NG, a sequence having
af least 75% ssquence identity with SEQ 1D NO: 1L or about 73% seguence identity with SEQ
D NG, & sequence having at Jeast 83094 sequence identity with SEQ 1D NO 1 or abot
80% sequence identity with SEQ ID NO: 1, & cequence having af least 83% sequence
identity with SEQ ID NO:1 or about 85% sequence identity with SEQ D NO:1 1, a
sequence having at least B0% seéquence identity with SEQ TDRO or about 909 sequence
whentity with SEQ 1D NO:H, a sequence baving ot loast 93% sequence identity with SEQ 1D
NEETT or abowst 93% seguence idenity with SEQ 1D NOu L a sequence having at feast 96%
sequence dentity with SEQ D NGO, 3 sequence having at least 97% scquence identity
with BEQ 1D NO:TL 3 sequence having ot Teast D8% sequerice identily with SEQ D NOH,
and a sequence having at feast 99% sequence identity with SEQ 1D MO L

fn various configurations, o third pseudo-repeat of an AdS fiber shafl domain of a
palypeptide of the present teachings can be joined to the carboxy-ternunal portion of a T4
fibritin protein sequence at @ fragment of an insertion loop preceding a fifth coiled-coil

segmend of a o-helical central domain of the fibritin,
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fiy somie embodiments, the present feachings inclade a nucleic actd encoding at feast
one polyvpeptide of the present teachings.

in some embodiments, the presert teachingy include 3 adenovirus veolr comprising
at least one polypeptide of the present teachings. In various configurations, adenoviras vector
of the present teachings con farther comprise a therapeatio gene,

in some embodiments, the present teachings include & method of treating a neoplastic
diseaze ina subject. In some smbodiments, the present teachings include a method of
delivering a therapeutic adenovires o & twmor cell. o seme embodiments, the prasent
teachings include a method of targeting & vecior to CEA~exprassing cells,

n some embodiments, the present teachings inclade methods of killing a tumor cell in
a subject. These methods can comprise adnyinistering a therapeuoticstly effective amount of a
vector comprising a polypeptide of the present teachings. These methods can further
comprise subjecting g subject to fonizing radiation in an amount effective for inducing CEA
overgxpression whereby the lonizing radiation enhances CEA-targeted Ad hinding. In various
confipurations, a subject can be a mammmal. In varlous configurations, 2 subjectean be a
human. In vartous configurations, a subject can have cancer. In various configurations, a
caneer can be eplon cancer, eolorsetal adenocarcinema, rectal cancer, breast caneer,
papcrealiv cancer, prostate cancer, lung cancer; or a combination thereofl

In various configurations, @ method of administration can be, without Hmitation,
itravenous administration, infraperitonsal administration, systeniic administration, oral
adminisivation, indratumoral adsinistration, or a combination thereof

in various embadiments, a polypeptide of the present teachings can comprise, consist
cssentiadhy of, or consist of, in N-terminal-to-C-terminal order: an N-terminal segment of AdS
fiber taif sequence, at east two pseudorepeats of an AdS fber shaft domain sequenes,
portion of a third AdS fiber shaft domain sequence, a carboxy-terminal segment of & T4
fibeitin bactoriophage trivoerization domain sequence, 8 hnker sequence and a camelid single
chain antibody sequence. The carboxy-terminal segment of the T4 lhritin bactertophage
trimerization domain sequence can comprise an w-helical domain and & oldon domain, The
N-terminal segment of AdS fiber tail sequence can be of sequence set forth as SEQ 1D NO,
a seguence having at least 70% sequence identity with SEQ 1D RO:1 or sbout 70% sequence
identity with SEQ 1D NO: L, a sequence having al least 75% sequence identity with SEQ 1D
KO or about 75% seguence identity with SEQ D KO 1, a sequence having at least 80%

sequengce identity with SEQ D NO:{ or about 80% sequence identity with SEQ ID Nl a
i
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sequence having at least 85% sequence rdentity with SEQ 1D NO:T or gbout 83% sequence
identity with SEQ ID NO:L, a sequence baving at least 00% sequence tdentity with SEQ D
NG or about 90%6 sequence wentity with SEQ D NG, a sequence baving at feast 95%
sequence identity with SEQ H NOG:{ or about 95% sequence identity with SEQID NG a
sequence having at Jeast 96%% sequence dentity with SEQ 1D NO T, & sequence having st
least 979 sequence identity with SEQ 1D NG, g sequence baving at loast 98%% sequence
identity with SEQ 1D NO:, or a sequence having at feast 99% sequence identily with SEQ
DN

o various configurations, the at least 2 psendorepeats of an Ad3 fiber shafl domam
sequence can be of sequence sel forth as SEQ 1D NG:2, a sequence having at least 70%
sequence dentity with SEQ I NO:2 or sbout 70% sequence wdentity with SEQ D NO:2, a
sequience having gt least 75% sequence identity with SEQ 1D NOG:2 or aboat 75% sequence
identity with 8EQ 1D NO:2, a sequence having at feast 30% seqoence sdentity with SEQ 1D
NO:2 or about 8% sequence identity with SEQ HY NO:2, o sequence having at feast 85%
sequenee identity with SEQ 1D NO2 or abowt 85% sequenes identity with SEQ DN, a
sequence having at least BO% segquencs identity with SEOQ 1D KO:2 or about 90% seguences
wdentity with SEQ 1D NOG:2, a sequence having af least 95% sequence identity with SEQID
K2 or about 93% sequence identity with SEQ 1D RG:2, a sequence having af least 96%
sequence dentity with SEG ID NQu2, g sequence baving at least 97% sequence identity with
SEQ 1D NO:2, a sequencs baving al least 98% sequence identlity with SEQ D N2, or a
sequenes having at least 99% sequence identity with SEQ 1D NG:2. The portion of g third
AdS fiber shaft domain sequence can be of sequence set forth as SEQ 1 NO:3, a sequence
having at least 70% sequence identity with SEQ HD NO3 or aboat 7% sequence identity
with SEQ 1D NO:3, 8 sequencs having at least 73% sequence identity with SEQ 1D KO3 or

2o
7
/

about 75% sequence identity with SEQ HY NOUT, 3 sequence having at least 3% sequence
identity with £ 3 N3 or about 80 sequence idertity with SEQ D XO3, a sequence
having at Teast 85% sequénce identity with SEQ D NG or about 85% sequence identity
with SEQ 1D N3 The carboxy-terminal segment of 3 T4 fibriin bacteriophage
trivnggization dontat sequence can be of sequence set forth as SEQ 1D NOE, a sequence
having at least 70% sequence identity with 8EQ 1) NO:a or aboot 70% sequence identity
with SEQ D NO4, 3 sequence having at least 75% sequence identity with SEQ 1D NGO or
about 73% sequence identity with SEC HY N4, a sequence having at least 8% sequence

identity with SEQ {1 NOuw or about 0% sequence idendity with SEQ D NOW, a sequence
it
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having at least 3% sequence dentity with SEQ HD NO:4 or about 85% sequence identity
with SECQH D NO:4, g sequence having at loast 90% sequence identity with SEQ D NO:d o
about %1% sequence identity with SEQ H N, a sequence having at least 95% sequence
identity with SEQ 1D NOud or about 958% sequence identity with SEQ 1D NOd, a sequence
having at least 96% sequence sdentity with SEQ I NO, 2 sequence having at least 97%
sequence wdentity with SEQ D N4, a sequencs having al keast 98% sequence identity with
SEQ D NO4, orasequence having at least 99% sequencs identity with SEQ 1D NO:4. The
Hiker sequence can comprise the sequence {GlysSetin where n is an integer from 2 10 6 | and
m s an integer from 1 to 5. The peptide inker ca also be Gly-Gly-Gly-Gly-Ser (SEQ 1D
NQI5).

in various configurations, the camelid single chain antibody sequence can be against a
huaman carcinoembryvonic antigen. The camelid single chain antibody sequence can be
selected from the group congisting of JB-A3 set forth ag SEQ 1D NO:6, 2 seguence having a
least 70% sequence identity with SEQ TD NQ:i6 or about 70% sequence identity with SEQ 1D
N6, 0 sequence baving at least 75% sequence identity with 8EQ HD NO:6 or about 758%
sequence identity with SEQ 1D NO6, 3 sequence having af least 80% sequence identity with
SEQ I NCR6 or about B9 sequence identity with SEQ HI NORE, 2 sequence having at Teast
B5% sequence wWentity with SEQ 1D NO:6 or abowt 85% sequence identity with SEQ {3
N6, a sequence having at least B0% sequenes identity with SEQ 12 NOW or abowt BO%
sequence identity with SEQ 1D NG:6, a sequence baving af least 93% sequence identity with
SEQ D NO:S or about 95% sequence identity with SEQ D NO:6, & sequence having at feast
6% sequence identity with SEQ 1D NOu6, a sequence having at teast 97% sequence idenfity
with SECQ TR NOuH, a sequence baving at least 98% sequence identity with SEQ ID NOG:6. 0
sequence having at least 99% sequence identity with SEQ 1D NO:6, IB-B2 set forth as SEQ
ID N7, a sequence having at feast T0% sequence identity with SEQ 1D NO:T or abost 70%;
sequence entity with SEQ 1D NQOI7, g sequence baving at least 73% sequence identity with
SEQ D NOT or ghout 75% sequence identity with SEG ID N7, g sequence baving at least
8G% sequence identity with SEQ D NO:7 or about 80% sequence entity with SEQ D
N7, 8 sequence baving at least 85% sequence identity with SEQ HD NGIT or abowt 83%
sequence identity with SEQ 1D NO7, a sequence having at least B0% sequence identity with
SEQ 3 NO? or about 909 sequence-idertity with SEQ 13 NOT, a sequence having at least
95% sequence identity with SEQ 1D NO:7 or about 5% sequence identity with SEQ 1D

NOT, 8 sequence having at least 86% sequence identity with SEQ 1D NO:7, a sequence
12
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Baving at least 97% sequence dentity with SEQ HD NOT, a sequence having at feast 98%
sequence identity with SEQ 1D NO7, a sequence having at feast 99% sequence identity with
SEQ I NCET, JB-BS set forth as SEQ D NOHE, 3 sequence having at {east T0% sequence
identity with SEQ 1D NO:R or about 70% sequence identity with SEQ 1D NO:§, a sequence
having at least 75% sequence rdentity with SEQ TD NO:S or about 73% sequence idendity
with-SEQ 1D NOER, a sequence having at least 30% seguence identity with SEQ 1D NO:8or
abot 0% sequencs identity with SEQ 1D NO:R, a sequence having al least 85% sequence
identity with SEQ 1D NOE or abouat 85% sequence identity with SEQ WX NO:§, a sequence
having ot least 909 seguence identity with SEQ ID NS v about 809 sequence ilentity
with SEQ 1D NO:E, 8 sequence having at least 95% sequence identity with SEQ 1D NO:B or
about 93% sequence identity with SEQ H2 NO:E, 3 sequence having at feast 96% sequence
identity with SEQ 11 N8, a sequence having ¢ feast 97% sequence idemtily with SEQ 1D
N8, aseguence having o Teast 8% sequence wWdentity with SEQ TDNOE, a sequencs
having at least 99% sequence wentity with SEQ D NOS, C17 set forth as {SEQ 1D NQ:U}, a
sequence having at least 70% sequence identity with SEQ 1D NO:9 or about 70% sequence
identity with SEQ 1D NO:9, a sequence baving at least 75% sequence wdentity with SEQ ID
NS or about T58% sequence ideniity with SEQ ID NGB, a sequence having ot least 86%
sequence identity with SEQ D NO:9 or sbout 8% sequence identity with SEQ I NGB, 5
sequence having at Jeast 85% sequence identity with SEQ 1D NOY or about 85% sequence
identity with SEQ 13 NOWO, a sequence having af least 0% sequence identity with SEQ D
NG or about 30% sequence wdentity with SEQ H NOW9, a sequence having at feast 93%
sequence identity with SEQ D NO-9 or about 95% sequence identity with SEQ ID N9, a
sequence having at least B6% sequence identity with SEQ I KO, a sequence having at
teast 97% sequence identity with SEQ D NO:9, a seqaence having at feast 98%: sequence
identity with SEQ D N9, 4 sequence having of keast 99% sequence wdentity with SEQ D
NOWG, HB-13 set forth ax SEQ D NGO, & sequenee having at least 70% sequence identity
with SEQ 1D NOT0 or about T0% sequence identity with SEQ Y NOU, a séquence having
at feast 75% sequence identity with SEQ 1D NO:H or about 73% sequencs identity with SEQ
1D RO 10, a sequence having at least 80% sequence identity with SEQ 1D NO: 10 o about
0% sequence identity with SEQ 1D MO0, 3 sequence Raving at least 83% sequence
identity with SEQ 1D KO- 10 or about 83% sequence identity with SEQ D NOH1D, &
sequence having at least 90% sequence identity with SEQ 10 NO: 18 or about 90% sequence

