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COMPARTMENTALIZED METHOD OF NUCLEIC ACID DELIVERY AN B
COMPOSITIONS AND USES THEREGF

RELATED APPLICATIONS .

Benefit of priozity is claimed to U.S. Provisional Application No. 61/633,287,
filed February 7, 2012, entitled “Compartmentalized Meﬂ;xod of Nucleic Acid
Delivery and Compositions and Uses Thereof.”

This application is related to United States Patent Application ériai Ne.

{Attorney Docket No. 33809.00551.1US01/551), filed the same day Herewith, entitled

“Compartmentalized Method of Nucleic Acid Delivery and Comppositions and Uses
Thereof,” which claims priority to U.S. Provisional Applicatign No. 61/633,287.

- Where permitted, the subject matter of each of the . ove-noted related
applications is incorporated by reference in its entirety,

INCORPORATION BY REFERENCE OF SEQUENCE LISTING
PROVIDED ELECTRONICALLY

An electronic version of the Sequence Li$ting is filed herewith, the contents of
which are incorporated by reference in their gitivety. The electronic file was created
on'February 07, 2(}13, is 3 kilobytes in sizé, and titied 55 ls_eqPCl.mt. .

- FIELD OF THE INVENTION

Provided herein is a method J f delivering nucleic acid molecules toa
compartmentalized tissue or crggéf a subject. Also provided herein are uses and

processes for delivering a nucl"/lc acid molecule 1o the parenchymea of 2

~ compartmentalized tissue of organ. The methods and uses can be used in the treatment

of diseases and conditions and in industrial, agricultural and veterinary applications.
Also provided herein/are compositions containing a adenovirus or adeno-agsociated

virus or other recofmbinant virus formulated for administration to the parenchyma of a

iissue or organ

articular, gene therapy is used for the purpose of the treatment of diseases. Gene

- therapy is regarded as fundamenta! to treating genetic diseases, which develop due to

" mutation or deletion of a gene. Various procedures of infroducing a gene encoding a

protein into a subject necessary for therapy have been wried, but there are fow




10

20

25

organ is initiated prior to administering
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examples in which satisfactory therapeutic effect is obtained. Thus, there is a need for
alternative methods of delivering nucleic acid molecules to subjects for gene therap
applications.
SUMMARY

Provided herein is a method of delivering a nucleic acid molecule to/a subject.

The method can be used in gene therapy applications, including n appligations to
treat diseases and conditions as well as in industrial, agricuitural and ¥eterinary
applications. As provided herein, the method includes a) comp
or organ ot portion of the tissue or organ from systemic circulafon of the host; and b)
administering a delivered agent directly to the parenchyma of the tissue or organ or
portion of the tissue or organ, wherein the delivered agent'contains the nucleic acid
1 cells of the

compartmenialized tissue or organ or portion of thefissus or organ.

molecule, whereby the delivered agent enters parench

Compartmentalizing the tissue or organ or porﬁ?{qf the tissue or organ can be

effected prior to, simultaneous or subsequent 10 administering the delivered agent.

Generally, cafnpaﬁmcntalizaﬁen of the tisghe or organ or portion of the tissue or

c delivered agent, and typically no more

than 5. minutes, 4 minutes, 3 n:linuteg, 2 minuies, 1 minute or 30 seconds before
delivery of the delivered agent cq;{taixﬁng amcleic acid molecuie.

The method provided o further melude a step of restoring communication
between the tissue, organ opportion of the tissue or organ with the systemic
circulation. The step of péstoring communication is generally a predstermined time
after administering the'delivered agent. The pre&etemﬁned time is & time period that
is sufficient for the/administered delivered agent to enter parenchymal cells (e.g. by
transduction), whereby upon restoration of communication no more then 20% of the
delivered aggfit has not entered a parenchymal cell. For example, no more than 15%,
14%, 13% 12%, 11%, 10%', 9%, 8%, 7%, 6%, or 5% of the delivered agent has not
entered/a parenchymal cell. In some examples, the predetermined fimes is a time
perigd sufficient for the administered delivered agent to enter parenchymal cells,

ereby upon restoration of communication no more than 20% of the delivered agent
18 cxéosed to the systemic circulation. For example, no more than 15%, 14%, 13%,

12%, 11%, 10%, 9%, 8%, 7%, 6%, or 5% of the delivered agent is exposed to the
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systemic circulation.‘ Typically in the methods herein, the predetermined time is at
ieast or at least about 1, 2, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75
80, 85, 90, 95, 100, 105, 116, 115, or 120 minutes. In particular exaxriples, the
predetermined time is at least or af least abowt or is or is about 30 minutes, an
generally not greater than 30 minutes to 60 minutes.
In the methods herein, the tissue or organ or portion of the tissue/or organ that
is compartmentalized is the Hver, brain spinal cor&, pancreas, heart,
hung, blood vessel, bone, muscle, uterus, cervix, prostate, urethra,
particular examples, the fissue or organ or portion of the tissue Or organ is the liver,
For example, in examples of the method herein, the tissue op'organ or portion of the
tissue or organ is the liver; and the predetermined time is/4t least or at least about or is
or is about 30 minutes, and generally not greater than 30 minutes to 60 minutes. In
such examples, the predetermined time is a time period sufficient for virmally all of
the delivered agent, and generally at least 80% of the delivered agent, to enters the

hepatocytes of the Iiver parenchyma. In examf}les of the method herein, a portion of

the tissue or organ is compartmentalized. For example, a portion of the liver is
compartmentatized and the portion is a fobe, segment or a portion of alobe or
segment of the liver, The lobe or pgzéan of a lobe can be the right lobe, the left lobe,
the guadrate lobe and the éaudate/ﬂ)be or portion thereof.

In any of the methods gi’é/scribed herein, compartmentalizing a tissue or organ

or portion of a tissue or orgah is achieved by blocking any one or more arteries, veins,

ducts and/or vessels in the tissue or organ or portion of the tissue or organ, whereby
blood supply and floy to the tissue or organ or portion thereof is reduced or
eliminated. Gener#lly, compartmentalization is effected when all arteries, veins, ducts
and/or vessels sgrvicing or fraversing the tissue or organ or portion of the fissue or
organ that is o be compartmentalized are blocked. The blocking of ap artery, vein,

duct and/of vessel can be effected with a device or technique such a manual

ein, a fissue or organ or portion of a tissue or organ is compartmentalized by
clamping with a parenchymal clamp. The clamp can be a laparoscopic clamp. In any

of the methods herein, compartmentalization of & tissue or organ from the systemic
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circulation also can include applying suction to reduce or eliminate blood in the tissue ’
or organ or portion thereol

In any of the methods provided herein, the delivered agent can be a non-vifal
vector, a virus, & virus-like particle, a minicircle, a nanoparticle and 2 whole cgil that
contain the macleic acid molecule. In one example, the delivered agent is a fion-viral

vector and the non-viral vector is an expression vector. In another example, the

delivered agent is a nanoparticle and the nanoparticle is targeted or rad olabeled. In 2

the virus is one that exhibits tropism §6r the liver and can enter hepatocytes,
For example, in exa:mples/gf/ the method provided herein, a virus isan

adenovirus coniaining a heterolpigous nucleic acid mn its genome that is administered

adenoviruses used iy the metbods herein include those with a deletion in any one or

more of the E1, Bla, E2b, E3, or B4 coding regions. For example, the adenovirus
contains g dsl
herein, the

any of the methods herein, the delivered agent contains the nucleie acid

10n in the Bl coding region. As the delivered agent in the methods
contains the nucleic acid molecule.

molegfile that is delivered to the subject for gene therapy. In some examples, the
mugieic acid molecuie encodes a poiypeptide. The encoded polypeptide canbe a
erapeutic polvpeptide. For example, the encoded polypeptide can be an enzyme, 2

hormone, céaguiation or clotting factor, 2 growth factor, an antibody or portions of
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- macrophage colony stimulating factor (GM-CSF)

antibodies, an angiogenesis modulator, an immunomodulator, a pain modulator, &
receptor, a transport protein, a regulaiory protein, an antigen or an aliergen. In -~
particular, the encoded polypeptide can be an interlenkin, interferon, growth factor or
portions thereof, and growth factor receptor or portions thereof. Exemplary of nycleic
acid molecules include, but are not limited to, those that encode adenosine dedminase,
cystic fibrosis fransmembrane conductance regulator (CTFR), galsulfase, Mronidase,
Neacetylgalactosamine 6-sulfatase, phenylaianine amnmonia lyase, acid/gﬁl;
ghucosidase, imiglucerase, alglucosidase alpha, thyrotropin, growth oimone? msulin,
thyroid hormone, erythropoietin (EPO), interieukin-1-(IL~1), IL-2, 1L-3, I1-4, IL-5,
IL-7, an interferon~o (JFN-0), IFN-B, IFN-y, tumor necrosis faéror {TNF), IL-12, I-
18, fims-related tyrosine kinase 3 (f1t3), neuropilin-2 (NP2)/a bone morphogenic
protein (BMP), epidermai growth factor (EGF), erythropoistin (EPO), fibroblast
growth factor (FGF), granulocyte colony stimulating factor (G-CSF), granulocyte
epatocyte growth factor (HGE),
insulin-like growth factor (IGF), platelet derived growth factor (PDGF), transforming

growth factor ¢ or B, vascular endothelial growth factor (VEGF), epidermal growth
factor receptor (EGFR), fibroblast growtl factor receptor (RGFR), FGFR antagonist

{(sFGER), ransforming growth factor receptor (TGFR), vasi:uiar endothelial growth
factor receptor (VEGEFR), plaﬁm‘m/péan activator, urckinase, Factor VIL, Factor IX,
von Willebrand factor, growth Hrmone, metalloproteinage thrombospondin motifs 1
(METH-1), METH -2, rypiophanyl-tRNA synthetase ('_i‘rpRS) fragments, proliferin-

related protein, prolactin Fagment, PEDF, vasostatin, angiostatin, endostatin,

kininostatin, fibrinoge
soluble fms-Hke 1
receptors (sFik),4

-E fragment, thrombospondin, tumstaiin, canstatin, restin,
sine kinage-1 (sFhi-1), soluble vascular endothelial growth factor
oluble Neuropilin 1 (sNRP1), Interferon gamma-induced protein 10
(IP-10), Platglet factor 4 (PF-4), Gro-beta, soluble Ephrin type-B receptor 4

/TK}, xanthine-guanine phosphoribosy! transferase (XGPRT),

Aspartylglucosaminidase, o~-Galactosidase A, Palmitoy! Protein Thioesterase,
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Tripeptidyl Peptidase, Lysosomal transmembrane protein, cysteine fransporter, Acid
ceramidase, acid o-L~fucosidase, protective protein/cathepsin A, acid B-glucosidase o
glucocerebrosidase, acid B-galactosidase, iduronate~2-sulfatase, o~L~Iduronidase,

galactocerebrosidase, acid o-mannosidase, acid B-mannosidase, arylsulfatase B

lipase, neprilysin, insulin-degrading enzyme insulysin, thimet oligopeptidase, IGE-1,
IF1-alpha), sirtuin-2
-2, glial celi-derived
neurotrophic factor (GDNFE), ciliary neurotrophic factof (CNF), low density
lipoproten (iDLR), lipoprotein lipase (LDL) Alpha<l-Antitrypsin (AAT), a UDP-

glucuronyi-transferase (UGT), UGT1AL, glucoset6 phosphatase,

10 calbindin D28, parvalbumin, hypoxia induced factor 1-alpha

(SIRT-2), survival motor neuron protein-1 (SMN-1), §

15  phosphoenolpyruvate-carboxykinase, galacto

-1 phosphate uridyl transferase,
phenylaianine hydroxylase, branched chairyalpha-ketoacid dehydrogenase,
fumarylacetoacetate hydi‘olase; methylmaionyl-CoA mutase, ornithine
- transcarbamylase, argintnosuccinic agid synthetase, adenosine deaminase,
hyposanthine guanine phosphorl’()@/syl transferase, biotinidase, beta-
20 glucocerebrosidase, bcta-gium'“dase porphobilinogen deaminase (PBDG)or p53

In other examples, tHe encoded polypeptide can be one that is involved in

industrial, veterinary or goriculiural applications. For example, the nucleic acid

molecule can encode 4 polypeptide that incrsasés muscie production in an animal,
increases hair or wbol production in an animal, growth of an animal, or is involved in
25 nutrient synthesis or wtilization, In such examples, the encoded polypeptide canbe a
myostatin i
chicken SKi, serine fransacetylase or o-acetylserine sulphydryiase. The myostatin

inhibidr can be a follistatin,

ibitor, growth hormone, IGF-1, growth hormone releasing factor,

In examples of the method provided herein, the nucleic acid molecule can be 2
30 NA molecule, a RNA molecule, and an aptamer. For example, the nucleic acid

molecule can be a microRNA, a small interfering RN A, 2 ribozyme and an antisense
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nucleic acid. Such nucleic acid molecules also can effect a therapeutic effectin a
subject and hence are therapeutic nucleic acid molecules.

In any of the methods provided herein, the method also can optionally include
& step of imaging the tissue or organ to identify the parenchymal fissue prior to
administration of the delivered agent. Such methods can be used to minimi
administration of the delivered agent, and nucleic acid molecule, to the hphen of a
duet, artery or vessel. For example, magnetic resonance imaging ( , sonography

(ultrasound), or computed tomography (CT) can be performed. In particular

delivered agent to cells of the parenchyma of a fissue oy'organ, For example, the
delivered agent can be formulated with lipids, poly er reagents or other agents to
facilitate entry into the parenchymal cells. In adgftion or alternatively, the delivered
agent can be delivered in the presence of a physical method to facilitate entry into

parenchymal cells, such as electroporation, Aonoporation, pressure, ultrasound or

In further examples of any of the methods herein, an agent that promotes

cellular uptake of the delivered agéﬁt can be administered 1o the subject. The agent

can be administered prior 10, s /wtemeously or subsequent io administration of the

delivered agent. In some ex

ples, the agent is a transcriptional enhancer of a virus-
specific cell surface receghior. For example, the agent is a histone deacetylase
(HDACQC) inhibitor. Exemplary HDAC inlibitor, include but are not limited to,

_/An practice of the methods herem, delivery of the delivered agentto a
comppartmentalized tissue means that lower dosages of agent can be administered,

ich can be further controlled becanse the kinetics of agent administered and protein
cxpresséd ig linear. This is m contrast to existing gene therapy methods where agents'

are predominantly delivered intravenously. For example, the amount of agent that is




10

20

25

30

-9

administered by the methods herein is greater than 100-fold less than the amount of
the same delivered agent administered intravenously. - For example, the amount of

deliverad agent is up to 200-fold, 500-fold, 1000-fold, 5000-fold, 10000-fold or le
than the amount of the same delivered agent administered infravenously.

In particuiar exampies, where the delivered agent is an adenovirus or ddeno-

particles, 10to I x 106 particles, 1 x 10° 10 1 x 10 particles, 1x 10840 1x 10%
particles, or 1x 107 10 1x 10° particles; or is or is about between 4(: 1x 10" pfu, 10
t01x10%pfn, 1 x10°to 1 x 10% pfg, 1 x 10°t0 1 % 10" pﬁl,/or/lx 167 to 1x 10° piu.
For exampie, the amount of delivered agent administered ¢ less than 1 x 10%
particles, 1 x 10" particles, 1 x 10’ particles, 1 x 10° p

icles, 1 x 10° particles, 1 x
107 paﬂioies, 1 x 10° particles, 1 x 10° pasticies, 1 x Y0 particles, 1 x 10° particles or
less; or is less than 1 x 107 pfu, 1 x 10" pfu, 1x Y0 pf, 1 x 10° pf, 1 x 10° pfis, 1 %
107 pfe, 1% 10° pfu, 1% 10° phu, 1 x 10* pfay, 1% 10° pfu or less.

In exaraples of any of the methods pfovided herein, the delivered agent can be

administerad to more than one locus in the compartmentalized tissue, organ or portion
: » OLE

* of the tissue or organ. The methods also can include a step of removing from the

parenchyma of the tissue or organ, x{r portion of the tissue or organ any extracellular

delivered agent. Suchastepc { further reduce or minimize exposure of the deliverad

agent to the systemic circulation, which otherwise could occur upon removal of the
compartmentalization if gélivered agent has not entered cells. Typically, the removal
step is performed prioy'te restoring communication of the tissue, organ or portion of
the tissue or organ ith the systemic vasculature, Compartmenialization is terminated

by restoring cornfimunication with the systemic circulation after the predetermined

es. In some examples, in a subsequent iteration of the method, the delivered
agent is administered to the same compartmentalized locus or a different

compartmentalized locus.
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The methods provided herein of delivering a delivered agent containing a
nucleic acid molecule can result in the functional action or expression of the nuclsic
acid molecule in the cells in which it is delivered. In some cases, the nucleic aci
molecule can encode & protein that is secreted from the cells into the tissue, which
in some instances can reach or access the systemic circulation. Thus, the méthods
provided herein can be used in diverse applications and in particular in g iicaticns
where local or systemic expression of a polypeptide is desired. For exampie, in the
methods herein, delivery of the nucleic acid molecule effects production of &
polypeptide, whereby the delivered agent contains a nucleic acid molecule that
encodes the polypeptide. In practice of the methods herein, gxpression of the
polypeptide is sustained for at least 2 months, 4 months, ¥ months, 6 months, 7

‘meonths, § months, 9 months, 10 months, 11 months, 17 months, 18 months, 24

months, 36 months, 48 months, 60 months, 72 months, 84 months, 96 months, 10

Cyears, 15 vears or more afier restoring communigation with the systemic circulation.
. 5y

Hence, in examples of the method provided herein, delivery of the nucleic acid
molecule effects treatment of a disease or gondition. The disease or condition can be
a genetic deficiency or other disease or gondition that is caused by aberrant celiular or
protein activity. The disease or condz’éion can be an inherited enzyme deficiency,
inherited immune deficiency, ¢ IEET, & retrovirus infection, hemophilia, diabetes, a
muscular dystrophy, a cardiovy i:ular disorder, cystic fibrosis, a neurodegenerative

disorder, tranma, pain, sick]é cell anemia, autoimmune disease, inflarnmatory disease,

of such diseases or conditions inclnde, but are not limited

, iype I diabetes mellitus, alpha-1-antitrypsin (AAT)

ot hypertension. Exempld '
10, hemophilia A »5
deficiency, hemocromatosis, Wilson's disease, Crigler-Najjar syndrome type I,
ornithine transcs ram.ylase deficiency, type 11, familial hypercholesterolemia,

afibrinogenextiia, glycogen storage disease (GSD) type 1a, GSD type Tk, GSD type I

reperfusion injury, Alzheimer’s disease, Amyotrophic Lateral Sclerosis (ALS),
galactosemia, phenylketonuria, maple syrup urine disease, tyrosinemia type 1,

methylmalonic acidenia, citrullinermia, Gout and Lesch Nyen syndrome, Sly
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syndrome, Zellweger syndrome, Human immunodeficiency virus {(HIV) infection,
combined immunodeficiency disease (SCID), cystic fibrosis .acute intermitient

porphyria, multiple sclerosis, lipoprotein lipase deficiency (LPLD) or Parkinson’
Disease. In particular examples of the method herein, the subject is a human chiid
under the age of 18. In some examples, the subject is a fetus. For exampie
subject can be one that has been diagnosed with a genetic deficiency.

In any of the methods provided herein, the method can be perfdrmed via
lapamscbpy,

Provided herein are uses and compositions containing a delivered agent
containing & nucieic acid molecule for use in direct parenchyrnal administration of the
nucleic acid molecule to a compartmentalized tissue, org}ﬁ or portion of a tissue or
organ. The uses and compositions for use in direct paggnchymal administration of 2
mucleic acid molecule to 2 comp@entaﬁzc& tissug( organ or portion of a tissue or
organ can effect treatment of a disease or conditign, overproduce a heterologous
polypeptide in & subject, increase muscle prodéction in an animal, increase hair
growth in an animal, increase wool production in an animal, increase growth of an
anizﬁal, or effect nutrient synthesis or utilization in an animal.

In the uses and composifions frovided herein for use in delivering 2 mucleic
acid to the parenchyma of 2 campa{—tmeﬁtaﬁzad tissue or organ, the
compartmentalized tissue or oyé;n or portion of the tissue or organ can be the Liver,
brain spinal cord, pancreas, heart, skin, kidncj*, lung, blood vessel, bone, muscle,
uterus, cervix, prostate, wrethra, and intestine or portion thereof, In particular, the
tissue or organ or po flon of the tissue or organ is the Hver. For examples, the usas
and compositions for use provided herein can be used for direct parenchymal delivery
of & nucleic acig'to a portion of liver that is compartmentalized, such as a lobe,
segment or g/dbortion of a lobe or segment of the liver. The lobe or portion of a lobe
can be theright lobe, the left iobe, the quadrate lobe and the caudate lobe or portion
thereoff The compertmentalized tissue or organ is one in which the tissue or organ or
a peftion of the tissue or organ is isolated from the systemic circulation, whereby the

eries, veins, ducts and/or vessels servicing or fraversing the tissue or organ or

portion of the tissue or organ are blocked. For exampie,‘the tissue or organ or portion
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of the tissue or organ is one that is compartmentalized by isolation from the systemic
circulation by a clamp of the parenchvma.

In examples of uses and compositions provided herein for use in delivering’a

example, the delivered agent is a namoparficle and the nanop
radiolabeled. In a further example, the delivered égcn‘z is a vifus., For example, the
virus is an adenovirus, an adenc-associated virus (AAV), @ retrovirus, vaceinia virus
and herpes simplex virus. The retrovirus can be a lentt . The delivered agent is
generally a recombinant virus in which the nucleic adid molecule is heterologons to
its genome. In some examples, the virus is one is replication-defective. In other
examples, the virus is one that can replicate inthe nucleus of the cell. In examples
viding cells, for example, the virus is one
that exhibits tropism for the liver and cayl enter hepatocytes.

In examples of the uses and compositions for use provided herein, the
composition contains a delivered agent that is an adenovirus containing a

heterologous nucleic acid molecule in its genome for use in delivery to a

compartmentalized tissue or/rgan or portion of 2 tissue or organ. The adenovirus can
be any serotype, such as serotype 1 1o a serotype 51 (e.g. 1,2, 3,4, 5,...51). For
exampie, that adenovip(is is an adenovirus type 2 or adenovirus type 5. Any of the

adenoviruses for usé in the compositions or uses herein include those with a deletion

in any one or mofe of the E1, E2a, E2b, E3, or B4 coding regions. For example, the

encoded polypeptide can be an enzyme, a hormone, a coagulation or clotting factor, a

growth factor, an antibody or portion thereof, an angiogenesis moduiator, an
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immunomodulator, a pain modulator, a receptor, & transport profein, a regulatory

protein, an antigen or an allergen. For example, the encoded po.iypapﬁde can be an
interleukin, interferon, growth factor or perﬁon thereof or growth factor receptor o
portion thereof. Exemplary of nucleic acid molecules in the uses and compositions

herein, inchude but are not limited 1o, any that encode adenosine dearninase, £ystic

acetylgalactosamine 6-sulfatase, phenylalanine ammonia lyase, acid
glucosidase, imiglucerase, alglucosidase alpha, thyroiropin, growthyhormone, msulin,
thyroid hormone, eryfhropoietin (EPO), interleukin-1 (IL-1), ILA2, IL-3, TL~4, IL-5,
I1.-7, interferon-o. {IFN-w), IFN-B, IFN-y, tumor necrosis faciér (TNF), IL-12, IL-18,
fms-related tyrosine kinase 3 (ft3), neuropilin-2 (NP2}, bone morphogenic proteins
(BMPs), epidermal growth factor (BGE), erythropoietiy (EPO), fibroblast growth
factor (FGF}, granulocyte colony stimulating factor {G-CSF), granulocy‘né
macrophage colony siimulating factor (GM-CSE), hepatocyte growth factor (HGF),
msulin-like growth factor ( IGF); platelet derived growth facior (PDGE), ransformung
gtowth factor (VEGE), epidermal growth
factor receptor (EGFR), fibroblast growth factor receptor (FGFR), FGFR antagonist
(sFGFR), ransforming growth fact(}x receptor (TGFR), vascular endothelial growth
factor receptor (VEGEFR), piasm};a{) gen activator, urokinase, Factor VIIL, Factor IX,
von Willebrand factor, growth/hormene, metalloproteinase thrombaospondin motifs 1
(METH-1), METH -2, tryp‘zhanyl—tRN A synthetase (TrpRS) fragments, proliferin-

related protein, prolacti

=

growth factor ¢ or f§, vascular endothelial

fragment, PEDF, vasostatin, angiostafin, endostatin,

kinmostatin, fibrino
soluble fms-like

-E fragment, thrombospondin, tumstatin, canstatin, restin,
osine kinase-1 (sFlt-1), soluble vascular endothelial growth factor
receptors (sFlkY, soluble Neuropilin 1 (sNRP1}, Interferon gamma-induced protein 10
(IP-10), Plaiglet factor 4 (PF-4), Gro-beta, sotuble Ephrin type-B receptor 4 (sEphB4)
and sephnB2, IGF-1, HSV-TK, carboxypeptidase G2 (CPG2), carboxylesterase
(CA)Aytosine deaminase (CD), cytochrome P450 (cyi-450), deoxycytidine kinase

guanine phosphoribosyl transferase (XGPRT), Aspartylglucosaminidase, o-
Galactosidase A, Palmitoy! Protein Thiossterase, Tripeptidyl Peptidase, Lysosoinal
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transmembrane protein, cysteine transporter, Acid ceramidase, acid e-L-fucosidase,
protective protein/cathepsin A, acid B-ghucosidase or glucocerebrosidase, acid p-
gélactosidase, jduronate-2-sulfatase, o-L-Iduronidase, galactocerebrosidase, acid
mannosidase, acid f-mannosidase, aryisuifatase B, arylsulfetase A, N-

5  Acetylgalaciosamine-6-sulfate sulfatase, N-Acetlylglucosamine-1- /
phosphotransferase, Acid sphingomyelinase, NPC-1, f-Hexosaminidase B, Heparan
N-suifatase,0-N-Acetylglucosaminidase (NaGlu), Acetyl-CoA:aglucogamininde N-
acetyliransferase, N-Acetylglucosarmine~6-suliate sulfatase, B-Glucdronidase, acid

ipase, neprilysin, the insulin-degrading enzyme insulysin, thi

10 IGF-1, calbindin D28, parvalbumin, hypoxia induced factor |
sirtuin-2 (SIRT-2), survival motor neuron protein-1 (S 1), SMIN-2, glial cell-
derived neurotrophic factor (GDNF), ciliary neuretr(;tg factor (CNF), low density
lipoprotein {LDLR), lipoprotein lipase (LDL), Alphsd-1-Antitrypsin (AAT), UDP-
gluctmonyl-iransferases (UGT), UGTLAL, glucosé-6 phosphatase,

15 phosphoenolpyruvate-carboxykinase, galactogé-1 phosphate uridy! transferase,
phenyialanine hyvdroxylase, branched chas alpha—ketoacad dehydrogenase,
fumarylacetoacetate hydrolase, methyl alonjf:;fle ﬁzu’tasz-,a ornithine
transcarbamylase, argininosuceinic o id synthetase, adenosine deaminase,

hyposanthine guanine phosphoribé/syl transferase, biotinidase, beta-

4

20  glucocerebrosidase, beta-gluroridase, porphobilinogen deaminase (PBDG) or p53.

In examples of the pses or compositions provided herein, the composition
contains a delivered that contains & nucleic acid molecule that encodes a
polypeptide that incrgéses muscle production in an animal, increases hair production
i an andmal, ‘.'. es wool production in an animal, increases growth of an animal,
{ murient synthesis or utilization. For example, the encoded
n be a myostatin inhibitor, growth hormone, IGF-1, growth hormone

factor, chicken Ski, serine transacetylase and o-acetfylserine sniphydrylase,

25 orisinvolved iz
polypeptide/ta
releasing
In spex ific examples, the myostatin inhibitor is follistatin.

In examples of the uses or compositions provided herein, the composition

30 AContains a delivered agent that contains a nucleic acid molecule that is a DNA

molecule, &8 RNA molecule, or an aptamer. The nucleic acid melecile can be a

microRNA, a small interfering RINA a ribozyme or an anfisense nucleic acid.
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I addition, the compositions provided herein for uses and compositions for
use can include an agent or reagent that facilitates or increases the efficiency of
delivery of the delivered agent to cells of the parenchyma of a tissue or organ. Fr
exarnpie, the delivered agent can be formulated with lipids, polymer reagents dr other
agents fo facilitate entry into the parenchymal cells, In exampies where the'use or
compositions are for delivery to the liver, the parenchymal cells can be Hepatocytes.
In other examples, the delivered agent can be formulated with an agent that promotes
celiular uptake of the delivered agent. For example, the delivered/agent can be
fornmalated with an agent that is & transcriptional enhencer of aAirus-specific celi
surface receptor. Exemplary of such an agent is a histone deacetylase (HDAC)
inhibitor. The HDAC mhibitor can be trischostatin A, vorinostat (SAHA), belionostat
(PHD101), LAQE24, panobinostat (LBHS589), entinogfat (MS-275), £199,
moeetmostat (MGCD0103), romidepsin (Istodax), ¥alproic acid, PC§~24781, SB939,
resminostat, givinostat, CUDC-101, AR-42, CHE-2845, CHR-3996, 48C-202,
CG200745, Kevetrin, or trichostatin A (TSA).

In any of the exémples of the uses 6r compositions provided herein, the
delivered agent in the composition is generally in an amount that is greater than 100~
fold less than the amount of the s defivered agent in a composition formulated for
intravenous adminisiration. Far/egampie, the smoumt of delivered agent in the

composition is up 1o 200-fold,S00-fold, 1000-fold, 5000-fold, 10000-fold or less than

‘the amount of the same dejivered agent in a compostiion formulated for intravenous

administration. In parti

lar examples, the uses or compositions include # delivered
agent that is an aden s or an adeno-associated virus that contains a heterologous
nucieic acid molegule in its genome, where the amount of virus in the composition is

or is about 2 x 10° pfiy mL to 1 x 10" pf/ml, 2 x 1¢° pfo/ mL to 1 x 107 pfu/mL, 2

cles/ mL to 1 x 10 particles/mL, 2 x 10° particles/mL to 2 x 10%! particles/ml, 1
10* particleéimL to 5 x 10" particles/mL, 1 x 10° particlesmL to0 1 x 10!
particles/ml, 2 % 10® particles/ml. to 2 X 10% particles/mL, or 1 x 1080 1 x 1077

particles/mi. The composition can be a liguid composition provided in 2 volume that
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is or is about between .02 mL to 100 mL, 6.05 mi. t0 50 mL, 1 mL to 10 mL, 0.05
mL to 5 mL or 0.02 mL to 1 mL. The composition for use provided herein can be
formulated for single dosage administration or for multipie dosage adminisirati
For example, the composition can contain an amount of adenovirus or adeno
associated virus for single dosage administration where the amount of aderovirus in
the composition is or is about 10 to 1 x 10" particles, 10 to 1 x 10° pagticies, 1 x 10°
to 1 x 10 particles, 1x 10° to 1x 10" particies, or 1x 107 to 1x 10° pérticies; or is or
is about 10 t0 1 x 10 pfuy, 1010 1 x 10° pfu, 1x 10° 10 1 x 1072 £, 1x 10510 1x 10%
pfu, or 1x 107 10 1x 10° pfu. For example, the amount of adendvirus or adeno-
associated virus in the composition is less than 1% 10% pagficies, 1 x 16! particles, 1
x 10" particles, 1 10° particles, 1 x 10° particles, 1 x 107 particles, 1 x 10° particies,
11 10° particles, 1 % 10 particles, 1 x 10° particles or/less; or is less than 1 x 10% piu,

12 10Y pfe, 1% 10Y pfy, 1 x 10° piy, Exlﬂgpfu/ x 107 pfu, 1 x 10° pfu, 1 % 10°

Dfu 1x 10* pfiy, 1 x 10° pfu or less.

In examples of the uses or cﬂmposm9ﬁs for use herein, the composmmn 13
formulated for administration to a human patient. The composition can be formulated
for administration to childven under 18 years of ape. The compositioxis can be
formulated for administration to a fz‘:;és‘

In examples of the uses q;féompositions for use herein, the nse of a delivered
agent contamning 2 nucleic aci i;mlecuie for use in direct parenchymal administration

10 a compartmentalized tissde can be used to express a polypeptide in & subject. The

pucleic acid molecule cgn be a therapeutic nucleic acid molecule. The nucleic acid

molecule can encode £ therapeutic polypeptide. Hence, the uses or compositions for
use herein for diregt delivery to the parenchyma of a compartmentalized tissue or
organ or portiory/thereof can effect reatment of a disease or condition. Exemplary of

such diseasey/and eonditions include, but are not limited to an inherited enzyme

neurgdegenerative disorder, trauma, pain, sickie cell anemie, autoimmune disease,

tory disease, or hypertension. For example, the disease or condition can be
hemophilia A and B, type ] diabetes mellins, alphe-1-antitrypsin (AAT) deficiency,
hemochromatosis, Wilson’s disease, Crigler-Najjar syndrome type I, ornithine
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transcarbamylase deficiency, type II, familial hypercholesterolemia, afibrinogenemi
giycogen storage disease (GSD) type la, GSD type Ib, GSD type Il (Pompe),
mucopolysaccharidosis (MPS1), MPS TITA, MPS IIEB, MPS VII, Fabry disease
Gancher’s discase, Niemann-Pick syndrome, ormithine transcarbamylase de
{OTC) deficiency, phenylketonuria, iver fibrosis, and liver ischemia repe
injury, Alzheimer’s disease, Amyotrophic Lateral Sclerosis (ALS), galdctosemia,
phenyﬁ{&mnm*im maple syrop urine disease, tyrosinemia type 1, meghylmaionic
acidenia, citrullinernia, Gout and Lesch Nyan syndrome, Sly syndrome, Zellweger
syndrome, human immunodeficiency virus (HIV) infection, seVere combined
immunodeficiency disease (SCID}, cystic fibrosis, acute infermittent porphyrie,
multiple sclerosis, lipoprotein lipase dsficiency (LPLD) 6r Parkinson’s Discase.
Provided herein is a container containing an adenovirus or adeno-associated
administration in an amount
1¢° pfuto I x 10* pfu, 1 x 107 pfu
:10° pfuto 1% 10° pf, 1 x 10° pfuto 1

is between or about between 1010 1 % 107

virus composition formulated for direct parenchy
between or about between 10 to 1 x 10™ pfy, !
to1x 10% pfu, 1 2 10° pfuic 1 x 10" phy, 1
x 108 pfu, or 1% 10% pfuto 1% 10° phy
particles, 1 x 10° particles to I x 101 }}éﬁcias, 1% 107 particles to 1x 10" particles, 1
x 10° particles to 1 x 10" particleyf x 10° particles to 1 x 10° particles, 1 x 10°
particles to 1 x 10 particles, or I'x 10 particies to 1 x 10° particles. The adenovirus
or adeno-associated virts gengrally contains a heterologous nucleic acid molecule in
its genome. The container is one that is sterile and sealed, The container can be a

syringe or vial. The cogtainer alse can contain a needie for injection of the

composition. The cofitainer can contain a capillary device. For example, the
container can incjide a capillary device to penetrate the (lisson’s capsule of the fiver,

for exampie, to/intraparenchymally deliver the delivered agent.

1 xA0% pfa, 1x 10° pfin, 1% 10" pfo, 1 x 10" pfu or more; or that is less than 1 x 10

articles, and is at Jeast or abont at least 1 x 10° particles, 1 x 10° particles, 1 x 10°
particles, 1 x 10° particles, 1 x 107 particles, 1 x 10° particles, 1 x 10° particles, I x

10! particles, 1 x 10" particles or more.
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In examples provided herein where the composition in the container contains
an adenovirus, the adenovirus can be any available or kmown serotype. For example/
the adenovires is a serotype that is & serotype ! 1o a serotype 51 (e.g. 1,2, 3, 4, |
5...51). The adenovirus can be adenovirus type 2 or adenovirus type 5. Geneh
the adenovires in the compositions provided in the containers herein contaips a
deletion in any one or more of the E1, B2a, E2b, E3, or B4 coding regions .
example, the adenovirus contains a deletion in the E1 coding region. Th ¢ heterologous
nucleic acid molecule can be inserted or contained in any one or mére of the deleted
regions.

In examples of the containers provided herein, the cofpositions contain a

. delivered agent that contains a nucieic acid molecule. For'example, for viruses, the

rucleic acid molecule is one that is heterologous o its genome. In some examples,

the nucleic acid molecule can be any nucleic acid molecule that encodes a
polypeptide. The encoded polypeptide can be a'enzyme, a hormone, a coagulaiion
or clotiang factor, a growth fac:iar, an antibody or portion thereof, an angiogenesis

modulator, an immunomodulator, a pain modulator, a receptor, a transport protein, a
regulatory protein, sn anfigen and an aljérgen. For example, the encoded polypeptide

is an interleukin, interferon, growth factor or portion thereof and growth factor

* receptor or portion thereof, Exegngiazy nucleic acid molecules in the compositions -

provided in the containers her 4 inciude, but are not limited to, any that encode
adenosine deaminase, cvsiic fibrosis fransmembrane conductance regulator {CTFR),
galsulfase, laronidase, Néacetylgalactosamine 6-sulfatase, phenyialanire ammonia
lyase, acid alpha glucésidase, imiglucsrase, alglucosidase alphe, thyrotropin, growth
hormone, insulin, fhyroid hormone, ervthropotetin (EPG), interieukin-] (IL-1), IL-2,
IL-3, IL-4, [1.-3/ 1L-7, interferon-t. (IFN-a), IFN-B, IFiN-y, tumor necrosis factor
(TNF), IL-12) IL-18, fms-related tyrosine kinase 3 (fit3), neuropilin-2 (NPZ), bone
morphogehic proteins (BMPs), epidermal growth factor (EGF), erythropoietin (EPO),
fibrobléast growth factor (FGF), granulocyte colony stimulating factor (G-CSF),
graffulocyte macrophage colony stimulating factor (GM-CSF), hepatocyte growth

tor (HGF), insulin-like growth factor (IGF), platelet derived growth factor (PDGF),
fransforming growth factor o or B, vascular endothelial growth factor (VEGF),
epidermal growth factor receptor (EGEFR.), fibroblast growith factor receptor (FGFR),
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FGFR antagonist (sFGFR), transforming growth factor receptor (TGFR), vascular
endothelial growth factor receptor (VEGEFR), plasminogen activator, urckinase,
Factor VHI, Factor IX, von Willebrand factor, growth hormone, metalioproteinase
thrombospondin motifs | (METH-1), METH -2, tryptophanyl-tRNA synthetase
(TrpRS) fragments, proliferin-related protein, prolactin fragment, PEDF, vaspStatin,
angiostatin, endostatin, kininostatin, fibrinogen-E fragment, thrombospon
tumstatin, canstatin, restin, soluble fins-like tyrosine kinase-1 (sFit-1), Sohible

1 {sNRP1),
Interferon gamma-induced protein 10 (IP-10), Plateie;t factor 4 (P-4}, Gro-beta,
soluble Ephrin type-B recepior 4 (sEpbB4) and sephrinB2, IGF-1, HSV-TE,
carboxypeptidase G2 (CPG2), carboxylesterase (CA), cytogine deaminase (CD},
cytochrome P4S0 (cyi-450), deoxyeytidine kinase (ACEY, nitroreductase (NR). purine
nucleoside phosphorylase (PNP), thymidine phosph

vascular endothelial growth factor receptors (sFIK), soluble Neuropi

tase (TP}, varicella zoster virus
thymidine kinase (VZV-TK). xanthine-guanine phosphoribosy! wansferase
(XGPRT), Aspartyighucosaminidase, o-Galactoéidase A, Palmitoyl Protein
Thioesterase, Tripeptidyl Peptidase, Lysosomal transmembrane protein, cysteine
transporter, Acid ceramidase, acid o-L~fatosidase, protective protein/cathepsin A,
acid p~glucosidase or glucocerebro sic;ée, acid P-galactosidase, iduronate-2-sulfatase,
o-L-Iduronidase, galactocerebrosidase, acid o-mannosidase, acid B-mannosidase,
arylsulfatase B, arylsulfatase A/*N~Acewigalactosamine-ﬁ-sulfaic sulfatase, N-
Acetlylglucosamine- 1 -phosphotransferase, Acid spiiingomyelinase, Niemann-Pick
disease, type C1 (NPC-1)/B-Hexosaminidase B, Heparan N-sulfatase,6-N-

Acetylglucosaminidasg (NaGlu), Acetyl-CoAcoglucosamininde N-acetyltransferase,

lipoptotein ipase (LDL), Alpba-1-Antitrypsin (AAT), UDP-glucwronyl-transferases
GT), UGT1AL, glucose~6 phosphatase, phosphoenolpyruvate-carboxykinase,
galactose-1 phosphate wridy! transferase, phenylalanine hydroxylase, branched chain

aipha-ketoacid dehydrogenase, fumarylacetoacetate hydrolase, methyimalonyl-CoA
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mutase, ornithine transcarbamylase, argininosuccinic acid synthetase, adenosine
deaminase, hyposanthine guanine phosphoribosy! transferase, biotinidase, beta-
glucocerebrosidase, beta-ghironidase, porphobilinogen deaminase (PBDG) or p53

In some cases, the compostiions in the containers provided herein encogde a

or is involved in nutrient synthesis or utilization. the encoded polypepfide can be a
myostatin inhibitor, growth hormone, IGF-1, growth hormone releg§ing factor,
chicken Ski, serine transacetylase or c-acetylserine sulphydrylase. In specific
examples, the myostatin inhibttor is follistatin,
BRIEF DESCRIPTION OF THE FIGURES _

Figure 1A is a diagram of the anatomy of a livef depicting the separate lobes
and the biood supply to each lobe. The liver is fraditionally divided into four lobes: a
left anatomical lobe, a right anatomical lobe, the ¢ andate lobe and the quadrate lobe.
In the rat liver, these anatomically separate lobes are: the median lobe (1), the left
tateral lobe (11), the right lobe (13), and thy'caudate lobe (12). The medi@n lobe 18
situated directly under the digphragm. I¥'is fixed to the diaphragm via the faciform
ligament, which forms the interlobulaf fissure and separates the lobe into 2 left and
right portion. The median lobe re)r/;nts nearly 40% of the total liver mass, The left
lateral lobe is positioned below; o the median lobe and above the caudate lobe.

Interlobular ligaments fix the left lateral lobe with the superior portion of the caudate

lobe. The left lateral lobefepresents roughly 30% of the total liver mass. The right
lobe 1s located 1o the right of the vena cava (1) and contains two well defined
portions, the right stiperior lobe and the right inferior lobe. The right superior lobe is

spherically shapéd. Its fization element is the hepato-diaphragmal ligament. The right

inferior lobe

a triangular shape with the tip pointing to the vena cava. The right
lobe repregents 20% of the total liver mass. The caudate lobe is located to the left of
cava directly below the left lateral lobe. The lobe is divided into two
portions: an upper caudate portion and & Jower caudate portion. The upper caudate

lobe is fixed 1o the left 1ateral lobe via an interlobular ligament and 1o the stomach via
a hepato-gastric ligament. The lower portion of the caudate lobe is located behind the
stomach. The candate lobe represents 7% of the total mass of the Liver.
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In-flow of blood to the liver 1s via the portal vein (6) and the hepatic artery (5),
which, upor entry into the liver, branch off to the right and to the left to supply the
various lobes, The first branch stems to the right as the right inferior portal vein (
amd right superior portal vein (8) to supply the right lobe. The second branch sgéms to
the left as ?:Ee caudate portal vein (4), which splits into two veins: an upper cdudate
branch and 2 lower caudate branch, The portal vein continues onto ifs m:
bifircation giving the right median portal vemn (9} that supplies the right portion of the
median lobe and the left portal vein that releases the left median p vein (2} and
the left lateral portal vein (3) supplying the corresponding lobes/ The arterial
irrigation of the liver is provided by the hepatic artery, which/Once it enters the livers,
branches to the right and left to supply the lobes and follows the same distribution as
the portal veins. 7

Figure 1B depicts further divisions of the liver based on the

functional/vascular features of the liver. The threé main hepatic veins (right hepatic

vein, middle hepatic vein and left hepatic vein) divide the human liver into four
sections or segments (the right posterior segment, the right anterior segment, the left
medial segmént and the m:ft lateral segment) each of which is supplied By a
corresponding branch of the portal system. Further branching of the portal veins
subdivide the human liver into c%}gé& anatomically independent subsegments each with

its own efferent hepatic veno féystem, afferent portal venous systems, afferent

arterial system and a biliary'duct systern. Subsegments I and I'V correspond to the left

medial segment, subseghents I and ITI correspond: to the left lateral segment,
subsegments V and VI which correspond to the right anterior segment and
subsegegments VYand VII which correspond to the right posterior segment.

FigureZ depicts & comparison of luciferase activity upon delivery of 2

repllts show expression of luciferase only in the candate lobe following temporal
ompartmentalization.
Figure 3 depicts the presence of adenoviral DNA in systemic circulation when

dejivered by the compartmentalized method. Specifically, Figure 3A shows no
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presence of adenoviral DNA upon termination of vascular isolation of the caudate
iobe after 30 minutes or 60 minuies, but that adenovirus DNA was detected
systemically upon termination of vascular isolation of the caudate lobe after 7 migutes
or 15 minutes. Figure 3B shows the kinetics of adenovirus DNA presence follswing
infijation and termination of & 30 minute vascular isolation (via pedicle clamp). The
results show no presence of adenovirus DNA in the peripheral blood 1, ¥and §
minutes post adenoviral injection (dwring clamping) and at 1, 3 and 5 fainutes after
release of the clamp (post clamp release).

