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Endothebal-trgeted Adenoviral Vectors, Methods and Uses Therefor
CROSS REFERENCE TO RELATED APPLICATION
Thix application chatms priority from U8, Provisional Application Serial No

61/834,385 fifed June 13, 2013, which 18 tncorporated herein by reference in its entirety,

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

This work recetved sapport from NIH ROICATS0058, and CA154697 The
government may have certain rights i the invention,
Introduction

In stem cell biology, stem cells possess the properties of self-enewsd, prolifecative
quiescence, and organtomor nusiti-hineage repopulation (Barker ef of 2010, Stem cells can
require a host cellular niche to maintain thair functicns (Voog and Joses 201031 Stenicells in
most organs and tissues persist S the orgamsn Hfetime {Voog and Jones 2010). Persistence
can be due to markedly prolonged cell eyele times inferved by prolosged retention of the
nucleotide anatogs tritiated thymidine or romodesxyuriding {Brdll), or assayed by
chromatin bound histone 28 fluorophore fusion proteins (Foudi ef of 2009). Tissoe stem cell
bioogy has been conceptually modeled based on the luerarchical organization of stem and
progemitor cells in the hematoporetic systeny (Easers and Trumpp 2G10). A hematopoistic
celiolar bigrarchy has been dentified and stem cells isolated by fluorescence activated cell

sorting of cell surthee markers combined with funchional cell culture snd ntact suimal

repopulation and colony Forming assays {Rieger and Schroader 2012 Mavle ed o 2013y

fxistence of prostate stem cells, in particular in the rodent, was strongly suggested by
studies demonstrating 30 cyveles of prostate regeneration following castration and exogenous
androgen provision (English ef o T987). A combnation of How oytometric markers, serind
celf coltare, and tissue recombipation with kidney subcapsular grafting enabled construction
of murine and human prosate steovdifforentiated cell hierarchies {Goldstem and Witte 2012,
Guo ef ¢f. 2012}, Prostate sters like cells form sphevoids “prostaspheres™ when grown in
anchorage-independent cell calture (Lukacs e of 2010; Rlum 2013). Prostaspheres self-
renew during profonged serial passage, and repopulate tubules and ducts, forming prostate
organonts when re-tmplanted indo nuce (Azuma ¢ of, 2005, Goo of ¢f. 2012). Stem cells have
been identitied in classical PCA cell hines incltading PO, DU, parentad LNCaP, and
dorivative LNCaP-2B cells {Mikt er od 20073

Approaches targeting metastatic neovasculature are nesded. An option can be tumeor

vascular endothelial cell {ECY adenoviral (Ad) vector fargeting. Although EC wransductional
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angd transeriptional targeting has been sccomplished, vector administration approaches of
Hmited chinfcal utility, lack of umor-wide BC expression quantification, and & falure ©
address avid Hver sequestration, has challenged prior research. Provious vascular targeted
drugs and bologics am to destrov/mhibit the formation of new vasculabire i an atlempt o
inhibit evther tumor growih or subdue inflammation,

The tumor neovascularization Held remains challenged by the multiple evasion
mechanisms induced in makignancies dunng anttangiogenic thevapies (Bergers (O e of. 2008).
The discovery of vascular endothelial growth factor (VEGEY (Ferrara N 20041 and VEGE
delmeation as one of the predominant tamar produced angiogenic factors spawned research
ndo drugs and hiologies targeting tumor produchion, stromal avatlability, and VEGE receptor
signal travsducton (Cook KM e f 30101 Although some patients experiencs tumor sfee
redoctions from avatlable methods, tumor growth eventaally resumes. De novo or sequired
tuiy antiangiogenic therapy resistancs can be due o soveral factors, One evasion
mechanism 18 cancer cell production of untargeted angiogenic factors (Bevgers O ef ¢l 2008},
Another mechanism is tunor chemo and cylokine endocring seoretion that mobilizes and
recraits proangiogenic bone marrow myeloid and immane cells (Ferrara N 2010} T amor-
activated stromal fibroblasts can produce untargeted anglogenke factors. {Crawford Y er f
20093, Tumers can alse shift therr growth patterns and invade into tissues by host blood
vessel conption (Leenders WP or o/ 2004),

There has bren a research interest in fargeting tumor neovaseudarization (Goldman ¢f
al. 1998 Trioezi and Borden 20111 A series of papers have indiroctly targeted neovessels by
vectors engineered for tumor collular oxpression of asluble angiogenesis growth faotor

eeoys (Mahasreshis of o 2001} Another approach focused on neovesse! transduction using
capsid display of peptides cognate Tor receptons uprepudated on tumor microvessels
{Bachtarzs et ¢l 2011} Another strategy wsed enhancerfpromoters dii‘fm'entiaiiy activated in
tupuyr ECS by the tumor wmieroenvivomment (aggar o of. 1997; Takayvama ef &/ 2007, Dong
and Nor 2069). Yei the goat of these past studies was @ eradicate tumor neovessels. There
has also been research interest i tssue resident stem cells beyond those known to repopulate
rapid tamover organs such as the gat and skin (Barker ¢r of. 2010), Past research has also
wiilized 8 “iypical” ovtolvtic of apoptotic veotor approach of conditionatly rephoating Ad
{CRA) veetors.

Vascular endothelial cells (ECs) ave weal gene therapy targets as they provide
widespread tssue access and are the fivst contact sarfaces following mtravenous vector
administration, Tumor vasculature can be a conduit for puttient and oxygen influx and

¥
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metabelic efffux, hoowvever emerging studies demonstrate that the microvascudature and the
vascular endothelial cell (EC), can be components fur establishment snd maintenance of
niches for host organ stem colls (Ding L er ol 2012, Tunuw stemdmitiating cells have been
wdentified i these perivascolar miches (Zhu TS erof 2011 The pertvascular wiche can be
mamtaimned by short range, “angiverine”, BC growth factor secvetion and contact betwesn
tumor cells gnd host microvessels {Buller JM er gl 2010),

The tumor gene therapy field s challenged by several issues; arget ocll veotor
tansduction, bepatie toxiony doe 1o viral gene expression, and nmate and adaptive host
veokor imnune response {Khare R of @, 2011 Dudbe MR ergd. 2012} Provious studies have
failed to investigate vector vascular expression i an extensive panel of host organs, and
clucidate glohal determination of reporter expression distribution threaghout the fumor
neovasculature,

Gene therapy approaches (o the vascubar endothelium have explotied severat
approsches. Vector-host cell transduction was manipualated to produce umor BC targeting
{Revoolds PN ar ¢/, 2000; Baker AH of ¢l 2005), Haman recombnnant adenoviras serotype 8
{AdSY is the most frequently used gene transfer svatem beeanse of s appreciable transgene
pavioad capacity and lack of somatic mutation tisk. Adenoviral sud adeno-assocatedd vectors
have been engineered for capsid display of peptides identified on tumor-activated
endotheliam, or bispecific antibodies cognate for mtegnag, selecting, or vessel huninal cel
surface recepions (Prouss MA of of, 2008; Bachtarzi H o of, 201 Netelbeck DM & o,
2001}, Veetor pseadotyping using fiberknobs from sevotypes other than sdenovirus type §,
other animal host species, o fiher replacements, erther from other viruses or virusssyuthetio
chimeric fibers, also achioved BO tropism (Prouss MA ef od. 2008; Shinowaki K e of. 2000},
Hewever, standard Ad3 veotors predominantly transduce Hiver but not the vasculature
following intravenous administration.

Some studies have focused on the dual goals of Tiver sequestiation tulnbition, and
RCAR de-tgrgeting concomitant with tomer EC transductinnal targeting (Bachtarzt H e ol
201 1), Conditionally replicative adenoviral vectors were used based on tumor angiogenic
factor induced BO profiferatton (Peled M o o 2009 Takavama K e af 2007} Other effints
ceptered on ranseriptional targeting using DNA enbancerpromester clements mduced i
tumor-aetivated ECs either due to growth factor stinulation or tumor microenvirommental
alterations such as hypexia (Dong & er ¢f, 2009; Greenberger S er ol 2004; Savontaus MT e/

al. 2002)
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A recent stady revealed that human “androgen independent”™ PCA C5Cs can be
segregated based on a PSA “low™ reporter expression {Omn of ¢f. 2412), Apother recent study
discoverad that PCA stein like cells directly home 10 the bone marrow {BM} hematopoistic
stem cell (HSC) niche, PCA stem calls both physically and blochemivally mobtleed HSCs
ot of the niche into the more differentiated hematopoietic progenitor call (HPCS pool
{Shiozawa wf @l 20113 This POA stem cell HBC evichon function was controlled by cell
surfice CXCR4. Abrogation of PCA stern cell CXCR4-hone marrow niche SDF1 adberence
by the CXCRE blocker, AMDI T mobilized PCA CR3Cs inte the circulation. Bevond SDF1-
CXCRA4, other igandfreceptor signahing modules such as Wint-Frizeled receptor, deltafiagged
fanmuly Notch ligands/receptors, and sonic hedechog-patched have alt been taplicated in PCA
metastatio growth (Leong and Gao 2008; Takebe ef ol 2011 Ligand decoys have been
generated for many of these receptors (Funahashi ef of 2008; Lavergne of o 2011}, Despite
the extensive research on PCA C8C salation and function, muli-directional deractions
hetween the mélange of hone mche cellulay compovents regulativg CSC mmintenincg, and
metastatic PCA growth have not been investigated in depth.

PCA cells can reach the bone via several routes. In BM, PCA cells can adbere o and
traverse simusoidal BOS {Ghasky 2000}, PCA-EC adbersnee can to be regulated by a
combination of mtegrin a3 and CXCRY chemoking receptor engagement and signaling.

PCA cells express CXCR4 and bone perivascular stromal colls, stnosoidal B

3, osteoblasis,
and mesenchyvmal cells express the UXURS ligand, stromal denived factor-1, SDEF-
FOXCLIZ. Bone colomizing PCA cells can also engage a gene expression progrinm termed
“pateogenic mimicry™ (Chung of al. 2009, PCA cells can upregulate molecides activating
both osteockasts and osteoblasts. Recaptor activator of NFER ligand (RAMKL} can engage is
RANK recepior on osteoclasts 1o stimulate bone resorption. PCA parathyroid hormeone
production can sinslarly stimmibates osteoclasts (Kostenuik et al. 2000, Osteoclastogenesis
snhanced bone resomtion can releass bone matrix bound growth factors such as TOFE that
sctivate both PCA growih and expansion and osteoblasts 1o produce bone muatiix, keading to
increased though abnormal woven bone formation (Thralim et all 2010), Molecules
stimulating angrogenesis such as VEGEF and basic FGF can be released by osteoclasts from
{hae bome matrix, and fom metastatic PCA cells (Mornissey et al. 2008), Collectively, the
growth factor/chenmokine rich metastatic bone nmcroenvironment can eahance proliferation
and upregulate survival pathneays that can faciltate PCA chemotherapeatic resistance

{Sottuk ot al, 2011



WO 2014/201308 PCT/US2014/042204

CSC mobilization has been achieved using smalt molecule receptor inhibitors, but the
effect is global rather than niche targeted. Drops such av AMBGI TG are well tolerated but
present the specter of indiscriminant HSC mobilization complicating tandem cytotoxic
chemotherapy adpminstiation. Enhapced bone metastatic tamer growth doe to AMD3100-
mediated osteoclasioge induaction s another example of globad off—arpet effscts of
systomic administation of stem cell ligand blocking factors (Hirbe et al 2007,

POA C8Cs can compete with host HSPCs for BM niches (Shuowawa e of, 2011
Recent work wsed lneage-marked mice b elacidate the specific cell types controlling bost
HEPC maintenance {Nagasawa ered. 2011 Ding and Morrison 281 3; Greenbawnm ef f.
03} Lineage tracing has yet (o be extensively used to study PCA OSC niche mitgractions,
The cellular niche organtzation and anatomical velationships of the BM have been recently
clucidated. There is a close hgtaposition andfor encirclement of host sinusoidal capilaries by
niche components (Nagasawa ¢f af. 2011}

Past research using antihodies and small molecule drugs has focused on ablating or
inhibiting the process of tumor neovascularization fo starve 8 temor of mutrents and oxveen
However, tamors possess multiple redundant pathvways evading neovascular ablation. Hence,
these strategies bave tn general faded to achreve survival benefils fow cancer patients. Now
does the vascalar ablation approach benefit patients with benign but equally mworbid or lethal
diseases such as autoimmune mammatory discases, bong marrone fatlure, Alzhebmer’s,
amyotrophic lateral selernsis, or muRiple sclerosis,

LIS Patent Apphication 200670009143 7 Antibodies Binding to Hoaman Magic
Roundabout (MR}, Polypeptides and Uses Thereof for Infubition Anglogensis,” (Bicknell ot

al.} describes an antibody that binds o Magic Reundabonsd and an exprossion system in a host

celbusing an sdenoviras with @ promoter. The expression system encodes 3 polyaucivotide
a suitable host cell to produce the antibody or compomnd of the invenion to mabit
angiogenests and all dizeases associaled with angilogenesis usimg expression of a decoy
fragment of the Magic Roundabout (ROBOM) protein, However, this reference 1s silent about
the ROBO4 promuoter.

LIS Patent Application 2010:02223401, “Compositions and Methods for Troating
Pathologic Angiogenssis and Vascular Pormeability,” (Li et al.) descoribes mathods for
producing and sereeming compaunds and compositions capable of modulating the deseribed
signaling pathway inhibiting vascolar permeability, and inhibiting pathologic angogenesis.
The signaling pathway described in the apphication 15 Robod signaling and its ability to
inhibi#t protrustve svents involved in cell migration, stabilize endothebial cell-cell junctions,
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angd block pathological angiogenesis. This application discloses that exprassing Robod using
an adenoviral vector and Robod's expression 15 endothehial-specifie. This apphication does
not teach using an adenoviral vector to target expression 1o endothelia cells by use of the

Robod promoterfenbancer fragment.

VS Patent 8,394 381, “Antibodies, polypeptides and vyes therent,” (BickneH ot al)
discloses a methed of inhibiting angiogenesis in an ndividual in need thersof by
administering an antibody that binds Magie Roundabowt (MR) o a fragment thereo! that
inhibits its endothehat cell magration anddor protiferation,

)

“A three-kilobase fragiment of the human Robwsd promoter directs cell type-specific
expression in endothelium,” (Okada ot ab. Civ. Res, 1060 1712-1732, 2007) describes the use
of the Robod prometer for targeting gene expression from vectors 1o the endothelial cells.

“Derivation of & myelond cell-binding adenovinus for gene therapy of inflammation,”
Aldberti, MLO., etal, PLoS one?:037812, 2012} discloses an adenovirus conprising MEP, and
hinding of vivuses to primary mvelowd cell types. Binding is Hlastrated for peripheral blood,
spleen and hung myeloid cells, However, viral transduction or expression in endothelial cells
is pot disclosed.

A goal of past vascular-targeted therapies was intraturmoral ablation n order o
“starve” the twmor of nutrients and oxygen. However, vessel ablative therapies can render the
tumet icroenvirorument hiypoxic redox stressed. This altered microenvironment can produce
untargeted angiogenic factors either via malignant cell sulotrine production, or from host
bone marrow (BM) dertved cells recruited by endocrine tumoral production. The efficacy of
mtratumoral vessel "nornradization” to increase perfusion and consequently drug and oxvgen
delivery for enhanced radiosensitivity has been questioned by recent studies,

The targeting efficacies and the therapeutic utility of these approaches were affected
by ditferent factors. Some studies were solely performed m culbred ECs {(Nettelbeck DM o7
al, 2001; Yang WY o ol 2006}, Bridgme studies tested in vitro transduced ECs in mixed
tums-EC injections {Mavria G ef ¢f. 2000). Other approsches used direct injection of
vascular-targeted vectors into tumors {Soug W oed ol 2008). These experimental strategies
farled to address the crocial challenge of tunor vessel debivery following svsteric
administration that 1s the preclinical tanslational tvnchpin, Prior work ongaging systemic
veetor delivery predominantly vsed enzymatie luciferase assays of whele tissue that were not
inearly quantitative {(Takayama K e o/, 2007), Studies documenting co-localization

froquently presented “coned down™ high magmification views of single vessels but fatled 1o
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evaluals tumor-wide vascular distribotion { Bachtarat H or of. 2041 Varda-Bloom N er o,
2001, Hasma HE e al 20100

The concept of enzyvmatic conversiom of #n nactive prodrag 10 an active derivative
has been emploved i cancer therapeatios. One approach has been to capitative on host
vettular, or cancer cell overexpression of endogenous prodrug converiing enzymes such as
thvmidylate kinase for capecitabing conversion 0 DNA/RNA nucleotide 5-FU or carboxyd
esterase winotecan conversion to the active topoisomerase infubitor SN38 {(favory etal, 1996,
Hatfield et al. 201 1; Shindol et sl 20111 Another approach has been (o transducs tomor cells
directly by focal injection of Ad vectors encading prodiugeonverting enzyotes such as
thymdine Kinase or eytosing deaminase (CD) (Kaliberov ot al. 2006; Fachita of al. 2009},

Suhsequent studies also detected ROBOY activation in lvmphatie endothelium and in
hematopotetic stem cells {Smith-Berdan § ef @, 2011 Zhang X o7 ¢/ 20123 ROBO4
function has been controversial, ranging from sugiogenesis in zebrafish (Bedell VM er gl
2003), or negative regulation in the mammmary gland (Marlow Roer o/ 2010), 1o vascular
integrity and stabilization {Jones CA ¢/ . 2008}, migration inlubition (Park KW ¢f . 2003}
versus stimaelation (Sheldon H er of, 20099, and repolsion (Koch AW et ¢l 2011 At the
mcfecular fevel, ROBO4 was shown to bud paadhin leading o intubition of Rac activation
and lamethpodial formation via GTTT-GAP Arfd GTRase inactivation (loves CA e of. 2009}
Most of the ROBOY functions were delineated using Sht proteins as presumplive Higands
{Jones CA er ol 2008}, however mors recent work definitively demonstrated the UNCSB
receptor as the ROBO4 hinding partner (Koch AW e/ ol 2011

Prior research has undergone challenges indiscerning the differential upregulation of
endogensus ROBOY expression in tumor activated versus guisscent endothehium because
mist localization studies have used enzyme roporter genes (Okada Y ef ¢f. 2007 Jones CA ¢
al, 20083, though ROBOY has been imphicated as a marker of activated endothelnmm
(Flumimiecki L ef ¢f, 2002, Seth P er od, 2005).
Sunumary

The present mventors have developed methods and compositions that make use of the
intact vasculatore and the endothehal cells (BCs) contained therein as vehicles for debivery of
therapentic agonts in benipn and malignant diseass In various embodiments, adenoviral
vectors arg farpeted to vascular eudothelial cells. In some configurations, the endothelial cell-
targeted adensoviral vectors can provide sngiocnne funetions and thus can be used o treat
malignant and benjgn diseases. In various embodiments, transgene-carrying adenoviral
vieetors of the present teachings inchude the following: 1) adenoviral vectors which selectively

7
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enter {ransduce snddor are exclasively expressed in vascalar BOs; 21 adenoviral vectors
comprising ransgenss which encode prodrug copverting enzvimes which produce active
cytotoxic chemotherapy drags following inactive prodrog admimsiration 3} adenoviral
VECIOrS ROmMprIsing transgenes that convert prodrags or elaborate conversion product
molscules that are seureted by ECs into the fissue microenyvironments, 4} adenoviral veotors
comprising trapsgenes that are expressed in BCs and activate BC surface molecules to affect
celfular function inan adjacent nucroenvivonment, §) adenoviral vectors comprising
transgenes that inhibat nflammation by sequestration of chemo- or oytokines, or encode
madeculos stimulating dissggregation of plague formation i Alzbeimer’s or sther benign
diseases.

i vartous ersbodiments, the presest eachings make ose of the fact that the
vasculature provides widespread access to diseased tissue. Iy addition, the vascular
endothelial cells are in close approximation of target cells within diseased tissus allowing
incrgased and more smcific targeted dosing of therapentic agents. Furthermore, the vascular
endotheinnm i the fivst cell typeforgan enwcountered by adenoviral vectors. Thus, systenne
intravenous or intraartertal vector injection can target vascuwlar endothebiom prior to uptake in
nonvascular cells in organs sod tissues. In sone embodiments, endothelial tarpeted
adenoviral vectors can be engineered for cargo gene expression that can be resiieted w
disease tissue nuoroenvironments. The microenvironment can include different cell tvpes

addition t the discased cails. Ancillary cell tvpes can welude fibroblasts, inflammatory cells-

myeloid cells, macrophages and hvmphocyies, and fibroblasts. Collectively the crosstalk
between diseased cells and-the sncillary cellalar collection can changs the tissue
nicroenvironment. Such changes can inclade low oxvgen, low pH- hugh acidity, aliered
reghios potential, and intracelbular stress, There can alse be DNA regulatory regions-
enhancerpromoters that are solely activated by one or more diseased tissue
microenvirommental altevations. I vanous configurations, enhancer/promoters can be
gngineered mto adenoviral vertors & icrease iransgens expression in diseased compared o
nonma! tissue specificity.

In various embodiments, endotheliab-tareeted adenoviral vectors of the present
feachings can be applied to 3 varety of diseases, inchuding, without Bnitation, the fotlowng:
Canver, such as solid organ primary site {site of origin} cancer, in particular bran
cancer; solid organ metssiatic cancer, including bat not limited o bong, lung, hver, and
Typb nodes, ocealt cancer metastatic maging, hematopoietic cancers, nclading maltiple

myeloma, leukemia, lvmphoma.
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Benmgn diseases, such as inflamatory diseases icluding but not himsted o
rheumatoid arthritis, atherosclerosts, psoriasts, Croha's dissase, ulcenative eolitis, Type |
{uvenile onset) dinbetes, i;‘d‘immnatsrsa}’ and degenerative contral nervous system disenses
including but nol Innited 1o Alehenmer’s disvase, moliiple sclevosts, Parkinson’s disease,
amyoirophic lateral sclerssig; osteoporesis via endothelial angiocrine osteockast inhibition
slone or combined with concontitant angioenne osteoblast stimulation, vascular
wsufficiencyischomic disease moluding but not finited to: coronary artery discase, fower
Hmb arteniosclerotic vascolar insefficioncy (peripheral vasculay disease), ischemie stroke,
UNS diseases inchuding bot not fimited to corebwal vasospasm folfowing subarachnoid
hemorrhage.

fn various ersbodiments, the preseat teachings wnclade an adenovires vector
comyrising 4 ROBO4 ephancer/promoter operatively hinked to @ transgene. In various
configurations, the transgene can encode & prodrug converting enzynre. {n varous
configurations, the prodrug converting enzyime can be a oviosing desminase. In various
configarations, the transgene can encode a decoy seceptor, such as, without Endtation, &
decoy receptor that binds at least one angioerine factor. In various aspects, the transgeng can
encode g truncated UXTRA receptor. In some configurationy, 8 ROBO4 eohancer/promoter of
the present teachings can comprise a tissue-specific expression contral element. In some
configurations, a ROBOY exhascer/promotey of the present teachings can comprise a Tet
response element. In some configurations, 3 ROBOY enhanver/promoter of the present
teachings can comprise g hvpoxia-response element. In some configurations, a ROBO4
enhancerpromoter of the present teachings can comprise a8 GABP-binding element.

o various embaodiments, the present teachings include an adenovirus veglor
comprising a chimeric ADST4 phage fibritin shafl, a trimenization domain displayving a
heprapepide, “myeloid cell-binding peptide™ {MBP), and 8 ROBO4 enhancer/promoter
aperatively inked to a fransgene, AdMBP includes MEBP displayed at the tip of a “de-
knobbed” chimeric Tiber (Muro, 8., of al. 2004; Albert, MO, ot sl 2012} This vector was
shown o bind specifically to myeloid cells ex vivo but predominantly transduced lung
vascular endotheliom following systemic adnunistration. {(Albertt, MO et al. 2013} In
various configuratinns, the transgene can encode, without linvitation, 8 reporter, such as a
green fluorescent protein, or a prodrog comverting enzyme, such as, withowt Hmitation, a
cytosine deantnase. In vanous configurations, the transgene can encode o decoy receptor,
such as, without hmitation, 8 decoy receptor that binds at feast one angiocrine factor. In
varioys configurations, the ransgens can encods a trencated UNCR4 receptor,

Q
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in varjous embodiments, an AAMBPR of the present teachings can provide widespread
EC transduction ir organs such as long, heart, kidney, skeletal muscle, pancreas, small bowed,
and brinn. Accordingly, in some embeodiments, the present teachings provide molecular
access to hitherto maccessible organs including braln, small and large bowel mucosy, kidoey

slomerali, medulla, and papilla, skeletal muscle, and cardiae sebendovardiom and
awvocardium. Thus, in vartous embodiments, a vector of the present teachings can be used for
targeting many prominent and vexing human diseases.