identity with SEQ D NO:10, a sequence having at least B3% sequence identity with SEQ D

i3
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N0 or abouot 95% sequence identity with SEQ 11 NOU TG, 2 sequencs having at least 96%
sequence identity with SEQ D NGO, 2 sequence having at least 97% sequence identity
with SEQ 1D NO: 18, a sequence having al least 98% sequence identity with SEQ D NQOU G,
a sequence having at feast 99% sequence identity with SEQ 1D NOCTO, VHET22 set forth as
EVQLQESGGGLVQAGDSLRLSCLVSGREFNSY TMGWERQAPGREREFVAAILWSIGP
TTYYADSVKGREFTISRIINARKNTVYLOMNSLEPEDTAVY YCAAALGVLVLAPGNVY
SYWGQUTQVTVES (SEQ D NO: 1) a sequence having at least 70% sequence wdentity
with SEQ Y N T or gabout 70% sequence tdentity with SEQ D NGO a sequence baving
at feast 75% sequence identity with SEQ 1D NG or about 75% sequence identily with SEQ
I NO:TE, a sequence having at least 80% sequence identity with SEQ 1D NO:1 T or about
RO% sequence ddentity with SEQ 1D NO: 1, a sequence having at feast 5% sequence
identity with SEQ 1D NOT or about 5% sequence identity with SEQ ID MMt &
seguence having ol least 9% sequence identity with SEQ D NG or about 9095 sequence
identity with SEQ I NO:11, 3 sequence having at least 95% sequence identity with SEQ 1D
NOA T orabout 98% sequence dentity with SEQ 1D NO:1T, asequence having at least 86%
segquence fdentity with SEQ IDNOT L, a sequenee having at least 7% sequence wentity
with SEQ D NO: 1L a sequencs having at least 98% sequence wdentity with SEGQ D NQ: 1L
and a sequence having at least 99%6 sequence identity with SEQ ID NO:1 L

In various sonfigurations, the camelid single chain antibody can beanti-hCEA VHH
{VHE122) set forth as SEQ D NGO, a sequence baving at least 709 sequence identity with
SEQ D NO: or aboat 70% sequence identity with SEQ ID NO: 1, a segurence having at
teast 75% seguence identity with SEQ RG] or sbout 75% sequence identity with SEQ
DN, a segquence having at least 80% sequence identity with SEQ 1D NO:H ovabout
0% sequence Jdentity with SEQ 1D NO:1 L g sequence having at least 83% sequence
identity with SEQ 1D NO:1T or about 85% sequence identity with SEQ D N1, a
sequence baving at lesst 90% sequence identity with SEQ HY N or about $0% sequence
identity with 8EQ 1D NOL, a sequence having ot least 93% sequence identity with SEQ 1D
NOT or about 93% sequence identity with SEQ IDNO L a seguence having at loast 96%
soquenes identity with SEQ 1D NOu L a sequence having at least 97% sequence wdentity
with SEQ TEY NO: 1L a sequence baving at least 98% sequence identity with SEQ 1D NO:1,
or a sequence having af least 99%G sequence identity with SEQ ID MO L

In vavious configurations, a third pseudo-repsat of the Ad3 fiber shall domain can be

joined to the carboxy-terorinal portion of 8 T4 fibritin protein sequence g a fragment of an
4
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insertion foop preceding a fifth coiled-coil segment of 8 w-helical contral domain of the
fibritin.

I various configurations, a nucleic acid encoding a polypeptide can comprise, consist
essentially of, or comsist of, in Neterounal-to-Coterminal order: an Neterminal segment of AdS
fiber tat} sequence, at least two psendorvepeats of ant AdS fiber shaft domain sequence, a
portion of a third AdS fiber shaft domain seguence, a carboxy-terming segment of a T4
{ibritin bacteriophage trimerization domaln sequence, a linker seguence and & camelid single
chain antibody sequenge. An adenovires veokor connprising polypeptide comyprising,
consisting essentially of, or consisting of, 1n N-erminal-to~-C-terminal order-an N-iermingl

segment of Ad3 fiber tail sequence, at least two pseudorepeats of an AdS fiber shaft domain
sequence, a portion of a thind AdS fiber shaft domain sequence, a carboxy-terminal segpment
of 1 T4 fibritin bacteriophage wrimerization domain sequenve, 8 linker sequence and a camelid
single chain anttbody sequence. The adenovivus can further comprise a therapeutio gene.

in various embodiments, a method of ireating a neoplastic disense in g

’J}

whyjest can
comprise: administering a therapeutically effective smount of & veclor coynprising a
polypeptide of the present teachings. In some sonfigurations, 8 method of freating 8
neoplastic discase in a sebject can comprise: administering a thevapeutically effective amount
of 8 veetor comprising a polypeptide in accordance with any of the present teachings. In some
configurations, a method of delivering a therapeatic adenpviras to 8 tumor cell can comprise
administering to a sabject a therapeutically effective amount of & veotor comprising a
polvpeptids i accordanes with any of the present teackings, A method of delivering a
therapeutic adenovirus 1o a tumor cell can conprise: administering 10 a subject a
thevapeutically effective amount of a vector cotprising & polvpeptide tn aceordance with the
present feachings,

n vavious embodiments, 1 method of targeting a vector o CEA-expressing cells can
comprise: administering o a subject a vector comprising a polypeptide in accordance with
vy of the present teachings, A methodof kithog 8 tamor cell ina subjeet can comprise
adminisiering o a subject a therapeutically effective amount of @ veetor comprising a
polvpeptide in accordancy with any of the prosent teachings. A method of killing a tumww cell
in a subject can comprise: admiustering o a subject a therapeutically effective amount of a

vector conprising 8 polypeptide in accordance with any of the present teachings.
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Methods of treating disease atibizing vectors can further comprise: subjecting the
subject o lontxing radiation fn an amount effective for indecing CEA overexpression
wharehy the ionizing radiation enbances CEA-targeted Ad binding.

in the roethods of the present teachings, the subject can be a mammal or a human. The
suhject cart have cancer. The caneer can be selected from the group consisting of colon
cancer, coloreetal adencearcinoma, rectal cancer, breast cancer, pancreatic cancey, prostae
cancer, lung cancer, ancd a combination thereof,

in the metheds of the presend teachings, the methed of admtstration can be selected
frony the group consisting of infravenous admimistration, intraperitoneal administration,
systentic adminisiration, oral administeation, infratumoral administration, and a combination

thereof,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 iHlusteates a moltiple amino acid sequence alignment of camelid VHE clones.

FIG, 2A-D Hlustrate an ovaluation of anti~CEA VHH binding to hCEA protein.

FIG, JA-B illustrate gvaluation of FF-VHH expressing Ad vectors, FIG. 3A illusteates a
stmplified schematic of recombinant Ad vertor genomes with indicated regions highlighted.
FIC. 3B tustrates an assessment of incorporation of FRWVHHE proteins into Ad particles
asing Western blotting analysis.

FIG. 4A-C Hustrate an imilial soreening of binding properties of the recombinant Ad
veetors, FIG, 4A iHustrates evaluation of Ad vectors binding to hCEA protein by using
FLISAL FIG. 48 illastrates level of hCEA mRNA expression determined by reverse
trascriptase polymerase chain reaction (RT- PURG. FIG, 4C illostrates evaluation of the
speeificiy of AdB2Luc-mediated zene transfer.

FIGS, 5A-D illustrate evaloation of efficacy and spectfictty of the CEA-targeted sene
franster. FIG. SA Ulastates hUEA expression, BEvaduation of the efficacy of Ad-mediated
seporier gene ransfer; MOIR {(FIG. 3B} and MUABCEA (FIG, 3C) FIG. 3D Hustrates Ad
targeting efficiency.

FIG, 6A-G ilastrate AdB2Lue displaying an anti-hCEA VHH produces CAR-independent

and CEA-dependent gene ransfeor, FIG. 6A Hustrates MCAR expression CHO and CHO-
CAR Chinese hamster ovary cefls subjected to FACS analysix, FIG. 0B ithustrates CHO

(hCAR-Y and CHO-CAR (hCAR+) cells pre-incubated with soluhle AdS kinob protein at
i6
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different concentration and infected with § x 10% vp. per cell of AdB2Lae. FIG. oC
ilustrates relative Lue expression following infection with AdBR2Lue. FIG. 61 ithustrates
inhibition of AdSLuc-mediated gene transfer. FIG. 6F Hustrates relative Luc expression
following infection with AdSLec, FIG. 6F Husirates inhibition of AdB2Luc-mediated gene
transter. AdB2Lue was pre-incubated with hCEA or BSA at different concentration. FIG.
60 1Hustrates relative Lue expression following infection with AdB2Lue.
FRE TA-E iHustrate radiation treatiment of cancer colls increasing AdB2Luc infection,
FiGL AR illustrate validation of incorporation of sdAb+targeted chimeric fiber protein in
CRAds.
FIG. 9 illustrates the binding specificity of sdAb-targeted URAds.
FIG, 10A-C illustrate in vitro characterization of CRAJ replication,
FIG. 11 iHlostrates that hCEA-targeted URAd speeifically kalls RUEA positive tumor cells and
srtigates offarget oytotoxacity.
Fiti. 12 Husirates that hCEA-trgeted CRAG does not kill immortalized normal liver cells.
FiGe 13A-R ustrate ADCKCRAELB2 induces hCEA-dependent and bUAR-independent
onualysis.
FIG 14 Hlusirates transduction of murine DC hae DC24 by NbB-DC ] S-targeted Ad vector,
FIG 13A-B iHlustrate transduction of imepature BMDCs by N-DCLE targeted ad vector in
vitro,
DETAILED DESCRIPTION

The inventors disclose Ad vectors modified fo comprise ant-CEA VHH in the fiber
protein for celi-selective transgene expressiomt. In some conflgurations, Ad veotors disclosed
herein include fiber modifications including VHEL In virious aspects, the introduction of a
VHH can facilitate tumor-selective recombinant Ad transduction. The fmventors demonstrate
that af keast one anti-hCEA VHH can retain antigen recognition functionality and can provide
speettficity of gene transier of capsid-modified AdS vector.

in some embodiments to develop CEA-argeted recombinant AdS-based veotors, the
inventors genetically incorporated anti-hCEA VHH into a de-knobbed AdS Hber-fibmitin
protein. The inverdors demonstrated that the modified veetor retained trimerization capability

of Ad fibey as well as antigen recognition functionality of anti-hCEA VHE. The nventors

demonstrated the ability of anti-CEA VHH fused to fiber-fibritin chimera to provide specific

and efficient targeted Ad-mediated gene transter to CEA-expressing cancer cells. In some

embodiments, deletion of the knob can reduce hinding of the vector to undesired targets,

17
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The invertors investigated whether binding specificity of some of the VHFs woold be
altered due (o the relatively krger size of & roodified chimeric VHME-FF protein. Resalix
demonstrated sefertive targeting of modified Ad vectors to the cognate epitope expressed on
the surface FLISA plate as well as on the merobrane of cancer cells (see E:?xamp?es‘;.
Additionally, results of competitive fohibition studies confirmed CEA-dependent and CAR-
independent AdB2Lauc-mediated gene transduction (see Examplas).