Figure 4 shows luciferase activity levels in the candate lobe upon

administration of recombinant adeno¥irus to the caudate lobe of rats during vascular

isolation.
/

kine expression levels (TNFa, IFNy, TGFp and [L-6)

induced in the lobes of the Ier upon delivery of recombinant adenovirus to the

Figure 6 depicts the ¢

compartmentatized caudafe lobe or upon delivery of recombinant adenovirus
intravenousty (IV}. Expression of B-actin was used as a positive control, The results
show robust cytokjnie expression in all lobes of the groups administered adenovirus

intravenously. # the groups where adenovirus was administered to the

e, and right median lobe at sites proximal, medial, and distal to the site of injection

upon delivery of & recombinant adenovirus info the parenchyma of the left median
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lobe of pigs while blocking blood flow with a parenchymal clamp. The results show
expression of luciferase only at the siie of injection.
Figure 8 depicts the alpha fetoprotein (AFP) protein levels i the serum of
seven (7) days after delivery of & recombinant adenovirus encoding AFP to the
5 compertmentalized caudate lobe of the liver of rats,
DETAILED DESCRIPTION /
Gutling : /

A Definitions

B. Delivery of Nucleic Acid and Gene Therapy

10 L. Existing Gene Therapy Methods
2. Delivery Divectly to a Compartmen

1. Compartmentalization of a Tissue or
a. Liver
15 b. Other Crgans .
2. Delivery of Nu.clclc Acid by A xms‘tcnng a Dciwered Agent

b Methods to Facilitat 1
¢. Dosages and Regu;xgns for Delivery
20 ' 3. Tsmnatlon/Release of ompartmentahzatmn
D. Delivered Agents
1 Nucleic Acid Mglecule
2 Vehicles and Constructs Containing the Nucleic Acld Molecule
a. Virus and/Viral Vector

25 "1/ Adenovirus
/il/ Adeno-associated virus {AAV)
13l Retrovirns

iv. Lentivirus
Non-Viral Vectors
30 Nanoparticle
c. Whole Cell
3. Bxemplary Gene Therapy Agents
CE. Compositions, Systems and Kits
. Dosage Formulations
35 2. Combinations
3. Articles of Manufactore and Kits
Assessing Delivery, Expression or Efficacy
1. Monitoring of Delivered Agent
2. Host Toxicity and Immune Activation
40 G Apvplications and Methods of Use
1. Treating Diseases and Disorders

a. Hemophilia A and B
b. Familial Hypercholesteroloemia
c. Type I Diabetes Mellitus
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d. Alpha-1-Antitrypsin (AAT) Deficiency
e. Angiogenesis and Cancer
f. Autoimmune and Inflammatory Disorders (e.g. Multipie
Sclerosis) a
g. Acute Intermittent Porphyria (AIP)
S h. Sanfilippe Syndrome (Mucopolysaccharidosis type BI;
MPSHT)
i. Lipoprotein Lipase Deficiency (LPLD)
2. Protein Expression and Production
3. Veterinary and Agricultural Applications
H. Examples

A DEFINITIONS

Unless defined otherwise, all technical and scientific ferms used herzsin have
ill in the art to which the
blished applications and

fhe same meaning as is comunonly understood by one of
invention(s) belong. All patents, patent applications,
publications, Genbank sequences, databases, websités and other published materials
referred to throughout the entire disclosure hereig, unless noted-o‘éherwisc, are
incorporated by reference in their entirety. Inthe event that there are & piuraiity of

definitions for terms herein, those in this seCtion prevail, Where reference is mads to

stich identifier or address, it understood that such identifiers can

chaﬁgc and particular information on/the internet can come and go, but equivalent

information can be found by searching the internet. Reference thereto evidences the
rs
availability and public dissemipation of such information.

As used herein, “copdpartmentalization” or “compartmentalized”, or
D »

grammatical variations thereof, {also referred to herein as circulatory isolation or
vasculature 1solation) with reference to a tissue or organ or portion thereof refers to

isolation of a tissug’or organ or portion thereof from the systemic circulation. The

flowto the tissue or organ, or & portion or region of the fissue or organ. The

mpartmentalization disrupts communication or access between and among the
tissue and organ, or & portion or region of the tissue or organ, and the rest of the body
through the systemic circulation. Compartmentalization can be achieved by any
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method that blocks or occludes one or more arteries, veins, ducts or vessels, such ag
by using occlusion catheters, bands, tourniguets or clamps.
As used herein, recitation that “blood flow to a tissue or organ or portion

thereaf is reduced or eliminated,” or similar such langnage, means that there is
23

the tissue or a portion of the tissue aceess to substances carried in the blood. Such
block can result in anoxia or ischemia to the tissue or organ or portisn of the tissue or
organ. It is within the level of a skilled artisan to monitor the tion or eiimination
of blood flow to & tissue or organ. For example, reduction or €fimination of blood
flow can be monitored based on the color of tissue; electron paramagnetic resonance
(EPR} oximetry using India ink or other reportable dye;/ using a Tissue Speciroscope
{TiSpec}; perfusion magnetic resonance imagmg, positron emission tomography,

near-infrared (NIR) spectroscopy, optical Doppler iomography, ultrasound and other

methods kmown to a skifled artisan. For purpoges of the methods herein, blood flow
to & tissue or organ or a portion of a tissue ot organ should be decreased more than

73%, 80%, 85%, 80%, 95% and up tov &l out or 100% during compartmentalization of

the tissue or organ or portion thereof

As used herein, “systemicj irculation” or “general circulation” refers to the
general circulation that carries %:ygénated blood from the left ventricle to the body
tissues, and returning venoys$ blood to the right atrium.

As used herein, 5 organ or tissue refers to differentiated parts of the body of a

subject that performs/4 specific function. Tissues generally are a group of specialized
celis that group together 1o form a specialized function. For example, muscle tissue is
a specialized tigsue that can contract: Organs are made up of tissues that perform a

amples of organs, include but are not himited to, the eyes, ears, lungs,

/As used herein, reference to a “portion of & fissue or organ” refers to part of a
tissde or organ of the body of a subject. The part can be a2 region, segment, lobe,
gection or other part of a tissue or organ. The portion is generally one that can be
mobilized or isplated separate from {he rest of the tissue or organ in order to permit

compeartmentalization of the portion from the rest of the tissue or organ. Jtalsoisa
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portion that is sufficient to effect delivery of the agent. It is within the skill of one in
the art to determine the appropriate size of a portion of a tissue or organ sufficient g
compartmentalize and/or to effect delivery of the agent, and it depends upon the
particular organ, the instrument used for compartimentalization, the indication freated,
tigsue or organ has a volume of at least about 3 mm®, 10 mm® or more. For example,

the portion can be any area of = tissue or organ that hes a length rangy

Smaller regions or portions are also contemplated so long'as the portion is able to be
compartmentalized. _

As used herein, restoring communication with reference fo
compartmentalization refers to the process by wiich compartrentalization of a tissue
or organ or poriion of a fissue or organ is te ted so as 10 Tesiore or TESUIe BoCess
of the systemic circulation with the tissue Or organ. This can be achieved by removal
of the device, apparatus or process used to bleck or-scclude one or more, and
generally all, arteries, veins, ducts o vessels that raverse a tissue or organ or portion
thereof, e g

As nsed herein, predet,

R T

grmined time with reference to termination of

compartmentalization befgre restoration of communication with the systemic

éxample, of the particular target organ and delivered agent. In particular examples, the
predetermined time is at least about or 15 minutes, 20 minutes, 25 minntes, 30

minutes, 35 minutes, 40 minutes, 45 minutes, 50 minutes or 60 minutes subsequent 1o
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initiation of compartmentalization and/or administration of the delivered agent. The
predetermined fime can be controlled by methods, mechanism or techniques that
increase uptake of a delivered agent by cells. Such methods are known to one 61 skill
* in the art and are described herein. Thus, in some examples, the predet
5 can be Jess than 135 minutes, such as 5 minutes to 15 mimates.
As used herein, parenchyme refers to the portions of the tissue dnd associated
cells of an organ that conducts the specific ﬁmctior; of the organ and that makes up

the bulk of the organ. Hence, the parenchyma is the main underlying functional tissue

of an organ. These can include the epithelial tissue, muscle fissue, nervous tissue and
10 associated cells thereof. Parenchyma is distinet from the gfroma, which is the

connective tissue, blood vessels, nerves and ducts, Hende, parenchyma does not
include conmective tissus, blood vessels, nerveg and ,@2;. For example, the
parenchyma of the hiver includes hepaiocyies, ﬂl;e/{arenchyma of the heart includes -
cardiac muscle cglls such as myocytes, the pa?a chyma of the kidpey includes

15 mnephrons. The parenchyma of the skin is the/epidermis.

As used herein, “parenchymal cell” refer to the celis that are contained mor
that make up the parenchyma of a tissye or organ. For exampie, hepatocytes are cells
of the main tissue of the liver, whi;ﬁ make.ap 70-80% of the livers mass. In the lung,
75% of all lung cells are canmi?eé in the parenchyma. These include, for example,

20  fibroblasts of the interstittum énd epithelial cells that line that alveoli, such as type 1

es) and brush celis, In the skin, cells found in the

ermal cells such as keratinocytes. One of skill in the art is

and type 2 cells (pneumocy
parenchyma inchade epid
familiar with the pargnchyma of various tissue and organs and cells therein.

As used hef

25  parenchymao

zin, parenchymal administration refers to administration to the
/& tissue or organ. Administration to the parenchyma is typically by
injection or gapiilary diffusion.

30 ‘pposite sides of & structure in order to compress the structure. A clamp can have
" serrated jaws, locking handies and/or inflatable balloons. Generally, the clamping

force or pressure can be adjusted.
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As used herein, “parenchymal clamp” refers to a clamp that can compress ﬁhe
parenchyma of 2 tissue or organ. Parenchymal clamps include pedicle clamps.

As vsed herein, laparoscopic surgery refers to surgery performed through
small incisions {e.g. between 0.5 to 1.5 om) and that use a laparoscope.

As used herein, “delivered agent” refers 1o the agent or conduit, suclyas
vehicle, vector, or construct, that contains a nucleic acid molecule for gepé therapy in
and that facilitates entry of the nucleic acid molecule into cells and/or €xpression
thereof. Hence, the delivered agent is the entity that is administergd to a subject and
that contains the nucleie acid molecule packaged therein or asspéiated therewith.
Examples of delivered agents inchude, but are not limnited to,4 virus, virus-iike

particles, mini-circles, a plasmid or vector, a liposome

or nanoparticie. For
example, a delivered agent can include a lipid-based o7 other polymer-based
composition, such as liposome, micelle or reverse miicelle, tHat 1s associated with 2
nueleic acid ﬁlolccule or other agent, such as a pon-viral vector or virus provided
herein, for delivery into a host subject. In sorfe examples, a naked DNA canbe &
delivered agent. The uptake of delivered agents can be further increased or facilitated

using various mechanica! techniques spch as slectreporation, sonoporation or “gene
g] ""5 /

As used heretn, genetig,tﬁerapy” or “gene therapy” involves the transfer of 2
nucleic acid molecule, such ag’ heterologous DNA to certain cells, target cells, of a

mammal, particularly a hyshan, with a disorder or condition for which such therapy is

of a therhpeutic product. Genetic therapy also can be used to deliver nucleic acid
encoding & gene product to replace a defective gene or supplement a gene product
produced by the mammal or the cell in which it is introduced. The introduced nucieic
acid can encode a therapeutic compound {e.g. a growth factor inhibitor thereof, or 2
tumor necrosis factor or inhibitor thereof, such as a receptor therefor), that 1s not

normally produced in the mammalian host or that is not produced in therapeutically




10

20

30

-8 -

effective amounts or at a therapeuiically useful fime. The heterologous DNA encoding/ |

the therapeutic product can be modified prior to introduction into the cells of the

* - affiicted host in order to enhance or otherwise alter the product or expression thefeof.

As used herein, nucleic acid molscule refers to sihglenstranded and/or double-
stranded polynucleotides, such as deoxyribonucleic acid (DNA} and ribonucleic acid
(RNA), as well as analogs or derivatives of either RNA or DNA. Also ificluded in the
term “nucleic acid” are analogs of nucleic acids such as peptide nuclgic acid (PNA),
phaspharothioaté ﬁNA, and other such analogs and derivatives. Nucleic acids can

encode gene products, such as, Tor exampie, polypepiides, regylatory RNAs,

_ microRNAs, small inhibitory RNAs (siRINAs) and functiong! RNAs, Hence, nucleic

acid molecule is meant to nclude all types and sizes of DNA molecules inciuding
sIRNA, aptamers, ribozymes, complementary DNA {gDNA), plasmids and DNA
including modified nucleotides and nucleotide analdgs.

As used herein, a therapeutic nucleic acid is a nucleic acid molecule that

encodes a therapeutic product or is Capa‘::;/ofpmducing & therapeutic effect. The

product can be nucleic acid, such as a regylatory seguence or gene, or can encode a
protein that has a’therapeﬁ‘ﬁc activity oy’effect, For exampie, therapeutic nucleic acid -
car be a ribozyme, antisense, dcubi}%stranded RNA, anucieic acid encoding a protein
and others. Ve /

As used herein, & the feutic product is a compound thar is capable of

producing & therapeutic effett. The compound can be a polypeptide, peptide, DNA or

expresgion of endogenous nucleic acid, such as DNA, by affecting trenscription,
lation, or other regulatable biochemical processes. Hence, heterologous nucleic
id is often not normally endogenous {o an organism or & virus into which it is
mroduced. Heterologous nucleic acid can refer to a nucleic acid molecule from

another virus in the same organism or ancther organism, including the same species or
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another species. Heterologous nucleic acid, however, can be endogenous, but is

nucleic acid that is expressed from a different locus or altered in its expression or

sequence (e.g., & plasmid). Thus, heterclogous nucleic acid mcludes a nucleic agld
molecule not present in the exact orientation or position as the counterpart nuglsic
acid molecuie, such as DNA, is found in a genome. Generally, although

pecessarily, such nucleic acid encodes RNA and proteins that are not nofmally
produced by the organism or virus or in the same way in the virus in fvhich it is
expressed. Any nucleic acid, such as DNA, that ons of skill in the/art recognizes or
considers as heterologous, exogenous or foreign wo the virus invhich the nucleic acid
1s expressed is herein encompassed by heterologous nucieic acid. Examples of
heterologous nucleic acid include, but are not hmited to, ducleic acid that cncodes
exogenous peptides/proteins, inchuding diaguostic and/or therapeutic agents. Proteins
that are encoded ¥y #isternlogous nueleic acid can 'exprcssed within the virus,
secreted, or expressed on the surface of the viragAn which the heterologous nucleic
acid has been infroduced. /

As used herein, a detectable label of detectable moiety refers to an atomm, -
xﬁgleéule or c:}mpesition,' Whemmthe presence of the atom, molecnle or composition
can be directly or indirectly measured. Detectable labels can be usad inciuded in any
of the delivered agents herein. Detectable iabels include, for example, _
chemiluminescent moieties, biglurmpescent moisties, fluorescent moisties,
radionuclides, and metals. Por example, detectable moieties include, for exampie,
luciferase, green fluorescént protein, red fluorescent protein, colloidal gold, iren,
gadolinium, and gallipfn-67, Methods for detecting labels are well known in the art,
Such = label can be/detected, for example, by visual inspection, by fluorescence
spectroscopy, by reflectance measurement, by flow cytometry, by X-rays, by a variety
of magnetic résonance methods such as magnetic resonance imaging (MRI) and
magnetic yésonance spectroscopy (MRS). Methods of detection also include any of 2
variety 6 tomographic methods including computed tomography (CT), computed
axialtomography (CAT), electron beam compuied tomography (EBCT), high
refohution computed tomography (HRCT), hypocycloidal fomography, positron
ernission tomography (PET), single-photon emission computed tomography (SPECT),
spiral computed tomography, and ultrasonic tomography. Direct detection of a




detectable 1abel refers to, for example, measurement of a physical phenomenon of the
detectabie label itself, such as energy or particle emission or absorption of the label
itself, such as by X-ray or MRL Indirect detection refers to measurement ofa
physical phenomenon of an atom, molecule or composition that binds directly o

5 indirectly to the detectable label, such as energy or particle emission or absorgtion, of

label. In a non-limiting example of indirect detection, a detectable labs can be bhiotin,
which can be detected by binding to avidin. Non-labéled avidin ¢
systemically to block non-specific binding, followed by systemic,
10 labeled avidin. Thus, included within the scope of & detectable labe] or detectable
moiety is z bindable label or bindable moiety, which refersfo an atom, molecule or
composition, wherein the presence of the atom, molecuig or composition can be
detected as a result of the label or moiety binding to ahother atom, molecule or
composition. _
15 As used herein, a DNA construct is a siigle or double stranded, linear or
circular DNA molecule that contains segmeyits of DNA combined and juxtaposed in a
manner not found m nature, DNA constpiicts eﬁst as & result of human manipulation,
and include clones and éthe*; copies o ipuiated molecules.
As used herein, vector {or plasmid) refers o discrete elements that are nsed to

20  introduce a heterologous nucleir’acid into cells for either expression or replication
thereof. The vectors typica}z/émam episomal, but can be designed to effect

mtegration of a gene or pertion thereof into a chromosome of the genome. Vectors

incinde non-viral vectots, such as non-viral expression vectors. Also confemplated

are vectors that are drtificial chromosomes, such as yeast artificial chromosomes and

25  manomahan artificial chromosomes, Vector also includes “virns vectors™ or “viral
vectors.,” Selettion and use of such vehicles are well known to those of skill in the
art.

s used herein, an expression vector includes vectors capable of expressing
D &/ that 1s operatively Linked with regulatory seqguences, such as promoter regions,
30 t are capable of effecting expression of such DNA fragments. Such additional
segments can inciude promoter and terminator sequences, and optionally can include

one or more origine of replication, one or more selectable markers, an enhancer, a




10

15

20

30

.31 -

polyadenylation signal, and the like. Expression vectors are generally derived from
plasmid or viral DNA, or can contain elerments of both. Thus, an expression vector
refers 1o a recombinant DNA or RMNA construct, such as a plasmid, a phags,

recomnbinant viras or other vector that, upon introduction into an appropriate jost cell,

cells and/or prokarvotic cells and those that remain episomal or thosg’which inteprate
into the host cell genome. '

As used herein, “virus,” refers to any of 2 large group ¢of infectious entitfies that
capnot grow or replicate without a host cell. Viruses typicglly contain & protein coat
surrotnding an RNA or DNA core of genetfic material, but no ssmipermeable
membrane, and are capable of growth and muitiplication only in living cells, Viruses
inciude those that are formed when, such as when # vector containing all or a part of a

viral genome, is transduced into an appropriate /611 or cell line for the generation of

Such particies. The resulting viral particles /:ve a variety of uses, mcluding, but not
fimited jéo’_, transferring nucleic acids into ¢&lis either in vitro or in vivo. Thus, a virus
is a packaged viral genome. A virus cat refer to a single particle, a stock of pafticlexs
or a viral.genome, //

As used herein, viral Veggzé? refers to & nuecleic acid vector construct that
includes at least one element /eff viral origin and can be packaged into a viral vector
particle or virus. Referen {10 viral vector herein is used mterchangeably with viros

when it 1s packaged &

ifie a protein coat. The viral vector particles or virus can be
uged for the purposs/6f transferring DNA, RNA or other nucleic acids into cells either
in vitro or in vive/ Viral vectors include, but are not limiied to, retroviral vectors,
vaccinia vectors, lentiviral vectors, berpes virus veciors {e.g., HSV), baculoviral
vectors, cyigmegalovirus (CMV) vectors, papillomavirus vectors, simian virus
(SV40) yéetors, Sindbis vectors, Semliki Forest virus vectors, phage veciors,

iral vectors, and adeno-associaied viral (AAV) vectors, Suitable viral vectors
aretescribed, for éxample, in U.S. Patent Nos. 6,057,155, 5,543,328 and 5,756,086,
iral vectors typically inciude engineered viruses that are operatively linked to

exogenous genes to fransfer (as vebicles or shuttles) the excgenous genes into cells.
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As used herein, operably or operatively linked when referring to nucleic acid
arranged with regulatory and effector sequences of nucleotides, such as promoters,
enhancers, transcriptional and translational stop sites, and other signal sequences
refers to the relationship between such nucleic acid, such as DNA, and such
sequences of nucleotides so that they function in concert for their intended purposes,
e.g., franscription initiates in the prometer and proceeds through the cof;}i{mg segment
to the terminator. For example, operative linkage of nucieic acid to g'promoter refers
to the physical relationship between the DNA and the promoter such that the
franscription of such DNA is mitiated from the promoter by

A polymerase that
specifically recognizes, binds to and transcribes the DNA. Thus, operatively linked or
operationally associated refers to the functional relationsiip of a nucleic acid, such as
DNA, with regulatory and effector sequences of nucledtides, such as promoters,
enhancers, franscriptional and translational stop sites, and other signal sequences. In
order to optimize expression and/or n:anscripﬁoyf can be necessary 1o remove, add
or alter 5' untransiated portions of the cione&yé eliminate exira, potentiaily

inappropriate, alternative translation initigtion (i.e., start) codons or other sequences

-that can interfere with or reduce @xp:?sion, either at the level of transcription or

translation. In addition, consensus ribosome binding sites can be inserted
immediately 5' of the start codm}-éz can enbance expression (see e.g., Kozak J Biol.
Chem. 266: 198G7-19870 (199{} and Shine and Delgamao, Natwre 254(5495):34-38
(1975)). The desirability
determined.

As vsed heres

analog) that is cogiplementary to the messenger RNA (mRNA) of a gene of interest

(o1 need for} such modification can be empirically
1, antisense refers to nucleic acid (DNA, RNA or chemical

and can bind ad inactivate it.
ed herein, small interfering RNA (siRNA) refers 1o a class of 20-25
nucleotigé-long double stranded RINA molecules that can interfere with the expression
of a géne. _
As used herein, aptamer refers to oligonucleotides (DNA or RINA) that bind
o atarget such as 2 small molecule, protein, nucleic acid, cell or tissue. Aptamers

can be engineered and selected against a target molecule by i vitre selection
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methods, such as by using systematic evolution of ligands by exponential enrichment / |
(SELEX). Aptamers against various targets are known to one of skill in the art. '

As used herein, ribozyme refers to an RNA. molecule that has & unique ha
or hammerhead shaped active center and a unique secondary structure that allp®

* them to cleave other RNA. molecules at specific sequences. Ribozymes inglude

natural ribozymes as well as ribozvmes that are engineered or designed 10 cleave any
RNA molecule, »

- As used herein, virus-like pariicle (VLPs) refers to a non-infectious agent that
resembles a virus but does not contain any viral genetic materigl. For example, VLPs
can be assembled from expression of viral structural proteing (e.g. envelope or
capsid). VLPs inchude those produced from Parvoviridag/(e.g. adeno-associated
virus), Retroviridae {e.g. HIV) and Flaviviridae (e. g Hepatitis C virus).

As used herein, minicircie refers to small cifcular plasmids or DNA vectors
that are episomal and are produced as a circular ;{pression cassette devoid of any
bacterial plasmid backbone. They can be g&#ra:ted from & parental bacterial plasmid
that contains a heterologous nucleic acid afhd two recombinase target sites by
intramolecular (cis-) recombination usihg & site-specific recombinase, such as PhiC31
integrase. Recombination bew;?tﬁe two sites generates 2 minicircle and a lefiover

miniplasmid. The minicircle can’be recovered separaie from the miniplasmid. One of

skili in the art is familiar wi icircles and methods of making them.
The term “naked™ polymucieotide, DNA or RNA, refers to sequences that are
ze from apy delivery yehicies, complexes or agents that acts o assist, promote, or
facilitate entry into t#e cell, including viral sequences, viral particles, liposome
formulations, lipofectin or precipitating agents.
As used herein, viral particles (VP) refers to the total nnmber of viral particles,
including Bx¥e and dead combined. The number of viral particles can be determined

D260 assay from a purified virus stock.

As used herein, plague forming unit {pfu) or infectious unit (JU) refers to the
pumber of infectious or Hve viruses., It thus reflects the amount of active virus in the
reparation. The pfe can be determmined using & plaque formation assay or an end-

point dilution assay, which are standard assays known to one of skill in the art.
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As used herem, "adﬁnovirﬁs vector” and "adenoviral vector” are used
interchangeably and are well understood in the art to mean 2 polynucleotide
containing all or a portion of an adenovirus genome. An adenoviral vector, reférs to
nucleic acid encoding a complete genome or a modified genome or one tha
used to introduce heterologous nucleic acid when transferred into a cell, particularly
when packaged as a particle. An adenoviral vector can be in any of seyeral forms,
including, but not limited to, naked DNA, DNA. encapsulated in an ddenovirus capsid,
DNA packaged in another viral or viral-like form (such as herpeg simplex, and AAV),
DNA encapsulated in liposomes, DNA complexed with polylysine, complexed with
synthetic polyeationic molecules, conjugated with transferpin, complexed with
compounds such as FEG to immﬁno}c}gica'l}.y “mask" the molecule and/or increase
half-life, or conjugated to & non-viral protsin.

. Asused herein, the term "adenovirus” o%enoviral particle” is used to
include any and ail viruses that can be categorized as an adenovirus, including any
adenovirus that infects a human or an animal, including all groups, subgroups, and
serotypes. Depending upon the context reference to "adenovirus” can include
adenoviral vectors. There are at least ¥1 serotypes of adenovirus that are classified
into several subgroups. For examp}é, subgroup A includes adenovirus serotypes 12,
18, and 31, Subgroup B includes adenovirus serotypes 3, 7, 11a, 11p, 14, 16, 21, 34,
35 and 50. Subgroup C inch}/.;i”és adenovirys serotypes 1, 2, 5, and 6. Subgroup D
p 8,9, 10,13,15,17, 19, 19g, 20, 22-30, 32, 33, 36-39,

E includes adenoviras serotype 4. Subgroup F includes

includes adenovirus sero
42-49 and 51. Subgroup

adenovirus serotypes/A

0 and 41. Thus, as used herein an adenovirus or adenovirus

and "adencvirus particle" refer to the virus itself and derivatives thereof and cover all

serotypes and subgroups and naturally oceurring and recombinant forms, except
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where indicated otherwise. Included are adenoviruses that infect human celis.
Adenoviruses can be wildtype or can be modified in various ways known in the art 6r
as disclosed herein. Such modifications include, but are not limited to, modifications

to the adenovirus genome that is packaged in the particle in order to make an
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terms also include replication conditional adenoviruses, which #ére viruses that
10 preferentially replicate in certain types of celis or tissues but'to a lesser degree or not
at all in other fypes.
As used herein, a “targeting molecule” or “targeting ligand” refers fo any
protein, polypeptide, or portion thereof that binds 16 a cell surface molecule,
inoluding, but not limited to, proteins, carbohydrates, lipids or other such moiety.

15 Targeting ligands inclﬂde, but are not limited4o growth factors, cytokines, adhesion

melecules, newropeptides, protein hormonés and single-chain antibodies (sckFv).

As vsed herein, a nanoparticle pefers to a colividal particle for delivery of a
molecule that is microscopic in size0f between or about between 1 and 1000
nanometers (nm), such as 1 andj)/é{) po, snd that Dehave as a whole unit in terms of

20 transport and properties. Nat dparficles include monolithic nanoparticles

{nannospheres) in which thé molecule is absorbed, dissclved or dispersed throughout
the matrix and nanocapshies m which the molecule is confined 1o an agueous or oily
core surrounded by g Ghell-like wall, Alternativaly, the molecule can be covalently
attached to the suyface or into the matrix, Nanoparticles include, for exampls,
25  liposomes, depdrimers, polymeric micelles, nanocapsules, nanospheres and solid lipd
panoparticie . Generally, nanoparticles are made from biocompatible and

lable materials such as natural or synthetic polymers {e.g. gelatin, albumin,
polviaétides, polyalkylcyanoacryiates) or solid lipids. Nanoparticles include those that
ntain 2 targeting molecule attached to the outside.

30 As used herein, a compound conjugated to a molety refers to a complex that
'~ includes a compound bound to a moiety, where the binding between the compound

and the moiety can arise from one or more covalent bonds or non-covalent
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mteractions such as hydrogen bonds, or electrostatic interactions. A conjugate also
can include a linker that connects the compound to the moiety. Exemplary
compounds include, but are not limited to, nanoparticles and siderophores.
Exemplary moieties, include, but are not limited {0, detectable moieties and
therapeutic agents.

As used herein, tropism with reference to a delivered agent, such4s a virus,
capsid protein, such as the fiber protein and/or penton. /

As used herein, “entry,” “uptake” or “entsrs™ with respedt fo a cell refers to the

process whereby the delivered agent is introduced into a cell/ Hence, such terms

* mean that the delivered agent is intracellularly located. /

As used herein, transduction refers to the transfer of genetic material into cells

by a virus.

As used herein, “sustained’ expression with reference io a delivered nucleic
tef infroduction of the nucleic acid into

5%, 90%, 91%, 92%, 93%, 94%, 95%,

acid molecule refers to the period of time
the organ during which at least 70%, 80%
96%, 97%, 98%, 99% or more of the p
expreséion is sustained if the encodpd protein is expressed over a length of time of
greater than 6 months, 7 mﬁnths,/‘ months, 9 months, 10 months, 11 months, 12
months, 16 months, 24 mm?v‘ifnr more.

As used herein, the term promoter means a portion of a gene containing DNA

expression is observed. Typically,

sequences that provide $6r the binding of RINA polymerase and initiation of
wanscription. Promoter sequences are commonty, but not always, found in the 5°
non-coding regiop’of genes.

As usedherein, production by recombinant means by using recombinant DNA
methods medns the use of the well known methods of molecular biology for
expressipg proteins encoded by cloned DNA.

/ As used throughout, subject can be a vertebrate, more specifically a mammal
(e. ;  a human, horse, cat, dog, cow, pig, sheep, goat, mouse, rabbit, rat, and guines

%ig), birds, reptiles, amphibians, fish, and any other animal. The term does not denote

" & particular age or sex. Thus, adult and newborn subjects, whether male or female,

are intended to be covered. As used herein, patient or subject may be used
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interchangeably and can refer to a subject in need of a therapeutic agent. The term
patient or subject inciudes human and veterinary subjects. Both therapeutic,
industrial, veterinary and agricultural (e.g., meat production) uses are disclosed
herein,

As uged herein, e patient refers to a human subject.

As used herein, & composition rsfers_to any mixtire. It can be g'solution,

suspension, liquid, powder, paste, agusous, non-agueous or any corpbination thereof.

generally functionally associated or related.

As used herein, a kit is a packaged combindtion that opticnally mcludes other
elements, such as additional reagents and mnst
elements thereof. Kits optionally include instractions for use.

As used herein, "disease or disordér" refers to a pathological condition in an

. organism resulting from cause or congition including, but not Hmited fo, infections,

acquired conditions, genetic con.di;' éns, and characterized by identifiable symptoms.
Asused hersin, 2 “diaea:ﬁzé/ or disorder treatabie by a nucleic acid” refers to any

disease or disorder that is az?feéable: o treatment by an exogenonsly delivered nucleic

acid by altering (increasi g/or decreasing) expression of a gene associated or mvolved

in the etiology or & disghse or condition, expressing a gene product for ameliovating a

trefitabie by a nucleic acid are described herein.
As used herein, “treating” a subject with a disease or condition means that the
subject’s sympioms are partially or totally alleviated, or remain static following

trestment. Hence treatment sncompasses prophylaxis, therapy and/or cure,
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Prophylaxis refers to prevention of a potential discase and/or a prevention of
worsening of symptoms or progression of a disease.

As used herein, treatiment means any manner in which the symptoms of
condition, disorder or disease or other indication, are ameliorated or otherwis
beneficially altered. _

As used herein therapeutic effect means an effect resulting from Areatment of &
subject that alters, typically improves or ameliorates the symptoms of a disease or
condition or that cures a disease or condition. A therapeutically effective amount
refers to the amount of & composition, molecule or compound Which resulisin a

therapeutic effect following administration to a subject.

As used herein, amelioration of the symptoms of # particular disease or
disorder by a treatment, such as by administration of # pharmaceutical composition or
other therapeutic, refers to any lessening, whether pérmanent or temporary, lasting or
transient, of the symptoms that can be attributed 40 or associated with administration
of the composition or therapeutic. _

As used herein, prevention or propiylaxis refers to methods in which the risk
of developing disease or condition is ¢

As used herein, an effective amount is the quantity of a therapeutic agent
necessary for preventing, curing, 4meliorating, arresting or partiaily arresting a
syreptom of a disease or disorder.

As used herein, uniydose form refers to physically discrete units suitable for

human and animal subjects and packaged individually as is known in the ari.

used herein, a muitiple dosage formulation refers to a formulation for use
administrations.

As used herein, an “article of manufacture” is a product that is made and soid.
As used throughout this application, the term is intended to éncompass

delivered agents, such as adenovirns particles, contained in articles of packaging.
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Aguged hcreiri, the singular foyms "a," "an" and "the"” include plural referents
uniess the context clearly dictates otherwise. Thus, for example, reference o a
compound, comprising "an extraceliular domain” includes compounds with one op'a
plurality of extracellular domains,

As used herein, the term Yor” is used io mean "and/or” unless explicitly
indicated to refer to alternatives only or the aliematives ave mutually excitsive.

As used herein, ranges and amounts can be expressed as “aboy*.é a particular
value or range. About also includes the exact amount. Hence “abotit 5 bases” means

“ghout 5 bases™ and also “5 bases.”

As used hereimn, "optional” or "optionally” means tha
described event or circumstance does or does not ocowe, and that the description
includes instances where said event or circumstance opfurs and instances where it
does not. For example, an optionally substituted group means that the group is
unsubstituted or is substituted.

As used herein, the abbreviations for afiy protective groups, amino acids and
other compoumnds, are, unless indicated othérwise, in accord with thelr common usage,
recognized abbreviations, or the IUPACAIUB Commission on Biochemical
Nomenclatuwre (see, (1972) Biochem,11:1726},

For clarity of disclosure, aé not by way of limitation, the detsiled description

'

is divided info the subsections that follow.
B. DELIVERY OF NUCLEIC ACID AND GENE THERAPY

Provided herein ¥ & method of delivering to & subject a delivered agent (that is
or includes & nucleic deid molecule) 1o an organ or a portion of an organ that is
compartmentalized from the general vasculature by vascular isolation of the organ
from the genergl circulation, Specifically, provided herein are methods based on the
finding that gxpression of an exogenous delivered mucleic acid molecule can be

d stable, upon administration of & delivered agent (that is or includes the

nuclei acid molecule) to an crgan or portion thereof when the organ or portion
therbof is temporarily compartmentalized (i.e., vascularly deprived or isolated).
urther, practice of the compartmentalized method of nucleic acid delivery achieves 2

linear kinstic dose-response that has not been previously achieved. The nucleic acid

molecule that is delivered can be a therapeutic nucleic acid, including a nucleic acid
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that encodes a therapeutic polypeptide to a subject. Thus, the methods can be nsed for
cellular expression in vive of a selected polypeptide. In some examples, the '
polypeptide agent can be useful in therapeutic settings where the polypeptide treafs or
ameliorates a disorder or condition in a subject or otherwise improves the guality of
life in & subject. In other examples, the polypeptide agent can be useful in dgriculture
setiing, for example, applications that improve the quality or quantity offmeat
production.

The method deseribed herein offers several advantages ovér traditional gene
therapy methods by eliminating the need to infuse a viral vectoy systemically {thereby
reducing viremia and immunologic responses), allowing & mérkedly reduced quantity
of viral vector (thereby reducing necrosis at the site of adhinistration), allowing
control over the amount of agent delivered, providing for quantitative control of gene
expression, and providing sustained expression of the selected agent,

1. Existing Gene Therapy Metho

A basic challenge for bictechnology ig'to develop approaches for delivering
genetic information to cells in vivo. The p)xé)osefui delivery of genefic material to
somatic cells for the purpose of treaﬁng/discase or for biomedical investigation has
been termed gene therapy. Gene jz‘z{py promises 1o be a significant advance in the
m"eatrﬁént of disease, inciuding_sf atic and hereditary genetic diseases. To be
successful, the nucleic acid n?ylécuie must be delivered to a therapewtically significant
percentage of the affccte?eﬂs in a manner that is both efficient and safe. The

!

delivered nucleic acid moélecule can then compensate for & missing or partially or non-

functional endogenoyé gene, provide a beneficial function or biock activity ofa

dominant negative/endogenous gene or gene of an infections organism.

Existing/gene therapy methods deltver a nucleic acid molecule o a tissue or
organ intravegnously. Intavenous delivery of nucleic acids, using non-viral or viral
veetors, i compliéatcd by several problems that have hindered 1ts widegpread
applicgtion. For example, systemic delivery of pucleic acid vectors can result in the
init¥ation of immune responses that result in severe toxic side effects, neutralization

fransgene products {e.g. due to generafion of antibodies against expressed proteins),
reduced cellular uptake of the nucleic acid or vector, loss of gene expression and/or

transient expression requiring repeat infusion, the need for large doses of nucieic acid
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to be injected into the subject’s circulation, tissue damage, elevated pressures within
the target organ during therapy, viremia, and/or dificulty targeting specific cell types
within the body. These problems can be more severe when the nucleic acid is
delivered in 2 viral vector, such as an adenoviral vector. In addition, in existing/gene
therapy methods there is a lack of carvelation between vector dose and proteih output.
For example, systemic administration of 2 delivered agent contaisi
acid molecule, such as a virus, can result in transduction of immune cefls and
activation of an unwanted immune response. Innate immune cells ¥avolved in the first
line of defense to foreign infection, including phagocytic cells

neutrophils) and natural killer (NK) cells, become activated

.g macrophages,

§ exposure to foreign
material {e.g. viral-based vectors). Activation of the i Immone response acts o
limit the infection by killing infected cells anéd by secreting pro-inflammatory
eviokines and chemokines (e.g. interferons, 1L-1, 146, TNF-o, MIP-2, MIP-1¢). The
cvtokine and cellular responss results in fissue dzé;ge, apoptosis of infected cells,
recruttment of other effector cells such as depdritic cells and the inifiation of the
adaptive Immune response. A.ntigcn—preﬁenﬁng cells (APCs), such as immature
dendritic cells present in the blood ang/{issues, recognize and uptake foreign antigen
material, thereby stimmulating Signa;l_/ﬁ”ansduoﬁen pathways activating NF-«B,
secretion of inflammatory cytoi;j:h/es and chemokines, and upregulation of T-call
activating molecules such as /MHC melecules and costimulatory molecules.

The result is mﬁv;tign of the cellular and humoral immune responses.

Humoral immunity cay'result in the generation of antibodies that can bind to and

inactivate antigen difectly (neutralizing antibodies) or activate other cells of the
immune system 10 destroy the antigen. Cellular immunity is mediated by cyiotoxic T
cells that re

recoginized eliminate any cells producing foreign antigen. Thus, the result of immune

ize foreign peptides on the surface of infected cells and once

activatidn 15 the activation of effector cells such as cytotoxic T cells that eliminate
trangduced cells, as well as the generation of antibody secreting plasma ceils that
oduce neutralizing antibodies preventing readministration of the nucleic acid (e.g.
viral vector). The culmination of the immune responses, and extent of such

responses, can cause systemic and local toxicity,
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This toxicity also can be exacerbated when the delivery is widespread,
whereby severa) tissues or organs become transduced with the nucleic acid. While
such tissues or organs can be excised to limit localized toxicity, in cases where sevpfal
Organs are involved having moultiple sites of transduction, it can be impossible tp/treat
any toxic effects by removal of wansduced tissue. Even where delivery of a gucleic
acid is targeted to the vasculatare of 2 target organ, unwanted immune regponses and
toxicity can occnr. Alse, the entire organ can be subjected to toxic efﬁj‘;tf

Systemic administration requires higher doses in order to acieve sufficient

transduction efficiency of cells and confer efficient gene transfey/ For example, for
viral delivery, such as administration of adenovival vectors, 10"°-10* viral particles
{vp) per kg (vp/kg) are administered, and generaliy 10" 10/10" vp/kg in order to

achieve measurable and reproducible cellular transduction and expression at the tissue
stte, such as hepatocyte transduction and expression/in the liver. The requirement for
higher doses is because the vector is removed the bicod by the immune
responses prior 1o reaching tissue cells, such a¢ liver hepatocytes. At higher doses,

the phagocytic cells of the biood and tissugde.g Kupfler cells) become saturated and

- permit bigh level hepatocyie iransdu?ﬂ. Also, systermic delivery of nucleic acid

can result in delivery and distributi?/ throughout the body, which is not ideal if the
resulling therapeutic is only fcqu;éd at a target locus. In such cases, it is often

. ./ " . .
necessary to increase dosage i order to achieve therapeutic efficacy. Increasing

he likelihood of eliciting unwanted toxicity or other side

dosage, however, increases
effects, ’
While others hiave attempted efforts to localize delivery to an organ or portion
thereof in order ty&void some of these problems, none have been successful in
addressing all of

viral vectory{e. g lentivirus or adenovirus) to the biver by isolated intravenous or

these complications. For example, methods of targeting delivery of

Application No, US2008/0025852, US2010/0010068 and US2006/0188482;

Kinoshita er al. (2010).7 Surg. Res., 160:47-51). Methods of hydrodynamic gene

delivery to the liver by intravenous delivery of 2 nucleic acid, which generates
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“nores” in the plasma membrane of the surrounding parenchyma cells to achieve
delivery to parenchymal cells, also can lead to contamination of other organs. Such

methods are not effective in all species and have yet 10 be shown to be applicableto

(2010) Gen Ther., 17:560-4). Other methods that rely principally on direct
parenchymal administration and intrahepatic injection of nucleic g¢id also can result

in elevated liver enzymes, elevated éytokinss, and/or contamination of other organs or
portions thereof (see e.g. Crettaz er ol (2006} Heptalogy,
(2009) Biol. Pharm. Bull., 32:1258-302).

2. Delivery Directly to 2 Compartmentalized Tissue or Organ

#623-32: Fumoio ef gl

Provided herein are methods-of compartmeptalized delivery of a nucleic acid
molecule by administering a delivered agent dig ctly to cells in an orgar or portion
thereof that is compartmentalized by isolatiop'from the vasculature, lymph and/or
duets. In the methods herein, the method i€ characterized by 1) blocking blood flow

to and from an organ or portion thereof Ao prevent or substantially prevent

communication with the systemic ciptulation; 2} directly administrating the delivered
agent to tissue parenchymal cells 0f the tissue or portion thereof: and 3) maintaining
vascular isolation for & time ;}@fiod sufficient to pérmit cellular uptake of the selected
agent. The effect of these pépects means that the delivered agent, such as vival vector,
is not exposed to the gepéral circulation, such that systemic immune responses are not
initiated, svsternic toxicity is avoided and there is no contamination of other nor-
targeted organs ordissues. Further, by directly administering the delivered agent to
parenchymal cglls of the compartmentalized tissue or organ, celiular uptake is
maximized. Maximizing celinlar uptake of the agent means that, upon release of the
tissue or grgan compartmentalization, virtually all of the delivered nucleic acid
molecyle is available for fransgene expression in the cell, and the amount of deiiveréd
agedt that could escape info the systemic circulation is reduced or eliminated. Thus,
¢ methods provided herein permit targeting of only the desired cells within the

target organ and expression of a fransgene produce for 2 susiained length of time.
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The method is based on the finding herein that delivery of nucleic acid to 8
tissue or organ compartmentalized for a time selected as appropriate for a target org
of interest, provides sustained expression of the nucleic acid molecule that is
delivered, whick is far longer than expression using methods available in the
reduces the amount of delivered agent that must be administered to cause appreciable
uptake and expression of the nucleic acid molecule; avoids side effects related to
systemic administration of a delivered agent, such as a viral vector, of a genetically
modified cell; and for the first time provides an opportunity 1o adjufét the amount of
polypeptide expression by adjusting the amount of delivered agént administered to the
subject. These are significant improvements that provide new opportunities in the

field of gene therapy.

The present methods of delivering a nucleic acid molecule that encodes a
polypeptide provides an advantage over methods of/directly administering a
polypeptide. For example, because expression of the resulting encoded polypeptide is
sustained, the delivery of the nucleic acid molécule to the subject does not necessarily
require repeated infusions or injections ovef the course of a treatment. Additionally,
because the polypeptide is expressed 'm/& e methods herein by the subject’s own
transduced cells {e.g., hepatocytes}, }:}ﬁs encoded polypeptides are properly
posttranslationally modified. /

In addition, gene deii\?ﬁ} to individual lobes or segments of an organ, such as

4

a liver, has advantages. For/example, regional delivery meaus that any unexpected
harmful effects of gene délivery will either be of no consequence or can be readily
treated by removal of the targeted lobe, In the method, compartmentalized delivery
permits non-targeted parts of the tissue or organ to serve as an internal control. It also
bem:its removal/of the targeted 1obe, thereby providing formal proof that gene
delivery 1o the targeted lobe was responsible for the effect.