In various configurations, A MBP can retan hepatooyie tropism albeit at a reduced
frequency compared with standard AdS. In vanious configurations, Ad.MBP can bind
specifically to myeloid cells ex vivo. In various configurations, molti-organ AdMRBEP
exprssion 15 not dependent on civculating momocyies or macrophages. In various
conligurations, Ad MBP dose de-escalation can maintain fild} hug tasgeting capacity but
drastically reduced fransgene expressiom i other organs. In varions condigurations, swappmg

the EC-specific ROBO4 promaoter for the CMV promwoter/enbancer can abrogate hepatocyts
expression and can also redace gene expression i other ovgans.

n vartous embodiments, the present teachings include methods of expressing a
fransgene in an endothedial cell (ECY in viva Ino various configurations, the methods can
comprise administering to a mamnal an adenoveiras comprising a ROBO4 enhancer/prowmoter

operatively hnked to 3 transgene. In various aspecis, the transgene can encode a prodrag
converting enzvime, such as, without linutation, a oviosine deaminase. In various aspegis, the
fransgene can encode a decoy receptor, such as, without Bmation, a decoy receptor that
binds at least one angocrme factor, In vartons aspects, the ransgene cay encods @ truncated
CXCRS receptor,

hvarious embodiments, the present toachings inchade methods of motalizing at least
one of granuloovies, monocyies and lymphoovtes from bone marrow. In various
configurations, these roethods can include admivistering to a manunal an adenovires
comprising a ROBOY enhancer/promoter operatinnally Hked 0 a transpene encoding a
truncated CXCR4 recepior,

In various embodiments, the present teachings inchude methods of mobilixing cancer

cells in vive. In various configurations, these methods can include administering to a
mammal an adenovirus comprising 2 ROBO4 enhancenpremoter operationally hnked o a
transgene encoding a truncated CXCR4 receptor. Tn vanious aspects, the cancer cells can be

comprised by bone mavvow (BM).
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In varjous embodiments, the present teachings imclude methods of selectively
targetmg endothelial cells. In various configurations, these nrethods can comprise
administering o a manwmai an adenovirus, wherain the adenoviras comprises a chimeric
ADST4 phage fibrithn shaft and & rnimerization domain displaving a myeloid cell-binding
peptide {(MBPY, and an exogenous promotsr operatively Iinked to & transgene: In varions
configurations, the exogenous promoter can be or can comprise or consist of a ROBO4
enhancer/promoter, In various configorations, the sxogenous promoter can be or ¢can
connprise or consist of & Tetresponsive slement. In various configurstions, the exogenous
promoter can be or can comprise or consist of a hypoxia-responsive eloment. Dy various

configurations, the endothehinl cells (ECs) can be sefected from the group consisting of hrain

ECs, kidoey ECs and muscle ECs. In various configurations, the transgene can encode a
trancated CXCR4 receptor,

In various embodiments, the present teachings inclade methods of treating a cancer.
In vanous configurations, these wethods cap comprise admibnistering o a mammal an
adenovires conynising 4 chimeric ADS- T4 phage fibvitn shaft and trimenzation domain
displaying & myeloid cell-binding pteptide (MBP)Y and a nucleic aaid sequence encoding a
truncated CXCRS receptor, and administening a chemotherapeutic agent. In vanious
configurations, the adoinistration of a chematherapeutic agent can Comprise or comsist of
admunistering a therapeutically effective amoont of the chemotherapentic agent.

In various embodiments, the present teachings include use of an adenovirus veotor
comprising a ROBOY enhancerspromoter operatively linked to g transgene for the treatment
of a disease such as, without limitation, a cancer, such as sohd organ mrimary sile (stte of
origing cancer, i pariicular bratn cancer; sobid organ metastatic cancer: including but not
Hmited to bone, lung, Inver, and bymph nades; ocoult cancer mctastatic imaging;
hematopoietic cancers, includimg multiple myeloma, leakemia, or tymphoma. In varfous
smbadiments, the prosent teachings include use of an adenovirus vector comprising 8
ROBOY enbanver/promoter operatively hinked to @ trunsgene for the treatment of a discase
such as, without Himitation, a benign disease, such as, without Hmitaton, an inflarmmatory
diztase such as theumatord arthritis, atherosclerosis, psoriasis, Crohy's disease, aloerative
colitis, Type 1 (uvenile onsel) or diabeles, In various embaodiments, the present teachings
nchude use of an adencviras vector comprising a ROBOA enhancerfpromoter operatively
fimked to 2 transgene for the treatment of o disease such as, without Timitation,an
inflanunatory and degenerative central vereous system disease such as Alzbeimer’s disease,

multiple sclerosiy, Parkinson’s discase or amvotrophic fateral sclerosts, In various
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embodinments, the present teachings nchude use of an adenoving vecior congwising &
ROBO4 enhancer’pramater operatively linked fo a ransgene for the treatment of a disease
such as, without hnitation, osteopornsis via endothelial angiocrme ostenclast inhibition alone
or combined with conconutant angiocring osteoblast stimalation. In various embodiments,
the presamd eachings nelude use of an adenovivys vector comprising o RO
enhancer/promoter operatively hinked (o a transgens for the treatment of a disease such as,
without himitation, a vascular msufficiencydischemic disense such as coronary artery disease,
fower b arteriosclerotie vascutay insufficiency (peripheral vascular dissase), or ischemic
stroke. In varions embodiments, the present teachings include vse of an adenevirus vector
comprising a ROBO4 enhancer/promoter operatively hnked to a transgene for the trestment
of a disease such as, without Hmtation, g CNS disease such as cerebud vasospasm following
sabarachaod hemorrhage.

In various embodiments, the prosent teachings include methods of treating a disease
or disorder that activates angiogenesis in villons endotheliam. In various configurations,
these methods can comprise administering to 3 mammal an adenovirgs veclor Comprising &
ROBO4 enhancer/promoter operatively finked to a ansgene. by some configurations, a
disease or disorder of these embodiments can be selected from the group consisting of
mflanwnatory bowel disease regional enteritis, inflammatory bowel disesse of the colon,
ndection with toxim producing bacteria, and colon cancer precarsor legions of multiple
patvposis. {n some aspeets, 3 ranszene of these embodiments van encode a secreted anti-
inflammatory cytokine decoy. In some aspects, a decoy can be selected from the groap
comsisting of soluble TNFalpha receptor, single chain anti-<dL 1, single chais ant-1117
antibody, 8 bacterial anti-toxin, and an RNAL molecule ivgeting gene product induced by the
activation of the WNT pathway it muitiple polyposis. In some corfigurations, the toxin-
producing bacteria can be selected from the group consisting of lostridivm Jifficile,
Closteidiven botelipu, and Migella,

In some embodiments, the present teschings discloss methods of freating an
inflammatory ONS disease in g mammal. In various configurations, these methods van
comprise administenng © the mammal an AdMBP.OMVY vector encoding a oytokine decoy.
In varfous configurations, the inflammatory discase can be selected from the group consisting
of amyotrophic lateral selerosts and multiple sclerosis,

fn some embodiments, the preseat teachings disclose methods of treating ¢
degenerative disease in a mammal. In various configrations, these methods can comprise
administering to the manmmal an Ad.MEBP.CMV vector encoding g eyvtoking decoy. In various
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aapects, the degenerative disease cam be selected from the group consisting of Alzheimer’s
disease and Farkinson’s disease.

i sone embodimentis, the present teachmngs disclose methods of stimuolating appetite
i 3 mammal. o varous conflzurations, these methods can comprise administering to the
mammal an Ad MBPOMY vector sncoding 3 seoried molecule that affecis the
hypothalamic appetite nucle,

In somne embodiments, the present teschings disclose methods of inducing satiety in a
sagnal. Invarroas configurations, these methods cay comprise administering 1o the
mammal an AdMBP.CMY veotor gncodimg a seereted molecule that affects the
hypothatanic appetite nuclel.

i some embodiments, the prosent teachings disclose methods of teating
myelodysplastic syndrome in a manumal. In vanious configurations, these methods can
comprise administering to the mammal an AARGD HSHI ROBOE vector, wherein the
ALRGDHYHI ROBO4 vecor produces at least one anti-inflanunatory molecule.

In some embodiments, the present teachings disclose methods of treating a genetic
disease selected from the group consisting of hemophilia and sickle cell anemia in 8 mammal.
{n various configuraiions, these methods can comprise adnunistering {0 the mummal an
Ad RGD HSHI ROBOY vector, wherein the Ad ROTIHEHI ROBOY vector produces at
feast one anti-inflammatory molecuale.

In sorne smbediments, the present teachings disclose methods of treating s cancer in g
manunal. In varoos configurations, these methods can comprise administering fo the
manunal an AdRGD HEHI ROBOA vector, wherein the A RGD HIHI ROBCH vector
produces at least one molegule selected from the group comsisting of & mndecule that
mabilizes metastatic cancer or letkemic stent cells and a molecule prodweing a
chemotherapeutic prodrug converiing enzyme.

In various emhodiments, the present teachings include an adenovirus vector
comprising a ROBQOY enhancer/prontoter operatively linkad to a transgene fiw use in the
trostment of 2 disease such gs, without limitation, a cancer, such as solid organ prisoary siie
{sile of origin) cancer, in particular brain cancer; sobid organ motastatic cancer: including bat
not hmated 1o bone, fung, Hver, and bvmph nodes; ocoult cagcer metastatic maging;
hematopoletic cancers, mcluding multiple myveloma, leukemia, or lvmphoma. In various
embodiments, the present reachings mclude an adenoviras vector compmising a ROBO4
enhancerpromoter operatively linked (o a transgene for use i the treatment of a disease sach
as, withoul lmitation, a benign dizease, such as, without himitation, an iflamnatory disease

!
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such as rhewmatoid arthritis, atherosclerosis, psoriasis; Crohm’s disease, vlcerative colitis,
Type 1 Guventle onset) or diabetes, In vanous embodiments, the present teachings lnelude an
adenovitug veotor comprising a ROBOY enhancer/promeotar operatively finked to a fransgens
for usein the reatment of & disease such as, without Bnudation, an inflammatory and
degenerative central pervous system disease such as Alzheimer’s disgase, nuidtiple sclernsis,
Parkmson’s disease or apyotrophwe ateral selerosts, In varfous emboditnents, the present
teachings include an adenovivus vector comprising a ROBOY enhancur/promaoter operatively
Hnked to a transgene for use in the freatment of a disease such as, withoot hontation,
osteoporess vin endotheliad angiooring ostecclast indubitiony slong oy combingd with
concomitant angrocrine nsteoblast stimulation. In various embodiroents, the present
teachings 1nclude an adenovirus vecior compnising s ROBO4 enhancer/promoter operatively
{inked to @ transgene for use i the treatment of a disease such as, withowt limitation, a
vaseular insutficiency/schemie disesse such as coronary arfery disease, fower lmb
grieriosclerotic vascolar insufficiency {peripheral vascular disease), or ischernic stroke. In
vavtons embodiments, the present teachings include an adenovinus vector comprising a
ROBO4 enhancer/promoter operatively linked {o & ransgene for use in the treatment of a
disease such as, without linntation, g UNS disease such ag cerebral vasospasm followmy
subargchnmd bomorrhage.

In various emvbodiments, the preseat teachings inclade usse of an adenovinus veotor
comprising a ROBO4 ephancer/promoter operatively hinked to a transgens fow the
mangfacture of 3 medicament 1o treat g disease such as, withoet Hmitation, 8 caneer, such as
solid organ privnary site {site of origin) canger, in particular bvaln cancer, a solid organ
medastatic cancer ncluding but not Thsited to bone, fung, Bver, and fvimph nodes, occult
cancer metastatic maging, # hemalopoictic cancer, including multiple nyveloma, leukemia, or
fyiphoma. In varicus embodiments, the present teachings include use of an adenovirus
vector comprising 2 ROBOY enhancerpromoter operatively linked 1o a transgene for the
manufacture of a medicament to treat g disease such s, without limitation, a beaign disease
such as, without Himitabon, an inﬁarmnah:wy disesse such as rhoumatnd arthritis,
atherosclerosts, psoriasis, Crobn™s disease, uleerative colitis, Type | {huvenile onset) or
digbetes, In various embodiments, the prosent teachngs inchude use'of an adenovivys veotor
comprising a ROBOYG enhancer/promoter operatively Hinked to a transgene for the
manmfactore of & medicament © treat a discase such ag, without Envtaton, sy inflamatory
and degenerative central nervons svstern disease such as Alzheimer's disease, mudtiple
selerosts, Parkinson’s disease ov amyotrophic lateral sclerosis. Iy varicus smbodiments, the
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present teachings inchude wse of an adenovives veotor compuising a ROBOY
enhancerpromoter operatively linked 1o a transpene for the masufactore of 3 medicament to
freat g disease such gs, without Hmitation, osteoporosis via endothelial angiocrine osteoclast
inhilntion alone or combined with concomitant anglocnne osteoblast stimudation. 1o various
smbodiments, the present teachings iclude use of an adenovivus veotor comprising a
ROBO4 enhancerpromoter aperatively Hinked 1o a wansgene for the manufacture of a

medicament to freat 8 disesse such as, without Hinitation, a vasculsr insutficiency/ischenmic

discase such as coromary artery disease, lowsr b arteriosclerotie vascalar wnsufficicney
{peripheral vascular diseasel, or ischemie stroke: In various embodiments, the present

teachings mclude use of an adenovirus voctor comprising & ROBO4 enhancer/promoter
operatively hinked to 8 transgene for the manufacture of 3 medicanent o treat & disease such
as, without bontation, 8 ONS disease sach as corebral vasospasm following subarachnmd
hemuwrhage,

Brief Deseription of the Drawings

FIOS, 1A-1B Hostrate AROBOS-EGEFP ‘ﬁxpi‘ess.i‘;m sh{m‘ing upt't‘gﬂimi{)!} of emiogezmus
kudney Nihﬂiup!t, {KO} and subeutaneous {5C) xenopraft tunors derived from 786-0 renal
cell carcinoma cells probed with ¢ polyvelonal ROBOY antibody. FIG. 18 fllustrates
densttometry of ROBO protein expression sormalized to the endothelial cell (EC marker
VE-Cadherin reveals mduction i tumors from both locales,

FIGS. 2A-2C Hlustrates vascolar restricted ROBO4-divected reporter expression in kidoey
orthograft and subcutaneous beterogralt humors. Injection of 1 531 AdSROBOS-EGEP
{ROBO4Y or AdSUMV-EGEP (CMVY viral particles {vpy in BUAR transgenic: Rag2 KGR O
micr producses extensive and intense reporter pene expression localized 1o microvessed
endothehal cells in FIG. 2A subcapsular kidoey orthotopie (KO, andn FIG. 2B
subcutanecus (SO} xenografls. FIG. 20 dlastrates immunoblods and denst l.omet.ry sormalized
to either b-tubulin or VE-Cadherin reveal elevated EGFP reporter protein expression i bath
types of wmor, “K7, host kidney, arrow, glomerular tulls, arrowheads and “T7 mark tumor
boundaries in left panels whereas arrowheads indicate endothetial tip cells n right upper
ROBO4 paneds i FIG 2A and FIG. 2B Magnifications; 40X and 200X; Red,
endemueindUDAT cockital; Green, EGFP immunofluerescence. In FIG. 2 and subsequent
drawings based on nudi~-color originals, gray-scale versions of cach color chamel {red,
green and blog) are shown, as well as a composite gray scade that combines all 3 (RGB)Y color
channels. In cach case, the top left paned i the red channel, the toyr right panel is the blue
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channed, the bottom left panel is the green channel, and the bottom right channed is the
COMmposite.

FIGS, 3A-3D iflustrate that AJSROBO4 can mranseriptionally target metastatic sndotheham.
RO -dirsoted expression also differentially detected in ciroumferential microvessels
imediately adiacent (o ovaram follicles, asterisks in FHG. 3A and FIG. 3B, butnot in
stromal microvessels, AGSROBOY-directad expression is also evident in most microvessels
within # peritoneal 786-0) renal cancer metastasis comparad 1o nearly andetectable expression
iy adiacent bost fallopian tobe microvessels, asterisks, (FIG. 300, Magnification of FRE 3A
and FIG. 3B 40X, FIG, 3C 200X, FIG, 31 100X, Red, endomueindCD31 cockiail; Green,
EGFP immunofluorescence wn FIGS. 34, 30, and 3D, FIG. 3B EGFP fimmunchistochenusiry
and hematoxvhin counterstain,

FIG. 4 illustrates ADS vector expression i g bost organ panel in tamor bearing
RCARRag2KO¥KO compostie mice. Magnification: 10X Red, endonucinsCD3 cocktail;
Green, BOFP mnunofiporescance.

FIGS, 5A-3B tlastrate that warfarin pretreatment detavgets Bver sequestration. FIG. 5A
ltustrates widespread bigh-fevel hepatocyte BGFP expression in tumor bearing Rag?KOKO
mice hyjected with Ix10! vp AGSCMYLEGEP. FIG. 58 tHlustrates warfarin pretreatment, 3
mgdky, on day -3 and -1 prior to vector injection at day O markedly decreases the frequency
of hepatocyte BGPFP expression. Warfarin pretreated detargets Bver sequestration. Red:

C3 Vendomucin, Green: BGEP, Blue: DAPL AL 10X, B, 200X,

FIGS. 6A-68 tlastrate warfarin Hver detargeting m Rag2KOMKO nvce increases the
enclothelial specificity of the ADSROBGY compared fo the ADSTMY vector, Fig. 8A
lusirates injection of Ix10Y vp of AdSROBOL-EGEPR into mice sans the hCAR fransgene
essentiaily abwogates endothelial expression in all orpans sxcept for liver and spleen, F1G. 6B
lustrates imonmoblotting corroborates trace detectable host organ EGFP protein expressum
i all host organs except fur fiver and splesn, Wi-3 velicle iypected mice, W1 mice treated
with day ~3/-1 warfarin prior to veetor injection. Magaification 100X, Red, endomuchyCD3 |
cockiail; Green, BEGEP.

FIGS. 7A-TC Hlostrate warfarin Tiver detargeting enhances tumor neovascular endothelial cell
spectficity of the A4SROBO veetor, The AASROBO vector mediatad spovadic but easily
detectable tumor endothelial cell EGFP immunofluorescende in both FIG. 7A orthotopic and
FIG. 78 seheutancous 786-0 tamors grown i vehicle-treated Rag2KOKO mice. FIG. 7C
Hustrates that EGFP invnoenoblotting and densitometry reveal warfarin-mediated reponter
sxpression in both tumor types concomtant with decreased hver expression. Arrowheads:
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wumor-kidaey boundary, rectangle: area of low power image detailed i adjacent paned.
Magnifications: 40 and 100X Red, endomucin/CD31 vcocktail; Green, EGFP.

FHGS, BA-EB illustrate AGSROBO4A retargets tiver expression i hepatie BCs following IV
injection. FIG. BA dhostrates ASCMVEGEP, FIG. BB flustrates ADBSROBO4-EGEP,

Red/ Green/Blue as above. Magmiication PIG. 8A 100X, FIG. 8B 200X, An embodiment of
the BEC targeted Ad vector can detarget the hver for transgene expression.

FIGS. 8A-9C Hlustrate AASROBO4 tumor EC expression. Red: CD3Vendomucin,

Green: BGEP, Blue: DAPL PRI 9A ustrates suboutancoas TR6-0 tumor, FIG, 98 and FIG.
¢ llusirate “Krukenberg” intra-ovarian TH6-0) mefastases. Arrowheads: tumors, Asterisks
host ovarian follickes. Red/Green/Blue as ahove, Magnification FIG. 94 and FIG. 98 100X,
FIG. 9C 200X, Tamor BEC expression bias produces widespread intratumoral EC expression.
FIG. 10 lustrates AASROBOS-EGFP intra-, and peri-tumoral marrow expression in an HGR-
Caltl tibial metastasis. Green line cutlines proximal tibs! tumor, Red: CE3 endomugin,
Green: BGFP, Blue: DAPL 100X,

FIGL H dlustrates BC angioorine-targeted Ad vector strategy.

FiG. 12 Hustrates fornar BM from a CXCLI2-GFP mouse. Investment of bone siausoidal
vaseuhsr BUs by CAREGEP cells. The ECs (Red) are vosheathed by OUNC12- Abundant
Retcular (CAR) cells (Green). Blag: DAPL 400X,

FIG. 13 tHustrates an embodiment of an BC targeted prodvug-converting sazyme Ad vector
AdSROBO4-DUDDI A,

FIG. 14 lostrates vector and dose speoific toxieity.

FiG 13 dlostrates focal bone marrow ablation mediated by ABROBO4-LUD production of
3L fedbonwing 580 SO0 mgdg BID 1P, Red: CD3 Vendomucn, Greew BEGEP, Blug: DAPL
100X,

FIG. 16 iHlustrates Hneage reporter ransgenic mice.

FIG, 17 dhustrates strategy Tor simpdiancous quiescence teatimg of PCA C8Cs and host stem

¥

colls.

FIG. 18 lustrates metastatio mplantation inbibition by hver targeted the AdUMV-
SCXNCRASDFY hipand decov.

FIG 19 dlustrates a diagram of an erabodiment of an EC-targeted AdS SRET hgand decoy.
FIG. 20 iHlustrates ADSROBO-sCXCRS mediated blood and spleen hematopoietic
mobitization i C57mice. B: blood, St spleen, BM: bone marrow,

FIG. 21 stlustrates strategy Tor NOTCHWNT patheay sctivation.
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FIG. 22 tostrates polvosstronic DNA for creation of 4 gutless, “theranostic™, Ad vector
embodiment.

FIGS, 23A-23C iustrate tncorporabon of MBF into AdS inoveased viral gene expression
vasoular beds of multiple host organs. FIG. 23A dlastrates mmunolluorescenve microscopy
analysis of vector BGFP expression in host organs following intravenous injection of Ix104
viral particles (vp) of AAMBPE.CMV nto adult CE7BLAY mice. FIG. 238 dlustrates BGEFP
fluorescence per po of tssue seetion area (F, fluorescence intensity) in each organ derived
muce {13 for hiver, spleen, heart, kidoney, muscle, small bowel, and braing 107 for lung,
pancreas, and large howel). FIG. 230 iilustrates the percentage of vascular BC ares
expressing BEGFP incach ovgan devved from AdSCMVanjected mace {n=4 for all organg)
versus that from AdMBPR.OMV-injected mice (n=10 for beart, kidney, muscle, small bowel,
and bradn; 07 for lung, pancreas, and large bowel). Bar graph 15 mean +4 standard deviation
gsterisk: adjusted p<0.05. Magnification: 100X, Red: endomucindCD3Y, Green: EGFP
tarwefluorescence, Blue: DAPL Lt biver, S: spleen, Lag fung, H heart, K kidney, Mt
muasscle, Propancreas, SBL small bowel, LB large bowel, B: brain.

FHGS, 244248 Hustrate that wartarin pretrestiment reduced Ad.MBPOMY hver tropism but
did not alter gene expression i other host organs. FIG. 24A llastrates warfarin, 3 mekg, on
day -3 and ~1 before vector injection dinnnished hepatocyvie expression but did not change
tansgene expression in spleen. FIG. 248 lustrates EGEP fluorescence per wn® of tissue area
in each organ derived from warfanin-treated mice {n=3 for all organs) normalized ag
percentage of the mean vahie of vebicle-treated or untreated counterparts (o1 for hiver,
spleen, heart, kidoey, muscle, small bowel, and brain; w7 for lung) with standard deviation.
Spleen (8, lung (Lu), heart (), Xdney (KD, muscle (M), soiall bowel (SB), or brain {13}
Asterisk indicates adjnsted pdQLO8. Magmitication: X, Red: CD3Vendomuan, Green:
EGEP snmumotluorescence, Blge! DAPL

FIGS. 23A-25C tllustrate that systemie sdministration of a low dose of Ad.MBP.UMYV into
sdult nuice produced differcntial snd non-linear reduction m gene sxpression n host organs.
FIG. 23A llustrates BGFP expression n host Hiver, spleen, fong, and brain following
mtravenous mjection of 1P o 25108 vp ot A MBP.CMY o adult mice, FIG. 258
iHustrates BGFP fluorescence per wn® of tissue aren in each organ derived from the fow-dose
group (v=0 for cach ovgany. FIG. 250 iHustrates normoalization of the tissue BGEFP
fluorescence intensity values in FEG. 238 to the mean value of the high-dose counterparts.
Astorisk indicates p=0.03. Magnification: 100X, Red: endomucin’CD3 | Green: BOEFP
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irmumoiiorescence, Bluer DAPL L bver, 57 spleen, Lae tung, H: heart, Ko kidney, M
rasele, Propancreas, 8B small bowel, B: bram.

FIGS, 26A-208 Hustrate that depletion of cireulating monocytes and bepatic and splenic
macrophages lead to anjnorcased A MBP.OMV gone expression in the lung without a
sigmificant change in gene expression it other organy. FIG. 20A dlusirates representative
fHow evtomeiry plots (lefl paved) quaniifying the FSC-high/SSC-low/CDT th-posinive/CD4S-
positive monocyie population in civenlation. FIG, 268 ilhustrates BGEFP fluorescence per pm®
of tssue areg in sach prgan derived from the saline-injected mice (= 7 for liver, sploey,
heart, kidney, musele, pancreas, small bowel, and brain; o4 for lung) versus clodronate
liposome- fnjected mice (8 for Hver, spleen, heant, kidney, pancreas, small bowel, and
brain, =7 for muscle; o § for hung), Liver (L1, spleen (8), beart (H), kidney (K, muscle
(M), pancreas {(P), smiall bowel (SB1, or brain (). Asterisk indicates adjusted p<0.05.

FIGS. 27A-278 ilhustrate Ad MBP ROBO4 detargeted hepatocyie expression bt reduced
levels of vascular BC expresswon in other bost organs. FIG. 27A sHlustrates BEGFP expression
following intravencus injection of Ix101 vp of A MBP.ROBOY into adult mice. FIG 278
iltustrates the BGFP-positive vascular area analvsis was performed as shown i FIG, 23C
Magnification: HHIX, Red: endomucin/CD3, Oreeny BGFP immunoiiuorescence, Blue
DAPL L hiver, S: spleen, L lung, W beart, K- kidney, M muscle, 5B: small bowel, LB
farge bowel, B brain.