The inveniors derived s VHE-incorporating AdS vector which demmwmstrates largeting
to CEA expressing cells dictated by the embodied VHH.

Administration can be by any administration route known to skilled artisans. In some

sihodiments, representative roules of administration include, without Emitation,

intraverously, intraperittmenlly, systemically, arally

W

and intratumaally,
Abbreviations

Ab: Antibody

Ad: Adenovirus

AdS: Adenovirus serotype §

BMDCs: Bone marrow dendritic eells,

BSA: Boving serum albamin

CAR: Coxsagkin and adenovirus recepior

CEA: Carcinosmbryvonio anfigen

CHO: Chinese hamster ovary

CMV: Cvtomegalovivus

CRAds: conditionally replicative adenovirgses

ECse Half maximal effective concentration

BGFR: BEpidermal growth factor reoeptor
FACS: Fluorescencs-activated cell sorting
FHS: Faotal bovine serum

FF: Fiber-fibritin

HEK: Homan embryonic kidoey

HRP: Horvseradish peoroxidase

Tg: fnunenoglobulin

Lae Lociferase

maAb: Monoclonal antibody

ORF: Open reading frame
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FC: Prostate cancer

PCR: Polymerase chain reaction

P Propidium lodide

PVIIF: Polyvinvlidene difluoride

GPUR: Quantitative polymerase chain reaction
RLEL Belative hight unils

RT-PCR: Reverse transcriptase polymerase chain reaction
s.d Standard deviation

seFv: Single-chatn variable fragment

sdAb: Single domain antibodies

TBS: Tris-buffered saline

VHH: Variable heavy domain

vadvp: Vieal particles

Methods

The methods and compuosttions deseribed herein utilize labosatory techuniques well
known to skalled artisans, and can be found in Jaboratory manuals such as Sambrook, )., e
al., Modecular Cloning: A Laboratory Manual, 3rd ed. Cold Spring Harbor Labovatory Prass,
Cold Spring Harbor, NY, 2001, Spector, . L. er od, Cells: & Laboratory Manual, Cold
Spring Harbor Laborstory Press, Cold Spring Harbor, NY, 1998, Nagy, A, Manipulating the
Moase Embryo: A Laboratory Mamual {Thind Edition), Cold Spring Harbor, NY, 2003 and
Harlow, E., Using Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press,

Cold Spring Harbor, NY, 19, Methods of adounistration of pharmaceuticals and dosage

(]

regimes, can be deternined according to standard principles of pharmacology well known
skilled artisans, using methods provided by standard reference texts such as Remington: the
Science and Practice of Pharmacy (AHonse R, Gennaro ed. 19th ed. 1995); Hardwan, J.G, ef
e, Goodman & Gilman's The Pharmascological Basis of Therapaatios, Ninth BEditon,
MoGraw-Hill, 1996, and Rowe, R.C., ¢7 ., Hamdbook of Pharmaceuatical Exciptents, Fourth
Edition, Pharmaceutical Press, 2003, As used in the present description and the appended
clatms, the singular forms “a™, “an™ and “the™ ave intended to inclnde the plur! forms as
well, unless the context indicates otherwise.

fmmunization of Alpacas with CEA Protein
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Parified hunan carcinoembryoruestigen (hCEA) protein {ProNigue Seientifie,
Castle Rock, CO) was used to innanize alpacas noalamyCpG adivvant as desoribed in
Maass, DR, er of. 2007 Jogragl of Immunclogicel Methods 324, 13-25. Two adult male
alpacas were given siy immunizations at three-week intenvals, cach including owlti-site
suboutaneous injections containing a total of 100 ug of hCEA in the pre-seapudar region.
Serum at the completion of the inmumization process contained Ab titers for hCEA
exceding 1:10,000 in both alpacas.
fdentification of Anti-CEA VHHs

A VHH-display library was preparved from B cells obtained from the alpacas-four days
follrwing the final boost with hCEA. A single VHH-display phage Hbrary was prepared
using RNA from both alpacas, Library construction, panning, phage recovery amd clone
fiygerprinting were performed as described (Maass, DR o ol Inr J Parasitel 37, 953-962,
2007; Mukhernes, 1, ef ol PLoS ONE T 20041, 2012; Tremblay, LM, e of 2013 fnfect
Franan. 81, 4592-4603). Approximately 6 x 10% independent clones were obtained and pooled
to vield the VHH-display phage lbrary. The hCEA protein was coated onto Nunc
Inumunotubes (Nyne, Rochester, NY) for panning. Following two pauning oyeles, »80% of
the selected clones recognived hUEA on enzyvime-Hnked innanosorbent assay {ELISAY {4~
fold exceading over background). The 38 clones producing the strongest signals were
characterized by DNA fingerprinting as described by Tremblay, LM, ot @l Mafecy Impase. 81
45924683, 2013 and the inventors identified nine vrugue VHBS, DNA sequencing of these
clones identified tour BUEA-binding VHH families that, without being [imited by theory,
appeared unrelated. VHHE ropresentatives of the four families (JB-A3 (SEQ I NG9y, IB-
B2 (SEQ DN, UE-BS (SEQ ID NQ:R)Y and WB-I31 (SEQ I3 NO 0 were expressed as
thioredoxin fusion proteins as described by Tremblay, LM, ef of., Toxicon 36: $50-098,
28310, purified, and further chavacterized.

Difution ELISAs were performed o assess the apparent affinity (ECsq) of cach
purified VHH as destribed by Muokhedee, V., e ol PloS ONE 77229941, 2012, Nune
Maxisorb plates (Nunc) were coated overnight at 4°C with 1 pg/ml haman CEA protein
{Abeam, Candbridge, MA} The plates were blocked i hinding buffer containing 5% wiv

pon-fat milk in Trig- buffered salive (TBS). The blocking baffer was replaced with 8 dilution

series of either JIB-AJ, UB- B2, HB-B3, or JIB-D1 in binding boffer with 0.05% Tween 20,
Plates were incubated af 253°C for one hour and then washed three times with TBS, Bound

VHHs were detected with HRPAanti-E-tag mAb (Bethyl Laboratories, Montgomery, TX)
20



WO 2015/161314 PCT/US2015/026627

Cellsand Reagents

MUOZSCEA cells expressing hUEA were generated by retroviral travsdustion with
CEA ¢DNAL The bumsn embryvonic kidney HEK293 cells were purchased from Microbix
Biosystems {Ontario, Canada). Human colorectal adenocarcinoma L8147 cells, prostate
adenocarcinoma PC-3 cells, long cancer AS49 and HA60 cells were obtained from ATCCO
{Manassas, VAL Al cells were cullured in DMEM/FIZ (Meditech, Herndon, VA)
containing 10% fetal bovine serum (FBS) (Semmit Biotechnology, Fort Colling, CO) and
cultured at 37°C in & humidified atmosphere with 3% CO: Anti-hCEA VHH clone C17
{(3E0 HY NOL93 was oblained from g semi-synthetio camelid VHH phage Shrary.

Human colorectal adenocarcinoma LS174T amd hunman glioma ULISMG cells were
purchased from ATCU (Manassas, VA ) Huaman pancreatic carcinoma HST706T cells were
kindly provided by Dr PG Oliver (University of Alabama at Birminghars, Birmingham, ALY
Huoman ghioma UTIE-HUAR celly expressing hCAR were kindhy provided by T JT Douglag
{Uiniversity of Alsbaima at Birmsingham). For propagation of our vector we used HEK293
cells and 293F28 cells expressing wild-type AdS fiber protein, which have been deseribed
previously (Belousova, N efal, L Firel, 77 11367-1 1377, 20033, All above mentioned cell
lines were coltuved n DMEM/F 12 (Mediatech, MNerndon, VAY medium supplemented with
e FES, HO Wil penicillin and 100 ugfmi streptomyein.

Inunortaiized primary e fver THLES cells were purchased from ATCC and
cuftured i daceordance with vendor nstroctions,

Adennvival Vectors

Rephication incompetent El-deleted AdS vectors were created using a two-plasmid
rescue method, The chimeric fiber-fibritin (FFY protein contaiping the Neterminal AdS fiber
tatl region fused to the entire fbritin protein with the trimerizing foldon domain of
bacteriophage T4 following by Gly-(Gly-Gly-Gly-Ser (8EQ 1Y NO:3) peptide Hinker
conneeted to the VHH open reading frame {ORF) as described by Nouradding, 8.0, e el
Firns Rex, TES: 183-195, 2006, To generate & PCR product encoding 3 fragment of the VHE
ORF clone B2: BamH-B2 (TTA GGA TCC CAG GTG CAG CTC QTG (SEQ 1D NOH )
andd B2-Swal (GGG ATT TAA ATAATTGTGQ OTT TTG GTG) (SEQ TH N3, for
clone C17: BamM-CI7 (AAA GOA TCC GAA GTC CAA CTG GTT OY(SEQ D N
and CY7-8Swal {(TTT ATT TAA ATC AGG CCG CCG ACG A) (SEQ IDNOS): clone
VHHI2Z: BamH 1-VHHZZ (AGA GGA TCC GAG GTO CAA OTG CHSEQ 1D NOH e
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and VHEI122-Swal (CCCATT TAA ATCATO AGG AGA UGG T (SEQ Y NO:LT)
privwers were ased.

