METHOD OF DELIVERY OF NUCLEIC ACIDS TO PERIPHERAL

NEURONS FIELD OF THE INVENTION [0001] The present invention -~
relates generally to compositions and methods for delivering nucleic acids

to peripheral neurons. BACKGROUND OF THE INVENTION [0002] Nerve
regeneration is a complex biological process. The degenerative

processes following damage to nerves in the central and peripheral
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of the largest differences is that peripheral nerves have a much greater
capacity to regenerate their axons following nerve injury (Fenrich, K. et al.
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neuromas, structural differences between donor and recipient nerves and a shortage of graft
material for extensive repair. To circumvent these problems, synthetic nerve guide
conduits (NGCs) have been developed to bridge the nerve gaps by securing the severed
nerve stumps into the two ends of the conduit (US 5,019,087). A number of devices, such
as, for example, Integra Neurosciences Type I collage tube and SaluMedica’s
SaluBridge™ Nerve Cuff have been approved by the US Food and Drug Agency. These
devices, however, are reserved for treatment of relatively short nerve defects, and in most
cases the synthetic conduilts do not function as well as nerve autografts (Schmidt & Leach

2003, Annu. Rev. Biomed. Eng. 5:293).

[0004]  Several tissue-engineering approaches have been proposed to enhance the
performance of NGCs, which include delivering neurotrophic factors within hollow tubes.
Filling silicone NGCs with dialyzed plasma resulted in a three to fivefold increase in

functional restitution at eight weeks compared to NGCs filled with phosphate buffered



neurotrophic factors such as nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF), fibroblast growth factor (FGF), glial growth
factor (GFG) and ciliary neurotrophic factor (CNTF) delivered within a
conduit may significantly increase the morphological and/or functional
recovery of transected and repaired nerves. [0005] NGF is the first and
best-characterized nerve-derived factor and acts on a relatively limited
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[0006]  The cell bodies of sensory neurons are locatéd in dorsal root ganglia (DRG),
nodules at the distal end of the dorsal root of each spinal nerve. Within the dural sheath
and surrounded by the cerebral spinal fluid (CSF), dorsal and ventral nerve roots leave
through the intervertebral foramen, where the dorsal root forms the dorsal root ganglion
and thereafter joins the ventral root to form the spinal nerve root. Morphologically, a
somatosensory neuron in DRG has a unipolar structure, with a connection to the central
nervous system {CNS) by a long ascending axon within the spinal cord, and to the
peripheral nervous system (PNS) by a second axon branch descending through the spinal

nerve root and further out into a peripheral nerve. Functionally, DRG neurons are



2 heterogeneous, signaling receptor-transduced stimuli of diverse sensory
modalities that range from touch, temperature, pain to proprioception.
SUMMARY OF THE INVENTION [0007] In one aspect the invention
provides a method of delivering a nucleic acid into a neuronal cell in the
peripheral nervous system of a host comprising the step of identifying a
target neuronal cell in a dorsal root ganglion and administering a vector
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[0008] In another aspect the invention provides a method of treating a
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[0008] In another aspect the invention provides a method of treating a transected
peripheral nerve having a proximal and a distal stump in a host, the method comprising
intrathecally administering a vector comprising a therapeutic nucleic acid to a dorsal root
ganglion neuronal cell wherein the distal and proximal stumps are secured to a nerve guide

conduit.

[0010]  In another aspect the invention provides a use of a vector comprising a nucleic
acid to deliver the nucleic acid into a target neuronal cell in a dorsal root ganglion wherein
said delivery is effected from a site of administration of the vector in the cerebrospinal
fluid which is sufficiently proximal to the dorsal root ganglion to deliver the nucleic acid

into the cell body of the target neuronal cell.

f0011]  In yet another aspect the invention provides a use of a vector comprising a
therapeutic nucleic acid to treat a peripheral neuropathy in a host wherein the nucleic acid

is delivered into a target neuronal cell in a dorsal root ganglion affected by the neuropathy



3 from a site of administration of the vector in the cerebrospinal fluid which
is sufficiently proximal to the dorsal root ganglion to deliver the nucleic
acid into the cell body of the target neuronal cell. [0012] In still yet another
aspect, the invention provides a use of a vector comprising a therapeutic
nucleic acid to treat a transected peripheral nerve having a proximal
stump and a distal stump in a host wherein the proximal and distal
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targpfenpreeedcatliention will become apparent to those of ordinary skill in the
art upon review of the following description of specific embodiments of
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BRUEH DESTRIBTIONADE IHERRASSEN@S relative light units (RLU) per
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present invention:

[0015] FIG. 1 shows confocal scanning microscope images of Cy3 labeled
baculoviruses or PE/DNA complexes in rat DRG at 2 days post-injection. The DRG
neurons are stained with FITC-labeled NeuN (green). Cy3 labeled baculoviruses and PE]
complexes (red) are found mainly in the cytoplasm of cells and well co-localized with

NeuN signals (arrows);

[0016]  FIG. 2 shows transfection of DRG cells with PEVDNA or baculovirus vectors
encoding a firefly luciferase (Luc) gene one day (top panel) or three days (lower panel)
after intrathecal injection. The 540 bp PCR fragment corresponds to a portion of the

firefly luciferase gene.

[0017]  FIG. 3 shows luciferase expression from four different vectors with a CMV E/P
promoter in DRG. Luciferase activities were measured at 2 days post-injection and are
expressed in relative light units (RLU) per milligram of protein (FIG 3A) or per tissue
(FIG 3B). FIG. 3C depicts the time-dependent change of luciferase activity, expressed in



RLU per milligram of protein, in DRG after intrathecal injection of PEI/DNA
complexes. [0018] FIG. 4 shows luciferase expression from four different
vectors with a CMV E/PDGF promoter in the spinal cord and the DRG.
Luciferase activities were measured at 2 days post-injection and are
expressed in relative light units (RLU) per tissue (FIG 4A) or per milligram

of protein (FIG 4B). [0019] FIG. 5 shows confocal scanning microscope
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[0021]  FIG. 7 shows morphometric analysis of nerve regeneration within NGCs 4
weeks after intrathecal injection. The samples from the PEV/pcDNA-NGF transfection
group show larger diameter of fibers and a lower G-ratio as compared with those from the
control group (p<0.01). There is no significant difference between the two groups in terms
of fiber population and density.

[0022] FIG. 8 shows electron microscope morphology of regenerated nerve fibers
from the NGF transfected (B) and control (A) groups. Samples were collected 4 weeks
after operation. MA: myelinated axons. Note larger axons with thicker myelin in the NGF

group. The original magnification x 10000,



acid vectors into cerebrospinal fluid surrounding the spinal chord is an
" effective way of delivering exogenous nucleic acids into the soma of

neurons in dorsal root ganglia. More specifically, nucleic acid vectors

encoding NGF intrathecally injected into cerebrospinal fluid were to

shown to positively influence the regeneration of a transected sciatic

nerve within a nerve guide conduit. [0024] The terms "neuronal cell" and

"neuron”, which are use interchangeably herein, in accordance with the
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injury, cells and tissues surrounding the injury site, including Schwann cells, normally
secrete factors that are taken up by the axon of the injured or damaged neuron. These
factors are generally transported to the soma of the injured nerve by axonal transport,
where they interact with receptors and exert biological effects. A number of viral-based
gene therapy system, including herpes and polioviras based therapies, have exploited this
axonal transport to deliver therapeutic genes to otherwise inaccessible neurons, including
those within the central nervous system. As would be appreciated by a person skilled in
the art, these approaches may provide less than optimal gene delivery in circumstances
where axonal transport is compromised, such as, for example, in certain neuropathies, such
as, for example, diabetic neuropathy and peripheral nerve injuries caused by trauma,

compression or transection.

[0026] By using intrathecal injection to target DRG neurons, nucleic acid vectors



compromised or abolished. Therefore, a nucleic acid may be delivered to
a neuronal cell body in the peripheral nervous system by the
administration of a vector comprising the nucleic acid into cerebrospinal
fluid. As will be understood, the site of injection in the cerebrospinal fluid
will depend on the specific target neuronal cells of a dorsal root ganglia
into which the delivery of a nucleic acid is desired. More specifically, the
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[0027] In a specific embodiment, the vector is administered by lumbar injection. .
Lumbar_ injection is considered safe and poses little danger of injuring the spinal cord and
nerve roots, as cerebrospinal fluid (CSF) in the relatively wide subarachnoid space af the
level of the cauda equina allows a certain degree of mobility of the nerve roots in response
to needle puncture. This method would therefore permit safe multiple administrations for
gene delivery to lumbar DRGs. Lumbar puncture has been clinically used as an access

method for spinal anesthesia and for introduction of therapeutic or diagnosis agents.

[0028]  An intrathecally administered vector comprising a nucleic acid sequence may
therefore be used to direct the expression of any exogenous nucleic acid in neuronal cells
located in dorsal root ganglia to provide therapeutic products to peripheral neurons

following traumatic injury or disease or to study gene expression in peripheral neurons.



[0029] In different embodiments, the vector is a viral vector. "Viral vector"”

refers to recombinant viruses engineered to effect the introduction of

exogenous nucleic acids into cells. Viral vectors include, for example,

retroviruses, adenoviruses, adeno-associated viruses (AAV),

baculoviruses, vaccinia viruses, herpes viruses, alphavirsus vectors,

alphavirus replicons and lentivirus vectors. (0030] The delivery of nucleic :
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infection of mammalian cells. Baculoviruses display a broad tropism for
mammalian cells and viral entry may be mediated by electrostatic
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AAYV vector. Baculovirys vectars have recently been viewed as a new
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silgnt in mammalian cells, making them non replicative in human cells
sene U O L B PRI, Thoa8). Bacuiovius vectors

have been shown to transfect brain cells when directly injected in vivo
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baculovirus vectors may elicit much less of a . ) ) )
therapy vehicles, due to their broad tropism in both proliferating and non-proliferating

quiescent mammalian cells, the lack of replication in vertebrate cells and little to no
microscopically observable cytotoxcity (Ghosh et al., 2002, Mol Ther 6:5; Kost &
Condreay, 2002, Trends Biotechnol 20:173). Baculovirus vectors, such as, for example,
those derived from Autographa Californica Multicapsid Nucleopolyhedrovirus
(AcMNPV), may be well suited for gene therapy of non-dividing cells because they are
episomal and their promoters are silent in mammalian ceﬁs, making them non replicative
in human cells (Sarkis et al. 2000, Proc. Nat. Acad. Sci. 97: 14638). Baculovirus vectors
have been shown to transfect brain cells when directly injected in vivo (Sarkis et al. 2000,
Proc. Nat. Acad. Sci 97: 14638;Tani et al. 2003, Journal of Virology 77(18):9799).
Further, relative to adenoviral vectors, baculovirus vectors may elicit much less of a

microglia response (Lehtolainen ef al. 2002, Gene Therapy 9:1693).



microglia response (Lehtolainen et al. 2002, Gene Therapy 9:1693). 8
[0032] The possibility of using baculovirus vectors for gene transfection in
the nervous system has been investigated in two studies. An initial report
described the efficient transduction of neural cells in vitro and in vivo
(Sarkis et at, 2000, Prom Nat. Acad. Sci 97: 14638). In primary cell
cultures of human embryonic brains, neuroepithelial, neuroblastic, and

[00383l cellBecsuisitintnigetady dkbaugthis vk aivsias wsingh adLdAUdShe nervous
mﬂilc:(-;l %d%agonstrated that mainly astrocytes and only a few neurons were

SYSIEBnBER, SEED TRE LAY G P e SfRe dhetbflpRothdeseibpbthe officient

rans

tranklamﬂiozdi?fm” asiiaﬁexﬁ ﬁea@aewl mimoimh ibraiiaua,%mgf)ﬁ}f&%dé?&m@&& Sci
. epithelia s of the choyoi exus as the main_target, with modest

o S@r%g%g)‘(pr?éswr@n& SHAPERILANPRE |FMBRBH h Seiredsivinenithelial,

neumiblestiypesdogtiubicelieisuiichedingedraRtanm a5 ToRy R8s HARINRR R ude
micala,f:Z%OZt a(f“a ntg]?Theraﬁg 9:1693). [OO%\’QB'&e i?ventors have shown for
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. Jeadily appreciate how to cqnstrug ulqviral.vectors for use in the .
i s e AT A Che UL 5L LG s =5 the main
targetcoattlingdesngensctiprssaineoin padyihe ied aene wid RAE WRYIEHOr no expression
: ression -systems, for example, the Bac-to-Bac(r) Expression system
o R B S roctie SR S AGUIRLATED o al 2002,
GenenBhevapardiéibical techniques, including PCR- based techniques and

other cloning techniques, as will be known to a skilled person and

described, for example, in Sambrook et al., Molecular Cloning A
[003HborHbeyinnantoas (Boreahn@dick SprifigsHeinbo traP tesal {0R35s \ralcapable of

infeaﬁgggmgynggrgggmﬁg@ ﬁﬁ%i% i frea d levels of the viral

l(ﬁl. . .
envelope glycoprotein gp64.-Although the"mechanism of action of gp64 on
viral entry into mammalian cells is unknown, viral vectors with increased

codtyet o SR AT AR
bacujouiial oy aeiAEs eIt dRvidio peventienns Reeothbinantctopel ofithe wicairs may be
' cons’f)ii)!/i'kﬁgd RoEsHUBPIE i RaREH RetsaliMsHION GHIGIS0GY %%Xlgxerir%%hei:?{\ﬁ?gssion
systems, for example, the Bac-to-Bac® Expression system (Invitrogen). Recombinant
baculoviral vectors may be modified by molecular biological technigues, including PCR-
based techniques and other cloning techniques, as will be known to a skilled person and
described, for example, in Sambrook et al., Molecular Cloning A Laboratory Manual (3"

ed.), Cold Spring Harbour Press.