FIGS. 28A-288 illustrate that meorporation of MBP mto AdS detargeted the virus from bver
hepatocyies, modestly increased gene expression i spleme marginal zone, and markedly
enhanced gene expression in all regiony of the brain, FIG. 28A Hlustrates EGFP expression in
Hiver and spleen following intravenous injection of 1x10M vp of AdS.CMV or AAMBP.CMV
inte adull CSTRLAGS mice. FIG. 288 dlustrates immunofluorescencs microscopy analysis of
EGRP expression i diffevent regions of the brain following intraveneus injection of 1x10Y
vir 0f AdMBP.COMY wnfe adelt C37BLGT mice. Magnification: 106X, Red:

endonmuchiyCE3 T, Green: BEGEFP immunofluorescence, Blue: DAPL

FIG. 26 ilustrates that AAMBP.OMY selectively targeted vascular BCs but not pericyvies in

muitiple host organs. High-power magmiieation EF] nucrograpbs of tssue sections co-

stained with an endomocin/CD3AT cocktail (top panels) and an EGFP antibody localized
Ad MBP.OMY transgene expression fo vascular ECs by the i lung, hewrt, kidoey, muscle,

srall bowel, large bowel, and brain. Magmifications 400X, Red: C 3 endomacin for top-

rowe panels, PRGERE for puddle-row panels, and NG2 for bottom-row panels, Green: EGFL
imrnenofluorescence, Blue: DAPL
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FIG. 30 tostrates ALMBPR.OMY targeted cell popudation(s) distinet from CDES-positive or
Fdi80-positive calls in most bost organs. Magnitication: 408X, Red: CD43 fiw top-row panels
and F4/80 for bottome-row panels, Green: BGFP immunofluorescence, Blue: DAPL

FIG. 31 ihustrates depletion of hepatic and splenic macrophages by clodronate Hposomes.
Micrographys shoaw ARG sxpression m Hver and spleen from saline-treated mice (veh) or
clodronate lposome-treated mice {clod). Magnification: 100X, Red: F4/8Q, hlue: DAPL
FIGS. 32A-32F ilustrate induced expression of AdMBP ROBO4-EGFP and

ARG ROBO4-EGEP vectors fnregton of chemia-reperfusion (KR} in a syture mouse
madel, FIG32A iftustrates AdMBP ROBO4 expression i the loft ventricubar UR region.
FiG. 338 Hustrates A MBP.ROBOY expression n fefl ventricular septum. FIG. 32C
Hustrates AMBP ROBO4 expression n right ventricular free wall FIG. 320 flhustrates
AdRGD ROBOM expression m left ventricudar FR vegion. FIG. 32E Hustrates

AARGD ROBO expression in left ventricular septunt. FIG, 32F illustrates
ALRGD.ROBO4 expresston in right ventricolar free wall, Redr vascular endothelial specific
tnrwefluorescence using & UD3 Vendomuc antibody cocktail, Green: EGFP
immmotuorescence, Blue: DAPE nuclear stain. Magnification: 40X.

Fia. 33 flustrates AdMBP ROBO4-EGEP expression 1 the vascular endothehom of the
adductor (high) nwscle followmg hindlimb ischenua secondary 1o femoral artery ligation,
Red, Green, Blae as in FIG. 32, Mag: 40X

FIGS. 34A-34C illustrate adenoviral vector expression focalized within angiogemic villi in g
small bowel resection {SBR) model. FIG. 344 fHustrptes mice jecied with

ALMEBP ROBO4-EGEFP five davs post sham surgery. FIG. 348 illustrates endothelid and
possible Iymphatic sxpression of the same vector in angiogenis villi post SBR. FIG. 34C
iltustrates high power vigw of villous 1 FIG, 348 (arrowhead) showing coloalized vegtor
fransgene expression i angiogenic sprowting endotheliom {arrowheads indicate sprouts).
FIG, 344 and FIG, 348 100X, FIG. 34C 400X,

FIG. 35 Hlustrates AAMBP.OMY vector expression in the vascular endothelium surrounding
the hypothalanms (encircled). Red, Green, Blue as in FIG. 32, Mag: 40X,

FIGS, 36A-36C iltustrate expression of AARGD HSHY vector within the vascudar
endothelium of buman postate brain metastases in a mouse. FIG. 364 illustrates a

hustedogical section that is adjacent to FIG. 36B. FIG. 36C ilustrates  prostate brain

metastases i another mouse. Asterisks denote metastases, cross umnvolved brain. Red,

Green, Blue as v FIG. 32, Magr 100X



WO 2014/201308 PCT/US2014/042204

FIGS. 37A-378 ilastrate ADARGD HYHI ROBOE vector expression in bone mirow
sinnsoidal endothelim. FIG. 37A Hlustrates cortical bone marrow in bone shalt, FiG. 378
ustrates trabecualar bone marrow near bone end and cartilaginous plate. Red, Green, Blue as
in FIG. 32, Mag: HHIX,

FEGS, 38A-380 sllustrate expression of AARGDR ROBO4-EGFP m a IGR-CaP1 human
prostate cancer femoral bone metastases m NODSCIDAL IRy imnmnodeficient mouse, FIG.
38A lustrates an adjacent sectiom to FIG. 38B. Grevn and vellow asterisks are hematopowetic
cedls adjacent to metastasds, White and black asterisks ave de nove, osteoblastic bone, White
and black crosses are mndastatic celis. Arrowhead delincates ostecbhlastic “rinuning™, a
pathological hallnwrk of osteoblastic metastases. Red, Green, Blue as i FIG, 32, Mag: 100X
FIGR, 39A-30D) illustrate angiocrine production of 3-Tluorouracil {5-FU from bone marrow
simusoidal endothelial cells expressing oviosine deaminase (bCIY from an AD.ROBOG vector.

FIGS. 39A-39D dlustrate bone trabecular histelogy from 3 mouse injected with Ad, ROBOS-

EGEP control vivus, FIG. 308 ilostrates corresponding vasoular roarker

tnrwefluorescence. FIG. 39C ilfustrates bone trabectlar histopathology S-FC treated mice
foHowing Ad ROBO4-DCTY and preimection warfano to detarget ver hepatooyte vecto
sequestration. FIG. 39D tHustrates vascalar immunothuorescenve demonstrating dilated but
ntact vascalatire and apoptotic hematopoistic cells. Red and Bhie as i FIGL 32, Mag: 100X
Detatled Deseription

Abbreviations

Ad adenovival/adenovives

AdS adenovivus sevoivpe S

ANOVA analysis of vartange

BM bone marrow

CAR Coxsackie and adenovirus receptor

CMV oyvtomegalovitus

C8C cancer stent cel

DAPT 4 6-dlanndine-2-phenyhndale

EC endothebal cell

EGFP enhanced groen fluorescent profein

GFP green fluorescent protein

HPC hematopoietic progenitor el

KO knock-out or kidney orthotopic

PCA prostate cancer
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PYDF pobvvinylidene diftuoride

RCC renal call canver

ROBO4 Magic Roundabout

SC subeutansous

VE-Uadherin vascalar endothelial cadherin
VEGEF vascular endothehal growth tactor
v viral particles

The present inventors bave found that an angioorine wiche can affect angiogenic
wiubitor resistance, and can provide g focal microenvirpmment for seloction of aggressive
tumor emergence. They thos modified vascular endothelial anglocrine functions for
malignant and benign disease treatrment using endothelial tarpeted adenoviral vectors,

The present inventors explotted the intact vasculatore and the endothelial cells
contained therein gs a vehicle for delivery of therapeutic agents m benign and malipnant
disease. The vasculature can provide access to diseased tssue and the vascular endothelial
cells are i close approvimation of target cells within diseased tissue which allows for
inereased and more specific largeted dosing of therapeutic agents. The vasoudar endothelium
tx the fivst cell type/organ encountered by adenorvral vertors. Thus, systemic niravenous or
intragrtenal vector injection can target vascular endothelinm frst prior to aptake in
nomvascular cells in organs and tissues.

In soroe conBigurations, an endethelial targeted adenoviral vector can be modifiad for
cargo gene expression that is restricted (o disease tissue microenvironments, The
pucroenvironment can mohide difforent cell types i addition 1o the diseaned cells, These eell
fypes can inchede but are oot hmited to ancillary cell tvpes inclading fbroblasts,
nflammatory celis- myeloid cells, macrophages and fymphocytes, and fibvoblasts.
Collectively the crosstalk between diseased cells and the ancillary cellalar coltection can alier
the Hssug microenvirommnent. These alerations can inclade but are not hmited to low oxvgen,
fow pH- high sctdity, altered redox potential, and intracelular stress, In sone embodinenis
DINA regulatory regiong-enhancer/promaters that are solely sotivated by one or more
diseased tssue mivroenvironmental alterations can be employed. These enbancer/promoters
can be enginesred into adenoviral veotors to increase diseased compared 1o normel tissue
spectficiy.

Diseases andfor conditions to which endothehal-targeted adenoviral vectors ofthe
present teachings can be apphied can inclade but are not Tmited © cancers, such as without
Hmitation solid organ primary site (stte of origin) cancer, brain cancer, solid organ metastatic

~y
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cancer nchadmy bt not imiuted to bone, tang, liver, and fymph nodes, ocoult cancer
metastatic imagng, hematepoietic cancers includimg but not imited to nrdtiple myeloma,
feukemig, and lymphoma; benign diseases; inflaromatory diseases inchuding but not imited 1o
rheamatoid arthritis, atherosclerosis, psoriasis, Crohn's disease, uloerative cohilis, juventle
ansed disbetes and Type b diabetes, inflammatory and degeneralive central nervous systom
disenses including but not imited to Alzheimer's disense, multiple sclerosis, Parkinson’s
disease, and amyotrophic lateral sclerosis, osteopovosis via endothelial angiocrine ostenclast
inbbition along or combined with concomitant anglocrine osteoblast stinmudation, vascular
msufficiency/ischemic disease including but not Hmited to; covonary artery disease, lower
lirab arteriosclerotic vaseular insuificiency {peripheral vascular disenase), and ischemic stroke,
and other contral nervous system diseases mcluding but not Hmited to cerebral vasospasm
following subarachnoid hemorrhage

In addition to perfusion for nutrient and oxygen provision, endothelial cells (ECs) can
produce and secrete growth factors, chemo- and cytokines into their local microenvivonment.
This EC function can regulate other stromal cells such as fibroblasts, inflammatory cells,
organ parenchymal cells, BECS can regulate adjacent cells by “appositional”™ signaling that
mclugdes divect attachment of adyacent cells to the abluminal BEC surfsce and engagement of
membrane tethered growth factors, receptors, and other EC surface molecules that fnteract
with receptors on the adiacent stromal and organ parenchyvmal cells. Cancer or benign cells
{in particular cancer or organ stem cells) can also be regulated by these EC angiocrine
functions.

Embodiments of the present teachings inchude the structure and vse of adenoviral
verms carrying transgenes. Conflgurations cay include adepoviral veciors that can
sedectively enter {transduce andfor can be exclusively expressed i vasoular ECs, In sone
embodirents, 8 vector fransgene can encode a prodrug-converiing enzyme. An expressed
sneyme can produce an active oviotonic chemotherapy dvug following inactive prodrog
sdministration. In other embodiments, ¢ transgene can generate, or prodrugs can claborate
conversion product molecules that ave secreted by ECs into the tissue mivroenvironments, In
other embodiments, & transgene can be expressed i BECs and activate BEC surface molecudes
which van affect cellular function m an adjacent microenvironment, {8 some embodiments,
for benign diseases, # vector transpene can encode a molecule that can inhibit inflammation
by sequestration of chemo- or ovtokines. In some embodiments, a vector transgens can
encode & molecule that can stmolate disaggregation of plague formation in Alzheimer’s

disease.
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In some embodiments, adenoviral veciors can be engmesred fw EC-specific vector
entry {transductional targeting) andfor they can be enginesrad to contain a DNA
enhancerpromoter (DNA regulatory clement) that can be specifically expressed in ECs. T
other embodimonts, adenovival vectors can be enginesred with frapsgenes that can inchude
but are not lmitted o promoter ndependent regulatory eloments including microRNA seed
seguences, 3 mRNA stalnbity olemrents, andfor mRNA cloments containing mRNA
secondary structure that can be translated in nicroenvironmentally stressed states such as
hypoxia or altered redox.

Somne embodiments of the present teachings include vectowr-mediated subversion of

endotheliad cell (BECY angioorine fonctions, which can be ased to “oripple™ host niche cells

that swrround ECs and closely appose cancer stern cells s}, In some configurations, the
vasculature can be preserved and can redirect ECs to mmiuu, secreted molecudes in order to
dysregulate CSC nichge sites throughout bowe metastases. In some enpodiments, ECAargeted
Ad veetor configurations can detarget the liver for transgene expression (FIG. 8), In some
embodiments, tumor BEC expression of the vector configuration bias can produce widespread
robust intratemoral BEC expression (FIG. 9),

{1 some condigurations, an [GR-Cal't prostate cancer cell Hne derved from a Gleason
grade 7 radical prostatectonty can grow as gland-forming sdenocarcinomas, and form mixed
osteoblasticfosteadvtic bone metastases i (mmunodeficiont) mice Al Nakowes vr of. 2012}
These IGR-CaPl cells ean be androwen mdependent, and can be enriched for PUA C8C
markers (Chauchersan ef ol 2011 In some aspects, EC-targeted Ad vector configarations
can be expressed within and adiacent (o IGRCaP1 bone metastases (FIG. 10).

fnsome embodiments, an BEC-targeted Ad veotor of the present iwachings can
dysrepuiate perrvasvular bone niches which can be essential for CSC mritenance, Bt some
configurations, an &d vector of the present teachings can control metastatic growth erther via
enforced USL differentiation, or by chemo/irradiation therapy synergism due fo proliferative
transit amplifving cell populstion expansion. In some embodiments, an Ad vestor of the
present teschings in combimnation with bone niche hnsape wacing, cell ovele quisscence, and
stem cell hgand signaling reporters, can be used o clucidate PCA OSC bone miche dynamics.
In some embodiments, angioorine-targated Ad vectors can translationally transition 1o clmcad
therapeutics.

i some emmbodiments, the present teachings include use of tumor blood vessels w
access the most rvemote regions of @ tamor. In some embodiments, the prosent teachings
include hijacking the perfusion udependent “angioering”™ vascular EC functions to produce
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active drag metabolites or seerete C8C hgand decoys focally and at high levels within bone
marrow C8C mietastatic niches. In some aspects, this approach can be performed by
commandeering EC angiocrine functions using Ad vectors with a predominant metastatic
neovascolar expression (FIGL 9, 103 In various configurations, this approach can allow for
prodrag end praduct elaboration speoifically within metasiatic mches for the eliminstion of
systemic foxicities such as stonpatins, diarrhea, or heant fature typical of systemic
chemotherapy. In some configurations, an EC-targeted Ad vector of the present teachings ¢
be used to proserve anddor exploit the intrabianoral vascudatars while avoiding mudtiple tomor
cell autonomous and microenvivonnental altorations,

i some embodiments, the present teachings inclode EC angioorine secretion
modulated by a modified Ad vector (FIG. 1 for targeting metastatic cancer. Ad veetor-
mediated exploitive enginesting of BC angioerine secretion is a therapentic strategy for
targeting metastatic cancer, {FIG. 11) Metastatic cancer can include, without funitation,
prostate cancer, which can metastasize 1o the bone. In some gspects, vaultiple miche coltudar
components within the bone marrow can be targeted. In some aspects, BC targeted Ad
vertors of the present teachings can be expressed at bigh levels in BM sinusoidal ECs both
within and adiacent to ostenbiastic PCA metastases (FIGL 1), In some aspects, thers can be
perivascular apposition of niche cellular components combined with bone simusoidal capiliary
fenestrations. In some aspects, vectors of the present teachings can be used to dysregulate and
disrupt bone PCA USC miches. n some aspeots, bone ECs can he targeted for expression of
the S-fluovonrscl] (SFUY prodrug converting enzvime, ovtosine deaminase

In some embodiments of the present feachings, an anglocring-cngineered Ad vector
that exywesses a st cell Huand decoy can be used o difforentially mobiize PCA CSCs from
metasiatic bone miches. In some configurations, the CXCRY-SDFT axis can be disrupted
through expression of a decoy such as, without limitation, a trancated NOTCH or WNT
Hgand decoy.

In some configurations, PCA ST mobilization effectors can be selected o test
combinatorial enhancement of the PCA stapdard of care chemotherpeutic, docetaxel, In
some configurations | Ad-sNOTCH and Ad-sFRZOWNT) Higand decors i cell culure can be
constrpcted and functionally tested. Combinations of vector smbodiments for additive o
synergistic PCA CSC mobilization can also be tested. In some confignrations, “gutless”
polycistronic Ad vectors Hgand decoy(s) can be constructed. Such a polyeistron can be under
switchable control and can obviate constitutive low-level host steny celt motnlization and can

provide the potentiad for a syiichronous prodrug-miediated oytotoxic therapy conbination. A

[x.}
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LUCGFP fasion construet can be included, In some configurations, & polyeisirenic vecter
contfigurations can be tested in g bone metastabe model In scme aspects, a gutless vecior can
persist for o profonged period following a single systemie administration, and can elicit
minumal preformed mmune responses. In some aspenty,  large gutless vector configuration
transpene capavity can offer theranostic potential for combining therapeatico and imaging
capabihtios wo one vector embodiment.

Some configurations include Ad vectors with BEC specific expression (FIG. §, FIG. 9,
FE 100, I some aspects, these suodified vetors can inchade a3 3 kb ROBO4
enthancerpronuster {Okada of ¢, 20073, The ROBOY enhancerfpromoter fragment can
nctade multiple ETS and hypoxia-inducible factor hypoxia response elements {Okada e o/,
2007, Okada ¢f . 2008). These elements can impart sn expression hias for intra- and
peritemoral vasculature (FIG. 9, FIG. 103 Most of the AdROBO4 vector can be sequestered
in the liver (FIG. 5} {Waddingtonr er of. 2008}, Liver sequestration can be predominantly
mediated via coagulation factor binding to the adenovires capsid {Waddington e ¢f. 2008),
hver-detargeting efficacy of warfarin pretreatment in mouose models (PG, Sy can be
validated, The AdOMY vector configuration was used to visuabize hepatocyis reporter
expression. 780-0 renal cell carcinoma (RUC) calls wers used, There was o induction of
AdROBO4-EGFP expression i primary Xenograft and metastatic BCs (FI1G. 9 and FIGL 101
In contrast, host organ exprassion of the AASROBO vector was restrcted 1o seattered ECs
within ver and splesn. Western Blotting and densttometry normalized to the EC-speific
VE-Cadherin revealed that AASROBOY reporter expression was greaier iy tumor versas fiver
{FIG. 1) Liver detargeted BC targeted Ad veclor configurations cant be used for thevapeutic
purposes {Short e o 20101

fivsome contiguwrations, PUA cell Hnes such as PC3, and LXCaP as PCA models can
be tested. Data reveal exaqusite BEC tropism of MBP vector embodiments in the vascalatwe of
several host organs. The CMY promoter used tn these axperiments mediated this host organ
EC expression, The MBP vector has EC specificity conferred by vector entry (ransduction).

In some embodiments, Ad vectors can be tatored Ror enhanced or restricted numer BC
specificity by choosing from a mene of promoters solely or preferentially activated by the
fwmoer microspyvirenment, These include but are not himited to promolers sctivated by
hypoxia {Heidenreich or of. 2000; Greenberger of o, 2004; Marignol ef af. 20093, DNA
damage (Economopoudow er ¢l 2009 Westerink ef o 2011, or endoplasmic reticulum stress

{Zeng or af 2009 He er of. 20103, all oF whoch are induced iy ECs within tamors,
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in soime embodiments, AAROBOY can be shown to diveet expression n three host
organs (lver, spleen, and bone prarrow). In various embodiments, PCA bone metastases
elicited a peritumoral recruitment of Ad vector expressing ECs. ROBO4 can achieve
sufficient bone metastatic speeificity.

ECs ave niche components. BECs are the scurce of secreted growth factors, chemoking
Higands, and membrang ethered molecules that maintain CSC persistence. This short vange
signaling has been designated as “angioonng” functions. The prosent fnventors have created
EC targeted Ad vector configurations that bave angiocring activity, nchuding in bone.
Angioorine-targeted Ad veotors can be used 1o aghicve nwiastatic growth corlrol via USC
depletion cither alone or in combination with cytoloxic therapies. T some configuraiions,
Multifunctional “theranostic™ Ad vectors can be ereated with translanional applicabality.

fn vartous embodiments, promoter and promoter fragments can be wiilized in the Ad
vector enbodiments fir target functions, Tumers, including bong metasiases, can be hypoxic,
Promoter fragments from VEGE or endotheling both of which contain hypoxia response
elements cognate can thas be used for hypoxia-mdacible factor-1 and -2 (Heidenreich e ¢l
2000; Greenberger of of 2004 ). In some embodiments, tumor vasculatare can be ander BINA
damage stress (Beonomapotdou of of, 2009), In some smbodinents, the RADS I promater
upstream of major DNA repaw enzyvme can be used 1o induce for DNA repair (Westerink o
al 2010y

In sorne aspects, twmor vessels can alse be under endoplasmic reticulum stress
{unfolded protein resporseliPRY (Zeng er ol 20091 In some aspects, the cognate promoter
for the XBP1 ranscription factor whose alternative sphicing s oaly induced during UPR
induction {He o ¢l 20103 can be gyed. In 3ome aspects, temor vascular specificity can be
mereased with the AASRORBO4 vector, In some aspeots, micro-RNA seed elemenis can be
placed in the TR of the CD or any other cargo gene ¢DNA {(Wang and Otson 3009),

In some configurations of the prosent teachings, there is a family of miRNAxR that are

dysregulated i tomor neovasculature {Dews er f. 20003, These send sites can promeoty cargo
gene mBNA degradation m quisscent host vessels and message stabilization 1o bone

metastasis neovessels. There can also be other RNA structural elements and tumor
pucrasavivonment-specic internal nboseme ently sites that can be used, or mclasion of
cDNAs encoding peptide eloments targeting cargo proteins for degradation in nonmoxie

vossels or i host ECs not stressed by increased reactive oxygen species (Qikawa ¢ af. 2012)

These fusion proteing can be stabilived in bone metastatic ECs.
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An ECargeted veotor configuration, MBP-AGS {myekoid binding peptide) {Alberti or
e, 2012}, can be utihized to provide moreased tumor specifinty to separate therapeutic
efficacy and host (BM) toxiony. Engineering MBP display on the deknobbed AdS fiber shaft
produces BEC transduction {Albert ef of, 2012). EM and i vivo mouse experiments suggests
that myeloid cells presented the MBP vector to EUs. Our roselts show the BEC ropism of this
vector configuration in the vasculature of several host organs. This host organ EC expression
can be mediated by the CMV promoter. In some configurations, Ad vectors can be tailored
{or enbanced o resticted tuney BC specificity by choosing from a meau of promolers solsly
or preferentially setrvated by the tumor mivroenvirmument. These can include promotars
activated by hypoxia (Hetdenrowch e el 2000; Greenberger ¢f of. 2004, Marignol ¢/ ol
0093, DNA danage (Eoonomopoutou e ol 2008, Westerink ef gl 201 0), or endoplasmic
reticwdum stress (Zeng of of, 20097 He of o 201 0, al of which are indgoed i BCS within
turuas. I some aspeets, C8C mobilization potential and cytotoxic chemotherapeutic
enbancerment of owr AAROBO-sCXTURA SOFt Higand decoy can be utibized.

Ta demonstrate expression patterns of an Ad vector of the present teachings, an Ad
vertor contatning 3 kb of the Magic Roundabout {ROBO4 ) promoter transcriptionally
reputating an enhanced green fhuorescent protein (HGEP) reporter was injected o
munanodeficient nuce beaving 786-0 renal cell carcinoma xenografts and onthotopic tumaors,

In some embodiments, the AASROBOA vector, in conjunction with liver detargeting,
can provide genetic access for m-vive EC genetie sngineering m malignancies. AJSROBOS-
EGFP tamor BC expression was revealed in hCAR fransgenic Rag? knockout mice. In
comtrast, AAICMVAEGEFR was not expressed in tumor BECs

s the BUAR transgene also facilitated AASROEBOY and control AdAOMNY vector BC
expression in muitiple host organs, follow-on oxperiments engaped warfarnm-mediated liver
vector detargeting i hbUAR negative puce. AJSROBO<-mediated EC expression was
abrogated in most host organs, while mtra-tumiora] peovascular expression wags spaved.

In some embodiments, rgeting timor BEC signaling pathways that encompass both
sngiocrine and perfusion functions can target the pudtifaceted resistance mechanisms of
mabignancies. Adenoviras (Ad) s a potential delbvery vehicle for tumor BC targeting
{Lindemann [ e ol 2009 Dong & o of. 2000} Systenne injection of EC-targeted Ads can
cireunvent the challenge of tumor permestion vexing local vector iyjection, and can address
the challenge of diffuse, multorgan, metastatic disense.

it some embodiments, endothelial targeting can be implemented asing a

copfizuration of a first generation adenovirus serotype S {AdS) vector, A transeriptional

[x.}
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targeting strategy was engaged inchading oreating 2 veotor configuration whose reporier gens
was regulated by the endothelial predonnnant Mazic Roundabowt (ROBO4)
enhancenpromader. In hvpervascular 786-0 renal carcinoma xeaogralis, onthotopic tumors,
and spontaneous metastasis, AASROBOS directed enhanced green fluovescent protein {(BGER)
sxpression o the neovasculaturs, whereas a vector whose reporisr was controlied by the
huaman eytomegatoviras (UM V) enhancer/promeoter failed to produce tumor neovascular
reporter expression sufficient for detection. AJSROBO4 15 a vector wath the capacity for
gentic manipuiation of tamor BECs 0 effect destruction of normslization of the malignant
micraenvironment,

ECs are one of the primary cells exposed o intravenously injected particles. Tumor
microvessels are conduits that can faciitate intra-tumoral vector distribution parhioularly in
Bypervascular tumors such as renad cavcer metastases. Bxperiments were performed on vector
endothehal transeriptional targeting. A previously characterized 3 kb enhancer/promoter of
homan ROBOS (Okada Y e ol 2007) was used to produce vascular endothelial Jocalized
gene exprassion. In sone embodiments, an AASROBOE vector can be used to target the
endothelnam within primavy and metastatic renal cancers, for example m i iwnmanodeficient
mice. [n various ambishinents, vectors and Hver detargetediftumor BEC retargeted vectors can
contribute o twnor BEC-alorved gene thevapeutics.