¢ features of the method are exempiified herein with direct hepatic
adminigfration of an adenovirus delivery agent containing a heterologns nucleic acid
molgtule. The results herein show that direct administration of an adenovirus to
ipferstitial parenchymal cells of  liver iobe under vascular isolation or
compartmentalization by parenchymal clamping, for a time sufficient to permit

celinlar uptake of virtually all of the administered adenovirus, exhibits numerons
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advantages over existing methods. In particular, higher efficiency hepatic
iransduction was observed as compared to systemic injections. Using this approach
sustained and robust gene expression was achieved without immune-suppression, Aigh
levels of protein synthesis were observed, and low doses of administered virus6f less
than 10" particles, such as less than 16" particles, 107 particles 10° particley/ 10
particles, 10° partic':les, 10° particles, 10° particles, 10° particles, or less sufficient
and effective to confer high-level transgene expression in the targeted/lobe or region.
In particular, the results herein show that less virus 1s required without compromising
protein output. The results also show that there is 2 correlation between the vector
dose and the protein output. For example, using the present mhethod of administration
with comparimentalization, lower amounts of viral vectoy{e.g., kess than 10 particies
and as low as 10° particles, 107 particles or less) resultgd in polypeptide expression,
with & positive correlation between the amount of vital vector administered and the
amount of expression. Also, by practice of the method side effects such as viremua,
inflammatory hepatic response, hepatic cytokine expression, general liver damage and

the non-toxicity and long-term transgené expression, this approach can be used for

- necrosis at the site of administration a:ystemic toxicity were not observed. Given

gene therapy applications by targeting expression of a transgene in the liver for
treating Hver diseases or other d;séases in mammalian subjects, including humans, -
The following sectienf/ééscﬁbe in further detail the steps of the
compartmentalized method6f nucleic acid delivery as provided berein, and
exemplary delivery agenfs and compositions for use in performing the method. It is
undersiood that the dgseription of additional steps or alternative steps that can be
performed in the gfethod are contemplated as being performed with any specific
method steps oy combination of method steps of the disclosed methods, and that such
combinationOr subset of combinations is specifically contemplated. Also described
below are/methods and applications of the compartmentalized delivery method for use

in expréssing nucleic acid molecules encoding polypeptides for therapeutic or

trial, veterinary or agricultural applications. The various steps and reagents nsed
il the method, including the targeted organ and delivered agent, can be adapted by

one of skill in the art based on the description herein for use in any amenable organ or
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portion thereof depending on the deliversd agent, the particular application or
therapeutic indication and the particular subject and other similar considerations.

C. COMPARTMENTALIZED METHOD OF NUCLEIC ACID
BDELIVERY

Provided herein is 2 method of delivering a nucleic acid molecule by
administering a seiected delivered agent to a subject including the steps of{1)

compartmentalizing & tissue, organ or portion thereof by isolation or ngdr complere

administration of the delivered agent before removing the igolation, e.g. ;restoring
vascular circulation to the organ or portion thereof.  In Ahe method,
compartmentalization of the tissue or organ or portioy thereof is maintained for a time
period subsequent to the administration of the nuckeic agent sufficient so that less than
10% of the delivered agent is exposed to the systemic circulation and/or to allow
cellular uptake of greater than 80% of the s ected delivered agent by ccilé of the
organ or portion thereof. The method provided herein permits sustained expression of
a transgene product in the tissue or om}ﬁr poﬁicn thereof for more than 60 days,
more than 90 days, more than 6 mﬁﬁths, more than 9 months, or more than one year.
in practice of the method herein, optionally, immunosuppressive agents can be
administered o subjects prior'to and following dosing with a delivered agent, such as
a viral vector, in order 1o g inimize or reduce the possibility of immune responses.
For example, agents caf be administered that suppress cytotoxic Iymphocytes.
Exemplary immunpressive agents inciude, but are not limited to, cyclosporine
{neoral®, Sandiy ';: mme®), prednisone (Novo Prednisone®, Apo Prednisone®),
azathioprine (Hnuran®), tacrolimus or FK506 (Prograf®), mycophenolate mofetil
(CeliCept®), sirolimus (Rapamune®), OKT3 (Muromorab CO3®, Orthoclone®),
ATGAM or Thymoglobulin. It is within the level of skill of the treating physician to
deterrhine if an immunosuppressive agent 1s required. Effective immunosuppressive

redimes are routinely practiced in the art, and the particular regime will depend on

/Tactors that include, for example, the particular target organ, the particular delivered

agent, the particular genetic therapy, and the subject being ireated.
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The method of delivering a nucleic acid provided herein can be performed o
any mammalian subject. Exemplary of such subjects include, but are not limited
mice, rats, cows, pigs, sheep, goats, horses and humans, In pariticular, the methods
provided herein are performed in human subjects. In parficular, the methody/can be
performed on human subjects that are children under the age of 18, such g6 infants,
toddlers and younger children. In some exampies, the method can be performed in
utero on a fetus. Since the method provided herein permits sustained and long-term
high level expression of a transpene product, the method can be uSed in diverse
applications, including, but not limited to, medical application$, including
applications to replace a defective gene product or in appligations to exogenously
administer a therapeutic agent; production of organs forfransplant; production of
therapeutic proteins in transgenic animals (e.g. bioregCtors); and in agricultural or
veterinary applications as well as indusirial applicgtions,

The compartmentalized methods of nugleic acid delivery to a subject provided

‘herein can be perfonmned once, or can be performed a piurality times, For example,

the method provided herein can be effectpd inultipla {imes over the course of a protein
production protoco! or over the course/6f a treatment regime. In some examples, as

described elsewhere herein, the m;trﬁod is repeated to effect delivery at multiple target
loct, particularly where high 1evyis of transduction or expression is sought throughout

the tissue or organ. In such examples, the method is generally repeated withic
minuies, hours or days of {he first application of the method. In other examples, the
method can be repeat eels, months or years after the first application. Escalation
schemes can be added if the pathology reguires. In examples where the method is
phe target locus, 2 sufficient period of time is provided in order for
the tissue or organ to recover from the previous vascular isolation. In other examples,
when repeatéd, the method is applied to a fargst tissue or organ or region that has not
previous}¥ been subjected to vascular isolation.
Description of steps of the method, and various exemplary non-limiting
diments thereof, is provided in the following subsections.

i Cemparimentalization of a Tissue or Organ

As a first step in the method provided herein, & tissue, organ or portion thereof

is compartmentalized by isolating it from the vasculature system. In some exampies,
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compartmentalization is also additionally achieved by isolation from the ductal
system and/or lymph system. Initiation of the compartmentalization precedes
administration of the selected agent and is not released or ended to restore vasciar
circulation to the organ or portion thereof until after 2 period of time sufficient to

5 allow celluler uptake of the selected agent.

Any tissue or organ or portion thereof can be used in the comp

10 cardiovascular organs (e.g., heart and blood vessels), skin,

airways), bone, muscle, and intestine. This list s notintended to be exhaustive, as
one of skill in the art will recognize additional tar/gét organs and lobes thereof. in
particular examples, the tissue or organ or pm?'z(n thereof for use in the |
15 comparmentalized method herein is the liver or a portion thereof.
Generally, the tissue or organ or pjr;on thereof that 15 compartmentalized is
one that is amenable to vascular isolatién for & time period sufficient so that less than
10%, and generally less than 5%, 4 o, 3%, 2%, 1% or less of the delivered agent is
exposed fo the systemic czrwlat}cn Generaily, this predmtermmed time pericd 1s such
20 that virtually all of the delzvepd agent is talcen up by the tissue cells, for example, at
icast 80%, 85%, 950%, 91% 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99% or more of

the delivered agent is tak en up by the tissue cells. The predetermined fime period to

™,

w

permit tissue cellulayuptake and prevent release or exposure of the agent to the
systemic circulation is & function of the particular organ or portion thereof, the
25 particular delivered agent and the particulars of the direct defivery to tissue cells (e.g
use of clecs pora,tion). It 15 within the level of ong of skill in the art to empirically
igge the time period required such that less fhan 10% of the delivered agent is
ed to the systemic circulation. For example Section F provided herein describes
exgmplary assays and methods for assessing delivery of the delivered agent. In
3¢ /particular examples herein, compartmentalization of an orgar or portion thereof is
mamtained for at least 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes,

35 minutes, 40 minutes, 45 minutes, 50 minuies, 55 minutes or 60 minutes, or more.
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Generally, onmparmmntélization is for at least 20 minutes but not longer than 60

minutes. For example, compartmentalization of an organ or portion thereof, such as

60 minutes, Thus, depending on the particular delivered agent, the
comparimentalization is maintained under conditions that can result in isch
organ tissue or portion thereof for a brief time period. Hence, the organ of portion
thereof used n the methods herein is one that is amenable to periods of brief
ischemia.
Initiation of the compartmentalization precedes administfation of the selected
agent. in the methods herein, compartmentalization is initiagéd immediately prior to
delivery of the delivered agent to the fissue. For example/ compartmentalization is
initiated no more than 5 miputes prior to delivery of c/ delivered agent, and typically
n0 more than 4 minutes, 3 inufes, 2 minutes, 1 migtute or 30 seconds prior to
de}ivery of the delivered agent. In particular exgimples, the device used to effect
vascular isolation can be adapted or modified/or made to be compatible with s

delivery device in order to permit faster op'more efficient delivery of the delivered

agent following vascular isolation.
In the methods provided herein of administering a selected delivered agent to

an organ or portion thereof of & géjject; the methods incinde the steps of reducing,

blocking, or isolaiing blood ?6\'51 through the organ or portion thereof or otherwise

disturbing access or commpnication of the tissue or organ or portion thereof with the
circulation. This can be hiefved by isolation of the tissue or organ or portion thereof
from the vasculanwg ystem, ductal system and/or lymph system. The isolation can
be for a predeterphined time. Typically, compartmentalization is effected by methods
that achieve tg a] vascular exclusion for a predetermined time, The tissue or organ or
portion thereof can be compartmentalized by any number of methods. In one
examplg, isolation can be achieved using one or more arterial or venous clamps,
occlybion catheters, or by vascular stapling devices to seal individual veins or arteries.
Tx

portion thereof are clamped. In other examples, vascular isolation can be effected

pically, to block blood flow, the arteries and veins or ducts servicing the organ or

using one or more parenchymal or pedicle clamps to cut off the blood supply and flow

through the fissue. For a reasonably isolated organ or portion thereof having a single
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blood supply (e.g., the arteries and vessels supplying the organ or portion thereof are
within 2 pedicie that can be clamped) a single clamp or occlusion catheter is
sufficient. In other organs or portions thereof with complex vasculature or with

collateral circulation, multiple clamps or occlusion catheters can be neaded. Mathods

of 1solating a tissue or portion thereof from the vasculature are well-known i the art,
and are used in varjous medical procedurss such as tissue resection and trghsection
procedures. _
The methods to achieve compartmentalization of a tissue or6rgan can include
selective or non-selective methods to block the blood flow through the organ or
portion thereof. For example, selective clamping of a lobe, séction or segment of an
organ, such as the liver, can be performed. The benefit of delective clamping is that

ischemic injury, if any, can be Jimited to the selected

{Chouillard er al. (2010} Annals of Surgical Innovarion and Research, 4:2-12).

In particular examples, compartmen: on is achieved by parenchymal

compression. For example, manual compress in can be performed, such as by using
finger fracture techniques. In additional exdmpies, a tourniquet, cable or banding
device can be applied to a region or porfion of an organ. In other examples, a
parenchymal clamp can b;e used 1o c/aﬁapress blood vesseig, arteries, duets or lymph
vessels and block blood flow to @,r”égion, lobe, section or segment of a tissue or organ.
Such clamps include pedicle c}cét/i"rzps and other clamps that can seleciively clamp a
region or segment of an orgdn. Clarnps for use m vascular isolation and exclusion
methods are well known/and available 1o one of skill in the art. These include
commercially availaple clamps from manufacturers such as Aesculap (Center Valley,
PA}, Klein Surgicdl Systems (San Antonio, TX} or Karl Storz (Germany).

Exemplary clapips include, but are not limited to, a Kelly clamp, micro-serrefine
clamp, -*i g clamps, a Debakey-Satinsky clamp, Longmire clamp, Lir or Chu liver
clamp, opAhe Inokuchi Hver clamp, Inflatable balloon clamps also can be employed.
The chbice and size of clamp is dependent on the particular subject, the size of the

subject, the surgical method used, and the particuiar ergan or portion thereof to be

Fompartmentalized by the method herein, It is within the level of one of skill in the

art to empirically identify and choose a clamp that is compatible with the particular

application.
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In the examples herein of parenchymal compression, the pressure that is

applied to the parenchymal tissue is enough to stop blood flood, but is not so muc

applied, also should be capabie of compartmentalizing a region gf segment of a fissue
or organ from adjacent tissue arsas and from the surrounding vasculature, This
compartmentalization should be maintained throughout the/uration of ifs applcation,
and generally at least up 1o 30 minutes to 60 minuies. desired, the force of a
clamp can be determined using procedures imown inthe art, such as by using 2
compression load cell transducer, for example a 2,2. button style compression load
transducer (Interface Advanced Force Measureghent; Scottsdale, .Az). Alsa, the
pressure in mm Hg required to achieve compbrtmentalization (leak pressure) can be
determined ex vivo or in vivo using a pressure gauge, such as a Cole Parmer digital
pressure masiiring deviee (2.g. Cole-Phrmer®; Vernon Hills, IL).
Compartmentalization can bé assessed by injecting & dye, such as methylene
blue or bromophenol bius or other similar dye, into the target region or segment that
1s comparimentalizved and as%ésmg its localization to thet region. For exampiaﬁ after
removal of the clamp, the fssue on both sides where the clamp had been placed can
be dissected and anal

d for the presence of the dye. Compartmentalization is

achieved when the dye does not penetrate a portion or region of the isolated tissue, It

is understood thaysome leakage of the dve (indicative of blood flow) can cceur at the
peripheral regigns around the boundary of the clamp, so long as there is a region or
portion of the tissue that is isolated from the vasculature for the entire period of
parencil al compression. Ideally, compartmentalization is achieved so that the dye
does podt penetrate the adjacent tissue beyond the boundary of the clamp. This is
exgfoplified in Example 6.

In addition to clamps and occiusion catheters, suction can be wsed 1o reduce or
elintinate blood flow to the organ of portion thereof. In fiwther examples, flushing |

can be used to perfuse or parfially perfuse the isolated organ or tissue to dilute the




10

20

25

30

.52 .

blood and to fimther minimize exposure of the delivered agent to the circulation.

Flushing can be achieved using any physiologically appropriate solution, such as
saline. The suction or flushing can be perfermed prior 1o administration or deliéry of
the delivered agent. In addition, in examples of the methods herein, the step
compartmentalizing an organ or portion thereof from the general circ!ﬂ:éo can be

aided by imaging devices, such as ultrasonography, computed tomography or

magnetic resonance imaging. In one example, an intra-cperative ulipasound can be

‘used to locate vascular patterns and other anatomical features of the tissue or organ in

order to aid in blocking blood flow.

in some examples, ischaemic preconditioning (IP) ¢an be performed prior to
total vascular isolation for a predetermined time that is liKely to result in & prolonged
ischasmic event. The preconditioning results in incr;éj tolerance of the organ or
portion thereof to longer periods of ischaemia that an oceur in practice of the method
berein to ensure the delivered agent is taken up %;sue cells. In such methods,
blood flow to the fissue or portion thereof is%fi)ckcd for a length of time less than the
predetermined time for vascular isolation #: the method herein, but for a time that
results in a low level, mild or moderateischasmia. For example, the tissue or organ is
preconditioned by blocking blood f/i, w for at least or up' io 2 minutes, 3 minutes, 5
minutes, 10 minutes, 15 minntes}/ﬁ{} minirtes, 25 minutes, 30 minutes or more. Then,
the tissue or organ is immedia lv reperfused within 10 minutes of the ischaemia to
produce a state of snstainj/zschaemia-reperfnsion imjury. The reperfusion is for at

ieast or up fo 2 punutes, 2 minutes, 4 mimies, 5 minutes, 6 minutes, 7 minutes, §

- minutes, 9 minutes, 1 minutss, 12 minutes, 15 minutes, 20 minutes or more.

Immediately after fhe preconditioning characterized by a period of mild to moderate
ischaemia folloxed by reperfusion, the organ or portion thereof is subjected to
compartmentalization using any of the methods herein for a predetermined time -

sufficient Ao ensure the delivered agent is taken up by tissue cells as described herem.

In other examples of the method herein, where the organ or portion thereof is
paricularly sensitize to hypoxie or anoxia, the organ or portion thereof is

gémpartmentalized by providing extracorporeal perfusion of the organ or portion

/ thereof. This method is utilized, for example, in cardiac by-pass surgery where

systemic circulation 1s maintained. In the methods herein, the extracorporeal
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perfusion can act to maintair blood flow in a closed loop to the target organ or portio
thereof. Also, the extracorporeal perfusion can include oxygenating the blood.
The methods of blocking blood flow to effect compartmentalization of
organ or portion thereof can be performed by general surgical procedures kn
5 the art, including open surgical procedures or laparoscopic techniques.
The above-described methods of organ compartmentalization, fgr example by
vascular isolation from the general civoulation, can be performed on dny organ or
portion thereof. Exemplary of such organs include, but are not ligiited to, the liver,
kidney, pancreas, lung or spleen or & portion thereof. The folldwing subsections
10 exemplify practice of vascular isclation of exemplary org
A Liver
in humans and other animals, the liver is a reddish brown lobulated organ.
The Hiver has a wide range of functions, including detoxification, protein synthesis
and production of biochemicals necessary for d} estion. Using the methods herein,
15  the Diver is a particularly good organ to targat/for delivery of the delivered agent for
several reasons. It is the largest organ in the body (2% to 3% of overall body weight),
- has at least one lébe that is'readily accegsible and compartmentalizable, has fairly
slow cellular tarnover, is proficient at secreting proteins, and tolerates anoxia an;ﬂ
hypoxia for long periods of time,/In addition, the liver is a:n imporﬁén% target organ for
20  delivery of nucleic acid molecy ""’es because of its central role in metabolism and

production of serum protein

. There are 2 large number of known diseases, some of
which are caused by defglts in liver-specific gene products, that couid benefit from
liver production of a gécreted or intracellular protein. These include, for example,

familial hypercholgsterolemia, hemophilia, Gaucher’s and Fabry's diseases and urea

2
L

cycle disorders gnd glycogen storage diseases. Nevertheless, despite these benefits,

targeted delivery of nucleic acid to the liver is hampered by the inability to achieve

long termy/gene expression of the delivered nucleic acid.

. e liver is located in the upper right quadrant of the abdominal cavity just
belpiw the diaphragm. It is a well vascularized structure. It is characterized by a dual

30  giferent blood inflow through the portal vein and the hepatic artery and a single

" efferent blood outflow through the hepatic veins that coalesce into the hepatic veins

which drain into the superior vena cava. The resalt of the dual vascular inflow fesults
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in 2 blood flow of 1500 ml/mimute with 75% provided by the portal vein and 25% by
the hepatic artery (Abdalla er al, (2004) Surg. Clin. N. Am., 84:663—585). Figure 1,
panel A depicts the anatomical and vascular organization of the rat liver. Once the
portal vein enters the liver, it divides into branches to the right and to the lefi o
supply the various lobes. The first branch stems to the right as the right infer;
vein and right superior portal vein to supply the right lobe. The second b
to the left as the caudate portal vein, which splits into two veins: an upper caudate
branch and 2 lower caudate branch. The portal vein continues onto s main
pifarcation giving the right median porial vein that supplies the yight portion of the
median lobe and the left portal vein that releases the left medién portal vein and the
left lateral portal vein supplying the corresponding lobes. The arterial irrigation of the
liver is provided by the hepatic artery, which once it enters the livers, branches to the
right and left to supply the lobes and follows the sapde distribution as the portal veins.
Traditional human gross anatomy dividesthe hver into four lobes based on

surface features. On its anterior side, the falciform Hgament divides the liver into a

left anatomical lobe, and a right anatomical’lobe, If the liver is flipped over to the

visceral surface there are two additionallobes between the right lobe and left lobe,
fhese are the caudate lobe and the quédrate lobe. |

Further divisions are possible based on the functional/vascular features of the
Jiver (Figore 1, panel B), "f.h.e/ﬁ}ee main hepatic veins (ight hepatic vein, middle
hepatic-vein and left hepatie vein) divide the human liver into four sections or
segments (the right postgrior segment, the right anterior segment, the left medial
segiment and the left bteral segment) each of which is supplied by a corresponding
branch of the porigl syster. Further branching of the portal veins subdivide the

human liver ingé eight anatomically independent subsegments each with ifs own

efferent hepétic venous system, afferent portal venous systems, afferent arterial

svstem gad 2 biliary duct system. Subsegments I and IV correspond to the left medial
segrognt, subsegments I and I correspond to the left laieral segroent, subsegments V
and VI which correspond to the right anterior segment and subsegegments VI and
VII which correspond to the right posterior segment.

The parenchyma of the Hver i1s made up of 2 conmective tissue capsuie (called

the Glisson’s capsule) that form septae through the liver that is divided inte small
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units calied lobules. This parenchyma also is traversed by blood vessels, ivmphatic
vessels and bile ducts. Each lobule contains a hexagonal arrangement of hepatoc

that form stacks or plates one or two cells thick radiating outward from the cen

regeneration when the liver substance is lost. Present at each lobule vertex is the
portal triad, which contains a bile duct and a terminal branch of the Jepatic artery and
portal vein (interlobular vessels). Vessels originating from the interlobular vessels are
distributed around the periphery of the lobule, which provide bood flow to inlet
vessels into the sinusoids and toward the central vein.
In the methods provided herein, compartmentalizétion of the iiver? or a lobe,
region or segment thereof, can be achieved by isolatigh of the liver or lobe or segment
thereof from commumication with the general c‘nzﬂaticn, such as by isolation from
the vasculature, ductal or lymph system. Methpds to achieve compartmentalization
include vascular and/or parenchymal clamping procedures. Methods to effect liver
vascular isolation and occlusion are well khown in the art (see e.g. Buell er al. (2001)
Arch. Surg., 136:569-575; Belghiti ef / (1999) Annals of Surgery, 229:36%-375;
Chowdhury (2010 BSMAMU J., 3:1)2-119; Chonillard er al. (2010) Annals of Surgical
Innovation and Research, 4.2-124 Chaib et al. (2003) 4rg Gasironenterol., 40:131;
Abdalla er al. (2004) Surg;%. N, Am, 84:563-585). Such methods inciude, but are

not limited to hepatic vaselar exclusion, hemihepatic vascular occlusion, pedicle

clamping, segmental vastular occlusion, total vascular exclusion and hepatic vascular

exclusion with caval flow preservation.

In examples of the method herein, compartmentaiization of a segment or
portion of the Ber can be achieved by methods that result in compression of the

parenchvmgs For example, manual compression can be performed, such as finger-

elivering pressure to the pedicle. In a further example, compartmentalization can be
performed by placement of a parenchymal compression clamp or occlusion clamp

across the lobe. Exemplary clamps that can be used for parenchymal compression of
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liver lobe inchude, but are not limited to a Longmire-Storm clamp (V. Mueller,
Stainliss, Germany, catalog # SU-9080), the Lin or Chu liver clamp (Pilling
10.604113-61995), a Inokuchi hiver clamp (Kanematsu ef al. (1984) Jpn. J. Suryg.
14:432-3), the Doty clamp (Patent No. 3,667.471) and Vernick clamp (U.S. Patent

other lobes in order o selectively compartmentalize a region or pdrtion of the Iiver.

Mobilization allows access to the lobe or region in order io pepinit parenchymal

compression or clamping. The ability to mobilize only a pottion or region of the liver

also means that methods to achieve selective delivery of/4 delivered agent is possible.
Due 1o the segmented anatomy of the liver inic self-contained units,
compartmentalization of a specific lobe, segment of portion thereof can be achieved,
while maintaining blood flow to the other segménts. For example, selective clamping
or ocelusion of a pedicle, each segmenied pefiicle, or 2 parenchymal region can be
performed to achieve compartmentalizatign of a region or segment. Mobilization can
reguire dividing the associated ligamepts and/or other associated glands. Procedures
and techniques for mobitizing or is éting the various lobes or segments of the liver
are well known to one of skill ix}, he art. For example, the caudate lobe, the left tobe,
or the left median lobe, are all/reasonably vascularly isolated and accessible.
Differences in liver anatomy between mammalian species can render a particular
region or lobe more amghable to isolation in one species than another. One of skill in
the art would recogniZze comparable lobes in other animals, and could identify 2 lobe
or segment suitable for mobilizing or isolating for compartmentalization using the
methods hereig

In particular examples herein, the caudate lobe, left lobe or left median lobe,
ar portiod thereof, is compartmentalized. If necessary, refraction and dissection of the
liver 8be or segment from its surrounding aftachments can be performed to permit
aceéss to a region that can be properly compartmentalized from the vasculature

without damaging or affecting other regions of the tissue or organ or surrounding

" structures, For example, the caudate lobe lies posterior to segment IV and is closely

associated to the inferior vena cava and portal veins. Mobilization of the caudate lobe
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can be achieved by division of the gastrohepatic omentum and dorsal caudate-caval
ligament. The left lobe of the liver can be mobilized by dividing the left triangular
ligament. Similar procedures can be used to mobilize the comparable lobe in the
human or.other subject.
Once the liver, region, lobe or segment thereof is compartmentalized, the
delivered agent can be delivered to the compartmentalized lobe, region

described further below,
b. Other Organs

segrment as

The methods provided herein can be used in & wide variéty of organs
depending upon a variety of factors, including the target of te nucleic acid or the
encoded polypeptide, the accessibility of the organ and it€ vasculature, the disorder or
disease to the treated, the nature of the encoded polypegntide and other factors. In
addition to the liver, the targeted organ or portion thereof to effect vascular isolation
or spinal cord), pevipheral nervous
systemn (e.g., nerve), pancreas, gail bladder, efidocrine glands (pituitary, adrenal,
thyroid, etc.), cardiovascular organs {e.g. /eart and blood vessels), skin, urogential
organs (kidney, uterus, cervix, prostatg/ urethra), organs of the respiratory system
{(e.g.. lung or airways), bone, musclg, and intestine. This list is not intended to be
exhaustive, as one of skill in th? art will recognize additional target organs and Jobes

thereof. / .

The skin is a target’organ for practice of the compartmentalized method

herein. For example, ketatinocytes of the skin are suitable target cells for gene
therapy, and t‘ieaim t thereof can be appropriate for diseases or conditions caused by
genetic defects, 5§ stemic diseases by production of proteins that can be released into
the circulation and wounds or scars (e.g. Meng ef ol. (1998) J Clin, Invest.,
101:1462; ¥iu e1 af. (2001} Yonsei Medical Jowrnal, 42:634-645). The skin also has
been shpwm to be amenable to periods of brief ischemda that can result from the
compértmentalization methods herein (see e.g. Kretschmer and Maine (1969 The
Aperican Journal of Pathology, 54:327). For example, in the methods herein, the
compartmentalization is maintemed for a time period sufficient for transduction of
cells or entry of the delivered agent into or by cells (e.g. keratinocytes). For exampie,

the time period of compartmentalization can be less than 2 hours, and generally at
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least 10 minutes, 15 minutes, 20 minutes, 30 minutes or 60 minutes.

Compartmentalization of the skin can be effected by any of the techniques

- described herein that are capable of cutiing of the skin from the peripheral circulation.

In particular examples, clamps can be used. In such examples, folds of the skinan
be isolated or mobilized and fit between the clap. The pressure of the cl can be
adiusted as deécribed herein such that isolation from the systemic circulation is
achieved (see e.g. Kretschmer and Majno (1969) The American Journgl of Pathology.
54:327).

The lung is 2 target organ for practice of the compartm ized method
herein. Gene therapy of the lung can be targeted for therapy gf acute and chronic

diseases, including cancer, asthina, cvstic fibrosis, alpha-1<antitrypsin deficiency and

respiratory distress syndrome, among others. In the methods herein, the

comparbnentalization is typically performed on a sedment or region of the lung, while
maintaining ventilation through the lung. For exdmple, a bronchial segment of the
lung can be compartmentaiized. Compartme gﬁza‘tion can be effected by occlusion
of the bronchial arteries, use of vascular clginps, and/or by direct parenchymal
clamping of the bronchus. |

CGrene therapy of the kidney 94 be used to treat renal diseaseé, including
hereditary renal diseases {e.g. Al/géri syndrome). Compartmentalization of the kidney
can be achieved, for exampie.f{i;' renal pedicle occlusion, for example by clamping
the renal pedicie; regional parenchymal compression by clamping renal parenchyma
using a vascular clamp,4uch as s long curved vascular clamp; or a renal cable tie,

tourniquet or banding device. For parenchymal clamping, laparoscopic parenchymal

clamnps can be usgd, including, but not limited to, the Satinsky~ or Debakey-style
Toren er gl (2010) Can. Urel. dssoc., 4 E133-E136; Ko er ol (2010)

vol., 51:8-14 and Joung ef @l (2007) Korean J Urol., 28:265-269).

clamp (see e.
Korean J.

. Delivery of a Mucleic Acid Molecule by Administering 2 Delivered

In the methods herein, the nucleic acid is delivered to cells in the organ or
fissue or portion thereof by administermg a delivered agent directly to tissue cells.
The delivered agent can be administered prior to, simultaneously, indermittently or

subsequently to Initiating compartmentalization of an organ or poriion thereof.
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Typically, in the methods herein, the delivered agent is administered immediately '
after initiafing compartmentalization of an organ or portion thereof, such ag within or
no more than 10 minutes and generally no more than 5 minuies after initiating

compartmentalization of an organ or portion thereof. For exampie, the delivered,

Ly

agent is delivered to a subject no more than 30 seconds, 1 minute, 2 minutes,

minuies, 4 minutes or 5 minutes, 6 minutes, 7 minutes, § mimtes, 9 minaies or 10

minutes after initiating compartmentalization.
2.  Delivery Methods and Routes of Adminis%ﬁon

Delivery of the nucleic acid molecule by administering a delivered agent is by

10 any method or administration route that is capabie of deliver

the delivered agent to

the cells of the compartmentaiized organ or portion thereol6f a subject, and in
particular, to the relevant target tissue celis for gene expression therefrom. For
example, delivery is divectly to the parenchymal ceﬂ/s. In the case of the liver, target
parenchymal celis are hepatocytes, while non-pargnchymal cells include vascular

15 endothelial cells, Kupffer cells and supporting Aéfnai celis.

In some examples, delivery of the & fvercd agent Into a patient can be direct,
in which oase the subject is directly expoged to the delivered agent (e.g. in vive
delivery). For example, the delivercgiézm can be delivered by divect injection into
the parenchyma or inferstitial spa;/gg of tissues. In other examples, delivery of the

20  delivered agent can be indirect in which case celis are first transformed with the
delivered agent in virre, they transplanted into the patient (e.g. ex vivo delivery). For
exampie, for ex vivo gm}@' therapy methods, parenchymal cells can be removed from
the body and exposedAo the delivered agent ex vive, followed by reimplantation of the

celis to the comp

apfmentalized tissue or orgen or portion thereof.

25 ar examples, the delivered agent is delivered by direct tissue or

ffamuscular), liver, brain, kidney and others as described herein or known in the
30 Interstitial delivery into the parenchyma has advantages over systemic delivery
methods. Systemic delivery of nucleic acid, such as by mtravenous, iniraportal and

intra-arterial administration of delivered agents, increases exposure of the delivered
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agent o the general circulation, This can result in non-selective tissue targeting, |
decreased or lower efficiency of cellular uptake leading to decreased gene expression
the need for high amounts or dosages of delivered agent to ensure uptake by tissug |
cells, exposure to immune cells and acrivation of an unwanted immune respongé, and
other problems associated with systemic delivery methods. It is found herep: that
direct injection into the interstitial space, coupled with the compartmentafization of
the tissue cells (e.g by vascular exclusion and isolation), increases the frequency and
efficiency of uptake of the delivered agent by the tissﬁe cells whileAninimizing
exposure to the general circulafion.

For example, in addition to increasing the frequency #nd efficiency of uptake
of the delivered agen£ ;Dy tissue cells, parenchymal delivepy also can avoid exposure
of the delivered agent to immune cells. For example, fpr delivery of the nucleic acid
molecule to the liver or & portion thereof, intersiitiaf delivery by direct parenchymal
injection of a delivered agent, such as by infrahepatic injection, can avoid Kupfer cell
engulfment (see e.g. Crettaz ef al. (2606) H%ology, 44:623-632). Kupfar cells,
which are phagocytic macrophages of the }iver, are present in the Iiver sinugoids and
thus are exposed o delivered agent that/s administered intravenously. in contrast, the
hepatocyte tissue cells of the liver aré separated from the sinusoids by the space of
Disse. Therefore, direct targeﬁng/of the delivered agent to the hepatocytes that reside
in the interstitial space avoids e unwanied proinflamrmatory response that can be
initiated by Kupfer cell activation, and increases the uptake by the resident tissue
cells. Similarly, direct dgfivery of the delivered agent to interstitial cells of other

organs, is also conterpplated. Hence, in the methods herein, delivered agent or

compositions thergdf are delivered directly to the tissue parenchyrna.

D and B, fespectively. The delivered agent can be delivered in 2 pharmaceutically
accepiable liguid or aqueous carrier. The delivered agent can be introduced directly
intg a tissue or organ or portion thereof, by inje'ction using 2 needie or other similar
evice, The volume of the delivered agent in the carrier to be delivered is or is about
0.5 mL to 100 mE, such a5 0.5 mL t0 50 mL., | mL t0 20 mL, Sml to 50 mL, or 5 mL
to 20 mL.
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k. Methods to Facilitate Delivery
Generally the methods herein utilize injection methods that avoid injection
into arteries, veins and other associated vasculature, and also into vessels of the dytt
and lymphatic system. .The delivery of delivered agents by parenchymal irjectjén can
be aided by the use of imaging techmiques that differentiate the parenchymal tissue

magnetic resonance imaging (MR1), ulirasound and sonographyAechnigues, including
Doppler sonography, For example, B-glow, 3-D imaging or £olor Doppler can be
used, If necessary, contrast agents can be injected to facilitate imaging. For example,
such mefhods also can be used to minimize the possib/ﬂétzf introduction of the agent
into the fumen of the vascular or ductal.systems.

In the methods provided herein, if necessgry, the efficacy of delivery agent

upiake by tissue cells can be increased using vérious techniques known to one of skill

inthe art. It is understood that procedures that enhance delivery agent uptake can

reduce the compartmentaiization time (discussed above) because legs time will be
required to ensure sufficient deiivcrgz{ agent is taken up by the cells. The choice of |
particular procedure can be empi;ﬁaﬁy determined by one of skill in the art and
depends on the particular dﬁliyé;ed agent that is delivered, the route of administration
(e.g. particular tissue or organ} and the dosage or amowmnt of agent adwinistered. In
one example, the delivergd agent can be formulated with Iipids, polymer tmnsf&ction
reagents, or other agets.  In other examples, physical methods can be used to
enhance deltvery.

agent include,

xemplary physical methods to enbance delivery of a delivered
t are not limited to, “gene gun”™ method, electroporation,
sonoporatioy, pressure or ultrasound. Alternatively to enhance i vive gene delivery
with tissue damage the pharmaceutical composition can be administered
using # femtosecond infrared laser (LBGT technology).

In one example, the uptake of delivered agents, and in particular delivered
rents that are viruses or virus-like particies, such as adenovires, can be enhanced by
the presence of various agents. For example, the delivered agent can be administered

with an agent or compound that is a franscriptional enhancer of the virus-specific cell
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surface receptor. Such agents or compounds include, for exampie, a histone
deacetylase (FHDAC) iphibitors. HDAC inhibitors include those of the class of
hydroxamic acids, cyclic tetrapeptides, benzamides, electrophilic ketones or aliphdtic

acid compounds. For example, HDAC inhibitors include, but are not limited ¢

42 CHR-2845, CHR-3996, 48C-202, CG200745, Kevetrin, or trickostatin A (TSA}
Exemplary of an HDAC mhibiior is valproic acid, which is a transcriptional enhancer
of the adenovirus receptor CAR and the therapeutic transgeng. Studies have shown
that adenoviral uptake is increased in the presence of valproic acid (Segura-Pancheco
et al. (2007) Gener. Vaccines Ther., 5:10). In such exariples, the viral vector is
formulated together or separately with the agent. In/examples where the viral vector
is formulated separately, the transcriptional enhaylcer agent or compound is delivered
prior to delivery of the delivered agent. The A soriptional enhancer agent can be
administered at or betwegnabout 1 mglkg 10 100 mg/kg, for exampie, at or about 20
mg/kg to 60 mg/kg, such as 40 mg/kg. The dosage can be divided and administered
separately to achieve the total dose. }7‘{)1* exampie, the cvele of administration can be 1
time a day, 2 times, 3 times, 4 times, or 5 times a day. The frequency of
administration can be daily for ’a/ least 3 days, 4 days, 5 days, 6 days, 7 days, or 2
weeks. The agent can be adrinistered by any route of administeation, such as,
subcutansously, intravengusly, orally or topically. In particular examples, the agent is
administered by direci/parenchymal administration.

In some exgiples, the delivered agent is formulated with an agent or delivery
vehicle that bindé to or complexes with the delivered agent and mediates its entry into
cells. Exemp " agents include, but are not limited to, cationic liposomes and lipids,
lipoprotein s synthetic polymers or polypeptides, mineral compounds or vitamins.
Exemplary of polymers include polycations or polyanions. For example, a delivered
agenf can be formulated with polyamine, caleium phosphate precipitate, histone
D oim protamine, polyethylenemine, polylysisne, polyarginine, polyornithinine,

/ DEAE dextrane, polybrene, polyampholyte complex, spermine, spermidine,
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purtrescine, human serum albomin, DNA binding proteins, non-histone chromosomal

proteins, coat proteins from DNA viruses and polymers of N-substituted giycines.
For example, the deliversd agent can be encapsulated in lipids or packaggC in

liposomes prior to delivery o the subject or to cells derived therefrom. Lipi.d/g;/

/
encapsulation is generally accomplished using liposomes that are able to gt

or entrap and retain nucleic acid. The ratio of condensed nucleic acid

amionic (negatively charged) and neutral preparations. Such preparations are well
known to one of skill in the art and readily available, For example, exemplary
cationic lipids include, but are not limited to, N[1-2,3-diglevioxyipropyl]-IN, N, N-
tristhyammonium (DOTMA, available under the product line Lipofectin®};
DDAB/DOPE and DOTAP/DOPE. Anionic and neGtral liposomes also are readily

available and can be prepared from phosphatidy]

choline, cholesterol, phosphatidy!
OPC), dioleoylphosphatidyl glycerol

ethanoiamine, dioteoylphosphatidy! choline
ing (DOPE), such ag the commercially

(I3OPG), dioleoylphoshatidyl ethanol
available prepara‘tién Avanti Polar Lipi
vesicles (MLVs), small vnilameliar
LUCs). ,

7
P

elivered agent can be a nanoparticle that containg a

é The liposomes include muliilamellar

sicles (SUVg), or large unilameliar vesicles

In some examples, the

functional group or targeting agent to further assist and increase cellular delivery of
the agent, for example, afargeting moiecule that binds to receptors expreésed n the
cells to be targeted. Banctional groups or targeting agents incinde, for example, a cell

targeting motety that enhances the association of the agent or complex with 2 cell.

The cell targeting moiety can be, but is not limited to, 2 protein, peptide, lipid, steroid,
drate, (non-expressing} polynucieic acid or synthetic compound. For
example, gell targeting signals can include ligands that enhance celiular binding 1o
receptors. Such ligands include, but are not imited to, insulin, growth factor (e.g.
EGior FGF), transferrin, peptides that melude the RGD sequence. Other targeting
ieties inciude, but are not limited to, chemnical groups that react with thiol,

sulthydryl or disulfide groups on cells, folate and other vitamins.
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In examples herein, injection can be facilitated by electroporation.
Hlectroporation is a technique that involves the application of & puised electric field to
create transient pores in the cellular membrane withowt causing permanent damage fo
the cell and thereby allows for the introduction of exogenous molecules. By adj

5 the elecirical pulse generated by an electrophoretic system, delivered agents
their way through passageways or pores in the cell that are created duriu% e
procedure, Methods using electroporation for in vive delivery of delivéred agents,

inchuding to muscle, liver, skin and other tissues or organs, are kno

in the art {see
e.g.. US. Pat. No. 5,704,908; published U.S. apphication Ng. US2002/0102728;

10 Titomirov, A. V., ef al. {1991) Biochim Biophys Acta 1088: 131-134; Muramatsu, T.,
et al. (1997) Biochem Biophys Res Commun 2331 45-49; Sizuki, T., er al. (1998)
FERBS Lett 425 436-440; Aihara, H. and Mivazaki, 1. (1998) Nat Biotechnol 16: 867-
870 Mir, L. M., er al. (1998) C R Aead Sci 321 Zé;%‘; Rizzute, G., ef al.

(1999) Proc Natl Acad Sci US4 96: 6417-6422; (Gote, T., et al (2000 Proc Nail Acad

15 Sci US4 97:354-359; Somiari, S., er al. (2000} Mol Ther 2:178-187).

In examples where delivery is to cels ex vivo, generally cells isolated from the
subject, any method of delivery of & nuq&e/;: acid to cells kﬁoﬁm to one of skill in the
art can be used, including any of the described methods applicable to in vive delivery.
For example, delivery of nucleic a;éd can be achieved using dextran-mediated

20 transfection, calcium phosphat "if:trecipitaﬁoh, polybrene mediated transfection,
protoplast fusion, electropordtion, encapsulation into liposomes or direct
microinjection of DINA. | '
viral particle. The trant

Also, for viral DNA delivery, cells can be transduced with

formed cell is then the delivered agent for use in the methods

herein. Methods fgt the ex vivo delivery and remmplantation of delivered agent

2
(%]

transformed celfs mto a subject are known in the art and described (see e.g.
Publication No. W093/14778).

€. Dosages and Regimens for Delivery

Internationay

The amount or dosage of delivered agent that is administered can be
empirically determined based on the particular sppiication. By virtue of the method

30 ) cin, the dose-response kinetics are linear such that there is a direct correlation

" between the amount of delivered agent, for example virus, such as adenovirus or

adeno-associated virus or other virus, that is administered and the transgene product
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that is produced. For example, if is found that 40 genomes of transduced virusis
sufficient to produce a therapsutic amount of protein (see e.g. Nathwani ef al (2002)
Blood, 100:1662). Hence, in the methods herein, the method permits administration
of lower amounts of virus to achieve a sufficient genome copy number by viral
transduction of cells, for example liver hepatocytes, to produce & therapeutically
amount of encoded protein. For example, the amount is sufficient to &
with 40 genomes per cell or higher of virus. The methods herein can
the genome copy per cell, and thersby further increase sustained e
product with a lower dosage than existing methods. Thus, using the instant methods,
it is possibie to precisely correlate the amount of particle injegfed, the intracelintar
genomes and the amount of protein expressed.
This is advantageous compared {0 existing gene therapy methods in the art.
For example, in existing methods, for delivery of adgfiovirus, such for delivery to the
liver, there is a nonlinear dose response to hepatie/ transduction whereby low doses
result in undetectable protein expressions wheréas high doses achieve transgene
expression (Rosewell er gl (2011) J. Geney/ Syndr. Gene Ther., 35:1-16). The high
doses, howevér, aiso initiate immmune activation and toxicity. Thus, using existing
methods of adenoviral gene delivery ;ffosages levels must balance the level required to
achieve sufficient transgene cxprqﬂﬁion, while achieving a level that does not result in
toxic lethality. Generally, ine {;éting methods these amount of adenovirns
administered to achieve suffiCient protein production are relatively high, and are about

or about between greaier fhia
11

1.5 x 10" virns particles per kilogram (vp/kg), and

generally at least 1 x 107 virus particles (vp) per kilogram (kg) (vp/kg), such as at

sustained expfession to restore 8% of Factor IX activity (Nathwani et al, (2002)
Blood, 1001662}, Human climical trials have shown that dosages of 4 x 101 vp/kg
are reqy f;d to correct 10% of Factor IX activity for only a few days and expression
last for only 2 to 6 wesls (Ningozi er al. (2011) Nature Reviews Genetics, 12:341).
Adso, these amounts, which are typically given by intravenous delivery methods, still

suffer from some mild toxioity, immune activation, and/or tissue damage.
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In particular, in the compartmentalized methods herein, the dose or amount of
delivered agent that is administered is such that & level of protein product is produc
that is capable of delivering a therapeuiic or prophylactic effect. Typically, in the
methods herein the level is sustained for at least 6 months, 7 months, 8 monthg A
months, 16 month, 11 months, 12 months, 14 months, 16 months, 18 monthy, 20
months, 24 months, 36 months, 48 months, 60 months, 72 months, 84 mofths, 96
months, 10 vears, 15 years or more. Since there is a linear relationship’in

administered delivered agent and the amount of product produced, guch dosages can

be determined by one of skill in the art. Considerations in deterpining the dosage can
include the particular genetic therapy and the therapeutic product, half-life of the
protein product, the promoter used to express the transgend product, the particular
delivered agent and other similar factors.