[0035]  Viral vectors may be engineered to contain increased levels of the viral
envelope glycoprotein gp64. Although the mechanism of action of gp64 on viral entry into |
mammalian cells is unknown, viral vectors with increased levels of pg64 have enhanced
levels of transduction (Tani ez al. 2001, Virology 279: 343). Recombinant viral vectors
may also be modified by incorporating foreign envelope proteins into the envelope of the
viral virion. For example, increased neural infection efficiency may be achieved by

pseudotyping (Sarkis et al. 2000, Proc. Nat. Acad. Sci. 97: 14638) rabies virus



pseudotyping (Sarkis et al. 2000, Proc. Nat. Acad. Sci. 97: 14638) rabies
virus 9 glycoprotein (RVG) or vesicular stomatitis virus G protein (VSVG)
(Tani et al. 2003, Journal of Virology 77(18): 9799), herpes envelope
glycoprotein or envelope proteins derived from a- or rhabdovirus (Ghosh
et al. 2002, Molecular Therapy 6(1):5) into the envelope of the viral virion.
RVG is known to use the nicotinic acetylcholine receptor and the low

slysfmniehe R/ Glowtivisitolaregeptitiorwinal Enpryoteind (& SVUS-Taglified al. 2003,
Johagulgyi h 0 10-5000 fold higher efficiency of .
O%Zurafigﬁ%g}?’%fec ?ogﬁi't%\ggb&ﬁepﬁr%ogl Ye%% Bgc%l ({/(%ﬁg f"lnaﬁ’f e?rlal?%ﬁﬁf roteins
derjesshenmof ovirotodpbiiniis)s GHOsh Atelr2002)yibiecotd-sProifisits@hSyainto the
' i L he | a jncorporating,antibodies directed against
o o R A R Ao o
theotaxy ity pesssivilinp fohirfactivatimesyrséon nvicalmglemenid(bamYGahodified

al of Vi , L7¢18):9 c inant viruses may be
ba%w%ﬁég%t%g ikgggaﬁgbt%ﬁér%e%%ngg%g&e %):)nﬁpﬁg?ﬁ%nf ’%‘Fé}?ﬁ'y"f neural cell
transfaeiimnghaertbsanmislifisd hrootpuiatinG dmieran. 4663y acesldetingdeR7(18):

1510 a Wi opg (Huser 01, Nature.Biotechnology,19:451).
2 s Sy ot Bt Uefesed by
INCOERAGHPE rarsieodiesy sispats dthgritishreeikapeeifior pibtatrmey dpeonsddtto the viral
env@lfgEuce exogenous nucleic acids, for example plasmids, into a cell.

Non-viral vectors include, but are not limited to polymer-based,

peptide-based and lipid-based vectors. Many non-viral vectors are

i i h.as, far.d 5K (Si -Aldrich, St.
[GU%PmeT%'QHYn%?é@BPaM aﬂ§ ggé%ﬁfﬂ?ﬁ%‘g r’?’)%ta?}%té%g isf:rmgjccbmpiemcnt

Louis, MO) Lipofectamine TM"2000 (Invi
(Ta@o%ﬂe;@dgﬂ&‘él b lispboandTA(IERT Wickeenenp vensrapasexdnay be modified

to AREEASINEhIG-CommEREia (NSHECHORSIOROM TAQWINT RIgIes %s nown to
person skilled in the art, such as, f%?examplgy%%ﬂﬁég (gtgg%? 19}2(%, Bigere by

incqgperaling huaan slscaypecelstrBBdateramo momixatnyelopal Giviesy ef al., 2001,

NasiysBidvediiyiopthe.giect delivery of the target nucleic acid or on
nonspecific internalization methods. Non-viral gene delivery systems and

[Oogﬁthoqﬁ fgﬁxgr]eei:%] %gxsxgzee%ttig,nﬂ\{\éo%gtg? gng\l\rll%r&?v?raqe\rrggtgr?k‘i‘lll\Feo%igif‘Qle vectors”
refers to systems other than viral vectors that may be used to introduce exogenous nucleic
acids, for example plasmids, into a cell. Non-viral vectors include, but are not limited to
polymer-based, peptide-based and lipid-based vectors. Many non-viral vectors are
commercially available, such as, for instance PEI 25K (Sigma-Aldrich, St. Louis, MO)
Lipofectamine ™ 2000 (Invitrogen, Carlsbad CA). Complexes of these vectors and nucleic
acids may be prepared according to commercial instructions, or by following protocols
known to a person skilled in the art, such as, for example, Boussif ef al. (1995, Proc. Nat.

Acad. Sci. 92:7297).

[0038]  Generally, non-viral gene-delivery systems rely on the direct delivery of the
target nucleic acid or on nonspecific internalization methods. Non-viral gene delivery
systems and methods for their transfection would be known to a person skilled in the art,
and include, for example, naked plasmids, DEAE-dextran, calcium phosphate co-

precipitation, microinjection, liposome-mediated tfansfection, cationic lipids, and
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and include, for example, naked plasmids, DEAE-dextran, calcium
phosphate co- precipitation, microinjection, liposome-mediated -
transfection, cationic lipids, and 10 polycationic polymers. As would
further be appreciated by a person skilled in the art, some of these
methods, such as, for example, microinjection, liposome-mediated
transfection, polycationic polymers, are capable of transfecting cells both

polylAi¥R FOH IRl A5 WGHA AARCY R PRELRES LAY *a?mféﬁm& SPIRNEE some

nerve-specific transfection, for example by linking the vector to one or

of thefsranrtiwdsis skl afafapemmelny Bigsritacinminsrrmemrsiztadareasigction,
polygﬂfoﬁ%ﬁ}é?g\é?é%%ﬁme Fensigelion SLRAYHRINGIDNG SHNRISKPS  These

may b ained by covalently linking the nontoxic fragment C of tetanus
non-yisgh ectpwiynasine (redifiebiaenhone: paive-wiekifsiTastechienp, fepyxample by

linkil0BR] MR iR YRR ERNIRIRRG Eﬂwmp&@mﬁ?ssﬂﬁﬁ&s&mﬁmm to
have increased palindromic CpG sequences relative to eukaryotes, and

neurgnak et eidivCpampdauBrvEsataifisdroasiectnn i inohiriirgRlAGAmPlexes
may VS IMMENRP AR REFUGIRIE R FeMERINBIEiR: NT8Y% PRetanus toxin to

advantageous and may also enhance protein expression as CpG
polylysiisdictighhet2bd R8ufiratt PracdigraydtiédodeSwhich can result in the

transcriptional silencing (Chevalier-Mariette et al. 2003, Genome Biology
[003R53Ndn-shae wrbadinmenimithe N6 conteriaeidiisel Did4uehaanofieal have
. DNA-based vectors is reduced. Methylation of . cytosine residues within a
i Bl ?&E%nﬁgﬁciﬁﬁwm Spﬁt\éf ?ﬂ;g h%@?iﬁfmﬁ%ﬁé?@n CoG
sequ ingyakeCpGsirsnpdsiineanss oby agdh nayert aniRmifoing CpG
c tdic SR g ene eXRressIons (BIaoka &l aly 200 JuGsne Methon as cpG
ot é%e)r persa’n sklﬂe iRahe 2 Woul readffy appr m%e?hé‘t%e 8pé P
sequdinec|enyde: coetieylt etlav eclaryotay Hastse ddoell cwingsthndahd transcriptional
.,_molecular hiol technigu ch as oligonucleati r PCR-based ,.
st o L e pens,
the CpéhomieBiolodyy DRB3{EO40]inl doire-banbxbairciontds treduved-vividthpiatoen of

| IDine/EM sompiek REURNAROVEASODIC PRI ferati
Cymﬁl%%%%%@ eckt_?cf){rf:1 lg;f?ciency bgté?r%l\%tro and éFrﬂ@ﬁvo (Bous5si§ et aﬁlligag%, raton
adenpyomsNicindiag. SciCo8: 517, . IrschseabBiotva DNAethP BENDNAmschanism for

decr@é@%r@%e@@@égm %E%Blf‘sx@?afh%éﬂpﬁf EEJe“MQ&e@ﬁ@fRN% person
skilled in the art would readily appreciate that the CpG dinucleotide content of a vector
may be reduced using standard molecular biology techniques, such as oligonuclectide or
PCR-based mutagenesis as described, for example, in Chevalier-Mariette et al, 2003,
Genome Biology 4:R53.

[0040] In some embodiments, the non-viral vector is a polyethyleneimine/DNA
complex (PEI/DNA). Polycationic PEI has a high transfection efficiency both in vitro and
in vivo (Boussif et al. 1995, Proc. Nat. Acad. Sci. 92:7297). Preferably, the DNA in
PEI/DNA is plasmid DNA. In PEVDNA complexes, the ratic of PEI nitrogen to DNA
phosphate is prcferably 6 to 30, more preferably 6 to 20 and most preferably 6 to 15
(Boussif et al. 1995, Proc. Nat. Acad. Sci. 92:7297). A person skilled in the art can readily
prepare PEI/DNA, for example, by following established commercial protocols. Once in

the nervous system, PEI may mediate DNA transfection in terminally differentiated non-
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phosphate is preferably 6 to 30, more preferably 6 to 20 and most
preferably 6 to 15 (Boussif et al. 1995, Proc. Nat. Acad. Sci. 92:7297)-A
person skilled in the art can readily prepare PEI/DNA, for example, by
following established commercial protocols. Once in the nervous system,
PEI may mediate DNA transfection in terminally differentiated non- 11
dividing neurons (Boussif et at. 1995, Proc. Nat. Acad. Sci. 92:7297). After
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.. expression levels higher than those obtained with HIV-derived vectors
g COMPIZIRGE &R RRAYIR BNETHA PR PABRS IVl cJe bighsr Then those

obtEEtdN it EUINReRMPIRXBIY:ha Ve it vRraaenqlsial, WRIohtRf809 wit
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; %ﬂio&? V|Fﬁ%}r)rom&(esrcf#%1 as CMV or a neuronal-specific promoter.
at. pEecifi n&e gf?ﬁr } a selected cell type can be achieved by using
a cell-specific promoter. [0042] Neuron-specific promoters may be any
[004d¢Ieotindifscpne nod tdinkstibasvestantivateitarspriptiorodmpssbiinked to 2
' ithi ron neuropal_cells and substantially not in
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or afnpereapkRpestifiaupsoniotion drepifialgentinkpdeseiguencesdieany oflthgpe can be
achfRAADERiAES: SUIficiRRtly I 8a.as not to affect the physiological

functioning of the cell. [0043] Neuron-specific promoters may include
moters for neurgnal genes such as Synapsin I, Neuron-specific

[
[005?1 las Y NATRRSHE MEPReTaTR B30 B& teP v deriifrosRavense sibetifimesions to

actipiioukacHioRe Jtnpaansl salisdFenRxRPIeHORINRRY YOXURSRIS0s and
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typé?; are %ﬁg&ﬁ %

AEUFON- P ATotE AL B BROGYeRIFIL fectionpg b the cell.

[0043]  Neuron-specific promoters may include promoters for neuronal genes such as
Synapsin I, Neuron-specific enolase, Neurofilament-L. and Neuropeptide Y and promoters
specific for particular types of neuronal cells. For example, tyrosine hydroxylase gene
promoter (4.8kb 5' UTR) is specific for catecholaminergic and the CNS neurons,
dopamine-b-hydroxylase gene promoter is specific for adrenergic and noradrenegic
neurons and L7 Purkinje cell protein promoter is specific for retinal rod bipolar neurons.
For these and other neuron-specific promoters including, D1A dopamine receptor gene
promoter, human hypoxanthine phosphoribosyltransferase promoter, SCG10 promoter,
Tol a-tubulin promoter, aldolase C promoter, beta-tubulin gene promoter, GnRH gene
enhancer and promoter, glutamate decarboxylase 65 gene promoter, beta-galactoside
alphal,2-fucosyltransferase gene promoter, neuronal nicotinic acetylcholine receptor beta3

gene promoter, GABA(A) receptor delta subunit gene promoter, neuron-specific FE65
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promoter, human hypoxanthine phosphoribosyltransferase promoter,

SCG10 promoter, Tal a-tubulin promoter, aldolase C promoter, .

beta-tubulin gene promoter, GhRH gene enhancer and promoter,

glutamate decarboxylase 65 gene promoter, beta-galactoside

alphal,2-fueosyltransferase gene promoter, neuronal nicotinic

acetylcholine receptor beta3 gene promoter, GABA(A) receptor delta

subunit ge romaqter, neuron- ificFE65 12 gene promoter, N-type
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JM. Functional properties of the neuronal nicotinic acety recep

Ben, RIS BIG HBRCHT HESHRN Mo rmg asaifratipe e dns gattiredoBisl BranRes Mol

Braib99&: 2991151397151 B774H568N8, DIRRSAUNANRnbMIeD B2 RUliSKE Donini
ritschy JM. Neuronal subtype-specific expression directed by the
Vs %{%}é\ ) FERIRA S BRSO TibHNA Jurding SRasedn Bps alelmansyimseription factor

YY Irdnsgatic amicamreipulidird ol BminfemMebBRINEReS 123¢: promoter.
e O R e
chartretpgieniptioio fabéos'-upstream region of the human N-type calcium channel alphalB
subunit gene. Chromosomal localization and promoter analysis. J Biol Chem 1997;
272:5098-5104 and Liu D, Fischer I. Two alternative promoters direct neuron-specific
expression of the rat microtubule-associated protein 1B gene. J Neurosci 1996; 16:5026-

5036. Other neuron-specific promoters will be known to persons skilled in the art.

{0044] A neuron-specific promoter comprises at least one nucleotide sequence capable
of activating neuronal cell specific expression of operably linked sequences and in some
embodiments the nucleotide sequence will retain the minimum binding site(s) for
transcription factor(s) required for the sequence to act as a promoter. In some
embodiments, the vector comprises multiple copies of the same sequence or two or more
different nucleotide sequences each of which is effective to activate transcriptional activity.