In some aspects, vector reporter gene exprassion can be quantibied wsing quantitative
imnwenoblotting, with & combination of wide field low power apd mtermediate lavel
microscopic magnification. The latter strategy can demonstrate evidence for vascudar EC
veotor co-loealization within privnary and metastatic cancers. Wide Held imaging can be used
0 detecd heterngensous vector tamor vessed fargating. These resulls indicate that
combinations ¢f vector configurations tuned to discrete microenvironments can be beneficial
for efficacious tumor control.

In some smbodiments, meor microsnvironment can selectively activate ECs for
ROBOY expressiog, as demonstrated by endothelial transerippons! targeting using sn Ad3
vector configuration with the ROBOd enhancer-promoter. An imoawohlot analysis can
provide evidence for endogenous ROBO4 induction in vascalarized tumors compared 1o
normal organs. Immunofluorescence data indicate that the tumy microenvirmument
selectively activates BCS for ROBOY expression,

fnt some aspects, the 3 kb ROBOY eobancer/promoter fragment used in these stodies

was analvzed for elements cracial for endothehal specific expression. In some confipurations,
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ETS family and Spl transoription factons can mediate endogenous gene induction for ROBO4
enbancer promoter fragnent activity.

i some embodiments, the AJSROBO4 capsid can be genetically manipulated to
achieve hiver detargeting. AASROBOA veotor-mediated tumor EC exprasston can be
demousteated following factor X-mediasted hver datargeting. O data demonstrate methods
of explottation of CAR ndependent vector transduction pathways i tumor BECs

Vascular endotheliunt has been a sought after gene therapy target because of 1is
imumediacy to blood-borne therapeutios and Bs paithcqiﬂ‘zymhh}gica.i sole in g wide range of
benign and mahignant diseases, (Dong, Z., ef al, 2009 Muro, S., et al. 2004; Lindermann, D,
et al, 200% Awd, WO et al 2007) Despite their accessibility, vascudar BECs are poor
transduction targets for unmodified AdS vectors. (Baker, AHL, et al. 2005 In addition,
systemmcally administrated AdS is rapidly opsonized by circalating IgM antibodies and
complement components, leading o virus clearance by hiver Kupfter cells, (Duffy, MR, ot
al. 2012y AdS also avidly binds to blood coagulation factor X, whuch bradges the virus to
hepatooytes by interacting with cell surface heparan sulfate proteoglyveans, {Waddington,
b”% et gl. 2008} Liver Kupifer cell clearance and bepatocyts transduction greatly fimit

cufating AdS vector efficacy. Thus, molecular engincering ¢iforts o achieve Ad vectiw
vascular targeting have focused on diminishing or abrogating liver ropism and opsonization
while fnereasing BC transduction. {Thudty, MR gt al 201 2; Kaliberov, S AL, etal 2043)
Liver detargeting engaged genetic capsid maodifioation. Vires opsonization diminution has
been addressed using chenmcal shielding of AdS capsid proteins. {Dufly, MR et gl 2003)
One approach to BEC transductional targeting has been veotor pseudotyping. AdS vectors
pseudetypad with fibars o fiber knobs from different humay, or from no-homan, serolypes
exhibited mproved ransduction efficiency of cultured human or rodent {rat) BCs {(Shinceaki,
., et al, 2006, Preuss, MA., et al. 2008; White, KM, etal. 20131 EC transduction has also
been achioved through capsid fiber knob display of peptide ligands such as the wrginine-
glveine-asparate {RGD) motif cognate for the angiogenesis associated integring i/ and
By, (Preuss, MUAL etal 2008, Nickhn, S A etal 2001 ) A paraliel strategy for TC
specificity bag been transeriptional targeting using enhancer/promoter elements of
endothelial-specific penes such as FREGER-2, VEGEFR-{, preproesdethelin- 1, and
rounduahous-4 {(Kaltberov, S AL etal 20013, Ly, Z.H, etal 2013, Song, W, gt al. 2005;
Greenberger, S, et al. 2004; Reynolds, PN, etal, 2001 Tal, R, et al 2008). Transeriptional
targeting restnets vector transgene expression to specific BC populations that 3 mest
instances are apglogenic and in some cases also hypoxic, However, the transcriptional
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strategy, when applied slone, does not alter the Kupffer cell sequestration or hepatoeyvie
transduction. Recent efforts have focused an the combination of transductingal and
franscriptional strategies to achiove cnhanced organ or disease specific BC veotor transgene
expression. {Kaliberov, 5.4 et al. 2013; White, KM, el al. 2013) Despite progress,
systenucally adninistered Ad veotors are st ineffective i gene transtor to some clinically

tmportant organs. Dose sscalaton to achieve appreciable vector expression in marginally

sccessible organs likely will fail due to dose-Hmiting adverse effects such as Hver tr::x.icity,
cyiokine stosm, oF orgay Enperviousness o the veotor, (Zatss, AK., stal. 2009} Collectively,

the imitations of current EC targeting efforts reinforce the need for further veotor
improvement,

Ad MBP was previously shown to preserve the myelowd cell-binding specilieity of the

MBP peptide ex wive, (Alberty, MO, et al. 2012} but e‘fﬁciﬁnti‘y and preferentially target geng
gxpression 1o the hung microvessel BCs i vive, (Alberti, MO ot al. 2013) The latter work

used single-cell lung Susmnsi‘ims and confirmed that Ad.MBP aokal‘}»‘ bound to myeloid cells
and not to ECs. Co-calture of virus-loaded mveloid cells on an BC monolayer provided
indirect evidence supporting s myeloid cell-mediated viral “handoff” mechanism for
potentianng the EC transducton. {Atbert, MO, eral. 2013} Shnikar carrier cell hand~atf or

“hitchhuking™ target cell ransduction was proposed for other vivuses dn yvive, {Cole, € et gl

Hi5; Roth, 1O, et al 20083 A central tenet of vector hand-off postalates close contact of
virus~carrisg colls to the target cells euabling viral porton access with target cell integrins for
internalization, bypassing the requivement of an iniisd attachment step in cell transduction.
{Roth, LC., stal. 2008} Indeed, the previous lung work reveuded that the AdMBP virions
rapidly bound to lung following intravenous jnjection. Thers the hypothests was that veotor
attrchment aud “hand-oft” to lung BECs was mediated by marginated neutroplads. {Albert,
MO et al 2003) Owr carrent data extend these findings and reveal that the MBP peptide
possesaes & much broader EC-spectfic ropism #» viv, and many of the parmissive regipient
organs exhibit 2 wide range of fissue-speeific forms of resident myeloid cells, Qur clodronate
study provides evrlence that circulating wonmuclesr cells and tissue resident macrophages
i hiver and spleen are dispensable or redhundant for modiating the AdMBP EC expression.
The Ad MBP vector produces muiti-organ vascular expression following warfann-
medisted Factin X depletion. Indeed, provious work demonstrated that Factor X-virus hexon
binding “shielded™ the vector from peripheral natural antibody-medited destruction

iwnanoconpetent mice. (Xa, Z., et al. 2013)
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Multiorzan expression anadvsis also ensbled as 1o discover the exguisite lang froptsm
of our AdMBPF vector. Viral particle dose reduction essentiafly eliminated gene transfer fo
most organs while maintaining robust lung expression. This apparent pulmonary vascular
avidily mdicates that the ALMBP vector can be an ideal vehicle Tor treatment of pulnionary
diseases, particularly those mitisted by smple gene mutations,

While AdMEBP bas many conceivable appheations i other ovgans, is widespread
expression in cardhac and brain vasculature i particulary exciting. To the heart, gene therapy
s Focused on ischemic dissase (Tang, T, stal 2013 While the immediate cause of cardiac
ixchenua i coronary artery atheroseclerosis, myocardial remeadeling s the principal
mechamsm for development of chrome congestive heart fathure (vao Berlo, LHL, etall 2013}
Restoration of bload flow has been approached sing gene therapy as a surgeal adjuvant or
as primary treatment (Bradshaw, A.C. et al 2013; Kaminsky, SM., et al. 2013}, Our
AAMBF vector can solve the dual challenge of coronary perfusion and mveocardial
remodeting. Coronary perfusion can be increased using A MBP vector armed with
comstitutively active hypoxia~-inducible factors (HIFS) {Tal, R, et al. 2008). The widespread
myoeardial vascular distribution of AdMBP presents the opportunity o capitalize on BC
angiocrine Rmctions such that ECs are transtormed vt focal sourees of HiF-mediated
angiogenc factors 1o hoth preserve marginal zone wmvocardinl viabnbity, and potentiglly
augment arteniogenesis, Sumtlarty, AAMBP vectors containing polyeistronic transgenes
encoding the same molecules apparenily secreted by MECs o ESCs counld effect restorative
rather than pathological myocardial remodeling by mducing expansion and swvocardial
differentiation of perpvascudar resident cardiue stem cells (Ramdae, ¥, et al, 2012; Ou, DB
et al. 2003},

Brain gene therapy sitives fo achiove long-torm expression in neurological disorders
suchas Alzheimer's, mmnnophk fatera] sclerosis {ALS), or brain cancer {Coune, PG, et al
201 2; Ramaswamy, D, et al, 2012 Asst, H., ot al. 2002 The ability of our AdMBP vector
to farget greater than 62% of blood vessel beds in all repioms of the nain offers the poterstial
for treating the muitifocal viraparenchymal mechamsms for both diseases. In braia cancer,

ghioblastoma {GBM) n pavticular, the ropism of the ADdMBP vector for brain vascular ECs
can target perivascular GBM stem celis by anglocringe-mediated secretion of seereted
cytotoxics or molecules blocking signaling pathways that maktain this therapy resistant cell
population {Galan-Moya, EM_ etal 2001 Zhe, T.5. etal. 3611}

The AdMBP veelor enables voprecedented mult-organ vascular access. This vector
can be uxed to harpess BCs for production of 3 varisty of therapeutic molecules for g diverse
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collectton of bendgn and malignant diseases, s mulit-organ tropism may be uniquely
beneficial. In cases wherein greater disease specificty is required, the mberent BEC vector
fropism allows su-fa;}pmg i enhancer/promoters tailored 1o the altered microenvironment
cregted by cach diseass in each organ.
Matertals and Methods

Methods and compositions described hersn utilize laboratory technigues well known
to skilled artisans, snd can be fund in laboratory manuals such as Sambrook, J, etal|
Molseglar Cloning: & Laboratory Mamsal, 3rd ed. Cold Sprring Harbor Laboratory Press,
Cold Spring Harbor, KY, 2001, Spedior, D, 1., etal, Cells! A Laboratory Mangal, Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1998, Nagy, A Mampulating the

Mouse Eombryor A Laboratory Manuoal {Third Edition), Cold Spring Harbor, NY, 2003 and
Harlow, E., Using Antthodies: A Laboratory Manual, Cold Sprivg Harbor Laboratory Press,
Codd Spring Harbor, NY, 1999, Methods of admindstration of pharmaceuticals and dosage
regimes, can be determined according to standard priveiples of pharmacology well knows
skilfed artisans, using methods provided by standard reference texts such as Remington: the
Science and Practice of Pharmacy (Slfonso R Gennaro ed. 19th ed. 1993, Hardman, 1.6, &t
al,, Goodman & Gilman’s The Pharmacological Baxiy of Therapeutics, Ninth Edition,

MeGraw-Hill, 1996; and Rowe, R.C |, et al., Handbook of Pharmaceuncal Exciprents, Fourth

Edition, Pharmaceutical Press, 2003, As used in the present description and any appeaded
claims, the singular forms "2, “an” and “the™ are intended to include the plural forms as

well, wdess the context indheates otherwise.

Animals

Al miee were of C37BLGT background and seven to fongrteen weeks of age. Mice
were obtained from Jackson Laboratory (Bar Harbor, ME) or through breeding m authory”
animal facility. Expenimental procedures involving mice were carrfed out under protocols

H#2(1 20029 and #2031 10033 approved by the Washington University Ammal Studies

Conmnities.

Cells and Adenovirus vectms

Human embryvonic kidney HEK293 cells woere purchased from Microbax Blosystems
{Ontanio, Canada), Cells wede culitred m DMEMF 12 (Mediatech, Homdon, VA media
contaimng 10% fetal bovine seram (FBS) {Summit Biotechunology, Fort Collins, COY, na
hunndified atmosphere with 8% CO2 at 37°C. Replication incompetent El- and E3-deleted
AdS vectors were created using o bwo-plasmsid rescue method. Plasmids encoded expression
rasseties containing either the cytomegalovirus major immaediate-esrly enhancer/promotar
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(UMY, ov the buman roundaboatd (ROBO) sohancer/promaoter, each choned upstreany of
enbanced green Huorescent protein (EGEP} foltowed by the bovine growih hormons
polvadenviation signal. These expression cassettes were cloned into a shuttle plasnad
{pshuttle, Qbiogene, Carlsbad, CA} to generate the pShattle CMV-EGEP and
pAhtticROBOL-EGEP plasnuds, respectively, and inserts were confirmed by using
restriction enzyme mapping and partial sequence analysis. The shuttle plasmids were
hinearized with Pme [ and integrated mio the AdS genome by homelogous recombination
with & pAdS plasmid, encoding the native AdS fiber, or & pASMBP plasmid, encoding an
MBP-fiber-fibritin chunera, o the B, oodi steamn BISIE3, To rescue AdMBP ROBOY, the
recombinant virgl gonome wis lineanized with Pac 1 and then ransfected into 293F28 cells
using Superfect Transfection Reagent {(iagen, Chatsworth, CAY 293F28 cells stably
express the native Ad3 fiber; thus, virgses rescued at this point were wosaie i the senss that
the AdS virions randomly incorporated a minture of native AdS fibers and MEP-fiberfibritin
chumeras. {Belousoyva, N, et al. 2003) After ap additiona] round of amplification on 293F28
cedls, the viruses were avnphified in HEK293 cells, wiich do not express pative AdS fiber, 0
obtain virus particles containing only MBP-fiber-fibritin proteins. The ADMBP.OMYV vector
containing 3 peptide sequence o @ T4 fibrithy chimerie fiber kuob was oreated as descrtbed

previousty. {Alberti, MO, etal 2013 Albert, MO etal. 2012) Recombinant virases were

purified by two rounds of CsCdensity ultraceniniugation and diadvzed 1n Storage butter

containing 10 mmol/l HEPES, { nunol/l. MgCly, pH 7.8 wath HI% glyeersd as previously
deseribed. (He, T.C, ot all 1998) The vival particle {vp) concentration was determined by
absorbance of dissociated virus at A260 o using 2 converston factor of 11 x 1
vpiabsorbanes unit

Wartarin and clodronate-liposoms treatment

Mice were subcataneously injected with warfann, § mg/ke m pesmut od, 72 bours and
24 howurs prior to virus infection. {Short, L1, ot al, 2000 Cleodronate-liposomes, 10 pldy body
weight, (ClodronateLiposomes. conn, Netherbands) or saling buffer were injected ngto the tail
vein 48 and 24 hours priot 1o vector mjection. (van Rootjen, N, et al, 2010} Twenty-four
hours later, penipheral blood was collected by cheek pouch bleeding, and then AdMBP was
ijecied.

Virus injection and host ovgan harvest

Mice were tait-veln ijected with 1x10% or 2510% parucies of vires in 200 w1l of
sadine, Seventv-two hours post virus sdmimstration, nuce were anesthetized with 2.8% 2, 2,

Z-tribvomoethanel (Avertin, Sigma-Addrich, St Loms, MO, perfused via the left ventricle

L5
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with phosphate~buffered sadine (PRS) followed by 1246 neutral buffered formalin, Harvested
orgaus were post-fixed o formabn at room temperature for 2 10 4 howrs, ervo-praserved in
309 sucrose in PBS at 47°C overmipht. Lung was farther tnflated and fixed by injeeting
formalin sohstion oto traches followed by closing the trachea by Hzature and then processed
as above. Treated gasoues were embedded in NEG30 (Thepmo Fisher Scientific, Waltham,
MAYor Tissue-Tek QCT mounting medium {Sakura Torrance, CA, USA), and frozen m a
hgquid nitrogen pre-chilled, 2- methylbutane-containing glass beaker.

Tmmanefluorescence statning

Al mcuse fissues were ervosectioned at 16 o Lang was also out at 5 wm for
deterpunation of transgene microvessel co-localization. Frozen section shdes were atr-dried
for ten nunwtes, washed three times in PBS, blocked with protein block sohution (3% donkey
serum and 0.1% Triton X-108 i3 PBSY for one howr, and incubated at 4°C overmight in
protein Mook containing primary antibodies including: rat snti-endomucin 1:1,000, rat anti-
PRGFRP 12200 (#F14-3851-81, and #14-1402-81, eBioscience, San Diego, TA), Avmeman
hamster anti~-CD31 111,000, rabbit anti-NG2 chondroitin sulfate proteoglvean 1:100
{FMABIIORZ and #ABS320, EMD-Milhipore, Billerica, MA), rat antiCD4AS 1100
{#350339, BD Brosciences, San Jose, Californm), rat anti-F4/80 1508 (IMUAL9TR, ARD
Serotec-BiroRad, Raleigh, NOY, rabbit anti-GFP 1400, and chucken anti-GFP 1200 (FATTI2

and #A 10262, Life Technologies, Carlshad, CA}. The two GFP antibodies performed equally
well the chicken anti-GFF antibody was used m the chadronate-liposame experiment, and the
rabbit antibody was used throughout the rest of the study. On day 2, the slides were washed
three times i PBS, incubated with corresponding 1400 dilited Alexa Fluor 488- and Alexa
Floor 3%4-conjugated secondary antibodies (Tackson nmunoResearch Laboratories, West
{arove, PAG, and counterstained with SlowFade Gold Antifade mounting reagent with 4',6-
diamidino-2-phenvlindole {DAPY (Lite Technologies).

Impnarofluorescence microseopy-based analvas of viral reporter gene exprassion

mmunoflosrescencs images were cotlected using an Olvimpus BX61 aucroscope
souipped with an FVH digtdal camera {Olympuys Amoerics, Center Valley, PAY The Extended
Focal Imaging (EFD fumction was used in collecting high-mapnification micragraphs to allow
fhe creation of 8 single in-focus anage from a series of views of the same Gold &t different 2-
dimensional fooal planes at 2 pm intervals, EFL was carried cut m a Hive-processing mode
during image acquisition.

Camtera gequisition time for BGFP immuanofluorescence was eptinnzed and set a
priort for each organ through indepenident experiments where the collected data were pooled
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for statistical analyses. The optimized acquisition time for EGRP immunofluorescence
display was 200 nwec for Hiver, 400 msec for splean, 300 msec for fung, 300 msec for heart,
300 myec for kidoey,  sec for muscle, 500 msec for pancreas, 1 seo for smadl bowel, { sec
for Jarge bowael, and 500 masee for brain. Wherever a Bgure contains micrographs collected
using a different level of exposwre for BGEP, the setting 15 indicated iy the figure legend.
Inumunofluorescence micrographs were subjected o measarement of both color intensity and
color-positive arca using MicroSuite Biological Swite image analvsis software Version §
{Olympus), To determine the BGPP fluorescence nfensity, a threshold defingng the
backgrowund green fluorescence color for each pixel was sel at 70 while the possible range of
ntensity values were from O reprosenting a complete absence of green color intensity to 255
taken to be of full intensity. A vegion of nterest (ROT) was drawn over the tissue
compartment in each image, and positive 1D particles in the ROI, defined as containing at
fenst 5 connested pixels with above the background color intensity, were identified. The colw
intensity values from every pixel of positive 1D particles were summed and normalived by the
tissue ROT avea (per wm?). To evatoate the fraction of tissue vascudar area expressing BGFP,
the endothelial markerpositive aves and EGFP-positive area within the tissee RO were
guantified by summimyg up the areas of positiee 1D particles based on the color detection
threshold of 70 for both the green and red colors. The percentage ratio of EGFP-positive area
to EC-positive area in each organ was calealated tor evaluating the vasealar EC vector gene
expression. Mean and standand deviation of data points i each organ derived from
eyperiment e were plotted,

Ovantiative-How oviometry

Peripheral Mood was collected from mice treated with vehicke ov clodronate
liposenes and 340l of cach sample was spiked with re-Tlucrescent beads (nvitropen, CA)

as mternal standards for absolute conmts. Red blood cells were Iysed with red blood cell lysis

A

bufter {BioLegend, San Diego, TA), and mononuclear cells (MNCa) were isolated, MN
were then wished with cold FBS and stained with CD1 1 b-fluorescein isgthiocvanate (FITC)
snd CT4S-phyvoervthoin (PEY (BD Pharmingen, BD Biosciences, SanJose, CAYfor | hron
ice. Then, cells were washed, resuspended m PRS and analyzed by flow oytometry. Forward
seatter (FSC and side seatter (S8C) wers used to gate monoeyies as high-size {FSCOY low-
gramulationt {SSCY population; moreover, the monocyie population was further characterized
as CDH Hh-positive/CD4 S -positive. The count of the FSC-gh!/SSC-lawC Hh-
postive/CDES-positive monocyte popalabion was novmalized to the count of the Huorescent

heads. Resulis were presented as the % of average of vehicle treated mica,

T
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Statisticad analysis

All data are reported as mean + standard deviation. Significance of the meags betwean
the mouse groups was deternmned using unpaired Stadent’s test for each organ with
Bonferront comection for multiple independent comparisons cartied cut on different organs
froam the same cohort of mice, SMatistical significance was defined as adjusted P < 0.03
{GraphPad Prism, San Diego, CAY

Adenoviral vector construction: Rephicabion incompetent Ei~ and El-deleted
AdICMV-GFP and AdSRobod-GFP vectors were created asing a two-plasimid resens
method. Enbodiment plasmids encoded expression cassettes ichuding the buman
cytomegalovirus {CMV) major ramediate-carty promoterfenhancer or the magic roundabout
{ROBO4) enhancer/promoter clements coupled to the enhanced green fluorescent protein
gene, followed by the bovine growth hormone pohvadenylation signal Thess expression
cassettes were vloned ivto g shutte plasmid (pShuttle, Qblogene, Carlshad, CAY and
confirmed using restriction enzyme wapping and partial sequence analysis. The shuttle
plasmids were Hincarzed with Pome { enzeme and integrated into the AdS genome by

homologous recombination with pAdEasy-1 plasmid i B coli strain BISTB3. Recombinant

virgl genoanes wers transfected ixto HEK293 cells using Superbect Transtection Reagent
{EHAGEN, Chatsworth, CA), and packaged into virus pavticles. AASCMV-GFP and
AdSROB

centrifugation and dialvzed against 10 mM HEPES, | mM MgCh, pH 7.8 with H%% glyvcerol.

O-OFP were propagated i HEK293 eells, purified twice by CsCl gradient

The viral particle {vp) concentration was deternuned by absorbance of dissociated vivus at
A260 pot using a conversion factor of 1.1 x 105 vp per absorhance unit,

Goneration of compesite mice: The Animal Studies Commities of Washington
Uhnrversity in St Louis approved all procedures. Rag-2 knockout (KO nuiee {13}, tna puxed
gonetic background, were bred in-house. Transgenmic hCAR nuce on a mixed genetie
backgroand, likely C37B16A and DBA (14), were obiained {from Sven Peltersson, ROSA-
R26R knock-in mice were obtained in-house. Rag-2KOKO mive were senally xiercrossed
with RI6R and hCAR transgenic nuee 10 generate the composite mouse hne,
ROARAER26R/RZOR Rag KOO, termed hUAR: RagZ KIVKO. The R20R conditional
LaeZ allelos were not ased in these experiments, The warfarin liver detargeting experiments
were performed using wirwURIOR/RIOR Rap 2K OKD Hutermates.

Creation of orthotopic and subeutaneous heterotopic tumors: The 786-0 haman
kidney cancer cell Hine was obtained from ATCC and cudtured in RPMI with 10% FBS with
peasstrepiamphoterioim B, Xenograft tumors were established by ijection of SX1406 cells i
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S0ul. of RPMI media using aseptic technigque. Kidaey orthotopie tumors were gstablished by
teft kidney subcapsular imection of X 100 786-0 cells in 40ul. of RPMI madia. Carprofen,
Smpdkg se X 3 days, (Plizer Animal Health, NY, NY) was used for postop analgesia. Mice
were myected with Ad vectors when the xepogralt tumors reached a diameter of about 4 yom

Ad vector njections, host organ, and fumoy harvest: Mice harhoring established
subeutancous and kidney tumors were tail vein injected with 3.0x10%, 1.0 x10Y or 1.5 x10Y
viral particles of AAGSROBOG-GEP or AdSCMVGEP in 200 wl of saline. Fovr warfarin
experiments, pues were administrated warfarin (5 me'ky) dissolved in peanat ol
subcutancousdy on day -3 and day -1 prior to vector injection. Seventy-twa hours post veotor
adnunistration, mice were anesthetized with 2.3% 2, 2, 2-tribromoethanol {Avertin, Sigma-
Aldrich, St Lous, MOy perfused via the loft ventricle with phosphate-haffered salime (PBS,
pH7 4}, followed by 4% paraformaldehyde/PBS for whole body fixation. Mouse organs and
turnens wers collected, post-fixed in 4% parafovmaldebyvde for 2 hours at room it::mpm‘ature,
ervopreserved in 30% sucrose for 16 bours at 4°C, and eryo-embedded i NEGS0 (Thermeo
Fisher Scientific, Waltham, MA)Y over 2-methyibuataneTiquid nitrogen.