Where the delivered agent is non-viral nucleit acid, an effective dosage
amount of INA or RNA is in the range of from }’{mut or from 0.005 g/kg body weight
10 about or 50 mg/kg body weight. Generally, Ahe dosage is from about or from 0.005
mg/kg to about or 20 mg/kg and more geyfaﬂy from about or from 0.05 mg/kg to
about or 5 mg/kg. For exampie, for non4iral micleic acid (e.g. plasmid, naked DNA,
SIRNA, shRNA or antisense nucleic /écid), 0.01 mg to 2000 mg is delivered, such as
0.05 mg to 1500 mg, 1 mg to 1000/ mg, 10 mg 10 1500 me, or 100 mg to 1000 mg,

Where the delivered a ént is a virus, such as an adenovirus or an adeno-
associated virus or other vighs, dosages are typically provided by mmuber of virus
particles {vp) o1 piaquej&?:mg units (pfis) and dosages generally are Jess than 1 x
10™ total particles or
Wi Ix10%p
x 10°t0 1 % 10,
from 10 to §

% }QIO p

x 10" pfu, and ave generaily in the range from about or from
#les, 10 1o 1 x 10° particles, 1 x 10° 10 1 x 107 particles, such as 1
particles, or 1 x 107 to 1 % 10° particies or in the range from about or
107 pfis, 1010 1 x 10°pfa, 1 % 107 10 1 x 107 pfu, suchas 1 £ 10% 10 1
Tor1x 10" 101 x 10° pfo . Lower or higher doses than those recited can be

requirgd. Specific dosage and treatment regimens for any parficular snbject or patient

depénd upon a variety of factors, including the specific genetic therapy and its
erapeutic product, the activity of the-specific compound or agent, the age, body
weight, general health status, sex, diet, time of administration, rate of excretion, drag

combination, the severity and course of the disease, condition or symptoms, the
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subject or patient’s disposition to the disease, conditions or symptoms, method of
administration and the judgment of the treating physician. It is within the level of the
treating physician skilled in the art 1o determine the exact dosage.
Generally, using the compartmentalized methods herein, a markedly redyced
guantity of delivered agent can be administered compared to existing methodgs o
achieve optimal delivery of a nucleic acid molecule, such as a therapeutic fiucleic acid
molecule. In addition, the amount of deiivered agent that is administeréd can be
controlled due 10 the Iinear relationship between the dose of delivergd agent and the
amount of therapewtic product that is produced. The result is that'up to 100-fold or
less of delivered agent can be administered using the methods/hersin than is achieved
by administration of the same delivered agent intravenously. For example, the
amount of delivered agent that is administered in the methods herein can be ﬁp to 10-
fold, 100-fold, 200-Fold, 300-fold, 400-fold, 500-fold, 600-fold, 706-fold, 800-fold,
900-fold, 1000-fold, 5000-fold, 10000-fold or 135}42&1 the amount of the same

delivered agent that is administered intravenopély fo the target organ or tissue, Itis

within the level of one of skill in the art to determine the particular amount of |

deiivered agent that is administered in the ethods herein, based on the particular
delivered agent, the nucleic acid mo}, ule, and the disease or condition that is treated.
One of skill in the art is fa}éﬂjar with applications of various gene therapy
vectors and agents for use in tr/gféjting various diseases or disorders. Based on the
dosages and amounts of aggaﬁs that are administered in existing protocols in the art by
inravenous delivery {or giher administration methods}, one of skill in the art can slter
by reducing the dosagé of the same vector or agent for use in parenchymal
administration to g/Compartmentalized tissoe or organ or portion thereof using the
methods herein/For example, for liver-targeted gene therapy with adenoviras, such as
a recombinagt adenovirus containing a heterologous nucleic acid molecule i ity
genome, dosages of adenovirus from or from abowut 2 x 10° 10 6 x 16" vprkg,
corresgonding to about 1.5 x 10" vp t0 4.5 x 10" vp for an average human subject of

75 K , have been administered to humans, and generally with littte success due to

shxicity and/or lethality or due to inefficient hepatocyte transduction (Brunetti-Pierri

et al. (2009) Molecular Therapy, 17:327-333). In the methods herein, for example,

adenovirus, such as 2 recombinant adenovirus containing 2 heterclogous nucleic acid
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molecule in its genome, is administered to the liver or other tissue or organ or portion
thereof at lesg than 1 x 10" vp or less than 1 ¥ 10™ pfu, and typically less than 1 x
10" vp or less than 1 x 101 pfu. For example, using the compartmentalized methOds

-

hersin, less than 1% 107 vp, 1 x 16" vp, 1x10% vp, 12 10° vp, 1 x 10% vp, 1 £ 10
vp, 1x 10%vp, 1% 10° vp, T 10% vp, 1 x 10° vp or less adenovirus can be
administered in liver-targeted gene therapy methods. In another examplg, using the
compartmentalized methods herein, less than 1 x 10% pfi, 1% 10M pfd, 1% 10% pfy, 1
x 10 pfir; 1% 10 pfin, 1 107 pfin, 1% 105 pfi, 1% 10° pfiy, 1 10%0f, 1% 10° pfuor |
less adenovirus can be administered in liver-targeted gene the |
examp]es, the amount cen be for administration ’é:c a huren gabject.

Methods of titering viruses for the putposes of proparing compositions thereof
and/or deiermining dosage amounts are well known to0ne of skill in the art. For
exampla, titers can be determined by an ODag assay, which measures the
concentration of viral DNA and protein. To perférm such an assay, stocks of purified
virus are required, since serum and other facters in growth media can interfere with

the absorbance reading. For example, vi

can be purified by banding using a CsCl
density-gradient or other methods kmo Wi to one of gkill in the art. Typicaiiy,
dilutions of virus ave made. The th’fcal particte untis {opu) or viral particle (vp) per

-l can be determined from the gtgyrbance. For cxazﬁpie, for adenovirus, the vp/mL

is determined by multiplying }/1 x 10% with the ODagp absorbance and viral ditution
distinguish between live and dead virus. In ancther

factor. ODagoassay does no!

example, titer can be detgrmined by performing a plague assay using standard

procedures known in # e art. Typically, cells that can be grown in & monolayer, for

example 293 cells/are plated at a moderately high density (e.g. at or about or above

up to Y0 days can be counted (typically by using a dye that can differentiate the
plague areas). Titer is calculated as plaque forming units (pfu) per ml by dividing the
umber of plagues by the dilution factor. In an addition example, an end-point

/ dilution assay can be used. This assay is similar 1o a plague assay, except greater

pumbers of dilutions are made (generally from 107 t0 101%), Also, instead of an
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agarose overlay to identify plagues, the infected plate of cells is manually visoalized
under a microscope to identify wells for cytopathic effect (CPE). The wells of th
plate can be scored to determine the end-point dilution based on the Spearman-Karber
method.

the disease or conditions in the subject, and other considerations kngwn to those of
be delivered 1

least or about or 2, 3,

skill in the art. For example, delivered agents or compositions ¢
time, or can be delivered in muliiple adminigtrations, such as
4,5, 6, 7 or 8 administrations. Treatment can also be at a single target locus, or at
multiple target locus. For example, delivery of a deliveréd agent can be single
imjection per target site, or can be repeated injection of the targczt site. By way of
example, in the treatment of a Inng disease like cygtic fibrosis, it can be necessary to
farget at least 25, 50, 75, 80, 85, 90, or 95% Orf/ & hung with multiple injections to
achieve enough transgene product and/or & tional improvement in the subject.
Thus, multiple injection sites can be used%i) repeat injéctic}ns can be effected in
succession, suéh as immediately following a prior injection, or can be deleyed over
the course of minutes, hours, days oy vears. In some examples, the delivered agent ié
administered to more than one lgpés i the organ or portion thereof, particolarty
where high levels of transductié;:x or expression is sought.  For exampie, in some

embodiments, in addition fg/the first administration site, & composition containing a

systemic circulation. For example, compartmentalization is for a sufficient time fo
allow entrance of the delivered agent to the cell while avoiding systemic circulation.

The effect of this compartmentalization means that toxicity and immmune activation is
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minimized. Generally, the compartmentalization of the tissue or organ or portion
thereof is maintained to limit, minimize or avoid toxicity and immune activation {e.g
as assessed by local or systemic eytokine expression, inflammatory infiltrates suck as
neutrophil and lymphocyte infiltrates, and/or tissue enzymes). It is within the 1#vel of
one of skill in the art to empirically determine the precise fime period io maftitain the
compartmentalization based on factors that include the particular delivergd agent that
is administered, the targst tissue or organ or pottion thereof, the subjegt being treated
or the particular application. Methods and techniques to assess gené expression and
parameters associated with immume activation and toxicity are fiown to one of skill
in the art, and exemplary of such are described in Section F.

In examples herein, the duration of compartmentalization of the tissue or
organ or portion thereof is maintained for e time perio sufficient so that less than
10%, and generally less than 5%, 4%, 3%, 2%, 1% ¢ less of the delivered agent is

exposed to the systemic circulation. Methods of

sessing systemic levels of
delivered agent or wansgene products are provided in Section F. Further, Example 2
exemplifies assays to detect delivered ageny'in the systemic circulation, such as in the
peripheral biood. |

In examples herein, the dumtg@é of compartmentalization of the tissue or
organ or portion thereof 1s maintaéz{ed to allow cellular uptake of greater than or about
greater than or 8C, 835, 90, or 95% of the selected delivered agent by cells of the tissue
organ or portion thereof. For'example, the duration of compartmentalization of the
tissue oz organ or portionAhereof is maintained such that at least 80%, 81%, 82%,
83%, 84%, 85%, B6%,/87%, 88%., 89%, 90%., 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, 99% or ore of the delivered agent is present infraceliularly by resident

cells of the fissug’or organ. For example, for delivery to the liver, the duration of
compartmentatization of the liver or portion thereof is maintained such that at least
80%, 81%,/82%, 83%, 84%, 85%, 86%, 87%, 88%, 8%%, 90%, 91%, 92%, 93%,
94%, 9%%, 96%, 97%, 98%, 99% or more of the delivered agent is taken up
intrageliularly by hepatocytes. Methods of assessing the intraceliular presence and
logatization of delivered agents are described in Section F.

The method provided herein can achieve long term gene expression in the

tissue or organ or portion thereof for more than 60 days, more than 90 days, more thap
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6 months, more than 7 months, more than 8 mtmths, more than 9 months, more than

10 months, more than 11 months, more than 12 months, more than 18 months, or
more than 24 months, Typically, the compartmentalization of & tissue or organ or

portion thereof is maintained for a time period sufficient so as to achieve expregsion

wh

of a gene products for at least a year.
The optimal duration of compartmentalization can vary depending on a variety
of factors that include the particular target organ or tissue or portion thereof, the
delivered agent, and the particalar method used for delivery. For example, different
tissue or organ resident celis exhibit different endocytic abilities/and kinetics for
10 intracellular uptake of a deliversd agent. This endocytic fangtion can be influenced or
differ depending on the particular delivered agent. For exdmpie, for a delivered agent
that is a viral vector such as adenovirus, the kinetics of adenovirus infection is
initiated upon binding and interaction with its receptors, which for adenovirus
subgroups A, C-F, is the Coxsackie virus B Ad reCeptor (CAR). Binding to the

15 primary receptor mediates endocytosis of the ssociated virus. Withio 1 moinute post-
transduction, generally about 2% of the vipds is intraceliular. Disassembied
adenovirus escapes to the cytosol by reléase of the endosomal contents into the
cytoplasm. Within or before 30 minpies post-transduction, about 80% of the virus is
intracelinlar. Upon further disassgmbly, the capsid is transported through the

| ’érs the viral DNA info the ceilular nucleus. Within or

20 cytoplasm where if finally de
before 60 minutes post-irangduction, all of the transgene 1¢ delivered into the nucleus.

It is understood hérein that the delivered agent that is defivered to a fissue or
cell is one that is capable of uptake by resident cells. If necessary, the dejivered agent
can be modified to/increase or mediate entry by a particular cell. For example, fiber
25  capsomer modifications of adenovirus are known in the art to permit attachment of
the viral vector to cell targets for efficient virus entry {see e.g. Campos et al. (2007}

Curr. Geple Ther., 7:189-204; Russell WC, (2009 J Gen. Virol., 90:1-20). Further, &

30  gonoporation, lipoplexes, polyplexes, detergents, or formulation with agents or
- compounds that increase transcription of an uptake receptor and other methods known

1o those of skill in the art such as described above. The kinetics of delivered agent
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eniry into 2 cell, such as into a tissue or organ resident cell i vivo, can be determined
by methods known in the art (see e.g. Section F).

In addition, the optimal duration of vascular comparfimentalization can depe
on the tolerance of the organ or tissue or portion thereof, and resident cells therejd, to
ischernic conditions and is a consideration in the methods herein. Some orgaps or
tissues exhibit less tolerance to ischemic conditions than others. For exa
' S/Subject to
vascular isolation. The Liver generally tolerates interruption of bloo ﬂov} forup or
more than 60 minutes (Abdalla e al. (2004) Surg. Clon. N. dm, §4:563-585). For the
kidney, vascular isolation can be performed for a predetermingd time to permit
. The kidney typically
tolerates periods of ischemia of up to 2 hours, but generglty no more than 1 hour or
no more than 30 minutes (Hoffman er al. (1974) AMA Arch. Surg., 109:550-551;
Thompson ef al. (2006) J. Urology, 177:471-476) Muscle ismlerani to ischemia for
up to 4 howurs (Blaisdell F.W, (2002} Cardiovagcular Surgery, 10:620-630). One of

hepatocytes generaily are viable longer than neurons or cardiomyocyte

virtually all of the nucleic acid io be taken up by tissue cel

. skill in the art can momnitor and assess the tigSue or organ to determine a time period

that achieves sufficient cellular uptake,

mimizes systemic exposure and results in no
ischemia or acceptable ischemia to the orgar or portion thereof that is reversible or
recoverable, For example, digita:{/ Jight processing (DLP®) hyperspectral imaging
(HSI) can be used to construct & "real time" iissue oxygenation map of the fissue or
&t et al. (2011) Proc. SPIE, 7932, 793202).

In particular exgimples, in the methods herein compartmentalization of 2

organ or portion thereof (Be

tissue or organ or po _r thereof is for greater than 15 mimutes. For example, the
time period to maipiain compartmentaiization of a tissue or organ or portion thereof
as described hey &in above is for at least or at least about or up to 15, 20, 25, 36, 35,
40, 45, 50, 5,6{}, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, or 120 minutes
subsequert to initiation of compartmentalization and/or the administration of the
deliveyéd agent. It is understood that the time period to maintain
coppartmentalization can be shorter than 15 minutes in the presence of agents that
¢an Tacilitate uptake or entry. Thus, in examples kerein, the time period to maintain .,
compartmentalization of a tissue or organ or portion thereof is for at least or af least

gboutorupto 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15 minutes or more. In certain




16

15

20

273 -

embodiments the compartrmentalization is mainiained for at least about or up to 30
minutes. Generally, in any of the methods herein, compartmentalization of a tissue or
organ or portion thereof is for no longer than 60 minutes, such as greater than 15
minutes but less than 60 rainutes.

For example, in examples hersin where the liver or portion thereof 1s
compartmentalized by the methods herein, the time period fo maintain
compartmentalization of the liver is at least or at least about or up to 19¥/minutes, 20
minutes, 25 mimutes, 30 minutes, 35 minutes, 40 minutes, 45 minutez{, 50 minutes or

60 minutes subsequent to initiation of compartmentalization and/6r administration of

the delivered agent. Generally, in any of the methods herein, fomparimentalization of
the liver or & portion thereof is for no longer than 60 minutes, such as at least or at
ieast about 15 minutes, 20 minutes, 25 minutes, 30 minutes, 35 minutes, 40 minutes,
45 minutes, 50 minutes, but less than 60 minutes. For example, compartmentalization
can be from or from abowt 15 minutes to 60 min?fes, 15 minutes to 50 minutes, 15
minuies to 40 minates, 15 minutes to 30 mingtes, 20 minutes to 60 manutes, 20
minutes to 40 minutes, and generally is for gbout or approximately 30 mimutes.

In some exampies herein, the s od provided herein can further include
removing from the organ or portion “t,%érec}fﬁ or from the surgical field, extraceliular
delivered agent (i.e., that portion gf/ the delivered agent administered but that was not
taken up by the cells of the mmﬁartmentaﬁzed organ or portion thereof). The
removal step can include abgorbing, suctioning, or flushing so that, once the vascular
circulation to the organ of Qﬁion thereof is réstﬁred, little to no delivered agent will
reach the general circplation. Thus, the removal step is performed prior to restoring
vascular circulatiop 1o the organ or portion thereof.

After the/period of compartmentalization, compartmentalization to the organ
or portion the feof is terminated. This is effected by restoring communication of the
tissue or grgan or portion thereof with the systemic circulation. For example,
compatimentalization is termmated by restoring vascular circulation to the organ or
por#ion thereof. Restoration of vascular isolation can be achieved by removal of the

fevice, apparatus or process used te block blood flow to the tissue or portion thereof.
For example, the parenchymal clamp can be released from the tissue. In other

examples, compression of the region or portion of the tissue can be released. It is
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within the level of a skilled physician o carefully remove the device, apparatus or
process used to block blood fiow to the tissue or organ or portion thereof so that
damage to the underlying tissue, vessels, veins or arteries, or ducts does not occur
For example, the pressure of a parenchymal clamp can be carefully released to gontrol
restoration of blood flow to the tissue, organ or portion thereol.
. DELIVERED AGENTS

The delivered agent for use in the methods, uses or compositiofs herein can be
any desired nucleic acid molecule, or a vehicle, construct or complgk containing any
nucleic acid molecule. In partiéular, the delivered agent is a nugleic acid molecule or
includes a nucleic acid molecule that has a desired function or'that encodes a selected
be a DNA (e.g., double
er. Further the delivered
agent can be in any forms including, but not limited fo, naked DNA, a microRNA, a

polypeptide with a desired function. The delivered agent

stranded circular or linear}, RNA, a ribozyme, or an ap

small interfering RNA, or an antisense nucleic acitl. The deliversd agent can be
provided as a construct containing a heterologeus nucleic acid molecule. There are a
number of constructs that are known to ong/of skill in the art for delivery of nucleic

acid to cells, either in vifro or in vivo. Sych constructs include viral based delivery

systems and non-viral based deliver gystems. For example, the delivered agent can be
a construct containing a micieic a;n’/é miolecule that is delivered in a nanoparticle (e.z.,
4 targeted or radiolabled nanop&i:ticle), & plasmid or a vector {e.g., a viral vector or an
expression vec%tor). Such cosstructs are well known in the art and readily adaptable
for use with the compesi}?é:z and methods described herein.

It is umderstood that the choice of delivered agent that is used is dependent on

the targst tissue or Organ locus. It is within the level of one of skill in the art to

v

actively dividing cells. Liver cells are generally guiescent, and thus deliverv of 2
retrgvirus-based vector to liver cells requires procedures whereby the method includes
eps of stimulating cel! division {e.g. partial hepateciomy). In contrast, adenoviral-
based vectors are capable of being delivered fo non-dividing cells.




10

-5,

In particular examples, the delivered agent used in the method heremn is
typically one that will not integrate into the host genome nor contain sequences
allow for replication. It is found herein that even in the sbsence of integratioy into the
genome, the compeartmentalized delivery method provided herein achievey sustained
6 mouths,

and generally for up fo 1 year or greater than 1 vear. If desired, however, nucleic

gene expression of the introduced nucleic acid molecule for greater

acid that integrates into the genome can be used in the methods hefein.
1. Nuacleic Acid Molecule

The particular delivered agent that is used in the methods, uses or

compositions herein is or includes a nucleic acid moleculé whereby delivery and/or
expression thereof effects an activity or property that ig useful when present in the
target organ or when secreted into the bloodstream,/ For example, delivery and/or
akpression of & nucleic acid molecule effects replacement of a missing or defective
(e.g. partially or non-functional) gene prodt?/ achieves overproduction of & gene
product, acts as a DNA vaccine, encodes apolypeptide that has a desired effect or
therapeutic activity, or inhibits gene expression. For example, the nucleic acid
molecule can be one that is selected for that encodes a polypeptide for a desired effect
or therapeutic outcome. In anothe émmple, the nucleic acid molecule is a nucleic
acid-based inhibitor of & gene or'of a gene product, such as an inhibitor of
franscription or translation of/a gere. For example, the delivered agent can be a short-
interfering RNA (sIRNA)

sequence. In additionay/examples, the delivered agent can be used prophylactically to

equence, antisense sequence or a micro-RNA (miRNA)

deliver prophylaxic groteins. In a further example, delivery and/or expression of the

pucleis acid mc;l;&ula can encode proteins for use in agricultures application, for

rove meat production {e.g., by blocidng production of myestatin), It
vel of one of skill in the art 1o select a nucleic acid molecule depcndmg
icular application or the particular disease or disorder that is being treated,
such g€ any described in Section G,

The nucleic acid molecule can be delivered as a naked DINA, or can be
elivered in a vehicle or as a complex or construct. Henee, it is undersiood that the
delivered agent is or includes the nucleic acid molecule. For example, the nucleic

acid molecule can include a vector or plasmid containing the mucleic acid molecule,
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such as a viral vector or non-viral vector. The nucleic acid molecule can be
encapsulated in liposomes. The nucleic acid molecule can be complexed to other
agents, such as target ligands or other moieties and delivered as a nanoparticle.
The nucleic acid molecule can be driven by a promoter to enhancer to/control
or regulate expression. The promoter 1s operably linked to the coding regioh. Any
strong promoter known to those skilled in the art can be used for driving/the
expression of DNA. The promoter can be & constitutive promoter, such as a CMV
promoter, a {issue-specific promoter, an inducible or regulatable promoter. Ina
specific embodiment, the nucleic acid molecule to be introduced for purposes of gene
therapy contains an inducible promoter operably linked to the coding region, such that
expression of the nucleic acid is controllable by controiling the presence or absence of
the appropriate inducer of franseription. Generally the fromoter is a regulated
promoter and franscription factor expression systeny, such as the published
tetracycline-regulated sysiems or other regulata zystams {(see e.g. published
International PCT Appl. No. WO (1/30843}, 16 allow regulated expression of the
encoded polypeptide. Exemplary of other promoters, are tissue-selective promoters,
such as those described in U.S. Patent No. 5,998,205, including, for exémpla, o
fe;oprotein, DF3, tyrosinase, CEA, ﬁd?factant protein and ErbB2 promoters. An
exemplary regulatable promoter system is the Tet-On (and Tet-Off) system available,
for example, from Clontech (P;ﬂo Alto, CA}. This promoter syeten allows the
regulated expression of the 4 gene controlled by tetracycline or tetracycline
dertvatives, such as doxy/wéjj;::. Other regulatable promoter systems are known (see
e.g., published U.S. Application No. 2002-0168714, entitled "Regulation of Gene
Expression Using Jingle-Chain, Monomeric, Ligand Dependent Polypeptide
Switches," which describes gene switches that contain ligand binding domains and
transeriptiong! regulating domains, such as those from hormone receptors). Other
suitable prémoters that cam be employed include, but are not limited to, adenoviral
promoters, such as the adenoviral major late promoter and/or the E3 promoter; or
heterologous promoters, such as the cytomegalovirus (CMV) promoter; the Rous
Sércoma Virus (RSV) promoter; inducible promoters, such as the MMT promoter, the
metaliothionein promoter; heat shock promoters; the albwmin promoter; and the

ApoAT promoter.
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In some examples, the delivered agent in the metheds, uses or compositions
herein is or includes a nucleic acid molecule that encodes a desired polypepiide.
Upon delivery of the delivered agent in the methods herein, the encoded polypeptide
can be one that can be used as a biologic therapy or drug. The nucleic acid mglecule
can encode any desired gene product, such as a cytokine, clotting factor or
coagulation factor, hormone, growth factor, enzyme, transport protein, régulatory
protein, receptor, or antigen. The nucleic acid molecule can encode ormonal
The choice of
particular nucleic acid molecule encoding a desired therapeutic/polypeptide depends
thin the level of one of
skill in the art. For example, the nucleic acid molecule eplcodes insulin if the subject

proteins to regulate cell growth, cell differentiation or metabolis

on the particular disease or condition that is treated, and is

to be treated has Type I diebetes, a specific bloed clotiing factor if the subject has
hemophitia, dopamine if the subject has Parkinson’ s Disease, or LDL receptor if the
subject being ireated has familial hypercholesterdlemia. One of skill in the art would
know how to select the needed polypeptide and the nucleic acid that encodes it based

on the particular needs of the subject to beAreated. Exemplary nucleic acid molecules

encode mupunomodulatory proteins, enZymes, hormones, cytokines, receptor, an

antibody or an anfi-angiogenic agent’ The nucleic acid molecule can encode a protein

that is a fusion protein. / '
The selected nucleic acit molecule can encode a polypeptide that is an

imnmmostimulating protein 6r that exhibits immunomodulatory properties. Such

nucleic acid molecules 3

lude, but are not limited to, genes that encode cytokines, for
example, an interleulgh, interferon, gramlocyte colony stimulating factor or thereof,
-1, IL-2, Y-4, IL-5, TEN-B, IFN~y, IFN-¢, TNF, IL-12, IL-18,
and fif3; proteifs that stimulate interactions with frvmune cells (B7, cluster of
differentiation 28 (CD28), major histocompatibility complex class I (MHC olass I),

such as inferie

ted protein 1, tyrosinase-related protein 2, melanocyte-stimulating hormone
cepior, melanoma-associated antigen 1 (MAGE!), MAGE2, MAGE3, MAGE12, B

melanoma antigen (BAGE), cancer-germline antigens (GAGE), cancer-testis antigen
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NY-ESCG-1, f~catenin, Mutated melanoma-associated antigen 1 (MUM-1), cyclin-
dependent kinase 4 (CDK-4), caspase 8, antigen identified by monoclonal antibody
Ki- 67 (K1A) 0205, nman leukocyte antigen (HLA)-A2R1701, o-fetoprotein,
telomerase catalytic protein, G-250, mucin 1 (MUC-1), carcinoembryonic protéin,
153, Her2/neu, triosephosphate isomerase, cell division control protein 27 (CDC-27),
low density lipid receptor-GDP-i~fucose: p-d-galactoside 2-o-t-fucosyltrahsferase
fusion protein (LDLR-FUT), telomerase reverse transcriptase, and prgstate-specific
membrane antigen (PSMA)), cDNA encoding antibodies that block inhibitory signals
(Cytotoxic T-Lymphocyte Antigen 4 {CTLA4) blockade)}, chembokines (Macrophage
inflammatory protein (MIP1), MIP3, CCR7 ligand, and calrgficulin), and other
proteins.

The nucleic acid molecule can encode a polypeptide that isa growth factor or
portions thereof that bind 1o the receptor or a growiH factor receptor or portions
thereof that bind to ligand. Growth factors and gfowth factor receptors are known in
the art. See e.g., Baxiey and Serra, Curr. nyf;rgets 11(9}:1089-102 (2010); Lo,
Curr. Mol. Pharmacol. 3(1):37-52 (2010); Brakat and Kaiser, Expert Opin, Investig.
Drugs 18(5):637-46 (2009); Trojanowslh and Varga, Curr. Opin. Rheumatol,
19(6):568-73 (2007); Jimeno and Hidalgo, Biochim. Biophys. Acta 1766(2):217-2%
(2006); Finch and Rubin, J. Nati.ﬁ ancer Inst. 98(123:812-24 (2006); Lo ef al., Breast
Canc. Res. Treat. 95(33:211-8 /@bﬁé}; Schilepbake, fnt. J. Oral Maxillofac. Surg.
31(5:469-84 (2002); Georgg, Urology 60(3 Suppl. 1):115-21 (2002). Growth factors
include, for example, bo o morphogenic protein (BMPs), epidermal growth facior
(EGF), erythropoietin/(F
stimulating factor (4
CSF), hepatoc
derived growth

PO), fibroblast growth factor (FGF), granulocyte colony
-CSF), granulocyte macrophage colony stimulating factor (GM-
growth factor (HGF), insulin-like growth factor (IGF), platelet
factor (PDGF), ransforming growth factor o and B, and vascular
endotheligl growth factor (VEGF). Growth factor receptors include, for example,
al growth factor receptor (EGFR), fibroblast growth factor receptor (FGFR),
i - sforming growth factor receptor (TGEFR).

The mucleic acid molecule can encode & polypeptide that is an antibody or
antibody fragrment, including a single chain antibody or an anti-idiopathic antibody.
Antibodies are known in the art. See e.g., Brekke and Sandlie, Nat. Rev. Drug.
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Discov. 2{11:52-62 (2003); Mellstedt, Drugs Today 39(Supl. C):1-16 (20603},
Therapeutic Antibodies: Methods and Protocols; BEd. Idmitrov, A, S., Humana Pres
Springer, New York, NY (2009); Zheng ef al. (2007) Cell Research, 17:303-30¢¢
Non-limiting eﬁamples of encoded anfibodies or fragmenits thereof include, &

exarnple, anti-thymocyte globulin, muromonab, Abciximab, Adalimumab

Muromonab-CD3, Natalizumab, Omalizimab, Palivizomab, P
Ranibizumab, Rituximab, Tositumomab or Trastuzumab.

The nucleic acid molecule can encode a poiypéptid t is, but is not limited
to, an enzyme (£.g., galsulfase, laronidase, N-acetyigalapfosamine 6-sulfatase,
phenylelanine ammonie lyase, acid alpha glucosidase/imiglucerase, alghicosidase
alpha), a hormone (e.g., thyrotropin, growth hormohe, insulin, thyvoid hormone,
erythropoietin), an angiogenesis moduiator, an nmunomoduiator {denileukin
diftitox; interleukin-2), a pain modulator y/ NP2), a fusion protein (e.g., msulin-
like growth factor 2 and acid alpha glucosidase (IGF2-GAA); abatacept; alefacept;
etanercept), 2 poly (ADP-ribose) pois}mézasé {PARP) inhibitor, a hylar_z or other
derivative of hyaluronan, or an allepfien (e.g., a peanut oz other food allergen).

For example, the nuoleig&a/cid molecule can encode human erythropoietin ora
variants thereof (see e.g, 1.8 Patent No. 4,703,008, Accession Ne. PO1588), human
G~CSF or variants thereof fsee 2.g. , Accession No. P09919); human GM-CSF or

 Cantrell ef ol {1985) Proc. Natl. Acad. Sci, 82:6250-4;

variants thereof (see e,
Accession No. PO4141); plasminogen activator or variants thereof (see e.g., Accession

No. POG750); urgKinase or variants thereof (see e.g. Accession No. PO0749); insulin

or variants thereof (see e.g. , U.S. Patent No. 4,652,525, U.S. Patent No. 4,431,740,

r al. (1994) Proc. Natl. Acad. Sci., 269:6241-5, Accession No, PO1308};
such as interleukin-1 or variants thereof (see e.g. Accession Nos. PO1583,
PO15g4), interleukin-2 or variants thereof {see ¢.g. Accession No. P60568, U.S. Patent
Ngr. 4,738,927), interleukin-3 or variants thereof (see e.g. Accession No. PO8700, EP
ubl. EP275,598 or 282.185), interleukin-4 or variants thereof (see e.g., Accession

‘No. P05112), interleukin 7 or variants thereof (ses e.g. Accession Ne. P13232, ULS,

Patent Nc. 4,965,195), an interferon or variants thereof, & Pactor VII or variants
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thereof (see e.g. Accession No. PO0451), Factor IX or variants thereof {(see 2.g.
PO0740), von Willebrand factor or variants thereof (see e.g. Accession No. P04275
or human growth hormone or variants thereof (see e.g. Accession No. P01241,
P01242, U.S. Patent No. 4,342,832).

Other nucleic acid molecules of interest, include those that encode
angiogenic or suicide pféteins. Anti-angiogenic proteins include, for exampie,
METH-1, METH -2, TrpRS fragments, proliferin-related protein, profactin fragment,
PEDF, vasostatin, various fragments of extracellular matrix protepis and growth
factor/cytokine inhibitors. Various fragments of extracellnlar platrix proteins include,
but are not limited to, angiostatin, endostatin, kininostatin,

rinogen-E fragment,
thrombospondin, tumstatin, canstatin, and restin. Growtly'Tactor/cytokine inhibitors
inciude, but are not limited o, VEGF/VEGFR antag(yést, sFh-1, sFlk, sNRP1,
angiopoictin/tie antagonist, sTie-2, chemokines (IP410, PF-4, Gro-beta, IFN-gamma
{Mig), IFN, FGE/FGFR antagonist (sFGFR), Ephiri

sephrinB2), PDGF, TGF and IGF-1. A suicide protei_n is 2 protein that can lead to

cell death, as with expression of diphtheriatoxin A, or the expression of the protein
can render cells selectively sensitive tofertain drugs, e.g., expression of the herpes

simplex thymidine kinase gene (FHIS¥-TK) renders cells sensitive to antiviral

- compounds, such as acyclovir, gabciclovir and FIAU (1-(2 ~deoxy-2-fluoro-f-D-

arabinoﬁ:ranosii}&iodcuraciiff Other suicide proteins include carboxypeptidase G2
(CPG2), carboxylesierase (CA), cytosine deaminase (CD), cytochrome P450 (cyi-
450), deoxyeyiidine kinase (dCK), nitroreductase {NR), purine nucleoside
phosphorylase (PNP)/thymidine phosphorylase (TP), varicella zoster virus thymidine
kinase (VZV-TK)/and xanthine-guanine phosphoribosyl trausferase (XGPRT). Other
encoded proteips, include, but are not limited fo, herpes simplex virus thymidine
kinase (HSY~TK.), which is useful as & safety switch (see, U.S. Patent Application No.
08/974,391, filed November 19, 1997, which published as PCT Publication No. WO
99/25860), Nos, FasL, and sFasR {(soluble Fas receptor).
In other examples herein, the nucleic acid molecule is one that encodes a

rotein that is involved in a lysosomal storage disorder, and in particular an enzyme
that is defective therein, including, but not limited to, Aspartylglucosaminidase, o-
Galactosidase A. Palmitoyl Protein Thioesterase, Tripeptidyl Peptidase, Lysosomal
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transmembrane protein, cysteine transporter, Acid ceramidase, acid a-L-fucosidase,
protective protein/cathepsin A, acid f-glucosidase or glucocerebrosidase, acid B-
galactosidase, iduronate-2-sulfatase, o-L-1duronidase, galactocerebrosidase, acid 4-
mannosidase, acid B-mannosidase, arylsulfatase B, -ary}sulfatase A, N-
5  Acetylgalactosamine-6-sulfate sulfatase, N-Acetlylglucosamine-]-
phosphotransferase, Acid sphingomyelinase, Niemann-Pick disease, typg’Cl (NPC-
dase (Na(Glu),

ins-6-gulfate

1), p-Hexosaminidase B, Heparan N-sulfatase, o-N-Acetylgiucos
Acetyl-CoAuglucosamininde N-acetyltransferase, N-Acetylghuco,
sulfatase, B-Glucuronidase, acid hipase.. The role of such & es in various
10 lysosomal storage diseases are known to one of skill in the ayt (see e.g. published U.S.
Patent Appl. No. US2008/0025952; US20120009268). THe choice of enzyme

depends on the particular lysosomal disorder. Non-limpdting examples of nucleic acid

molecules of interest include any that encode: a B-glicoronidase for treatment of

mucopolysaoc}iaﬁdosis disorder (e.¢., Sty syndrome); o-L-iduronidase for treatment

15 of Hurler Syndrome; o-L-iduronidase for trepfment of Scheie Syndrome or Hurler-

Scheie Syndrome; iduronate sulfatase for freatment of Hunter's Syndrome; heparin
sulfarmidase for treatrnent of Samﬁﬁppﬁ'/g;mme A (MPSHIAY N-
acetylglucosaminidase for treatmenylf Sanfilippo Syndrome B (MPSIIIB): acetyl-
CoA:o~glucosaminide a@etyimnjgi’erase for treatment of Sanfilippo Syndrome C

20 (MPSHICH N =acsty}giucesmyée—6-sulfaxase for treatment of Sanfilippo Syndrome D

(MPSIIID); galaciose-6-5 hte sulfatase for treatment of Morquio Syndrome A; B-
galactosidase for treatmg!

it of Morquic Syndrome B; N-acetylgalactosamine-4-

b
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in-degrading enzyme insulysin, or thimet oligopeptidase; a protein or peptide that
30 ¢hm act as a anti-retroviral agent to treat virus infection such as infection by human
immunodeficiency virus (HIV), for example, enfuvirtide (Fuzeon®); a protein or

ireatment of Amyotrophic Lateral Sclerosis {ALS) such as, but not limited to, insulin
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growth fé{:tor-l (IGF-1), calbindin D28, parvalbumin, HIF1-alpha, SIRT-2, VEGE,
SMN-1, SMN-2, GDNF or ciliary neurotrophic factor (CNF); a protein that is
deficient in subiects having hemophilia, such as, but not limited to, Factor VIII o
Factor IX; a protein for treatment of type 1 diabetes, such as the furin-cleavab
insulin gene; a protein for treatment of familial hypercholesterolemia, suclyas low
density lipoprotein (LDLR); a protein for treatment of lipoprotein lipasg/deficiency
{LPLD), such as iipoprotein lipase (LDL}; a protein for reatment of Alpha-1-
Antitrypsin (AAT) deficiency, such as AAT; a protein for the tregm/imi of Crigler
Najar Syndrorne Type I or Type IL, such as hepaiic bilirubin UPP-ghucuronyl-
transferase or a functional variant thereof, for example, UGFLAL (Gong er al. (2001)
Pharmacogentics, 11:357-68); a protein for freatment of glycogen storage deficiency
type 1A such as glucese-6 phosphatase; a protein for greatment of Pepck deficiency

such as phosphioenolpyruvate-carboxykinase; protein associated with galactosemia

such as galactose-1 phosphate uridy! transferase! protein associated with
phenylketonuria such as phenylalanine hydl}mylase, protein associated with maple
syrup urine disease such as branched ch%ia{ alpha-ketoacid dehydrogenase; protein
associated with tyrosinemia type ! such as fumarylacetoacetate hydrolase; protein
associated with methvimalonic act éi such as methylmalonyi-CoA mutase; protein
associated with orpithinine transcarbamylase deficiency such as ornithine
transcarbamylase; protein as;;ﬁéiateé with citrullinemia such as argininosuccinic acid

synthetase; protein associated with severs combined immunodeficiency disease such

as adenosine deaminasg! protein associated with Gout and Lesch Nyan syndrome such

as hyposarthine gugsine phosphoribosyl transferase; protein associated with
biotinidase deficiéney such as biotinidase; protein associated with Gancher disease

such as beta~glicocerebrosidase; protein associated with Sly syndrome such as beta-

such as a tumor suppressor gene such as p53; protein encoding ghutamic acid
decarboxylase (GAD) for the treatment of Parlinson’s disease; or a protein that is

deficient in & lysosomal siorage disease, and in particular Sanfilippo Syndrome (also
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called Mucopolysaccharidosis type I, MPSHI), such as lysosomal sulfamidase, a-N-
acetylglucosaminidase (NaGhuj.

Aliernatively, a therapeutic nucleic acid can exert its effect at the level of
RNA, for instance, by encoding an antisense message or ribozyme, a protein thas
affecis splicing or 3' processing {e.g., polyadenylation}, or a protein that affectd the
level of expression of another gene within the cell, e.g. by mediating an altcégd rate of
mRNA accumulation, an alteration of mRNA trausport, and/or a change/in post-
transcriptional regulation. These include RNA, such as RNAi and other double-
stranded RNA, antisense and ribozymes, which among other capgbilities can be
directed to mRNAs encoding proteins essential for proliferation, such as stroctural

proteins, transcription factors, polymerases, genes encoding cytotoxic proteins, genss

protease (e.g. trypsin, papain, protemase K and carb:
For example, the nucleic acid molecule cay be a nucleie acid-based inhibitor

of a gene or of a gene product, such as an inhipftor of franscription or translation of 2

rfering RNA. (siRNA) sequence,

A) sequence. The RNA can be 10 10 30

5 nucleotides in length. siRNA-mediated gene

gene. The delivered agent can be a short-i
antisense sequence or & micro-RNA (mi
nucleetidés long, such as 19-25 or 21
silencing methods, where expresijdn products of a gene are targeted by specific
double stranded derived siRNA/ilucleotidﬁ sequences that are complementary a

nucleotide segment of the target gene transcript (e.g. to at least a 16-25 micisotide

long segment), includingAbhe 5° untransiated (UT) region, the ORF, or the 3" UT
region, are known in e art (see e.g. PCT International Patent Publication Nos.
WO00/44895, WOO1/75164, WOU1/92513, or WOO01/26058. A siRNA sequence
typically binds £ unique sequence within a target mRNA with exact complernentarity
the degradation of the target mRNA molecule. A siRINA sequence can
bind anyhere within the mRNA molecunle. Sequences targeted by the siRNA inciude

and resulfs i

~ genes xpréssing a polypeptide of interest, or an upstream or downstream modulator

of fuch a gene. Examples of upstream or downstream modulators of a gene mclude 2
cription factor that binds a gene promoter, a kinase or phosphatase that interacts
with a polypeptide of interest, and polypeptides involved in regulatory pathways
capable of influencing the polypeptide of interest. A miRNA sequence typically binds
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a umique sequence within a target mRINA with exact or less than exact

complementarity and results in the fransiational repression of the target mRNA
molecule. A miRNA sequence can bind anywhere within mRNA seguence, but
generally binds within the 3° untranslated region of the mRNA molecule.
A nucleotide siRINA or miRNA sequence (e.g. 21-25 nucleotides i
can, for example, be produced from an expression vector by transeriptioq of a short-
hairpin RNA (shRINA) sequence, a longer (e.g. 60-80 nucleotide) predursor sequence,
which is subsequently processed by the cellular RNAJ machinery 10 produce either a
siRINA or miRNA sequence. Alternatively, a nucleotide siRNA or miRNA sequence

(e.g. 21-25 nucleotides in length) can, for example, be synthésized chemically.
Chemical synthesis of siRNA or miRNA sequences is ¢ ercially availabie from
such corporations as Dharmacos, Inc. (Lafaystie, COY, Qiagen (Valencia, CA), and
Ambion (Austin, TX). Methods of delivering siRNA or miRNA molecules are known
in the art. See e.g., Oh and Park, 4dv, Drug. Déliv. Rev. 61(10):830-62 (20097}; Gondi
and Raoc, J. Cell Physiol. 220{2}:285-91 (2009); and Whitehead ef al., Nat. Rev. Drug.
Discov. 8(2):129-38 (2009).

For example, the nucleic acid molecule can be an antisense nueleic acid

sequence. By hybridization interagtions, anfisense nucieic acid block expression of 2
cellular or pathogen mRNA. Ayf{isensa nucleic acid molecules car, for example, be
transcribed from anexpress’i,alrft vector to produce an RNA which s complementary o
at least a unique portion ¢of the target mRNA and/or the endogenous gene which
encodes the target. Hybridization of an antisense nucleic acid under specific cellular
conditions results i inhibition of target protein expression by inhibiting transcription

and/or translation. Exsmples of antisense nucleic acids include, but are not limited to,

the following isis Pharmaceuticals, Inc. products: Mipomersen for high cholesterol;

| ISIS-EIF4ER,, OGX-427, ISIS-B8TAT3xy for cancer; ISIS-SOD gy for ALS; ISIS-

TTRrx for TTR amyloidosis; ISIS-SMNp, for spinal muscular atrophy; Vitravene for
UMYV retinitis; Alicaforsen for uleerative colitis; ACHN-490 for severe bacterial
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‘infection; ATL1102 for multiple sclerosis; BEXC 001 for local fibrosis; iCo-007 for

ocular disease; and ATL1103 for acromegaly. Examples of microRNAs that can be
administered using the methods taught herein mnclude, but are not limited to, the
foliowing Santaris Pharma products: Miravirsen for Hepatitis C; EZN-2968 for/solid

Mirna Therapeutics, Inc. products for the treatinent of cancer: let-7, ny
Rx0Z, miR-16, miR-Rx-01, miR-Rx-03, miR-Rx-06, and miR-Rx-§7.
In other examples, the nucleic acid molecule can be a rib0zyme (e.g. 2
hammerhead or a hairpin-based ribozyme) designed either t?émr a defective
cellular RNA or to destroy an undesired cellular or pathogén-encoded RNA (see e.g.
Sullenger (1995) Chem. Biol., 2:24%-253; Czubayko eyl (1997) Gene Therapy,
4:943-9; Rossie (1997) Ciba Found. Symp., 209:195-204; Fames and Gibson (1998)
Blood, 91:371-82; Sullenger (1996} Cytokines Mol. Ther., 2:201-5; Hampel (1998}
Prog. Nucleic dcid Res. Mol. Biol., 58:1-39; ot Curcio et al. (1997) Pharmacol
Therapy, 74:317-32).