For various promoters which may be used, transcription factor binding sites may be known
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YY1 function as transcription activators of the neuron-specific FE65 gene
promoter. Biochem J 1997; 328:293-300; Kim DS, Jung HH, Park SH,
Chin H. Isolation and characterization of the 5'-upstream region of the
human N-type calcium channel alphalB subunit gene. Chromosomal
localization and promoter analysis. J Blot Chem 1997; 272:5098-5104
and Liu D, Fischer |. Two alternative promoters direct neuron-specific

or édgrielsiobyatibef aranar iyl esass ARisasNERLRIA B 8RNG JNRMEPSTA above.
Sm]tagb 6; 16:5026- 5036. Other neuron-specific promoters will be known to

pers%ﬁlémsrfaff:é'ée IRESEROTEBUSF Anae hoFraibeiflesraineddn e sanslasd s upression
ass|ast one nucleotide sequence capable of activating neuronal cell specific
expression of operably linked sequences and in some embodiments the

eoti ce will retain the minimum,hinding site(s) for .
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el ifi inary.skill usi thods knqwn in the art a :
e b h v e Bt s
PDGdtelnmwosepisy. stimdaspesiheessiondiassay thd 00AGh Riateddficetivadier is human
ng{p‘gtl;}(gﬁg%_(B-chain (PDGF (3) promoter (Sasahara M, Fries JW,

Raines EW, Gown AM, Westrum LE, Frosch MP, Bonthron DT, Ross R,
Ooﬁgjins PDGF (3-chain in neurons of the central nervous system,
[ D terii}'ﬁitﬁﬁﬁ?ﬁf,i%@ﬁl AtreRs S ric hrsaRieiCial| 3909 - iBstapees 22Ty Hhes weak,
probiiifgsh ey b edepp el fof BEMQEBhCHH B lBFMING ARPARIBRIGC 1 various
emg@yrons and in one embodiment, the neuron-specific promoter is PDGF

BPSRt P PR YR PamBE dRPRIAP Yh Eesd dR- e sitfeaprernotds isvould be

undersiax PG IR @opeaiey; K046lHAeerans Cilionel e YeRlithee capable of
im‘l%a%{not(%l? some instances may be weak, providing a less than ideal
EVErD I e SROSEIRBRth ALY Rl gBoRcTabfYelitkad Rrampstignd, in the case of a
neugonkxperifents cinetprombiteNdtiyehe RresMy IHed RN MIANCEAR of the
}ggyld.be unde stOﬁ)d bAY as iIIediperson, an "enhancer" is any nucleotide
pro sty ol

er 1 neurona number o i 1
e aeurona f enhancers are known and a person skilled in the

art would also know how to screen for novel enhancer sequences, for instance, by
screening nucleotide sequences capable of increasing the transcription of a reporter gene,

for instance, through functional mapping.

| f0047] A first nucleic acid sequence is operably linked with a second nucleic acid

sequence when the sequences are placed in a functional relationship. For example, a
coding sequence is operably linked to a promoter if the promoter activates the transcription
of the coding sequence. Similarly, a promoter and an enhancer are operably linked when
the enhancer increases the transcription of operably linked sequences. Enhancers may
function when separated from promoters and as such, an enhancer may be operably linked
to a promoter even though it is not contiguous to the promoter. Generally, however,

operably linked sequences are contiguous.

[0048] In different embodiments, the enhancer may be a heterologous enhancer,
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increasing the transcriptional activity of an operably linked promoter and,
in the case of a neuron-specific promoter, of selectively increasing the
transcriptional activity of the promoter in neuronal cells. A number of
enhancers are known and a person skilled in the art would also know how
to screen for novel enhancer. sequences, for instance, by screening
nucleotide sequences capable of increasing the transcription of a reporter

meanﬂ?g‘ﬁ'nlﬁ%fem&@ré%ggf:&%%u&%éﬂﬁﬁti?&adéﬂ?ﬂwngp&%‘i‘]&iﬁﬁé@w H‘é%‘vﬁ?gﬁég and

sequence IS oper / inke ) with a second nUC.eI'C acld sequenc
whichhevbenueneperalrly diaked, imersasastidiealiesisgianiinpl FoieRaniplbe promoter.

ReferR0N S SEAHGORG i@&%ﬁwxéw QAP TROIREIAING RERPQteLACTALeRble

~the transcription “of the coding sequence. Similarly, a promoter and an
incregseHartbedeye eptrastyittiradhnteaperdlyriinrderarnsacsseampared to the level

of thARSRIRHARPLBRS RAYHRKeH SRARPCERFINRNGERES BN fHREHR \WhShard

separated from promoters and as such, an enhancer'may be operably
transgpRidenabagsprdrisied MEhepR BYRAE ScReTteb BERRIERASEEIEhe promoter.
Generally, however, operably linked sequences are contiguous. [0048] In

[0949]fferemieembmﬂealeﬂ§§a BEaemh@wﬁegur?ﬂg bea Bﬂtﬁmkﬁg@x@ma&mfm Rous
16 meanjng a nucleotide sequence which is.not naturally operably Ji
Sarwfsaavmﬁ%%e‘{)ammﬁrﬁﬁﬁ?wm & %va@% Ttk ,fin%?gﬁs%@-th”ey“é%%"m):
SV4(rpRaaoRi QU aativituof thel prorsetevarReterensa ta $apreR ST thenhancer or
~ transcriptignal agtivity.is meant to refer ta.any detectable in in the
promgfoh) G A UL DFREO BT QB Wl S a0 BTl el 0 e RgBE)
(Boskirihge hiaressjobn e pisgeNesladtal PRANGERe dloRid 93ssatoyl el tiB daliedtiNos.

dar jptional assays, including those using a reporter gene
> ’84925195%‘&}{38] he enhancer may be a known strong viral enhancer

element such as Rous sarcoma virus (RSV) promoter (Gorman et al
[0058D82 Irrons MmboldmenSef 8 aUPFE 78NSy Rpedvhoten@iseshseepgrably

ﬁnke&%%n%ﬁ&cty%éﬁaﬂ' ﬁSinZé’éo% CMYieahangRRhRIOBRITEINGIHAIG: i

CMV immediate early (IE) gene enhancer (CMVIE enhancer) (Boshart et
operabily Gpked apstiesP1iNRIAE RipTovelccand hedwoscaemens a1y Snpgtens. n

anotHIPEmbd Sk 4 ARKPLREIEZ) LBQ%%U%RE@&Q@QWQM&? (RRSLRP).

invention, a CMV enhancer is operably

[0051]  Further examples of neuron-specific promoters that may be operably linked to
enhancers, including allelic variants and derivatives of known promoter and enhancer

sequences, are described in US Application No. 10/407,009.

[0052] In various embodiments, such variants and derivatives may be substantially
homologous in that they hybridizé to the known enhancer and promoter sequences under
moderate or stringent conditions. Hybridization to filter-bound sequences under
moderately stringent conditions may, for example, be performed in 0.5 M NaHPO,, 7%
sodium dodecyl sulfate (SDS), 1 mM EDTA at 65°C, and washing in 0.2 x SSC/0.1% SDS
at 42°C (see Ausubel, et al. (eds), 1989, Current Protocols in Molecular Biology, Vol. 1,
Green Publishing Associates, Inc., and John Wiley & Sons, Inc., New York, at p. 2.10.3).
Alternatively, hybridization to filter-bound sequences under stringent conditions may, for
example, be performed in 0.5 M NaHPQ,, 7% SDS, 1 mM EDTA at 65°C, and washing in
0.1 x SSC/0.1% SDS at 68°C (see Ausubel, et al. (eds), 1989, supra). Hybridization
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linked upstream to PDGF 0 promoter. In a further embodiment, CMVE
enhancer is operably linked upstream to PDGF 0 promoter and the two
sequences are contiguous. In another embodiment, a CMV enhancer is
operably linked to a CMV promoter (CMV E/P). [0051] Further examples
of neuron-specific promoters that may be operably linked to enhancers,
including allelic variants and derivatives of known promoter and enhancer

con8RIMENERS. BEC Bamedin R ARRICalAN Naod W A84:008 Lgeg)gtgalirfﬁ%" )c/m ‘the

various embodiments, such variants and derivatives may be s
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filter-bound sequences under moderately stringent conditions may, for
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hybiSdiatiod B0 foatehBapiecod\usWpebast 85 (BASMtkI89, SRS, 45 minutes, 60
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WIS 5 GBS En e B e CLBURIES Bt iAteruBptete Tijssen, 1993,
‘Laboratory Techniques in Biochemistry and Molecular Biology --
[0058bridEickauith dutisivhey Peobes) RartdnEhapgr 2SO vendewestd as a
inci ybridization and the strategy. of nucleic acid probe assays”,
P e S B R RTRS Bffrrnece
of exanumBhs hetmprmtisesthuentab. @ptiing pbigniontd sppeificesdouennpaaisons
£ i@Aefingd.janic H..Stri t idization,may,, for ex le
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algogiiham of braitk ondiSirigrofan, X B3 Glalvodog), Wagh@s48?, shiryenology alignment

algoRYRHEAIRAER, [a0SXAMRIE, RS AWBRSEL? %%?Fth%osg%%tt%%sﬁgilarity

minutes, 60 minutes, 75 minutes, 90 minutes, 105 mindtes or

methath GleSepotmapnthd- tigiree I988o RotegVedtwised. sEejudriteBiadidtsodnd the
comBYRIERIEH PR AcRBISGRIAgeHREIABIRIMERIPE SEaUEN B8R PFRITPERAA and

aligned, meaning the occurrence ,
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group,

Madison, WI, U.S.A). Sequence alignment may also be carried out using the BLAST
algorithm, described in Altschul et al., 1990, J. Mol. Biol. 215:403-10 (using the published
default settings). Software for performing BLAST analysis may be available through the
National  Center for Biotechnology Information (through the internet at
http://www.ncbi.nlm.nih.goy/). In various embodiments, the variants and derivatives may
be at least 50%, at least 80%, at least 90% or at least 95% identical as determined using

such algorithms.

[0054] In different embodiments, the vector comprises a gene encoding a marker
protein whose expression and cellular or subscellular localization maybe readily
determined. “Marker protein™ refers to a protein whose presence or subscellular

localization may be readily determined, such as a green fluorescent protein (GFP) or any of
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of exact matches between the sequences. Optimal alignment of
sequences for comparisons of identity may be conducted using a variety
of algorithms, such as the local homology algorithm of Smith and
Waterman, 1981, Adv. Appl. Math 2: 482, the homology alignment
algorithm of Needleman and Wunsch, 1970, J. Mol. Biol. 48:443, the
search for similarity method of Pearson and Lipman, 1988, Proc. Nat!.

its e @,e?ﬁien‘é%?é t?tﬁé‘r‘lrrﬁﬂ&xt{b‘?ot%ﬂ@ Ruipssd ﬂﬂb%r&?gtﬁél{ggﬁ SGiNGSH the

algorithms (such as GAP, BESTHIT, FASTA and TFASTA| ‘
art. \WideGersint ©ubedioecsisftibageranieagmcaimen oyt piteseGrprgssion may be
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BLAST algorithm, described in Altschul et a!., 1990, J.
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Biotechnology Information (through the internet at
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% identical as determined using such algorithms. [0054] In different
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determined. "Marker protein” refers to a protein whose presence or )
protejgray dIRnEsseesiSHAEIGARY bOeadmmelegirdaddgetoasaetieds, including

withBUPraSaaRE MOtSINHERbRI afifhel8 kurnhennes depMalsamuRhenzymatic
marker proteins would be known to a person skilled in the art. In different
precipiipiirnivamtd b kngaretpripesitotdlisd Bilfae-whose expression may
be readily determined by providing a specific substrate and detecting the
roducts gf enzymatic turnover, such as, fqr example, by, providing

[009akiteribrebeErhbo e HUGLSIeACId SRELOR FRIIPIANES ALBCRPETHS BSRAY difis i sutic
trand BB MkRE AP RIS INRAY RARY ProleipbyviessrodupresEiendray ‘pene” is used in

detected.immunolagically,.for example by providi labeled antihody, ,
acoo A S Tt AR B GRETH T SEG) Sum By i
sequaritanoglenaledinibaty ‘aherapaytioeptikhailly desodiractyapeidscadeardifiects a
d .1o methf)d? known irl1 th§ aEt, sggch as, fPr exam Iei.labteling \fvith(fx The

es‘?ﬁﬁlofgg% n oéy%xgﬁlg Smé%?lﬁ’ge Expressioiy o the p?é?é?nl%lil LdrédtEnte
theraptenis gopyud tiney iberauticiagioaldptettinnantbthgestingeptidg or a therapeutic
RNA, such as, for example, a small interfering RNA (siRNA) or an anti-sense RNA.

[0056] Insome émbodiments, the therapeutic product is a neurotrophic factor, such as,
for example a nerve growth factor. As used herein, “nerve growth factor” refers to any
factor that can promote nerve cell growth and/or nerve regeneration such as, for example,
neurotrophins, neurotrophin receptors and neurotrophic factors. “Neurotrophin” refers to
a protein family that can support necuronal survival and/or nerve regeneration.
Neurotrophins include, for example, Nerve Growth Factor (NGF), brain-derived
neurotrophic factor (BDNF), neurotrophin 3 (NT-3}, neurotrophin 4/5 (NT-4/5) as well as
neurotrophin variants. A *variant” refers to a protein whose sequence differs from that of
the naturally occurring protein by one or more amino acid substitutions, additions or
deletions but maintains some of the biological activity of the naturally occurring protein.

As will be appreciated by a person skilled in the art, a variant may possess about 60%,
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without limitation, immunogold staining, radiolabelling, colourometric

enzymatic precipitation would be known to a person skilled in the art.

[0055] Preferably, the nucleic acid vector comprises a therapeutic gene or

a therapeutic transgene whose expression produces a therapeutic

product. The term "gene" is used in accordance with its usual definition,

to mean an operatively linked group of nucleic acid sequences. As used
70%e86, pthirabBUIEAr oo he RS HRET gfaamqﬁu@mt@fﬁﬁ%}? wiasl edturally
oc resiunlt, f%texa ple, t(g%atm nt, reven;ti%n or amell,orat|(?£ of a disease. .
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embetfitidaiptie therapsutipriRdlA gencbasding BiGI R awhatbiprdestav E/p.

