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management of nerve injuries is associated with muscle atrophy and can lead to painful

neuroma when severed axons are unable to reestablish continuity with the distal nerve.

Although nerves have the potential to regenerate after injury, this ability is strictly
20  dependent upon the regenerating nerve fibers (and their axonal sprouts) making

apﬁropriate contact with the severed nerve segment (and the Schwann cell basal laminae

therein). Regenerating axons that fail to traverse the gap or injury site and enter the basal

lamina of the severed distal nerve segment will deteriorate, resulting in neuronal death,

muscle atrophy and permanent functional deficit (Fawcett JW et al. [1990] Annu Rev
25  Neurosci 13:43-60).

Briefly, a nerve carries the peripheral processes (or axons) of neurons. The
neuronal cell bodies reside in the spinal cord (motor neurons), in ganglia situated along
the vertebral column (spinal sensory ganglia) or in ganglia found throughout the organs of
the body (autonomic and enteric ganglia). A nerve consists of axons, Schwann cells and

30 extensive connective tissue sheaths (Dagum AB [1998] J Hand Ther 11:111-117). The
outer covering, the epineurium, is made of collagenous connective tissue that cushions the
fascicles from external pressure and surrounds the perineurium. The perineurium

surrounds the individual fascicles and, together with endothelial cells in the endoneurial
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reduces the imunogenicity of the graft. Use of acellular nerve grafts
greatly r edudaesefty viewed as a developing alternative is the application of allogenic nerve grafis.

While the availability of donor grafts suffers the difficulties of other organ replacement
strategies, the importance of viable cellular elements in nerve grafts may be far less
important. Although Schwann cells contribute significantly to the regenerative process,
25  the nerve sheath structure contains the essential scaffolding and adhesive cues to promote
axonal regeneration and significant regeneration has been achieved in acellular (e.g.,
freeze-killed) nerve grafts (Ide C et al. [1983] Brain Res 288:61-75; Hall SM [1986]
Neuropathol Appl Neurobiol 12:401-414; Gulati AK [1988] J Neurosurg 68:117-123;
Nadim W et al. [1990] Neuropathol Appl Neurobiol 16:411-421). Killing the resident
30 antigen-presenting cells (e.g., Schwann cells, fibroblasts, endothelial cells, etc.) greatly
reduces the immunogenicity of the graft. Use of acellular nerve grafts greatly reduces or
eliminates the concerns of host-graft immunorejection (Evans PJ et al. [1994] Prog
Neurobiol 43:187-233; Evans PJ et al. [1998] Muscle Nerve 21:1507-1522). These
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nerve (Bedi KS et al. [1992 Eur JNeurosci_ 4: 193-200; Dani el sen al .
[1994] Brain J Neurosci 18: 328-338). Upon injury to the nerve, the severed segment (distal to the
20 injury) undergoes an extensive degenerative process that initiates extensive remodeling.
In injury-induced nerve degeneration, the severed axons die, their myelin sheath
fragments and the resulting debris are removed by phagocytosis. Despite this
degeneration, the sheath structures and basal lamina are preserved. The Schwann cells
proliferate and prepare the nerve for the regrowth of axons. This entire process, including
25  the remodeling aspect, is generally referred to as nerve degeneration. It is now clear that
nerve injury results in positive modifications to the distal nerve segment and experiments
show that degenerated nerve has greater axon growth-promoting potential than normal
nerve (Bedi KS et al. [1992] Eur J Neurosci 4: 193-200; Danielsen NJ et al. [1994] Brain
Res 666: 250-254; Agius E et al. [1998] J Neurosci 18: 328-338). Therefore, the
30 degenerative process appears to involve mechanisms that convert normal nerve from a

suppressed state to one that promotes axonal growth (Salonen VJ et al. [1987] J
Neurocytol 16: 713-720; Danielsen N et al. [1995] Brain Res 681: 105-108).
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nerve tr ansecatlilgr?mnenrt ee{?:%ilegéd by microsurgical technique, axon-to-axon coaptation remains an

idealistic goal. Because of the small size of axons and the relative preponderance of

connective tissues, the majority of axonal sprouts emerging from the proximal stump after

surgical coaptation are most likely to first encounter a nonpermissive substratum rich in

25  inhibitory chondroitin sulfate proteoglycan (CSPG). This may explain the significant

latency and erratic regeneration associated with peripheral nerve transection repair.