In some exampies, the nucleic agid molecule encodes a polypeptide that is
detectable. Exemplary of such polypeptides include, but are not Himited to, tuciferase
or a fluorescent protein, such as a/green fluorescent protein (GFP). In particular

examples, the delivered agent # & viral vector, such as an adenoviral veetor, that

contains a nucleic acid molgcule. Exemplary of such a delivered agent is AG-CMV- 7

Lac (see ¢.g. Example 1)) Such an adenovirus can be further modified to contain a
further or different nutleic acid molecule, such ag any known in the art or described
herein above. Foyexampie, the luciferase transgene expressed therein can be replaced
or swapped to gontain & nucleic acid molecule encoding a nucleic acid molecule,
Vehicles and Constrocis Containing the Nucleic Acid Moleoule

e nucleic acid molecule can be provided in a vector, construct or other
vehiclf of delivery. Exemplary of such are viral vectors, nop-viral vectors,

oparﬁcles or whole cells. Methods of generating such construcis or vehicles for
elivery are well-known to a skilled artisan. For example, nucleic acid molecules can
be inserted into non-viral or viral vectors using standard methods well-known 10 one

of skill in the art, In some mstances, routine molecular biclogy and recombinant
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DNA techniques can be used (see e.g. Ausubel er al., Current Protocols in Molecular
Biology, Joln Wiley & Sons, New York, N.Y., 1998, Sambrook ef 4., Molecular
Cloning: A Laboratory Manuyal, Cold Spring Harbor, N.Y. (1989). In other inst:
the nucleic acid molecule can be inserted so it is under the control of any approfriate
reguiatory sequence or sequences. In other examples, the nucleic acid molegules are
inserted as part of an expression cassette that includes reguiatory elements, such as
promoters or enbancers. Appropriaie regulatory elements can be selegted by one of
ordinary skill int the art based on, for exampie, the desired level of €xpression. In
parﬁctﬂar exampiles, the regulatory elements cac be selected to chude Hssue-specific

promoters, such as liver-specific promoters, to limit gene expiession to fissue-specific

cells,
8 Virus and Viral Vectors /

A virus can be used as a delivered agent in }}g methods, uses and
compositions herein as the delivered agent, wyégy an exogenouns nucleic acid
sequence 1s inserted into a viral vecior. Viruses are useful in delivering nucleic acid
molecules in vivo because they are e:fﬁc:?/at transferring viral DNA into host cells,
they can infect and be taken up by specific target cells depending on the viral
artachment proteins (e.g. capsid or glycoproteins), and they can be manipulated to
remove non-cssential genes and gfiﬁ heterolo gus nucleic acid molecules. Many viral
vectors are known o those skijiéd in the art. Examples of viruses that can be used in
the methods herein include, /out are not limited to, adenoviruses, adeno-associated
viruses, alphaviruses, baguloviruses, hepadenaviruses, ba;:uloviruses, pOXViruses,
herpesviruses, retrovifuses, lentiviruses, orthomyxoviruses, papovavireses,
paramyxoviruses, gnd paroviruses. In particular examples, the virus is an adenovirus,
The choice of yifus is within the Tevel of one of skill in the art and is dependent on 2
nurber of fattors, such as the desire for rephication or integration of viral DNA, the
tropism of the virus, and/or the immunogenicity of the virus. Such viruses and
derivaiives theréof, are well-known and available 1o one of skill in the art. For
exgimple, many are available from the American Type Culture Collection (ATCC,
Rockville, Md.) or from commercial vendors (e.g. Vector Biolabs, Philadelphia, PA;

' Applied Biological Materials, Inc., Richmond, British Cdlnmbia, Canada).
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Viral vectors for use in generating recombinant virases include replication-
competent viruses and replication-defective viruses. In replication-defective virused
the virus typically lacks one or more genes associated with viral replication and
cannot replicate beyond the first cycle of infection. In some cases, in order
produce replication-defective viruses, transfer vectors, packaging vectors gr helper
virus are required. For example, a packaging vector can be provided ay'a cosmid or in
a cell line that provides the virel structural proteins for packaging ofdhe defective
vector.

The viral vectors used in the method herein also can ¢ expression
casseties that include regulatory elements, such as promotepé and enhancers, operably
linked to a transgens of choice. As discussed above, any/suitable promoter can be
used. Suitable promoters and enhancers are widely fyéiiable mn the art for use in the
viral vector of choice. Typically the promoter is cghstiftive promoter. Exemplary
promoters include, but are not limited to, a C promoter, & truncated CMV
promoter, a human serum alburin promoter 61 an a-1-antitrypsin promoter. For
example, the promoter is a truncated CMY promoter in which binding sites for known
transcriptional repmss&ré have been ?é*fed. In other examples, the promoter s an

promoter is the inducible ecdysone promoter.
Other examples of promoters ingi{de steroid promoters, such as estrogen and
androgen promoters, and me?dfotbionein promoters. The enhancer can be a tissue
specific- or non-specific enfiancer. For example, the enhancer is a hiver-specific
enhancer element. Exery Eary enhancer elements include, but are not Hmited to,
i (F1AS) enhancers, human prothrombin (HPrT) enhancers, ¢-1-

microglobulin enhg cers, intronic aldolase enhancers and gpolipoprotein E hepatic

human serum album

control region.

i. Adenavirus

Adefovirus is a muclear DNA virus with a genome of about 36 kb, which has been
Il—characterized through studies in classical genetics and molecular biology
(Hmzﬁritz, M. S., "Adenoviridae and Their Replicaiion,” in Virology, 2nd edition,
Fields, B. N., et al., eds., Raven Press, New York, 1990). The genome is classified
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into early (known as E1-E4) and late (known as L1-1.5) transcriptional units, referring
to the generation of two temporal classes of viral proteins. The demarcation between
these events is viral DNA replication. .
Adenoviruses exhibit a natural tropism for epithelial cells of the respiratbry
and gastrointestinal tract. Adenovirus also can infect Hver cells, such as hepétocytes
liver after
systemic administration. In particular, in the methods herein, direct infection into the

and endothelial cells, which can occur upon clearance of the virus into

parenchyma facilitates selective iiver cell uptake by hepatocytes. Pénton base and
fiber proteins on the surface of the virus are responsible for the fropism.
Multiple interactions between adenoviral particles and the host cell are required o
promote efficient cell entry (Nemerow (2000) Virology 274:1-4). For subgroup C
adenoviruses, such as adenovirus 2 and 5 (Ad2 or AdS5)/ the viral entry pathway has
been well characterized and is believed to involve two separate cell surface events.
First, a high affinity interaction between the aden/viml fiber knob and coxsackie-
adenovirus receptor (CAR) mediates the attackinent of the adenovirus particle fo the
cell surface. A subsequent association of g.ztj: with the cell surface integrins a.f;
and .f3s, which act as co-receptors, pot ftiates virus tternalization. CAR, which is
expressed in many human tissuss mgléig lung epithelial cells (Bergelson er al.,
(1997) Science 275: 1320- 1323)i ,épears to function as a cellular receptor for most
adenoviral subgroups, except ?uégroug} B (Bergelson ef al., (1997) Science 275: 1320-
1323: Roelvink ef al., (1/9;}7’1 Virol. 72: 589-596).

Adenovirus includes over 50 serotypes that are grouped into six distinct

subgroups, A to F. of these adenovirus serotypes, which are available from the

v

American Type C e Collection (ATCC, Rockville, Md.) and other commercial

can be of subgroup A (e.g.. serotypes 12, 18, 31), subgroup B (e.2.,

es 3,7, 11a, 1lp, 14, 16, 21, 34, 35, 50}, subgroup C (e.g.. serotypes 1,2, 5, 6),
sibgroup D {(e.g., serotypes 8, 9, 10, 13, 15, 17,19, 19p, 20, 22-30, 32, 33, 36-39, 42-
49, 51), subgroup E {e.g., serotype 4}, subgroup F (é. 2., serotypes 40, 41); or any
other adenoviral serotype. In certamn embodiments, the adémvirus is a subgroup C
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include, but are not limited to, Ad2 and AdS,

Adenoviral vectors are available in the art (e. g available from the Americ

sguences_and_Annotations). The adenoviral vectors are
skilled artisan, for example from the American Type Cul
other commercial or non-commercial provider. From tHe ATCC, adenoviruses are
available as ATCC numbers VR-1 to VR-1616. For/example, wild type adenovirus
type 2 is available from the ATCC as VR-846 and type 5 is available as VR-5 and
VR-1082. Any of a2 number of recombinant oFmodified adenovirﬁses can be
generated that are derived from any of the gbove serotypes, as described in the art and
herein or by any sultable method }ma%;/g:ne of skill in the art.

Adenoviral vectors have several advantages for use as gene delivery vehicles,
including tropism for both dividing and non-dividing cells, minimal pathogenic
potential, ability to replicate tg,i’:f;{gh titer for preparation of vector stocks, and the
potential to carry large inserts (see e.g. Berkner (1992) Curr. Top. Micro. immunol.,
158:39-66; Jolly et al. (1994) Cancer Gene Therapy, 1:51-64).

For example, aflenovirus veciors include defective adenovirus vector
containing at least gne deletion in the first early gene region (B1-E4). Modifications
to adenoviral ve 01"5 include deletions known in the art, such as deletions in one or

more of the B1, E2a, E2b, E3, or B4 coding regions. For example, adenovirus veciors

for gene terapy can be prepared by substitution of a heterologous nucleic acid

molecide in place of the E1, E2a, E2b, E3 and/or E4 genes. Deletion can be effected
nsing restriction endonucieases. For example, the Ela region can be deleted using

~Gunvenient restriction endonuclease sites within the Ele region. Often, a portion of E3

is also deleted by restriction endonuclease addition so as to permit the insertion of a

larger piece of foreign DNA while still satisfying the size constraints required for
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packaging into new viral particles. Due 1o deletion of these regions, the cloning
capacity of an adenovirus vector can be about 8 kb, Such adenoviral vectors are
typically referred to as replication defective adenovirns due to the at least one deletion
in the first viral early gene region, such as EI, which includes the Ela and E
regions.
Deletion of the early genes, such as viral El region, renders the yecombinant
adenovirus defective for replication and incapable of producing infegfious viral
particles in subsequently infected target cells. Thus, to permit easly gene-deleted
adenovirus genome replication, such as El-deleted adenovirusenome replication,
and to produce vires particles requires a system of compleméntation which provides
the missing gene product. For example, El complemenigtion is typically provided by
a cell line expressing EL, such as the human embryonit kidney packaging cell line,
i.e. an epithelial cell line, called 293 (deposited with the ATCC under Accession No.
CRL-1573). Celi line 293 contains the El regign of adenovirus, which provides El
gene region products o “support” the grov?/ of E1-deleted virus in the cell line (see
e.g., Graham ef al., J Gen. Virol. 36: 59-71, 1977). Additionally, cell lines that are
usable for production of defective ade zims having a portion of the adenovirus B4

terpational published Appl. No. WO 96/22378).

region have been reported (see e.g.
E3 also can be deleted from the
production, it can be om:itted/ffém the complementing producer cell.

The benefit of the g

limited in the extent to which they can spread 10 other celf types, since they can

ctor, but sinee it is not reguired for vector

e of replication deficient viruses as vectors is that they are

replicars within an ipdtial infected cell, but are unable to form new mfectious viral
particles. Multip}é deficient adenoviral vectors and complementing cell lines have
also been described (see e.g. published Appl. Nos. WO 95/34671, U.S. Patent Ne.

5,994,106)./The construction of replication-defective adenoviruses has been

1984 Nuc. 4cids Res. 11:6003; GhoshChoudhury (1987) Dicchem. Biophys. Res.

" Commun., 147:964; Gilardi (1990) FEES 267:60; Mittal (1993} Virus Res. 28:67;
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Yang (1993} Proc. Natl. Acad. Sci. USA 90:4601; and International published PCT
WO1995/026411).

Adenovirus vectors also include “gutless” or “guited” veciors in which all/
viral genes are removed leaving onty the ITRs necessary for vector propagatiog and
the W. Suck adenoviral vectors are designated pseudoadenoviral vectors (PAVs)
because they are derived from the genome of an adenovirus that contain frinimal cis-
acting nucleotide sequences required for the replication and packaging of the vector
genome. PAVs vectors contain the 5° mverted terminal repeat (TTR) and the 3°' ITTR
nucieotide sequences that contain the origin of replication, and he cis-acting
nucleotide sequences required for packaging of the PAV genome. They can be
modified to contain one more transgenes with appropriafe/fegulatory elements (e.g.
promoter or enhancers). PAVs have a carrying capacité of far more than 8 kb in size
and up to 36 kb in size, since they contain deletions/of most viral coding sequences.
{see e.g. U.8, Patent No. 5,882,887 or 3,670,48; PCT Publication No. WO96/40935,
WOG7/25466, WO95/29993, WO97/00326; Morral er al. (1998} Hum. Gene Ther.,
10:2706-2716, Kochanek et gl (1996} Proé. Natl. Acad Sci., 93:5731-5736; Parks et
al. (1996) Proc. Natl. Aced. Sci., 93:13565-13570; Lieber erel (1996) . Virol, :
70:8944-8960 or Fisher ef al, (1996}/ Virol., 217:11-22).

PAVs are grown by co—mfécmom of the producing cells with a "heiper“ virus
{such as using an El-deleted ag enovmxs vector), where the packaging cells express
the E1 gene products. The helper Virus.trans-complements the missing adenovirus
fimctions, including progliction of the viral structural proteins needed for pasticie
assermnbly, For examp .2 helper adenovirus vector genome and a gm”.leés adenoviral
vector genome arg/delivered to packaging cells. The celis are maintained under
standard cell mattenance or growth conditions, whereby the helper vector genome
and the packdpging cell together provide the complementing proteins for the packaging
of the adshoviral vector particle. Such gutiess adenoviral vector particles are
TeCOVS] ed by standard technigues. The helper vector genome can be delivered in the
forps of a plasmid or similar construct by standard transfection techniques, or it can be
delivered through infection by a viral particle containing the genome. Such viral

’ particie is commonly called a helper virus. Similarly, the gutless adenoviral vector

genome can be delivered to the cell by transfection or viral infection.
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. result of placing adenoviral genes essential for replication under control of a

' hstemiogoizs promoter (discussed above; see, also 1.5, Patent No. 5,998,205,
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Adenoviruses also include replication-conditional adenoviruses, which are

viruses that replicate in certain types of cells or tissues but not in other types as a

Patent No. 5,801,029 and U.S. Application No, 10/081,969, published as UZ 2003-
0104625 and corresponding published International PCT application No/ WO
2002/067861).
Adenoviruses also include those that bave been modified to/ contain a targeting
ligand to increase infection of specific target cells that express
lipids, carbohydrates, or portions thereof) for the targeting ligand, for example, to
d others, hold much
limited by the widespread
tissue distribution of CAR, which restricts delivery /f adenoviral vectors to specific

alter the tropism of the virus. While adenoviral vectors

promise for therapentic applications, their usefulness

cell types. Furthermore, the absence of CAR and/or ¢, integrin receptors on certain
cells in vivo restricts the cell or tissue types ét can be targeted by adenoviral vectors.
Thus, adenovirus also include those that have been modified by reducing or ablating
binding to native receptors and/or engipeering capsid proteins, such as the Hl loop, C
terminus of fiber, the L1 loop of he;’;én or the RGD loop of penton base, or the capsid
protein IX, to incorporate target }iéaﬂds for & desired cell receptor or tissue-specific
receptor {see e.g. Krasnykh e/VaZ (2000) Mol. Ther,, 1:391-405; Wickham ez al.
(2000} Gene Ther., 7:110-4{ Dmitriev ef al. (1998) J. Virol,, 72:9706-12; Mizuguchi
et al. (2004) Hum. Gen' Ther., 15:1034-44; Wickham er al. (1997 J. Virol., 71:8221-
&, Curiel (1999} dnn Acad Sci., 886:158-71). A capsid protein can be modified,
for example, by agfiition of a target tigand or substitution of the fiber with other types
of adenovirus § her. The target igand can be any protein, or portion thereof, that
binds to a méiety in or on & cell, such as 2 cell surface protein, hipid, carbohydrate or
other mojety. For example, the %arget ligand mcludes, but is not limited to, growth
factorg, adhesion molecules, cytokines, protein hormones, newropentides

(nedrotransmitters) and single-chain antibodies, or a suitable portion thersof. In other

#xamples, adenovirus veciors can be conjugated with adaptor molecules, such as

" antibody and fusion protein containing an anti-Ad single-chain antibody (scFv) or the

extracellular domain of CAR with the targeting ligand, or chemically modified with
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polymers, e.g. polyethylene glycol (PEG) moieties, that contain the targeting ligands
(se;e e.g. Mizuguchi ef al. (2004) Hum. Gene Ther., 15:1034-44; Eto er al. (2008) In
J. Pharm., 354-3-8).
Any of the above adenoviruses, or any known in the art, can be modifigd 1o
contain a desired heterologous nucleic acid molecule for use as & delivered dgent

herein, The adenovirus containing the desired heterologous nucleic acid/sequence can

Published PCT Application No. WO85/26411). In particular, such viruses can be
prepared by homologous recombination between an adenovifus vector and a plasmid
carrying the heterologous DINA sequence. The homologots recombination can occur
after cotramsfection of the adenovirus vector and plasphid into an appropriate cell line.
The cell Iine used is generally one that is transforméble. The transfection can be
performed in the presence of a reagent that direcfs adenoviral particle entry into
producer cells. Such reagents include, but arg not lumited to, polycations and
bifunctional reagent. In some exarmples, if the adenovirus is a defective adenovirus
{due to deletion of an early gene or fibgt protein), the cell line also contains the
sequences capable of complementing the defective adenovirus genome part, such as in
imtegrated form in order to avoic}fésks of recombination. Examples of complementing
)
cell Hnes include, but are not ){mited to, the human embryonic kidney line 293
(Graham e al., J. Gen, Virél. 36 (1977) 59) which contains the lefi-hand part of the
genome of an AdS adeptvirus. A complementing cell also includes, for example, a
cell of the PER.C6 c£ll line, which contains the adenoviral E! gene {PER.C6 i
ple, from Crucell, The Netherlands; depostied under ECACC

022940, see, also Fallawx et al. (1998 Hum. Gene Ther. $:1505-

gvaiiable, for ex

accession no.

1-1468)). Then, the adenovimses which have multipiied are recoversd and
ified according o conventional molecular biclogy technigues.

References illustrating the use of adenoviruses in gene therapy include, but are
not limited to, Vorburger and Humt (20(]2}' The Oncologist, 7:46-59; Brever er al,
(2001) Currert Gene Therapy, 1:1; Shirakawa (2009} Drugs News Perspectives,
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22:140-5; Wang et al. (2005) Gene Therapy and Mol. Biology, 9:291-300; and
Sheridan (2011) Nature Biotechnology, 29:121)
i, Adeno-associated virus (AAV)
Viral vectors for use as a delivered agent in the methods, compositiong’and
5 uses herein include adeno-associated vires (AAV), AAV is a single-strandéd human
DINA parvovirus whose genome has a size of 4.6 kb, The AAV genoms'contains two
major genes: the rep gene and the cap pene. The rep gene codes for fie rep proteins
{Rep 76, Rep 68, Rep 52 and Rep 40). The cap gene codes for

rescue, transcription and integration, while the cap proteins fo

replication,
the AAV viral

noviras or other helper

10 particle. AAV derives its name from its dependence on an 2
viruses (e.g. herpesviruses) to supply essential gene prod)zéts that permit AAV to
undereo a productive infection (i.e. reproduce itsslf indhe host cell). In the absence of

helper virus, AAV integrates as a provirus into the Host cell’s chromosome until it is

pot
th

AAYV viruses can be integrated inte'the cellnlar genome. The mechanism of
integration is mediated by the presence, 01 inverted terminal repeat (1TRS) at both ends
of the AAV genome, which contain/c’is~acting nuciectide sequences required for virus
replication, rescue, packaging an/d/{mtegraﬁon. The integration fimetion of the ITR |

20  mediated by the rep protein inﬁans permits the AAY genome to integrate into a
cellular chromosome after pifection in the absence of belper virus, The site of

integration for AAV is well-established and has been localized to chromosome 19 of

990) Proc. Natl. Acad. Sci., 87:2211-2215). Knowledge of the

ces the danger of random insertional events into the cellular

humans (Kotin et al.

integration site re

AAY vectors can be derived from ény naturally ocowrring AAV serotype,
luding AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAN-6, AAV-T, AAV-8 or
AAV-9, Such viruses are well kmown and available to one of skill n the art (see e.g.
Grimm et al. (2003) Current Gene Therapy, 3.281-304; Muramatsu ef al. (1996)

30
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Virpl., 221:208-217; Chiorini er gl. (1997)J. Virol., 71:6823-6833; Chiorini (1599) J
Virol., 73:1309-1319; Rutledge er o/ (1998} J Virol, 72:308-319; Xiao er al (1999
J Firol., 73:39%4-4003; Gao er al. (2002) Proc Natl. Acad. Sci., 99:11854-1185Y,

available are compatibie bost cells and heiper viros. AAV vectory also include
“psendotyped” AAV vectars, in whick the AAV-2 vector genofme 18 cross-packaged
004) Mol. Ther., 10:302-

17; U8, Patent No. 7,094,604). Such pssudotyped AAV vectors overcome

into the capsids of the other AAV serotypes (Burger ¢f al.

Iimitafions of AAV-2-derived serotypes, such as theirinefficiency at transducing
some cells, such &s Hver or muscle cells.

 Many AAV vectors exhibit widespread fansduction throughout multiple
tissues, such as skeletal and cardiac muscles,following delivery methods that achieve
sysiemic expression. These include, for %mpla, AAN serotypes-6, -8 and -9. In
particular, AAV vectors include an a enovirus-associated serotype 9 (AAV-9;
GenBank Accession No. AY53062 1; Gao etal. (2004) T, Virol., 78:6381-6388).
AAN-Y 15 2 vector that can bypass the bleod brain barrier to target the central nervous
system (CNE) {see e.g. Foust ér ai., (2009) Nature Biotechnology, 27:59-65, Dugque ef
al. (2009} Mol. Ther., 17:1187-1196). Hence, in examples of neurodegenerative
diseases or other diseasgs herein that affect or are associated with the brain or CNS,
AAV-9 can be used # the delivered agent to encode a protein of interest for delivery
systemnically {e.g delivery 1o the liver or portion thereof for expression in the blogd).

AAV vé tors include recombinant AAV vectors that contain a heterologous

nucleic acigrof interest. Procedures for generating such vectors are known to one of
skill in tHe art. For example, standard approaches to the generation of AAV vectors
requizés transfection of a host cell with an AAV vector genome containing a nucleic

acifl molecule of interest flanked by the AAV ITR sequences, transfection of the host

Aell by a plasmid encoding the genes for the AAV vep and cap proteins that are

required in trans, and infection of the transfected cell with a helper virus 1o supply the
non~-AAY helper fimetions required in trans (Muzyezka (1992) Curr. Top. Micro.
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Immunol., 158:97-129; U.S. Paient No. 5,139,941}, The helper viros can be an
adenovirus or other helper virus. The helper virus proteins activate transcription o
the AAV rep gene, and the rep proteins then activate transcription of the AAV ¢ép
genes. The cap proteins then utilize the ITR sequences to package the AAV denome
into a viral particle. '

Alternatively, recombination of AAV virions can be helped using a plasmid
containing helper function genes, In combination with infection by ¢he of the well-
known helper viruses that can be used as the source of replicativefunctions (see e.g.
U.8. Patent No. 5,622,856 and 5,139,941), Similarly, the skil

of a plagmid containing accassory fiunction genes, in combination with infection by wt.

artisan can make use

ALV, to provide the necessary replicative functions. A friple transfection method
also can be used to preduce rAAV virions, which is z/method that does not require
helper virus (see e.g., U.S. Patent No. 6,001,650}, /This is accomplished by use of
three vectors for tAAV virion production: - an Aclper function vector, an
accessory function vector, and a rAAV vic(w(.

References illustrating the use of LAV viruses in gene therapy include, but are
not limited to, Sheridan (2011) Nam7f{iotecknaiogy, 29:121 |

i

frues

jii. Eetr
Viral vectors for use as /a/delivéred agent in the methods, compositions and
uses herein inciude a retmva&/ ;fectar (see e.g., Maller (1992) Nature, 357:455-460).
Retroviral vectors are well Suited for delivering nucleic acid mnto cells becaunse of their

ability 1o deliver an unr

eavranged, single copy gene into a broad range or rodent,
primate and human
celis. Uniike othes

Retm'es are RNA viruses such that the viral genome is RNA, When a
nost cell is

s@matic celis. Retroviral vectors integrate into the genome of host

viral vectors, they only mfect dividing celis.

ected with a retrovirus, the genomic RNA is reverse franscribed into a

of an appropriate helper virus or in a cell ime containing appropriate sequences
permitting encapsulation without coincident production of a contaminating helper

virus. A helper viras is not required for the produciion of the recombinant retrovirus
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if the sequences for encapsulation are provided by co-transfection with appropriate
VeCtors.

The retroﬁ:irai genome and the proviral DNA have three genes: the gag,
and the env, which are flanked by two long terminal repeat (LTR) sequences,

DNA produced by reverse transcriptase inte host chromosemal DNA, and protease
d 3’ LTRs serve to
promote transcription and polyadenylation of the Vm;?U\IAs. The LTR contains alt

that acts to process the encoded gag and pol genes, The 5°

other cis-acting sequences necessary for viral replication.

Retroviral vectors are described by Coffin ¢f al., Retorviruses, Cokd Spring
Harbor Labi;raiory Press (1997). Exemplary of 4 retrovirus is Moloney murine
leukemia virus (MMLV) or the murine stem geli virus (MSCV). Retroviral vectors
can be replication-competent or replicatiop-defective. Typically, a retroviral vector is
replication-defective in which the codipg regions for genes necessary for additional
rounds of virion rephication and pacKaging are deleted or replaced with other genes.
Consequently, the viruses are Doy able to continue their typical lytic pathway once an

initial target cell is infected. Su ch retroviral veciors, and the necessary agents to

produce such viruses {e.g. packaging cell line) are commercially available (sez e.g.
retroviral vectors and sySiems availabie from Clontech, such as Catalog number
634401, 631303, 501, and others, Clontech, Mouinain View, CA).

Such retrgéiral vectors can be procduced as delivered agents by replacing the

viral genes regtired for repiication with the nucieic acid molecule to be delivered.

Hlasmids. The packaging cell lines provides the viral proteins required for capsid

production and the vinon maturation of the veotor {e.g. gag, pol and env genes),

Typically, at least two separate helper plasmids (separately containing the gag and pol




10

15

25

30

-98 .

genes; and the env gene) are used so that recombination between the vecior plasmid
camnot ocour, For example, the refroviral vector can be transferred inio a packagi
cell line using standard methods of transfection, such as caleivm phosphate medidted
transfection. Packaging cell lines are well known to one of skill in the art, and’are
commercially available. An exemplary packaging cell line is GP2-293 packaging cell
tine (Catalog Numbers 631505, 631507, 631512, Clontech). After s

virion product, the virus is harvested. If desired, the harvested virus gan be used to

ient time for

infect a second packaging cell line, for example, to preduce & virys with varied host
tropismn.  The end result is a replicative incompetent recombinait retrovirus that
includss the nocleic acid of interest but lacks the other strug genes such that a
new virus cannot be formed in the host cell.
References illustrating the use of retroviral vegtors in gene therapy include:
Clowes et al., (1994) J. Clin. Invest. 93:644-65 %m e al., (1994) Blood 83:1467-
1473; Salmons and Gunzberg (1993) Human Gene Therapy 4:129-141; Grossman and
Wilson (1993) Curr. Opin. in Genetics and Dlevel. 3:110-114; Sheridan (2011} Nature

Biotechnology, 29:121; Cassani et al. (2009) Blood, 114:3546-3556.

v Lentivirus
Lentivirnses are 2 subclass ?Z{ﬁrwmes. Exemplary of lentiviruses are HIV,
SIV and FIV. Uniike other mﬁoﬁmes, lentiviruses are able to integrate into the
genome of non-dividing cel},s// Thus, for exampie, lentiviral vectors have been
reported to deliver genes 19 rimary livers cells efficiently and permanently,
integrating into the genpime of non-dividing primary liver cells (Lewis and Emerman
(1994) J. Virol., 68:310-6). Lentiviral vectors also do not suffer from the same

transcription silepCing mechanism as MBML'V retroviral vectors. Lentiviruses differ

from other retrdviruses in that they have karvophilic determinants contained in several
virion protef , such as matrix or VPR, which interact with the nuclear import

ry and mediate active transportation of the viral pre-integration compiex
throu

celis is not dependent on cell division.

oh the nucleopore. Therefore, lentiviral integration info the genome of the host

Similar to other retroviruses, lentiviruses contain gag, pol and env genes that
are the main genes coding for viral proteins. In addition, there also are other

accessory genes that are involved in regulation of synthesis, processing of viral RNA
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and other replicative funciions (e.g. Tat and Rev in FIIV). These are flanked by two
long termingl repeat (LTR) sequences. The replication eyele is inifiated by binding 61
a viral glveoprotein to a host cell receptor, fusion of the membranes, and entry of the
virus info the cell. Upon entry the vires 1s uncoated and reverse transcription fakes
place leading to the formation of a pre-integration complex (PIC). It is the/other
accessory genes that play a role in the formation of a PIC and the ability’of
lentiviruses to infect non-dividing calls by actively entering the nuclefis of a cell
through the nuclear envelope via the PIC. Once the provires entere the nuclear
envelope, it integrates itself into the host genome.

Exemplary ientivirus vectors are based on HIV-1, HIV-2, SIVorFIV. In
order to generate safe lentiviral vectors, packaging cell Tifies are created that contain
several plasmid vectors, for example a four plasmid yeéctor system. For example, a
first plasmid contains accessory proteins (e.g. tat, bff, vpr and nef) deleted such that it
contains only the promoter, gag and pol and thePsi packaging sequence that allows
the transcribed viral RNA to be inccrporatedéo the assembly of new virus, a second

plasmid contains the reverse transcriptased a third plasmid contains the env gene

replaced with the Vesicular Stomatitis Virus Envelope Protein (VSV-G), and a fourth

plasmid is the vector of interest by réplacing the viral genes required for replication
Wiﬂz the nucleic acid molecule t/ ' be delivered. '
Such lentiviral vectory, and systerns and meihods of producing lentiviras, are
known in the art (see ¢.g. Buchshacher and Wong-Staal (2000) Blood, 95:249%-2504;,
Blomer et al. (1997)J. Yirol., 71:6641-9; Choi er al. (2001) Stem Cells, 19:236-46; ;
U.8. Patent No. 6,218,186). The lentiviral vectors are replication defective and do
not contain the gefies required for replication. To produce a lenfivirus, several
packaging plagtnids are transfected into a packaging cell line, generally derivatives of
HEX 293 of other similar cell line (e.g, 293FT cells, Catalog number R700-07,
Invitrogg i. Life Technologies, Carlsbad, CA), 293LTV cell line, catalog mumber
LTVA00, Cell Biolabs, Inc., San Diego, CA; Lenti-Pac 293Ta Cell Line, Catalog
pmber CLv-PX-01, GeneCopoeia, Rockville, MD). The packaging plasmids
separately encode virion proteins (e.g. capsid and reverse transcriptase) and the
nucleic acid molecule to be delivered by the vector (which can be transfected into the

packaging cell lines). A single-stranded RNA viral genome is transcribed, which is
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packaged into the virion. Metbods of generating lentiviral vectors are well known 1
one of skill in the art (see e.g. Naldine ef al {1996} Science, 272:263-267). Lentiiral
vectors and systems for producing virns are commercially available (see e.g..
Lentivrial expression vectors such as pSMPUW Lentiviral vector and derivatives
thereof and Lentiviral Expression and Packaging Systems available frop{ Cell
Biolabs, Inc.) .
Lentiviral vectors have been used in gene therapy applicatiéns (; see ¢. -3
Manilla er al. (2005 Human Gene Therapy, 16:17-25; Sheridag (2011) Nature
Biotechnology, 29:121). In particular, lentiviral vectors have been used for the
delivery of short-interfering RNA (siRNA) (Sachdeva er gl (2007) Jouwrnal of
Medical Virology, 79:118-26).

b. MNen-Viral Vectors

Non-viral based agents can be used as delivered agents in the methods, uses
and compositions herein, These melude non- expression vectors. Non-viral
gxpression vectors contain a nucleic acid ofinterest, e.g. a nucleic acid encoding a
polvpeptide, an antisense DNA oran s'%NA, whersin the nucleic acids are operably
linked to an expression control sequence (¢.g. promoter). Suitable vecior backbones
mclude, for example, those routin;lé used in the avt such as plasmids, minicircles, and
artificial chromosomes (e.g. maz‘é/malian artificial chromosomes (MACs), bacterial
artificial chromosomes (BACE), veast artificial chromosomes (YACs), or plant
arfificial chromosomes (PACs). Numerous vectors and expression systems are
commercially availableArom such corporations as Novagen (Madison, WI), Clontech
(Palo Alio, CA), - gene (La Jolla, CA), and Invitrogen/Life Technologies
{Carisbad, CA).

Vectorg'typically contain one or more rég&ﬂatory regions, which are
functionallyAnked to the encoding region. Regulatory regions include, without
limitatiog, promoter seguences, enhancer sequences, SMARS (scaffold matrix
attachyfient regions), insulators, response elements, protein recognition sites, inducible
elephents, protein binding seguences, 57 and 3° uniranstated regions (UTRs),

anscriptional start sites, termination sequences, polyadenylation sequences, and

" introns.
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Promoters controlling transcription from vectors in mammalian host cells may
be obtained from various sources, for example, the genomes of viruses such as
polyome, Simian Virus 40 (SV40), adenovirus, retroviruses, hepatitis B virus,
most preferably cvtomegalovirus (CMV), or from heterologous mammalian
promoters, e.g. B-actin promoter or EF1a promoter, or from hybrid or chigieric
promoters (2.8, CMVY promoter fused to the B-actin promoter). Promoters from the
host cell or related species are also useful herein.

Enhancer generally refers to a sequence of DNA that funpfions at no fixed
distance from the transcription start site and can be either 5° or'3’ 1o the transcription
unit. Furthermore, enhancers can be within an intron as well as within the coding
sequence itself. They are usually between 10 and 300 bée pairs (bp) in length, and

they function in ¢is. Enhancers usually function to igcrease transcription from nearby

promoters. Enhancers can alsc contain response elements that mediate the regulation
of transeription. While many enhancer sequenges are known from mammalisn genes
(globin, elastase, albwmin, fetoprotein, and pasuling, typically, one will use an
enhancer from a eukaryotic cell virus fméencral expression. BExamples are the V40
enhancer on the late side of the replication origin, the cytomegalovirus early promoter
enhancer, the polyoma enhancer o the late side of the replication origin, and
adenovirus enhancers. e '

. The promoter and/or/ﬁ(e enhancer can be inducible (e.g. chemically or
physically ragulated). A ghemically regulated promotér end/or enhancer can, for
example, be regulated
physically regulated promoter and/or enhancer can, for example, be regulated by

v the presence of alcohol, tetracycline, a steroid, or ametal. A

environmental fpttors, such as temperature and light. Optionally, the promoter and/or
erhancer regidn can act as a constitiive promoter and/or enhancer to maximize the
expression of the region of the transoription unit to be transcribed. In certain vectors,
the prophioter and/or ephancer region can be active in a cell type specific manner.
Optidnally, in certain vectors, the promoter and/or ephancer region can be active in all
otic cells, independent of cell type. Examples of promoters of this type are the
CMV promoter, the SV40 promeoter, the B-actin promoter, the EF 1o promoter, and
the retroviral long terminal repeat (LTR).
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The vectors also can include, for example, origins of rephication and/or

markers. A marker gene can confer a selectable phenotype on a cell (e.g., antibioti
resistance) or be otherwise detectable. Examples of detectable markers include the E.
coli lacZ gene, green fluorescent protein (GFP), and luciferase. In addition,
expression vector can include a tag sequence designed to facilitate manipwlation or
detection {(e.g., localization) of the expressed polypeptide. Tag sequenges, such as
GFP, glutathione S-transferase (GST), polyhistidine, c-mye, hemagglutinin, or
FLAG™ tag (Kodak; New Haven, CT) sequences typically are expressed as 2 fusion
polypeptide, including the encoded polypeptide and the marker. Such tags can be
inserted anywhere within the encoded polypeptide inciuding at either the carboxyl or
amino termnus.

In particular, 2 desired nucleic acid molecule £xpression vector containing a
desired nucleic acid molecule of interest, for example, encoding a gene of interest,
antisense DNA or siRNA or other mucleic acid molecule, can be delivered as naked
DNA can be used as a-delivered agent. Theefficiency of delivery of the naked DNA
in the methods herein can be increased by using various methods well-known to one
of skill in the art (sec e.g. Li and Huang (2006) Gene Therapy, 13:1313-1319). Such
methods incinde, for sxample, su:}l as electroporation, sonoporation or “gene gun”
approaches as described eis&w%@i'e herein and known to one of skill in the art. Also,
the efficiency of delivery ?fge increased by encapsulation in liposomes or

complexing with polymers as described herein. In a particular example, the nucleic

acid can be delivered af & nanoparticle.

References flustrating the use of nop- vectors in gene therapy inciude:

al. (2008) Clin. Cancer. Res., 14:1310; Jin er al. (2007) Biotechnol. Prog., 23:32-41),
The nanoparticle can be made as 2 polymer, such as by using polymer carriers (e.g.
polylactic acid, polysaccharides, poly{cyanoactylates, poly(lactide-co-glycolide)) or
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branched polymers to generate dendrimers, such as by growth polymerization steps
from poly(L~glutamic acid (PGA), polyamidoamine (PAMAM), poly(ethylene glyc
(PEG) and polvethylenimine (PEI). Biodegradable polymers can be used which
include, for example, polylactic acid, polyglycolic acid, polylactic-glycolic acj
(PLGA) or poly(methyl methacrylate) (PMMA), Other types of nanoparticles can be
generated as a liposome using various lipid mixtures; as a magnetic nangparticle using
iron oxide, as a silica nanoparticle using Si0O» or as a gold nanoparticje using
chlorauric acid or sodium citrate. Nanoparticle systems are well
in the art.

own fo one of skill

The nanoparticles can be functionalized by conjugating or coating a targeting
molecule onto the surface, for example, a targeting molegule that is a ligand for or
otherwise binds to receptors expressed in the cells to e targeted. Such targeting
molecules include, but are not limited to, ligands, afitibodies, or peptides. In
particular examples, a dual-ligand approach cayéilzsed to increase the selectivity for
acell. An example of a targeting molecule pbuld be & growth factor, e.g., a fibroblast
growth factor, that targets a fibroblast g,wﬁ factor receptor.  The choice of targefing
molecule depends on the particular application, including the tissue or organ to be
targeted, and can be empirically detérmined by one of skill in the art. Targeted )
nanoparticles are known in the att (see e.g., Franzen (2011) Expert Opin. Drug. Deliv.
8(3):281-98; Faraji and W, ip}lfé@ﬂg) Bivorg. Med, Chem, 17(8):2950-62; Salija ef al.,
(2009) Curr. Drug. Discoy. Technol. 6(1):43-51). In particular, methods for tissue-
specific gene delivery of nanoparticles are known iu the art {see e.g. Harris ef al,
(2010) Biomaterialy, 31:998-1006. For example, parenchymal hepatocytes express
asialoglysopmte; receptor (ASGP-R) and hepatic lecting. Thus, liver-specific
nanoparticiesére known in the art and can include functionalization with agents that
recognize the asialoglycoprotein receptor (ASGP-R) and other receptors including, for
exampl#, asialo-feutin, asialo-transferrin, asialo-cervloplasmin, asialo-lactoferrin,
asialé-orosomucoid, lac-BSA, hepatoglebulin, antibodies and galactose (see e.g.
Pdthak ef al. (2008) Int. J. Naromedicine, 3:31-49).

e Whaole Cell
The methods herein can be used o deliver celis containing ex vive delivered

nucleic acid as the delivered agent. For example, celis isolated from a patientor 2
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donor introduced with an exogenous beterologous nucleic acid can be delivered
directly to a patient by the methods herein. The advantage of the present method is
that the immune response 10 the cells is reduced by the vasoular
compartmentalization. Thus, provided herein is a muethod of administering a
genetically modified cell or celis to a compartmentalized organ or portion thersof in
the subject. The method includes compartmentalizing an organ or portigh thereof,

administering a genetically modified cell or cells to the compartmentdiized organ or

portion therect, maintaining the compartmentalization for a time périod subsequent to
the administration of the genetically modified cell or celis as described herein; and
restoring vascular circulation to the organ or portion thereof/ The amowunt of cells that
are defivered depends on the desired effect, the particulay’nucieic acid, the subject
being treated and other similar factors, and can be det

arl.

rmined by one skilled in the

Cells into which a nucleic acid can be igxfoduccd for purposes of gene therapy
encompass any desired, available cell type, and include but are not hmited to
epithelial cells, endothehial cells, keratinogytes, fibroblasts, muscle cells, hepatocytes;
blood cells such as T lymphocytes, E/ly/mphccytes, monocytes, macrophages,
neutrophils, eosinophils, megakaryotytes, granuiocytes; various stem or progenitor
cells, in particular hemampoieti%ﬂstem or progenitor cells, e.g., as obiained from bone
marrow, unrbilical cord biooc}/peripheral biood, fetal liver. For exampie, the
genetically modified cells ¢an be pluripotent or fofipotent stem cells (including

induced phripotent step celis) or can be embryonic, fetal, or fully differentiated cells.

The genetically modilied cells can be cells from the same subject or can be cells from
the same or diffepént species as the recipient subject. In a preferred example, the cell
ﬁscd for gene therapy is autologous 1o the patient. Methods of genetically modifying
cells end trg splam:ing cells are known in the art.

Vypically, the macleic acid is introduced into a cell prior to administration in
vivo of the resulting recombinant cell. Such introduction can be carried cut by any
mefhod known in the art, including but not limited 1o transfection, eleciroporation,
microinjection, infection with a viral or bacteriophage vector containing the nucleic
acid sequences, cell fusion, chromosome-mediated gene transfer, microcell-mediated

gene transfer, spheroplast fusion, sic. Numerous technigues are known in the art for
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the introduction of foreign genes into cells (see e.g., Locffier and Behr, Meth.
Enzymol(1993) 217:569-618; Cohen er al., Meth. Enzymol. (1993) 217:618-644;
Cline, Pharmac. Ther. (1985) 29:69~92) and can be used provided that the necgssary

- developmental and physiologicel functions of the recipient cells are not dispipted. In

particular examples, the method is one that permits stable transfer of the Aucleic acid
to the cell, so that the nucleic acid is expressible by the cell and heritable and
expressibie by its cell progeny. '

3 Exemplary Gene Therapy Agents s

The delivered agent containing a nucleic acid molecule for use in the methods,
uses or compositions herein can be any viral or non-viral yector encoding a nucleic
acid of interest, such as any gene therapy agent that is khown to the skilied artisan. It
is within the level of a skilled artisan fo choose an appropriate gene therapy agent

is being treating, Hundreds of
gene therapy agents are in clinical trials, and several have received market approval in
Burope (e.g. Glybera®, AJLPL) and Chi ‘
Sheridan (2011) Nature Biotechnology,

For exaraple, exemplary gene

depending on the particular disease or condition

e.g. vAdS3, Gendicine®) (see ¢.g.

erapy veotoés include adenovirus- or AAV-
based therapeutics. Non-limiting /g;{zmpies of adenovirus-based or AAV-based

therapeutics for use in the methsds, uses or compositions herein include, but are not

limited to: rAd-p33, which ig'a recombinant adenoviral vector encoding the wild-type
human tumeor suppressor protein p53, for example, for the use in treafing a cancer
(also known as Gendigine®, Genkaxin®, Wi et al. (2006) Modern Oncology,

14:1295-1297);, AdY dl1520, which is an adenovirus lacking the E1B gene for

{2010) Cancer Res., 70:4297); tAG-HSV1k, a replication deficient adenovirus with
HSV Ahymidine kinase gene, for exampie, for the treatment of cancer (developed as
Cel pm@, Atk Therapeutics, see e.g. U.5. Patent No. 6,579,855, developed as
ProstAtak™ by Advantagene, hnternational PCT Appl. No. WO2005/049004); rAd-

- TNFa, 2 replication-deficient adenoviral vecior expressing human fumor necrosis

factor alpha {TINF-0) under the control of the chemoradiation-inducible EGR-1
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promoter, for example, for the treatment of cancer (TNFerade™, GenVec; Rasmussén

diseases and conditions (Trinam®, Ark Therapeutes; U.S. Patent Publication No.

US20120308522); rAd-PDGF, an adenoviral vector 5 containi
PDGE-B, for example, for the treatment of wounds (Excell

a gene encoding
te, GAMS01 Tissue
Repair Co.; Blume ef al. (2011) Wound Repair Regen., 19302-308); Ad-TFNB, an

adenovirus serotype 5 vector from which the El and EZ genss have been deleted

expressing the human interferon-beta gene under the direction of the cyvtomegalovirus
(CMV) immediate~early promoter, for e:xai:nple 1 treating cancers (BG00001 and
HS5.110CMVhIFN-beta, Biogen; Sterman er ol (2010) Mol Ther., 18:852-860; an
AAYV containing & gene encoding the lipoprotein lipase deficiency (LPLD) gene, for
example, for treatment of subjects with EPLD or familial hyperchylomicronemia
{alipogene tiparvavec, Glybera®, Al/nsterdam Molecular Therapeutics; see e.g.
International Published Appl. No.,/W0O2010/134806; W02001000220, Yla-Herttuala
(2012 Mol. Ther., 20:183 1~2);,§5;MT -021, an AAV conigining a gene encoding the
enzyme porphobilinogen de)a’ﬁainase (PBGD), for example, for treatment of subjects
with Acute Intemﬂﬁir?é/mhyﬂa (ATP) (see e.g. U.S. Patent Publication No.
US2011/0262399; Eugopeean Patent No. EP1049487); rAAVO-CMV-hiNaGlu, an
AAV-9 containing & gene encoding NaGlu under the control of the CMV promoter
(2011 Mol Ther., 19:1025-33).