RNA (siRNA) or an anti-sense RNA. [0056] In some embodiments, the

therapeutic product is a neurotrophic factor, such as, for example a nerve

growth factor. As used herein, "nerve growth factor” refers to any factor
[00BEL canNeorabekiorvesepitrovitsaodioneios, thae genabhtion indhasoiosphins.

i in_re [ neurotrophic factors. , .
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additions or deletions but maintains some of the biological activity Of t

(ﬁﬁgﬂgﬁfbéﬁﬁmﬁi@ Yo As will be appreciated by a person skilled in
the art, a variant may possess about 60%, 19 70%, 80% preferably 90%,

[0088noreKeateraiplyigrertershas8 S ham ooy Wtka Nakraly QeEURIEGeurite

¢ rot%n‘ In specific embodiments, the therapeutic product is NGF. In a
U g8 Th 4 ARSI e R ROV RICRALE GRABA AESRAFIG A FOT that may be
cifeofiecativelymerapiaeh thChdYaERPIHBOTT ChteuiotipplinyesepiehaleiREndtation,

rotei sthataeatgile.to bind neyrotrophi rotrophin receptors
sucl G0 BRI Hto iy et S B a6 i fhscte Nerve
23:63%ppidrsssugiuas, for example, trkA, trkB, and trkC and their variants.
"Neurotrophic factors" include, for example, ciliary neurotrophic factor

me%r]i;‘k;l;t?r?/ ?ﬁ%ﬁﬁgﬂﬁxaﬁﬂvﬁg ReYIRaRG &acien R %‘ﬁ}légg&%ggafactor such
as, for example, bel-2 or bel-XL. In adults, peripheral nerve damage is followed by 20 to
40% cell loss in DRG, which is likely from apoptosis (Terenghi 1999, J. Anar. 194:1).
Without being limited to any particular theory, it is believed that the delivery of anti-

apoptotic proteins to neuronal cells in the DRG may reduce or may prevent this cell loss.

[0060]  Methods for preparing recombinant vectors would be well-known to a person
skilled in the art, for example, those described in Sambrook et al. Molecular Cloning, A
Laboratory Manual (3" ed) Cold Spring Harbour Laboratory Press (2001) and other

laboratory manuals, and as described in commercial instructions.

[0061]  To aid in administration, the vectors may be formulated as an ingredient in a
pharmaceutical composition. The compositions may routinely contain pharmaceutically

acceptable concentrations of salt, buffering agents, preservatives and various compatible
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(Yamamori et al. 1989, Science 246: 1412), acidic and basic fibroblast
growth factor (aFGF, bFGF) and their variants. [0058] "Neurotrophic
factors" also include other factors that may enhance neurite outgrowth in
vitro and/or in vivo, that may potentiate axonal regeneration, or that may
be effective in counteracting the negative effects of chronic axotomy on
axonal regeneration, such as, for example, the immunophillin ligand

carrFEQ6 @ibeies al. RAORI Mossie Menvava3;oa8) sustis RsAs. [9059hi8d in 2
other errft%gl?irg}enls, the therapeutic product is an anti-apoptotic factor
0

phygll?c%gig%’ & gﬂﬂﬁ’le, bcl-2 or bel-XL. In adults, peripheral nerve damage

is followed by 20 to 40% cell loss in DRG, which is likely from apoptosis
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USAd sitions may routinely contain pharmaceutically acceptable
concentrations of salt, buffering agents, preservatives and various
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U dmag/fg,e formul(?ted in aﬁfhysiolo ical salt solution. [( he proportion
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.pharmaceutical practice. Generally, the pharmaceutical composition will *
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_ described, for ampge, in Remington's Pharmaceutical Sciences .
e BTl SRSt E AR PRI 47 o it States
Pharfimstgrei 2 & he WaAod8BByrmulary (USP 24 NF19) published in 1999.

[0064] In some embodiments, the vectors are administered to a vertebrate host. In a

specific embodiment, the vectors are administered to a human host,

[0065] DRG have been considered as early and critical targets in several types of
peripheral neuropathies, including diabetic neuropathy, the most prevalent form of
peripheral neuropathies (Kishi et al 2002, Digbetes 51:819; England & Asbury, 2004
Lancet 363:2151). Patients with diabetic neuropathy may display exclusive sensory and
autonomic symptoms without obvious motor disorder. Pathological studies of human and
experimental diabetic neuropathies have confirmed cell loss in DRG, which may have
resulted from the observed loss of mylenated fibers and axonal atrophy. Neurons in DRG
are also directly involved in the pathophysiology of peripheral nerve injuries caused by
physical trauma, compression or transection. Peripheral nerve transection may also cause
biochemical alterations in the expression of neuropeptides, cytokines and transcription

factors in the perikaryon of the surviving neurons in the affected DRGs and atrophy in the
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[0063] Solutions of the vectors may be prepared in a physiologically
suitable buffer. Under ordinary conditions of storage and use, these
preparations contain a preservative to prevent the growth of
microorganisms, but that will not inactivate the vector. A person skilled in
the art would know how to prepare suitable formulations. Conventional
procedures and ingredients for the selection and preparation of suitable

prox {HTHAYIOUS 45 (ABRCHDRAMID RRTRIGP3AIINGI01 1 aHhar BhiicRbgical
Sciences an e United States” Pharmacopeia: The National ]
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specific embodiment, the vectors are administered to a human host.
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types of peripheral neuropathies, including diabetic neuropathy, the most
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may function inappropriately or not at all. [0066] Expression of therapeutic

[0064%nednexiosheaimpathodaehdertindeneoroiesyhissninaDRE prosimshetyagrade
axonFEYENG ORI RXBLHMENISH NBHILNARY AGI9r050 £ 822003 &A% £2PiB003,

Mol Ther. 5:483). However, gene transfer to DRG is still challenging due
Biomgisrielr 2A=A0Ric ReXEuRSSeIprBtRaus SRICHRRSHFRSHEIfe e iSRRGt BFedlirect
injectti WS IAN FIMFEURLRIs into DRG, that resulted in strong expression of reporter

genes along sensory neural pathways. The injection procedure requires removing a piece of
vertebra to gain access to DRG. It is also invasive to the tissues of DRG and not practical
when a repeat injection scheme is required, such as, for example, for the long-term therapy

of a chronic disorder,

j0068]) The minimally invasive delivery of vectors comprising genes encoding
therapeutic products to the cell bodies of neurons within dorsal root ganglia according to
the invention therefore may be advantageously used for treating peripheral neuropathies to
promote the growth and/or regenerate injured peripheral nerves. “Peripheral neuropathy”,
as will be understood by a person skilled in the art, refers to the loss of peripheral neuronal
cells or their function with or without obvious motor disorder. Such cells are therefore

target cells that are affected by a peripheral neuropathy and that may be treated by
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subcutaneous injection of viral vectors, mainly herpes simplex virus
(HSV), that can be taken up by nerve terminals and then transported in
axoplasm to somas of neurons in DRG (Haase et al., 1998, J. Neural
Sci.160 Suppl.; Jackson et al., 2003, Virology 314:45; Goss et al. 2001,
Gene Therapy 8:551). While being effective, this approach relies on
functioning cellular mechanisms including endocytosis at nerve terminals
andr rade .axonal tr. rt ich may already be.damaged under, ..
expre B B R e R R AT A SR e il oy o
discastepedgerdeorvnesvhearsitiaiesidoayiositnast e tidgnydeuaspathies have well-

t. Glatzel I, 0,:Prac. Nat. A, SGl. 97:44 X .
cetinfEESRLRIEETAE Dol wtRles eSS Aunfy, Bfut A 88 fhfhiona
deﬁckgmmﬁq@@mmmw dﬁjp@ti_plwraﬂ genmphathpferokedtors thtmioR Gregsate such as
compre: &%%P%}%B%ﬁi?@ﬁé&%% FER SISk e Si§ ﬁﬂgssec%m/i&g&%& ture or

pathways. The’injection procedure’requires r ing & piece of Vertebra
disloggieghihcacse ressDRAnYplsings dliavapesfiv shatiosse suf@RGhigmorrhage;

expoRB GG MRS ERSAL IDISH) UL BaRSHIG I SO B U ARedY and vascular

example, for the long-term therapy of a chronic disorder. [0068] The

or cofagmaispiesrasivencrsiiferyewimpleicrhionnaltoniy gerienisrlopuiragythematosus,
sclerd@GEARC WHERIRINCR I a8 Lbadies AhacHEAnsANNAArRE! r%®nhough the

ganglia according to the invention therefore may be advantageously used

causefopfroeriplprst ishespr g ABHEINES 1dhpr et theRIRSIER apRIBPD Symptoms
includ EARIR LI HIRAbREEY PR NET §ebn B BIR NRIRLAGKY RAIY budgiNg!R&ing,

_understood by a person skilled in the art, refers to the loss of peripheral
pricking tbHiaglisglaey B uHGRIPSibtienRES Bndlvites Mdisecmssber of cases
are oA &G AL therefore target cells that are affected by a peripheral

neuropathy and that may be treated by 22 expression of therapeutic gene

ithin_the cells. Peripheral. neurppathies may be caused by a . disease or
10068 o 4P S5 h o EUTP Y S5 R IREEY, RIS REL ISR A o
sufficieall-tdefhedctitsésBudhasltfdbersmpliz, diglretemnusénhierapds, gopi@én an
disease or .nutritional d(ﬂisciencies. Other causes of peripheral neuropathy

effective amount i g.target celis. . .
mclugle mec anlcafgpressure such as compression or entrapment, direct

trauma, penetrating injuries, contusions, fracture or dislocated bones;

[007 @k e sstirsameatvibgdivecstipdificiatton iy astopmiaiend hembamagsture. Lumbar
punctﬁ%‘@(?ssﬁrf‘ef-ﬂi%ig LIRS R RGN GE Gﬁiﬂéﬂ%ﬁ&@ﬁr@ rtff%'ﬁoses minimal
substances; and vascular
risk to the spinal chord. Generally, a solution comprising the vector is administered into
the cerobrospiani fluid with a narrow needle, such as, for example a 26 gauge needle,
connected to a syringe or microsyringe. In rats, the proper intrathecal location of the
needle may be confirmed by a slight tail movement, indicating the proper injection into the
subarachnoid space. After injection, the needle may remain in the intrathecal space for a

period of time, such as, for example, 2 minutes before being removed.

[0071] Effective amounts of vectors can be given repeatedly, depending upon the
effect of the initial freatment regimen. Administrations are typically given periodically,
while monitoring any response. It will be recognized by a skilled person that lower or
higher dosages may be given, according to the administration schedules and routes

selected.
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or collagen disorders such as, for example, atherosclerosis, systemic
lupus erythematosus, scleroderma, sarcoidosis, rheumatoid arthritis, and
polyarteritis nodosa. Although the causes of peripheral neuropathy are
diverse, they generally produce common symptoms including weakness,
numbness, paresthesia (abnormal sensations such as burning, tickling,
pricking or tingling) and pain in the arms, hands, legs and/or feet. A large
mbey,.0f cases. are ofunknow cause. 0069] he vectors ar.
1007 BIERER i S PHIEHP 258 1 SR <TFiciSsies ar
admmtiteree thend efietivecaultufo raadafopiesuElpresisioneop¢hiedapeatideyere dasired
e e A T L
vector iS a mlhlsf:erga% [fbar b un&ure umBbar punctare 1948 ary
to dﬁéiatn/alythmpmtmngmenﬁnaumadmtlmﬁcahp:rbcﬁdmtmﬂaatqo(ammm|maaprove,
K to t |nal rd General asol ti ampris th vector is
il ST T SEDEE She O BT R i PisRian ot or

cure fopaxeirenlaevtgbnmeapetyle, connected to a syringe or microsyringe.
In rats, the proper intrathecal location of the needle may be confirmed by

(0078 p19hiaiLFRQYR S Rlo iRt CRIRGLIRG RERRES %%%ﬁéﬁf%mevarﬁ depending on

subarachnoid space. After injection, the needle may remain in t

manjh st afUsiaes ferenBe AR OIS, ShehrinrrorcodaRagnic PrmRstes of the
therdpR{RIE RGIDGIFEIBAY eRL IABELIJERRINRRNOH ”Eﬁ@%% CHEHE MK BIYRD of the
r

repeatedly, dependlng upon the effect of the initial freatment regimen.

S“bl%nmﬁsﬁaéﬁf‘?ngféjreeﬁﬁi’éaﬂt} Hisefisseddriamsearmiletifonibrifgasycy of the

treatHRSROMRLHE Wgeb@fr&ﬁ%ﬁé@tdtﬁﬁtﬁﬂﬁ”ﬁda%m%‘ R JaMRnEY emﬁhﬁfng viral
dosages may be given, according to the administration schedules and

vectopiyfhg e%@b%@awb@mweﬁpamﬁ.% regensRd dirp afidhn vighs-

example, the vectors are administered in an effective amount and for a
[00'AA]fficiOnetbhiekjie iothémachie deterdasingd mmﬁubﬁﬁmrmnpiﬁseﬁmn the above
rs ma}ébe administered.in ssar

VeC tities a osa
et P R O LTS B st as
requinqrdependiitig ate tlmmdlivrateespabiizef ;ﬁne\/}mﬁd:kte shreadfeffistowneunt of a

vecto eé%){ %ed%{ggn?ﬁsesdoerﬁ}%gr%aﬁy 58 Qeeprtla‘r)lgse rc‘%ll i3 %Qﬁ%‘aﬁurogg}ﬁ%f the vector

that can be safely administered. In some embodiments, the vector may have little

cytotoxicity in vertebrates and may be administered in large amounts. However, the
amount of vectors administered should be the minimal amount that produces the desired

resulf.