Evidence indicates that CSPGs bind to and inhibit the growth-promoting activity of

laminin and that CSPG is degraded during the degenerative process after injury.

Accordingly, the process by which CSPGs are inactivated can explain why regeneration

30 is essential for nerve regeneration. It has recently been found that peripheral nerve

contains abundant CSPG, which inhibits the growth-promoting activity of endoneurial

laminin (Zuo J et al. [1998a] J Neurobiol 34:41-54). The neurite-inhibiting CSPGs are

abundant in the endoneurial tissues surrounding Schwann cell basal laminae and are
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enhance the gveMtdir p&eeRt 1gs7peDperty of nervous tissue has been

attributed to CSPG degradation, (Z et al. [1998] 20 p Neuro
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di srupt nerve sheat h organi zation or displace |amnin fromthe Schwann
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20  Exp Neurol 154:654-662; Ferguson TA et al. [2000] Mol Cell Neurosci 16:157-167). In

addition, it has been shown that chondroitinase ABC treatment does not disrupt nerve
sheath organization or displace laminin from the Schwann cell basal lamina (Krekoski
CA et al. [2001] J Neurosci 21:6206-6213).
In nerve transection repair models, degradation of inhibitory CSPG removed a
25 major obstacle to regenerating axonal sprouts and resulted in more robust and uniform
growth into the distal nerve (Krekoski CA et al. [2001] J Neurosci 21:6206-6213).
It has been shown that degenerated nerve has an increased ability to support
axonal growth (Giannini C et al. [1990] J Neuropathol Exp Neurol 49:550-563; Hasan N
et al. [1996] J Anat 189:293-302). The effects of degeneration are likely due to
30 modifications of the nerve basal lamina since axonal regeneration is also improved into
acellular grafts prepared from predegenerated nerve (Danielsen N et al. [1995] Brain Res
681:105-108). Throughout the degenerative process, the Schwann cell basal lamina

remains structurally intact.
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normal peripheral 20 nerve (Yanada et al. Act a ur opat hol gBerI)
89: 199- 203) . oty dard. MMPs2 iF expressed constltutlve y by Schwann cells in normal perip

20 nerve (Yamada et al. [1995] Acta Neuropathol (Berl) 89:199-203). Several days after
injury, MMP-2 expression is upregulated and latent enzyme is substantially converted to
its active form (Ferguson et al. [2000] Mol Cell Neurosci 16:157-167).

In vitro degeneration results in a substantial increase in the neurite-promoting

eral

activity of nerve explants. This increase is blocked by the addition of MMP inhibitor, as

25 is the coincidental increase in net gelatinolytic activity (demonstrated by in situ
zymography). The rise in neurite-promoting activity occurs rapidly in the cultured nerve
explants and in parallel with the upregulation and activation of MMP-2. In contrast, the
initial effect of in vivo degeneration only suppresses the already low neurite-promoting
activity of normal nerve, during which time there is no change in MMP-2 expression or