Other éxemplary gene therapy agents for use in the methods, nses and

{sec e.g Fuoet

plied Genetic Technologies), tAAVZ-CB- human retinal pigment epithelium
specific 65 dalton protein (RPE65) (Apphied Genstic Technologies), AMT-101
{Amsterdam Molecular), AASCMV-p53 (Aventis), CERE-120 (Ceregene, San Diego),
CERE-~110 {Ceregene, San Diego), SERCA-2a (Celladon, La Jolla), AAV2-sFLTO1
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{Genzyre), isAAGT6 (Targeted Genetics, Seattle), tgAACY4 (Targeted Genetics,
Seatfle), GX-12 {Genexine, Seoul, Korea), SCIB1 (ScanCell, Nottingham, UK),
Allovectin-7 (Vical, San Diego), VM202 (ViroMed, Minnetonka, MN) or Rexi
nanoparticle (Epeius Biotechnologies, San Marino, CA).
E. COMPOSITIONS, SYSTEMS AND KITS

Compositions containing the delivered agents for use in deliv
organ or portion thereof by the compartmentalized method herein argprovided. The
compositions provided herein are suitable for administration in vive. The
compositions are formulated for parenchymal administration. /Kp/icall}’, the
compositions herein are provided as ipjeciables. hljectablczs/can be prepared o
conventional forms, either as liquid sclutions or suspensions, saiﬁd forms suitable for
solution or suspension in lquid prior to injection, or emulsions. Generally, the
delivered agent compositions provided herein are 3 liquid form.

The compositions can contain a pharmagentically acceptabie carrier. For
injection, the carrier will typically be a liquig. In particular, the pharmaceutical

carrier is any carrier that is not bioicgic? v or otherwise undesirable, i.e. the

- composition is adminisiered to & sujfzt without causing undesirabie side effects or

interacting in a deleterions manner Avith the other components of the pharmaceutical
composition in which it is contg;iiied. The carrier is selected to minimize degradaﬁdn
of the active ingredient and ‘oJ minimize advesse side effects to the subject. For
example, pharmaceutically acceptable carriers for administration to cellg typically is 2
carrier acceptable for délivery by injection, and do not include agents such as
detergents or other gdmpounds that could darmage cells.

Suitable garriers and their formulations are described in Remington: The
Science and Practice of Pharmacy, 21* Edition, David B. Troy, ed., Lippicott
Williams & Wilkins (2005). Compositions for administration include sterile agueous
or non-guecus solutions, suspensions, and emulsions. Exaruples of non-aqueous
solvents are propylene glycel, polyethylene glycol, vegetable oils such as olive oil,

¢ injectable organic esters such as ethyl oleate. Agueous carriers include water,
alcoholic/aquecus solutions, emulsions or suspensions, inchading saline and buffered
media. As an injection mediurm, it is general carriers inchude water that contains

additives usual for injection solutions, such as stabilizing agents, salts or saline,
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and/or buffers. Exemplary physiologicaily acceptable cazriers include sterile water,

saline, buffered solutions or dexirose sclution. For example, exemplary physiologica
carriers inctude physiological saline, phosphate buffered saline, balanced salt sohuzon
(BSS), or Ringer’s solution and solutions containing thickening and solubiling abents,

5 such as glucose, polyethylene glycol, and polypropylene glycol and mixtureg thereof.

i0

composition or can be combined with other active agents for the particular disorder

treated. Optionally, other medicinal agents, pharmageutical agents; carriers,
adjuvanis, diluents can be included in the compogitions provided herein. For

15  example, any one or more of a wetting agents,/smuisifiers and lubricants, such as
sodium Jauryl sulfate and magnesium sterate, as well as coloring agents, release
agents, cdatizgg agéntss sweetening, flavaring and perfuming agents, preservatives,
antioxidanis, chelating agents and ingrt gases also can be present in the compositions.
Exemplary other agents and excipients that can be included in the compositions

20 include, for example, water so}ﬁi)le antioxidants, such as ascorbic acid, cysteine

hydrochloride, sodium bisulfate, sodium metabisulfite, sodium sulfite; oil-soluble

antioxidants, such as ascgrbyl pabmitate, butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHP, lecithin, propyl gallate, o-tocopherol; and metal chelating
agents, such as cifplc acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tarfaric

25 acid and phosplbric acid.

liposorhes. Sustained release formulations can be formulated for multiple dosage
inistration, so that during a selected pertod of time, such as a month or up to about
30 vear, several dosages are administered. Thus, for example, liposomes can be
prepared such that a total of about two 1o up to about five or more fimes the single

dosage is administered in one injection.
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The compositions can be prepared with carriers that protect them againgt rapid
elimination from the body, such as time release formulations or coatings. Such
carriers include controlied release formulations, such aé, but not linied t

- microencapsulated delivery systems, and biodegradable, biocompatible polymers,
5 such as ethylene vinyl acetate, polyanhydndes, polyglycolic acid, polyorthoesters,
polviactic acid and other types of implants that can be placed direttly into the body.

The compositions also can be administered in pellets, such as BLVAX pellets

(ethylene-vinyl acetate copolymer resin).
Liposomal suspensions, including tissue-targeted liposomes, also can be
10  suitable as pharmaceutically acceptable carriers. For example, liposome formulations
the art (see e.g., Kimm ef al.
(1983) Biock. Bioph. Acta T28:339- 398; Assil eitrl (1987} Arch Ophthalmol,
105:400; and U.S. Patent No. 4,522,811). Thedelivered agent can be encapsulated

into the aqueons phase of liposome systers f

cen be prepared by methods known to those of skill

15 The active materials also can be ixed with other active materials, that do not
impair the desired action, or with matefials that supplement the desired action or have
‘other actions, including viscoelastic/materials, such as hyaluronic acid, which is sold
under the trademark HEALON, which is & solution of a high molecular weight (MW)
of about 3 millions fraction of égéium hyaluronate (manufactured by Pharmacia, Inc;
20 see é.g., U.S. Patent Nes. 5,292,362, 5,282,851, 5,273,056, 5,229,127, 4,517,295 and
4,328,803). Additional g ve agents can be mcluded,
L.

25 or less than the amount of the same delivered agent that is admimstered intravenously.
&, compositions are provided containing a delivered agent formudated for

wfnal administration to a fissue or organ in an amount that is less than 100~

30 that is administered intravenously to the targer organ or tissue. The compositions can

be provided as single dosage formulations or multiple dosage formulations.
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1P vpto 1x10%vp, 12100 vpio 1% 10 vp, 11

adeno-associated virus is one that contains af least one heterclogous nucleic
molecule in its genome, such as a therapeutic nucleic acid molecule. The
adenovirus in the composition for single dosage administration is 10 p
pf, 1% 10°pfuto 1% 10,1 x 10° puto 1 x 10 pfu, 1 x 10° pfuto /% 10° pfu, 1 x
10° pfuto 1x 108 pfy, or 12 10% pfuto 1 x 107 pfy, or is 10 partickés to 1 x 10%
particles, 1 x 107 partices to 1 x 10'® particies, 1 x 10° particles 4o 1 x 10'° particles, 1
x10° particlesto 1 x 10° particles, 1 x 10° particles to 1 x 10 particles, or 1 x 10°
particles to 1 x 10° particles. Generally, the amount of ad¢hovirus in the composition

for single dosage administration is 10 vp to 1 x 10% 1x 10 vpio 1% 10%vp, Ix

Bthoixlﬂgvp,lx 10° vp to
x 107 vp, 1% 105 vp 1o 1 x 10%°
Vp, or is less than or about less than 1 x 16" vg, 1x 107 vp, 1x 10" vp, 1x 10° vp, 1

1x10%vp, 1x 1 vpio 1x 10% vp, 1 x 10° vp it

x10% vp, 1x 107 vp, 1x10%vp, 1 x 10° vp,A x 10% vp, 1 x 10° vp, 1 x 107 vp, 10 vp

or legs, In other examples the amount qf adenovirus in the composition for single
dosage administration is 10 pfu fo 1?*/1012 pf, 1 x 10° pfuto 1 x 10" pfu, 1 x 10° phe |
to1x 102 pfo, 12 10° pfuto 1 X}»{jm pfu, 1% 10° pfuto 1% 10° pfu, 1x 10° pfaio 1
x 10° pfin, 1% 10° pfu to 1 x 109pfu, 1 x 10°pfu to 1% 10™ pfu, 1 x 10° pfuto 1 x
10" pfu, or is less than or abgfut less than 1% 10° pfi, 1 x 10" pfy, 1 x 10% pfa, 1 x
10° pfu, 1 x 10% pf, 1% 108" pfu, 1% 10° pfu, 1% 10° p, 1 10* pfe, 1% 10° pf, 1%
10% pfu, 10 pfu or less./The composition can be formulated in 10 il to 5 mL, such as
20 uL .“ta 1 ml. or 3¢/pl to 500 pl.. In such compositions, the adenovirus is
formulated for pafenchymal administration. In particular examples, the adenovirus is

formulated fop'parenchymal administration to the Hiver,

Combinations

& conipasitions containing a delivered agent formulated for parenchyrmal
tration can be provided in combination with other agents. The other agents
be agents that increase the efficiency or facilitate entry of the delivered agent by
arenchymal cells, or regulate or modulate the immune response to the delivered

agend.
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For example, combinations are provided herein containing a composition
containing a delivered agent formulated for parenchymal administration and an agexft
or delivery vehicle that binds to or complexes with the delivered agent and medidtes
its entry into cells. Exemplary agents include, but are not limited te, cationic
liposomes and lipids, lipoproteins, synthetic poiyniers or polypeptides,

compounds or vitamins, Exemplary of polymers include polycations or,

polyamine, calcium phosphate precipitate, histone protein,pro
polvethylenemine, polyivsisne, polyarginine, poiyonﬁthi;ﬂiﬁe,
alburein, DNA binding proteins, non-histone chromosongal proteins, coat proteins
from DNA virases and polymers of N-substituted glyeines. The agents can be
formulated separately or together.

In a further example, expression of the 9’ rageuti'c transgene can be enhanced
with transcriptional enhancers, such as histoné deacetylase (HIDAC) inhibitars, for

example, hydroxamic acid, cyclic t&trap?\/me, valproic acid and others. Thus, the

 delivered agent can be provided in combination with an agent or compound that is 2

transcriptional enhancer of the virus-8pecific cell surface receptor. Such agents or
compounds include, for examplf):ffé histone deacetylase (HDAC) mhibitors, HDAC
inhibitors include those of the glass of iydroxamic acids, cyclic tetrapeptides,
benzamides, electrophilic -.-- ones or aliphatic acid compounds. For exampie, HDAC
irhibitors include, but asg not limited to, trischostatin A, vorinostat (SAHA),
belionostat (PX1D101) LAQE24, pancbinostat (LBI539), entinostat (MS-275}, C199,
mocetinostat (MGEZD0103), romidepsin (istodax), valproic acid, PCI-24781, SB939,
resminostat, givinostat, CUDC-101, AR-42, CHR-2845, CHR-3996, 48C-202,
CG200745, Kevetrin, or trichostatin A (TSA). Exemplary of en HDAC inhibitor is
valproic g .' which is a transcriptional enhancer of the adenoviras receptor CAR.
Studieg’have shown that adenoviral uptake 1s increased in the presence of valproic
acid/(Segura-Pancheco ef ol (2007) Genet. Vaccines Ther., 5:10.). In such examples,

e composition containing the delivered agent is formulated together or separately

/ with the additional agent or compound {e.g. transcriptional enhancer agent). The

transeriptional enhancer agent can be provided in an amount between or about
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between 50 mg to 8000 mg, such as or about between 100 mg to 5000 mg, 1000 mg
4000 mg, The agent or compound composition in the combination can be formul

for single or multiple dosage administration. The additions] agent or compouny

administration or parenchymal administration. /
In 2 further example, combinations are provided herein containing &
composition containing a delivered agent formulated for paregichymal administration

and a composition containing an Immunosuppressive agent! Exemplary

immunosuppressive agents mclude, but are not limited 10, cyclosporine (neoral®,
Sandimmune®), predanisone (Novo Prednisone®, Apd Prednisone®), azathicprine
(Imuran®), tacrolimus or FK506 (Prograf®), mycOphenclate mofetil (CellCept®),
3®, Orthoclone®), ATGAM &

osifion containing the delivered agent is

sirolirmus (Rapamune®), OKT3 (Muromorab

Thymoglobulin, In such examples, the co
formulated together. or separately with thé immunosuppressive agent. The additional
composition containing an yIOUnOS pressive agent can be formutated for Sﬁy route
of administration that is acceptabl;ZﬁZ known to one of skill in the art. For example,
the immunosuppressive agent c,aﬁ be formulated for oral administration, iniravenous
administration, subcutaneouy admimistration or parenchymal administration,

3. Articles of Manufacture and Kits

The compositiofis or combinations can be packaged for storage and/or use.
Thie packaging matgtial for use in packaging the agents are well known to those of
skill in the art. i ampics of packaging materials include ampoules, bottles, tubes,
vials, containgts, syringes, and any packaging material suitable for a selected
formulatio and parenchymal administration. For example, the compositions or
combingfions can be enclosed in ampoules, disposable syringes or multiple or single
dose fials made of glass, plastic or other suitable material. The packaging material
caft include a needle or other injection device se as to facilitate administration for
parenchymal administration purposes. The choice of package depends on the
particular delivered agent. In general, the packaging is non-reactive with the
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compositions contained therein. Also, the composition and packaging material is
sterile.

For example, the composition containing a delivered agent can be provided'in
a container, such as & sealed sterile vial or syringe containing an amount such it

5 upon admirnistration a sufficient amount of delivered agent {e.g. viral particles) is

pfuto 1x 16,1 % 10° pfuto 1% 10 pfu, 1 x 10° pfuto 12 10%p
x 10% pfe, or 1x 16% pfuto 1 x 10° pfug or is between or about
10 1x 10" particles, 1 x 10% particles to 1 x 10 particles, 1 x 1

L 1x10° pfuto
tween 10 particles to
particles o 1 x 10%°
particles, 1 x 10° particles to 1 x 10° particies, 1 x 10° pargicles to 1 x 10° particles, or
1 x 10° particles to 1 x 10° particles. The volume of g composition in the container
can be 50 pl to 50 ml, 50 ul.to S5ml, 5¢ pl. 1o 500 pl, 100 pl to 10 mL, 100 oL
to SmL, 100 uL 1o 2 mL, 100 plto 1 mL, 200 uf. to 4 mL, 200 pLto 2 ml, 1 mL o
15 10mL or I mL to 2 mL. For example, the coxfiainer can be provided for single use or
for multiple use administration. The volumé of agent in the contatner can be 100 pL
i 10 mL, where about 20 to 5 mL, suck as 20 t0 500 gl , 50 to 150 l, 100 ul to 10
mL or 200 g} to 2 mL, containing atfeast about 10 to 10" plaque forming units (pfu)
or particles, such as 107 1o 10° plgq{ie forming units (pfu} or particles in such volume
20 are delivered. / |
Cornpositions or copribinations containing a delivered agent can be packaged
as articies of manufacture ntaining packaging material, an amount of agent
formulated for parenchymal administration for single or multiple dosage
administration, angd a label that indicates the delivered agent is for use in delivering

25  parficular nucleiC acid molecule and/or for use in 2 particular application.

provided 4 . kitg. In particular, kits containing ampoules, bottles, tubes, vials,
contaipers, syrifiges with a delivered agent composition enclosed therein are provided.

Th

gelivered agent such as a syringe, needle, or other injection device. The composiiions

kits can optionally be supplied with a device that permits administration of the
30
" can be contained in the item for administration or can be provided separately to be

added later. The kit can, optionally, include instructions for application including
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dosages, dosing regimens and instructions for administration. Other reagents also can
be provided. For example, the kits can optionally include a device that effects
compartmentalization of a fissue or organ or portion thereof, implements for effeet

mobilization of a tissue or organ, a thmer in order to monitor compartmentalization

5  and other reagents for use in practice of the method. For example, the kit ¢an include
a parenchymal clamp.
F. ASSESSING DELIVERY, EXPRESSION OR EFFICA
In performing the compartmentalized method herein, any pumber of
parameters can be monitored or assessed to confirm delivery of the delivered agent,
10 expression of the nucleic acid molecule and/or 1o otherwise #alidate practice of the
method. For example, entry of the delivered agent into ¢élls can be monitored, the
presence of the delivered agent in the parenchyma o1 i the systemie circulation can
be assessed, expression of an encoded polypeptide/Can be assessed, toxicity of the
tissue can be monitored or assessed and/or acﬁyféftien of the immune system can be
15  deiermined. One of skill in the artis fa:zlfz with such methods and techniques.
Such methods and techniques can be optignally performed. |
1. Monitering of Deliveréd Agent
- For example, upon deﬁvsr/or administration of & delivered agent usmg the
compartmentalized method her@ifﬁ, the presence of the delivered agent in the subject .

20 can be assessed or detected. For example, assays as exemplified herein to measure

systemic reisase of the dejfvered agent or expressed transgene product in the
peripheral blood prior 6 ' during and after release of vascular isolation can be
performed. Typicall
5%, 4%, 3%, 2%
25 circulation folowing direct administration of the delivered agent to a tissue or portion

, in the methods herein, less than 10%, and generally less than

or 1% of the transgene product is detected in the systemic

Detection of the delivered agent can be facilitated by conjugation or operable

inkafe of the delivered agent or nucleic acid molecule 1o a detectable moiety.
tectable moieties are well-known to one of skill in the art, and include but are not

30 /limited to, chemiluminescent moieties, biolurainescent moicties, fluorescent moisties,

radionuclides, and metals. For example, detectable moieties include, for example,




- 115~

Inciferase, green fluorescent protein, red fluorescent protein, colloidal gold, iron,
gadolinium, and gallium-67 and other moieties well-known to 2 skilled artisan.
The delivered agent can be monitored from a tissue or bodily fluid safmple.
- For example, parenchymal tissue, and in particolar a compartmentalized égion, can
5 be harvested and processed (e.g. by homogenization) and RINA or DNX isolated or
purified therefrom. Bodily fluids that can be assayed include, for example, peripheral
blood, Methods of extracting RNA and DNA from tissue or bodily fluids ave well
known to one of skill in the art. For example, TRIzol®-based methods are typically
used for extract RNA from biological material (e, g. TRIzol® reagent, Life
16 Technologies, Carlsbad, CA.). For example, gene-specifit primers or probes can be
designed and the delivered agent or nucleic acid molgtule can be detscted using PCR.
and other standard methods known to one of skill i the art. This is exemplified
herein in the Exarnples where PCR was performéd using primers against luciferase.

Detection thersof in & fissue {e.g. homodgenized sample) or biological fluid

15 sample can also be effected using a flucrometer, nninometer, colorimetric plate
reader, Geiger counter, liquid scintillatién counter. The choice of method depends on
the particular detectable moiety and 6 within the level of skill of one ix the art. For
example, luciferase activity can *ge/ assessed using 2 luminometer as exemplified

herein in the Examples. Furthgfmore, detection is optionally performed by detecting

20 expression of polypeptide encoded by the delivered agent in a biological sample from
the subject. The polypeptide can be detected vsing procedures lmown 1o one of skill
in the art, including, byt not limited to, western blot, immunohistochermistry,
immunofluorescenge or ELISA.

In partic

25  isolated end

examples, parenchymal cells from tissues or organs also.can be

sessed for intraceliular presence of the delivered agent. In particular,
isolation of parenchymal cells typically is by enzyme digestion of fissues using
irypsin, Collagenases and/or other protease. Such procedures are well known to one
of skill in the art (see e.g. Somers ef @, (2007) DMD, 35:1797-1805; Methods in Cell
Biglogy, vol XL, David M. Prescott ed., Academic Press, 1976; Chapter 4,

30 /Preparation of Isolaied Rat Liver Cells", pp 29-83). For example, the fissue can be

perfused, such as with phosphate-buffersd saline, to remove any blood. The tissue

can be minced with scissor and digested in a digestion medium containing a protease.
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Thas typically resuits in a cell suspension that can be filtered to collect the cells. Any
residual proteage can be inactivated, such as by collection of cells in fetal bovine
serum. The cells can then be washed and cultured in a cell culture medium of chefce
that is known to be compatible with the particular cell. Cell viability can be agéessed,
and the freshly isolated cells can be assayed for the intracellular presence of delivered
agents. The presence of intracellular agents can be assessed by fixation 4nd

permesbilization of the cell membranes (e.g. using commercially available reagents

Ax Der Grub Bio Research GmbH, Imtec). The cells can be asdessed by flow
cytometry, by using & plate reader device {(e.g. fluorometer, i
colorimetric plate reader), or by assessing radioactivity. In addition, if desired,
microscopy methods can be used. In addifion, cell hopdogenates can be prepared and
used for Western Blot analysis.
2. Host Toxicity and Immyne Activation
Tissue toxicity and immune responses mitiated upon adminisiration of the
delivered agent also can be assessed. j%xampls, toxicity can be assessed by
histopathology of the underiying tissug/or organ or portion thereof, Tissue samples
cen be obtained by biopsy and staiyed for histological analysis, typically using
hematoxylin and eosin. Ceiluia;ﬁbmrmaiiﬁ@s can be agsessed. For example,
histopathological analysis can i;:ieizﬁfy inflexmmatory cell infiltrates, such as
lymphoeytic or neutrophil Anfiltrates, associated with imnmme activation.
Comparisons can be male to a region of the same tissue or organ of the same subject
that was not compartmentalized. In other examaples, tissues from control subjects that

the method herein can be used.

were not treated b

opfan. For example, with respect 1o the liver, known biomarkers associated with hiver
injury or damage include, for example, alanine transferase (ALT), aminotransferase
(AST), alkaline phosphatase or bilirubin. Baseline levels of such markers can be

determined in the subject prior to initiation of the procedures herein. Normal control
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subjects also cen be used as a measure of normal Jevels of such enzymes. Further,

In the methods herein, following administration of the delivered agent, markers of
10  immune activation, such as cytokine expression, are not significantly elevated or not
elevated in the systemic circulation of the subject. h}/ dition, while some increase
in the organ or portion thereof to which the delivered agent is admirdstered, the local
immune activation that is observed is less than is 6bserved in existing gene therapy

methods. A baseline value for such markers ¢an be determined from normal subjects

15 or from the treated subject prior to a tion of the delivered agent in the method

herein. Further, effects of the comp ntalization can be. determined by comparing
immume markers in portions of the fissue or organ that have been compartmentalized
versus portions of the fissue or organ that have not been compartmentalized.

For example, the presc/z;ée of neutralizing antibodies to the delivered agent

20 can be assessed or defermined. In parficnlar examples, virus-specific neutralizing

antibodies can be detected! Typically, serum is collected from a subject that has been
administered virus, sugh as the me‘thed herein. Various assays are known o one of
skill in the art 1o asy s the presence and amount of neutralizing antibody in the
sertrm. For exampple, neutralizing antibodies can be detected based on sera inhibition

25 of viral funct] dn (Mandel er al. (1978) Adv. Virus. Res., 23:205-68), using a plaque

based’'on quantitative morphological oriteria (Vincent er al. (2001). Serum levels of
ctralizing antibodies also can be assessed using anti-virus-specific antibodies, For
3¢ /xample, an anti-AdS antibody can be used (e.g. 65H6, Thermo Scientific, Rockford,

| ).
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In other examples, the expression of cytokines, and particularly
promflammatory cytokines, can be assessed. Tissue or bodily fluid (e.g. periphe
blood) can be processed for DNA or RNA. PCR, such as RT-PCR, can be perfyrmed.
Various arrays are commercially available containing reagents for RT-PCR gt
cytokines (see ¢.g. TagMan® arrays from Life Technologies, Carlsbad, CA). Also,
primers can be designed against any cytokine of interest. In another egampie,

enzyme-linked immunosorbent assays (ELISA), enzyme immuno

Western Blot assays can be used to assess cytokine expression.
assessing cytokines and other immune proteins are well knowh and commercially
avaitable. For exampie, EIA and ELISA kits are coxmnergziélly available for
numerous cytokines that include, but are not Hmited 10, A1-6, IL-10, T~18, 1L-2,
TNF-& and others. For tissue preparation for use in guch assays, tissue
homogenization procedures can be used, which are known to one of skill in the art.
Tissue can be homogenized in a hemagcnizatjﬁh buffer, cen:trifaged 1o remove debris
and insoluble material and total protein conc/entration can be determined (e.g. using 2
Coomassie Protein staining assays, BCA/method, or other method konown to one of
skill in the art). The aliquots of the cgntrifuged supernatant can be processed for
Western Blot, or can be diluted used directly for an ELISA-based assay.
G. APPLICATIONS AND METHODS OF USE

The camparm&ntaiizé method provided herein permits sustained and long-
term high level expressiof of a fransgene product. Accordingly, the method can be
used in diverse applicghions, including, buf not limited to, medical applications,
including applicatighs to replace a defective gene product or in applications to

exogenousty inister & therapeutic agent; production of organs for {ransplant;

production of therapeuntic proteins in transgenic animals (e.g Wioreaciors); and in
agriculturg], veterinary and indusirvial applications. For example, the methods can be

used fof cellular expression i vivo of a selected polypeptide. In some examples, the

polypeptide agent can be useful in therapeutic settings where the polypeptide treats or
eliorates a disorder or condition in a subject or otherwise improves the guality of
iife in a subject, In other examples, the polypeptide agent can be useful in agriculture
seting, for example, applications that mmprove the guality or quantity of meat

production.
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The method can be performed on any subject or patient that is in neéd of gene
therapy treatment and is amenable to treatment by the method herein. Exempiary
such subjects include, but are not limited to, mice, rats, cows, pigs, sheep, goatss
horses and humans. In particular examples, children under age 18, including/infants,
toddlers or young children, are contempiated hersin for the treatment of difeases or
conditions associated with genetic deficiencies.

Exemplary applications of the method herein are provided below. Itis
understood that other applications exist depending on the particulér nucleic acid
molecule that is being administered. It is within the level of g41] in the art to choose a
nucleic acid molecule of interest based on any desired application. The description
herein below is for exemplification only.

i. Treating Diseases and Disorders

Provided herein are methods of treating a disease, disorder or condition by
delivering a nucleic acid molecule to a subject dsing the compartmentatized methods
provided herein. The disease, disorder or c} dition that is treated is any that is

amenable to treatment by an exogenousty delivered nucleic acid molecule. For

* example, such diseases or conditions paclude any in which treatment is effected by

decreasing or increasing exprcgsm}pf of a gene associated with the condition,
decreasing or increasing the actiity of a gene product associated with the conchﬁon
or otherwise countering the acl/mrauon associated with the condition (e.g. signs,
symptoms or effects assogimed with the disease or condition). For example, gene
therapy can be used to freat diseases or conditions associated with ganetic

deficiencies, includ;

¢ monogenic diseases, (e.g. hemophilia A and B, type I diabetes
mellitus, alpha-1/antitrypsin (AAT), cystic fibrosis, muscular dystrophy and
s} or can be used to wreat diseases or conditions by encoding a

therapentig/protein associated with ameliorating the disease or condition (e.g.

In any of such examples herein, the deliverad agent is a nucleic acid molecule
ntaing a nucleic acid molecule that is a therapentic nucleic acid or that encodes a
erapeutic polypeptide. Thus, provided herein is 2 method of treating a subject with
a disease or disorder by compartrmentalizing an organ or portion thereof of a subject;

administering & selected delivered agent that is or that contains a nucleic acid
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molecule of interest directly to the compartmentalized organ or portion thereof for a
predetermined time period subsequent to the administration of the nucleic agent
described herein; and restoring vascular circulation to the organ or porfion thergof.
The methods provided herein can be used to freat a wide variety of diseases
and disorders. The delivered agent, and nucleic acid molecule therein, isdelected
based on the disorder or disease to be addressed, and the particular orgén affected. As
described elsewhere herein, one of skill in the art can determmine thg'type of nucleic

acid molecule depending on the particular disease or disorder that is being treated. As

further exemplification, for example, the compartmentalized hethod is used 1o deliver
a nucleic acid encoding CFTR for treating cystic fibrosis, 4 nucleic acid encoding
NP2 for treatment of pain, a nucleic acid encoding an gfgiogenssis inhibitor or tumor
suppressor for the treatment of cancer, a nucleic acid encoding an insulin or exendin-4
for treatment of diabetes,

Further, it is known to one of skill in :c/hé/am the particular tissue or organ to
compartmentalize based on the disease or disorder to be treated, and fhe particular
delivered agent that is administered. In séme cases, a delivered agent does not exhibit
tissue or organ transduction, and thugas delivered directly to the affected tissue or
organ. In other instances, a paré;;z ar deltvered agent is chosen that exhibits fissue
iropism or transduction followjhg systemic expression. For example, AAV-4, AAV-
6, AAV-E and AAV-9 exhibit widespread transduction to multiple tissues, including
lung, heart, liver, kidney/skeietal and cardiac, and thus can be a delivered agent for
systemic expression t¢f achieve treatment of skeletal or cardiac diseases and disorders.
In another example] AAV-9 is capable of bypassing the blood brain barrier 1o
transduce the central nervous system (CNS), and thus is a delivered agent for systemic
expression to/achieve treatment of newrodegenerafive disorders or other CNS diseases
and disorgers.

In particular, the lung is an important target organ for gene therapy of many
acujé and chronic diseases, including cancer, ssthma, cystic fibrosis, alphadn.
titrypsin deficiency and respiratory distress syndrome, among others. The muscle is
a target organ for gene therapy for freatiment of muscular or motor disorders lke
muscilar dystrophy or charcot-Marie-Tooth (CMT) disease. The brain is an

important target organ for gene therapy of motor neuron diseases (e.g. spinal muscular
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(ALD)), Parkinson’s Disease, or diseases and conditions associated with a missing
defective gene, including metabolic or Iysosomal disorders such as Sanfilippo
(zaucopolysaccharaidosis type HI, MSPHIyer Canavan disease. The. skin 15 a farget
organ for gené_ therapy foi chronic wounds, hypertrophic scars, keloids, capcer,

genetic diseases and syétsmic. diseases. For exampie, growth faciors (e g PDGE-B,

"FGF2, VEGF) can be targeted to the skin for wound repair (Liu er az’/(glf}{}l) Yonsei

Medican Jowrnal, 42:634-645). The liver is a target organ for geng'therapy of
numerous inherited; genetic and metabolic liver diseases and disorders including, but
not limited 1o, hemochromatosis, hemophiliz A and B, aiph;/{ antizrypsin deficiency,
Wilson’s diseése, Crigler-Najjar syndrome type I, o:?ﬁ{e transcarbamylase
deﬁciency, type Iia familial hypercholesterolemia, afibrinogenemia, lysosomal

storage diseases, giycogen.storage diseases, phenyiketoneria, Tay-Sachs disease,

“induced hepatitis.

Gene therapy of a.delivered agent containing a nucleic acid of interestto a
particuiar tissue or organ can effected for gvstemic expression. For example, gene
therapy delivery toil'the iver can be used to treat non-liver associaied systemic

diseases or conciéﬁons,' since the ce}ﬁlar machinery of the liver can produce and

- gecrefe & large guantity of proteizz§ into the blood. Thus, targeting the Hiver can be

used to produce therapentic proteins mto the blood circulation for treatments of

various diseases and conditions, including but not limited to, blood coagulation

factors, hormones, growth factors, cyiokines, metabolic enzymes and anti-proteases.
The tiver also can be/fised to differentiate hepatocytes into insulin-secreting f cells in
the liver. Gene the .apy has been used to treat a number of disease and condifions by
targeting the li¥er (Nakai H.,.“Hepatic Gene Therapy,” pp. 343-370 in Molecular
Pathology of Liver Discaécs (S.P.5. Monge, ed.). In another example, systemic

diseases gan be treated by targsting skin becauss keratinocytes can produce large

i1 can be used to delivery nucleic acid encoding eytokines (e.g. interferon or
fnterleukins or other cytokines), hormones {e.g. insulin, growth hormone and other
hormones), coagulation factors and other proteins to treat neoplastic, viral,
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inflammatory and genetic diseases. For example, genetic defects such as hemophili
B can be treated by delivery of Factor IX into keratinocytes.

Furthermore, the amount of delivered agent administered is adjusiedb ed on
erapeutic desa.ge of the therapeutic nucleic acid or therapeutic

poiyp'eptide: encoded by the nucleic acid molecule. As described herein, By using the
compartmentalized method provided herein, the dose of delivered agesft and the
protein output is linear. Hence, the particular dosage of delivered agent can be
empiriéally determined based on the particular nucleic acid molgtule, the delivered
i$tered the delivered

e, the needed therapeutic

agent, the particular genetic therapy, the subject to be admi
agent, the target organ or portion thereof, the expected up
arnount, and other factors.

Exemplary discase or disorder that can be tredied by delivery of 2 nucleic acid

~ molecule by the compartmentalized method hereid include, but are not limited to, an

inherited enzyme deficiency (e.g., mucopolysaéharidosisa glycogen storage diséasa,
and lysosomal storage disease}, cancer, herdophilia, diabetes, muscular dystrophy,
cardiovascular disorder, cystic ﬁhmsis,}faﬁcer, neurodegenerative diso_rders auma,
pain, sickie cell anemia, autoimnl;lzéisease, inflammatory disease, inherited

imrnune deficiency, hypertension and Parkinson’s Disease. For example, the disease

or condition is seiec‘ied from afpfmg hermophilia A and B, type I disbetes mellitus,
alphe-1-antitrypsin (AAT) def

ithine transcarbamylase deficiency, tvpe I, familial

iciency, hemochromatosis, Wilson’s disease, Crigler-
Nayjar syndrome type I, orn
hypercholesterolemia, 4 xbxinngenémia, glvcogen storage disease (G8D) type la, GSD
type Ib, GSD type I (Pompe), mucopolysaccharidosis (MPS1), MPS 1A, MPS [IIB,
MPS VII, Fabry disease, Gaucher’s disease, Niemann-Pick syndfomc, ornithine

transcarbamylase deficiency (OTC) deficiency, phenylketonmria, liver fibrosis, and

vhdrome, Zellweger syndrome, severe combined immmodeficiency disease (SCID),
rstic fibrosis, acute intermitient porphyria, lipoprotein lipase deficiency (LPLD), or
multiple sclerosis. '
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With exemplification to the liver, the methods herein can be used in the
delivery of a delivered agent containing any nucleic acid, such as any described i
Section D.1, to a compartmentalized liver oé portion of the liver to treat any ditease in
which gene therapy has been used in the art. For example, the liver (or othe
) apd treatment
tor VIII for
Wemophilia B;

organ) can be compartmentalized in the method herein for delivery of
of diseases and conditions inciuding, buf not limited to: delivery of F4
treatment of hemophilia A; delivery of Factor IX for treatment of
&éﬁvery of a(alpha}iééntiﬁrypsin for treatrent of a{aipha)l-antifrypsin deficiency;
delivery of glucose-6-phosphate-o for the treatment of giyeo,
(GSD) type Ia; delivery of G6PT for treatment of GSD

glucosidase for treatment of GSD type II (Pompe); delivery of u-L-iduronidase for

gen storage disease
ype Ib; delivery of acid-o-
treatment of mucopolysaccharidosis (MPS1); delivefy of sulphamidase for treatment
of MPS HIA; delivery of a-N-acetylglucosaminid hee {NaGhy) for treatment of MPS
1B, delivery of p-glucuronidase for treatment £)f MPS-VII; delivery of ¢~
galactosidase A for treatment of Fabry disedse; delivery of glucocerebrosidase for
treatment of Gaucher’s disease; delivery/ of acid sphingomyelinase for reatment of
Viemann-vPick syndrome; delivery o gmithjné transcarbamylase deficiency (OTC)
for treatment of OTC deﬁciency;)g; gluctronosyltransferase 1A1 (UGT1AT) for
treatment of Crigler-Najjar s ééume; LDL receptor for treatment of familial
hypercholesterolemia; phen;?
metalloprotease (MMP1 gt MMP8); v-PA, TIMP antagonist or anti-HSC molecules

for treatment of Hver Sbrosis; anti-ROS molecules for treatment of liver ischemia

talanine hydroxylase for ireatment of phenylketonuria;

reperfusion mjury; proinsulin precursor or transcription factors for B cell
transdifferentiatién for treatment of diabetes mellitus; RNAL against viral RNA for
treamment of H patiﬁs B; RNAI against viral RNA for treatment of hepatitis C; p53 for
treatment of Iiver cancers; [IFIN-§ or other anti-inflammatory cytokine for the
treatmept of multiple sclerosis; interferon-o for the treatment of induced hepatitis; or
lipopfotein lipase for the treatment of Hpoprotein lipase deficiency (LPLD).

This list is not intended to be lmiting, as any disease or condition that can be

/2ddressed with & therapeutic nucleie acid or a therapeutic polypeptide encoded by the

nucieic acid could be addressed. Exemplary diseases and conditions are described

below,
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a. Hemopkiliz A and B
An example of a condition that can be treated by the compartmentalized

method and materials herein is hemophilia. There are two types of hemophilia,

clotting factors causes a severe impediment m the patient’s ability 10 s
when suffering from a wound or when a biood vessels structure is
results in prolonged bleeding with potential fatal consequences. Cgent treatments for
hemophilia include periodic transfusion with bloed productsfrecombinant versions
of the required blood factor. However, despite improved sopeening of donor blood the
risk of viral infection through blood or blood product trarsfusion remains a problem.
Furthermore, with both blood product-derived and regbmbisant-derived factor VIII or
IX therapy, the development of antibodies that blo /the activity of the clotting
factors has complicated treatment for some pati/m‘ts. Hemophilia has been considered
an ideal candidate for gene therapy since a ipedest rise in Factor VIII or Factor IX
levels bas been shown to be sufficient to afeliorate many of the clinical
consequences of hemophilia A or B, respectrvely.

Using the method hersin, & giéivcred agent containing a gene for Factor VIII
can be used 1o treat hemophilia ff/ln another exampie, using the methods hersin, a

/
delivered agent containing a géne for Factor IX can be used fo ireal hemophilia B, In

factor/ For example, the particular clotiing factor can be either Factor VIII or IX
depending on the underlying deficiency. The genetic information is be transcribed and

#ansduced and thus the clotting factor is synthesized and secreted into the circulation

" correcting the blood clotting fupairment / deficiency.

b. Familial Hyperchelesterclemia
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~ An example of a condition that can be treated by the compartmentalized
method and materials herein is familial hypercholesterolemia. Familial
hypercholesterolemia is an autosomal dominant disorder due t0.a mutation in thedow-
density lipoprotein receptor (LDER) gene. Although lowering plasma cholesférol
decreases the risk of coronary artery disease, patients with familial
hypercholesterolemia generally respond poorly to pharmacologic frea
Subjects that have famnilial hypercholesterclemia have been treated by administering
nuclete acid encoding a low density lipoprotein receptor {(see e.g. ssman e ol
(1995} Nat. Med., 1:1148-1154; Shichiri ef al. (2003) Gene Ther., 10:827-31; Yang et
al, (1994) Immunity, 1:433-442; Yank et al. (1995) J. Virol /69:2004-2015; Yang et

al. (2004) Biochem. J,, 379:89-97). Similarly, using the gompartmentalized method

herein, a delivered agent containing a gene for LDLR Gan be used to treat familial
hypercholesterclernia. This can be achisved usi e methods herein by directly
delivering to the parenchyma of a compartmen d tissue or organ, for examplea
compartmentalized liver, such a small portiont of the liver, a reconibinant virus (e.g.
adenovirus) or some other type of vector gf delivered agent encoding LDLR.

Lo Type [ Diabete 4 I;fiaiiims

A further example of a condition that can be treated by the compartmentalized
method and materials herein 1s ?5%& I Diabetes, Type I diabetes results from a failure
to produce insulin, this in tuxy/ieads to a marked increase in blood glucose levels.
Furthermore, sustained high glucose blood levels leads to several consequences that
severely diminish ’s quality of life and life expectancy. Diabetes is a chronic
disease that presently has no cure.

Alleviation/0f some of the pathological effects of diabetes can be achieved by
partially restoping insulin levels using the present method. Using the
compartmeritalized method herein, a delivered agent containing a gene for insulin can
be used 0 treat diabetes. This can be achieved using the methods herein by divectly
delivéring to the parenchyma of a compartmentalized tissue or organ, for example a
cofapartmentalized Hiver, such as 1o a small porion of the patients liver, a delivered
agent {e.g. viral vector or other vector) encoding the insulin gene. This can result in
the stable, long-term, synthesis and secretion of insulin by the transduced liver cells.

d. Alphe-l-Antitrypsin (AAT) Deficiency
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A further example of 2 condition that can be treated by the compartmentalized
method and materials herein is the common monogenic lung disease Alpha-1-

antitrypsin (AAT) deﬁciency. AAT s pmducgd by the liver and secreted 1o the

encoding AAT has been isolated and exogenous administration with'recombinant
Tuman AAT protein represents one form of current therapy,
A number of studies have also shown promise toward thé development of 2

therapeutic approach based on gene therapy. Gene therapyinethods include, for

‘example, transduction of skeietal muscle cells or liver cglls to express AAT (Song er

al. {1998) Proc, Natl Acad. Sci., 95:14384-14388; Sdng ef al. (2001} Proc. Notl.
Acad. Sci., 98:4084-8; Song er al. (2001) Gene Thér., 8:1299-1306; Song er al, (2004)
Hepatology, 40:918-24; Zhang er-al. (2003) Gehe Therapy, 10:2148-52; Ferkol er al.
(1998) Am. J. Respir. Cell Mol. Biol., 18:59
Using the method herein, a delivered agent containing a gene for AAT can be
used 1o treat AAT deficiency. This i be achieved using the methods herem by

directly delivering fo the pamnchyma of a compartmentalized fissue or organ {¢.g.
such as the muscle or liver, e. ‘g} /4 small portion of the Hiver) a delivered agent (e.g a

non-viral or viral vector suc;/as adenovirus) encodmg AAT. By incorporation of a

nucleic acid sequence encdding AAT into 2 vector and transducing a portion of 2
tissue organ using the present method, stable long term expression of AAT can be
achieved and could potentially resolve the emphysema. '

‘Aogiogenesis and Cancer ‘

ple of a disease or éondiﬁon that can be treated by the
compertmefitalized method herein is angiogenesis. Angiogenesis is the process by
which néw capillaries are formed from pre-existing vasculature. It is & complex
procgss that involves proliferation and migration of endothelial cells. Angiogenesis
plays & fundamental role in reproduction, embryonic development and wound repair.
nregulated angiogenesis, however, plays a central role in the progression of many
diseases, such as solid tumor growth and metastasis, arthritis, diabetes, and some

forms of blindnsss. For example, angiogenesis play a role in the growth and spread of
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cancer due to the formation of blood supply to tumors that can feed growing tumors
and promote metastasis. Hence, anti-angiogenic agents can be used to treat cancer
and other diseases in which angiogenesis plays a role. |

Angiogenesis is controiled by complex interactions between pro-angiog

5 growth factors such as VEGF, FGF and PDGF and anti-angiogenic factors ghch as
endostatin and angiostatin, An imbalance between these two groups of factors
generates pathologic angiogenests. Several lines of research have proposed that the
infusion of anti-angiogenesis factors into patients with cancer, sucH as endostatin or
angiostatin, would reestablish the balance between these two fofces, arrest abnormal
10  angiogenesis and thus arrest tumor growth and metastasis. 7

Using the method herein, a delivered agent containihig a nucleic acid encoding
an anti-angiogenesis factor can be used 1o weat angiogénic diseases and conditions,
such as cancer, arthritis, diabetes and blindness.
methods herein by directly delivering to the parghehyma of a comparimentalized

is can be achieved uging the
15 tissue or organ {e.g. such as the liver, e.g. a small portion of the liver) a delivered
“agent (e.g.-anon-viral or viral vector suclyas adenoviras) encoding an anti-angiogenic
factor, such as endostatin or angiostaﬁ;a’./ By incorporation of a nucleic acid sequence
~ encoding the anti-angiogenic fac’to/r/into a vector and transducing & portion of a tissue
organ using the present method, stable long term expression of the anti-angiogenic

20  agent can be achieved.

£ Autcimmupe and Inflammatory Disorders {(e.g. Multiple Scleresis)
An example of a df sease or condition that can be treated by the

compartmentalized ‘thod herein are autoimmune and inflammatory disorders, such

as multiple scker (MS), theumatoid arthritis, osteoarthrifis, diabetes, Crohn’s
25 disease, Sjogrp fis syndrome, cystic fibrosis, myostitis and lupus. For exarmple, MS is
an autolmy ne inflammatory disease of the central nervous system (CNS) in which
fatty myéhin sheaths around the axons of the brain and spinal cord are damaged. The
resul’ts that the axons can no longer conduct signals. |
Treatment of autoimmune inﬂammatory. disorders, such as MS and other
30 /eonditions, by gene therapy targets immume activation using cytokines, cytokine
antagonists, anti-T cell monoclonal antibodies, inhibitors of signal transduction, For

example, anti-inflammpatory genss can be introduced to down-medulate the immune
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response (Neumarm ef al. (2005) Gene Therapy and Molecular Biology, 9:61-76).
Exemplary anti-inflammatory genes include cyickines or other immumomodulato
agents such as, but nat limited to, by interleukin-4, interleukin-10, transformin
g’bwth factor b, interferon-beta (ITFNB), interleukin-1 receptor alpha (JL-1
TNF receptor (sSTNF-R), soluble interleukin-1 receptor (sIL-1R) or solubié interferon-
gamma receptor (sIFNyR). For example, treatment with interferon beté has been
approved for MS (Kieseier er af. (2007) Exp. Newrol., 203:1-4). Inéddition to viral

and non-viral gene therapy approaches, treatments of M8 include the use of cells

harvested from the target subject to be treated (e.g, dendritic g&lls or T cells) that are
B, IL-10 or I1~4),
r of the gene products.

engineered to express an anti-inflammatory cytokine (e.g.
which are then reintroduced 1o the host subject for deli

Using the method herein, a delivered agent copfaining a nucleic acid encoding
an anti-inflammatory gene or eyiokine cé.n be used to treat an auvioimmune and
mnflammatory disorder, such as multiple sci:yis (MS)}, rheumatoid arthritis,
osteoarthritis, diabetes, Crokm’s disease, Sj/ grens syndrome, cystic fibrosis, myostitis
and Jupus. In particular examples, a del}x’éreé agent encoding a mucleic acid encoding
an anti-inflammatory gene or cytokjn;/(e. g IFN-§, IL-10 or IL-4} is used to treat MS.
This can be achieved using the m&?zﬁ&ds herein by directly delivering to the

parenchyma of a compartmentalized tissue or organ (e.g. such as the liver, e.g. a small

portion of the liver) a delivergd agent (e.g. & non-viral, viral vector such as
adenovirus, or whole cellsy encoding an anti-inflammatory gene or cytokine {e.g. IPN-
8, IL-10 or Il-4). By igcorporation of a nucleic acid sequence encoding the anti-
mflammatory gene of cytokine into & vector and transducing a portion of a tissue
organ using the sent method, stable long term expression of the anti-inflammatory
agent can be adheved.