[0075] In various embodiments, a dose of about 10° recombiant baculovirus particles
are administered to a human patient. In other embodiments, about 10% to about 10°
recombinant baculovirus particles, about 10° to about 10° recombinant baculovirus
particles, about 10% to about 107 recombinant baculovirus particles, about 10? to about 10°
recombinant baculovirus particles, or about 10* to about 10° recombinant baculovirus
particles may be administered in a single dose. In some embodiments, the vector may be
administered more than once, for example, by repeated injections. In other émbodiments,
the viral vector may be repeatedly administered though an intrathecal catheter connected to

a reservoir containing a composition comprising the vector, as described in (Jackson et al.
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[0073] The effective amount to be administered to a patient can vary
depending on many factors such as, among other things, the
pharmacodynamic properties of the therapeutic gene product, the mode
of administration, the age, health and weight of the subject, the nature
and extent of the disorder or disease state, the frequency of the treatment
and the type of concurrent treatment, if any. In embodiments employing

2001‘{??:1:1%91055:& ﬂ@,@%@qtiyq gaﬁpunt may also depend on the virulence and
titre of the virus. [0074] One of skill in the art can determine the

appropriate amount based on the above factors. Vectors may be
[007 &) minlaterees pmbafimrats AEAEAHOVRHIN SOMBS HRE aeut dorgsof DNA may

be adRAHIERLFRPLRINMONSRSIEINYER! 1GSRONSE WIcoR: RRtieBhly BaR{lReH e press

amount of a vector can be determined empirically and depends on the

) p :
a theraBSItia EEPR GURE BRI VS E1ataebr e Saiingdnisistérspntinagfansgene
expr@éﬁ@ﬁ.d iTHeRtse ENREIRERDE W&U@Jﬁioﬁ}’@x@"@ﬂf&riﬂl&? tebigiasiaeld more

may be administered in large amounts. However, the amount of vectors

than gaeginfBrefErmle Y P ERESIRFREP BB Gt ThSMBRsTEats e qgireigal vector
may [B8UKpLaRAR] HuvaRitéscambadinaAt P tiess] fadhstt dSihberambianieservoir

baculovirus particles are administered to a human patient._ In other

contyHBE fntOMROHBoR cATPIF I8 the BeFtPEc 8 BRSHPEA DI JFGOp Atidk 2001,

Humdh@éA0Bteaha0t 18mecombinant baculovirus particles, about 102 to
about 107 recombinant baculovirus particles, about 103 to about 106

ombinant baculovirus particles, or about 104 to about 105.recambinant
00 e ] R A A e . e
vectentnoddingnt shtitepeetitopenayphehad nioni sktaradlen aradhangooet) factor such as
xample, by fepeated injectjo other embadiments, . the viral vector. ..
NG e e o T S P MRl g
and pooximed acrvir soniz hng haomeositibte ecreprsingltheondeio] lesvector may be
' in,(Ja al, 24. ] T : ;
oA PSR Al A0 0 OO BT R e e
nuclenge ihaytotibeandhhibidie addho tahewstted assireg ' dosxampbe- dithkwsetiesnerve is
trandQAYO YT JBHIEN Y £7XPBE St NEARE UG 0RAC BPCR MBS RHRS Mt the

targe.f cells, resulting in less than optimal transgene expression. In some
cerclmoppdhibnds v pthatmypResRated e @er il banddaiinmstebsttmore

[0078] As used herein, “nerve guide conduit” also known as a “nerve guidance
channel” or simply “nerve guide” refers to a .device with a first and second open end
connected by an internal passage, wherein the internal diameter of the conduit is sufficient
to accept sections at both ends. Nerve guide conduits may serve to direct axons sprouting
from the proximal nerve end, may provide a conduit for the diffusion of growth factors
secreted by the injured nerve ends, and may reduce the infiltration of scar tissue (Schmidt
et al. 2003, Annu Rev Biomed Eng 5: 293). As is known in the art, the nerve guide conduit
may be derived from biomaterials, such as extracellular matrix proteins, for example
collagen (US 50190987), laminin, fibronectin, fibrin/fibrinogen, hyaluronic acid-bases
materials or from materials such as, for example silicon, expanded
poly(tetraflnoroethylene). Synthetic nerve guide conduits may also be made of biosorbable

or biodegradable materials, for example, such as poly(lactic acid) (PLA), poly(glycolic
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than once, for example, by repeated injection. In other embodiments, the
non-viral vector may be repeatedly administered though an intrathecal
catheter connected to a reservoir containing a compaosition comprising
the vector, as described in Jackson et al. 2001, Human Gene Therapy
12: 1827). [0077] Transected peripheral nerves may advantageously be
treated as follows. The vector encoding a therapeutic gene product, for

NS le, a ngrve ar. (0] F isi
acid) L o RGN BICRAT GLAIE R AROEEENG), poly(prethane),
poly(orgairphosphezstanpelvéidsrenysatynase) tandn enethamridetedaskdt. Mideogels.

’ dmigi into,. the: cerebraspinal fli i
B L
porotsansEvie dIsemiepFons XasipREafpbratsolatto nerapest exlisseuthbdstifer example,

Sch&é?ﬁt%rem?xﬁ #&?%Q@&%Wé%ﬁf@&j Mymmti%i%gf%ve One or more

~ cerebrospinal fluid in an intraspine space between the L4 and LS
intralpsniobekarooy Siindsometidiel BRY, GénLlepiiSeredtcflifalso known as a

"nerve guidance channel" or simply "nerve guide" refers to a device with a

[oo78t andRecandoraN LR} SOMRRAEERNRW ALY RatRassaseMbeRif Rt a
internal diameter of the conduit is sufficient to acceﬁt sections at both

nerve, RRKlenFaRi b fofec B QY B ittt et A SR Ls photitiy - o e £ng-

293. AHRXURAL) 81Y @ raR M AR YAl eranse st fanibadliffesisifl aepvdbre secured
factors secreted bi the injured nerve ends, and may reduce the infiltration

withigap el h dt® SCRYFRFIEE ARIPREY Sinrsarealgy 3-585) fal futures.

Prefd¢ASWN s ther@raithhsigpie guite eepduipuidaydeadigrivediflemwith a solution,
biomaterials, such as e traceliular matrix proteins, for example collagen
S“Sp?{%o%@i%g??ﬁqgmﬁﬁ{aﬁﬁ% SBHETORSPin/fibrinogen, hyaluronic
acid-bases materials or from materials such as, for example silicon,
[0088} pancabrpuil tietrmiistancesheifels Sypstheticnclye guidenttidoisanthyapidly

. b f i . e
e e Tt I LA
main{iabiictioo teigeolissaeiznyl (Btioannpesiiltcapistatisitleytuputyglitbendamayged nerves,
and iP&lX&%&%H&%PB&%ﬂJ&%ﬁQSwRQ lﬁféﬁ?@ﬂ!f%ﬁwtyﬁ@é nous expression of NGF

~methacrylate-based hydrogels. (See Schmidt & Leachi and reference .
withimdheispliTbrdnariagyinms torddnrrahyost suislisorsuay perplggent or substitute

NGFSEINVARPLS A% REOMRAAIS SRR YR UERIIE 4 SH R PPfAERXP MBSy, the
exogenous expression of NGF may promote the anterograde transport of neurotrophic
factors to the proximal stump of the transected nerve, and these factors may diffuse though

the nerve guide conduit and promote nerve regeneration within the conduit.

[0081]  As would be understood by a person skilled in the art, the administration of the
vector may be accomplished before, or more preferably after, the nerve stumps are secured
into the conduit. The timing of the administration of the vector to the host effective to

promote peripheral nerve regeneration can be readily determined by the skilled person.
[0082)  All documents referred to herein are fully incorporated by reference.

[0083]  Although various embodiments of the invention are disclosed herein, many

adaptations and modifications may be made within the scope of the invention in
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Schwann cells, and may have an oriented nerve substratum and may
have one or more intraluminal channels (Hudson et al. 1999, Clin Plast
Surg 26:617). [0079] A person skilled in the art would know how to secure
a transected nerve into a nerve guide conduit, for example, following
Schmidt et al. 2003, Ann. Rev. Biomed. Eng. 293. Generally, the proximal
and distal stumps of a transected peripheral nerve are secured within an

accolQRIRAMGRANRE! QS ANGIVEAHIIE CRRPIMELY JPRESR R 0P D Ort.  Such

sutures. Preferably, the internal channel of the nerve guide condulit is _
modiffeadiohtrine kg thsnsulitiipirriphkoeya wupptlane for anpsapestef thetinvention
in of898Q) M RRUNALEIGHIBSIANTES N%ﬁﬂﬁ?%ﬁavﬁhﬁ@%&aﬁ?“%ﬁt{é‘éﬂﬁéai and

and rapidly increases upon nerve injury in an animal model. Upon

scienfilis RS hersinrbavr & mEIRIPBINRG firgetmanky andasdnodh one of
ordir@YsEMLRS HisiAl St il dntodomags ASIve SRS retrogradely

transported to the nerve cell body. The exogenous expression of NGF
ithin the cell bpdy of neurons in a dorsal root ganglion may supplement
L A e R ey e S e e e
to théphmspidudinghberyothieneed genoBhgufareasiolssafudits Mayapiothetein the
the anterograde transport of neurotrophic, factors to the proximal stump of
spec{ e LB AR e EHREIRSTHES IVETAEHON e HEHET 20 the

plurajuide conduit and promote nerve regeneration within the conduit. [0081]
As would be understood by a person skilled in the art, the administration

[0083] (e YRR UARE ARG BIENRA BRI (Y tE ARSI ATl elifon, and

nérve stumps are'securéd into the conduit. The timing of the

do nefdifniistedirondtspreisadtthetinvieatinsstsediedovedtibersivmote peripheral
nerve regeneration can be readily determined by the skilled person.
0082] All documents referred to herein are fully incorporated by

[008frereR&AMBEE S Ithough various embodiments of the invention are
disclosed herein, many adaptations and modifications may be made
within the scope of the invention in 26 accordance with the common

maa&@ner%ﬁ%ﬁ%@@lé‘b‘b@é’ﬁ%e skilled in this art. Such modifications include
the substitution of known equivalents for any aspect of the invention in

[0088lder GeachiEgiethecssame result in substantially the same way. All
technical and scientific terms used herein have the same meaning as

[Oﬂﬁg?mmﬁ'iyé(eqﬂgﬁ@xtﬂoéje}?é/ (?tﬁﬁf&ry systems, polyethyleneimine (PEI)/plasmid DNA
complexes, lipofectamine™2000/DNA complexes and a peptide-based system, and two
viral vectors, recombinant baculovirus and adeno-associated virus Type 2 (AAV-2)

vectors, were tested

[0080] To prepare PEUDNA complexes, plasmid DNA pCMV E/P-luc (Liu er al.
2004, Gene Ther. 11:52) or pcDNA3.1/NGF was mixed with PEI (25 kDa; Sigma-Aldrich,
San Diego, CA) in a 5% glucose solution by adding an appropriate amount of a PEI
solution into a DNA solution, briefly mixing by vortexing and waiting for 30 min at room
temperature. pcDNA3.1/NGF was constructed by inserting a full length DNA fragment
obtained from a mouse brain cDNA library into EcoR1 digested pcDNA3 (Invitrogen).
Ratios of PEI to DNA used for cell transfection and animal experiments were 10 and 14

equivalents of PEI nitrogen per DNA phosphate, respectively. In some experiments, PEI
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ordinary skill in the art of this invention, unless defined otherwise. [0084]
The word "comprising* is used as an open-ended term, substantially
equivalent to the phrase "including, but not limited to". Singular articles
such as "a" and "the" in the specification incorporate, unless the context
dictates otherwise, both the singular and the plural. [0085] The following
examples are illustrative of various aspects of the invention, and do not

waslilibe1be wifathaspRES ehiedpveryan Aneisehased RN SIVORS) before being
. EXAM ﬁ [0087] Material and Methods [0088] Gene d’ehvery vectors
mmf‘éﬁwﬁr & ndhsiFeA YT TR PEfBfe RIES Ity Bty Rtlemaled by taking into
acc4tnitl)/phasmithip N A coprlexessdtapiectamingioV2@@0/ Wf@_plefﬁs prepare
6 ng a epng 5 sed system, and two_viral vectors, recombinant .
xpng X ?ﬂ%ﬁh us §|q %M&%?%%e&% #5dus pramvyedevitidinpdretamine
e (Wbl 00 Gone Ther AT 0 o DOUATINGE e arount of
. -luc (ki ) , Gene Ther. 11:52) or pc Al was mixe
hPOVFV%aEEﬁg(zszB@ffg?g%%gﬁr&ﬁé N, SR, EoRYiE0g g sagabating for 20
minstludion byrgadingarRapes QiBIeABOus) of HidBcaaliidMioto &M\ used for
. solution .brieIl mixigg bﬁlr vortexing and waiting for 30 min at room
amr?é‘meﬁ‘g%%m%g gé‘ﬁf\‘? YRGF was constructed by inserting a full length

DNA fragment obtained from a mouse brain cDNA library into EcoRl
[008iJestetPppBpaces {1 pejttidgerpeRativs dfl R EGBNM ubeddeptiel NL4-10K and

fi I ' 10 and 14 equivalenis.of P,
P B i A b A R NG toop
4-captenaiseresiovtirase-¢ AR divkeding iy ke igsiBq Aenishehasna Dppsadimding domain

n j i i - T i unt of t
)y e R AR & DA s et

complastdipio TR0 To pitipassnipeRutrimrsipMEcD miNDecpeppilxess added
afteREMME BeliitaaNRIXeA WD dipgfegtagmineTM 2000 (Invitrogen,

Singapore) in a 5% glucose solution by adding the appropriate amount of

ippfectamine T™M 2%00 into. the diluted DNA solution, gently mixing and
[00 rgfub a &"fBQP’fﬁm aculovirus vectors were constructed according to the manual of