30 activation in vivo. The neurite-promoting activity of transected nerve does, however,
increase over time in vivo and this coincides with a burst of MMP-2 expression and
activation (Ferguson and Muir, 2000, Mol Cell Neurosci 16:157-167; Shubayev and
Myers, 2000, Brain Res 855:83-89).
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substantial increase in the -ﬁQOWt h-pronoting ability of acellular nerve

grafts, that [i#s] 5@5’63@68&}% $hated in the 15 present invention's

cryocul ture and gngkhioRghd Rt on/epd elpRint BRENE aft Adrid B SreseAREOE had ed
with a substanti al Iatenc% in the onset of axqnal regeperation (Daniel sen
8

et al. [199%¢cusidaph thgocol@ gtorapg mpf 158)e. segments. Unlike the” efforts to promote finite
20  degeneration of nerve grafts in culture, cold storage methods aim to preserve the nerve in

minimal and ischemic conditions that suppress cellular and proteolytic activities. Levi et
al. (Levi A et al. [1994] Glia 10:121-131) found that cell viability decreases significantly
after 1 week and only a few viable Schwann cells remained in nerve explants after 3
weeks of cold storage. Subsequently, Lassner et al. (Lassner et al. [1995] J Reconstr
25  Microsurg 11:447-453) reported that culture medium (DMEM, rather than Cold Storage
Solution) has a positive effect on maintaining Schwann cell viability and on the
regenerative potential of nerve grafts stored in cold ischemic conditions. Although not
beneficial for optimizing the growth-promoting potential of nerve grafts, continued cold
storage does further decrease cell viability, immunogenicity and the concerns of
30 immunorejection of allogenic nerve grafts (Evans et al. [1998] Muscle Nerve 21:1507-
1522). For this reason, prolonged cold storage and freeze-killed nerve allografts result in

better regeneration that fresh allografts (Evans et al. [1999] Microsurgery 19:115-127).
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of damaged 1o, 6MEs hkdiRUE thallere THMRReer@NbrRve-Bk hReFaf anki R tdAtigeent
invention conprise adm nisteri ngl one or nore CSPG degradi ng enzynes to a
nerve repai r,2xeeshErawthorithiy ihef pasal lamina scaffold. The degradation of inhibitory CSPG

20  creates a more permissive nerve substratum and allows axon sprouts greater access to

zlal2a

Schwann cell basal lamina of the nerve, thereby increasing the number of axons that
successfully penetrate damaged nerve tissue or implanted nerve grafts. The appropriate
routing of the axon sprouts may also be enabled leading to further improvements in
recovery of function.

25 The present invention also concerns methods of preparing nerve grafts by
treatment with CSP-degrading enzymes. Preferably, the nerve graft (either allogenic or
xenogenic) is fresh and not degenerated and is treated with CSPG-degrading enzymes
either before or after the nerve graft is frozen. If treated while the cells of the graft are
alive, the graft can be implanted as such or can then be freeze-killed to render it acellular.

30 . In one embodiment, the nerve tissue is rendered acellular after treatment. In a preferred
embodiment, the nerve tissue is rendered acellular by freeze-killing.

The present invention also concerns methods of culturing fresh (or briefly

preserved for transport) nerve tissue for subsequent implantation as a nerve graft into a



or damaged nerve tissue. The methods of the subject invention inprove the
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Pr ef er ablly, tinplantetisesitei ssue i s harvested fresh from human or ani mal donor
and cul tured under physiol ogical conditions that permt the tissue to
degenerate and renodel ex vivo, pronoting proliferation of Schwann cells

within the tissue and activati Bmiefﬁésctim nlyd ¢l Dikwinigna by endogenous
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20 indicating the initial en bloc treatment was thorough. In Figure 1C, the structural
integrity of Schwann cell basal laminae in chondroitinase-treated acellular nerve
segments was shown by laminin immunofluorescence. Figure 1D shows Ab1918
immunolabeling of chondroitinase-treated acellular interpositional nerve graft after 8 days
in vivo.

25 Figure 2 shows inactivation of inhibitory CSPG by cryoculture bioassays of
acellular nerve segments treated with chondroitinase. Acellular nerve segments were
treated en bloc with chondroitinase (“Ch’ase”) or vehicle alone. The nerves were
sectioned and then treated additionally post-treated with chondroitinase or vehicle only.
Dissociated chick embryonic DRG neurons were grown on the nerve sections for 24 h

30 and neurite lengths were scored as described in Materials and Methods. Determinations
were made by scoring at least 250 neurons in each condition. Results are expressed as
means (-SEM) and statistical significance comparing the en bloc vehicle and

chondroitinase conditions was determined using Student’s ¢ test. * P <0.001.