Tissee harvest and inmmunofieorescent focalization of reporter gene expression:
Sixteen-micrometer frozen sections were awr-teed, washed in PBS, blocked with protein
block (1% donkey serum i PRS contatming 0.1% Triton X-100), and incubated with prinsary
antibodies including: rat anti~endomucin, 11,000, (#14-3851-81 eBioscience, San Diego,
CA}, Armentan hamster anti-CD31, 11,000, IMABIOSZ EMBD-Millipore, Billerica, MA),
and rabbit anti<GFP, 1400, (#AT1122 Life Technologies, Carlsbad, CA) After PBS washes,
theslides were incubated with corresponding Alexa Flaor 488 and Alexa Fluor 594, 1:400,
{Jackson ImpunoResearch Laboratories, West Grove, PAT comugated sceondary antibodies
and counterstained for nuelen with StowFade Gold Antitade mounting reagent with 4.6+
diamidino-2-phenviindole (DAPH (Lite Technologies). Fluorescence nneroscope images
were collected using an FVI digital camers with Extended Focal lmaging (EFT) function
{Olympus America, Center Valley, PAY To quantily the tisste section GFP flucrescence, the
areas of GFP{H) cells and dual CD3 Vendomuomd +) blood vessels were measured and
normalized by total Ussue area per fleld. Aveas of posttive Huorescence were quantified using
faage analvsis softvare OacroSuite Biological Suite Version 8, Olyvmpag).

Tissue and whirle organ reporter profein expression by immunoblotiing: Mice were
perfused via the left ventricle with cold phosphate-baffered saline (PRS, pH 7.4) containing 1
mM PMSF {Sigma-Aldnch). Qrean fissues and temors were suap froren in hgaid mitrogen
and stored 1 the hiquid mtrogen vapor phase. Frozen tissues were pulverized using 8 higud
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aitrogen~chilled Cell Crusher (Thermo-Fishery, and bysed om jce in radiotommanoprecipitation
assay buffer (20 ;M Tris-HC (pH 7.6), 0.5 M Nall, 1% sodium deoxycholaty, 15 NP4D
mM EDTA, | mM EGTAY supplemented with Protease Inhibitor Cocktal, 1110, Sigma-
Aldrich} for 30 mumdes, Protein lysates were separated on polvacrylamide gels and
tramsierred to polvvinyidene dillueride (PVDE) membranes, Protein loadimg in individual
lanes was normalized st o Petubulin and then VE-Cadberin, Membranes were blocked in
Tris-butlored saling, TBS, pH 7.6, containing $.5% Tween 20 {TBST) and 3% nonfat dry

mulk and fncubated o 3% BSA in THST, containng the following antibodies: rabbig

polvelonal anti-ROBOG (Dean Li, Unbeersity of Utah), chicken monoclonal anfi-EGYFR,
11,000, (#A10262 Life Technologios), goat anti-VE-Cadboria, 1400, (81002 R&D
Svstems, Minneapohs, MN), and polyclonal anti-fistabuling 1:20,000, {Abcam, Cambridge,
MA} overnight.

Membranes were washed three times with TBST and incubated in BSATBST with
the corresponding fgG-borseradish peroxidase comjugate, 13,000, (Santa Cruz
Bistechnology, Santa Cruz, CA For 1 bour. After three TBST washes, peroxidase activity
was revealed by enhanced chentominescence wsing BECL2 or SuperSignat West Femto
Wastern Blotting Substrate (hoth from Thermo Scientifie) and imaged using a Chemidoe
XRS tmaging system {Bio-Rad Laboratories, Hercules, CAY. The inmmunoblotiing was
guantified by densitometry with Quantity One one~dimensional anatysis software {Bio-Rad
Laburatories). Statisticad analysis: Sipmificance belwesn groups iy the differential Huovescent
dres experiments was determmned osing one-wisiy ANOVA with Takey's correction for
musttiple group compansons (GraphPad Prism, San Diega, TA).

O molecular and gonetio resource tools enable us o obviaie hepatotoxicity, umate
angd adaptive imnumity, reticeloendothehial coll (RES) sequestration, and transgene
expression persistence. Hepanie sequestration can be overcoms by abrogating Ad capsid
hexon and penion bloed coagulation factor binding {Waddington <t al. 2008), Warfarm can
be used to achieve this i nuice i the short term (FIG. 5), but veotors are also svailable with
hoxon amd penton mutations {Short ot al, 2010} Mutant capsid vectors are a translgtional
bridge to clinfoad trials (Kim et al. 2001 2). Owr strategy of transcriptional {(FIG. By or
fransductional BC targeling circannvents hepatooyte veolor ransgene expression andetdving
tiver toxicity (Raper et al. 2003). Further diminutions of innate and adaptive impminity van be
achueved through additional vector engineering. Owr strategy of helper-dependent, “gutless”
Ad vectors includes vectors tacking the entire Ad genome save for vector long terminal
repeats { Mubammad et s, 2010}, The nominal vipal DNA within these vectors can minimize
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frate towmanity, and the Iack of viral protein expression cag evade adaptive mmunity.
Inhibation of RES sequestranon and pregxistent neutralizing antibedies can be achieved by
tarlored capsid polyvethyviene glyveol (PEG) shielding {Zong etal. 2012). Guiless vectors can
also achieve profonged tramsgene expression {Kim of al. 2001y, Recent ehinieal trials showed
thie feasihility of safe, wn-loxic Ad vector systemic IV admimistration {Nathwans et al.
2011 Brenner et al. 2013},
Exanples

The present teachings including descriptions }.‘ﬁ‘i}\«"idt‘.d i the Examnples that are not

-

mtended to hmit the scope of sny claim oraspect. Unless spectdically presented in the past
tonse, an example can be a prophotic or an actual example. The following non-lailing
examples are provided 1o further dlustrate the present teactungs. Those of skill i the avt, in
{ight of the present disclosare, will appreciate that many changes can be made in the speaifc
embodiments that arve disclosed and still obtain a like or similar result withowt departing from
the sprrit and scope of the present teachings.

Example |

This example ihstrates the upregelation of endogenous ROBO4 in renal cancer
xenogratts and orthotopic tumors.

To evaloate Ad vectors for tamor FO targeting, a cancey histotype was selected
forming yvpervascular tumors both in meouse moedels and in human disease. Renal cel caneer
(RO 1s o paradigm chimeal hypervascular tupor whose principal therapy is drogs Largeting
angtogenesis. The human derived 786-0 renal carcinoma cell line was selecied becsuse these
cells possess the molecalar features of, and histologically emalate; clinteal renal cell cancer
in patienty (Kondo K er o 2003; Gordan JD er of. 20683, I addition, the cells form
kypervascular xepograft and orthotopic kidoney subcapsular tomors (FIG. 3), Tt was
hvpothestzed that the vaseular ECs in 7860 tumors would be sctivated {taking nfo
consuleration FIG. 73 Wartanin liver detargeting ephanced the muliiphicity of tunon
gndothelial coll reporter gene expression in both tumor focakes. (FIG. 73 One candidate gene
whose promoter element could target Ad vectors for BEC speeific expression in tumor-
aotivated vessels s ROBOY (Okada Y et of 2007 Huminiecki L ef @/ 2002; Seth P et ol
2005}, Upregulation of the ROBOM endogencus gene iy RCC tunnr models was tested.
Extracts wore inmunoblotied from 786-03 xenografls, orthotopic fumors, and liveras a
control host organ (FIG. ). The sinilir levels of vasealar endothelial cadherin (VE-
Cadherin, Cdh3) expression (FIG. 1) combined with sbout equivalent vascularity as
determined by BC marker mpmunofloorescence (FIG. 2 and FIG.3) supports the use of Hver
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a5 & control host organ for companson with RCC tumors, Densstometric normalization to Vi~
Cadherin revealed a 1.8-fold wncrease n endogenous mouse ROBO4 in both xenoprafls and
orthotopic RCC tmors (FIG. D In FIG 2, FIG3 and subsequent drawings based on ol
color originaly, gray-scale versions of each color channel (rad, green and blug) are shown, as

3

well as 8 composite gray scale that conbines all 3 (RGE) color channels, In cach case, the
top foft panel is the red chanael, the top right panel is the blue channel, the hottom left panel
15 the green channel, and the bottom right channel is the composte.

Example 2

This example tustrates that an ADSROBO4 vector transeniplionally targeis tamor
endothehial cells.

To transcriptionally twget ap Ad veetor to RCC tumor vasculature the 3 kb enbancer
promaoter fragment of buman ROBO4 previously validated for endothelial expression in
single copy and endogencus loous transgenic knock-in mice (Okada Y ef ol 2007) was used.
ECs are known o express trace levels of the Coxsackie snd adenovirus receptor (CAR)
{Revoolds PN or ¢l 2000; Preuss MA e o 2008) Imounadelicient composte mice were
created containing a human CAR (hCAR) transgene and Rag? vene deletion (Shinkal Y ef ol
1992 Taltone T er of 20011 Reporter gene bocalization within tunwer ECs was tested (FIG.
3). There was a dichotomy it AASROBO4 versus AJSCMYV vector expression pattem in both
kidney orthotopic {KO) and subeutaneous (ST xenoprafl tumors of mice indravenously
injectad with 1.3X1611 viral particles (v (FIG. 2). Intense EGFP expression is also detected
tn endothelial tip cells. o contrast, AdSCMV -directed expression can be detected fu host
kidney but netther n ogthotopic, por in subowtancous tumors. AdSROBO4chirected
expression was restricted (0 BCs n both kidoey and subcutancous fumors. A4IROBOY
endothelial reporter expression distribution was reduced m mice inpected with lower, 1
XHNT or SXI010 vp, dosages, bat BC floorescence intensity was maintained. Theve was no
dedeotable co-localized expression within sither kidney orthograft or subcutancons tununs in
AQSCMY-EGFP injected mive despite focal glomerular and terstitiad peritubular EC
expression 1o the adiacent kidneys of these mice (FIG. 2). ADSROBOE directed expression
was endothelial specific, as peither CDAS cells nor perioytes were positive for EGEP
expression (FHG. 23
Example 3

This example Hlastrates that an AASROBO4 vector transeriptionally targets metastatic

tumor endothahial cells.
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Drring tssue e fieorescence analvsis intra~ovarian and peritoneal metasiases
were detected I an AJSROBOY injected mouse (LAXI011 vp) bearing an orthetopic tumor

{FIG. 3}, Nearly all of the microvessels within the intravvarian and peritoncal metastases

expressed EGEP. There wag almost no exprasston within stromal ECs within the metastasis-
braring ovary except for pertfoticolar microvesseds (FIG, 3) Intra-ovanian “Kntkenberg™

renal carcinoma metastases in hCAR:Rag2KOKO mice injected with 1. 5x104 vp, FIGS, 3A-
3C, arrowheads, from subcapsular 786-0 orthoprafls demonstrate extonsive and intense
muerovessel EGEFP expression. Expression was not detectable in ECs within the fallopian tube
abutting the peritoneal metastasis (F1G. 33,

Example 4

xepopraft banors compared to an index host organ.

To gquantitatively tost for Ad-nediated {umor reporter expression axiracts were
impunohiotied front both tumor focales and fiver, from mice injected with 310 ep of
erther the AASROBO4 or AJSCMV vectors, and probed for EGFP vormalized to either VE-
Cadbenn or P-tubohin. Neither the orthotopic nor senogralt extracts contained detectable
EGEFP protetn as evidenced by the validated mumumofiuorescent absence of detectable tinor
AdSCMY regulated expression (FIG. 2}, ADIROBOY-medated BEGFP expression was 3-2.4-
fold elevated when normalized to P-tubulin and 2.6-2 8-fold elevated whes novmadized o
VE-Cadherin (FIG. ). AdOMV.directed liver expression was 7- to nearly {O-fold elevated
when normalized w Bubuhin or VE-Cadhenn vespectively, compared to AdSROBO4-
regrdated expression (FIG. &) This result demonstrates the abuiity of BC transenplional
reguiation o dolarget Ad hepatic expression.

Exampie &

This example dlastrates endothehal specifiic reporter gone expression mediated by
hoth ADSROBO4 and AdSOMY vegtors alier systemic injection in hCAR fransgenic mice,

AJSRQBOY mediated vegtor expression was tested using sumunofluorescense in a
nine organ pane! of host organs front the same tumor beaning hBCAR RagZKOXKO nuee as v
FiG. 2. Endothelial expression was detected in fang, kidoey, muscle, adronal, beart, skip
{FHLL3), and bradn (data pot shown) of mice mjected with either vector, Both Hiver and spleen
displayed differentinl cell type focalized reporter gene expression mediated by AdSROBO4
versus AdSCMY vectors, In iver, AASROBOY- directed EGEP expression was confined o
sinusordal BCs, whereas AdSCMV-directed BGEFP expression was focally detected in
hepatocytes, I spleen, AdSROBO4-directed exprassion was also BC restricted whereas
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AdSOMV -divected expression was localized w margingl wone CDISCD32F4R0(+)
reticutoendothelial cells {FIG. 33 The dose dependency was examined of both the
AdSROBO4-, and ADSCMV-EGFP vectors due to BC expression of AdSUMV-EGFP (in
some cases adrenal, bearl muscle). Injection of 3XT01Q vp of either vector mto

HCAR Rag2KOKO mive damnonstrated g reduction of heat, kidney, and brain emdothehial
expression mediated by either vector, and a decrease with retention of adrens! endothehial
expression with either vector {FIG. 4). Host ovgan EGFP reporter expression following
intravenous nfection of either AdSROBO4-EGFR (ROBO4 ) cr ADSCMVY-EGEFP (CMV),
Fig. 4 Hlustrates injection of LA TOY viral particies {vp) produced extensive mivrovessel
EGFP expression iy both ADSROBOS and AJSOMY vector treated aice n Kidney, lung,
muscle, adrenal, heart, and skan. In Dver and spleen AdSCMV -directed EGFP expression was
localized to reticuloendothelial system (RES cells it contrast to microvessed restricted
AdSROBOG divected expression. Lung, Hyer, spleen and muscle maintained vector specific
expression levels and patterns seen with the ligher vp dose (FIG. 4).

Examiple 6

This example ihsteates that liver detargeting in Rag2 KO mice abrogates promiscuocas
host organ EC AASROBO4 reporter expression.

The abubity to inbibit Bver viral particle sequestration by warfurin-medisted blood
coagulation factor depletion was used n hUAR{) wild type miee (Waddington SN er of,
2008; Alba R ef ol 2014} to demonsirate target cell vectin payipad expression i the confext
of low hCAR expressing BECs. Liver detargeting efficiency was tested in owr Rag2KOKO
mice. Warfarin pretreatment on day -3 and -1 before injection of 1X 10 vp AACMV-EGEP,
revealed a diminution of hepatocvie reporter expression (F1G, 4). 1 was tested whether
warfarin protreatment iy the absence of the hCAR transgene would produce host organ
AdSROBOL EC expresston {FIG. 5} m ROC noavor-bearing syice. Compaved to the hCAR
mice, warfarn treatment either fnled or barely produced detectalile tissue reporter
tnnwnofluorescense in seven of nine host organs (FIG. SA and data not shown (brain}),
Simifar to hCAR transgenie nmce, there was focal, scattered Hver and splenic EC expression
i warfarin-treated, AGSROBOS injected, RagZK KO mice {(FIG. 3A)

The diseordance between immunofhuorescence localization and indensity between host
organs of BUAR transgenic compared o warfarin treated Reg2KOKQ mice, motivated a
more quantitative analysis of AdSROBOd-mediated reporter gene expression. Host organ

inwnunoblots revealed neghiptble exprossion tn five of seven organs either with or without

43



WO 2014/201308 PCT/US2014/042204

warfarin pretreatment. Wartarin prodoced s pronounced nversion of aplenic versus hepatic
reparter gene expression (F1G, 38,
Example 7

This example tlostrates that ADSROBOS EC targeting s maintaimed and
differentially enhanced by both orihotopic and xenograft tumors compared to host organs
following warfarin-liver detargeting.

As hiver detargeniag effectively eliminated host organ AASROBO4 EC expression, our
pext guestion was whethar tumor BO expression would be similarly dimimished, Consistent
with basaline endogenous ROBOS protein expression (FIG, 1) scattered EC reporter
expression was detectable in both orthogratt snd xenogralt RCC tumors even n vehicle-
treated mice (FIG. 63, Wiarfarin protrestment prodhiced increased EC reporter expression ot
both tumor focales. Warfarin pretreatment increases splenic EGFP BC expression however all
other organs except Hver display sporadic o no reporter immunofluorescence. {(FiG. 63 To
guantify freguencies of mununcfluorescent BC reporter gene expression in tumot versus host
organs in the presence ot absence of warfirin bmage analvsis of tumor sections from 3-4 muce
were used (FIG. §). Warfarin produced an eight-fold inornsase the BEGFP() compared 1o EC
marker areg in arthoprafts and g six-fold merease m xepogratts (FIG. 5). Five of seven host
organs evidenced minmmal expression, atheit with single outher mice in each organ. Warfarin
produced a 1.7-fold decrease in hepatic and a 2.6-fold mncrease o splenic expression.
Inmuaveblotting of Bver extracts from ADGSROBO4 miected nuce {FiG. 8C) revealed a four-
fold decrense of biver (EC tocabized, FIG. 6A)Y EGFP expression nommalized to tubahin and 8
two-fold exprosston decreazse normalized to VECadhenn, In condrast sumar BGEP protein
expression inereased 1.4-fold at hoth sitey followmg warfarim pretrestiment. The splenic
expression 18 markedhy increased by watarin whereas hver expression is decressed, (FIG, 6}
Collectively, these data demonstrate the tumor BEC selectivity of the AASROBO4 vector,
Example 8

This example tlustrates Ad vector expression in ECs, generating sotive drug with
secretion into the bone marrow,

In these experiments, an EC-specific vector configaration contained 3 kb of the
huaman Magie Roondabout (ROBOY) enhancer promoter. ROBOY 15 specifically expressed i
ECs. B was confirmed that the BC specificity using an AASROBOS-EGEFP vector, This vector
was expressed i tumor neovascular ECs, Byver, spleen, and bone marrow sinusoidal ECs

Anather vector configuration included AIROBO4-EGEFP with a bactental cytosine
deaminase prodrug converling snzyme that can produce the cyvtotoxie chemotherapeutic, §-
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fluorousacil (SFUY from S-fluovoeytosing (3-FQO). BC-generated 5-FU ablated host bone
marrow hematopoistic cells. The Ad veotor configuration was exclusively expressed in ECs,
generating active drug with secretion into the bone marrow microenvironment fo achieve host
cell kg,

Example @

This example itlustrates mobilization of granulocyies, monoeytes, and lvmphooytes
from the hone marrow to the peripheral circulation and the spleen with a
AJSROBOEsUXTRA2-28 vector,

in these experiments, an ADROBO4 vector configuration containing a transgene
encoding g truncated CXCRS receplor (an example of a “decoy receptor™) was construcied to
alfeet angiocrine adjacent tssue modulation. This chemokine receptor exclusively binds and
is activated by the chemokine stromal derived factor-1 (SDF1}. The truncated transgene
gncodes an SDFT “Heand trap” that & cogimecred o sequester SDF1 from CXCR4 expressing
cells. Intravenous injecton of this AdSROBO4sCXCRA2-2R vectiyr produced wohilization of
gravudocyies, monocytes, and tynyhoovies fron the bone marrow o the peripheral
cireulation and the spleen. These data are consisterd with BC angiocrine secretion of sCXCR4
i the bone marrow, and breaking the attachment of CXCRS hematoporetic progenitor cells
from thetr CXCRS mediated bone marrsw niches.

Example 10

Thiy example iustrates selective targeting of ECs with an MBO-AAS vecor
configuration.

In these sxperunents, an Ad vector was cresled that can selectively target BCs via
vects transduction. This vector was based on our discovery of “navelotd binding profein™
{MBPY on the surface of myeloid cells that avidiy bounsd {o Ad veotors expressing phage
pephide hbraries inserted on the Ad vector tiher-knob. An Ad vector was created that was
“deknobbed,” and contained a chumeric AdS-T4 phage fbvitin shaft and frimerization domam
displaving the MBP peptide. In contrast to the MBP myveloid binding, the MBP-AdS vestor
sefectively transduced ECs. Results included BC speeific MBP-AJS-EGEFP expression in
muitiple host organ BECs inchuding expression in brain BECs and expression withan kidney
ECs. The brain and kidney BC targeting bave tremendous therapautic imphications for
glioblastoma, Alzheimer’s, multiple sclorosis, ALS, and for glomerubosclerosis, and
interstitial renal nephritis,
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This example dlustrates the ability of MBP-AGS vectors o target spectfic tumgy
microspvironments using tumor-speciiic tuned promoters.

nn these experiments, an Ad vector included nomor EC targeting with this MBP vector
using the ROBO4 enhancer/promoter fragment. The EC speaificity of the MBP-Ad vector
was coarferred via vector enfry (fransduction). Transgones can act as “pavicads”™ nto the
MEP-AJ vector, which vontains DNA enhancer/pronwter elements that are “aned” to the
fumor picroenvironment. MBP-Ad vector configurations including "tumor tuned” promoters
can transduce madtiple host and tumor BCs, but solely expressed ia tumors due
charactoristios conveved on their associated and embedded BECs, These tunwer BXC specific
characteristics can include but ave vot Hmited to achivation by hypoxia, DNA damage stress,
endoplasniic reticuhondunfolded protein response stress, and redos/free racheal stress. BC
angiocrine engineering can tatlor solely to the umor nucroenvironment to enhance potency
and specificity by anning MBP-AUS vectors with tumor-specific tunad promotess.
Exanple 12

This example itlustrates testing for POA bove metastases growth ihibition due o
dysregulation of CSC bone miche cellndar components by angiocrine fargeted prodrog-
converting enzyvme expressing Ad vector configurations.
Heost sinusordal capitlaries are prinaipadly composed of ECs, therefore the BM niche
components can be particelarly sasceptible to angioorine targeted Ad vector conligurations.
One example of the EC-niche ool spatial relationship is the focalization of the principal
SDFL{CXCLID) producing BM niche conmponent, the CXCLI2 Abundant Reticudar (CAR)
cell {Cmatsu of of. 2010 Greenbaum ¢f & 2013} Tn these experiments, immunofigorescence
way used to determing the EC-UAR spatial organization in the femur. The data demoustrate
the investiment of bone sinusomidal vaseudar ECs by CAR-EGEFP cefls (FTIG. 123 Angrocrning-
produced 5-FLI (PTG 13, FIG. 14, FIG. 15) can dysregulate the host bone marrow niche ©
sffect PUA CSC deplation via niche eviction and guicseence abrogation. FIG. 13 dlusirates
an embodintent of an BEC wrgeted prodrug-converting enzyme Ad vector AdSROBO4-
bCHBD314AL The bacterial cytosine deaminase (bCD) CDNA comtains an aspartate-alamne
substitotion (D314A} ephancing 5-Tuorceyvtosing {3-FC) to S-fluoroaractl (5-FLD conversion,
The principal RNA provessing dysregelation mediated by 3-FU can snable functional
disruption of quiescent bone niche components. There was an Ad vector expressumn gradient

supports differential CSC versas HSPC bone niche targeting.
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Focal wratmornal BC production of the stem cell Heand decovy can pernit selective
mobidization of PCA CSCs compared to host HSPUs. A collection of neape-restnicted
fransgenic reporter nuce can be used to elucidate the distinet niche celf type targeted by
angioerine 3-FL praduction. Physical relationships between neage-marked cells and
metastatic PCA colls can be established and proferential sensitivities of nuche cellular
compeonents snd host HSPCs that are spatistly dependent or independent of angiocrme $-FU

production can be tested. Differontial PCA and niche hneage cell flucvophore marking can be

gsed for freguency snumeration, quisscences, profiferation, and apoptlosis analyses, Cell
sorting can be used for candidate gene and unbiased expression profiling focusing on seoreted
and membrane-tethered molecules directing CSCrniche maintenance potentiahy dysregulated
by angtoerine 5-FU production. Enginecred PCA cells that can report on guiescence versus
profiferation allow for the determination of the disruption extent of angtocrine S-FU on niche
CSC maintenance, Deplovment of ECaiche coll culture modeling (Seandel e o, 2008; Butler
el ¢l 20HE Kobayashi eral 20107 can allow further definsaton of the mechanisms of
angiocrine-USC disraption.