Bac-To-Bac® Baculovirus Expression system (Gibco BRL, Life Technologies, USA).
Luciferase cDNA under control of the human CMV E/P promoter or a CMV E/PDGF
promoter was from vectors constructed in Liu ef al. (Gene Therapy, 2004, 11: 52). The
promoter was inserted between Not! and Xba/ sites of pFastBacl and the luciferase cDNA
was between Xhol and Hindlll sites downstream of the promoter. Recombinant
baculorviruses were propagated in Sf9 insect cells. Budded viruses from insect cell culture
medium were filtered through a 0.2-pm pore size filter and concentrated by
ultracentrifugation at 25,000 g for 60 min. For uptake experiments, baculoviruses were
labeled with the carbocyanine dye Cy3 according to the manual provided by the supplier
(Amersham, Uppsala, Sweden). Recombinant AAV-2 vectors were constructed by sub-
cloning, the CMV E/P promoter from pCMV E/P vector or the CMV E/PDGF promoter
from pCMV E/PDGF vector (Liu et al. 2004, Gene Therapy, 11: 52) into a modified
PAAYV plasmid that is flanked by the ITR sequences. This pAAV plasmid, named as
PAAV-MCS-luc, was constructed by replacing the original sequence between the two Not
I sites of plasmid pAAV-MCS (Stratagene, La Jolla, CA) by a multiple cloning site
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min at room temperature. Ratios of DNA (in pg) to lipofectamineTM2000

(in 1) used for animal experiments were 1 to 3. [0091] To prepare a

peptide-based gene delivery system, the peptide NL4-10K and PEI600

were used. The peptide contains a 29-amino acid fragment derived from

NGF loop 4-containing region (aa80-108) linked with 10-lysine residue as

a DNA binding domain (Zeng et al., J Gene Medicine, 2004, in press). To
(MSrehait i ahyhplapessDhl Aasastdirgiacomp BOR] withi B0 AL FGL3-basic

lastl ogen/p@gs(%]ate ratio d the peptide was added afterward at a
P as{})ﬁ&ptide/D AhrToNg) ratic;)&cg)f%{?& [00 ecomgﬂf&'ﬁf aculoviigier: >

AT LA NECGOTALCERAGCTOTNGIG thESERNIRAI NO BReIDBASED primer, 5-

AT A TR R SARE TR (2 G e et s

insertd MO AhSF A B viastitbraenaibtoKpodrmstdUidiad Il lsite et Etle ($h@Ed was used,

rapy., .41. 52). The promoter inserted between Nqtl and .
tome O AR Rt fAN A AR, S0 e pearfesmic
pHelppr dfitsiagseiolastetiantCadiite tprosfisted BRAn(bimont chatatylondiigasy) ceils.

Ver J i t calls. Budded virus insect cell
A e B B B e TR I rere reteasea
fromeepidediethrsdihpyutwacenmids gdtibecat/d6800yglésr 6 imitfedr biptalstngle-step

eravRARIINRRE PAGHIAY HisGsvere labeled with the carbocyanine dye Cy3
according to the manual provided by the supplier (Amersham, Uppsala,

l:{mggﬁeden),. Recombinant AAV-2 vectors were constructed by sub- cloning,

CXIGRFE SrHF9BREAHORS PCMV E/P vector or the CMV E/PDGF
promoter from pCMV E/PDGF vector (Liu et al. 2004, Gene Therapy, 11:

[00992) inthdalnodiket ipli sats) assighiaisoizndedhy taspildd $9AHRNESSoratory

AnirﬁralTi%QééfYIell%@aig n%\rfré?sq &3 fpb%%%%%g/%%ovl\ggqcﬁ néggl%f?gégnﬂady. For

_ replacing’the original seque &
lucifgrasm\aaud s (Stratagémetsbeedoliseds Anbygawhidhigle elaringhsiten@8ourse study

)ucif A i tte that R lified from
B R i
vectmmcmm@@wmmmmm&[s B 6lOflvarichrenefse sham
operﬁ%x{?ﬁ?& -gcfxp&’g&ggﬁgl&a Tgcr:o%ﬁTPYcI' Ca/}\&?ﬂ -Iig I[AStsE \(’?ezlrcDused, 6 of

ﬂ]1 promoter w
e sham operated group and 6 in the experimental group. Rats were randomly

which in
assigned to each group at various times after injection. They were kept 4 per cage in a
light-dark cycle (12h/12h) at a constant temperature of 22°c and at 60% bumidity, and fed
with normal laboratory rat food. In the handling and care of all animals, the International
Guiding Principles for Animal Research as stipulated by World Heath Organization (1985)
and as adopted by the Laboratory Animal Center, National University of Singapore, were

followed.

[0095]  For intrathecal injection, rats were anaesthetized by an intraperitoneal injection
of sodium pentobarbital (60 mg/kg of body weight). The back skin of rats was incised and
the spinal column was exposed. The intraspine space between lumbar vertebrae 4 and 5
(L4-5) was chosen as the injection site. A 10 pl micro-syringe connected with a 26-gauge

needle was used to perform the injection. The slight movement of rat tails indicated the
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inserted into pAAV-MCS-luc between the Kpn | and Hind Il sites. The
plasmid was used, together with AAV-2 packaging plasmid pAAV-RC and
adenovirus helper plasmid pHelper (Stratagene, La Jolla, CA), to
transfect HEK293 (human embryonic kidney) cells. AAV-2 vectors that
had been packaged in the transfected HEK293 cells were released from
g ggg d.cells ‘g\/o r uncéfiﬂof_freeze/thaw cycles and purified by a
p:%?ngmﬁie{é%"ng*r‘g%t G SUPHRR L RA mﬂi%?‘eﬁ[OMS]“Arﬁméw@Hdd DNA, 1 x
10 perdtien fAROA Avull spale YBIRkRLS Waidhing, A0 320,200 suppli
in%\ét}he I;?%L[)Foraéiry Animal Ce_nter?ﬁl\%gtional Universﬁé oﬁ%g&a&ﬁr& ‘\E/géi{;%r each
PSR ROt thadsyiRisiratinm (pe?ass Bty heassdiswas shitsvedte remain in
situsfed, Arnangemic bRy atsibvile 1INe SHHBaSIG (S RR! Sach tim
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{G0S7]  Reporter gene detection

[0098]  PCR amplification was carried out to detect transported reporter genes in DRG.
2 days after lumbar intrathecal injection of PE/DNA complexes or baculovirus vectors,
rats were sacrificed by intracardiac perfusion with 0.1 M PBS (pH 7.4) following deep
anesthesia and three pairs of companion DRGs (lumbar L4 to L6) around the injection site
were collected. The tissues were homogenized by mincing with a razor blade and DNA
was extracted according to the standard protocol of a DNeasy Tissue Kit (Qiagen, Hilden,
Germany). Oligonucleotide primers for PCR were designed based on the luciferase gene
sequence and are listed below: 5' primer, 5-AT TGC TCA ACA GTA TGG GCA-3' [SEQ
ID NO:3], 3’ primer: 5-CGA AGA AGG AGA ATA GGG TTG-3' [SEQ ID NO:4]. .The
expected size of the amplified product is 540 bp. Amplification cycles consisted of 94°C 5
min, 1 cycle; 94°C, 45 s, 55°C 30 8, 72°C, 30 s, 35 cycles with a final extension at 72°C
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situ for 2 min before being removed. The skin was closed with surgical
clips after the injection. [0096] To produce a rat model for nerve injury
and regeneration (Xu et al. 2003, Biomaterials 24:2504), right sciatic
nerves of anesthetized rats were exposed through a 2 cm long skin
incision. A 7 mm piece of the nerve was removed and then the proximal
and distal nerve stumps were pulled 2 mm into each opening of a silicone
for TBIVE DYIdRRRIAAL LN et dy a9 he P4 8 D privwdas QRnAIEO ReN siRRgBlerated
1.4 cm), leaving a 10 mm interstump gap. Twenty-five micro liter of saline
rats yiere hnedisAds #saligle before the proximal stump was pulled into the tube
opening. The two stumps were fixed to the tubes with a single 10/0
(00993 rineThinkspiteyadodc tiikhe)lutiferastrathecet gyectvoss ienentie:d using a luciferase
. Intraspinearea between_L4.an vertebrae of 20,1t of PEI complexes
R S e S S T e S
0.1 MaRBWESH A btiovwing cdiptelyestesiNGR puplaftatiopationyDRES wermd the
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detect transported reporter genes in DRG. 2 d%}/es after lumbar intrathecal

secolfeQibiFef PEIDRACHHINEREsbr Bl IRes Velibrdn migrergnirifuge. Ten

micr8REHHCEORY asaTdiRCP et aBithathde MvBR d8Hof Alfalleiminge activity
deep anesthesia and three pairs of co&g?anion DRGs gumbar L4 to L6)

assay AL YREiAfeatH it Toerccomeer BV rRisAsiEs We niifsysimasts were

mad@anHiEli@g?Q»WEh RAAeRIRE ere N AuMAS SXYSCIP Goaqeoseingdn RIEUs were
standar B{;tocol of a DNeasy Tissue Kit (Qiagen, Hilden, Ger

! any). X
normesfiaed by dgtalpreisin roppsaiRtiRn &fdasi grety Bﬁ%ﬁsoﬁ‘?ﬁé“ﬁﬁrgi% Fpprotein
assaP RRGBISQUANERRAEAre Aisted pelow: 5' primer, 5'-AT TGC TCA ACA

GTA TGG GCA-3'[SEQ ID NO:31, 3' primer: 5-CGA AGA AGG AGA

GGG.TITG-3'[S ID NOQ:41. The expecgted,sjze_ of the ifie .

100100, SR e e AR B e YRR Folovwine
deepdA@suesiab 5@ 0vesr7 20sribe] 36rayoldthwitingditral solesinsiofoewat 180 2%
para {Ja'iﬁl% -59 %Xﬁllilcﬁ %@{Eﬁa}'&m Rff%&ei)‘é’g%?oﬂ,r O_acsﬁﬁ‘s mmﬁﬁaﬁﬁ)@ DRGs 7

sham-operated rats were handled'in parallel
(L4 to L6) were removed and post-fixed in the same fixative for 2-4 hours before being

8f’ with

transferred into 0.1 M PBS containing 15% sucrose. Frozen sections were cut at 30 pm
thickness and mounted on coated slides. Sections were washed for 20 min in 8.1M PBS at
pH 7.4 containing 0.2% Triton X-100, then blocked with 5% normal goat serum in PBS for
1 hour. Sections were then incubated overnight with primary antibodies polyclonal anti-
luciferase (Promega; dilution 1:150) and monoclonal against neuron-specific nuclear
protein (NeuN) (Chemicon International, USA; dilution 1:500). Sections were washed in
0.1 M PBS and further incubated with anti-rabbit IgG Tritc conjugate (Sigma-Aldrich,
Inc., USA; dilution 1:100) and anti-mouse IgG Fitc conjugate (Sigma-Aldrich; dilution
1:100) for 1 hour. After incubation, sections were washed three times in PBS, mounted
with DAKO fluorescent mounting medium and covered with coverslips. Control sections
were incubated without primary antibodies. Sections were examined with an Olympus 500
confocal laser scanning microscope. Each section was initially scanned with a 488 nm laser

line, and an emission filter BP 510-525, for the detection of Fitc fluorescein; and with a
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[0099] The expression of the luciferase reporter gene was examined using
a luciferase activity assay. Rats were sacrificed at 2 days post-injection
by intracardiac perfusion with 0.1 M PBS (pH 7.4) following deep
anesthesia. Six pairs of companion DRG around the injection site were
collected and stored at -80C until processing. After adding PBS buffer
(100 sl PBS per 50 mg tissue), each sample was homogenized by

543 mANERHIARS ALY A nSERANRR Fic e, PGB REAKIEBAEH S¢ RO FRECAL.

4C in a microcentrifuge. Ten microliters of the supernatant at room

temperature was used for the luciferase activity assay employing an
[061843,y kit HGR B¥Ghega (Madison, WI, USA). Measurements were made

in a single-well luminometer (Berthold Lumat LB 9501) for 10 seconds.
[001B2Us wetmsharetializect hyselieftotal pioteimosfictiotratioroftiregissuexpression

extragts, mea j retejn a kit (Bio-Rad..Hercules \ .
ror BRI AR v o
70% posafliectiohfiEntverirightimeptatios tbsioyltats wedeuperuasadpiiasedvittith Opti-

inger's splution wed 9 raformaldehyde in.0.1,M PB H
MEN R ST Rt 4L Do B RGN ER e b peDRAs. 1N
was #ddedvecashowdbtBiNadPEhenplacfixativarfontédeits theforsifeind hours at

o~frapsferred into 0.1 M PBS contgining 15%, sucrose. Frozen sections wege
37°Coc B 0GP R AL P S SR BLS ‘AMH B e fither
incubfishedrfos 2Qurtintir @elV B Shatnadiind werdaislieot @i X% NGdmx=10Qising a
then ith 5%.normal goat serum in BBS for | hour. Section §
s K S obah AP TS AR e SR ATERLAIANP: PeDNAS Luc
was luederaserdRiDprEaAdiUNGEL Bo0)anto0GECopad gainstalysis, 15 rats were
neurgn-specific nuclear protein (NeuN) (Chemican International, USA; '
s S SRERR IS WALREA O PhT R A R el ot 3 and 7
daysinThbakel Withtanitcrabbikth Gs Thideneainjugatsi { Sk -AddoEc DA UBNGF or
dilution 1:100) and anti-mouse IgG Fite con&ljvga.te (Sigma—AI%rich' dilution

PeDNAHYS 8RS FHIBPIARE SAELSRTOM S8cibARYBHEHESHEY A i fiscribed

abovE BSGROWee LoNEdAAKQ Thinnegeaiskdn Y RGrRIaditis awereoxasedor NGF
with coverslips. Control sections were incubated without primary

ELIStibodies. Sections were examined with an Olympus 500 confocal laser
scanning microscope. Each section was initially scanned with a 488 nm

[001B3kr linelarldminrenfigsiow fiprrsPuB40-525, for the detection of Fite
fluorescein; and with a 31

[00104] Four weeks post-operation, rats were anaesthetized again and the sciatic
nerves together with NGCs were exposed and carefully isolated from the surrounding
tissues. The nerve segment distal to the tube was pinched with a pair of forceps to identify
the success of the nerve regeneration. Contraction of muscles on the back or retraction of
the leg indicated the presence of regenerating sensory fibers in the pinching segment, while

no response was taken as an indication of the absence of such fibers.