15 treated en bloc with chondroitinase ABC for 16 h in vitro. Figure I A
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wth GAP-43. In ach apinmal receiving bilateral grafts (n:92, aon growth
was greater into CHETIec | §h@s, caxonal regeneration into the” initial segment of acellular

20  interpositional nerve grafts after 4 days. The nerve-graft interface and immediately

=1

proximal region of 4-day acellular grafts were examined. GAP-43-labeled axon profiles

were compared at 0.3 mm into the grafts. Data represent the means (-SEM) of 3 vehicle-
treated and 3 chondroitinase-treated grafts.

Figure 7 shows the association of axon regeneration and Schwann cell migration

25  within the grafts. Serial sections of 8-day grafts were immunolabeled for GAP-43

(axons) and S-100 (Schwann cells). In proximal regions of the chondroitinase-treated

grafts, Schwann cells were most often found in close association with regenerating axons.

Occasional clusters of axons were observed without comigrating Schwann cells (arrow).

At more distal points in the grafts, axons were often found without accompanying

30  Schwann cells. Few isolated Schwann cells were intensely immunolabeled for S-100 in

the more distal regions of the grafts, which contained mostly faint S-100 staining

associated with freeze-killed Schwann cell remnants.



graft treated with chondroitinase than in the vehicle-treated control.
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20 SEM). Statistical significance (P < 0.001) comparing vehicle-treated and chondroitinase-
treated conditions was found using Student’s ¢ test.

Figure 11 shows greater growth of axons into chondroitinase-treated acellular
nerve grafts in a human-to-rat xenograft model. Human nerve fascicles (of similar
diameter to the rat sciatic nerve) were grafted into a gap made in the rat sciatic nerve.

25  Serial sections of the 8-day interpositional nerve xenografts were scored for GAP-43-
labeled axonal profiles by digital image analysis. Data represent the means (-SEM) of 2
vehicle-treated and 2 chondroitinase-treated grafts assessed at the specified distances into
the graft (proximal to distal).

Figures 12A-12D show degradation of CSPG in the injured sciatic nerve by a

30 single injection of chondroitinase ABC. Two injury models were examined, bilateral
nerve transection and repair (Figures 12A, 12B, and 12D) and bilateral nerve crush

(Figure 12C). At the time of injury the right sciatic nerve was injected with

chondroitinase ABC (1U in 2 pl) at a site 2 mm distal to the site of nerve injury. Four



10 lam nin, respectively. These results show that, although the gross
structure of human nerve is nore conplex than rat nerve, the basal |am na
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extent of CSPG degradation by in viva injection_, Lo
vehicle ‘and chondroitinase injections) are ‘shown in Figure 13A. As shown in Figure

20 13B, GAP-43-immunolabeled axons were scored in serial sections of the distal nerves.
There was no significant difference in axon regeneration in the chondroitinase-treated
(Ch’ase) nerves compared to the vehicle-treated control nerves. Data represent the means
(=SEM) of 6 chondroitinase-treated and 6 vehicle-treated nerves assessed at 0.56-mm
intervals into the distal nerves.