Bone sinusoidal ECs can be explodted 1o produce and then secrete our prodruyg proadoct, 3-FU
o the bone piche microsnvivonment. Focal 3-FU can differentially dvsregulate host cellular
miche components embedded within PCA metastases compared to umnavolved bove marrow
regions, BEC speciioity and tumor bias was validated of the AJSROBO4 vector (FIG s 8- 103,
and target vector AQSROBO4-DCRDI LA embodiment was created (FIG. 13). DUDDI4A
is a bactorial derved eviosine deaminase containing an aspartate fo ahmine pomt oudation.
HUDDITA possesses 3 marked increase i 3-FCSFU conversion activity compared to wild
type bactertal or veast CD (Fuchita er ¢ 2009) (Duarte ¢r ol 2012) Ay experiment with
AdS-bCRDI A TV injsction 11 Rag2KO mice bearing 786-0 RCC xenografts was
porformed. B{UDDI4A transgene activity of an AdSOMV vector that 1s expressed n liver
and splean was fested. Despite warfanp-mediated liver detargeting (FKG, 5%
AdSCMVYRUDD3H4A egted mive Tost weight atter 4 days of twive dmly 3-FC, 5300 mp/kg ip
(F1G, 143 . An embodiment ADSROBO4 vegtor doubled the 5-FC tolerance. Further dose
reduction ehinuingted phenotypic toxicity. Warfarin on day 351 and Ad vector injection on
day @, (F1G. 14) The induction of toxicily In the mice was m striking conirast 10 studiss
whergin TV AdCMVY-BOD injection decreased hepatic colonic metastases growth while
sparing host hepatooyte fonction (Topf e ol TO9E). This diserepancy can be due o an

enfuneed potency of the bCDDI A fransgene compared (o the wild type counterpar.
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I these exportments, warfarin pretreated mice injected with AJSROBO4-BUDDI 144
appeared unattected vanl weight loss starting o day 9 of 3-FC teatment (FIG. 14} A
sacrifice on day 1, examination of the bone marrow revealed focal ablation of hemmtopoistic
slements i the ADSROBOS-DOD njected muce (FIG. 15) At saenifive on day H,
sxamination of the bong marrow reveaked focal shlation of hematopoeiatic elements n the

AdSROBOS-DOD mjected muce. (FIG. 15) Analysis of ROC xenografts revealed apoptosis

and necrosis i the veoto-treated compared o untrested tumors, A dose reduction test was
performed for a noptoxic S-FC dose in novgamor bearing Rag2 KO mice (FIG. 143, The

results demonstrate that angioering BUD 3-FU production can be accomphished withowt host
toxicity, These resulis support the fa vhe functionality of the bCDD3T4A transgene, and that
angiocrine targeted Ad vectors can affect the bose marrow microenvivonment,
Example 13

This example tustrates testing of anglovrine-targeted prodrug dyseegulation of bone
marronw niche supporting cell Hneages.

In these experiments, 8 priontized panel of ineage marked mice were infervogated
{FHG. 103 Priocitization can be based on distance from bone marrow sinuseidal ECs. CAR
cefl frequencies and perivascular loegle alterations can be tested and quantified for anglonng
and morphological localization within metastatic tumors and vrinvolved hone marrow using
tiysue section inmunofluorescence image analysis and Pow oytometry gated on GEP,
CXCRA, and VOAM cell surface markers (Omatsu ef o, 2010}, CAR cell functionad
altoration can be tested by bong marrow SDIFT BELISAL CAR colls ave the predivaivant SDFE
soures (Chmatsu ef of, 20187 bat other bone miche components, such as ostsoblasts ((Bs),
mresenchyimal and endothehal celly can additionally contribute to magrow SDFI production
{Creenbaum o gf. 2013) To funther test for 3-FU madiated CAR cell functional impairment,
GFP flow sovted CAR cells can be cultwred v adipogenic or mesenchyvinal media, the former
o test adipocyie differentiation and the Iatter testing for colony-formmy cell-fibrablast (CFC-
FY generation (Omatsu ef /. 2010; Greenbamn of of. 2013} These assavs can provide
mechanistic insight into how angioenne-targeted S-FU production alters CAR cell function.
As nestini+} cells alse abut bone sinosoidal capitaries they can be used for Hneage tracing
{FRG 103 {Nagasawa ef of, 20113 Pox as a marker of mesenchymad progepitorsistem celis
{MSCsy (Logan ef wd 2002} Prxi cells we also reguisite niche components (Ding and
Morrison 2013; Greenbaany o of. 2013}, Moreover, recent data saggest that MSCs conirtbate
to bone ndastatic progression o general (Kob and Kang 2012}, and are an additional soarce

of SDFICXCLIZ production in particular (Ye ef of, 2012; Borghese ef o 2013; Mognetti ¢
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e, 20131 Osteoblasts (08s) have also been suggested as onucial PCAYCSC niche
components {Chung ef o, 20089, Schulze of of, 20, Fonz o of 2011 Sehudze of o, 2012).
Angroorine-3-FU effects on OBs will be determined using Col2.3- GFP hneage wracing (FIG.
16}, While OBs are nol ay intimately associated with BCs as CAR culls, a sinusotdal capiflary
subset closely approximates the OB-enriched bone surface and as such, could be vpact this
sndosteal nichs, Flovwe-sorted P IAMEC and Cod2 3708 GFPE cells from SFC wreated mice
can be tested for differentiation and hone formation perturbation in cell culture assays

{ Weilbascher and Nowvack LOSs) as deseribed above for CAR cells (Suerof 2012; Yang et
al. 2013}

A corollary to angioering 5-FU niche dysregulation is perturbation of PCA C8C
maintenance, abrogating CSC guiescence eventuating in CSC depletion and proliferative
transit anplifving cell popolation expansion. Multiparameter inimanottaeorescence can be
gngaged using PUA CSC and HEC stem and differentiation matkers i both fissue sections
and flow eytoretry, Approaches to functionally report on C8U and HEC quiescence and
profiferation can also be used. Stem cell quisscence detection data can be ased from on
bromodemveriding label retention.

Pilutton of & chromati-binding histone 2B-GFP (H2B-GEP) fuston protein can be
used to estimate CRC guiescence (Kanda e ¢, 1998 Hadjantonalos and Papatoannon 2004,
Wilson e o, 200%). Labeling can be performed wsing different H2B-fluovophore colors to
assay hoth populations m the same mouse (Hadjantonakas ¢ o 2003 (FIG. 173 A lentiviral
doal dTATTRE "night” TetON-histone 28 (H2BmCherry virus can be constructed ke the
TetQif system (Falkowska-Hansen e o, 2010}, IGR-CaP1 cells can be lentivirally mifected
with TetON-H2B-mCherry and CMVY-pLUT and select BOX induced reportors and
constitutive LUC expression.

TetP-HIB-GFP nuce hitransgenic can be obtatned for both the 114 TetON operator
and TREHZB-GFP fransgenes (Foudl o of. 20093 (JAX) and mtercross with Rag2 KO muce.
DROXN-pre-ingduced IGRCaFL TotON-H2B-mCherry cells can be intracardiac injected mto
DOX pretreated TetON-H2B-GFP:RagZKQ mice (FIG. 17). The six-cight week lag tme for
IGR-CaPl gross bone metastases development can allow for a DOX withdrawal washo
period to test for H2B kabel retention consistent with stem and early progeniior calls, PCA
S versuy HSC quiescimes can be quantified by tissue and flow eytsmetric enumeration of
red (CSCY and green (HSPC) fluorescence. Additional testing for differental HSC

mobitization and repopalation capability can be performed.
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Conventional bone Ussue section and flow eviometric immunofluorescence can be
used to errogate changes in the metastatic tumor and the bone martoew niche vellular
composition, Tissue PCA versas host cellular areas can be tested for prohifevation, cell death,
and BC vaseular marker mumusdfluorescence. To facilitate PCA bone focalization, add to
prodiferation/apopiosis and flow cylomelry emonerahons 3 constiiutive IJGR-CaPHOMV-
H2B-mCherry LUC {Addgene) cell line can be created. Alterations i POA C8C versus FOA
progenitor or more differentiated PCA cells can be deternyined by C133, €D, EpCAM,
CD49f CRS and CRE immunofiuorescence co-ltocalized with IGR-CaP LH2B-mCherry
expression. PCA higrarchical composition can be more precisely quantified by flow
cytometry. Dissociated bone twmors can be gated ou mCherry, the epithelial identity of those
gated cells confirmed by EpCAM, then subiractionated based on CK3 (hasal) versus CK8
fununal, then further fractionated based on CD44 and CD4GE
EGFPEpCAMAUDA4highCDA0T CiShigh:CDBSlow can be prasumed 1o be stem cells,
CDRUDEE-FLEK- panel (Mayle &7

HSCHPC frequencies can be screened using the KLS:
e, 20131 The inverse marker distribation cay be designated lominal cells. To investigate
whether our BC targeted Ad vector 1s trudy affecting an angiocrine rather than a systeniic
phenetype, metastatic iwmor, Bli-wdentified uninvolved bone marrow, blood, and multiple
host organs can be fested for 5-FL evels by HPLO (Kievit ¢7 ol 2000)
Example 14

Thix example dustrates cell vulture experiments o test PCA stom el potential

BCA stem cell potential can be functionally tested. S2FU can decrease the frequency
of mratumoral CSCx and can mapar C8C renswal Rmchion. Prostaspheres are considered
one hallmark of PCA CSC capacily {Anama ef of, 2005, Guo ef of 2012). Prostasphere
rengwal capacity can be tested usang serial culture. Ability to generate profiferative progeny
can be tested by scoring prostasphere size attainment. COSC renewal capacity can be tested
using serial Hmited diletion and serial tranaplantation experiments (Gin ed o 20140 In
addition to these stem cell potennial assays, soln and vo-culture experiments can glso be
engaged testing for S-Fli-mediated changes i EC-tamor or EC-tumor-osteoblast oross talk
To create an BEC cell culture niche, the AJYES-ORF] wansfected HUVEC model Can be ased

{Seandel e of. 20081 These BE4-ORFY HUVECS can be mpintained for multiple passages,

anst support HSCs for prolonged cell eulture periods (Kobayashi ef af. 20010). To test for
angiocrine functional slterations, 5-FC treated B4-ORFY transfected HUVECs d with

AdROBOEDUD or control vectors can be interrogated for differential growth factor and
chemodovioking secretion using conunercial proteomic antibody arrays, Array dats will be
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validated by Western blothng and BELISAs. Tamor-BC co~cultures canbe extablished by
“ngrachuting” IGRSCaPF! tumor cefls onto B4-ORF-EC cord latbices. Tonsor and ECs can be
prefabeled with ditferent fluovescent dyes and global gene expression and protesamic
seoretion altorations profiled from FACS sorted populations,

Data can be produced from at lpast 4-6 mice injected with experiental, and 4-6 mics
iyested with conirnd Ad vectors for statistical analysis. Tissoe celhular BGFF expression
frequencies can determined by measuring the EC-colocalized EGFP positive area compared
o total section area, These area vatios can be obtained from the average of 4 sections per
maonse. Cell culture experiments can be repeated 4-6 times as can Hmit dilubion tumor
formation analysis. Statistical significance testing can use the von-parametric Mann-Whitaey
U test, and one~way ANOVA.

Example 15

This example Hustrates testing for PCA USC versus host HSPC mobilization, niche
depletion, and eytotoxic chemotherapy enhancement mediated by angiourine targeted Ad
vectors expressing stem cell hgand decovs.

POA CSCs can be regulated by several stem celb receptovhigand signaling modules, including
CXNCRACKCLIZ (SDF1} Sun e gl 2008; Shiveawa e ol 2011 Dulwovska e of, 20123,
NOTCH JaggedDelta (Leong snd Gao 2008, Wang ef ol 2010; Ye o1 @/ 2012, and
WNTFrivzded (Horvath er af 2007 Schweirer of ol 2008, Kawano of ¢l 2000; Takebe e ol
201 The OXCR4- SBF aas can be targeted, CXCR$-SDFL decoy data can be used as a
template for testing of angrocrine Ad vectors slated for NOTCH or WNT hgand decoy
signaling disruption. Qur data revealed porttumoral BC Ad vector expression with a gradient
dimimstion in distal metastasis-bearing bone (FIG. 10} Intra- and peri-tumoral BC ROBO4
prometer activation can produce fooused USC moebilizaficn while preserving retention of host
HSPCs m uninvolved bone regions. There 1s extensive expression of the EC-targeted &Ad
vecter within and adjacent to JGR-CalPi bone metastases, The Ad vector expression gradient
between ntra and perttumaral BECs and distal unmvolved bone marrow 18 support for
differential CSC bone miche targetng. Totra- and peri-tumorg! EC ROBOY promoter
activation could produce focused CSC mobilization while preserving refention of host HSPCs
in uninvolved bone regious (FIG. 101

A soluble, truncated "sCXURA™ expressing Ad vector was created. A AdSCMV-sUXCR4-Fe
was construcied and activity tested {see FIG. 14 for ROBOY vector). The veetor transgene
encodes anune actds 2-28 of hman CXCR, which i the SDF1 hgand binding domain, fused
to & mouse inmunoglobin heavy chain {Fo} fragment. The vector was validated for
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manunalian cell exprossion following vires infection i cell culbure and in the plasma of tail
vein injected mice. Svystemic UMY -CUXURS vector injection inhibitd B1oF 1T nyouse
melgnoma lung metsstatic implantagion and growth (FIG. 18), Systemic UMV sUXCRY
vector mjection tnhibiled B16F 10 mouse melanoma fung metastatic implantation and
gronwthy, (FIG, 18), The BEC tergeted AJSROBO4CXCRS-Fe vector embadiment (FIG. 19)
was oreated and tested. The nsert containg the ¢DNA encoding the CXCR4-SDFT figand-
hinding domain Hinked to mouse invnunoglobin heavy chain for seorction and stabilization.
{FI3. 19}

In these experiments, warfarm-protroated, nontwnor bearing, WS7BIOT and Rag2K O mise
were TV injected with ADSROBO4-sCXCRS-Fe and a control AdSROBOSEGER vector,
Flow cytometry demonstrated elevations of gramtdoovies, moneeytes, snd hymphocytes
{likely bone resident B-lvimphoeytes) i blood (B) and spleen (83 of AdSROBO4-sCXCRA
injected mice {(FIG, 203, Our results showed expression of AdSROBOS in bowe marvow ECs
The resalis sugeest Ad vector bijacking of BC angroerine functions mobibize cells from the
bong marrow. The BM Ad vector expression gradient (FIG. 10} can focus and differentally
amplify CXCL12 sequestration intra and pertmetastatically. Cher IXI viral particle dose
has the dynanue range enabling ample decremental dose titration. to achieve selective CSC
maobitization.

Example 16

Thix example dustrated testing angiocrine-targeted stem celi Hgand sequestration
mediated dysregulation of CSC bone marronw niche retention.

Testing can be performed to determing that angioorine stem cell hgand sequestration
can differentially mobilize and deplete €SCs ve HEPUs, that the angioorine-mediated CSC
mobilization can affect loss of CSC compared (o HSU quicscence and that angiccrine-
mediated TSC mobilization can enhance sensitivity of POCA metastatio growth to docetaxel.

To test for CSC mobilization, mice with BLverified PCA bone metastases can be
IV-tiyeeted with AJSRUBO4-sCXURS, Blood can be apalyzed by human Ala RT-PCR
{Shiozawa o af. 2011} If positive, blood FUA cells can be further enumerated by histone
ZRH2B Y mCherry How ovtometry (Sluorawa erad 2001 CGin e ad 20123 WWanCherry
labeled cells are detected at sufficient freguency i whaole blond, further epumaration of CSCs
using our battery of stem cell markers can be performed. Companion bone marrow {BM)
analyses can test for PCA OSC divninution by flow cyiometry of HIB-mCherry-gated single
cell suspensions of bone metastases additionally stained for POCA €50 stem cell markers.
Potential shifting of metastatic PUA quiescence 1o enbanced profiferation can be tially
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determined by K167 flow evtomatry, “Uninvolved™ bones suggested by BLY can also be
testedd for PUA CSC muitiphicity and quescence/proliferation shifting by US stem marker
and K167 whole BM analyses. Blood {PCA nmarkery and bone marrow {PCA-CSC markers)
markers can be used as ennmerations as benchmarks for decromental vector dose titrations if
necessary to achieve differential CSC versus HSPC niche mobilization, To test for vector
host BM mobilization elevations of hematopoictic elements in blood and spleen van be tested.
To pinpoint HSPC versus differentiated cell mobihization, colony forming uait-cell {CFC-OY
potential in-whode blood can be tested. Farther HSPC apalyses can enomerate BM HSCs and
HPCs usimz SLAM markers (Kiel o @/, 2005, Mayle e af. 2613}, The HSC population can be
functionally characterized for Ad-sCXCRA vector mediated long-term versus short term, L1-
HSC and ST-HSC, frequencies i mouse reconstitotion assays {Greenbaum ef of 2013,

Mayle e af. 2013). These can be benchmark data from which CSC v HEPC decremental
viector dose titration 15 evaluated. Flow evtometric analyses of CSC vs HSPL BM
mobtlization and depletion can be further sualyzed using woltiparameter issue
imaoflucrescence for profiferation markers, BrdlU, K67, and a panel of USC and HSPC
markers. Dhfferentiation of PCA versas host bone martow elements can be facilitated by H2B
mnnuneiluorescence that produces 8 intense sighal with low background (Hadjanmonakis sud

Papaiogiuou 2004 ).

To test for losy of CSC quiescence mediated by our Ad vegtor stem cell higand
decovs, the dual color HZB washoul experimental strategy can be enyaged as detaled m

(FIG. 17 DOX-pretreated PCA cells comtaining the '!"ﬁ:ﬂ)@\fuﬂ28«1}1(?&&:1*@*.i'.l,i C vivus can be
ingected into DOXepretreated TetOP-HIB-GFP Rag2K G recipients (Foudi ef af, 2009
Falkowska~-Hansan ef of, 2010% Differential volention of BM niche greendred fluorescence
following 6-8 wk washous can be emmerated by flow eytometry and tissue
wmhenofleosescence, bolstered by additional markers (Foudi ef of 2009}, Tumor
progreasion can be tested using BLY in a group of mice following veckor fnjection, and
extended duration experiments festing for overgll survival, The guestion can be addressed of
differential C8C specilic mobilization wediated by the sCXCR4 vector compared with the
“eold standard” CXCRA small molecule inhibator, AMB3 130, Each vector experiment ¢an
nchede an AMD3 HO0 Alzet pump controf omuhsting contingous vector-mediated sCXCR4
production.

AASROBOG vectors can be constracted and cell eultwe valideted contaimng solable
NOTCH and WNT hgand decovs (SNOTCH and soluble Frizzle Related Protein {(sFRP)
receptors (Funahashs ef of, 2008, Laverzne et ol 201 1), The oxistence of NOTUH and WNT
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pathway ¢DNA and transgenic seposter mice can expedite efficacy soreeming and i necessary
decremental Ad vector dose fitration both in cell cultine and in intact mice. Addutional
experiments can use the sCXCRA expenimental template, testing the degree of dhfferential
CSC versus host stem cedl mobilization, CSC depletion, and potential POA tumor growth
inhibntion achieved with the sNOTCH and sERP vectors: With the sCXCRS, sNOTCH, and
SFRP data the vector can be selected with greatest CSC functional efficacy @ carry forward
for addiivity testing with oviotoxic chemaotherapy. Followang the foukemia paradigm (Nervt
etal 2009; Fssers and Trwgopp 2010), sequential Ad~sUXCRS or control Ad-LUC vector can
be commbined with “standard of care™ docetaxel chemotherapy (Serugs and Tannock 201 1),
Additional data 15 available for IGR-CaPt cell docetaxel sensitivity, Docetaxel can be given
for 2-4 weeks after Ad vector injection. Tumor growth inbibition or regression can be
followed by BLL Blood can be serially sampled for PCA, €8, and HSPC frequencivs as
detatled for Ad-sCXCR4, BM and spleen can be analyzed for PUA CSU, HEPC frequencies
usiig How eytometry and tssue istopathology; proliferation, apoptosis, and vascolarity can
be tested using maolti-marker tssue immenotlaorescence bolstered by Wester blotting.

Tao further test for Ad-steny cel ligand decoy USC niche eviction and consequent
depletion cell culture experiments can by used, CSC abundance can e interrogated by the
comparative quantity of prostaspheres formed from Ad-stem cell ligand decoy versus control
vieetor injected mice. USC renewal capacity can be tested by serial cudture. Limted dilution
single and seral tumer transplantation experiments can further investigate CSC numbers and
functional capacity (Qiner ol 2013).

The sngiocrine-arasted Ad vector sitategy can be differentiadly locabized n
nrtastatic rather than wninvelved bone (FIG. 18). Thus, the Ad vector embodiments can
focus CXCR4 blockade o tumor specific, rather than global bone marrow niches. Fogal Ad
vector-rmediated sCXORS expression can selechively or prefeventiatly atfect COSUs rather than
host HSCeHPCs, The Ad vector system is tunable in regards o promoter selection. Tose
titration, or veetor switching to our EC tropie MBP vector that can contain
eihancer promoters with greater umor microenvironmen responsiveness, can schieve a
specifioity tevel exceeding global small miolecale therapies.

The angioerine Ad vector approach s also poly-Hgand targeting, This targeting is
relevant 0 CSConiche crosstalk, as multiple Hpandfreceptor modudes can to control PCA
CSC nmintenance (Karhadkar 7 o/, 2004; Chang ¢ of 2011 Valder er ol 2012 Ye ed o
2123 1XT bgand decoy combimations, or decoy collections collectively as single vector
potycistronic combinations can be tested. Switchable promuter elements can be introduced
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within high capacity “gutless” vectors. The “theranostic” attractions of gutless vectors can be
further tested.
Example 17

This example tlostrates testing theranostic polveistronte “gotless”™ Ad veotors for
brne melastatic therapeutic and yuaging efficacies.

Folvoistrome veclors are emerging a5 enticing tools for regulation of complex
hiological processes. Premature nascent pepiide redease from the ribosome mediated by viral
2A poptide seguences allows for 1:1 expression of tandam olINAs (Seymcesk-Weorkman e
af. 20123 There are 2A peptide sequences from several virad species ihat are used i
polycistromic vectors. Rales for their sequence ordering within the veotor have been
established (Seymozak-Workman or o, 2012)

Previous work has demonstrated that polyeistronic vectors can rescue quadra-T-cell veceptor
subumt knockout mice {Seymezak ef of, 20041 and reprogram P8 cells (Carey ¢f o 2009
Shao er @l 2009}, Polveistronic vectors bave been ased in first generation Ad vectors, and
can be used for high capaecity "gotless™ vectors with their 37 kb capacity {Stadtfeld o1 ¢f.
2008). Switchable control of gene products can be implemented. Switchable control can be
applivable to SDFT-CXCRS blackade wherem prolonged hlockade produced paradoxieal
bone metastatic tumer growth enhancement due to osteoclastogenesis stimulation {(Mirhe o1
ad. 20073 Gutless veotors can achieve a theranostio agent swilchable control to allow fov
eyvehical therapeutics when disgase recurrence 18 veetor detected. Single, 1XT vector
combinations of our hgand decovs can be engaged. Combinatorial transgeme mouse and
infectable/iransfectable NOTCH and WNT reporters for Ad vector-mediated pathway
signaling downregutation can be engaged (FIG. 213 Comblmatonial transgenic mouse and
infectableftranstectable NOTCH and WNT reporiers for Ad vectornrediated pathway
signaling downregalation. (FIG. 21) The CBF-H2B-Venus and the TCF/LEF-H2B-GFP
consiruets report on NOQTOH and WNT mespectively (Ferren-Vaguer ef of, 20106; Nowelschin
ef e, 2013}, The cDINAg used for transgenic mouse construction are available from Addgene.
IHGR-CaPl cells can be infected with these constructs snd used for genertion of bone
metastases. Flow cytometric analyses of reporter fluorescence intensity can be used o @
determine the efficacy of Ad vector medisted NOTUH or WNT pathway downregulation
{FIG. 21 To test for comparative Ad vectir-medisted host pathway downregulation each
transgenic mouse reporter (JAX available) can be obtained and multiparameter BM flow

eylometry costained with SLAM and lineage markers can be gsed.

]
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Polycistrome veotor configurations can be constructed and fested. An embodiment of
this vector is presented herein (FIG. 223 Design features of this vector can mclode but are not
timited to padycistron EC-targeting via the ROBOY enbancer promoter, constifotive
expression of LHC for BLI bone metasiases growth, inhibition, or recarrence detection and
EGEP for enbanced Ussus immunofluorescence Invalization, constitutive prodrag converting
enzyme exprossion that is functionally conditional due to prodrug dependence, andéor
swiichable doxyeyeline control of nualtiple stem cell figand decoys {Xiong ef gl 2006),
Design features of thiy vector embodiment can inchade: 1) polycistren BO-targeting via the
ROBO4 enhapcer promater. 2) Constitutive expression of LUC for BLI bone atastases
growth, inhibition, or recurrence detection and EGEPR for enhanced tissue
wnenofluorescence localivation, 3 Constitutive prodrug converling enryme expression that
1s functionally condittonal doe to prodrag dependence, andior 43 Switchable doxveyeline
control of multiple stem cell ligand decovs,

Testing for CRCHSCHPC mobilization can be implemented. Combinatorial 5-FC:5-
FLI generation with magdti-bigand mediated CSC siche eviction can be tested for metastatic
growth mhibition efficacy compared to solo Ad-bCD vector data. Vector pretomor injection
treatment can gllow uy to perform ttanor dormancy and established tumor expertinsnts using
a sigle experimental design. Expenimental duration can be extended and sequential vector
polycistron expression activation peciormed on recarrent tumors of selected stres

Imaging exporiments can st metastatic tumor burden detection thresholds. To probe
transiational nolevance our vectors can be tested for prolonged expression in syngenecie bone
metastatic models, Additional viral capsid genetic and possibly chenvcal engineering can also
be engaged obvialing the anti-coagulant facior and producing mumune evasion, Gene fasion
strategies, viral spretes/type of 2A peptide and cDNA cassette polveisiron ordering can alf he
altered to achieve a polveistronic vector reqausiie tor bone metastatic efficacy. The number of
cistrons can be reduced to achieve 8 functiona] encapsidated vector,

Example 18
This example Hustrates that MBP pscudotyping attenuated hepaiooyie vector exprossion
while producing widespread mult-organ vascalar EC expression.