[00105] For histological examination, regenerated nerve cables within the NGCs
were collected and fixed in 2.5% glutaradelyde in PBS buffer (pH = 7.4) overnight. The
subseguent fixation, embedding, sectioning, and staining procedures were the same as
previously described (Xu et al. 2003, Biomaterials 24:2504). The distal segments of the

regenerated nerve were then performed with semi-thin section and stained with Tolubine

32



543 nm laser line, and an emission filter LP 570, for the detection of Trite
fluorescein. [00101] NGF assay [00102] Cos7 cells were used for in vitro
transfection to test the gene expression from the plasmid pcDNA3.1/NGF.
Cultured Cells were seeded in a 6-well plated at 60- 70% confluency. After
overnight incubation, the culture medium was replaced with Opti- MEM
and an aliquot of 25 | of PEI/DNA complexes containing 4 sg

DNA3.(#/NGF was Iadde to each well. DNA/PEI.complexes were

B i“ef%‘iﬁ}%’ R NS For S B R AP PRSP LR R In Ay faples through
the miahikcpehvifnifecHhmanpietevore dinulvzAdter dcharthizie theuhaiiber tdir2denerated
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sxong iR SRR Fou o R e TS R T AL AP, Fapliaon was
carrigt BDMNABIngc Mvars Usegénbiesdd qildgDpla3 IkgeFARalykisvBaiWNGE). Areas of
._.__expressiopn analysis, 15.rats were. use{%, 10 of which were dinthe .
incorggtwers seledfed lor ierainin Secioning, T iiactinl seption (106am) gre stained
with risdwatetes eshdectedral g sidsb ugrglofppeD kARG FoPhilips EM 208s

eEectpo%D %%%égg\évasé}g@%lgﬁ?&.\?’&g kP\F. I’Ilﬁeff%gélay gvé?éegéggl i Foarcrggreaéeration
as described “above. were collected antl homogenised. The
of nesvpasmatants ineien sty floaMiGk aglitSAQRAPREBvaluation of nerve

regeneration [00104] Four weeks post-operation, rats were anaesthetized

[00198]N anGIR SAMYE 1NEIYRSHANENSS WHENEGEWarS R RRseE Afltion

carefully isolated from the surrounding tissues. The nerve segment distal
to the tube was pinched with a pair of forceps to identify the success of

[00188 nerve Vg shEietisht 64 a4AHBR SPmBREES Oh #RBGCEFTeadiB after
intrafedile daehinticatied tbe presRncaOf vegene@lirrEsENSarydiagikiadhesvalently

inching se nt, while ng response was taken as an jndication of the , |
taberf R P IO GISL9% 150 BB AREE AN LA, Jaeneagagetion
and tiriveealies wikintiec GE univaveudd)|Bed a0 dsfpedsitvgrd%etectable in the

lutaradelyde in PBS buf = 7.4) overnight. The, subsequent. ..
DR A BE b e GRS e gt et Rbons (Fie. 1)
PCRamuapysviofighy despidsest DRGcall202BatBloyatenihd Reklbetidihecdeatat the

._segments of the .regenerated nerve w en performed wij emi-thin

ex1st<§1é X ig%tra%zéps B%?ercef%& er_l%;ixa sI rniré\{gefeelg?l?reg%ns after gle Eli{lg mjecﬂon (FIG.
2).

[60108] Four different types of gene delivery systems and vectors with a luciferase
reporter gene, PEI/DNA complexes, lipofectamine/DNA complexes, baculovirus vectors
and AAV-2 vectors, were tested for their effects in mediating transgene transfer into DRG
cells. Two days after lumbar intrathecal injection, luciferase activities were easily detected
in DRG cells for all types of the vectors (Fig. 3). In a time course study of transgenic
luciferase expression from the PEI/DNA complexes, enzymatic activity could be detected
as early as | day after injection, reached the peak at day 3, and then dropped over next
several weeks, with a low activity still being detectable 4 weeks after injection (Fig. 3).
The immunostaining of luciferase demonstrated that the protein detected in DRG was not
limited on the epithelium, but also in ganglion cells. The double immunostaining for .
luciferase and the neuron-specific NeuN protein showed that most of the luciferase-

positive cells in DRGs were also NeuN-positive, with only few luciferase-positive cells
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Blue for morphometric analysis. Seventeen transverse semi-thin section
samples through the middle part of the:10-mm gaps were analyzed to
determine the number of regenerated axons, fiber population and fiber
diameter. Quantitative measurement and evaluation was carried out
using Micro Image LiteTTM (Olympus, Image Analysis Software). Areas of
interest were selected for ultrathin sectioning. The ultrathin sections (100
beinnrgg were stag]elﬁgyith lead citrate, collected on copper mesh grids and

Xaminedan: EX1708s electron microscope operating at 80-100

kV. The samples were evaluated for regeneration of nerve tissue and
[004%88ign bdei4A4RESH dgNiFEt tialpbiyraryE00B0B)AEDEAN PEENSI@ e through
newH%ﬂﬁf@%B?x&&ﬁ? via lumbar intrathecal injection [00107] We started with

evaluating the uptake of gene vectors by DRG after intrathecal

administration of baculovirus vectors or PEI/DNA complexes covalently

[0094Bkiled WiR'Gy 2 DreEoleRlGo fREiaRjcRIRIQEIRANLY o 2TINGIER 2t "50p5s and

sympaikiRjectithsamidhelr Besliana weke waingd oantieeml - Reshya 40:907),
E}gnals were detectable in the DRG, mainly in the cytoplasm of .
was REIERED AQilRFE B8RSR HIgrEPHRsKAmEatBHS ARigerphest ResyR fygrngration
throblg Semplesiot REthueR!lEsEdsy! daielianddagstciyactioprevraled tiedies to
existence of transported reparter. genes in these PNS, regions after the
ropsERAGETSHS (SR 900 SU P Ere i s Bl b sdpmined the
expréysitems NGEVEDIOrs fhiih allaiedaned reneri@sgens, A Disfection of COS7
comp , lipofectaming/DNA gomplexes, baculoyjrus vectors and .
cellsu G S R BRI tha URoEL e R CEHREG » sensiive
ELISansieh nlevoR(E abells 1 Tagqpeays afidbkingbarivltatiighad ihimciiencontrol (Fig.
lyciferase activities were easily detected in DRG cells for all t of
). S s VAR RIes SR oS EHANCER s el (i OB, Afer
lumlexpressheod oretierREIENKGE ripléAcsyreplexesa ticcasivitysoaukel Heof NGF in
etected rly,as 1 day after. iniection, reached the t day 3, and
DR R D O R R e R T e
detectable 4 weeks after injection (Fig. 3). The immunostaining of

{0014 dikerase T ARt i Effoatsaf Dlotemntessicie 1 BREBRREHSIOYimited

on the epithelium, but also in ganglion cells. The double immunostaining
[oofor]lucifernsesanekibRinNaw onRResHigMetN G aleinghmaed, thaddneskhted in

o il Welerasahpsiive ool RS Yl A0 NSUNDIRING N A iy e
control group. The regenerated tissue cables, which had bridged a 10-mm gap between two
nerve stumps, could be found inside the conduits collected from the rats that were positive
in the pinch test. Those tissue cables collected from NGCs of the NGF group showed
improved regeneration qualities over their controls, with significant increase in the
diameter of nerve fibers and decrease in G-ratio (Friende et al. 1982, Brain Research
235:335), a ratio determined by axon diameter vs. myelinated fiber diameter (FIG. 7). In
other two parameters examined, fiber population and density, ever though the certain

improvement in the NGF group was visible, no statistically significant difference was

found, probably due the big standard deviation (FIG. 7).

[00113]) " Morphological hallmarks of nerve regeneration were also examined by

transmisston electron microscopy. The regenerated nerve cables were centrally located
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33 being non-neuronal cells (Fig. 5). [00109] EXAMPLE 2: NGF eDNA
transfection and nerve regeneration through nerve guide conduits [00110].
NGF, a neurotrophic factor predominantly acting on sensory and
sympathetic neurons (Thome, R.G., and Frey, W.H. 112001, Clan
Pharmocokinet 40:907), was selected to test the effects of its expression
in DRG on peripheral nerve regeneration through nerve guide conduits

with @ dodRY, 'QM%X&%?Q%% REsElinisal § (gp&ng 503 L REDS ol groups,

defects (Schmldt et al. 2003, Ann ev Biome e examine

the y¢ablespFouidedt NOTTOBN Affrétsciies nddieagenepated detﬁdtaS well as
unrHRNRR6E R HCOR TntrlS:, BRaDRT 5o Ql%ﬂgiﬁ' Q@ }Hﬁé { %ﬁ? in the NGF

culture media, as detected in a sensitive ELISA, with a out 1 ng
ZIOPR HETCIIATB e IABRE FBIEI ERGH Eram Ahptciit SrrePRR). SBAD, smmnvely (FIG 8).
Thdr}ﬁf,%ﬁﬁesﬂé%%aﬂfr@s%%@ﬁ?%wmﬁ &%Wé@@sW%[@:ﬂ%&%gr(ﬁggn 8Bt in the
After lumbar intrathecal injection of GF cDNA complexes, t
confroh graup(F1GA) of NGF in DRG was three-fold higher than the control
and persisted for at least 7 days. [00111] EXAMPLE 3: Effects of NGF
[00dsgiessionbe mewﬁtreigﬁp afakode HBstAlcEheh e yreassf UniRienet R Rrapeutic
NGg;egenerat n throu h NG as demonstrated in a pinch test, was 87% in

08 g neesPr Bl Hautesisl BHIC SSRGS BRLIR ETE HIaPIe of gene
thexgpgufmr'lﬂ&ﬂphgahamd&wn&blQﬂﬁﬁﬂmlﬂﬂ@aﬁk‘ww&:ﬁ%@a%m&ém nerve-

en two, nerve stu be found |n5|d the conduits collected
der e e e R T eBe P A Ee AL e e, mcluding

syrrxp@tlw:emfmwaﬁmmmewaﬁmmmwmwmfeww%ﬁn striatial
Qyer their controls, |th sig ant e dlam ter of
andﬁsg vélel %erlél%fﬁcf JeErens %V& FR10 é&clen ﬁ%%%zt} kdhr NGF is
pres286:335Y ey rlao whakamtiriasch by ﬁmomdmhetmxmtmye&;rt&ted@bﬁy increases in
| I L par MELErs exs mlned fiber latio
the Q&&J%l%‘?énﬁﬁl %e:@e nglﬂéh%R ina men "Eﬁ é)ﬁéel._c%()rﬂﬁnaésby the

and density, ever th & Certa aln |mpro
targgtdipae wodstetistanl I%m@a@ﬁﬂe@np@ﬁ\m&gﬂd deprebahlytiduathsported

in abﬁﬁw diayiation &Eé%eﬁ) 'S 3%%%%%(’)\/' ¥ rQé}?n glcal haolllﬂmarkgnofng%[ggs and

regeneration were also examined by (ransmission electron MmicrosCopy
Prodpsin ge Hien eeatel aidvieciitsies Wette peniphuitgll osarogathy, such transport within

diseased nerves may be negatively reduced or even totally blocked. An alternative means
to maintain the transport mechanism thus uphold normal functions of affected neurons
would be essential in treatment of peripheral neuropathy. Gene vectors delivered to DRG
neurons by intrathecal injection do not require axonal transport to reach the cell body and
could be beneficially utilized to support functions of neurons in DRG, thus slowing down

or stopping degeneration processes of concerned axons.

[00115]) NGF transfection in DRG, nerve regeneration, especially the diameter of
new axons, was improved as demonstrated by both of the morphometric analysis and TEM
analysis. The number of neurofilaments within axons has been considered as the key factor
to control axonal diameter and in sensory neurons is probably subject to the regulation of
NGF. Following peripheral nerve transection, nerve body size, axon diameter,
neurofilament synthesis, and axonal transport of neurofilament are all reduced in SEnsory

neurons. The transfection of NGF cDNA would up-regulate the expression of NGF protein
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34 within the conduits, surrounded by a fine epineurium. In both the NGF
and control groups, the cables contained numerous of fascicles of
regenerated myelinated as well as unmyelinated axons. The number,
diameter and density of myelinated axons in the NGF group were more,
lager and higher than those in the control group, respectively (FIG. 8).
The myelin sheath presented in the NGF group was also much thicker

anthanigtettavetbenelnted @ duDHEAROR b Ak TR BRSNS NS sienificant

imd(ggglgrrﬁ%%rait&% theg)ositive iEquence of therapeutic NGF gene on the
egeneration ek Rl P MoyrdirhesuEvisii one example of gene
therafy for peripheral nerve regeneration. NGF is the first and

[0883ELharacteriadbsemmdersoodds fantosidliedaatsharas, relaby eholimiesbns to the