The PUR product was cloged into a plasmid pKanS36FF using Basfd | and Swee
siles to generate the pRan366FRE-B2, pRanSooFFR-C17T and pKanS00FF-VHRIZZ,
respectively. Tosertion sequences were confirmed by using resteiction cozyme napping and
partial sequence analysiy, Predicted amino acid sequences of VHH domain of a canehd
heavy chain Abs used in this study are swmmartzed In FIG, 1. Sequences continue from the
top panel to the bottont panel. A3 is set forth in SEQ 11, NO 6. B2 is set forth in SEQ . NO
7,83 soset forth dn SEQ D, MO R, D is set fovth in SEQ DL NO 16 €17 15 set forth in SBQ
1D NQ 9 VHHID is set forth in SEQ 1D NQ L Dashes indicate gaps introduced in order
to optimize sequence alignment. VHHE domain of a camelid heavy chain Abs clones B2 (SEQ
IDNG, 73 CYT(SEQ D NO 9y and VHE 122 (SEG D NO 1) were used for genetic
incomperation e the chimerie VHH-{Ther-fibritin, Predicted moleeular welght (MW of
VHEs: A3 (SEQ D NG 6p MW 13.8 kida; B2 (SEQ 1D, NO 7y MW 134 kba; BS {SEQ
IDONO 8 MW H4 kDa D1 MW 132 kDa (SEQ D RO, 1R C17 (SEQ 1D NG 9y MW
P41 RDa VHHIZZ(SEQ ID NO 11y MW 13,5 kDa. FRI-4, framework regions: CDRI1-3,
complemeniarity delerpuning regions,

The shuttle plasmids were Hinearized with Pare T enzyime and integrated into the AdS
genome by homologous recombination in the £ coli strain BIS 183 with pVK 700 plasmid
comprised of the human ovtomegaloviras (CMY) mgjor mediste-sarly enhancerpromoter
element coapled {o the firedly luciforase (Luc) pene. The recombinant vival genomes with FF-
VHEH fustons were linearized with Pac | and then transfected into 293828 cells asing
SuperFect® Transfoction Reagent (Qiagen, Chatsworth, CA), where they were packaged info
viras particles. 293F28 cells stably axpress the native AdS fiber, thus vireses rescued at this
pint were mosaic in the sense that the AdS virtons randemly incorporated a mixture of
native AdS fibers and FE- VR chimeras. After additional round of amplification on 293F28
catle, the viroses were amplified in HEK293 colls, which do not express native AdS fiber, to
obtain vires particles containing only FF-VHH protetns. To verify inserted modifications of
the fiber gene all viral genomes were subjected o partial sequencing analysis, Viruses were
propagated in HEK 293 cells and purified twice by CsCl gradient centrifugation and disdyzed
against 10 mM HEPES, | mM MgCh, pH 7.8 with 10% glycerol as previously descrtbed by
He, T.C., ef ol 1998 PNAY 855y p. 250014, The concentration of viral particles {v.p.} was

determined by measaring shsorbanoe of the dissociated virus af Azee rin using 8 conversion
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factor of L1 x 10 vp per absorbance unit. Maltiplicity of infection for subsequent
experiments was expressed as v, per cell
Eazyvme-linked Innnunosorbent Assay (ELISA)

Nune Maxisorb® plates (Nune) were coated overnight at 4°C with human CEA
protein {Abeam) difuted at 8 concentration of 1 ug/mi in 30 mM carbonate baffer {(pH 8.6).
The unsaturated surface of the wells was then blocked for | hour at 2570 by the addition of
2001 of blocking buffer including Tris-buffered saling (TBSY with 3% wiv non-fat milk

~

{LabScientific, Livingston, New Jersey), The blocking buffer was replaced with 100u! of Ad

dihded fo binding buffer (TRS with 0.05% Tween 20 and 3% wiyv son~fat milk), Plates were
incubated at 25°C for one howr and then washed three Umes with washing buffer (TBS with
0.05% Tween 20). Bound viral particles were detected by incubation for ane hour at 25°C
with poltyclonal anti-adenovirnus goat Ab (ViveStat, Portland, ME). The wells were wished
three timies with washing buffer and then anti-goat rabbit 1e(G conjugated with horseradish
peroidase (HRP) {Dako Corporation, Glostrup, Denmark) were added and incubation was
continued for one hour, The color was developed with Sigma FASY o-phenylencdimmine
dibydrochloride (Sigma) as recommended by the manudfacturer,
RNA Preparation and RT-PCR Assay

The levels of BUEA mRNA expression in colly were determined by reverse
franseriptase polymerase clain reaction (RT-POR). Total RNA was extracted from 1 x 197
cells asing RNeasy® Mini Ki (Qiagen), following standard protocel, and guantified
spectrophoiometrically using a MBA 2000 spectrophotometer (Perkin Elmer, Wellosley,
MAY The first-strand cDNA was synthesized using random hexamer primers and an
Omniseript® RT Mu(Qiagen) and used as the wemplate for PCR. The following primers were
wsed: BCEAL206: 3CCA CCA CTG CCA AL TOA CTASY (SBEQ D NO: L&), hCEARRR:
SLOTG GGG TAG CTT GTT GAG TTC CTA-F (SEQ 1D NO«1 9} {famplicon 183 bp). After
the initial denaturation 3 min at 957, amplification was performed with 30 cyeles of 30 sec
wt 889, 20 sao at H2°C and 358 520 72°C. The BUEA gene spocifle g PCRE template standmd
{OriGene Technologies, Reckville, MDY wasused as an infernal standard for template
loading. PCR products were analyzed by 1% agarose electrophoresis with ethidium bromude
staining.
Gene Transfer

Cells were seeded at 1 x 1 cells per well in 24-well tissue culture plates and allowed

1o grow overnight. The next day, cells were washed one time with PRS, and then infected
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with 3 x 10% vop. per cell of Ad vectors in triplicate. ARer one hour, cel cubture media was
removed, cells were washed with PES and fresh media was added. Forty-eight bours
afterward, cell culture media was removed, cells were washed one thme with PBS, and cells
were lysed and Lue activity was analyzed as described below.
Expression of Recombimant AdS Koeb

The knob domain of Ad3 fiber protein was expressed in K. cofi as described by
Krasnyvkh, VN, of af. 1996 Journgl of virology 70, 6839-46, Soluble His-tagged AdS knob
was puritied by gravity-flow affinity chromatography using a NE=NTA resin (Qdagen). The
concentration of the purilied protein was determined ustng DO Protein Assay (Bio-Rad,
Hercudes, CA), according to the manufacturer’s instructions, Purtlied recombinant protein
wits evaluated by Western blot using anti-His mAb (Sigma).
Competitive {nhibition of Gene Transter

Cells were seeded at 1 x 10% cells per well in 24-wel] tissue culture plates and allowed
to grow overnight. The next day, cells were washed one time with PBS, and incubated for
one hoor st 37°C with serial diutions of AdS fiber knob protein or BSA. For h(TEA mediated
inhibitton of pene transfor AdS were preincubated with hUEA or BSA at differamt
concentration at 37°C for 1 hour. Then, cells werg washed one fime with PBS, and miecied
with AdS at § x 10 vp per cell. After incubation for one hour at 37°C cell culture media was
removed, cells were washed with PBS aied frash wedia was added. Fortv-eight hours
afterward, cell calture moedia was removed, cells were washed one ime with PBS, and cells
were lysed and Lue activity was anslyzed (See Methods bedows,
Luciforase Assay

The Luciferase Assay System (Promega) and ORION micvoplate luminometer
(Berthold Detection systesms, Oak Ridge, TN were used for the evaluation of Lug activity of
infected cells, Luciferase activity was normalized by the protein concentration of the celf
ysate using DO Protein Assay (Bio-Rad), according to the wanufhcturer's instructions. Data
are expressed as relative lght anits (RLUD per 1 x 107 cells and bars represent the meun & the
standard deviation (s.d.).
Western Blotting

Samples were preincubated in Lasmnli ssunple buffer at 95°C for five nunates and
separated using 2 4-20% gradient polvacrylamide gel (Bio-Rady. For electropboresis under
semi-native condition, samples were not boiled. The proteins ware electroblotied onte

polyvinylidene diftuoride (PVDEF) membranes and the blots were developed with SIGMA.
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FAST™ 3 Tediaminobenzidine system (Sigma) according to the masufacturer's protocol
using anti-AdS Ober tal mAb 4D2 as the primary antibody,
Reab-time Quantitative PCR

Quantitative analvsis of the AdS hexon gene expression was performed using real-
time PCR. Forin vitro studies, human cancer PC-3, TRI74T and A48 cells were plated tnto
six-wel] issue culture plates at 3 x 1 cells per well, and allowed io adbere overnighi, Next
day, cells were gither mock- iradiated o iradiated at 6 Gy using the RS-2000 Binlogieal
Systern X-ray iradiator {(Rad Sowrce Teclnologies, Stwwannee, GA Y Twenty-four bours later,
the calls were infected with AdB2Lauc or Ad3Luc at § x 10% vp per cell. Afier incubation for
ane hour at 37°C cell calture media was removed, celly were washed one thme with PES,
collected, and total DNA was extracted using QIAANMPY DNA Mini Kit (QIAGEN).

For preparstion of control smmples, AdB2Lue gesomie DNA was extracted from
purified viral stock by using a QGLAAMPY DNA Mini Kit. Serial 10-fold dilutions (from { x
10% to 10 viral particles per reaction) of viral DNA were included in cach run to establish a
standard carve for quantitative apprausal of hexon gene copy number. For detection of the Ad
hexon geng, the following primers and TAQMANY probe were used: Ad3Hexon-twd: 5%
TAL GCA CGA COT GAC CAC A-3{SEQ 1D NO2Hy, Ad3Hexon-rev: 3-ATC CTC ACG
GTC CAC AGO G-3 (SEQ D NO:22 1) and Ad3Hexon-probe: 3-0F4M-ACC GGT CCC
AGC GTT TGA CGU-BHOIA(SED 1D NO22Y for human B-Actiy gene expression: B
Actin-Bed: 3-GAG GUA TOU TCA OCC TGA AG-3 SR 1 NORI), BrActinrev: 5%
FTCCATO TOG TOC CAG TTG GT-3 {SEQ D NG:24), and B-Aciinsprobe: SWHEXCCCO
CATCOA GCA COG CATUG-REQ-Y (SEQ 1D NO:25). In each reaction, 20 ng of total
DINA was used as lermplate and PCR way performed in 25p! of reaction mixture containing
125111 of 25 TAQMAN® Universal PCR master Mix (PE Applied Biosysterns, Foster City,
CA), 300 oM each primer, and 100 v fluorogenic probe. Amplifications werg carried outin
a1 9o-well reaction plate (PE Applicd Biosysterns) in a spectrofluorimetric thermal eyeler
{ABLERISME® 7000 Sequence Detector; PE Applied Biosvstams). After the initial
denaturation {2 min at 9570), amplification was performed with 45 eveles of 15 seconds at
953°C and 00 secomds at S07C, Each sample was run in triplicate. A threshold oyede (G) for
eacly tripHeate was estimated by determining the point at which the fluorescence excesded &
threshiold bmst (10-lold the standard deviation of the baselined. Level of the AdB2Lac and
AdSLuc binding in buman cancer cells was determined as the Ad hexon gene copy numbsy

per 1ong tofal DNAL

g
%!
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Fluosescence-activated Cell Rorter (FACS) Avalysis of hRCAR and hUEA Expression
Chinese hamster ovary {CHO) and CHO-CAR cells were evaluated for hCAR

expression using anti-CAR mouse mADb {Millipore, Bilferica, MA) and an antbmouse

ALEXAFLUORY 488-fabeled goat igG (Molecular Probes, Eugene, OR). For evaluation of

ROEA expression, cells were stained with anti- human CEA rabbit oG (Millipore) an anti-
rabbit fluorescein wsothicoyanate (FITC-labeled goat Tglh (Millipore). Cells were incubated
with antibodies for one hour at 4°C, Following incubation with secondary antibodies, the
cells were collected, washed three times in FACS buffer and approximately 10,000 cells were
iHuntinated at 488 wm and Buorescence way detected n the FITC (32520 nm) chaanel, None
spreific fluorescence was detected using a 375730 am conission filter in the PI channel,
Reatistical Analysis

Al error ferms are expressed asthe standard devistion of the mean. Significance
levels for comparizon of differences between groaps in the experiments were analyzed by
Student’s ¢ test. All reported p-values are two-sided. The differences were considered

sipnificant when p-value was < 0.085.

EXAMPLES

The present teachings include descriptions provided in the exsvoples that are nog
intended o hout the scope of any aspect or olaim. Unless specifically presented in the past
tense, an sxample can be a prophetic or an actual sxample. The following non-Houting
examples are provided to further Hlustrate the presont teachings, Those of <kill in the art) in
Hoht of the present disclosure, will appreciate that many changes can be made in the specifio
cmbodiments that are disclosed and still obtain a like or similar resull without depaeting from

the spiritand scope of the present teachings.