The multiorgan biodistribuiion of AdMBPOMY was tested wsing semiguantiiative
tissue section immunotiuoreseence anabysis. AdSCOMV-mediated expression was
predominantly locabized in liver hepatocytes and detectable in reticuloondothedial system and
endothehal cells (BECs) of spleen (FIG. 2RAY. Vector expression was scarcely foond in hung,
heart, kidney, gastrocnemius muscly, panersas, spmall bowel, targe bowel, and not detectable
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i any part of the brain (FIG. 23R, In contrast, A&MBPOMY produced BC expression
throughout the microvasculature of heart, Kidney, nuscle, panereas, intestine, and brain (FIG,
23A). Veotor BC vo-localization was contirmed using high-magnilicstion EFY imaging in
these organs (FIGL 29). Sarprisingly, robust transgene exprassion was detectable m ECs
within tested brain regions including cerelwum, corebellum, hippocampus, and medulla (FIG.
2883). To quantify vector transgene expression, BGFP fluorescence intensity was sununed in
a tissue region of interest {ROD) and normaltized by the ROT avea {per pn®) in cach organ.
Laver sections from Ad.MBP.OMY -injected mitce exinbited a 5-fold reduction in the EGFP
flucwescence intensity compared with the AJS.CMVY counterparts {FIG. 23H). Liver

detargeting was associated with 2-1old fucrease in vectov expression in splemic

reticuloendothelial cells and ECs (FHG. 238 As long, heart, Kidoey, pavereas, small and
targe bowel, and brain were eithervharely or not transducible by the Ad3.OMV, the
retargeting enhancement of the AdMEBEP.CMV o these organs was ranged from greater than
10-fold inprease in pancreas, simall bowel, and large bowel, greater than 100-fold nerease in
hung and kidney, greater than 1LO00-fold inerease in heast and wascle, and greater than
10.000-fold increase in brain (FIG. 238, red bars versus blue bars for Ly, H, K, M, P, SB,
LB, and BY

FIG. 28 Hlostrates incorporation of MBP mto AdS detargeted the viras from hiver
hepatoovtes, modestly increased gene expression i splenic mavgnal zone, and markedly
enhanced gene expression i all regions of the brain, (A) EGFP expression in Hver and spleen
following intravenous injection of Ix10 yp of AdS.CMV or AdMBP.CMY into adult
CS7BLAT nuce, ADS.CMY expression was widespread and robust in liver hepadocyies (lop
edt pancl) and punctate within splenic marginal zone (op nght panall, ADMBP.OMY
markedty reduced vector exprassion in Hver hepatooyies (hottorn el panel) with increased
vector targeting to splenic marginal zome (bottom right panely. Co~-statming of spleen sections
with BC markers endonmein and CD31 indicated that A MBPOMV was tarzeied to mixed
ECs and other cell population(s). {8} Immumofluorescence microscopy anatysis of EGFP
expression in different regioms of the brain following intravenous injection of 1x10! vp of
ADMBP.OMV o adult CATRL/AT mice. BEGEP expression was widespread throughout the
vascular network of the cerebrom, hippocamypus, medulia, and cerchallum. Magnitication:
100X, Red: endomuain/CD3, Green: EGEP immunofluarescence, Biue: DAPRL

FIGL 23 iHhustrates incorporation of MBP into AdS drastically increased viral gene
expression to vascudar beds of nudtiple bost organs. {A) Immunoflaorescence microscopy
analysis of vector BGFP expression in host ovgans following ntravenous injection of Ix10Y

Y
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vival particles {vp) of ALMBP.OMY into adelt C37BL/AT mice revesded provunent transgens
exprassion in lang, heart, Kidoey, gastrocnentos muscke, pancreas, small and large bowel,
and brinn. Co-staining of tissue sechons with an EC-specific endomucindCD3T cocktall
revealod that EGEP expression was restricted to the vasculature. (B EGFP fluorescence per
pm of tissue section arca (FLL fluorsseence ntensity) in sach organ devived from AdS.CMV-
iyected wice {(nd for all ovgansy versus that from AdMBP.CMV-injected nuce (010 for
tiver, spleen, heant, kiduey, muscle, small bowel, and brain; w7 for lung, pancreas, snd farge
bowel} {C) The peveentage of vascular BC area expressing EGFP in each organ denved from
AdS.CMV-injected muce (3 for all organs) versus that from AdMEBP.OMV-injected mice
{r 10 for heart, Kidoey, muscle, small bowel, and brain; w7 for lung, pancreas, and large
bowel). Bar graph 1s mean +~ standard deviation asterisk: adjusted p<Q.03. Magnification:
100X, Red: endomucin/CD3 L, Green: BGFP inmnunofloorsscence, Biue: DAPL Ly bver, 5
spleen, Lu lung, 8D heart, Ko kidoey, Mo muscle, Py pancreas, SBr small bowel, LB larpge
howel, B: brain.

The BEC-expression efficiency of the AAMBP.CMY versus AdS OMV 1 mualtiple
organs was determined by guantifving the peresntage of total tissue BC area ex pressi,ng
EGEFP in vach organ. AAMBP.OMY tarpeted grester than 62% of tood vessels i regions of
the brain (B), 21% 1o long (Lu), 26% heart (M), 33% m kidney (K), 38% i muscle (M), 305
in pancreas {P), 16% in small bowel (8B, and 6% i Jarge bowel (LBY (FI1G. 23C) (Other
than Hver and spleen, pancreas and small bowel wire the only detected organs where
AdSOMY produced anappreciable bat still rare vascular BC expression (FIG. 230,

To farther fest BCspecific expression, immmothuorescence for the periovie markers,
POGERS or proteoglyean nerve~-ghal antigen 2 (NG2), and the pan-hematopoietic lineage call
marker CD43 or macrophage marker F4/80 were performed. High-magnification revealsd
that the EGFP-expressing cells were distinet from the PDGFR-positive or NG2-posiiive
cells i tested organs (FIG, 28), AdMBP.OMY was expressed an rave CD4 Spositive
hematopoietic cells and F4/80-positive macrophages in liver and spleen, but not it any other
sampled organs (FIG. 30)

FHG 29 dHosirates AdMBR.OMV selectively targoted vasoular ECs but not periovies
i audtiple bost organs. High-power magsification EFI (Methodsy micrographs of tissus
sections co-stated with an endomucin/CD31 cocktail {top panels) snd an EGFF antibody
focalized Ad MBP.OMY transgene expression o vascudar BCs by the in lung, heart, kidney,
muscle, small bowel, large bowel, and brain. Tissog sections co-stained for vascular perievie
marker PRGER {nuddle panels or proteoglyvean nerve-gdial antigen 2 (NG2, bottom panels)
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revedled that the EGFP-expressing cells in the organs were distingt from the PDGFREY v
NG2+ cells, Magnification: 400X, Red: CD3 1/endomucin for top-row panels, PRGEFRP for
middie-row panels, and NG2 for bottome-row panels, Green: EGFF immunofluorescence,
Blue: DAPL

FIG. 30 ifhostrates AGMBP.CMY targeted ool populaBionds) distinet from CD43-
positive or F4EC-positive cells in most host organs. High-power magnification EF]
nucrographs of tissue sections co-staned for EGFP and hematopowetic cell marker CD4S or
macrophags marker F4/8O fi cight-organ panels. The BGFP-exprossing colls wereg distingt
from the CD45+ hematopoietic cells and FARG macrophages in lung, heart, kidney,
gastrocaemius muscle, small bowel, brain, However, o small Frachion of EGFP-positive-cells
i liver and spleen expressed CD4S and F480. Magmbication: 400X Red: CD43 for top-row
panels and F4/R0 for bottom-row panels, Green: EGFP immunofluorescence, Bhae DAPL
Example 1¢
This exgmple iustrates that warfarin hver detargeting failed to increase AdMBP CMYV
muthorgan BC exprassion.

While the AAMBP.OMV vielded an impressive level of hepatooyte detargeting, fiver
remained # substantial transductional and transeriptional target (FIGL 24} As the major
pathway directing AdS hepatocyie sequestrabon i3 mediated by coagulation Factor Xovival
hexon biding, # way tested whether warfarin could affect dimpmution 1o the level of
AdMBP.CMV expression i1 hepatooytes. (Waddimgton, SN et al. 2008) Warfarm
pretreatment diminished the mumber of EGFP-expressing hepatooyvites {(FIG. 2443 The
restdual monber of veclor expressing hepatoves was sinalar (o aur previous work with AdS
based vectors with wild type capsids. This residual hepatooyte vecior expression following
warfarin treatment has been scent by others and likely represents & “floor™ for the efficacy of
pharmaceological blockade. (W add_iﬁgmn, SN, etal 20083 However, in contrast to our
previous work with vectors with wild type wp\:d\ (i u, £.H.. et al, 2013} warlarn farled o
sugpested that either the AAMBPROMY pmphu al vascular BC vedtor expressﬁm Was
satyrated @t ouwr T 10 vival panticle dose, or that complement opsonization facilitated
destruction of the vector dose increment that eseaped hepatoovie tramsduction. (Xu, 4., et al.
20133

FIG. 24 illustrates that warfann pretreatment redouced A MBR.OMV liver tropism
but did not alter gene expression n other host organs, (A Warfirin, S mgdky, on day -3 and -
1 before veotor injection diminished hepatooyte exprossion but did not change transgene

59



WO 2014/201308 PCT/US2014/042204

gxpression in spleen. (B) BGPP fluorescence per i’ of Hissue area i each organ derived
from warfarin~treated mice (=3 for all orpans)y normalized as perceniage of the mean value
of vehicle-treated or untreated counterparts (=10 for hver, spleen, heart, Kidney, muscle,
smalt bowel, and bran; w7 for lung) with standard deviation, Warlarin pretrestment raduced
veetor Hver expression by 68%: (L) but did not lead 10 a signiticant change b gone
exprossion in spleen (S), fung {Lyj, beart (H), kidaey (K, muscle (M), small bowel (S8}, or
hrain (B} Asterisk indicates adjusted p=0.035, Magnificaton: 100X, Red: CD3 Headonmuein,
Green: BGFP immunofleorescence, Bhie: DAPL
Exampie 20

This example Hostrates that Ad MBP.OMV dose reduction produced organ-specific
nop-linear EC expression reduchon,

In these experiments, mice were challenged with injection of 2010°% viral particles to
tost the sensitivity of gach organ vascular bed for AdMBP.OMY expression. The lower viral
dose reduced tissae ADMBP.OMY oxpression tn Hver, spleen, pancreas, heart, Kidoey,
nusele, panereas, small bowel and bratn. Frequency and EC expression level i the tang
remained unatfected by vector dose reduction (FIG. 234 and FIG. 25B). Comparison of
EGEFP fluorescence mtensity of fow- versus lugh-dose tissue samples revealed that splenic
and bram frapsgene expression was 16% and 31% of the high-dose counterparts {(FIG. 25C. §
and B). These levels of reduction in EGFR expression were within the range of lineay
response o the viral dose difference (20%). However, the dinunished expression i fiver (5%
of high-dose level), hean {0.4% of high-dose level), kidney (0.58% of agh dose level), muscle
{0.1% of high-dose leved), pancreas (0.4% of high-dose level), and small bowel 3% of high-
dose level) was nonlinear. Stmilar to BC expression freguency analysis, vector dose reduction
failed to sigmificantly dinunish transgene expression m lung (919 of high-dose leval,
p={}.58R). These resalts show that AdMBP.OMY lung-specific EC expression targetmg may
be achievable through vector dose fing tuning.

PIG. 23 iosirstes systemic administration of a low dose of AAMBP.CMV into adult
nuee producesd differential snd non-Hoear reduction 1o gene expression i host organs. {4)
EGEP expression i host Bver, spleen, hung, and brain following intravenous injection of
PX T or 210 vp of AdMBP.OMY into adult mice. Lowering vecky dosage significamly
reduced BGEFP expression in vascular ECs of hvier, spleen, and brain but did not change the
expression in lang. (B) BGFP Duorescence per g™ of tissue area n cach organ derjved from
the low-dose groap (n=6 for each ovgan). () Normalization of the tissae EGFP fluorescence
intensiy values () 1o the niean value of the high-dose counterparts. The spleen and bram
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EGFP expression i low-dose group was 16% and 31% of the high-dose counterparts.
However, low virus dose drasties Hy dimigished the ransgens expression in, heart, kidoey,
muscle, pancreas, and small bowel (3% of high-dose fevel). The low dose did nt
signtficantly alier the transgene expression i fung (91%: of ngh-dose level), Asterisk
indicates ot O3, Magnification: X, Red: endomueindC3 L, Green: EGFP
tnnwnofluorescence, Bloer DAPL Ly bver, §: spleen, L tuag, H: heart, K2 kidney, M
muscle, P pancreas, S8 small hbowel, B: brain.

Example 21

This example iHlustrates that mononuctear cell depletion failed 1o dinvnish
AdMBP.OMYV EC transgene expression.

The AAMBP.OMV acquired a specific and high affinity binding to myeloid cells ex
vive, compared with the AdS. (Alberti, MO etal 2013 Albentt, MLO, et al. 2012).

In these experiments, two datly doses of intravenouas olodronate Eposomes were
gdministered to test the necessity of mononuclear cells for AAMEBP CMV EC transgene
exprression in intact nuce. The percentage of cirenlating CDH Ih-positive cells and the fevel of
masfti-organ tissue sectivn BEGEFP Buorescence was measured. {FIG. 20A- FIG. 2600,
Cladronate treatment depleted circuhating CD1 Th-posaive leukoevies by 77% and completely
depleted F4i80-positive macrophages i Hver (Rupfler cells) and spleen (FIG. 26A and FIG.
31) In contrast, clodronate harely reduced resident macrophages i fung, small howel, heart,
and kidney (data not shown}. Clodronate increased AGMBPR.COMV EC fung expression by 2-

fold but did not sigmficently sher BEC transgene oxpression fevel or the EC-speeific
expression pafern m Bver, spleen, heart, kidney, wmusele, pancreas, small howel, or brain
(F14, 20B) The lack of inorease in hepatooyte was surprising given prior repovts o the
seavenging function of Hver Kupffer cells (Wollt, G, ot gl 1997} however, others have also
reported g modest, though statistically msigaificant level of clodronate-mediated Ad vector
Heer expression enhancement, {(Bradshaw, A.C,, stal, 2012} These data demonstrate that
circulating monocyies and macrophages are dispensable for AAMBP.OMV orpan EC
CXPressin. ?"iowm-fm; the persistence of extrahepatic organ Cdl Hh and F480 cells following
clodronate depletion does not rude out the wmarginated myeloid cell pool as & mechanism for
verkoy-EHC handoll, (Alberst, MO, stal 2013}

FIG. 26 tllustrates depletion of circulating monocyies and hepatic snd splenic
macrophages lead to an increased AdMBP.OMVY gene expression in the lang without o
significant change in gene expression iy other organs. {A) Representative flow cytometry
plots {eft panel) quantifving the FSC-high/S&T-low DT T h-positive U D4 3-positive
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monocyte population in circudation. Relative frequency {right panel) of cireudating monogviss
from clodronate bposome-treated mice (Riod, 1=3) versus saline-freated mige {veh, =3}
Intravenous injection of clodronate Hiposomes depleted cironlating D b-posttive cells by
Bd%. (B) EGFP fluorsscenes per um- of tiysue avea in each organ derived from the saline-
injeoted miee fr= 7 for liver, spleen, beart, kidney, muscle, pancreas, small benwed, and brain;

=4 for lung) versus clodronate Biposome- injected mice (=8 for tiver, spleen, hean, kidne
pancreas, small bowel, and brain; n=7 for muscle; i 3 for fung). Intravenous clodronate
increased A MBP UMY lung expression by 2-fold {La} but did not veselt in a significant
change in gene expression in liver (Liy, splecn {8), heart (H), kidney (K}, muscle (M},

pancroas (P), small bowel {SB), ov brain (B), Asterisk indicates adjusied p<Q.05.

31 illustrates depletion of hepatic and splenic macrophages by clodronate
{iposomes. Micrographs show P4/ expression i liver and spleen from saline-treated mice
{veh} or clodronate Hposome-treated nuice {clod). Clodronate-Hiposoamy treatiment completely
depleted FA/EQ-positive macrophages i Bver (Kopffer cells) and in spleen red pulp reglon.
Mapmifications 100X, Red: P84, bluer DARL
Exampie 22

This example tflustrates that BC-speeific ROBO4 gene promaterienhancer ablated the
MBP vector hepatocyte expression but veduced BEC expression in other organs,

Inthese experiments, an AdS veetor was enginesred for transeriptional targeting of
H A 24

ECs using the EC-specific human ROBO4 gene enhancerdpromoter Dagment (Kaliberoy,
SAC etal 3013 Lu, 2., etal 20133 The CMV promoter was replaced with the ROBO4
enhancerpromater fo test whether the combinabion of transcriptional with transductionsd
targeting could produce enhanced musdti-organ BEC expression. The dual targeted
AdMBP.ROBO4 vector was adnunisiersd mtravenously and organs were snabyvasd fir vecior
transgene expression {(FIG. 274 AdMBP.ROBOA abrogated hepatocyte expression and
instead BEGEP was detectable in 3 scattered population of Hiver BCs (FHG. 27AL The
AMBP ROBOY also produced EC ransgene expression i an appreciable vaseular arg
traction in spleen (23%), kidney £23%), Tang (109), owusele (99%), heart {10%%), and brain

£ 15%) but prodaced very Tow expression in small bowel and Iarge bowel (1% and 2%
pespeotively (PR 278, 5, La, HL K, M, 8B, LB, and B). Collectively, the ROBO4
enhancer/ promater produced a lower host organ BEC expression compared o AAMBP.CMVY
i cach organ. However, the undetectable vector transgene expression in hepatocytes
Bighlighted the enhanced endotheliad cell type stringency of the ROBOY compared fo the

CMV promoter in the AdMBP veetor.
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FIG. 27 iHustrates ADMBPR ROBO4 detargeted bepatocyite sxpression but reduced
levels of vascular BEC expression in other host argans. (A) EGFP expression followiny
miravenous injection of (X1 vp of A MBP ROBO4 nto adult mice. Ad MBPROBO4
yielded punctate vascalar BC expression i hiver but showed a reduced targeting efficiency o
vascudar BECs wn spleen, long, beart, kidney, muscle, small bowel, mad brain. (B The BGFP-
paositive vascular arca analysis was performed as shown in FIG, 230, Magmification: 100X,
Red: endomucin/CD3 T, Green: EGFP immumofluorescence, Blue: DAPL L biver, S spleen,
Lac lung, M. heart, K- kidoey, M mascle, SB. suwll bowel, LB: large bowed, B: brain,
Exampie 23

This example Hlostrates AAMBP ROBO4-EGEP and Ad RGDROBOS-EGFP
expression in Tnfarct/Reperfusion (R and non-UR reglons,

In these experiments, mice were subjected to suture induced left antertor coronary
artery ischemua teperfusion. One day later, either AAMBP ROBO4-EGFP or
ALRGD ROBO4-EGEFP was tnjected intravenousty. The left ventricl evidenced bijury as
evidenced by monocyte inftltration (FIG. 32A and data not shoven), frank wfarchion (FIG.

32D}, and angiogenests (arrowheads in FRG. 32A and FIGL 32D). Both veclors were
expressed wn the FR region. AAMBE ROBOG-HGEP was induced as indicated by the preen
EGFP imnuwmotluorescence (FIG. 3247 in the IR vegion, whereas i was expressed in
multiple vessels i other heart regions not sebject to IR, butat a ower level (FIG. 328 and
FIG. 32C3. In contrast, Ad. RGRROBO4-EGHP expression was restricted tn the 'R rewon
{FYG, 32D, albeit at a lower level than AAMBP ROBOS-EGEP., AdRGD.ROBO4-EGEFR
was not expressed innon-ER regions such as the kefl venteicular septum or the right
ventricalar wall {(FEG, 328 and FIG. 328 respectively).
Example 24

This example tlastrates uses of the Ad MBP platform 1o snhance andior facilitate
b salvage.

In these experiments, both AAMBPE.OMY (Lu et al. 20145 and AdMBPF ROBOY
vectors can be induced in the vascular endothelim of the adductor skeletal muscle following
hindlimb ischemia secondary to fomorad artery Hgation in & mouse (FIG 33}, Vectors using
an Ad.MBP platform can be loaded with fransgenefsi-exprassed seorcted angiogenic and
arferiogenic growtl factors andfor tanseription factors such as constiutive HiF L-alpha
{Oladipupo et al. 2011, HIF2-alpha muatants andfor other master regulatory {ransenipiion

factors. These factors can bave the alality (o coordinately induce suites of gene targets
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mediating a plethora of melecudes that cap snhance andfor fneilitate Hmb salvags in the
comtext of atherosclerntic disease alone or as 3 conseguence of dabetic vasculopathy.
Example 25

This example iustrates uses of AdMBPR vectors 1o treat conditions activating
ngiogenests in vitlous endothelim,

Ad.MBP vectors are expressed in smaall and large mtestinal vascular endothehum
{FIG. 34 (Lu et al. 2014). Ad vector Ad.MBP ROBO4 can be specifivally imduced in
angtogenic intestinal villous vascolar endotheltal cells following masstve sl bowel
resention, B contrast to a lack of expression it sham-operated small bvwsl. An
Ad. MBP.ROBO4 vector can be specilically expressed in other conditions activating
angiogenesis in villous endothelium such as the inflammatory bowel diseases regional
enteritis and inflammatory bowed disease of the colon, infections with toxin producing
hacteria such ay Clostridium diftietle, Clostridium botulinem, Shigella, sod i the colon
cancer precursor lesions of multiple polyposis. Intestinal vascular-trophic vectors can be
armed with transgenes that produce seereted antianHanunatory oytokine decoys sueh ag
soluble TNF-alpha receptor, or single chamn aptt-lL1AL17 antibodies, bacterial antistoxins,
amst RNA morfecules targeting gene products induced by the activanon of the WNT pathway
i multiple polyposis.
Example 26

Thix example tusttates use of an AMBP CMY vector to treat nllanunstory
diseases and degenerative diseases.

The AdMBP.CMY vector can be expressed i all regtons of the brain {Lu et al.
2014, This diffuse exprossion patiem can beused to produce seorsled profeins engineered o
crosy the bleod train barrier and desigaed to treal inflammatory diseases such as amyotrophic
Iateral sclerosis and nwliiple selevosis and degenerative dissases such as Alzbeimer™s and
Parkimzon’s, {F1G. 35}, For primary and metastatic bramn tomors in particular, an
A RGD HIH3 vector was specifically expressed within the metastatic vasculature but not
ur pormgl bram vascolature (FIG. 368 and FIG, 3600, Data also demonsizated expression of
the AdMBP.COMV vector in the brain vasculatare surrounding the hypothalames (FIG. 35)
An AdMBP.CMY veotir can be engineerad 10 exprass secreted molecules affecting the
hypothalanue appetite nucled (arcuate). Vectors, sueh as the vectors in this example, can be
used fo stimulate appetite in patients suffering from cachexia either due to cancer or bepign
conditions, or to induce satiety in obese pationts with the metabohic syndrome.
Example 27
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This example ithstrates sse oF Ad RGDHSHIROBOL and parental AAROBO4
veetors i treat cancers, produce anti-inflammatory molecules © treat myelodysplastic
syidrome bone marrow, andfor corredt genetie discases,

The AdRGD HEHIROBO4 and parental AdROBOS vectors are exprossed
throughout the sinusoidsl endothelnnm of the bone marrow (FIG. 37 These veotors can be
engineered to express seereted molecules that can mobihize metastatic cancer or leukenng
stem cells from their protected niches for chemo-frradiation sensitization (such as wolecules
described m Nervi ef al. 2008), al metastatic cancers due to chemotherapeutio prodeug
convertimg enzyoe production {such as molecules described i Quyvang etal, 20113, o
produce ant-inflammatory molecules to treat myelodysplastic syadrome bone marrow,
andfor correct genetic diseases such as hemophilia and sickle cell ancoua, FIG. 38
demonstrates expression of ARG HEHI ROBO4 within the vascelatire of metastatie
ey prostate cancer i the femur of & mouse
Exanple 28

This example thstrates that the angiocrine function of endothelial cells can be
manipuiated using vascular trgeted adenoviral vectors.

The vaseular endothelium can be enpinecred (o seerete mnlecules that can atfect the
vascular endothelium’s local microenviromments either tn tumors or benign diseases.
Argaocrine function 13 the term for the concept of vaseular endothelivm regulating s
migroenviromment via molecular secretion. Regarding Ad ROBO4-DCD (hacterial cytosme
deanunase enzyme), for example, the ovtosine deaminase enzyme converts the nactive
prodrisy S-flaorocyiosine {(3-FCY to chemotherapestic, S~Puorouract (3-FLL
Mice were warfarinized because this drug prevents Bver sequestration of the Ad.ROBGE
vegior (Dot iec v with ARGD HEHY or ADMBP veotins FIGS, 32-37 above), and
admusstered S-FC for 12 days. There was a focal ablation of the bove marrow hematopoietic

slemnents presumably due to 5-FU production and seorefion by adjacent vascolar endothelhial
cells. The non~dividing Mood vessels wire preserved, albett dilated, despite destruction of the
schacont hematopoietic celis (FIG. 393
These data demonstrate that the apgiocrine function of endothelial cells can be manipulated
gsing vascular targeted adenoviral vectors incheding vectors histed in this example,

FIGS, 32A-323F iflustrate induced expression of AMBP ROBOS-EGEP and
Ad RGDROBO4-EGFP vectors i region of ischemia-reperfusion (FR) 1n a suture mouse
maodel, FIG. 324 Hlostrates AdMBP RBOBOY expression 1o the kiU ventricalar TR region,
FIG, 321 iHustrates A4 MBPR ROBO4 expression in teft ventricular septum, FIG. 32C
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iastrates AAMBP ROBOS expression in right ventriondar free wall, FIG. 32D llostrates
Ad RGDROBO4 expression m left veniricular VR region. FIG. 32E (Hustraies

Ad. RGD ROBOY expression n left ventricudar septum, FIG, 32F illustrates

Ad RGD.ROBOM expression in vight veniriowdar free wall, Red: vascular endothehal speaific
imanelluorescence using a CD3 Hendomuein antibody cocktail, Groen: BEGEFP
imnwmofluorescence. Blue: DAPT nuclear stain. Magnification: $UX.