25 Figures 14A and 14B show treatment with chondroitinase ABC markedly
enhanced axon regeneration after nerve transection and neurorrhaphic repair. Adult rats
received bilateral nerve transection and end-to-end repair. One nerve was injected with
chondroitinase ABC and the contralateral nerve received vehicle alone. Nerves were
removed four days after injury and regenerating axons were labeled by GAP-43

30 immunocytochemistry. Regenerated axon profiles immediately distal to the nerve
coaptation in two representative animals (each receiving vehicle and chondroitinase
injections) are shown in Figure 14A. GAP-43-immunolabeled axons were scored in

serial sections of the distal nerves as shown in Figure 14B. Axon regeneration was
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Zymography reveals both proform and activated gelatinases which appear as clear bands
20  within the stained gel. Control nerve contained predominantly pro-MMP-2 and trace
amounts of activated MMP-2. There was a progressive increase in MMP-2 content and a
rapid conversion to the activated form within the nerve explants cultured for 2 days or
longer. MMP-9 was negligible in the control and early explants whereas a trace amount
was detected at 4 and 7 days. The molecular masses indicate the positions of recombinant
25 human pro-MMP-9 (92 kD), activated MMP-9 (84 kD), pro-MMP-2 (72 kD) and
activated MMP-2 (66 kD).
Figures 17A-17F show the localization of net gelatinolytic activity in nerve
segments by in situ zymography. Tissue sections of control nerve (Figure 17A and
Figure 17B) and cultured nerve explants (2-day, 2% serum) (Figure 17C and Figure 17D)
30 were overlaid with quenched, fluorescein-labeled gelatin, which is converted to
fluorescent peptides by gelatinolytic activity within tissues. Constitutive gelatinolytic
activity was detected in normal nerve (Figure 17A) which, at higher magnification

(Figure 17B), was associated with Schwann cells. As shown in Figures 17C and 17D,



Fi gures 15A and 15B show the cryocul ture assay of nerve explant cul tures.
As 5 shown in Figure 15A, freshly excised rat sciatic nerve explants were
cul tured wWaro3bi1sd2 4, and 7 days in DVMEM N2 contai ni ng 0,PCAyUSmR/2490% f et al
bovi ne serum As shown in Figure 15BJ4 nerve explants were cultured for 2
days in DMEM N2 containing 2% serum (Culture Standard) w thout and with
the addition of Gvw001 (MWP inhibitor). The nerves were then cryosectioned
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Wi thin tissues. nstitutiv elatinolytic. actiyit s detected in nornal
nerve (Fi gur GOy (PSR PR T (eI e G L G e
associ at ed Wekplagis paRf 298| defum)Ass SHoomnini PighiegloBegFigies and shdDi9BMsets,
03/015612 Pqén%?t?l i/na%15s9egt120ns). As shown in Figure 19C, immunolabeling for laminin indicated
20 that basal laminae were structurally intact and that laminin expression was upregulated in
Schwann cells (inset). As shown in Figure 19D, the degeneration of axons and the
extrusion of myelin by Schwann cells was especially evident in semi-thin sections stained
with toluidine blue. Degenerative processes resulting in further myelin degeneration
(collapse and condensation) and phagocytotic removal were not observed in the 2-d
25  cultured nerve segments as shown in the inset of Figure 19D.

Figures 20A and 20B show axonal regeneration within acellular nerve grafts
predegenerated in vitro. Normal and cultured (2-day, 2% serum) nerve grafts were
freeze-killed, trimmed to 10 mm in length and used as interpositional grafts for the repair
of transected sciatic nerves. Host rats received bilateral grafts, one normal (uncultured)

30 and one predegenerated (cultured). Axonal regeneration was assessed after 8§ days by
scoring GAP-43-immunopositive profiles in transverse sections. In Figure 20A,

representative sections of control and predegenerated grafts from two animals are shown.

Sections show the axonal regeneration at 1.5 mm into the grafts. Pixel values of the



gelatinolytic activity was nore intense and diffuse throughout the
endoneuriumin the cultured nerves. As shown in Figures 17E and 17F,
gel ati nol wa @/mastizvity in nerves cultured in the presence@iussBsl was
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naturally occurring or recombinant. As used herein, the term “CSPG-degrading

enzymes” is also intended to include biologically active fragments and variants of such
enzymes, e.g., that retain a substantial amount of their CSPG-degradative activity. The
compositions of the subject invention can include an appropriate pharmaceutical carrier.