Exanple

This example iHostrates solation of the anti-hOUHEA VHEL

The inventors produced o VHH- display libvary from peripheral blood hymphoeytes
RNA of alpacas at the peak of invnune response fo the MUEA antigen. A VHHE phage display
libvary was prepared representing the VHH repertoire from two alpacas impumized with
purified hCEA protein and soreened to identify VHHSs that bind to hCEA Four VHHs (18-
Ad, UB-B2, HB-B3, JIB-D1) representing apparently unrelated hUEA-binding VHH groups

were selected and charscterived for hUEA affimty by dilotion ELISA (FIG. 2A). The plates
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for enzyme-Tutked inwnanosorbent assay were coated with purified RCEA protein and then
purified VHH were added in wells at vartous concentrations. {FIG. 24) Boamd VHHS were
deteeted with HRPAnt-Efag mAb, Bach point represents & mean of six readings obiained in
fwo separate experimends. The ECse values are the VHH concentration that produced 3%
maximuny sigral on the FLISAs These resolts indicated that TIB-A4, IIB-B2 and HRB-D}
bound hCEA with ECsw of approximately .15, 8.2 and | oM, respectively, while JIB-BS bad
lowaer affinity for hCEA (ECse ~30 nM). The foer VHHy were also characterized by FACS
for their ability to recognize hUEA expressed on the surface of mammalian cells. For this
study BCEA expression in MO3E (hCEA~) and MOIBCEA (hTEA+) oumrine colon cancer

cells were evaluated by FACS analysis, MCIBTEA (BTEA) and MO38 {(BCEA-) moase

golon cancer cells were stained with anti-human CEA rabbit {g( and an anti-rabbit FITC
labeled goat 1g( and subjected 1o FACS analysis. The levels of BUEA expression varied in
different cell lines, MCIRCEA colls demonstrated higher number of hRUEA expressing cells
in carmparison with MC3E cells (FIG, 2B). As shown in FHE 2C-2D, JIB-AZ and JIB-B2
both recognized cells expressing hbCEAL Bound anti-CEA VHHy were detected using anti-E-
tag FITCconjugated goat Ab using FASC mnalysis. MOIRCEA and MU3E cells incobated
with 180 ngdml of JIB-AJ, JIB-BZ, BB-BS, and JB-D VHHs. There was an moreased
numbst of CLA+ cells which bound JB-AJ3 and JHB-B2 VHEs (78% and S80%, respeetively),
and JB-B2 was selected for further studies.

Example 3

This example dlustrates recombinant Ad vectors.

For this study the inventors developed a panel of recombinant Ad3-based vectors
cxpressing the frefly lociforase (Lue) gene under transoriptional control of the human
cytomegalovivus ({CMV) major immediate-carly enbancer/promoter slement (PG 3A). The
chimeric fiber-fibritin (FF) profein containing the N-terminal AdS fiber tall region fused 1o
the entire fibritin protein with the rimerizing foldon domain of bacteriophage T4 following
by Oly-Ghe-Gly-Glhe-Ser (SEQ D NO:S) peptide linker connested (o the VHE ORE
AAVHH 122 Lue and Ad5Lue veotors expressing anti-epidermal growth factor receptor
{BEGER) FP-VHE chimera and wild-type AdS fiber and the CMV-Luc cassetie, respectively,
were used a8 lsogenic control Ad vectors.

To demonstrate the incorporation of the targeting PF-VHH fusion proteins into the
virus, § x 107 v.p. of boiled and unboiled purified Ads were loaded in each lane and subjected

10 SDS-PAGE followed by Western blot analysis asing anti-fiber mAb, (Fiber protein

o
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expression was detected using anti-fiber mAb {olone 40231 As shown in FIG, 3B, genetie
incorporation of VHMs produced stable fuston with fiber-fibritin molecules that maintained
trimerization potential of chimeric profeins, Equal amounts (5x107 v.p.) of purified the FF-
VHH modified Ad vectors inchuding AJCTTLuc (lanes 3 and 4), AdB2Lue (lanes S and 6),
and AGVHII22Lue (lanes 7 and 8) or the fiber unmodified control Ad3Lue vector (lanes §
and 2) were loaded 1o each lane with boiling n a samiple buffer Janes 1,3, Sand Dy or
without boiling (lanes 2, 4, 6 and 8} and separated on SDS-PAGE follwed by transferto a
PYD¥ membrane.
Example 3

Thiz example iHuxirates binding propertics of the Ad vectors to the hTEA,

To evaluate specificity of binding recombinant Ad vectors to hCEA, » purified
AdBILue snd AdCHTLae vectors displaying anti-hCEA FE-VHH chimera, AVHHI221u
expressing anti-BGEFR FEVHH fusion and AdSLue with wild-type fiber protein were
incubated with the hCEA protein adsorbed on surface 96-well plate (FHG. 4A ). The plates for
enzyme-Hnked immunosorbent assay were coated with purified BUEA protein and then
purified Ad virions were added in wells at varfous conventrations. Bound vival particles were
detected by using polyclonal anti-adenoviras goat Ab, Each point represents s mean of six
reaskings oblained intwo separate experiments, with the grror bars showing standard
deviattons (s4.) Resubis of BLISA using anti-Tiber Ab revealed a significant degree of
binding of AdB2Luc and ADCHTLoc-expressing amti-hOEA FR-VHH to the BCEA i contrast
to AAVHH1220ue and AdSLue which demonsirated ne binding to the hCEA.

For initial evaluation of transduction efficiency and specificity of targeting of AdS
vector containing abti-hCEA VHH, several cancer cell Hnes were infected with AdB2Lue

displaving anti-hUEA FF-VHH chimera, AdVHHIZ2Lae with anti-BGFR FP-VHEH fusion

and wild-type AdSLuc. The inventors deternvingd endogenous BCEA mRNA expression in
cells using RT-PCR. Total RNA was extracted from human and msuse cancer ealls, the first-
strand cDNA was syathesized using randosn Hexamer primers and used as the emplate for
PUK. Products of PCR were analyzed by 1% agarose electrophoresis with sthidiem brosiide
staining. As shown in FIG. 4B, LST74T, PC-3, and MC33CEA colls demonstrated high levels
of BUEA mRNA expression in comparison with other tested cells, wheregs MO3E and Lowis
Long cells showed the lowest levels of BCEA mRNA expression. Bince all tested &d vectors
comprise identical CMV promoter Lue gene casseties, Ad transduction was compared by

evalyation of Luc expression in the infected cells. Homan and mouse cancer cells were
2R
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infected with 5 x 107 vop. per cell of Ads. Forty-eight bours after infection, cells were
harvested and Loc expression was analyeed. Levels of Lue expression were varied in
different celt Hines in proportion 1o vival doses of infection (results not shownd, As Husirated
in FI1G. 40, infection with AdBXLac yvielded lower Luc expression compared to AdSLae,
with the exception of MOISCEA mouse colon cancer cells, and relative levelsof Lue
expression of cancer cells were correlated with levels of BCEA mRNA expression, Dats are
presentud as relative Hght units (RLUD per T x 10 cells and bars represent the mean < s.d,
Example 4

This example iHlosteates specificily of Ad medisted gene ransfer.

The inventors investigated whether AdB2 Lo and AdCT7Laue vectors encoding
different anti-hCEA FF-VHHS retain specificity for the appropriate CEA expressing {CEA®)
cells, Forthis study hOEA expression on surface of MO38 (hCEA-Y and MC3IRTCEA
(RCEA+) murine colon cancer celly were evaluated by FACS apalysis, MO (hCEA-) and
MUISCEA (hCEA) mouse colon cancer cells stained with anti-human CEA rabbit g0 and
an anti-rabbit FITCJabeled goat 1gG and subjected to FACS analysis. As shown in FIG, SA,
levels of BOCEA expression vivted in different cell Hnes, MCIBCEA cells demonstrated higher
number of BCEA exprossing cedls {44 %), in comparison with MO3R cells (1%,

To evaluate specificity of Ad mediated gene transter, MC38 (FIG, 53B) and MU3SCEA (FIG.
5C) cells werg infected with 3 x 10° vop. per cell of AdB2Lue, AdCH e, AdVHHI22Lue
and AdSLoc and level of Lo reporter gene expression was detected at 48 hows after
infectican. As shown in FIG, 53D, infection with AdB2Lus prodoced mese than 35-fold
increase (P <0.08) of reporter gene expression in hCEA-positive MC3BCEA cells in
corpparison MO3E cells, In confrast, Luc expression was only slightly {(~3-fold) inereased in
BCEA cells following AdCT7Lue infection. The relabive Lug sxpression was ingreased in
AdB2Lue infected MCIRCEA cellx in comparison with MC3R cells (¥, P< .03 ve MI38)
Thero were no significant differences across Lug expression in tested cells infected with
AJVHHI2ZLue and AdSLuc. Data are presemted as relative Hght anits (REU) per 1 x 108
cells and bars vepresent the mean & 3.4

Example §

This exanple ilustrates CAR-independent AdB2Lac infection,

Yhe inventors evaluated whether modification in the AdS fiber resulted in ability of
AddB2Lue to CAR- independent binding and infection in vitro, The inventors expressed

recomblnant AdS knob and evaluated the purified proteins in Western blotting usiog anti-His
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mAb (data not shown The inventors evaduated the BCAR expression in h(CAR-expressing
CHO-CAR (Santis, G, et al. 1999 The Jownal of general virelogy 80, 1319-37) and CHOQ
Chinese bamster ovary cells by staining with anti-human CAR rabbit 12G and an anti-rabbit
FITC-abeled goat 1pG and using then FACS analysis. As shown in FIGL 6A, CHO-CAR
cetls demonstrted a high level of BOAR exprassion (99%) in compagisan with CHO cells
{153%). To investigate whether AdB2Lue veetor encading anti-hCEA FR- VHHE producss
CAR-independent infection hCAR-expressing CHO-UAR and hCAR-negative THO cells
were pretreated with different concentrations of recorbinant AdS knob or BSA at one howr
prior o infection with AdB2Lue or AdSLae. LucHerase activily was detetted in the lysates of
infected cells at 48 howrs postinfection. Data are presented as RLU per 1 x 10% cells and bars
represent the mean < s

As shown in FIGL 68 and FIG. 60, preincubation with AdS koob did not block
AdB2Luc-mediated Luc gene expression in CHO-CAR cells. (Lociferase setivity Is given ua
percentages of the activity in presence of AdS knob compared with mock-treated cells (FICG.
6091 b contrast, AdSLue infection was efficiently blocked by recombinant AdS knob protein
in 2 dose~dependent manner (FIG. 6D). CHO (hCARS) and CHOVCAR (hCAR ) cells were
prefpenbated with soluble AdS Knob protein at dilferent concenivalion and infected with 5 x
HO¥ vop. per cell of AdSLuc. Data ave presented as RLU per 1 8 10 cells and bars represent
the mean & s.d (FIG, 01N, Incubation CAR sxpressing cells with 200 mgfmt of AdS knob
resubied in ~85% decreased Loc expression following infection with AdSLuc, Luciferase
activity 18 given s percentages of the activity in presence of Ad3 knob compared with mock-
treated cells (FIG. 6B). There was no blocking effect of incubation of CHO cells with
recombrinant AdS kuob for both AdSLae~ and AdB2Lucmediated geve tansfor b the same
SNPErIIERL.

Example 6

This example Hustrates dose-depended inhibition of AdB2Lauc gene transter by
hUEA.