€. Acute Infermittent Porphyria (ATP)

Ar/example of & disease or condition that can be treated by the _
compértmentalized method herein is Acute Intermitient Porphyria (AIP). ATP is an
inperited metabolic disease characterized by a deficiency of porphobilinogen
4 amjnase (PBGD), the third enzyme of the heme synthesis pathway, The enzyme
activity is ~50% of normal in those who inherit the genetic trait. The disease is

inherited in an avtozomal dominant manmner and is the most common of acuie
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porphyrias. Although it cccurs in all races it is most prevelent m North Europe,
mainly in Sweden, Britain and Ireland. In USA and other conntries the estimated
prevalence is 5/100,000 and in Northern Sweden it is as high as 60-100/100,000
More then 223 mutations in the PBGD gene have been described to date. The

dominant clinical feature is an acwie infermittent attack due to dysfunction 6f the

nervous system, including abdomminal pain and neurovisceral and circulgfory

“hepatic cytochrome P450 enzymes which may precipitaie an attack, Sudden death can

also occur as result of cardiac arrhythmia. Primary Iiyé cancer and mmpaired renal
function sometimes occur as well. /

A high praportion of subjects that inhe}rZ?‘BGD mutation never develop
porphyric symptoms, i.e. there is very low clinical penetrance. Clinical symptoms in
AIP carriers are associated with increased'production and excretion of the porphyrin
Precursors dslta-amimlcvuﬁnicacid'}ﬂﬂ} and porphobilinogen (PBG) as result of
increased demand of heme synthesié due 1o a drug or other precipitating factors that
provoke the acute attack. In these conditions PBDG deficiency lmits heme synthesis
and as a result ha__ﬂ—medlated/represmon of ALA synthetase (ALAST) is impaired,
There is evidence indicating that the liver is the main source of the excess of
porphyrin precursors. These compounds remain elevated betwesn attacks in those
subjects prone to repeated porphyric crises and increase further during the crisis. They
may decrease to pormal if the disease remains mactive for a long period of time.

Acute ks usually occur alter puberty and can be induced in latent

individualg'by endocrine factors and stercid hormones and a variety of envirommental
factors #cluding drug, nutritional factors, restricted carbohydrate and caloric intake,
smoling, sieroid hormones and oral contraceptives, lead poisoning, intercurrent
ections, surgery and psychological stress. Drugs are among the most important
factors that precipitate acute attacks and & list of safe drugs is available in
www.drugs-porphyria.com, Smoking, ethanol and drugs metabolized by CYP45(),

greatly increase hepatic heme demeand and resolt in the induction of AL AS], which
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increases the production of porphryin precursors and precipitates an acute attack,
Also, ALAS] is positively regulated by the peroxisome proliferator-activated recep
v coactivator 1o (PGCle), which is mduced in the liver during fasting. Among ¢

contraceptives can exacerbate attacks in some females with PRGD deficiency. Also
women (80%) are affected more often than meﬁ (20%).

Acute attacks are treated with infusions of glucose and herny (Normosang,
Orphan Bwrope). Glucoss appears fo antagonize the ALAST indtction mediated by
PGC-10. Hemin restores the regulatory heme pool and supprésses hepatic ALAS!
induction. Some women develop premenstrual attacks whéfcan be prevented by
gonadotropin-releasing hormone (GnRIT) analogs. Sopie patients exhibit recurrent
acute attacks and significant, disabling newrological’ dysfunction. Advanced
neuwrologic damage and subacute and chronic s?/mptoms are generally unresponsive to
heme therapy. This is a ife~threatening condj fion that can be cured only by allogeneic
iiver transplantation that, in three paﬁentyo/;te, prevents the accumulation of
neurotoxic ALA and PBG. Neverﬁmle%iiver transplantation has limited availability
of compatible donors, and a significant morbidity and mortality.

Gene-replacement ﬂxcrapy}_j’s/an alternative 1o liver wansplantation, in particular
in patients where the liver fuq,z{ion is entirety normal except for the PBGD deficiency.
Adencviral ve:c’cor»medijc/d/gens transfer of PBGD to porphyric mice revealed short-
term therapeuticaily effidacy as a resolt of the transient hepatic expression of PBGD
(Johansson, 2004, Mdl. Ther. 1({2):337-43}. Adenovirus and adenc-associated virus-
mediated gene th ' apy of & gene encoding gene therapy are also under development
by Amsterd
Applicatio

/Adolecnlar Therapeutics and other companies (see e.g. U.S. Published
0. US2011/0262399 and EP Patent No. EP1049487).

Using the method herein, a delivered agent containing a nucleic acid encoding
PBD can be used 1o ireat Acute Intermitient Porphyria {AIP). This can be achieved
usiig the methods herein by directly delivering to the parenchyma of a
omparimentalized fissue or organ (e.g. such as the liver, e.g. a small portion of the
liver) & delivered agent (e.g. a non-viral, viral vector such as adenovirus, or whole

cells) encoding PBDG. By incorporation of a nucleic acid sequence encoding PBDG
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into a vector and transducing & portion of a tissue organ vsing the present method,
stable long term expression of PBDG can be achieved for the treatment of AIP.
ik Sanfifippe Syndrome

An example of a condition that can be treated by the compartmentalized pethod
and materials herein is Sanfilippo syndrome. Sanfilippo Syndrome or
Mucopolysaccharidosis type I (MPSIT) is a lysosomal storage disease i which an
autosomal recessive defect results in the accumulation of partially degraded
oligosaccharides of heparan sulfate. It ocours in about I in 70,000 births. Sanfilippo
syndrome is associated with a decline in learning ability in sarly/childhood, delayed
tal status. There are
Tour subtypes of Sanfilippe syndrome: Sanfilippo type A/ MPSHIA) oceurs when the
enzyme heparan N-sulfatase is missing or is altered; Sanfilippo type B QMPSIIB)
occurs when the enzyme alpha—N—ace@lgiucasmA (NaGlu) is missing, altered
or is not produced enough; Sanfilippo C (MPSHIC) oceurs when the enzyme acetyl-
Cohlpha-glucosaminide acetyltransferase is piissing, altered or is not produced
enough; and Sanfilippo type D (MPSIID )occurs when the enzyme N-

acetylglucosamine 6-sulfatase is missing, aitered or is not produced encugh. For
exarople, Sanfilippo type B is cansed by mutations in the NaGlu gene, which causes
deficiency of the enzyme alpha-Neacetylglusosaminidase.

Treatment of Sanfﬂippofs/yndmme, such as MPS HIA, 1B, IIC or UID, can be
achieved by delivery of ﬁxyé:issing or defective gene. Delivery can be direcily to the
central nervous system (CNS). Delivery also can be achieved by delivery methods
that achieve efficieny/CNS delivery across the blood brain barrier, such as by using an
adeno-associated ¥irus serotype that is able to cross the blood brain barrier from the
FA piary of such a serofype 1s AAVY (see e.g., Fuer al. (2011} Mol
25-33). '

Usihg the method herein, 2 delivered agent containing a nucleic acid encoding

vasculatre.
Ther., 19110

hepaggn N-sulfatase can be used to treat MPSIIA, a delivered agent containing 2
nugleic acid encoding alpha-N-acetylglusaminidase (NaGlu) can be used to treat

MPSIIIB, a delivered agent containing nucleic acid encoding acetyl-CoAlpha-

" glucosaminide acetyltransferase can be use to treat MPSIIC or a delivered agent

containing nucleic acid encoding N-acetylglusocsamine 6-sulfatase can be used to
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treat MPSIIID, This can be achieved using the methods herein by directly delivering
to the parenchyma of a compartmentalized fissue or organ (e.g. such as the Hver, e.g &
small portion of the liver; or directly to the brain) a delivered agent {e.g. 2 non-vizal,
viral vector such as adenovirus, or whole cells) encoding the missing or defectite
éﬂzyme for the particutar MPSII disorder. In particular examples, the deliyered
agent is a recombinant adenovirns-associated 9 containing nucleic acid edeoding the
missing or defective enzyme (e.g. tAAVS-hNAGLU) so as to achiev 4
the blood brain barrier. By incorporation of & nucleic acid sequenge encoding the
missing or defective enzyme into a vector and transducing a popfion of & fissue organ
(e.g. Bver) using the present method, stable long terim expresdion of the missing or
defective enzyme can be achieved in the CNS for the treatinent of MPSHI (Sanfillipo
Syndrome).

i. Lipoprotein Lipase Deficiency (LPLD)

An exampie of a condition that can be treatéd by the compartmentalized method
and materials herein is lipoprotein lipase deﬁ%::::y {LPLD; also known as type 1
hyperlipideria, primary hyperiipopmte‘mytéja or familial hyper chylomicronemis).
LPLD is caused by alterations in the ge é that encodes Jipoprotein lrpase (LPL). In
the absence of LPL or a defective L?L, fat levels in the blood increase due to defects
in metabolism of long-chain fatt;,pfa/:cids. The symptoms associated with LPLD
include, for example, abdomix;ﬁl pain and pancreatifis. LPLID also is associated with
high blood tiglyceride levels, which can predispose subjects fo early-onset diabetes
and artherosclerosis.

Gene therapy cdn be vsed to treat LPLD. For exampie, an adenc-associated
virus {(AAV) containing nucleic acid encoding the LPL gene has been approved in
Burope for delivery to the skeletal muscle for treatment of LPLD (marketed as
Glybera®). /

Usjtg the method herein, a delivered agent containing a nucleic acid encoding
LPL oén be used to treat iipoprotein lipase deficiency (LPLD). This can be achieved
us‘ the methods herein by directly delivering to the pavenchyma of a
¢ompartmentalized tissue or organ (e.g. such as the liver, e.g, a small portion of the
Hver; or skeletal muscle) a delivered agent {(¢.g. 2 non-viral, viral vector such as

adenovirus, or whole cells) encoding LPL. By incorporation of a nucleic acid
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sequence encoding LPL into a vector and transducing a portion of a tissue organ usi
the present method, stable long ferm expression of LPL can be achieved for the
treatment of LPLD.

2. Protein Expression and Production

Provided herein is 2 method of making a polypeptide in an
Therapeutic production of proteins in animals, inchiding therapeutic
nutritional supplements, are well known to one of skill in the art.
pfaducts suich as tissue plasminogen activator, (-PA), insulin, growth hormone and
coagulation factors have been produced in animals, such as gows, sheep or goats (see
e.g. Mercier I.C. (1987) Exploiting New Technologies in Animal Breeding, p. 122~
131, Oxford University Press; Lillico er al. (2005) Dmé Discovery Today, 10:191-
196; Echelard et al, (2006) Biopharm Inmternational /19:36; Prather ef ol (2003)

Theriogenology, 59:115-123). Production of gené products in insect cells using viral

vectors expressing a product of interest also
Published Application No. US2011/0119777)
The method of producing a protet

been described (see e.g. ULS.

, such as any described herein or known in
the art, in an anima) includes the steps of administering a delivered agent containing a
nucleic acid molecule encoding ﬂ}e polypeptide to a compartmentalized organ or
portion thereof of producﬁa{/pa’}:imai, maintaining the production animal under
conditions that allow expre:;fﬁan of the polypeptide, and isclating the expressed
polypeptide from the production animal (e.g., from the blood or other biological fluid

of the production anirpal). The encoded polypeptide can be any protein that is desired

to be produced, in particular any therapeutic protein or proiein that can be used as 2
nutritional supplément. Exemplary of such proteins include, but are not limited to,
fors (e. g. Factor VIIL, Factor IX, fibrinogen blood clotting factor),
haernoglobin, human protein C, alpha-1-antiwypsin, tissue plasminogen
activator (1-PA), cystic fibrosis transmembrane conductance regulator (CFTR),
insuMn, growth hormones, cytokines, monoclonal antibodies, vaccines (e.g. aﬁﬁgens},
colesterol oxidase and others, '

The polypeptide can be isolated from a biological sample from the pmduétion
animal. The biological sample cau be blood, urine, milk, plasma, salive, or other

similar sample. In particular examples, the protein products appears in the milk and
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can be used or isolated therefrom. The production animal can be a rabbit, raf, mouse,
goat, horse, sheep, chicken, hen, porcine, or bovine animal. The method provides ,
advantages over curtent pmdum‘ién methods because the delivered agent can by
scaled to produce high quantities of the polypeptide, pariicularly in large a
as pigs and cows. Furthermore, as described above, the polypeptides can be post-
transiationally modified {e.g., glycosylated) by the cells of the productjén animai.

3. Agricultural and Veterinary Applications

The method provided herein can be used in gene therapy gpplications in
animals, and in particular for veterinary, agricultural or industrial applications. In
such examples, a delivered agent for delivery in the methodé herein contains & nucleic
acid molecule that effects an increase in productivity and/or controls disease in an
animal. Application in animals include, but are not lxnited, to applications that alter
or produce animals having a desired trait, increas;-/ﬁme quality of animals (e.g. muscie,
milk, wool}, increase resistance to disease, or px"aciuce products for industrial
applications (e.g. silk). For example, gene therapy applications include those that
increase hair production in an animal, incfeases wool production inan animal,
increases growth of an animal, or regulate nufrient synthesis or utiization. In such
examples, the nucleic acid molecuyz’ encodes a protein that increases muscle
production in an animal, incrcas;’é hair production in an animal, increases wool

production in an animal, increases growth of an animal, or is involved in nutrient

synthesis or utilization,
Such applications are well known to one of skill in the art. For example, a

delivered agent contgining a nucieic acid can be administered to an animal to

increases muscle groduction in an animal, for example, by administering a nucleic

acid encoding 4 growth hormone (e.g. somatotropin) or agents that mediaie growth

which can be useful in meat production. For example, the nucleic acid molecule can
code follistatin that blocks the binding of myostatin to its receptor, thereby resulting

in the development of larger muscles.
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In another example, the quality of an animal, and products therefrom, can be
improved. In such examples, the improvement of the overall quality of an animaltan

aid agricultural applications {e.g. for utilization of mille, eggs or meat). In one

example, a delivered agent coniaining a nucleic acid can be administered to/an
animal to mcrease milk production or to increase the quality of milk (see£.g., Mercier
LC. (1987} Exploiting New Technologies in Animal Breeding, p. 1224131, Oxford
University Press). In addition, the milk of animals alse have been shodified by gene
therapy methods to increase or improve the quality of the milk, f6r example, for
human consumption. For example, lactoferrin has been en‘?éred 10 be expressed in
the milk of cows to provide for 2 more nufritionally balancéd product 1o be given to
babies or the elderly (see e.g. van Berkel ef of. (2002) Nat. Biotech., 20:484-487).
Also, milk in an amimal can be improved by in’tﬁij?uéthe growth of bacteria that
cause mastitis (e.g. Mags et al. (2006) Foodborn 4 athog. Dis., 3:384-392). In other
examples, animals can be engineered to express 2 fatty acid desaturase gene (see e.g,
Saeki et al. (2004) Proc. Natl. Acad. Sci., 101:6361-6366), 1o be rich in omega-3
fatty acids (see e.g. 1.al ef al. (Z2006) Natpire Biotechnology, 24:435-436); to produce

mille with higher levels of be{aucassir;/énd kappa-casein {see e.g. Brophy er al. {2003}

Narure Biotechnology, 21 :157—16%{ or to sxpress salivary phytase to produce low- |
phosphorous manure (see e.g. Géi.ovaﬂ et al. (2001) Nature Biotechnology, 19.741-
7453). In & further example, nﬁgﬂ&ic acid molecules include those involved in amino
acid biosynthesis or glvoxslate cyele genes, which can be use to improve nutrient
uitlization. For examplés, a delivered agent can be adminisiered that contains &
nucleic acid molecuse snuch as cysE and cssK genes that sncode serine transacetvlase
and o-acetylsering suiphydrylase.

In addptional examples, a delivered agent containing a nucleic acid molecule
can be administered 1o an ammal to merease the resistance of animals to disease. For
example/ an animal can be produced to lack prion protein (Richt er ¢f. (2007) Nature
Bioteghnology, 25:132-138). In other examples, and apimal can be engineered to be
registant to bacterial infection such as infection by Staphyvlococcus aureus (Wall er al.

2005} Nature Biotechnology, 23:445-451).
In addition examples, nucleic acid molecules can encode polypeptides that

imcrease hair growth or increase wool production in an animal. In parficular examples
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of such aspects, the animal is 2 sheep or lamb or other animal containing hair suitable
for production of hair or wool. that For example, wool production can be increas

administering a delivered agent that contains a nucleic acid molecule encoding

apphication, for example, to produce silk by engineering the spider
silk into animals, such as goats (see e.g. Lazaris er al. (2002) Scighce, 295:472-476).
E. EXAMPLES )

The following examples are included for illustrative'purposes only and are not

intended to limit the scope of the invention.

/
Example 1 /
Compartmentalization of Adenevirus T, aﬁsﬁucﬁm to the Caudate Lobe
Adenovires was injecied to the cau /é jobe that was comparimentalized by

isolation from the vasculature using a pa}yZ:zymal clamp. The adenovirus,
designated Ad-CMV-Luc, was provi {i from David T. Curiel (University of
Alabama, see e.g. Bass et al. (1995) Cancer Gene Ther., 2:97-104; published
International PCT Application N'é/. WO01995/026411). Ad-CMV-Luc was derived
from humen adenovires type,/S and encodes the fuciferase gene driven by the

cytomegalovirus (CMV) promoter. Specifically, for adenoviral transduction analysis,

the adenovirus was made replication deficient by deleting the E! region. Info this
deleted E1 region, tie reporter gene luciferase (Adluc) was cloned and constructed to

be driven by the fuman cytomegalovirus promoter {designated rAd-CMV-Luciferase

n. intraperitoneal (1.p.) injection of sodivm pentobarbital (50 mg/kg) (Abbott
oratories, Chicago, IL}). Each rat was then placed in 2 supine posifion, the
abdominal region was shaved, and the abdominal cavity was exposed following 2 3
cm ventral midline incision from the xiphoid process to the umbilical region. The

upper portion of the caundate lobe was located and dissected, severing the interlobular
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and hepato-gastric ligaments. The pedicle of the caudate lobe was identified and
clamped vsing 2 10 mm micro-serrefine (Fine Science Tools-USA Inc., Foster City,
CA)}.
Once the caudate lobe was clamped, 1 x 10° pfu recombinant Ad.CMV Luc, in
50 ul phosphate-buffered saline (PBS) in 2 1 mi syringe (Becton & Dickinsgn Corp..
Franklin, NJ), were injected into the parenchyma of the candate lobes of five (5) rats.
Another five (5) rats were injected with 1 x 10° pfu Ad.CMV.Luc in

2,

totél volume of

100 2l PBS into the vena cava as a control. The clamyp was held for 30 minutes. The
rats were then sutured in two planes (muscle and skin) with 5-(/Vieryl (Ethicon Inc.,
Somerville, NJ) and allowed to recover.

Seventy two (72) hours post-surgery, the rats we; ;zttthaiﬁzad with an L.p.
overdose of sodium peniobarbital. The livers were h;w/;zsd and the caudate, right
lateral, left lateral, and median lobes of the livezvée separated and processed for
histopathological evaluation, luciferase activity/assay, and for pucleotide (DNA and
RMA) extraction. /

For DNA extraction: Ten mg tissue was placed in 400 pL of solution of 10¢-
mM NaCl,10-mM TrisxCl, pH §, 0.5% SDS, 0.1 mg/m! proteinase K. and incubated
wntil most of the cellular protein Was degraded. The digest was deproteinized by
successive phenoi/chlomfoxmﬁ;&myi alcohol extractions, the DNA was recovered
by ethanol precipitation, andféied and resuspended in TE pH 8 buffer,

Formalin-fixed tisgue was paraffin-embedded and used for routine
histopathology. For higtopathology, formalin-fixed, paraffin-embedded tissue blocks
were sectioned at $/um, stained with hematoxylin and eosin and examined
microscopically/by a certified pathologist.

For te Luciferase activity assay, the dissected lobes were homogenized using
Fast Prep /24, Sample Preparation System, (MP Biomedicals) by using the Lysing
Matriz/D (MP Biomedicais) in 500 pL Lysis buffer (Luciferase assay system,
Promhega, Madison, WI). Twenty microliters of supernatant were added to 100 ul of

ciferase assay reagent and then used for measurement of luciferase activity using 2

uminometer (Biotek, USA) to measure photons for 10 s, Protein concentrations of the
Hver extract were determined by Bradford’s method using a protein assay kit (Bio-

Rad, Hercules, CA, USA). Luciferase activities were normalized to the total protein
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in the homogenates (relative light units per gram {rhu/g) of total protein) for
comparison and statistical analysis among the different lobes of the liver.

Results

Histological analysis for liver inflammation was performed. To compafe the
effects of compertmentalization and i.v transfusion on hepaiic inflammation; liver
sections obtained at 72 hrs were anatyzed for signs of neutrophil mfittragion. Liver
histology performed on sampiles from L'V controls showed intense fo
hepatoceliular necrosis particularly in periportal regions. These fogal necrotic areas
were infiltrated with newtrophils. Hepatocellular necrosis, nonpdrenchymal cells or
infiltrated inflanmmatory cells were completely absent in tissdes obtained from
compartmentalized animals.

For luciferase activity, the results show that simtilar levels of huciferase activity

were measured in all lobes recovered from conirol gnimals, which received

intravenous (IV) infusion of the adenovirus, In géntrast, animals having received
adenovirus injection into the caudate lobe, following clamping, exhibited greater than
3 orders of magnitude greater Luciferase attivity than any of the other lobes of the
liver, indicating that adenoviral fransduction was restricted to the injected tissue and
the surrounding tissues were spared/from exposure to the vector. The results are set
forth in Figure 2. Vs

from the vena cava and processed for PCR. The Luciferase gene was amplified using
the following primers: sense 5'-ATGCGAAGACGCCAAAAACATAAAG-3 (SEQID
NO:1 and antisense 5'-AAAACCGGGAGGTAGATGAGATGT-3' (SEQ ID NO:2) in
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a total reaction volume of 20 ul. PCR conditions were: 94°C for 5 min, followed by

25 cycles at 94°C for 30 s, 55°C for 30 5, and 72°C for 30 s and 7 min &t '?ZZ"C
extension.

The results are set forth in Figure 3, panel A. The adenovirus DNA

5 {Luciferase) was detectable in the peripheral blood after 7 min of clamp

was undetectable in the peripheral blood following 30 and 60 mis of clamp time,
indicating a clamp duration of at least 30 min promotes restrigfion of the adenovirus
10 1o the injected tissus. _
B. Systemic Presence of Adenoviral DNA During and Fellowing Clamp
- Release
 To confirm the results above agsessing pregence of adenoviral DNA in the
peripheral bload after 30 minutes of clamp tim¢, a time course study was conducted to
15 measure adenovirus presence in the pen';:?é blood during and follcwing a clamp
time of 30 min (n = 3}. Specifically, oncé the caudate lobe was clamped, the surgical
procedure described in Example 1 wag performed, followed by tnjection of 1x 10
pfu Ad. CMV . Luc suspended in 2 total volume of 50 pl into the parenchyma of the
caudaie lobe using a2 1 mlL msuLﬁ: syringe. Then, 100 pl of blood were drawn from

20  the venacava at 1, 3, and 5 wfin post adenoviral ijection (during clamping) and at 1,

3, and 5 min after release Of the clamp (post clamp release). The clamp was held in
place for 30 minutes.
adenoviral DNA by
microliters of A¢CMV.Luc adenovirns was used as a positive control (C+).

Z5 The regults are set forth in Figure 3, panel B, Adenoviral DNA was not
detectable ih the biood at any of the time points tested, but was detected in the

he blood samples were anatyzed for the presence of

plifying the Luciferase gene by PCR as deseribed above. Ten

positive’control sample. These results indicate the clamp procedure prevents the

injected adenovirus from entering the blood stream while the clamp is in place. The

regults also confirm that a clamp time of 30 minutes is sufficient for transduction of
30 /the virus into the injected tissue cells as evidenced by an undetectable amount of virus

in the blood up to 5 min after clamp removal.
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Example 3

Dose-Response Kinetics of Transgene Expression

To determine the relationship between protein expression and adenovir
administration, & dose responge curve was generated. Following the surgical/and
clamping procedures described in Example 1 (:é = 6/dose group). Each grdup
received an injection of 1 x 10°, 1 x 10%, 1 x 10°, or 1 x 10 pfuo AL.CMV Luc in 50
uL PBS as described previously. Control groups of rats that were 5

Exampie 1, and the caudate lobes of the livers were Harvested and processed for
Luciferase activity assay, as described in Examplg’l., Because Luciferase activity is
proportional to the amount of synthesized iwxydaeras& protein present in the sample,

this metric was used as a measure of synthegized ransgenic protein.

The results are set forth in Figure/4, Luciferase activity/expression increased

~ lingarly with increased vector dose, ra ging from about 2,5 x 107 rlu/g of protein from

tissnes receiving injections of 10° pfu adenovirus to greater than 5 % 10° rlw/g of
protein for tissues receiving'in_j btions of 1012 pfu. These resulis show that there is 2

correlation between vector ddse and protein output.

Example 4
Duration of Transgene Expression

bility of transgene expression was determined by measuring

surgical/procedure as described in Example 1, and afier the candate lobe was
ed, 1 x 10° pfu of Ad.CMV.Lug, in 50 pl PRS were injecied into the caudate

igbe, of each animal, foliowing the protocol set forth in Example 1. A control group

cl

of rats (n=5) were submitted to the same surgical procedure as the experimental
group, but received an intravenous (IV) injection of 1 x 1¢° pfu of Ad.CMV.Luc, in

100 i PBS, into the vena cava. Following adenovirus administration, the rats were
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sutured as described in Example 1 and allowed to recover. Five (5) rats per time poin

were euthanized at 30, 60, 90, 120, 150, 180, and 365 days post adenovirus injecti

as described in Example 1 above. The caudate lobes of the livers were then
and processed to assay Luciferase activity, as described in Exarnple 1.
The results are set forth in Figure 5. At day 30, approximately 10°
protein, on average, were detected in candate lobe extracts. The Lucifefase activity
increased over 100-fold between 36 and 90 days post adenovirus adyinisteation (~1¢°
rlu/g of protein to ~10° rlu/g of protein). At 120 davs post adenoyiral transduction,

. the protein expression dropped to about half that observed :?@/ days post

transduction (~500 rlw/g of protein). Expression then rebouaded up 1o over 167 rhy/ g
of protein by 150 days post transduction. This level of pfotein expression was
mainiained at 180 days post irgection and dropped only slightly at 1 year (365 days)
post adenoviral transduction. These results demonétrate sustained fransgene

expression for at least | year post transduction,

E);{/afmpﬁe g
Cytokine mRNA Expression _

Cytokine expression levels induced m the liver upon delivery of Adenovirus to
the compartmentalized caudate léi)e and cytokine expression levels induced in the
peripheral blood upon delivepy of Adenovirus to the vena cava were determined.
Briefly, once the caudate |obe was clamped, the surgical procedure described in
Example | was performeéd followed by injection of 1 x 10° pfu recombinant
Ad.CMV Luc, in 5044 phosphate-buffered saline (PBS) into the parenchyma of the
caudate lobes as described in Example 1. As a control group, animals were injected
with 1 x 10° pfa Ad.CMV Luc in a total volume of 50 ul PBS into the vena cava as
described i Exampie 1.

eventy Two (72) hours post procedure the rats were euthanized with an i.p.
dose/6f sodium pentobarbital. The livers were harvested and the caudate lobe, right
lateral, left lateral and median lobes of the liver were separated. Total RNA was
extracted using the Trizol kit (Gibeo/Life Technologies) according to the
manufacturer’s protocol. One ng of total RNA was used for reverse transcription,

which was performed with a RINA PCR Kit (Applied Biosystems, Branchburg NI)
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following the manufacturer instructions. For tumor necrosis factor alpha (TNFo)
mRNA detection, the following primers were used: sense 5'-
ACTCCCAGAAAAGCAAGCAA-3 (SEQ ID NO:3) and antisense 5'- y
CGAGCAGGAATCGAGAAGAGG-3 (8EQ ID NO:4) in 2 total reaction volut ne of
5 20 pl. PCR conditions were: 94°C for 5 min, followed by 25 cycles at 94°€ for 30 8,
58°C for 30 s, and 72°C for 30 s and 7 min at 72°C extension,. For tragsforming
growth factor beta (TGFB), the following primers were used: sense 5
ATACGCCTGAGTGGCTGTCT-3' (SEQ ID NO:5) and antisengé 5'-
TGGGACTGATCCCATTGATT-3' {SEQ 15 NO:6) in & total feaction volume of 20

10 ul PCR conditions were: 94°C for 5 min, followed by 25 cycles at 94°C for 30 s,
58°C for 30 s, and 72°C for 30 s and 7 min at 72°C exterision, For interferon gamma

yGQCCTCTCTGGCTGTTACTTG-
3' (SEQ ID NO.7) and antisense S'-CTGATGGCOTGGTTGTCTTT-3' (SEQ ID
NO8) in a total reaction volume of 20 pl, PCR£onditions were: 94°C for 5 min,

15 followed by 25 cycles at 94°C for 30 s, 60°¢ for 30 s, and 72°C for 30 s and 7 min at
72°C extension. For interlevkin 6 (IL-6)(the following primers were used: sense 5
CCGGAGAGGAGACTTCACAG-T/( BQ I NO:9) and antisense 5'-
ACAGTGCATCATCGCTGTTC%( (SEQ ID NO:10) in a total reaction volume of 20
pl. PCR conditions were: 94°C f;r 5 min, followed by 25 cycles at 94°C for 30 8,

20 553°C for 30 s, and 72°C for ‘{)/
actin was used as a inte?dantml, end were as follows: sense
STGAAGATCAAGATCATTGCTCCTCC-2 (SEQ ID NO:11) and antisense 5°-
CTAGAAGCA CGGTGGACGATG-3*(SEQ ID N(O:12) in a total reaction
volume of 20 ul PCR conditions were: 94°C for 5 min, followed by 25 cycles at 94°C

25 for 30 s, 55°

(IFNy), the foliowing primers were used: sense 5'-

s and 7 min at 72°C extension. PCR primers for beta-

for 30 s, and 72°C for 30 s and 7 min at 72°C extension.

esults are depicted in Figure 6. The results show that delivery of

adenovifus 1o the vena cava resulied in detection of TNFa and IFNy in all liver lobes,
while/ TGF8 and IL-6 were detected in all lobes, except the right lateral Jobe. In
coftrast, delivery of the adenovirus to the compartmentalized caudate lobe resuited in

30 /detection of TGFP and T¥Ny in the caudate lobe and low level expression of TNFa in

the caudate lobe. Expression of these cytokines in the other lobes was not detected.
A
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1L-6 was not detected in any lobe. Thus, the results show low hepatic cytokine

expression,

Exampie 6
Ex-Vive Clamping Studies on Cadaver Pig Liver

Preliminary ex vivo studies were performed on pig livers. The pig was chosen

as an animal model given that the size, weight and gross anatomy clgsely resemble
that of a hutnan, Fresh whole/complete livers were obtained from'a local butchery,
Using a laparoscopic device, the left median lobe was clamped/and 5l bromopheno!
biue were injected into the parenchyma. After 30 minutes, the clamp was removed
and the tissue on both sides of where the clamp had beer/placed were dissected and
analyzed for the presence of blue dye. While biue dy /wa,s observed at the clamping
boundary on the side of the tissue proximal to the ihjection, the bive dye did not
penetrate the tissue at the edge of the clamping boundary that was distal to the site of
injection. Thus, the clamping device was cg{abie of compartmentalizing the dye by
preventing transfer of the solution to the/ﬁétal side of the device.

/ Example 7
Compartmentalization of Adenovirus Transduction in Pigs
The procedure dcscribgd in Exampie 1 was next tested in pigs using the

clamping device describedin Example 6. The pigs were housed under standard

cenditions with 12 hr dgy/might cycies and were provided with water and food ad
libitum. The pigs we piace:d under general anesthesia, and following aseptic
cleaning of the abfiominal area, a 5 om infra-xyphoid medial incision was made. The
left median lope of the liver was then located and exposed, and the surgical clamp
described ip

uL of phésphate buffered solution (PBS) containing 1 x 10° infective viral particles of

Example 5 was placed on the distal portion of the left median lobe. 500

MV-Luciferase were then injected into the isolated parenchyma of the Jeft
meflian lobe using an insulin syringe.

After an elapsed time of 30 minutes, the clamp was removed, the abdominal
cavity was sutured in two planes, and the animals were allowed to recover. Seventy

two (72) hours after the surgery, the animals were euthanized and the livers were
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harvesied. Tissue samples were taken from the site of injection, the left lateral lobe,
right lateral lobe, and right median lobe at sites proximal, medial, and distal to theAite
of injection. The tissue samples were frozen for use in luciferase activity and viral
DNA nested polymerase chain reaction (PCR) anatysis.
Compartientalization of the adenoviral fransduction was assessed in the
tissue samples. Briefly, tissus samples were homogenized and Luciferase activity
assays were performed as described in Example 1. The results are sét forth in Figure

7. Background luciferase activity was observed on lobes from

samples from the
right lateral, right median and left lateral lobes. In contrast, ldciferase activity
measured from the site of injection was approximately 20-fold higher than any of the
other samples. These results demonstrate that Luciferade activity was limited to the
injected, clamped tissue and support the conclusion that the adenoviral transduction
was compartmentalized in pigs.
To confirm the comparimentalized wanSduction of the adenovirus, the tissue
samples were further analyzed by nested-PCR. The initial run of PCR was conducted
by amplifving the Luciferase gene for 5€ cycles vusing specific primers. Ten
moicroliters of Ad.CMV . Luc adenovi /a was used as a positive control and the plasmid
peDNA3 (Invitrogen, Life Technologies, Carlsbad, CA) was used as a negative
control, The initial product wa '/:ana}yzed by agarose gel electrophoresis. The resulis
showed a band similar in sizé to that observed for the positive control amplified from
the adenovirus-injected idsue, but not in any of the other tissue samples or in the
negative conirol sampie. The second PCR run, using the initial PCR product and
nested primers wagycarried out with sense 57~
CAACTGCATHAGGCTATGAAGAGA -3°(SEQ ID NO:13) and antisense 5°-
ATTTGTATACAGCCCATATCGTTT-3" (SEQ ID N(O:14) primers in 2 total reaction
volume 0§20 ul. PCR conditions were: 94°C for 5 min, followed by 25 cycles at
g4°C *- 30 s, 53°C for 30 s, and 72°C for 30 s and 7 min at 72°C extension. Upon
anajysis by agarose gel electrophoresis, & clear band corresponding to the Luciferase
e was present in the injected tissue and positive control samples and was
completely absent in the other tissue and negative control sampies. The presence of
viral DNA sequence in the injected, clamped tissue and not in any of the adjacent

tissue indicate successfd compartmentalization of viral fransduction.
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Exampie §
Soluble Reporter Protein Expression In Blood Following Dielivery to
Compartmentalized Liver Lobe
To determine if a soluble protein can be expressed and detected in the blood,
of rats that
was compartmentalized using a parenchymal clamp. The adenovirus designated Ad-

ALB-AFY was dertved from human adenovirus type 5 and encoded the rat aipha

adenoviras expressing & sohuible protein was injected into the caudate lo

fetoprotein (AFP) gene driven by a rat albumin promoter sequedce (FHerbomel er al.
(1989) Molecular and Cellular Biology, 9:4750-4758; Tronghe et al. (1589)
Molecular and Cellular Biology, 9:4759-4766). The adyéaovirus was made
replication deficient by deleting the E1 region. Into ths deisted El region, the
reporter gene alpha fetoprotein (AFP) was cloned #nd constracted to be driven by the
rat albumin (ALB) promoter for specificity to tHe liver. pUCS57 plasmid encoding rat
AFP under control of the ALB prometer Wgﬁ/ synthesized by Genscript ( Piscataway,
NJ). The AFP expression cassette from Q?é pUCS7 plasmid was subcloned mto the

d recombined with Ad5 (DE1/DE3) vector
(Vector Biolabs, Philadelphia, PAY The adenovirus was packaged in HEK293 cells
ide ultracentrifugation. The ALB-AFP virus was
administered at 3.25 x 10° 1 ’g total volume of 50 uL.. On day 5 after injection,

and purified with cesiom chlo

animals were sacrificed gid livers were harvested.

Compartmentplization was performed similar to the procedures described in
Example 1. Briefl ,eigh{ {8) rats were anesthetized with an intraperttoneal (.p.)
injection of 60 we/kg ketamine-HCI and 10 mg/kg Xylazine-HCI (Baxter Healtheare
CorporationyDeerfield, IL). Each rat was then placed in a sapine position, the

ingl region was shaved, and the abdominal cavity was exposed following a 3

cm vepftral midline incision from the xiphoid process to the umbilical region. The
uppér portion of the caudate lobe was located and dissecied, severing the interlobular

¢ hepato-gastric ligaments. The pedicle of the caundate lobe was identified and
clamped using a 10 mm micro-serrefine (Fine Science Tools —USA Ine., Foster City,
CA).
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Once the candate lobe was clamped, 3.75 x 1¢° pfu recombinant Ad.ALB-
AFP, in 50 pL phosphate-buffered saline (PBS) in & 1 mlL syringe (Becton Dickins
Corp., Frankiin, NJ), were injected into the parenchyma of the caudate lobe of siX (6)
rats. Another 2 rats were used as non-injected controls. The clarap was held for 30
punutes. The rats were then sutured in two planes (muscle and skin) with
(Ethicon, Inc., Somerville, NI) and allowed to recover,

Seven (7) days post-surgery, 1 mL of peripheral blood was collected from the
vena cava. The blood was collected using a serum separator tube(Becton Dickinson
Corp., Franklin, NJ) and samples were allowed to clot for 30 minutes before
cenfrifugation at 1000 g fro 15 minutes, Serum was remow: g:;quatsd and samples
stored at -20°C. AFP was detected in the serum vsing the Rat Alpha-fetoprotein, AFP
ELISA Kit (Cusabio Biotech Co., Lid.,, Wuhan Ching) according to the

manutfactorer’s protocol.

The results are depicted in Figure 8. T} 'resulis show detection of AFP in the
blood of control rats that were not injected with virus. The results show that rats
mjected with ALALB-AFP had higher AFP in the serum than the control animals.

Thus, the results show that injection c}f’adenovims expressing a soluble protein into a

compartmentalized lobe of the iive?/results in expression of the soluble protein that is
detectable in the biood.

Since modifications will be apparent to those of skill in this art, it is intended
that this invention be liphited only by the scope of the appended claims.
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WHAT IS CLAIMED:
1. A composition for use in treating a disease or condition treatable bya
therapeutic nucleic acid, wherem:
the composition is to be administered by direct parenchymal a
of the nucleic acid molecule to a compartmentalized tissue, organ or port)
tissue or organ, wherein the portion is sufficient in size to compartme
effect administration of the composition; /
the composition 1s formulated for direct parenchymal
the composition comprises a delivered agent; and
the delivered agent comprises the therapeutic nucleic acid molecule.
2. Use of a composition for manufacture of & medicament for treating a
disease or condition freatable by a therapeutic nucleid acid, wherein:

the coraposition is to be administered bydirect parenchymal administration

“of a nucleic acid molecule to a compartmentalized tissue, organ or portion of a tissue

or organ, wherein the portion is sufficient in/sizc: to compartmentalize and to effect
administration of the compesition;

the composition is formuiaifé{ for direct parenchymal administration;

the composition compri%aé a delivered agent; and

the delivered agent co;ﬁprises the therapeutic nucleic acid molecule.

~

3. The use or cam‘i/pesitiﬂn of claim 1 or claim 2, wherein the disease or

condition treatable by a thérapeutic nucleic acid is selected from among a genetic
deficiency, a disease oy’condition ameliorated by an exogenous gene product, and 2
disease or conditionAnvolving aberrant or altered expression of a gene product in its
etiology.

4. /The use or composition of any of claims 1-3, wherein the therapeutic
nucleic acid effects treatment of a disease or condition, overproduces a heterologous
polypepfide in a subject, increases muscle production in an animal, increases growth
of an/animal, or effects nuirient synthesis or utilization in an animal.

5. The use or composition of any of claims 1-4, wherein the nucleic acid

/molecule encodes a polypepiide.

6. The use or composition of claim 5, wherein the encoded polypeptide is

selected from among an enzyme, a hormone, a coagulation or clotfing factor, a
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cyioking, a growth factor or active portion thereof, an antibody or antigen portion
thereof, an angiogenesis modulator, an immunomeodulator, a pain modulator, a
receptor or active porfion thereof, a transport protein, a regulatory protein, an
and an allergen.

7. The use or composition of claim 5 or claim 6, wherein the gncoded

polypeptide is selected from amoeng adenosine deaminase, cystic fibrosis

glucosidase, imighucerase, alglucosidase alpha, thyrotropin, gréwth hormone, insulin,
thyroid hormone, ervthropoietin (EPQ), mterlevkin-1 (IL-14, T-2, IL-3, TL-4, IIJ;S,
IL-7, IFN, TNF, I1-12, [L-18, fli3, NP2, bone morphogegnic protein (BMPs),
epidermal growth factor (EGF), erythropoistin (EPO},/ fibroblast growth factor (FGF),
granulocyte colony stimulating factor (G-CSF), ulocyte macrophage colony
stimulating factor (GM-CSF), hepatocyte grovyzﬁﬁ factor (HGF), nsulin-like growth
factor (IGF), platelet derived growth factor (PDGF), transforming growth factor o and
B, vascnlar endothelial growth factor (V/BGF)E, epidermal growth factor receptor
(BEGFR), fibroblast growth factor rec?/@tor (FGFR), transforming growth factor
receptor (TGFR), vascular endothelial growth factor receptor (VEGFR), plasminogen
activatos, urokinase, Factor VI ;J%actor IX, von Willebrand facior, growth hormone,
METH-1, METH -2, TrpRE A
PEDF, vasostatin, angiostd

agmerits, proliferin-related protein, prolactin fragment,

tin, endostatin, kininostatin, fibrinogen-E fragment,
thrombospondin, tumstétin, canstatin, resiin, sFlt-1, sFlk, sNRP1, IP-10, PF-4, Gro-
PN, FGF, FGFR, FGFR santagonist (sFGFR), sEphB4 and

{ TGF and IGF-1, HSV-TK, carboxypeptidase G2 (CPG2),

beta, [FN-gamma,
sephrinB2, PDGF

TK),/ xanthine-guanine phosphoribosy! transferase (XGPRT),

nartylglncosaminidase, a-Galactosidase A, Palmitoyl Protein Thioesterase,
ripeptidyl Peptidase, Lysosomal "traﬁsmcmbmne proiein, cysteine transporter, Acid
ceramidase, acid a-L-fucosidase, protective protein/cathepsin A, acid B-glucosidase or

glucocerebrosidase, acid B-palactosidase, iduronate-2-sulfatase, o-L-Tduronidase,
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galactocerebrosidase, acid e~-mannosidase, acid B-marmosidase, arylsulfatase B,
arylsulfatase A, N-Acetylgalactosamine-6-sulfate sulfatase, N-Acetlylglucos

lipase, nepritysin, the insulin-degrading enzyme insulysin, thimet oligopeptidase,
1GE-1, calbindin D28, parvalbumin, HIF 1 -alpha, SIRT-2, VEGF, -1, SMN-2,
GDNF, ciliary neurotrophic factor (CNF), low density lipoprotgin (LDLR), Alpha-1-
Antitrypsin (AAT), UDP-glucuronyi-transferase, UGT1Al, glucose-6 phosphatase,
phosphoenolpyruvate-carboxykinase, galactose-1 phosphate uridy! transferase,
phenylalanine hydroxylase, branched chain alpha-ketoatid dehydmgenase,
ﬁnnarylacetcazetaté hydrolase, methylmalonyl-CoA/mutase, ornithine
transcarbamylase, argininosuceinic acid synthetage, adenosine deaminase,
hyposanthine guanine phosphoribosyl transferdse, bictinidase, beta-
glacocerebrosidase, beta-gluronidase, porp ébﬂinogcn deanunase and p53.

g The use or composition of any of claims 1-7, wherein the disease or
condition treatable by a therapeutic xy&ci&ic acid is selected from among arthritis, -
chronic pain, HIV-related ATDS, @t‘ﬁamsciamsm restenosis, inherited enzyme
denc;emy, inherited immune d;ﬁcwm:y cancer, a retrovirus infection, hemophilia,
diabetes, 2 muscular dystropk@r, a cardiovascular disorder, cystic fibrosis, a
neurodegenerative disordgt, trauma, pain, sickle cell anemia, antoimmuns disease,

inflammatory disease, gnd hypertension.