25 The subject invention further concerns nerve tissue treated with one or more CSPG-
degrading enzymes.

In addition to one or more CSPG-degrading enzymes, the compositions of the
subject invention can further comprise biologically or pharmacologically active
molecules, such as growth factors. Such growth factors include, but are not limited to,

30 nerve growth factor (NGF), fibroblast growth factors (FGF-1 and 2), epidermal growth
factor (EGF), ciliary neurotrophic factor (CNTF), brain derived neurotrophic factor
(BDNF), neurotrophin-3, -4, and -5 (NT-3, -4, and —5), insulin-like growth factor-I and —
II (IGF-I, ID), transforming growth factor (TGF), glial growth factor-2 (GGF-2), vascular



Sections show t he axonal regeneration at 1.5 mminto the grafts. Pixel
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severed or trimmed nerve (i.e., end-to-end nerve coaptation). The damage to the nerve

ava &

20  can represent a nerve transection (neurotmesis), wherein the nerve is partially or fully
severed or a small region damaged and surgically removed, and epineurial coaptation
(neurorrhaphy) is the primary method of repairing the damaged nerve. For example, the
compositions and methods of the subject invention can be used to promote repair of nerve
damage that involves a disruption in the continuity of at least one of the nerve sheaths of

25  the damaged nerve, such as the basal lamina, perineurium, or epineurium. Preferably, the
surgical repair attempts to realign nerve elements.

In a specific embodiment, the damage to the nerve represents a nerve crush injury
(axonotmesis) or more extreme damage, where there is axotomy but the continuity of the
sheath remains intact or is somewhat compromised. In the case of axonotmesis, axons

30 typically regenerate without surgical intervention.

In some cases, a segment of the nerve is diseased, irreparably damaged or
obliterated and is surgically removed. Repair may involve implantation of a graft or

prosthesis to bridge the gap. The implant may be natural (e.g., nerve or vascular graft), a
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20 degradmg enzyme can be applied to any portion of the graft, such as the end or ends to be

joined to the stump of the damaged nerve. If the CSPG-degrading enzyme is applied to

the damaged nerve, the enzyme can be applied to any area of the damaged nerve that

promotes repair of the damaged nerve, such as at the site of damage or adjacent to the site

of damage. The CSPG-degrading enzymes can be placed in a culture medium for

25  application to the nerve graft. The culture medium can be undefined medium, defined

medjum, or defined medium supplemented with serum for example. The subject

invention also includes storage solutions for storage of nerve grafts prior to implantation.

The storage solution contains a culture medium, as indicated above, and at least one

CSPG-degrading enzyme. The storage solution can also include a tissue adhesive, such

30  as fibrin glue. The storage solution can also include other biologically active agents, such
as the growth factors listed above.

As used herein, the term “graft” refers to any tissue intended for implantation

within a human or animal. Various types of graft are encompassed within the subject
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CSPG-degrading enzyme. The tissue adhesive can be applied to the injured nerve and/or
nerve graft within the same formulation as the CSPG-degrading enzyme, or in a separate
formulation. Preferably, the adhesive will not contain substances such as laminin that
will attract the growth of axons from the remaining nerve structure or contain substrates
25  or inhibitors for the applied enzyme(s) that will compete with or inhibit activity of the
enzyme(s).
The CSPG-degrading enzymes used in the subject invention can be applied to the
nerve graft or damaged nerve tissue by various means and in a variety of formulations.
As used herein, the terms “applied”, “administered”, “contacted”, and “treated” are used
30  interchangeably. For example, the CSPG-degrading enzymes can be applied to the nerve
graft or damaged nerve tissue topically (e.g., drop-wise), or administered by injection.

Topical application or local administration by injection are preferred for greater control.