To confivm a specificity of anti-bOEA FF-VHH mediated AdB2Lue infection the
imventors evaluated hCEA-mediated inhihition of Luc gene transfor. Human colon cancer
LR1747 cells were used w8 a posttive control for hbOEA expression (Shi, Z.R., ef @l 1983
Cancer research 43, 4043.9) AdB2Luc was preincihated with different concentration of
BCEA or BSA for one hour before nfection of MC38 and MU3RCEA mouse colon cancer

colls and LSE74T cells. MUO38 and MOISCEA mouse colon cancer cells and LS 1747 lnuman
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cofon cancer cells were infected with AdBLac s FOY vopo per cefly, Forty-eight hours
after infection cancer cells were tysed and Lue activity was measured Date ave presented as
REU per 1 x HP cells and bars represent the mean < 5.4, (FIG, 6FY.

Results of gene transfor blocking assay demonstrated a dose-depended inhibition of
Lye gene transfer in both CEA+ cell lines following pretreatment of AdBZLue with h(UEA,
Gene gransferefficioncy of AdB2Lac was significantly reduced after incubation with
blocking protein, and only 24% and 30% of Luc expression was retained following infection
of MUISCEA and L.S174T cells, respectively, after ncubation with 1300 ng/md of RUEA
{(FIG. 6G). In contrast, preincubation of AdB2Law with hCEA protein at the highest
concentration did not affect in Ad-mediated gene transfer in the BCEA negative MU38 cxlis.
Luciferase activity is given as percentages of the aclivity in comparison with BSA-treated
Ad.

Example 7

This example ilhustrates radiation-inducible incressing of AdB2Lue infection.

High energy s-mays are fissue penetrating, cvtofoxie, and can be tumor argeted o 2
foval point. Cells respond to fonizing radiation with the activation of speeific carly and kater
response gones. Prechinical studies have shown the ap-regalation of CEA mRNA and protein
expression in clinical mmer samples as well as human cancer cell lines following tradiation
{Haveyama, M., ¢ af. 1991 Caneer 67, 226074 Garnatt, CL ., ef ol 2004 Cancer reseunh
64, T885-94; and Matsumota, H, e of. 1999 dadicencer seseareh 19 307-11) The inventors
hypothesized that the radiation-inducihle CEA overexpression could be used to regolate Ad
mediated transgene expressiom in irvadiated tumor cells. The inventors saught to detenmine
whether tonizing radiation alters AdBILuee transdaction.

The inventors evaluated the BCEA expression following radiation treatment of canger
cells. For evatuation of hCEA expression, PC-3 (FIG. 7A), LSITET(FIG. 78) and AS49
{FIG. 7O cells were mock-frradinted or rradiated at © Gy, stained with anti-human CEA Ab
aned subjocted o FACS anabysis, Human cancer cells demonstrated high (PC-3, FIGLOTA),
sediate (LS174T, FRI 7B and low {AS49, FIG, 7O basal levels of MUEA expression were
marck-treated or irradiated at & Gy and then the hCEA expression was evaluated using FACS
There was a time-dependent and transient increase of RUEA expression in all tested cells
which was reached a peak of mumber CEA+ colls at 24 bours following bradiation at 6 Gy
and slow declined to the basal levels of expression at 72 hours post treatment (data not

shown}, As shown in FIG. 7A-C, the number of hCEA expressed/FITCH cells was increased

EH
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by 1.3-fold in PC-3 prostate cancer cells, 1.9-fold iy LS174T colorectal ndenocarcinom cells
and 4.6-fold jo AS49 hung cancer cells at 24 bours post radiation treatment

Twenty-four hours after radistion treabment at 6 Gy human cancer cells were infected
with 5 x 10° v.p. per cell of AdB2Luc (FIG. 70} or AdSLuc (E) recombinant vectors. After
incabation for one howr, total DNA was extracted and quantitative anadysis of the Ad hexon
gene expression was performed using TAQMANY PCR. Data are means of hexon copy
pumbers per | ng of fotal DNA s.d. As illustrated in FIG, 70, the copy mumber of Ad
bexon gene was increased by 2.8-fold in PC-3 cetls, 3.2-fold in LEIT4Y cells and 3.1 -fold in
A84% cells in comparison with mock-treated cells and relative levels of AdB2Lac
transduction were correlated with levels of increased hCEA expression following exposure of
ganger cells to jonizing tradiation. In confrast, the Ad hexon gene copy number was slighily
decreased in irnadinted cells following AdS L infection (FIG. 7E),

Taken topether, obtained data demonstrates that AdB2Lue vector with genetically
incorporated anti-hCEA VHH into a de-knobbed AdS fiber-fibwitin chimera retaing hCEA
recognition functionadity and provides specificity of gene tansfer of capsid-modified
AdB2Lawe vector s vitre,

Fxample §

This exaople iltustrates the expression of congditionally replicative hUEA-targeted
fiber-fibritin-sdAb protein.

The fiber-fitwitin-hCEA protein was created as desoribed previousty (Kaliberoy, 84
2014 Lab fovest 94: 893.905). Bricfly, alpacas were immuamized with sohuble nanan CEA
{ProNigue Scieniific, Castle Rock, €O} and sdAbs against B(CEA were acquired by phage
biopatuing. OF all sereened sdAb elones B2 was the most efficient in binding bCEA. From
these resulls, the inventors produced & panad of AdS based veotors expressing the BEia gene
under transeriptionat control of the CXCRY promater efement toluding AACXCRAEL with
wild-type AdS fiber, AdCOXCRAELB2 vector with a fiber-tibritin chimera expressing
antihCEA «dADb {clone B2), us well ag replication-deficient recombinant adenovituses,
ALCRCR4Lue and AdCMV Lue encading the frefly fuctferase {(Luc) geve under control of
the CXCR4 or human oytmpegalovirus (CMY) promater {oreated as deseribed in (Kaliberoy,
SA Lab Tnvest 94 B93-.9035), respectively. To create AACXCR4ELR2, BI was fused in
single open veading frame with @ chineric fiber-fibwitin protein which contained the N-
terminal Ad3 fiber tail region fused to the trimerizing domain of the {ibritin protein of

hacteriophage T4 followed by a peptide tinker (G-0-G-8) connectad to the B2 sdAb as
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desoribed previously (Nouredding ot al 2008 Vivus Res 116: 185-195) The fiber-fibritin-B2
{FFB2) protein was retrieved from pKan366FFRZ ysing FeoRT and Sal 1 restriction sifes,
Recombinant adenovirus genomes were generated by homologous DNA recombination in E.
goli BIST83 botween the restricted FFBY and AdS fiber gene deleted pVKA0OC . CXCREET,
resulting in pVEASBOC.OXCR4E B2, Insertion of the fiber gene was confimned by POCR and
partial sequence analysia, The plasmid was linearized using Pac { restriction and transfected
into 293F28 cells using SuperFect Transfection Reagent {Qiagen, Chatsworth, CA), 293F28
cells stably express the pative AdS fiber; therefore, a mixture of {ibers was present on the
viruses rescued at this point. After an additional vound of amplification 1 2935828 cedis,
viruses were amplified in AdS-fiber negative HEK293 cells to obtain viral particles
containing only the B2-fiber. Viruses were propaguted in HEK293 cells and purified twice by
OsC gradient centrifugation. Viral particles were dialyzed against 10% glyeerol in
phoaphate-baffered saling {"PBS}. Viral partivles {vp} were quantified by measuring
absorbance of the dissociated virus at Az nm using a conversion factor of 1.1 x 10V vp per
absorbance unit.

The A CKXCR4AE] conditionally replicative vector and replication deficient
Ad.OMV e and Ad.CROR4Lue vectors were created as deseribed before . Wildviyps AdS
was Kindly provided by Dr H Ugat (Washington University in St Louis, St Louis, MO) for
gse w8 4 control vivus. A schematic overview of the vestors used bnthds study 15 presented in
FHA. 8A.

To confirm the eorporation of the chimerie fiber-fibritin-sdAb protein inlo
Ad.CXTRAETBZ, boiled and unboiled purified adenovirus vectars were anafyzed by western
blotting using an antifiber mADb. Samples containing 5 ¥ 1Y viral particles were preincubated
in Laomnlt sample beffer for 10 minutes at 99 5C or 33 °C for seminative conditions.
Profeing were separated using a 4-209% gradient polvacryviamide Precise Protein gel {Therow
Scientific, Wilmington, DE} The proteins were blotted onto polyvinylidene diftupride

e

(PVDFY membrapes and developed with the Sigms FAST 3.3 -diaminobenzidine system
{Sigma-Aldrich, St Logis, MO) according to the manufactarer’s provocol, Anti-AdS fiber
mAh (402, Thermo Scientific)

and goat-anti-mouse 1g-HRP (DakoCytomation Denmark ASS, Glostrup, Denmark) were
used for AdS fiber protein delection. Bqual amounts (§ » 107 vp) of purified virgd particles
from AdS, AUXOR4ET and AdUXCRAE]L B2 were loaded in sample buffer in each lang

without (lane 1, 3, and 6) or with boiling (lane 2, 4, and 7). Profetns were separated on a

o~
3
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SPS-PAGE gel follonwed by western blot transfer 1o & PVDF membrane, Fiber protein
expression was detected using antifiber mAb. Predicted molecalar weight (MW of wild-type
AdS fiber monomers is 61,6 kDa and MW 67.7 kDa for fiber-fibritin-sdAb, One
representative of three difforent experiments is shown in FIGL 8B, Figure tabels are as
foltows: B, boiled; LITR, 1B inverted terminagd repeat; M, marker; PVYDE, polyvinylidene
diftuonde; RITR, right inverted terminal repeat; U unboiled; AEL Bl deleted. As expocted,
the chimeric fber-fibritin-sdAb in ALCUXCR4ELB2 is dlightly larger {with predicted
mofecular weight 67.7 kDa for fiber-fibritin-sdAb monomer) than the native AdS (molecudar
welght of wild-tvpe Ad5 fiber protein is 61.6 ki3a) and fiber displayved in Ad.CXCOR4ET and
AdS. Genetic tneorporation of sdAbs prodaced a stable fusion with fiber-fibritin molecules
that maintained the trimerization potential of chimeric fiber-fibritin-sdAb proteins under
native canditions {FIG. B
Example @

This example iHustrates that AdCXCR4ELB2Z demonstrates hCEA-selective binding,

To evaluate speeificity of AACXCRAR LB ransdaction, MC38 and MO3IBCEA
murine eolon adenocarcinorng cells were used. To determine the levels of hbCEA surface
expression, approximately 1 10% cells were collected, washed with PBS, and stained with
anti-bCEA rabbit IgG (Millipore, Billerica, MA) and antirabbut FITC-labeled goat 1gG
{Millipore) for ong hour at 4°C, Levelds of MCAR swrface sxpression were measurad with anti-
BOAR mab (Rem®), kindly provided by Dr J Douglas (Undversity of Alabama at
Birmingham) and antimouse FITC-labeled goat g (Molecular Probes, Bugene, OR). Mouse
1931 negative control (Millipore) and rabbit TpQ sotype control (Thermo Scientific,
Rockford, 1LY were used as isotype controls. After washing in PBS for three times, cells were
rasuspendad in FACS buffier, Approxtmately 1 1 cells were Huminaled at 488 nm,
detecting Dunrescence i the FITC (525720 nm} channel.