I g lation, including sy etic and, subpopulations

O B e 8 R P A i P e naended to

enepypasy glt mchmndificatiotvaihifTies sogh, 43 dtHAGI ByAmaéigd;1). NGF
IS present at a very low concentration in the normal circumstances, and
rapidly increases in the experimental nerve injury animal model. The
proteins are produced mainly by the target tissue and Schwann cells in
the distal stump of damaged nerves and then transported in a retrograde
manner to the cell soma before acting on receptors on neurons and
producing the neurotrophic effects. With peripheral neuropathy, such
transport within diseased nerves may be negatively reduced or even
totally blocked. An alternative means to maintain the transport
mechanism thus uphold normal functions of affected neurons would be
essential in treatment of peripheral neuropathy. Gene vectors delivered to
DRG neurons by intrathecal injection do not require axonal transport to
reach the cell body and could be beneficially utilized to support functions
of neurons in DRG, thus slowing down or stopping degeneration
processes of concerned axons. [00115] NGF transfection in DRG, nerve
regeneration, especially the diameter of new axons, was improved as
demonstrated by both of the morphometric analysis and TEM analysis.
The number of neurofilaments within axons has been considered as the
key factor to control axonal diameter and in sensory neurons is probably
subject to the regulation of NGF. Following peripheral nerve transection,
nerve body size, axon diameter,
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neurofilament synthesis, and axonal transport of neurofilament are all
- reduced in sensory neurons. The transfection of NGF cDNA would
up-regulate the expression of NGF protein 35 and might have contributed
to the enhancement of neurofilament synthesis and significant
improvement in fiber diameter observed in the current study. [00116] As
can be understood by one skilled in the art, many modifications to the
exemplary embodiments described herein are possible. The invention,
WHAMES Criaievdasl 18: encompass all such modification within its scope, as
{ defiﬂed : the c aims..36 WHAT IS CLAIMED IS: 1. A method of .
+ delitellRG X riCHEIE SHRE AR SFC ABA A et TR lesHar thenesriplrsal nervous
system of a host comprising the step of identifying a target neuronal cell in
YIS ST oS AREENE APl et HEHI B SESR RGPS S P Rl oot
alcid into.a site.in the cerebrospinal fluid of the host wherein the site is
ganglion iand), AApPanisaTing e YRSICL) ?8‘6‘%%&1@8?:‘? (GRS PHE HRIACSHGIHIn the
Cel‘ei §c?st?§af L%odgtgft e tzgr%et neuronal cell. 2. .A method of treating a ~
SETTRMA I R P RENTORT A RESIR e HIsAD FESHED YnB“’ifl‘é‘i‘ﬁHWn@%dc"fsal root
target neuronal cell in a dorsal rogt ganglion affected by the neuropathy,
s e B i e b 2 ere e oo &

site jn the cerepbrospinal fluid. of the host wherein the site is sufficiently | | .
2 oroeE SRR o RbReR, ARG o b B PR oEaFsing
. f the target neuronal.cell.,3. A method qf treatin ransected
‘d"‘“g‘gﬁ‘)éé)eara rﬁé%\% %rg\r}%gcgaﬁp)l?o%(riﬁ)ﬁ%ﬁ %ﬁ*géﬁﬂﬁﬁ%ﬁ%g fspegfgpathy, and

adnf R0 FRVRIBING AR C N BRI R SAMSING, 2 INEAPENS crebrospinal

nucieic toa rodot gangiron neuronal ce erel

ik j a}] Eg re Jred to a.nerve guide co ?ui 4. The,method of.
- clalmﬂé wierrgll%ége rr’nfﬁi%t?nbs the vacior t ré”&%“r%{; Foot éigﬁsgalllorﬁ ot ganglion to

actilGIRNAIAN PRI AN P EPANE YL AL In the

cerebrospinal f ufficiently proximal to orsal root ganglion
3. neutonghielldp delivel e AER Belfhutia Re el Ram PLIBEAAIRY o distal
root ganglion neuronal cell. 5. The method of claim 2 wherein the
stunfPHPBSISN B ORAIDA!S HAREHE AR Nag a vector comprising a therapeutic
nucleic acid to a dorsal root ganglion neuronal cell wherein the distal and proximal stumps
are secured to a nerve guide conduit.
4. The method of claim 3 wherein administering the vector to a dorsal root ganglion
neuronal cell comprises administering the vector at a site in the cerebrospinal fluid
sufficiently proximal to the dorsal root ganglion neuronal cell to deliver the nucleic acid
into the cell body of the dorsal root ganglion neuronal cell.
5. The method of claim 2 wherein the peripheral neuropathy is diabetic neuropathy,
Herve compression or nerve transection.

6. ‘The method of any one of claims 1 to 5 wherein the nucleic acid comprises a

coding sequence operably linked to a promoter,
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nerve compression or nerve transection. 6. The method of any one of
claims 1 to 5 wherein the nucleic acid comprises a coding sequence
operably linked to a promoter. 37 7. The method of claim 6 wherein the
promoter is a viral promoter. 8. The method of claim 7 wherein the viral
promoter is a CMV promoter. 9. The method of claim 6 wherein the
promoter is a neuron-specific promoter. 10. The method of claim 9

7. wheildin tethedurbrldpegifibqreambiesrism DSk Viplgmmiter 1. The
method of any one of claims 6 to 10 wherein the promoter is operably

8. linkebhiomathethhéeiaen 1 MiErsmiiethociqfrokaiored is witvBINslameRRancer
is a CMV enhancer. 13. The method of any one of claims 1 to 12 wherein

9. the ibeleietheitoéntonies wherein dicopbiadeatis a buldiesmeifed afshaim

13 wherein the neurotrophic factor is a nerve growth factor. 15. The
10.metfide ohefizich b8l ulhiene thkeneinvalgrawilidacisicisid Glorlétel N8 2 PDGF B
method of any one of claims 1 to 12 wherein the nucleic acid encodes an '
proamitempoptotic factor. 17. The method of claim 16 wherein the
anti-apoptotic factor is bcl-2. 18. The method of any one of claims 1 to 17

H.wheRintiewdabarg aneik cleizinrG 1010 ieneiha phetainar 18 WeamiNlinked to
the viral vector is a baculoviral vector or an AAV vector. 20. The method

an gflanyasne of claims Ito 17 wherein the vector is a non-viral vector. 21.
The method of claim 20 wherein the non-viral vector is a polymer-based
12.vectbie angtoddoafitisienbidseti arent oot dipidrias e aighaRZar The
method of claim 21 wherein the polymer-based vector is
13. polyEhaytestbidiing . a®s 0% Dhekethdd tof dRywineedf elaimadiéa22id encodes a
wherein the vector is administered by injection.
neurotrophic factor.
14.  The method of claim 13 wherein the neurotrophic factor is a nerve growth factor.
15.  The method of claim 14 wherein the nerve growth factor is NGF.
16.  The method of any one of claims 1 to 12 wherein the nucleic acid encodes an anti-
apoptotic factor.
17. The method of claim 16 wherein the anti-apoptotic factor is bel-2.
18. The method of any one of claims 1 to 17 wherein the vector is a viral vector.
19. The method of claim 18 wherein the viral vector is a baculoviral vector or an AAV
vector, -
20.  The method of any one of claims 1 to 17 wherein the vector is a non-viral vector.
21, The method of claim 20 wherein the non-viral vector is a polymer-based vector, a

polypeptide-based vector or a lipid-based vector.

22.  The method of claim 21 wherein the polymer-based vector is polyethyleneimine.
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24. The method of claim 23 wherein the vector is administered by lumbar

injection. 25. Use of a vector comprising a nucleic acid to deliver the

nucleic acid into a target neuronal cell in a dorsal root ganglion wherein

said delivery is effected from a site of administration of the vector in the

cerebrospinal fluid which is sufficiently proximal to the dorsal root
2é]angggl to deliver the nucleic acid into the cell body of the target neuronal

Cell. 26" UBEA ety QniirRimins thisragevwhiemirctbic emitbtddredimistered by
. peripheral neuropathy in a host wherein the nucleic acid is delivered into
miefgrognét neuronal cell in a dorsal root ganglion affected by the neuropathy
2‘:Irom ?site (glagiminis_tration of the vector in the ceye:brospinal fluid which :

ts suffitfMARra sarmohw krseam the oegan isisdminidetivé byhiembatdigection.
2§cid iﬂto tt}e cell body of the target neuronal cell. 27. Use of a vector

comprising & HEHIpEE MR MGk H A khta dedinse thedypdripheidlinto a target
ncleIve Q}aﬁintg agt%)xi al stump and a distal stump in a host wherein the

Broximar and AiSIrt ) Bars e rbersin ssaishdslinate isorffsitednfiom a site of
.er%' the %ngleic acid is delivered from a site of administration in the

Wi |
*ELTERTBI0H o Vi S o FRa crsERr el ik prieh it et e ethepuszimb! to the

cere%rosplna

doflgim 27 wherein the, site of administration is in the cerebrospinal fluid
O O G ISl EE N e Aren el oegethaeuronal

ceMector into the cell body of the dorsal root ganglion neuronal cell. 29. The

use of claim 25 wherein the peripheral neuropathy is diabetic neuropathy,
26pervgjgorgtpres%o%)rcnerve transection. 39 30. The use of any one of

claims 25 to 29 WhareT & HlI8|chc WETaReHif rusdeic cagiith gtos drpabrreperipheral

ly: 'qk Q romoter. 31.. The use of claim 30 wherein the

ne [ . .

prc?r?cﬁ}éﬁs aﬁ él?r{a\V%%%no e, %’lfilel‘ﬁé‘ﬂéj SofiafFrd inigherengehacwrenal cell in a
doREPMRUE a|§ M omoter. 33. The use of claim 30 wherein the

promote% isggc%leﬁ%rfo%%&lple’gi | epnr%‘?ﬁ%%%tﬁ%&.mfh% iseobraministraipRerE e vector
in e PENIOD: ﬂgpiﬁﬁ- romoter.is a PDGE $3 promoter. 35. The use of any

one of clairr?s 3010 34 W l"E';nrelf“’n H@ﬁ#%%%t@&?%ér@b@%rﬂ?é@?‘cd% ganglion to
deliver the nucleic acid into the cell body of the target neuronal cell.
27.  Use of a vector comprising a therapeutic nucleic acid to treat a transected
peripheral nerve having a proximal stump and a distal stump in a host wherein the
proximal and distal stumps are secured to a nerve guide conduit and wherein the nucleic
acid is delivered from a site of administration in the cerebrospinal fluid to a dorsal root
ganglion neuronal cell.
28.  The use of claim 27 wherein the site of administration is in the cerebrospinal fluid
sufficiently proximal to the dorsal root ganglion neuronal cell to deliver the vector into the
cell bedy of the dorsal root ganglion neuronal cell.

29.  The use of claim 25 wherein the peripheral neuropathy is diabetic neuropathy,

nerve compression or nerve transection.
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enhancer. 36. The use of claim 35 wherein the enhancer is a CMV
enhancer. 37. The use of any one of claims 25 to 36 wherein the nucleic
acid encodes a neurotrophic factor. 38. The use of claim 37 wherein the
neurotrophic factor is a nerve growth factor. 39. The use of claim 38
wherein the nerve growth factor is NGF. 40. The use of any one of claims
25 to 36 wherein the nucleic acid encodes an anti- apoptotic factor. 41.

30, Tfhﬂx%%eoam' M40 WREIEIR Y3874 aRRRIRlifIARIRIR Bela? Haprlias a;]%eding

of any one of claims 25 to 41 wherein the vector is a viral vector. 43. The

sequéiRt %%Qﬁ&%ggi&%@@l vector is a baculoviral vector or an AAV

vector. 44.The use of any one of claims 25 to 41 wherein the vector is a

31. NORUIREVRERI™YR FHEHRURS Fiaimd df WRGIRIN g aRR; viral vector is a

polymer-based vector, a polypeptide-based vector or a lipid-based vector.

32, 46ridgs3e QbR herein the pRRBFRasevestomiSter.

polyethyleneimine. 40 47. The use of any one of claims 25 to 46 wherein

33, thepilg QfALMIRISIHATRLdIME JHRRA: 'RUARLAh SRAHENGRDWS TING
<110> Wang, Shu Wang, Xu <120> Method of Delivery of Nucleic Acids

34, ORRrRherl Nersans sL30mIRER R LB AMLE T RUBRIN Y BFSIRBter.
3.3 <210>1<211> 28

35.  The use of any one of claims 30 to 34 wherein the promoter is operably linked to an
enhancer.

36.  The use of claim 35 wherein the enhancer is a CMV enhancer.,

37. The use of any one of claims 25 to 36 wherein the nucleic acid encodes a
neurotrophic factor.

38.  The use of claim 37 wherein the neurotrophic factor is a nerve growth factor.

39.  The use of claim 38 wherein the nerve growth factor is NGF.

40,  The use of any one of claims 25 to 36 wherein the nucleic acid encodes an anti-
apoptotic factor.

41.  The use of claim 40 wherein the anti-apoptotic factor is bel-2.

42.  The use of any one of claims_ZS to 41 wherein the vector is a viral vector.

43.  The use of claim 42 wherein the viral vector is a baculoviral vector or an AAV
vector.

44.  The use of any one of claims 25 to 41 wherein the vector is a non-viral vector.

45,  The use of claim 44 wherein the non-viral vector is a polymer-based vector, a
polypeptide-based vector or a lipid-based vector.

46.  The use of claim 45 wherein the polymer-based vector is polyethyleneimine.
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<212> DNA <213> Synthetic primer <400> 1 attgcggccg cggtaccgag
ctcttacg 28 <210> 2 <211> 32 <212> DNA <213> Synthetic primer
<400> 2 attgcggccg cttatcgatt ttaccacatt tg 32 <210> 3 <211> 20 <212>
DNA <213> Synthetic primer <400> 3.. .. .. 20. attgctcaac agtatgggca
<210>4 <211>21 <212> DNA <213> Synthetic primer <400> 4
cgaagaagga gaatagggtt g 21

47.  The use of any one of claims 25 to 46 wherein the site of administration is in a

lumbar region.
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SEQUENCE LISTING

«110> Wang, Shu
Wang, Xu

«120> Method of Delivery of Nucleie Acids to Peripheral Neurons
<130> 93231-66
<160> 4

«170> PatentIn version 3.3

<210> 1
<211l> 28
«212> DHNA

«213> Synthetic primer

<40G> 1

attgcggeeyg cggtaccgag ctottacg 28
<210> 2

«211l> 32

«212> DNA

«<213> Synthetic primer -

<400> 2

attgcggecg cttatcgatt ttaccacatt tg . 32
<210> 3

<211l 20

<212> DNA

<213» Synthetic primer

<400> 3 . _

‘attgctcaac agtatgggea @ N C Do e . 20.
<210> 4

<211> 21

<212> DNA

<213> Synthetic primer

<400> 4
cgaagaagga gaatagggtt ¢ 21