Further, the CSPG-degrading enzymes, or compositions containing such €nzymes, are
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adhesi ve2@anStrplegpstare crctive tchmpoundsiraan aigr be aosth&ated into the compositions.
Preferably, the pharmaceutical compositions include at least one CSPG-degrading

enzyme and a tissue adhesive, such as fibrin glue.
The pharmaceutical compositions of the subject invention can be formulated
according to known methods for preparing pharmaceutically useful compositions.
25  Formulations are described in a number of sources which are well known and readily
available to those skilled in the art. For example, Remington’s Pharmaceutical Science
(Martin EW [1995] Easton Pennsylavania, Mack Publishing Company, 19" ed.) describes
formulations which can be used in connection with the subject invention. Formulations
suitable for parenteral administration include, for example, aqueous sterile injection
30  solutions, which may contain antioxidants, buffers, bacteriostats, and solutes which
render the formulation isotonic with the blood of the intended recipient; and aqueous and
nonaqueous sterile suspensions which may include suspending agents and thickening

agents. The formulations may be presented in unit-dose or multi-dose containers, for
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20  carrier is biodegradable and/or bioresorbable. Biodegradable, biocompatible polymers

can be utilized in the controlled release formulation, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.

The controlled release formulation can be particulate in nature (e.g., of micro- or

nano-size scale), such as a sphere or capsule. The particle can have a core containing one

25  or more CSPG-degrading enzymes, which is encapsulated by an outer layer or shell. The

outer shell can be degradable by the encapsulated CSPG-degrading enzyme (such that the

shell is degraded from within). For example, the shell can be at least partially composed

of hyaluronan, such that when the hyaluronan within the shell is degraded (partially or

completely) by the encapsulated CSPG-degrading enzyme or enzymes, the CSPG-

30  degrading enzyme or enzymes are released. Alternatively, the shell can be degraded by

another degrading agent that is either exogenously applied or that is present within the in

vivo environment (such that the shell is degraded from without).
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20  enzyme or enzymes. Optionally, the continuous release of the CSPG-degrading enzyme

or enzymes can be in conjunction with one or more pulsed releases.

The carrier of the CSPG-degrading enzymes, such as an implant, can be of a size
and shape appropriate for the particular application. Thus, the carrier can be of a desired
volume and in a desired shape, designed in due consideration of the region of the living

25  body at which the carrier is put to use. Examples of shapes include, but are not limited to,
a cylinder, a semicylinder, or a ring. The carrier can be a pad, a wrap, a sheet, a bar, or a
thread that is contacted with the injured nerve or nerve graft. Preferably, the carrier does
not have shape edges or corners that may irritate or otherwise stimulate the surrounding
tissue of the living body.

30 The amount of CSPG-degrading enzyme or enzymes released from the carrier and
the duration of release can be controlled within appropriate ranges. The carrier can be

fixed or secured to the graft or injured nerve or to tissue adjacent to the graft or injured
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20  indirectly through a nerve graft, using a cuffing technlque, to restore nerve continuity. If
the cuff is tubular in shape, the cuff can optionally include a longitudinal slit with
abutting first and second edges for ease of application to a nerve graft or damaged nerve.
For example, the first and second abutting edges of the longitudinal slit can be in
separable contact with one another, permitting the separation of the abutting edges of the

25  slit, exposing the lumen of the tubular sleeve. The damaged nerve and/or nerve graft can
then be inserted into the lumen, allowing the abutting edges of the longitudinal slit to
return to being in separable contact with one another holding the damaged nerve and/or
nerve graft together and available for exposure to CSPG-degrading enzymes.