As expected, FACS analvsis showed no hUAR expression in both cell Hines and no
ROEA expression in the MO3S colls (Table 1) incontrast 1o the high levely of BOREA
expression i MOCISCEA cells (Table 1)

Fable 1 Flow evtometry analysis of hUEA and hUAR surfce expression

% of posttive tells {mean of Huorescencs intensity )
Cell line BORA hCAR
MC38 1+3¢+ D) B+7{2+1)

%
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MCIRCEA G518 {48 + 19 4432+ 1)

LS174T 67+ 14 (1249 61+ 17 (28 + 16)
HR766T AT {9+ ]) 241 (3+3)
CTEEMG P22+ ) 243547

UT18-hCAR L+ {1 +3) 199+ 3 (38T 76)
THLE-3 10+9(4+3) SSE T 1)

Both cell Hnes were infected with ADdCXCRAET B2 or AAdCXCR4EL for one howr,
wished, tofal DNA was extracted and subjected to gquantitative real-tiroe POR {gPCRS
analysis, Cell binding by AdCXCR4ELB aas strongly enhanced in the hCEA expressing
MO3RCEA cells vompared to the control vector, while both CRAds bad limpited binding to
the hCEAC-WhUAR() MC3E coll Hine. Cells were seeded 3 » 107 cells per well in a six-well
tissue culture plate and grown overnighi. The next day medium was removed, then MO38 and
MCASCEA muring colon adenocarcinoma cells were incubated at 37°C with 1= 1 vp per
gell of the indicated vector for one hour. Total DNA was isolated {rom the cells using &
OLAAMPY DINA mini Kit (Qisgen, Chatsworth, CA).

AdS hexon expression was measured using quantifative real-time PCR. Serial eafold
dilations (from 1 = 10% to 10 vival particles per reaction] of vival control DNA were included
to ostablish a standard curve, The following primers were ssed for AdS hexon gene detection:
AdSHexor-fwd (SEQ H NG20), AdSHexon-rev (SEQ 1D NO2 ) and the following
TAQMANY probe was used: AdSHexon-probe {SEQ 10 NOQ2D). Mouse P-actin gene
sxpression was used to normalize the samples, The following mouss B-actin probes were
ssed: mf-actin-fwd: 5-AGC TGG AGG ACT TCC GAG ACT-Y (SEQ IDRO26), mB-
aetinrev: WTGG CAC TTC TCC TGC ACC TT-3T (SEQ D NO27), and mf-actn-probe: 35
HEX-TAG ACG COT GCA CAA GOC GUC-BHQTY (SEQ ID NO28).

In gach reaction, 20 ng of tedal DNA was added to a tolal of 10 ud of reaction mixture
containing 2 Fast Start TagMan Probe Master Mix {Roche Applied Science, Indianapolis,
INY 333 noold of each primer and fluorogenic probe. Reactions were carvied ot in
triplicates in g S6~well reaction plate (PE Applied Blosystems, Grand Island, NY)yina
spectrofiuorinetric thermal cyeler (LightCyeler 480 Real-Time PCR system, Roche Applied
Science). The following program was used: denatration (2 minutes at 95 °C) and

ampiification with 45 cyeles (15 seconds st 30 C and 600 seconds at 60 °CY. The fevel of

T4
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binding to MO3R and MCISCEA cells was determined as the Adhexon pene copy nember
par 20 ng total DNAL

As shown in FIG, 9, AdCXCR4E£1.B2 binding to hCEA{H) MCIBCEA cells was
significantly higher (abouwt 25-fold; P < 0.01) compared to binding to the h(UEA{~) MC38
cetls, Tn contrast, AdCOXCRART with wild-tvpe Ad3 fiber demonstrated negligible change i
binding to MCIRCEA celly in comparizon with MC3E cells. Alse, MC3B coll binding by
Ad.CXCRAET B2 was shighly higher {about twolbld) compared tv AGUXCRAEL, prohably
due to structural difference of wild-type AdS fiber and fiber-fibritin fosion proteins. Thus,
Ad.CXCORAE T B2 demonstratos hCEA~specific cell binding validating that specificity of the
B2 sdAb is maintained in the CRA context. Data are presented as mean & §D (*P < .01
virsus MO3E celis).

Example 10

This exarople iHustrates CRA replication in o human colorectal adenocarcinoma cell
Hine,

To evaluate whether sdAb-targeted CRAJs are able to replicate after infection of
BCEA(+) cells, a replication assay was performed. Cells were seeded at 3 X 107 cells per well
i six-well Besug culture plates and grown overmight, The nexd day mediam was removad and
cells ware infocted with 1 x 107 vp per cefl of A CXCR4ET or AACXCRAELB2. After
incubation at 37 °C for 1 hour, the medivm was replaced. Cells were harvested 1, 24, 48, 72,
and 120 howrs after infection, subjected 1o three freeze-thaw evales and centrifuged at 3,000
RPM fior § minotes. DNA from infecred cells was isolated using QIAAMPY DNA Mind Kit
{Qingen, Chatsworth, CA). gPCR was performed as desertbed above. Human factin gene
xpression was used o sormalize the swmples. The following human Bactin primers and
probes were wsed) Praciin-ford (SEQ D NOID), factin v ITCC ATCTCG CAG TYG
GT-37 (RO 1D NO:29Y, and fractin prober SWHEX-COC UATCGA GUA CGG UAT CG-
BHOT-39(SEQ 1D NOE0)

CXCR4 promuoter activity was evaloated for differant cell lings by infection with
AdCMY Lac and Ad.CXCR4Lue, encoding the Luc gene under contral of the OMV or
CXCORS promoter, respectively (FIG. 1040, Relative Luc expression following infection of
buman cancer colls with either AQCMVLue or AACXCR4Lue. Luctertse activity was
measured in coll tysates at 48 hours afler nfection. Data are presented as mean + 8D RLUs,

relative Hght undts (FIG. 10A). Levels of Luc expression varied in different call lings in
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proportion b vival doses of infection (results not shown) Infection with AL CKCRALue
vielded Jower Luc expression in comparison with

Ad.CMVLue, Addigonally, ratios of Luc expression in cancer cells folfowing AdUMVEae
and Ad. CXCR4Lue infection were caloulated. Average ratios for all the individual sets of
surohers for different canver cells were compared. As shown in FIG. 10B, HET66T cells
demonatrated high CXCRA-10-CMY vatin of Lu¢ expression in comparison with LS174T and
THLE-3 cells, whereas UT1EMG and UT18-hCAR celis showed the lowest CXCR4-tn-UMY
ratios, The CXCOR4-0-CMV ratios of Lue expression in hwman cells following infection with
Ad.CMVELue or A CXCRM uc. Data points represent the wean + SD of a representative
experiment. Thus, all tested cells demonstrated fevels of CXCR4 activity suitable to facilitate
replication of CXCR4-driven CRAds

FACS analysis of huwman colorectal adenocarcinoma LSIT4T cells revealed relatively
high levels of BCAR and hUEA expression {Table 1), Taking into consideration the resulis of
previous experiments, LS 1747 cells were selected for subsequent evaluation of
AdUXCRAET B2 and ADCXCRAET replication. For this study, L8747 cells were infected
with either AACXTRAEL B2 or AACXCRAEL, then cells and media were collected at 1, 24
48, 76, and 120 bours after infection. Human colorectal adenoearcinoma LSIT4T cells were
infected with 1 = 109 vp per celf and harvested on indicated time points. Total DNA was
isolated and hexon gene copy namber was obtained using quantitative PCR.

Pata ars presented a3 mean & 51, Replication was measured by ovaluating the presence of
the adenovival hexon gene with gPCR. Both vectors show efficient replication, wilh the
hexon gene copy number increasing ~1,000-fold in the first 24 hours after infection (FIG.
100, Thus, these data deroonstrate that retargeting throuph incorporation of sdAb allows
AACXCRATE B2 to replicate i tumor cells. OF sote, the level of replivation achieved
conpared fo AdCXCRAET with wild-type {ther

Example t

This example Hustrates AdCRCRAELBY selectively mduces tumior call Tysis,

To evahuate whether specific replication in hUEA positive, CXCR4 positive tamor
cells resulted in subsequent cviolysis by AdCXCUR4AET B2, a cylotoxicity assay was
performed. To measure eytotoxicity of the sdAb-retargeted URA, cells were seeded into
O6-well tissae culture plates st § x 107 cells per well, incubated for 24 howrs and infected with
CRAd vectors at 1= 107 vp per cell. After 120 hours, cell culture medium was removed and

surviving cells were fixed and stained with 1% orystal violet (Sigma-Aldrich, St Loais, M()
37
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in 70% ethano] for at least twee hours at 25 °C. The plates were extensively washed i tap
water, air dried and optical dernsity was measured at 595 ran using an BL 800 Universal
Microplate Reader (BHO-TEK Instruments, Winooski, VT The percentage viable calls was
caleulated for infected cells velative to uninfected cells, Different cancer cell lines were

evahsated for BCAR and hUEA surface expression using FACS analysis {Table 1), Based on

these findings, colorectal adencearcinema L8174T, pancreatic carginoma HE7H6T, glioma
LHISMG and UTIR-hCAR cells were infected with 1 W vp per cell of AdCXCR4ELB2,
Ad.CXCRAET or wild-type AdS. Five days (120 hours) after infection viable colls were
evalaated using o crystal violet staining assay g8 deseribed supra, As shown in FIG. 11
infection with A CNCR4E L B2 resulted in increased oviotonicity in hCEA{GYLE174T and
HS7667T colls in comparison with hCEA{—) UTIBMG and U1 1B-h{IAR cells, while the
control AACXCRAET and wild-type AdS viruses were able to prodoce cell killing in
ROARGH) LS174T and U I8-HCAR cells. In countrast, no oytolyais for either of the veotors
was observed in human ghioma UTTEMG cells deficient for hCEA and hCAR expression
{(FIG. 1), Nomber of viable cells is given as percentage of the cell number ofnuninfected
control. The hCEA and hCAR expression status of the celf Hines is as follows: LS8
BOCEAGYHCARG Y HST766T: BOEAGVRUCARG) UHISMG: hRCEAG-VhCAR—); Ul 18-
BUAR: hCEAGYBCARH, Data are prosented as mean & SE 3P <805 versus UTHEMG
collsy #P < 0,01 versus UTTRMG cells), OFf intevest, AQCKUR4E] infection resulted in a
modest ingrease of HS766T cell killing in comparison with UT18MG oells (both cell Hnes
demonstrate g low fevels of hUUAR expression}, probably due to ditferent evels of CXCR4
promofer activity in these cells, CXCR4-to-CMV ratio of Luc expression in HS766T and

U ESMG cellswas 0,14 & 0.0009 and 0.02 £ Q.01 1, respectively (FIG, 10B). Taken together,
these findings indicate that infection with AACXCR4ET B2 induces efficiont oyvtolysis
uniquely in hCEA expressing tumor cells.

Exanple 12

This example Hostrates that AGCKCRAEL B adds an additional level ofspecificity
to Bt off-target cytotoxicily in novmad cells in vitro.

Fow thiy analysis, we evaluated the hUAR and BUEA surface expression of normal
inunortatized Hvey THLE-3 cells asing FACS, As shown in Table § THLE-3 cells resembled
a “nonmal cell phenotype™ MCAR positive and hCEA negative. To demenstrate the additionsl
level of specifivity of sdAb-tarpeted CRAds compared to wild-type fiber containing CRAds,

THLE-3 cells were infovted with inereasing concentrations of either AQCXCRAELR2 o
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Ad.OXCRAEL. Critotoxictty was determined Pve days (120 hours) sfter infection, using g
crystal violet staining (as-discyssed in Example 11), As shown in FIG. 12, in conirast 1o the
CAR-dependent ADCXCRAEL vector, Ad CXUR4EL B2 demonstrated Jow levels of
eyvtetoxicity at all indicated concentrations. Number of viable cells is given as percentage of
the cell nomber of uninfected smnples. These data indicate that the sdAb-mediated
transductional retargeting adds an additional level of specificily to CRA«s, thereby Hmiting
off-target cytotoxicity.

Example 13

This example illustrates that cyiotoxieity by AACXCRAET B2 i« hCAR~independent
and inhibited by soluble hCEA.