9. The pse or composition of any of claims 1-8, wherein the therapeutic

nucieic acid moigcule encodes a polypeptide selected from among Factor VIII for

€ I diabetes mellitus; an alpha-1-antitrypsin (AAT) for treating aipha-1-
antitrypgin (AAT) deficiency; a hemochromatosis protein (HFE) for treating

ghfcuronosyliransferase 1A1 (UGT1AL) for treating Crigler-Najjar syndrome type I
mithine transcarbamylase (OTC) for weating ornithine franscarbamylase deficiency,
type H; low density lipoprotein recepior (LDLR) for treating familial
hypercholesterciemia, fibrinogen alpha (FGA), beta (FGB) or gamma (FGB) for
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treating aﬁbrinogenémia; glucose-6-phosphate-o. for treating glveogen storage disease
(GSD) type la; G6PT for treating GSD type Ib; acid-o~ghicosidase {or wreating GS
type I (Pompe); u-L-iduronidase for treating mucopolysé;ccharidosis (MPSI}):
sulphamidase for treating MPS 1A, e-N-acetylglucosaminidase (NaGiu) for ifeating
5 WMPS HIB; P-glucuronidase for treating MPS VIL; o~galactosidase A for trpfting
Fdbry disease,; giucocerebrosidase for treating Gaucher’s disease; acid

10 amyloid-beta degrading enzyme neprilysin, the insulin-degrdding enzyvme insulysin,
-6t thimet oligopeptidase for treating Alzheimer’s dise:as/ { insulin growth factor-1
(IGF-1), calbindin D28, parvalbumin, HIF1-alpha, S (T-2, VEGF, SMN-1, SMN-2,
GDNF or ciliary neurotrophic factor {CNF) for trediing Amyotrophic Lateral
Sclerosis (ALS); galactose-1 phds;iham uridyl wansferase for treating galactosemia;

15 branched chain alphe-ketoacid dehydroge
fumarylacetoacetate hydrolase for weati

e for treating maple syrup urine disease;
tyrosinemia fype 1; methylmalonyl-CoA
mutase for treating methyimalonic a;:}'dmia; argininosuccinic acid synthetase for

treating citrullinemia; hyposamhin/c/ guanine phosphoribosyl transferase for treating
'Gout and Lesch Nyan syndrome; beta-ghironidase for treating Sly syndrome;
20 perowisome membrane proteit 70 kDa for treating Zellweger syndrome, enfuvirtide
| for treating Human immupbdeficiency virus (HIV) infection; adenosine deaminase
- (ADA) for treating compbined immunodeficiency disease (SCID); CFTR for treating
cystic fibrosis; porph bﬂinogen deaminase (PBDG) for treating acute intermittent
porphyria; interfed on-beta treating multiple sclerosis; lipoprotein lipase for treating
25 lipoprotemn ’ e deficiency (LPLD}, 153 for treating cancer; and glutamic acid
decarboxyiese (GAD) for freating Parkinson’s Disease.

A composition for use in increasing muscle production in an animal,
incregsing hair growth in an animal, mereasing wool production in ap animal,
inéreasing growth of an animal, or for facilitating nutrient synthesis or utilization in

30 /an ammal, wherein:
. the composition is to be administered by direct parenchymal administration

4o a compartmentalized tissue, organ or portion of a tissue or organ, wherein the
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portion is sufficient in size to compartmentalize and to effect administration of the
composition;
the composition is formuiated for direct parenchymal administration;

the composition comprises a delivered agent; and

h

the delivered agent comprises a nucleic acid molecule that encodgf a
polypeptide that increases muscle production in an animal, increases hait growth in an
animal, increases wool production in an animal, increases growth of 4n animal, or is
involved in nutrient synthesis or utilization .

11 Use of a composition for manufacture of g/medicament for
10 increasing muscle production in an animal, increasing hair
increasing wool production in an animal, increasing gmv&h of an animal, or for
facilitating nutrient synthesis or utilization in an ani

the composition is to be administered by

irect parenchymal administration
t0 & compartmentalized tissue, organ or portion/6f a tissne or organ, wheremn the
15 portion is sufficient in size to compartmentatize and to effect administration of the
composition; s
the composition is formulated for direct parenchymal administration;
the composition comprisgs a delivered agent; and
the delivered agent c(}ﬁ{‘;:)rises a nucleic acid molecule that encodes a
20 polvpeptide that increases mr:ﬁqcie production in an animal, increases hair growth in an
| animal, increases wool production in an animal, increases growth of an animal, or is
involved in nutrient syrithesis or utilization.
12.  Thexse or composition of claim 10 or claim 11, wherein the encoded

polypeptide is sefected from among:

ibitor:

a polypeptide that is involved in nutrient synthesis or viitization that is a serine
fransacetylase and o-acetylserine sulphydrylase.

13.  The use or composition of claim 12, wherein the myostatin inhibitor is
follistatin,
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14, The. compasition or use of any of claims 1-13, wherein the
comparimentalized tissue or organ or portion of a tissue or organ is isolated from
systemic circulation, whereby the arteries, veins, ducts and/or vessels servicing dr
traversing the tissue or organ or portion of the tissue or organ are blocked so that

5  blood supply and flow to the tissue or organ or portion thereof is reduced or
eliminated.
15."  The composition or use of any of claims 1-14, whergin the

compartmentalized tissue or organ or portion of a tissue or org

clamped.

10 i6. The coinposi‘tion or use of any of claims 1-}4, wherein the tissue or
organ or portion of the Hssue or organ is selected from aélong the liver, brain spinal
cord, pancreas, heatt, sk:m, kidney, lung, blood vessel, bone, muscle, uterus, cervix,
prostate, wrethra, and intestine. /

17.  The.composition or use of any of claims 1-16, whersin the composition

15 isto be administered by direct parenchym?s{mninisﬁaﬁen of a nucleic acid molecule

: toa compartmentalized liver or 2 porﬁm} f the liver. |
8.  The compasition'a;uS//of claim 17, wherein the compartmentalized

‘portion of the liver is selected from/among a lobe, segment or a portion of a lobe or

i
segment of the liver. ) i

20 19, The composit}éfn or use of claim 18, wherein the lobe or portion of a
lobe is selected from amopg the right lobe, the left lobe, the quadrate lobe and the

caudate iobe or portionghereof,

20. - The ¢bmposition or use of any of claims 1-19, wherein the delivered
agent 1s selected from among a single stranded DN A, & linear stranded DNA, a

]
AR ]

circutar DNA /& non-viral vector, a virus, a virus-like particle, a minicircle, a
nanoparticlé and a whole c2l that comprise the nucleic acid molecule.
The vse or composition of claim 20, wherein the delivered agent is a
non- vector and the non-viral vector is an expression vector, |
22.  The use or composition of claim 20, wherein the delivered agentisa
30 /panoparticle and the nanoparticle is targeted or radiolabeled.
23. The use or compbsiﬁan of claim 20, wherein the delivered agentisa

VIFUs.,
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24.  The use or composition of claim 23, wherein the delivered agent is
virus and the virus is selected from among an adenovirus, an adeno-associated v
(AAY), a retrovirus, vaceinia virus and herpes siraplex virus.

25, The use or composition of claim 23 or claim 24, wherein tt}ﬁ:”/{}'ims
comprises the nucleic acid molecule and the nucleic acid molecule is hgtémlogous 10
the virus genome. /}

26.  The use or composition of any of ciaims 23-25, w}_;,é}ein the retrovirus
is 2 lentivirus. |
27.  The use or composition of any of claims 23-}5‘ , wherein the virus is an
adenovires, ’

28.  The use or compaosition of any of claimg 1-27, wherein:

the composition is to be administered by direct parenchymal administration
of the nucleic acid molecule to a comparﬁ:mental};z’ed, liver or portion of a tiver,
wherein the portion is sufficient in size to compparimentalize and to effect
administration of the composition;

‘rhe‘ composition is formulated /for direct parenchymal administration;

the composition comprises/aﬁ adenovirus ar adeno-associated virus
comprising the therapeutic nucleig” a/x:id molecule, wherein the nucleic acid molecule
is heterologous to the virus ger;eﬁﬁe. ' |

29, Theuscor coxépﬁsiticm of claim 27 or claim 28, wherein the serotype
is adenovirus type 2 or adénovirus type 5.

30. The ase/ér composition of any of claims 27-29, wherein the adenovirus
comprises a deletiop’in an E1, E2a, E2b, E3, or E4 coding region.

3l T é use or composition of any of claims 27-3¢, wherein the adepovirus
comprises a c}(ééon in the B! coding region.

32}_/‘/ The use or composition of any of claims 1-20, wherein the nucleic
agent xygﬁecule is selected from among a DNA molecule, a RNA molecule, and an
aptarper.

33.  The use or composition of claim 32, wherein the nucleic acid molecule

s selected from the among 2 microRNA, a small interfering RNA, a ribozyme and an

 antisense nucieic acid.
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34.  The use or composition of any of claims 1-33, wherein the delivere.
agent is formulated with lipids, polymer reagents or other agents to facilitate ent¥ by
parenchymal cells. /

35.  Theuse or composition of any of claimns 1-34, wherein the ,eiehvered

5 agent is formulated with an agent that promotes cellular uptake of the d.&‘fiivered agent,

36. Theuseor composition of cleim 35, wherein the deh)zered agentisa
virus and the agent is a transcriptional enhancer of a virus-specifio’ ‘cell surface
receptor. _ ’

37 Theuseor composition of claim 36, wherei/x}/é agent is a histone
10 deacetylase (HDAC) inhibitor. /

38. Theuseor éemposition of clairn 37, w}aérein the HDAC inhibitor is
selected from among trischostatin A, vorinostat (SAHA), belionostat (PXD101),
LAQS24, pancbinostat (LBHS58Y), entinostat (M3-275), C199, mocetinostat
(MGCD0103), roridepsin (istodas), valproicacid; PEI-24781, SB939, resminostat,

15 givinostat, CUDC-101, AR~42, CHR-2845{ CHR-3996, 48C-202, CG200745,
Kevetrin, and trichostatin A {TSA). /,/

39. Theuseor composm})ﬁ'of any of claims 1-38, wherein the amount of
deliversd agent in the compositionis 100-fold or less than the amount of the same
deliversd agentina compbsiﬁgﬁ‘ formulated for intravenous administration for the

20  same purpose. f_,f/ '
40. Theuseo féomposition of claim 39, whersin the amount of delivered
@/n} is 200-fold, 500-fold, 1000-fold, 5000-foid, 10000-foid or

less than the arm)? of the same delivered agent in a composition formulated for

agent in the compositi
intravenous inistration.
25 41, A The use or composition of any of claims 1-40, wherein:
the/gslivcred agent is an adenovirus or adeno-associated virus comprising a
heterologous nucleic acid molecule in its genome; and |
the amount of adenoviras in the composition is or is about 2 x 10° pfu/ mL to
1 10 pfml, 2 % 10° pfw/ mL to 1 x 10°% pfmL, 2 x 10° pfwmlL to 2 x 10"
30 Apfu/mL, 1% 10° pfa/mL to 5 x 10" phvml, 1 x 10° pfw/ml to 1 x 10" pfwml, 25
10° pfa/ml to 2 x 10" pfu/mL, orl x 10% to 1 x 10" pfw/mL; or is or is about between
2 x 10° particles/ mL to 1 x 10" particles/mL, 2 x 10° particles/ mL to 1 x 16"
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particles/mL, 2 x 10° particles/mL to 2 x 10" particles/mi, 1 x 10 particles/mL to 5
10" particles/mL, 1 x 10° particles/mL to 1 x 10" particles/mL, 2 x 10° particles/
t0 2 % 10" particles/mL, or 1 % 10%t0 1 x 10" particles/mL.
42, The use or composition of any of claims 1-41, wherein the vgiﬁ’me of
5  the composition is or is abont between 0.02 ml. 1o 100 mL, .05 mL to 50/mL, I mL
4010 mL, 0.05 mLto 5 mL or 0.02 mL to 1 mL.

43, The use or composition of any of claims 1-42 that is ﬁgrmulaieé for

/

single dosage administration.
» 44, The use or composition of any of claims 1-4%/415 formulated for

10 multiple dosage administration. /

&

45.  The use or composition of any of claims ﬂ% wherein:
the delivered agent is an adenovirus or adengassociated virus comprising 2
heterologons nucleic acid molecule in its genome/;/ / '
the composition is for single dosage ac}/mgnistration; and
15 the amount of adenovirus in the csn}p’ositian is between or between about 10
to 1 x'10 particies, 10 to 1 x 10° particlg$, 1 ¥ 10° to 1 x 10 particles, 1x 10°t0 1 x
10" particles, or 1 10710 1 x 1¢° pgn/cles; orisorisabout i0to 1 x 10% pfu, 10 1o
1 x 10° pfin, 1 x 10° to 1 x 10% pfie, fx 10° 10 1x 10™° pfu, or 1x 107 to 1x 107 pfi;
orless than 1 x 10" particles, 1 ;ﬁ”iO“ particies, 1 x 10" particles, 1 x 10° particies, 1
20 x 10° particles, 1 x 107 particlés, 1 x 10° particles, 1 x 10° particles, 1 x 10° particles, 1
% 10° particles or less; OT}E{I/.ESS than 1x 10" pfu, 1 x 16" pf, 1x 106Y pfn, 1% 10°
pfe, 1x 10° pfu, 1% 107pfu, 1 x 10° pfu, 1 x 10° pfo, 1% 10° pfu, 1 x 10° pfu or less.
46.  The yse or composition of any of claims 1-45 that is formuiated for
administration to J buman patient.
25 47, jém use or composition of any of claims 1-46 that is formulated for
admixﬁstra?éx to a human child under the age of 18.
The use or composition of any of claims 1-47 that is formulated for
admiptstration 1o a fetus.
49. A method of delivering a nucleic acid molecule 1o a subject,

30 omprising:

/
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a) compartmentalizing a tissue or organ.or portion of the tissue or organ frg
systemic circulation of the host, wherein the portion is sufficient in size to
compartmentalize and to effect delivery of the agent; and

b) administering a delivered agent directly to the parenchyma of tpésue or
organ or portion of the tissue or organ, wherein the delivered ageni:z»ﬁ;ises the

nucleic acid molecule, whereby the delivered agent enters parenchyrpal celis of the

compartmentalized tissue or organ or portion of the tissue or crgz};a{

50.  The method of claim 49, wherein compartmentalizing the tissue or
organ or portion of the tissue or organ is effected prior to, sirnultansous or subsequent
o administering the defivered agent. /

51, The method of claim 49 or claim 50, wherein compartmentalizing the
tissue or organ or portion of the tissue or organ is effected prior to administering the
delivered agent; and

the delivered agent is admimistersd aﬁé/z compartmentalizing the tissue or
organ or portion of the tissue or organ. /

52. The method of any of ciﬁzms 49-531, wherein administering the
delivered agent is no more than 5 n;iﬁutes, 4 minutes, 3 minuies, 2 minutes, 1 mioute
or 30 seconds atter mmparﬁnentg&izing the tissue or organ or portion of the fissue or
organ.

33, The meth@% ﬁéany of claims 49-52, wherein compartmentalizing is
achieved by blocking any one or more arteries, veins, ducts and/or vessels in the
tissue or organ or porfion of the tissue or organ, whereby blood supply and flow to the
tissue or organ or portion thereof is reduced or eliminated.

54, ;Vi method of claim 53, whereir all arteries, veins, ducts and/or
vessels servi;zﬁ}xg or traversing the tissue or organ or portion of the fissue or organ are
blocked. /

5. The method of claim 53 or claim 54, wherein dlocking an artery, vein,
duct 4nd/or vessel is with a device or technique selected from among manual
rm;\ﬁ:;ssion, a parenchymal clamp, an arterial or venous clamp, an occlusion

catheter, 2 stapling device, 2 band, a tourniqust and a cable.
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56. The method of any of claims 49-55, wherein a tissue or organ or
portion of a tissue or organ is compartmentalized by clamping with a parenchym
clamp.
57.  The method of claim 56, wherein the clamp is a laparoscopic %amp.
58.  The method of any of claims 49-57, wherein afier compm}zé;ntaﬁzing
the fissue or organ or portion thereof, further comprising applving suci;ién to reduce or -
eliminate biood in the tissue or organ or portion thereof,

59.  The method of any of claims 49-58, further comgpi’é/ing:

c) after administering the delivered agent, resioring ¢ fmunication between
the tissue, organ or portion of the tissue or organ with the gyg;i; circulation.

60.  The method of claim 5%, wherein restoring communication with the
systemic circulation comprises removing the device gr/ technique used to block an
artery, vein, duct and/or vessel. P

61.  The method of claim 39 or claim 60, wherein the step of restoring
communication is effecied_a predetelmin%e after administering the delivered
agent. /

62.  The method of claim §}” , wherein the predetermined fime is sufficient
for the administered delivered ageg;f/;to enter parenchvimal cells, whereby upon
restoration of communication gg-'énore. than 20% of the delivered agent has not
entered a parenchymal celi (3;/110 more than 20% of the delivered agent is exposed to
the systemic circulation. / '

63. The methiod of claim 62, wheremn no morf;: than 15%, 14%, 13%, 12%,
11%, 10%, 9%, 8%.,/7%, 6%, or 5% of the delivered agent is exposed to the systemic
circulation. s

64, /4}15 method of any of claims 61-63, wherein the predetermined fime is
1 minute t{;/i 20 minutes after administering the delivered agent.

6»5{ The method of any of claims 61-64, wherein the predetermined fime is
at ieaﬁér at least about or is or is about 30 minutes after administering the delivered

it

H6. The method of any of claims 49-65, wherein the tissue or organ or

" portion of the tissue or organ is selecied from among the liver, brain spinal cord,
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péﬁcreas, heart, skip, kidney, lung, blood vessel, bone, muscle, uterus, cervix,
prostate, urethra, and inestine.
. 67.  The method of any of claims 49-66, wherein the tissue or org?a/dr

pﬂrtmn of the tissue or organ is the liver. /

éﬁ._ . The meihod of any of claims 49-6'7 wherein: S/

the tissue or organ or portion of the tissue or organ is the ixver,/and

thé pwdetermmed time before restoring communication W}m the systemic
circulation is af least.or at Jeast about or is or is about 30 mimutes. ,

.69, The method of any of clanms 49-68, wherein /@( portion of the fissue or
organ is cémpaxtzz;entalized /

70. The meihﬁd of clalm 69, wherein a poyion of the liver is
compamnentahzed and th&: portion is a iobe, segm?m% or a portion of a lobe o7
segment of the liver. /

71.  The method of claim 70, whcrem the lobe or portion of 2 iobe i8

selected from among the right lobe, the lag/{be the quadrate lobe and the caudaie

-“lobeor is & portion thereof. - /

- 72. Thémethed of any of fa'faa.ms 49-71, wherein the delivered agent is

- selected from among a non-viral vc’ctor a virus, & virus-like particle, a minicircle, a

nanoparticle and a whole cell i:hat comprise the nueleic acid molecule.

73.  Themethod Q*‘/ claim 72, wherein the delivered agent is 2 nanoparticie
and the nanoparticle is ‘m/gated or radiolabeled.

74, The method of claim 72, wherein the delivered agent is s virus and the
viras is selected froph among an adenovirus, an adeno-associated virus (AAV), 2
rEroVIrgs, vacc?ﬁa virus and herpes szmpiax virus,

75.

76},,! . Themethod of claim 74, whetein the virus is an adenovims.

he mathcd of claim 74, wherein the TetroOvVirus is a lentivirns,

V. The method of claim 74, wherein the serotype is adenovims type 2 or
adeng¥irs type 5.
78. The method of claim 76 or claim 77, wherein thg adenoviris comprises
deletion in an El, E2a, E2b, E3, or B4 coding region.,




(¥4

10

i35

20

25

30

-~ 159 -

79. The method of any of claims 74-78, wherein the virus comprises the
nucleic acid molecule and the nucleic acid molecule is heterologous to the virus
genome.

80. The method of any of claims 49-79, wherein the nucleic aoij molecule
encodjes a polypeptide, whereby the polypeptide is expressed. / g

8. The method of claim 80, wherein the encoded pelyne?hde is selected
from the among an cnzyme 2 hormone, a coagulation or oloﬁmg fa{ctor, & cytokine, a
growth factor or active portion thereof, an antibody or antigen ndmg portions of
antibodies, an angiogenesis modulator, an inununomodulatg/y, a pain modulator, a

receptor or active portion thereof, a transport protein, a 1';g/ulatory protem, an anfigen

and an allergen. /

82.  The method of claim 80 or claim 81 ﬁheﬂrein the encoded polypeptide
is selected from among adenosine deaminase, @;Jtic fibrosis transmembrane
conductance regulator (CTFR), galsulfase, Iaxpfx;dase, N-acetylgalactosamine 6~
sulfatase, phenylalanine ammonia lvase, acgjd/aipha glucosidase, imighicerase,
alglucosidase aipha, thyrotropin, gmwﬂ:;,-ﬂomone, imsuolin, thyroid hormone,

/
erythropoietin (EPO), mterlevddin-1 (IL«-I), 1L-2, IL-3, IL-4, IL-5, 11~7, interferon-o
(IFN-c), IFN-B, IFN-y), TNF, EL-}Z IL-18, fit3, NP2, bone morphegenic protein
{(BMPs), epidermal growih factc}r (EGF), erythropoietin (EPO}, fibroblast growth
factor (FGF), granulocyie cglény stimulating factor (G-CSI), granulocyte
ma%:repha,ge colony sﬁmr/z}éjting factor (GM-CSEF), hepatocyte growth factor (HGF),

' insulin-like growth factor (IGF), platelet derived growth facior (PDGF), transforming

growth factor o or B¢ vascuiar endothelial growth factor (VEGF), epidermal growth
factor receptor (}/3, FR), fibroblast growth factor receptor (FGFR), FGFR antagonist

- (sFGFR) trans/ﬁ’éming growth factor receptor (TGFR), vascular endothelial growth

factor re:c?fér (VEGFR), plasminogen activator, urokinase, Factor VIII, Factor IX,
von Willgbrand factor, growth hormone, METH-1, METH -2, TrpRS fragments,
prolifefin-related protein, prolactin fragment, PEDF, vasostatin, anglostatin,
enfgié/statin, kininostatin, fibrinogen-E fragment, fairombospondin, tumstatin, canstatin,

fést'm, sFlt-1, sFIk, sNRP1, IP-10, PF-4, Gro-beta, sEphB4 and sephrinB?, IGF-1,

HSV-TK, carboxypeptidase G2 {CP(2), carboxylesterase (CA), cylosine deaminase
(CD), cytochrome P450 (cyt-450), depxycytidine kinase (ACK), nitroreductase (NR),
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‘purine nucleoside phosphorylase (PNP), thymidine phosphorylase (TP), varicella

zoster virus thymidine kinase (VZV-TK), xanthine-guanine phosphoribosyl
transferase (XGPRT), Aspartylglucosaminidase, a-Galactosidase A, Palmito:ﬂ/f’rotein
Thioesterase, Tripeptidyl Peptidase, Lysosomal transmembrane protein, C};s{eine
transporter, Acid ceramidase, acid o-L-fucosidese, protective protein/caj;l{eysm A,
acid B-glucosidase or glucocerebrosidase, acid B- gélactﬂsidase, idun}rfgte-%sulfaime,
g-L-lduronidase, galactocersbrosidase, acid c~mannosidase, acid }Bi’maﬂnosidasm
arvisulfatase B, arylsuifatase A, N-Acetylgalactosamine-6-sulfate sulfatase, N-
Acetlylglucosamine-1-phosphotransferase, Acid sphingumyg/finasa, NPC-1, B-
Hexosaminidase B, Heparan N-sulfatase, o-N-Acetylglu ;aminidase (INaGlu),
Acetyl-CoAcoglucosamininde N-acetyltransferase, N—/Acetylglucosamén&&sulfate
sulfatase, f-Glucuronidase, acid lipase, nepriiysin,,ﬁ;c msulin-degrading enzyme

insulysin, thimet oligopeptidase, IGF-1, 'caibincﬁn/ D28, parvalbumin, HIF }-alpha,

SIRT-2, SMN-1, SMN-2, GDNF, ciliary nm}rf({trophic factor (CNF), low density
lipoprotein (LDLR), lipoprotein lipase (LDL), Alpha-1-Antitrypsin (AAT), UDP-
glucuronyl-transferase, UGT1AL, giucg e-G phosphatase, phosphoenolpyruvate-
carboxykinase, gatactose-1 phespha}ef;mdyi transferase, phenyialamne hydroxvlase,
branched chain alpha-ketoacid de:h§drogenas¢, fumarylacetoacetate hydrolase,
methylmalonyl-CoA mutase, c;rﬁithine transcarbamylase, argiminosuccinic acid
synthetase, adenosine deam}j.ﬁ;se, hyposanthine guanine phosphoribosy! transferase,
biotinidase, betamgiucoc?yé%msidase, beta-gluronidase, porphobilinogen deaminase
(PBDG) and p53. //

83. The method of any of claims 80-82, wherein the nucleic acid molecule is
a therapeqtic ng;éfh acid molecule that encodes a therapeutic product, whereby
delivery of ﬂ;};ﬁf;mcleic acid moiecule effects treatment of a disease or condition.

84,/ The method of claim 83, wherein the disease or condition is selected
from arpong an arthritis, chronic pain, HIV-related ATDS, atherosclerosis, restenosis,
iﬁhﬁ;:i‘{;:d enzyme deficiency, inherited immune deficiency, cancer, a retrovirus

infection, hemophilia, diabetes, a muscular dystrophy, a cardiovascular disorder,

30 /oystic fibrosis, a neurcdegenerative disorder, tranma, pain, sickle cell anemia,

7 autoimmune disease, inflammatory disease, and hyperiension
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85. The method of claim 83 or claim 84, wherein the nucleic acid molecule
encodes a protein selected from among a Factor VIIT for the treatment of hemophili
A; a Factor IX for the treatment of hemophilia B; an insulin gene for treatment of type
I diabetes meilitus; an alpha-1-antitrypsin (AAT) for the treatment of alpha-
antitrypsin (AAT} deficiency; a hemochromatosis protein (HFE) for treatpient of
hemochromatosis; a copper-transporting ATPase 2 for treatment of Wilson’s disease;
UDP glucaronosyitransferase 1AT1 (UGT1AL) for the treatment of Qf{gleﬂN ajjar
syndrome type I; omithing transcarbamylase (OTC) for the tre?/em of ornithine
transcarbamylase deficiency, type II; low density ipoprotein } ceptor (LDLER) for the
treatment of familial hypercholesterolemis; fibrinogen alp};é (FGA), beta (FGB) or
gamma (FGB) for the freatment of affbrinopgenemia; gllgcfgse—é—phosphate—a for the
treatment of glycogen storage disease (GSD) type Ta:/G6PT for the treatment of GSD
type Ib; acié-a—glﬁéosidase for the treatment of 9&) type il (Pompe); o-L-
iduronidase for the treatment of mucopolysacgh’éﬂdosis (MPSTI}; suiphaxni.daée for the
treatment of MPS TIIA; a-N-acstylglucosary inidase {NaGhu) for the treatment of MPS
HIR; f-glucuronidase for the treatment 021'4?8 VII; o-galactosidase A for the
freatment of Fabry disease,; glucaceffsﬂ;*ssidase for the treatment ofGaucher’s disease;

7

 acid sphingomyelinase for the tre/a,ﬁ:ifrxent of Niemann-Pick syn@ome; , phenylalanine

hydroxylase for the treatment gf %;henyikstenuria; TIMP antagonist or anti-HSC
molecules for the treatment @:/€ Hver fibrosis;anti-ROS molecules for the treatment of
liver ischemia reperfusion’injury; amyloid-beta degrading enzyme neprilysin, the
insuiin-degrading enzyine insulysin, or thimet oligopeptidase for the treatment of
Alzheimer’s diseasg, insulin growth factor-1 (IGE-1}, calbindin D28, parvalbumin,
HiF1-alphe, SIRT-2, VEGF, SMN-1, SMN-2, GDNF or ciliary neurotrophic factor
{CNF) for th/;afﬁ*eatmcm ofAmyotrophic Lateral Sclerosis (ALS); galactoge-]

pho sph?én’dyl transferase for the treatment of galactosemia; branched chain alphs-

kﬁtoac/j. dehydrogenase for the reatment of maple syrup urine diseage;

irvlacetoacetate hydrolase for the weatment of tyrosinernia type 1;
ethylmalonyl-CeA mutase for the treatment of methyimalonic acidenia;
argininosuccinic aéid synthetase for the treatment of citrullinem:a; hyposanthine
guanine phosphoribosy! transferase for the treatment of Gout and Lesch Nyan
syndrome; beta-ghwonidase for the treatment of Sly syndrome; peroxisome
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membrane protein 70 kDa for the {reatment of Zeliweger syndrome, enfuvirtide for
the treatment of Human immunodeficiency virus (HIV) infection; adenosine
deaminase (ADA) for the treatment of combined inmmmodeficiency disease (SEIDY;
CFTR for the treatinent of cystic fibrosis; porphobilinogen deaminase (PBDG) for the
treatment of acute intermitient porphyria; interferon-beta for the treatment of multiple
sclerosis; lipoprotein Iipase for the treaiment of ipoprotein lipase deﬁfzncy {LPLD),
p33 for the treatment of cancer; and glutamic acid decarboxylase (P@D) for the
treatment of Parkinson’s Disease. /

86,  The method of claim 80, wherein the nucleic a¢id molecule encodes &
polypeptide that increases muscle produétion in an animal,Ancreases hair production
in an animal, increases wool production in an animal, 1 ’feases growth of an animal,
or is involved in nutrient synthesis or utilization. /ﬁ

87.  The method of claim 86, wherein m’é encoded polypeptide is seiected
from among: / f

a polypeptide that increases muscle{: ;?adustiun in an animal that is a myostatin
inhibitor; / '

a polypeptide that increases gé;ﬂh in an animal that is a growth hormone,
1GF-1, a growth hormone releasing factor or chicken 3ki; and

d
a polypepiide that is involved in nutrient synthesis or utilization that is a serine

| transacetylase and o—acetyisgﬁ}se sulphydrylase.

88. The method /c)f clairn 87, wherein the myostatin inhibitor is follistatin.

89, The meathod of any of claims 45-88, wherein the nucleic agent
molecule is seiect_e@/i:{om among a2 DNA molecule, a RNA molecule, and an aptamer.

9¢. Thé/ method of claim 89, wherein the nucleic acid molecule is selected
from among afmicroRNA, a small interfering RNA, a ribozyme and an antisense
nucleic ac};i.

/9{. The method of any of claims 49-50, comprising imaging the fissue or
organy'to identify the parenchymal tissue prior to administration of the delivered agent.
82,  The method of claim 91, wherein the mmaging is magnetic resonance

ing (MRT), sonography (ultrasound), or computed tomography (ct).
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93, The method of any of claims 49-52, wherein the delivered agent is
formulated with lipids, polymer reagents or other agents to facilitate entry into the
parenchymal cells.

94,  The method of any of claims 49-93, wherein the delivered Agent is
delivered in the presence of a physical method to facilitate entry into p;zéjchymal
ceils. f/ '

93, The method of claim 94, wherein the physical me}h[c;d is selected from
among electroporation, sonoporation, hydrodynamic pressure, Mlrasound and a gene

96.  The method of any of claims 49-95, ﬁn‘th/ef/comprising administering
an agent that promotes cellular uptake of the delivere /e agent, wherein the agent is
administered prior te, simultansously or subsequent’ to administration of the delivered
agent. _ ( /

97.  The method of claim 96, wher,éi;:x the agent 1s a transcriptional
enhancer of a virus-specific cell surface re éptar or of the therapeutic transgene.

98.  The method of claitn 97, 4vherein the agent is a histone deacetylase

/
/

(HDAC) inhibitor: /

¢9,  The method of ang/éf claims 49-98, wherein the amount of delivered
agent that is administered is l{gﬁ:fold or less than the amount of the same delivered
agent administered intraveﬁg;{;siy for the same purpose.

100. The methg&/ef any of clairns 49-99, wherein:

the delivered f;gem: is an adenovires or adeno-associated virus comprising 2
heterologous nucleia/ acid molecule in its genome; and

the amoutyt of delivered agent administered is:

/between or about between 10 to 1 x 10" particles, 1610 1 % 10°
particles, 14 10° to 1 x 10'2 particles, 1 x 10° to 1 x 10 particles, or 1 x 107 fo 1x 1¢°
particleg;/c)r is or is about between 1010 1 x 10¥ pf, 100 1 x 10° pfu, 1% 167 0 1%
10% 1x10%t0 1x 10" pfu, or 1 x 107 to 1x 10° pfu; or
less than 1 x 102 particles, 1 x 10" particles, 1 x 101 particles, 1 x 10° _
articles, 1 % 10° particles, 1 x 107 particles, 1 x 10° particles, 1 X 1 particles, 1 x 16*
particies, I x 10° particies or less; or is less than 1 x 10% pfu, Ix 101 pfu, 1 x 10%
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pfiy, 1 x 10° pfis, 1% 108 pfi, 1% 107 pfis, 1% 10° pfi 15 10° pfn, 1% 10° pfia, 1% 1
pfo or less.

101.  The method of any of claims 49-100, wherein the delivered agent is
administered to more than one locus in the compartmentalized tissue, orgm;/z portion
of the tissue or organ. ' //

102, = The method of any of claims 49-101, wherein prior to fé;toring
communication to the tissue, organ or portion of the tissue or orgay with the systemic
circulation, further comprising removing from the parenchyma of the tissue or organ
or portion of the tissue or organ delivered agent that is ex:?e/ihﬁar,

103. The method of any of claims 49-102, that i
/-
/

repeated a plurality of
imes.
104,  The method of claim 103, wherein in/subsequsm iteration of the
method, the delivered agent is administered to t};é sarme compartmentahzad locus or &
different cempart:me:niahzed locus. ,/

105. Ths method of any of ciaLm,s 49-& 04 wherein ﬂlb subject is selected

106, The 1oéth63 6 axty c&f x:lalms 49 105, wherem the subje:ct isa humw
child under the age of 18 oris a h}tmaﬁ fetus ‘

107.. The method of any of claims 45-106, whersin tha subject has been
diagnosed with a genetic d.e:&zcncy.

108. The methg;d/cf any of claims 49-107 that is performed via laparoscopy.

109, A container, comprising an adenovirus or adeno-associated virus
composition, wherein:

the compx{ ition is formulated for direct parenchymal administration;

the a@mcmrus or adenc-associated virus comprises a heterologous nucleic
acid molectle in s genome;

e amount of adenovirus or adeno-associated virus in the composition is an
amot for single dosage administration that is 100-fold or less than the amount of the
fe adenoviras or adeno-associaied virns administered intravenously for the same

urpose; and

the container is sterile and sealed.
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110. The container of claim 109, whersin the amount of adenovirus or adeng
associated virus in the composition is!

less than 1 x 10° pfu, and is at Jeast or about at least 10 pfu, 1 x 10 pfu/1 x
16° pfu, 1% 10 pfa, 1% 10° pfy, 1 x 10° pfu, 1x 107 pfe, or1x 10° pﬁl,orftzje; or
less than 1 x 10 particles, and is at Jeast or about at least 10 particles, 1 >/i 0
particles, 1 x 10° particies, | x 10° particies, 1 x 10° particles, 1 x 10 /ﬁamcics 1x 107

particles, 1 x 10° parﬁcies ar I00TE. /
111. The container of claim 109 or claim 110 that con ns 1x10°pfutolx
106 pfu; or 1 x 10% particles to 1 x 10° particles. /

112, The container of any of claims 109-111 that'has a volume of 0.62 mL
to 100 mL, .05 ml o 50 mL, I mL to 10 ml, 0.05 "é) S5mLor 0.02 mL to 1 mi..

113. The container of any of claims 109~ 1/12 that is a syringe or vial.

114, The container of claim 113 that is/a/ syringe that comprises a needle for
injection of the composition. / '

115. The container of any of claims 109-113, thatis a capﬂlary device for
admintstration of the composztxon by cat;y{ Hary action. '

' 116. The container of any of ciazms 109-115, wherein the delivered agent is

/

an adenovirus. /
/

117.  The container of ¢laim 116, wherein the serotype is adenovirus type 2
or adenovirus type 5. 7 !

118. The comairier of claim 116 or claim 117, wherein the adenovirus
comprises a deletion ivan El, E2a, E2b, E3, or E4 coding regions.

119.  The gontainer of any of claims 109-118, wherein the nucleic acid
molecule encad%{;cﬂypeptide.

120. /The container of claim 119, wherein the nucleic acid molecule is a
mcrapeuticéxcleig acid that encodes 2 therapeutic product.

21, The container of claim 119 or claim 120, wherein the encoded

polypéptide is selected from the among an enzyme, a hormone, a coagulation or

clotting factor, a cytokine, a growth factor or active portion thereof, an antibody or
tigen binding portion thereof, an angiogenesis modulator, an mmunomaodulator, a
pain modulator, 8 receptor or active portion thereof, & transport protein, a regulatory

protein, an antigen and ap allergen,
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122, The container of any of claims 119-121, wherein the encoded
polypeptide is selected from among adenosine deaminase, cystic fibrosis

fransmembrane conductance regulator (CTFR), galsulfase, laromdase, N-

. acetylgalactosamine 6-sulfatase, phenylaianine ammonia iyase, acid alpha
4

glucosidase, imiglucerase, alglucosidase alpha, thyrotropin, growth horrgtﬁm, insulin,
thyroid hormone, erythropoietin (EPO), interlenkin-1 (JL-1), 1L-2, II?»*3/5 -4, JL-5,
IL~7, interferon-o, (IFN-g), IFN-B, IFN~y, tumeor necrosis factor (’I}Iﬁr}, I~12, TL.-18,
fms-related tyrosine kinase 3 (flit3), neuropilin-2 (NP2}, bone motphogenic proteins
{BMPs}, epidermal growth factor {EGF}, erythropoietin (EPO), fibroblast growth
factor (FGF), granvdocyte éolony sﬁmula.ﬁng factor (G-CSF), granulecyte
macrophage colony stimulating factor (GM-CSF), he\;fcyte growth factor (HGF),
insulin-like growth factor (IGF), platelet derived growth factor (PDGF), transforming
growth factor o or B, vascular endothelial growth /fgztor (VEGF), epidermal growth
factor receptor (EGFR), fibroblast growth fac}a‘/ receptor (FGFR), FGFR antagonist
(sFGFR), transforming growth factor recep }51? (TGFR} vascular endothelial growth
factor receptor (VEGYR), plasminogen aétivator, umignase ‘Factor VIIL Factor X,
vor Willebrand factor, growth hormone, metalioproteinase tbrombospondm motifs 1
(METH-1), METH -2, tryptcphan/}ﬁftRN A synthetase (TrpRS) fragments, proliferin-
related protein, prolactin ﬁ'agfmeni PEDF, vasostatin, angiostatin, endostatin,
kininostatin, fibrinogen-E ﬁaémcnt thrombospondin, tumstatin, cansiatin, restin,
soluble fms-like tyrosine 1e:mase~1 {sFit-1), soluble vascular endothelial growth factor
receptors {sFIk), soiu@é WNewropilin 1 [sSNRP1), Interferon gamma-induced protein 10
(IP-10), Platelet fag;ér 4 (P¥-4), Gro-beta, soluble Ephrin type-B receptor 4 (sEphB4)
and sephrinB2, I/@Fwi, FISV-TK, carboxypeptidase G2 (CPG2), carboxylesterase
{CA), cytosing’deaminase (CD), cytochrome P450 (cyt-450), deoxycytidine kinase
(dCK.), nity ;educ“{aae (NR), purine nucleoside phosphorylase (PNP), thymidine
phosphorylase (TP), varicella zoster virus thymidine kinase (VZV-TK), xanthine-
ine phosphoribosy! transferase (XGPRT), Aspartylglucosaminidase, o-

Galactosidase A, Palmitoyl Protein Thioesterase, Tripeptidyl Peptidase, Lysosomal

rotective protein/cathepsin A, acid p-glucosidase or glucocerebrosidase, acid B-

37 embrane protein, cysteine transporter, Acid ceramidase, acid o-L~fucosidase,
2

galactosidase, iduronate-2-sulfatase, o-L-Iduronidase, galactocerebrosidase, acid -
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mannosidase, acid f-mannosidase, aryisulfatase B, aryisulfatase A, N-
Acetylgalactosamine-6-sulfate sulfatase, N-Acetlylglucosamine-1-
phosphotransferase, Acid sphingomyelinage, NPC-1, B-Hexosaminidase B, Hepdran
N-sulfatase, o-N-Acetylglucosaminidase (NaGluj, Ace@l—CaA:aglucasmﬁ;}iﬁdﬁ N-
acetyliransferase, N-Acetylghucosamine-6-sulfate sulfatase, B-Glucuronidgs e, acid
lipase, neprilysin, the insulin-degrading enzyme insulysin, thimet 0hgQ}p@pnc?asr:5
IGP-1, calbindin D28, parvalbumin, hypoxia induced factor I—alphz;/HIF 1-aipha),
sirfuin=2 {SIRT-2}, survival motor newron protein-1 (SMN-1), SMN-2, glial celi-
derived neurotrophic factor (GDNF), ciliary newrotrophic factor (CNF), low density
lipoprotein (LDLR), lipoprotein lipase (LDL), Alpha-1-Antitrypsin (AAT), UDP-
glucuronyl-transferases (UGT), UGTIAL, glucose-éphﬁéphaiase,
phosphoenolpyruvate-carboxykinase, galactose-1 phesphate vridyl transferase,
phenylalanine hydroxylase, branched chain alpha;lé:sacid dehvdrogenase,
: /

fumarylacetoacetate hydrolase, meﬁlyhnaionyleCc}A mutase, ornithine
trenscarbamylase, argnmnosucczmc acid sygtﬂetase, adenosme deaminase,
hyposanthine guanine phosphonhosyl traﬁsfcrase ‘biotinidase, beta-
glucocerebrosidase, bcta-oriuromdase/ﬁ)orphobﬂmagen deaminase (PBIXG) and p53.

123.  The container of claim 119, wherein the nucleic acid molecule encodes
a polypeptide that increases muscke production in an animal, increases hair growth in
an animal, increases wool p:g@ducﬁon in an animal, increases growth of an amimal, or
is involved in mixtrient s Tﬁe:sx.s or utilization.

124, The comgainer of claim 123, wherein the encoded polypeptide ig
selected from amof

a polype civ:: that increases muscle production in an animal that is a myastatin
inhibitor,

ypeptide that increases growth in an animal that is a growth hormone,
1GE-1, -4 growth hormone releasing factor or chicken Ski; and
/ 8 polypeptide that is involved in nutrient synthesis or utilization that is a serine

tabsacetylase and o-acetyiserine sulphvdrylase.

125.  The container of claim 124, wherein the myostatin inhibitor is
follistatin, '
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<150
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<160
<170
<210>
<211
<212>
<213

<220
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<40{>

atggaagaCy ccaaaaacat aaag /

<210>
<21l>
<Z212>
<213»>

<220>
<223

<400>

aaaaccogga ggtagatgag atgt /

<21{>
<21il>
<212>
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1

24

DA

artificial Seguence

Luciferase primer - sense /
1 /

2 Vi
24 ' /
DNA /
artificial sequence /

Luciferase primer - antisense’
2 s

f'f

3 /s

20 /

DNA - . *
Artificial Seguence

TNE alpha primer/- sense

3 s

actccragaa aagcaaggéa

<210>
<21i>
<2312>
<213>

<220
<223>

<4 (30>

4 ;
20

DNA

Artificial seguence

TNE Alpha primer - antisense

cgagcagyaa tgagaagagg

<21
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<211> 20
<212 DNA
«213> artificial Seguence

<2 20>
<223> TGF beta primer - sense

<400> 5 -
atacgcctga grgootgtot

<210> 6

<211l> 20

<212> DNA

«<213> Artificial Seguence

220> . .
«223> TGF beta primer - antisense

<400> &
tgggactgat cccatrtgatt

<210> 7

<211> 21

<?12> DNA

<213> Artificial Seguence

<220> )
<Z23> IFN gamma primer - sense

<400 7
gcecctetotyg gotgttactt g

(2 }.0?‘ 8 //
<211> 20 /s
<Z21l2> DNA 7
<213> Artificial Sequence /

<220 . ) r
<223> IFN gamma primer - antisense /

<400> 8 /
ctgatggect ggttgtettt '

<21(> 9 Vi
<211> 20 /
<212> DNA e
<213> Artificial Sequence /

&

<2 20> i
<223> IL-6 primer - seniﬁ

<400> 9 /
ccggagagga gacttracag
/

<210> 10 /
211> 20 /
<212> DNA
<213> artificial Seguence

<220
<223> IL-6 pfimer - antisense

<400> 10
acagtgca

<210>
<211 /25
<2125 DNA

atcgctotte
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<213> Artificial Seqguence

<220
<223> beta-actin primer - sensse

<400> 11
tgasgatcaa gatcatiger ootce 25 //f

<210> 12
<211> 25
<212> DNA /
«213> Artificial seguence //

<220 /f
<223> beta-actin primer - antisenss ¢

<400> 12 /
ctagaagcat tigcggtgga cgatg s 25

<210> 13 /
<Z1ll> 24 //
<212> DNA 7
<213» artificial Seguence /

<220 //

<223> Second {nested) Luciferase primer - sense //

<400> 13 //

caactgeata aggctatgaa gaga 24

<210> 14 /
<211 24 4
<212> DNA /
<213> Artificial sequence /

/
<220> s
<223> Second (nested) Luciferase primep - antisense
"

<400> 14 /
atttgtatic agcccatatc gttt 7 24
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