FIG. 33 Hustrates AOMBP ROBO-EGEP expression in the vascular endothelurm of the
agdductor (thigh) mascle following ndhmb ischemia secondary to fornoral aneey Heation,
Red, Green, Blueas w FIG, 32 Mag; $3X

FIGE, 34A-34C tlustrate adenoviral vector expression fncalized within anglogenic villt in g
sraadt bowel resection (SBR) model. FIG. 34.A Hustrates mrice mjected with

AdMBP ROBCY-EGEP five davs post sham swgery, FIG. 348 Hustrates endothelial and
pussible hvmphatic expression of the same veotar in angiogenic villi post SHR. FIG, 34C
Hustrates fugh poser view of vitlous in FIG. 348 {armowhead) showing colocalized vector
transgene eXpression i angiogenie sprouting eandothehom {arrowheads indicate sprouts).
FIG. 34A and FIG. 34B 100X, FIG, 34C 400X

FiG. 35 dlustrates Ad.MBP.OMY vector expression m the vascular endothelium surrounding
the hypothalamaus {encireled). Red, Green, Blue axan FIG. 32, Mag: 40X

FIGR. 36A-360 illustrate expression of ARG HSHY vector within the vascular
endothelium of human prostate brain metastases in a mouse. FRG 30A lustrates a
histological section that is adjscent to FIG. 368, FIG. 360 iHustrates a prostate brain
metastases in another mouse, Asterishs denote metastases, cross untivolved brain, Red,
Green, Blue as i FIG, 32 Mag: 100X,

FIGR, 37A-378 ilfustrate AARGD HSHI ROBOS vector expression m bong marrow
sinusoidal endotheliiom. FIG. 374 iHuostrates cortical bone marrow i bone shaft, FIGL 378
tHustrates trabecular bone marrow near bone end and cartilaginous plate, Red, Graen, Blue as
i FIG. 32, Mag: HHIX

FIGS. 38A-38B illustrate expression of Ad.RGD.ROBO4-EGFP m a IGR-CaPl human
prostate cancer femoral bone metastases in NODSCHYILIRy impumodeficient moase. FIG.
3BA lustrates an adiavent seetion to FHG. 388, Green and yellow asterisks are hematopoietic
cells atjacent to metastasts. White and black asterisks are de novo, pstecblastic bome. White
and black crosses ave mwetastatic cells. Arvowbead delineates ostecblastic “rinmning”, &

pathological ballmark of osteoblastic metastases. Red, Green, Blue as in FIGL 32, Mag: 100X

& pec)
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FIGS. 394390 tlustrate angtocrme production of 3-fuorouracil {5-FU) from bone
marrow sinuscidal endothelial cells expressing oytosine deaminase (bUD)Y from an
Ad.ROBOM vector, FIGS. 39A-300 sHlustrate bone trabecular histology from g mouse
injected with Ad. ROBOS-EGEP controd virus, FIG, 391 flustrates corresponding vasaudar
marker immmuonelooreseence. FIG. 39C iHogrates bone trabecutay lusiopathotopy 5-FC

trested nuce following A ROBO4-HCD and premjection warfarin o detarget Hver

hepatocyte vector sequestration. FIG, 39D ostrates vascolar mvnunofluorescence
demonstrating dilated bot intact vasculatars and apoptotic hematopoietic colls. Red and Bhlag

ay m FRG. 32, Mag: 100X,

Al referonces cited herein are incorporated by reforence, each in Us ontirety.
Applicant reserves the right to challenge any conchusions presented by the aothors of any
reference.

References cifed:

Referegnces gited:

Atrd, WL Endothelicd biomedicine, Cambridge | New York: Cambidge Uiversity Press,
2007, p.al, 1856 p, 1824 p. of plates.

Al Nakount N, et al. Neoplasia 2012, 14:376-387.

Alba R, etal. Blood, 2010;116:2656-64.

Aldbertt MO, et al. Gene Thee 2012,

Alberti MQ,, et al. PLoS One 20127037812

Albert, MO, et all Gene therapy 20013.2070733-741. Epub 2012 Nov 2
Assi, He, et al, Newrosorenee fertery 2002527028 71-77.

Arama M., et al. Biochem Biophyy Res Commun 2005338 11041170
Bachtaryi H., ot al. T Control Release, 201 1;150:196-243,

Rachtarzi, H., et al. Jowesal of drug targeting 201881690 700,
Baker A H., st al. Exp Physiol 2005.80:27-31

Barker N, of al. Cell Stem Cell 2010;7.656-670.

Bedell V.M, et gl Proe Nath Acad Sot U S AL 20058, 102:6373-8,
Belousova, N etal. Jowrsad of Firalpgy 200377213 H3GT-11377.
Bergers G, et al. Nat Rev Cancey, 200,8:592-603,
Borghese € et al. § Cell Brochen 2013, 1 14:1135-1144,
Bradshaw, A.C., et al. Journad of controlled velvasecofficiol jorrnad of the Contralled Release
Seciery 2012 164(3):394-4G2.
Bradshaw, AC., et gl Fasendar pharmacofosye 2013380311 31

67



WO 2014/201308 PCT/US2014/042204

Brenner A, etal Chn Casver Res 2013

Butler 1M, et al. Nat Rev Cancer, 2010810:138-46.

Carey BW, et al. Proc Nat! Acad Soi U S A 2009106, 1587-162.

Chang HH, et al. J Biomed Sei 2011180

Chauchersau A, ot 3l Exp Cell Res 2011317:262-375,

Chung LWK, of al. Bone and Cancer. F. Bonner and M. C, Farach-Carsom. London, Springer-
Verlag, 2009 50 157-166,

Cole, €., et al. Newgre medicine 20051100 1G73-1081,

Cook KM, et al. CA Cancer J Clhin, 201;60;222-243,

Coune, PG, et al. Cold Spring Harbor perspectives inomedicine J0122(4)200043 1
Crawlord Y, et al. Cancer Cell. 2009152134

Ding L, et al. Natwre 2013:495:231.235,

Ping L, of al. Naturs. 201 2481 487462,

Dong £, etal, Adv, Drag Deliv Rev, 7{}09;6 P:542.553.

Duarte 8, et al. Cancer Lett 2012324 160-17

Dubrovska A, etal. PLoS One 20127231226,

Duffy MR, ef al. Nanomedicine {Lond). 2012;7:271-288.
Feonomepoulou M, Nat Med 2009, 15:853-558.

Enghsh HE, et al. Prostate 1987:11:229-242,

Essers MA, et al. Mel Oncol 2010444 34540,
Falkowska-Hansen B, et al. Exp Cell Res 2010316/ 188351895,
Ferrara N. Curr Opin Hematol. 2010;17:219.24.

Ferrara N. Endoor, Rev, 2004;25 581611,

Ferrer-Vaguer &, et al. BMC Dev Biol 2010100121

Foudt A, et al. Nat Biotechnol 2009.27:84.90.

Frivg V, et al. 1 Cell Biochem 201 1312:3234.3245,

Fuchita M, et gl Cancer Rex 2000:60%:470]1 4799

Funghashi Y, et al. Cancer Res 2008:68.4727-47335,
Galan-Mova, EM., et all KMREO repores 201 112050470-9476.
Ghnsky VV, Cancsr Motastasis Rev 200625531540
Coldman CKL et al. Proc Natl Acad Sci U8 A THOG U5 870588040,
Goldstein AS, et al, EMBO Rep 3012132 71036-1037.

Gordan I, of al. Cancer Coll. 20081443346

Oreenbanm A, et al, Nature 2013495227230

s
o

68



WO 2014/201308 PCT/US2014/042204

Giregnberger S, et al J Chin Invest, 2004 1310171024,
Gue C, et al. Methods Mol Biod 201 2,879:315-326.
Hadjantonakis AK, et al. Nat Rev Geney 2003 4:613-625.
Hadjantonakis AK, et al, BMC Biolechnol 2004;4:33.
Haisma HJ, eval. Intd Pharm, 2010;391:1583-161
Hatfiekd M, ot al. Biochent Pharmacol 201 1R1:24.31
He, T.C., et al. Proceedings of the Nabonal Acadenmy of Sciences of the United States of
America 1998,95(512509-2514,

He Y, etal Gene Hxpr 2015151325,

Heidenreich R, et al. Cancer Res 2{}{'10;1?’3(}:6‘&42- 6147,

Hirbe AC, et al. Proc Natl Acad Soi U S A 2007:104:14062- 14067,
Horvath LG, et al. Prostate 2007:67:1081-1096.

Huminteski L, st al. Genonios, 2002;79:5347-

Thrahim T, et al. Cancer 2010;1 16 1406-1418,

Jaggar RT, et al. Hum Gene Ther 1997,8:22309-2247,

Jones TA, et al. Nat Med. 200&;14:448.33

Jomes CA, et sl Nat Celf Brol 20091 DI3253 1

faliberov SA, et all Cancer Gene Ther 200613203214,
Kaltherov, SAL, et al. Firedegy 2013447 123312325,

c_,;
Lk
J t

Kamdar, F., ot al. Conadian journal of phesiology and phavmecology 2002901001
1344,
Kanda T, et al. Cury Biol 1998377385,
Karhadkar 55, o al. Nabure 2004431707712,
Kamnsky, 8.M., ot al. Human gene therapy 20032401 11948963,
hawano Y, et al. BrJ Cancer 2009.1006:1165-1174,
Kiwre R, et al. Carr Gene Ther, 2011;11:241-38,
Kiel M et al, Cell 2005:121:1109-1121.
Kievi E, etal. Cancer Res 2000:60:6049-6655.
Kim M, ¢t al. Prot Natl Acad Sa1 U S A 200198 1328213287,
Kim KH, etal. Chin Cancer Res 2012,
Kobavashi H, et al. Nat Cell Biol 20112, 1046-1086.
Koch AW, ¢t al. Developmental Cell. 2011,20:33-40,
Kob Bl ot al. EMBO Rep 20121 3:412-422,
Konde K, et al. PLoN Biol. 2003:1:E83,
69



WO 2014/201308

Kostenuik PL et al J Bone Miner Res 2009 24: 133195,

Lavergne B, et al. Oncogene 201130423433

Leenders WP, et gl Chin Cancer Res, 2004:10:6222-30,

Leony KG, et ol Differentiation J00R;76:698.716.

Li, €, st el Proceedings of the Netionad dcademy of Sciences of the |

America 201 1108034 3 14258-14263,

Landemann D, et al, Thromb Huemost, 2000:102:1135-1143,

Logan M, et al. Genesis 2002.33:77-80,

La, 2.0, et al, FloX one 201 3:8(121:e83933,

Lo Z.H, etal, Lab Invest 201400 press,

{.akacs KU, et al. Nat Protoe 2010:53:702-713.

Mahasreshii PI et al. Clin Cancer Res 2001720572066,

Marignot L, etal ¥ Gene Med 2009:11:168-179,

Marlow B, et gl Proc Natl Acad Sci US AL 2010:107:10320-5.

Mavria G, et al. Gene Ther, 20007 368-76.

Mavle &, et al. Cviometty A201383:27-.37.

Miki J, et al Cangcer Res 2007 67:3153.3161.

Mognetti B, etal, 1 Cell Mol Med 201317287392,

Meormissey €, et al. Chn Exp Matastasis 200825:377-338.

Muhammad AK, etal. Clin Pharmaco! Ther 2010;88:204.213

Murn, 8., et al. Currosst vaseudar pharmacology 2004230281299,
315320

Nagasawa T, ol &l. Trends Immuned 201132
Nathwant AC, et al N Engl J Med 2811;363:2357-23635.
Nervi B, ot al. Blood 2008:113:6206-6214.

Nettelbook DM, et al. Mol Ther, 20013:882-801,

Nowoischin §, et al, BMU Doy Biol 204313015

Okada Y, et gl. Blood. 2008;112:2336-9,

Okada Y, ot al. Blood 2008;112:2336-233¢,

Okada Y, ot al. Cire Res, 2007 100:1712.22,

Oladipupe, S5, et al. Bloed 201 1TTTUI R4 14241583,
Omatsu Y, et al, Inmnunity 201033:387.399,

Cu, DB etad, Plod ose 013801133233

Cuyang, L., et al., Bioorg Med Chem 201 119(12)037560-37 38,
Park KW, et al. Dev Biol. 2003.261:231-07.

0

PCT/US2014/042204

[larited Stotes of



WO 2014/201308 PCT/US2014/042204

Pelod M, et gl Clin Cancer Res, 200915:1664-73,

Prenss MA, st al. Open Gene Ther J, 2008171 1.

il oetal, Cell Stom Cell 2012, 13:556-569,

Ramaswany, 5., elal, Newrebiologe of diverce 201 348(2 1243254,
Raper SE, et al. Mol Genet Metab 2003:80:148-1 58

Revoolds, PN, etal, Newwre Motechunlogy 2001 19(9 838842,
Revoolds PN, eral Mol Ther, 20002:5362.878

Rhim 15, Methods Mol Biol 2013,946:383-393,

Rivger MA, et al Cold Spring Harb Perspect Biol 201234,
Rivory LP, et al. Biochem Pharmacol 199652 1103-111 L

Roth, LC., et al. Gene therapy 2008, 150101716-72

Savontass MU, et al. Geng Ther, 2002,9:972-9,

Schwdze 1 ot a2l Bone 2010:46:524-533,

Schudze J, et al, Cancer Lett 200231 7:106- 115,

Schwezer L, et al. BMC Cell Biol 200894,

Seandel M, gtal. Proc Natl Acad Soi U 5 A 200,103 1928818293,
Serupa B, etal, § Clin Gneol 201 129:36806-36%4.

Seth P, et al. Biochem Biophys Res Comprgn, 2008:332:533-41.
Shao L, et al. Cell Res 200919280306,

Sheldon H, et al. FASEB 1. 20092351322

Shindoh H, et al. J Toxtcol S 201136411422,

Shinkai Y, et al. Cell, 1992:68:855-67.

Shingzak: b ol al. Gene Ther. 2006:13:52-539,

Shiozawa ¥, et al. JCHn Invest 201 1112112981312,

Short 1, et al. Mol Cancer Ther 2013:9:2536-2544,
Smith-Berdan 8, et al, Coll Stom Colll 201187383,

Song W, et #l, Cancer Gene Ther, 200815:667-75,

Sottnik JL, et al, Cancer Microenvivon 201 1:4:283.247

Stadtfeld M. et al. Science 2008:322:945.949,

Su X etal. T Chn Invest 2012:122:35879-3592,

Suir YX, etall J Bone Miner Reg 2005, 200318-329.

Szymezak AL, ef al. Nat Biotechnol 2004,23:5380-594.
Sxymezak-Workman AL etal. Cold Spring Harb Protoc 2012 2012: 199204
Takavama K, ¢t al. Cancer Gene Ther 2008714105 116,

i

“l



WO 2014/201308 PCT/US2014/042204

Takebe N et al. Nat Rev Chn Oncol 201157106

Tallone T, et al. Proc Natl Acad Seif U8 AL 2001987910791 5

Tang, T, stall Translational research ¢ the journal of laboratory and clinical medicing
23 161(4):313-320

Topf N, et al. Gene They 19985507513,
Triozzi PL, et al. Expert Opin Biod Ther 201 11116691670
Valder 1M, et al. Cell Stem Cell 2012;1 11676688,

vay Borlo, LH . et al. Bhe Jowrnad of clinical brvextigaricns 2013 133(1137-45,

Ll

vart Romjen, N, ot al, Methods i molecwdar Binfogy 2010003, 189-203.
Varda-Bloom N, et al, Gene Thee, 2000831927,

Voog l, et al. Cell Stemn Cell 2010:6:103-1{3,

Waddington SN, etal. Cell 2008:132:397-4(0

Wang Z, of sl J Cell Brochem 2010;109.726-736,

Westerink WH, et al. Mutat Res 2010:696:21.44

White, KM, et al Jowenal of cardiothoracie sirgesy 20138(1 118
Wilson A, et al. Cell 2008135 11181128,

Wolft, G, ot sl Jowerwad of Vicologr 1997 71{1 1624-629.

Xiong W, etal. I Virol 2006,80:37-37.

Xu, 2., et al. Nogwre mediche 2013194 104324587,

Yang C, et al. Canoer Dscov 2013, 1:212-223,

Yang WY, et al. World § Gastroenterol. 20061 35

¥e H, et al. Cancer Tovest 201231313518,

Ye (3-F, ot al. Asian Pacific Joumal of Cancer Provention 2012;13:24835.248%
Lass, ALK, eval, Jowrnal of ceflufar Mochesisery 2009 108¢4):778-794,
Zeng L. etal Proc Natd Acad Sci LIS A 2009.106:R326-8331

Zeng Q, o /b Tol ¥ Navomedicing 2812;7.985.997.

Zhane X, ¢tal. PLoS Pathog. 3012821002461,

Zhu TS, et ol Cancer Res. 2017160616072



WO 2014/201308 PCT/US2014/042204

Claims
1. An adenovirus vector comprising a ROBOE enhancer/promoter operatively hinked to a
fransgoens.
2. An adenovirus vector i accordance with claim 1, wherein the transgene encodes a prodrug
converting enzyme.
3. An adenovires vector i accordance with olamm 2, wherein the prodrug converting enzyme
5 g ovtosing deaminase,
4. An adenovivus veotor i socordancs with clabm 1, wherein the transgene sncndes g decoy
rocepior,
5. An adenovirus vector o accordance with clain 4, whersin the decoy receptor hinds at least
oue angrovring factor.
&. An adenovirus vector Wy accordance with claim 1, wherein the wramsgene encodes &
truncated CXORS receptor.
7. An adenovivas vector m acenrdance with claim 1, wherein the ROBO4 enhancer/promoter
comprises a tissue-specific gxpression control element.
& An adenovivus vector in accordance with claim 1, whergin the ROBO4 enhancer/promaoter
comprises 4 Tet response element.
4. An adenovirus vector in accordance with claim 1, wherem the ROBO4 snhancer/promater
comprises a hypoxia-response element.
10, An adentvaras vector s socordance with clam | wherein the ROBOS
enhancer/promoter comprises 8 GABPbinding element.
11, An adenovirus véctor comprising:

a chimeric ADS-T4 phage fibsitin shafl;

trimerization domain displaying a myeloid cell-binding peptide (MBP), and

a ROBOME enhancer/promoter operatively linked to a transgene.
12, Anadeniwvirus veotor i accordance with olamy H, wherein the transgene encodes a
prodrug converting enzyvme,
13, An adenoviras vector in accordance with clam 12, wherem the prodrog converiing
enzyme s a oviosine deaminase.

a

Jt

14, An adenovirus vector in accordance with ¢laim 11, wherein the ransgene encodes
decoy receptor.
15, An adenovivus vector in accordance with clatm 14, wherein the decoy receptor binds at

least one angrocrine factor,
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16, Anadenoviras vector i acoordance with claim 11, wherein the transgene encodes &
truncated CXCRS receplon
17, A method of expressing a trapsgene i an endothelial cell in vivo, the method comprising
adinnistering 1o 8 mammal an adenovinus comprising 8 ROBOY enhancer/promuter

aperatively haked to a transpone.
18, A methed of expressing a transgene in an endothelial cell w accordance wath clam 17,
whereln the transgene encodes a prodrug converting enzyme.
19, Anadenovivus vector it accordance with claim 18, wherein the prodrog converting
CHZVAT 15 8 eviosine deaminase.
2 An adenovivus vector in accordance with clatm 17, whorein the transgene encodes a
decoy receptor.

21 An adenoviras vector i accordance with claim 20, wherein the decoy receptor binds at
least sue angiocrine facto
22, An adenovirus vector tn sccordance with clavm 17, wherein the transgene encodes ¢
fruncated CXCRE receplon,
23, A method of mobilizing at least one of granuloeytes, monocvies and ymphocytes from
bone nuarrew, comprising administering 0 @ mamnal so adencvans comprising a ROBO4
enhancer/promoter operationally Hinked to 8 transgene encoding a tnuncated CXCRA veceptor.
24, A method of mobiliziog cancercedls in vive, comprising administering 1o # mammal an
adencvirus comprising 8 ROBO4 enhancer/pronmoter operationally Hinked 1o a transgens
encoding a truncated CXCRE recepior.
25, A mwthod in accordance with elaim 24, wherein the cancer cells are comprised by bone
MATOW,
26, A method of selectively targeting endothelial cells, comprising admimistoning o a
manmmal an adenovirps comprising a chimeric ADS-T4 phage Hbeitin shaft and trimenzation
domam displaying 3 myvelowd cell-binding peptide {MBP), and an exogenous promoter
operatively linked to g transgone.
27. A methed of selectively targeting endothelial cells w accordance with olwim 26, wherem
the promoter is 8 ROBOYG enhancerfpromoter.
28 A method of selectively targeting endothelial cells i sccordance with claim 26, wherein
the promater comprises a Tet-responsive elenent.
39 A method of sefectively targeting endothelial cells in accordance with clabm 26, whersin

the promoter comprizes a hypoxia-responsive elesent.
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30. A method i sccordases with olaim 26, wherein the endothelial cells ave selected from the
gronp comsisting of bram ECs, kdney ECs and muscie BECs.
31 A method naccordance with claim 26, wheran the transgeoe encodes g truncated
CXCRS receplor.
32, A method of wreating a cancer, comprising:

admimstering fo g mamoal an adenovires conmpristag 8 chimere ADSTY phage
tibritin shall and trimerization domain displaving a mveloid cell-binding peptide (MBP) and
a paclete avid sequence saceding g truncated CXORS receptor; and

administering a chemaotherapeutic agent,
33, A vocthod i accordance with olaim 32, wherein the administering a chemotherapoutic
agent consists of adiiistering a therapeutically effective amount of the chomotherapentic
agent.
34 A method of tresting 8 disease ar disorder that activates angiogenesis in villoys
endothelium, comprising:

admibustering © 4 manmmal an adenovivus vector comprising a ROBOY
enhancerprometer operatively hoked to a transgene.
35, A method i sccordance with olawm 34, whercin the disesse o disorder that sctivates
angiogenesis in villons endothelinm is selected from the group consisting of inflammatory
bowel disease repronal enteritis, nBammetory bowel disease of the colon, infecthion with
toxin producing bacterta, and codon cancer precursy legions of multiple polyposis.
36, A method in accordence with claim 34, wherein the transgene encodes a seoreted anti-
inflammatory oyiokine decoy.

A method in accordance with olaim 36, whereim the decoy 1s selected from the group
consisting of soluble TNF-alpha receptor, single cham anti-11L 1, single chain anti-1L17
antthody, a bacterial anti-toxin, and an RNA molecule targeting gene product induced by the
activation of the WNT pathway in maliiple polyposis,

38, A method in accordance with claim 335, where the toxin producing bacteria s selected

form the group consisting of Clostridiun difficile, Clostridaan bordinum, Shigetla,

39 A method of treating an inflanwnatory ONS disense i a mammal, comprising:
admitmisterng to the mamanl an AMBP.OMY yeotor encoding a Ovtokine decoy,

40. A methad i accordance with clam 39, wherein the inflammatory disease i3 selected from

the group consisting of amyotroptue lateral scleromis and waltiple sclerosis.

41. A method of treating a degenerative disease in a mammal, comprising:

administering o the manumal an AdMBP.OMY vector encoding 8 evtokine decoy,

wl

75
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42, A mwthod i accordance with claim 41, whersin the degenerative disease ix selected from
the group consisting of Alzheimer’s disease and Parkinson’s disease.
43, A method of stimulating appetite s mammal, comprising:

administering o the manunad an AdMBP.OMY vector epcoding a secreted molecuale
that ailecis the hypothslumic appetite nuclet.
44, A methed of inducing satiety in a mammal, comprising:

adminstering to the manmmal an ADAMBPE.OMY vector encoding 8 secreted molecule
that affects the hypothalamic appetite nucled.
43, A method of treating myvelodysplastic syndrome in o mammal, comprising:

admuinistering to the manmal an AdRGD HSHIROBO4 vector,

wherein the ALRGDHAHI ROBOY vector produces at least one anti-inflammatory
molecide.
d6. A method of treating & genctic disesse selectad from the group consisting of hemaphilia
and sickle cell ancovia in g nammal, comprising

admibustening to the mammal an A RGDHYHIROBOY vector,

wheretn the AARGD HSHI . ROBOE vector produces at least ong anti-inflammatory
mofecubs.
47. A method of freating a cancer m a munmal, comprising:

3. ROBO4 vector,

adounistering to the pammal an AARGDH

from the group consisting of a molecule that mobilizes metastatic cancer or feukenne stem

cells and a molecule producing a chemotherapeutic prodrgg converiing enzyng
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