To demonstrate that AACXCR4AELBR infection is hUCAR-independent and hCEA-
dependent, competition exporiments were performed. To block BCAR speeific transduction,
cells were seeded 1 107 cells per well in a 24-well tissue calture plate and incabated after
one day with 100 or 200 pyg/ml of soluble AdS knob protein for 1 hour at 4 °C before
infection with AACXCRAEL.B2 or AACXCRET a1 2 = 14 vp per coll. ARter 120 bours, the
cells were stained with orystal violet as desoribed above, To block hCEA specific
transduction, cells were seeded 1 » 10° cells per well in 2 24-well tissue culiwre plate. Both
AL CXCRSED B2 and AAUXTR4AET were incubated with 8.3, 1, 3, or 10 yg/nd of
recombinant hUEA protein (ab742, Abcany, Cambridge, MA) for 30 minutes af room
temperature. Afterwards cells were infected with the vires-hCEA mixture at 2 % 105 vp per
cell. After 120 howurs, the cells were stained with erystal violet as desoribed above.
Preincubation of tumor cells with soluble AdS knob protein was not able to block twmor cell
cytolysis in AQCXCRAEL B2 infected colls. However, eviotoxicity of control Ad.CXCRARY
vector was efficiently Mocked by incubation with the AdS knob protein (FIG. 134). Human
colarectal adenccareinoma LE174T cells were prefncubated with soluble AdS knlr protein at
indicated concentrations and infected with 2 « 10° vp per cell of ALCXCRIELB2 or
AdCXCRAE T Cytotogicily was determined at 120 hours afler infection osing a crystal viokat
staining assay, Number of viable cells i given as percentage of the cell number of uninfected
samples. Data ave presented as mean £ SD P~ Q.81 versus no treatment). Preincubation of
the vectors with BUEA protein was able to efficiently bloek tumor cell death for
AA.CXCRART.B2 bat not for conirol Ad.CXCRART veotor FIG. 13B), Ad.CXCRABLBE and
Ad.CXCR4E T were incubated with hCEA at indicated concentrations, LS174T cells were

infected with 2 # H)¥ vp per cell of AACXCRAELR2 or AACXCRAEL Collectively, these
39
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data show that A CXCR4E L B2 has enhanced tumor specificity for BCEA positive tasmor
cell bnes compared fo endogenous targeted CRAD: and is able to cause subsequent oncolysis.
Example 14

This example tostrates that a vector of the present teachings can be used to target
dendritic cells.

In these vxperiments, the prosent inventors provided an adenovires vector comprising
sequences encoding GFP and a camelid antibody against NB-DCLE (deseribed in De Groeve
et al, 2000 7 Nuclear Medicine 51, 782-789) meorported into the AdSFFLLE capsid
{AASGFPFELE) DO.R can have a sequence
OVQLQESGGGLVEQPGGSLRLSCAASGFTFSNY GLRWVROQAPGKGLEWVAGVYNGRG
DVTSYADRSVEGRFTISRDNAKNTLYLOMNGLKPED TAVYYUSFIEIDGSLREGOGTD

VTVES (SEQ 1D NOQ3 ). Expression of NB-DC LS was validated via Western blot analwsis,
Cells of murine dendritic cell (DO Hine D24 were infected with Ad5, ADSFF-TIPI
conirols or AdSGFP-FF1.8. Infection was manitored vig Hoorescent assays. AdSFFLE
showed statistically signiffcantly fncreased wansduction of the GFP eelative 1o controls (FIG.
143,
Example 13

This exaople illustrates that a vector of the preseat feachings can be used fo farget
hong marrow dendritio cells (MBS,

In these experiprents, adenovivus veotors described supra and ADGSHEIVHITIZR were
geed to nfect BMDCs Expression was monitored vsing fhavescancs microscopy (FIG 134}
The dendritic cell targeted AQSFFLE showed statistically significantly higher transduction of
GTFP gene compared 1o adenovirus lines that were nof fargeted to dendritic cells (FIG. 15B).
The data of Examples 14 and 15 indicate that dendritic cells can be targeted by vectors of the
present teachings and that a vector harboring a camelid antibody can effect transduction and
expression in dendritic cells,
Example 16

This example Hustrates ADSGFP-FFLE can inducs interferon production in dendritic
cells,

i these experiments, the nventors infected CSTREAGT fenale mice (n=5) with
AASGFPFPLE ADSGFPAue (no fibritin or DO twrgeting sequencel, AASGEP-FF (ibritin
without ligand} amd a PBS negative control. Mice were then tmmunized againgt GFP, and the

spleens of the infected mice were harvested. Tmmunogenicily was measured via FACS
&)
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analysis and onrmodetection of INFy fovels. A statistically significant inorease fn INFy was
ohserved. These experiments iHustrate that & wide variety of camelid antibodies can be used
in the present feachings.

Al publications cited in this application are herein incorporated by reference in thelr
entirety as i each individuad publication, puatent; patent application or other reference were

specifically and individually indicated to be incorporated by reference.
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What iz clatmed i
1A polypeptide comprising, i N-terminal-to-C-terminal order

an Neterminal segient of AdS fiber tall sequence;

at least 3 pseudorepeats of an AdS Hber shaft domain sequence

i portion of 8 third A4S fiber shaft domain sequence;

a carboxy-terminal segment of o T4 fibniin bacteriophage imerization domain
SOQUERCE;

a linker sequence; and

a camelid single chain antibody sequence.

A polypeptide in accordance with claim 1, wherein the carboxy-terminal segment of the T4
fibritin bacteriophage trimerization domain sequence coniprises an a-helical domain and 3
foldon donwain.

3. A polvpeptide i accordanee with olabm 1, wherein the N-terounal segent of AdS fiber
tanil sequence ix a sequence having at feast 70% sequence identity with SEQ 1D NQO:LL

4. A polypeptide in sccordance with claim 1, wherein the N-terminal segment of AdS fiber
tail sequence Is of sequence st forth as SEQ 1D NG

A polvpepiide In accordance with clim 1, wherein the at least 2 pseudorepeats of an AdS
fiber shafl domain sequence is a sequenee having at least 70% sequence identity with SEQ ID
N2,

3, A polypeptide in accordapee with claim 1, wherein the at least 2 pseudovepeats of an Ad3

fibser shaft domain sequence 1s of segurence sel forth as SEQ D NC
7. A polypeptide in secordance with claim |, wherein the portion of a third AdS fiber shaft
domain sequence is a sequence having gt east 70% sequebce idertily with SEQ D XNO3

8. A polypeptide tn accordance with claim 1, wherein the portion of a third AdS fiber shaft
dunnain sequence is of sequence set forth as SEQ D NGB

9. A polypeptide in accordance with claim §, wherein the carboxy-termninal segmentof & T4
fibritin bacteriophage trimerization domain sequence is a seqience having af leust 70%
sequence dentity with SEQ 1D N4 |

183, A polypeptide in sccordancs with elaim 1, wherin the carboxy-terminal segment of a T4
fibritin bacteriophage trimerization domain sequence is of sequence set forth as SEQ 1D
N4,

Lo A pobypeptide in aconrdance with elaim {1, wherein the linker sequence comprises the

sequence (GlyaSerie, 0 is an imteger from 2 fo 6, and sy is ap integer from 1o S
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12, A polypeptide in accordunce with clatm 1, wherein the peptide linker s Gly-Gly-Gly-
Gly-Ser (SEQ D RO:S)

130 A palypeptide in aconrdance with claim 1, wherein the camelid single chain antibody
sequence is agminst a human carcinoembryonic antigen,

14, A polvpeptide i accordance with claim |, whercin the camelid single chain antihody
seguence is sefected from the group consisting of a seguence baving at east 70% requence
identity with SEQ 1D N6, a sequence having at least 70% sequence identity with SEQ 1D
N7, asequence haviag at least 70% sequence identity with SEQ HY NO, & sequence
having at least 70% sequence ideniity with SEQ 1D NG9, a sequence having at least 70%
sequence identity with SEQ 3 NO: 10, 8 seguence having at Ieast T0% sequencs identity.

15, A palypeptide in accordance with claim 1, wherein the camelid single chain antibogdy
sequence 1y selected fromt the groap consisting of HB-A3 sot forth as SEQ 1D N6, HB-B2
seb fisrth as SEQ D N7, JIB-BS set forth as SEQ 1D NO:R, C17 set forth as SEQ 1D N{§,
JIB-D1 set forth as SEQ 1D NO10, VHE 122 set forth as SEQ 1D NO:I L

16, A polypeptide in accordance with clatm 1, wherein the camehd single chain antibody s &
sequence having at least 70% segquencs identity with SEQ D RO L

P70 A polvpeplide in accovdance with claim 1, wherein the camehd single chain antibody i
anfi-hOCEA VHH (VHHI122) set forth as SEQ 1D NO:HL

18. & polypeptide in accordance with olamm 1, whevein the camedid single chain antibody is
DOTE (SEQ H NOS3,

19, A polypeptide i accordance with clatmm 1, whersin & third preudo-repeat of the AdS fiber
shaft domain i joined to the carboxy-terminal portion of a T4 fibritin profein sequence at a
fragment of an insertion loop preceding a fifth cotled-coil segment of a e-helical central
domain of the Sbritin.

283 A nueleic acid encoding the polypeptide of claim 1.

21, Ancadenoviras veetor comprising the polypeptide of claim 1

22, A adenoviras veetor n sceordance with oham 21, wherein the adenoviros further
commprises a therapeutic gene.

23 A method of treating a neoplastic discase v a subject, comprising: administering a
therapeutically effective amount of & vector conprising a polypeptide in accordance with any

one of clatros 1-12 ar 19,

J
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24. A method of treating 8 neoplastic disease 1oy a subject, comprising: administering a
therapentically effective amount of a vector comprising & polypeptide in accordance with any
one of elaims 13-18

25 A method of delivering a therapeutic adenovirus to 8 tumor cell, comprising:
administering to a subject o therapectically effective srooent of a vector comprising a
pobypeptide i accordance with any one of clabms 1-12 or 18,

26, A muthod of defivering a therapeutic adenovirus to a tumor cell, comprising:
adspinistering to a subject a therapeutically effective amount of & vector comprising a
polypepiide in accordance with any one of clasms 13418,

270 A method of targeting a vector to CEA-expressing cells, comprising: administering to a
stthject a vegtor comprising a polypeptide in accordance with any one of claims 13-18,

28. & method of kithing 8 tumor cell iy a sabject, comprising: administering toa subject a
therapeutically effective mnount of 3 vector comprising a polypeptide in accordance with any
one of clabms 1-12 or 19

290 A method of killing a tumor cell in a subjecl, comprising: administering 1o a subject a
thevapeutically effective amount of a vector conyprising a polypeptide 1n secordance with any
one of claims 1318

33 A method in accordance with any one of claims 24, 26, 28, or 29, fiwther conprising:
subjecting the subject o jonteing radiation in an amount effective for inducing CEA
overexpression whersby the jonizing radiation enhances CEA-tirpeted Ad binding.

31, A miethaed in accordance with any one of clams 21-30, wherstn the sulject is & mammal,
32, A methad in accordance with any one of clatms 23-31, wherein the subject is a lmman,
33 A method insecordance with any one of olatms 33-32, wherein the subject has cancer,
3. A method in aceordance with claim 33, wherein the cancer i3 selected from the group
consisting of colon cancer, colorectal adenocarcinoma, rectal cancer, reast cancer,
pancreatic cancer, prostate cancer, lung cancer, and a combination thereof

35, & mwthod in accordance with any one of cldos 23-34, wherein the wethod of
acdminisiration is selected from the group consisting of intravenous administration,
intraperiioneal administration, systemic administration, oral administzation, intratmoral

admingstration, and & combination thereof.
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