Optionally, the surgical cuff can be secured to the nerve using conventional suture

30 techniques or a tissue adhesive, such as a biological glue that can be applied to the
nervous system, or other means. Preferably, the biological glue is a glue containing
fibrin, such as BIOCOLLE (BIOTRANSFUSION), CRTS, (Lille), ISSUCOL (IMMUNO
AG, Vienna Austria), and the like. The cuff can be a rigid support or, for example, a self-



bi ol ogically active substance, or the core degrading enzyne, or both. 15
The controlled rel ease fornulation can provide an initial exposure of the
CSPG degwadisngsamzyne or enzynes, followed by one or noredaisagesh22
exposures following a specific perio2of time. Alternatively, the
controlled release formul ati on can cause a single delayed rel ease of the
CSPG degradi ng enzyne or enzynes. Alternatively, the continuous rel ease
formul ati on eafingbliesiv Tlor setf@ntlingybees circdveaseiceaily édeirclCBRGatlegednkirngarZ

enzyne or enzynes. t.i onal t he_continuous rel ease of. the CSPG radi ng
enzyne or eﬁg‘yﬁé@a ﬂpeﬁecqn%@gnﬁou%tliewcwet 58fre @?e ﬁ’btlrf ecaﬂﬁtfesgwgﬁgases.
The carrider hﬂﬁpetrﬂﬂealﬂ@P&r dﬁgit@dﬂ.he@rl]@nz@pmmyﬁumh aﬁ“f afn | ifpludta, nans E‘@r of a
size and s e appropriate for the particular a i gation. Thus, the
cartier can BEooril Souidig theprin el Jraetlnde s e pins JOL TGS n due
consi der asi ORe®t eletEicdl QBT vithid the nbiv¥ bR@ o2 dakaey naive WitIC K thitQleSoaibed BY 1 S
put to use. 5xa | es _of shapes in%yagfy, but are not, limted to, a

O%h

cylinder, a i feafant New 5,484,754 (Bt thecGPFGdperading SBZYRO YNNG A7 a

sheet, a bar yel@kedor §thérfRE dpbte frdin @R ThAG sBHadd dtihd OET, i7.0], Wiae SurbRE YR IY
nerve graft. Preferably, the carrier does not have shape edges or corners

that may irr thedrewegrafbenfsmagedaesie nul ate the surrounding tissue of the

living body. 30 Thge asrgfaat cftf cdnShiovide WA EEPA-RPAYME REyni8Y BB mes e aged
fromthe carrier and he duration of release €an be controlléd within

appropri dfe nemgemft oriamegadricave i dplévery sygism, ichge aupsstyoircortanexpyiesian or
| nj ured ner V%s%nb tfﬁcl} asthe! gdle%g'l'iﬁﬁ%gﬁstltu&s td@&riﬂéc?iﬁihmﬁﬁsh%&]b@g. %tem]?[ﬁ{ézgt}ép 12

PCT/ US02/ 259 nerve. e carrier can continuously release ]

CSPG- degr adi iNg. 302y008 1828. dixpyassien systentsier ¢hondreitindjyase ynzsimes amplenowa ipéhd od of
time, such a r I -hot t e | . the
particul ar cgl;t’rs:cogjre oﬁ@%fgefegéhbggggé gaetéﬁr%?i\g)l' ﬁgg) g%éz%s/yest?r% gﬁ@%@sﬁg%’ be
cont ai ned wi phblishedc 0a%.eRhtend rApplitationi Se 200360034 &dand Thaldaché.lc.ai200@r Agpir i ng

5 or after i manyf.act ure, -Faor. exanpl e, the CSPG degradi ng enzyne or
enzynes ian %‘%V’r%sg%‘fﬁoé‘f’zé§6\%§%ﬁ‘ a comercial product. The carrier can al so

function to deli vEehe airbiedl doffodandecabipysed oif iawarietgenftsgptheticahatersal(sg elittsag e. g.
Scmann ool | shSk, BARG ARS R bR SR PEEPERS BOeRRESR s
anot her sour ¢ aGpeclfic tRBodiRsR FARE inventldh, thedisé bEL @DIf cdpLgingSof of hasededd s

giel): \(;S{ §g| |b§ b%gl?afq%g{s;égﬁxt ?fl:sa{l]l gfﬂicﬁzg*nggslssglkleg co a%IGI];,I l%%e tp% gr?%lélr(f)gh}%rate—

20  based polymers, polyglycolic/polylactic acid derivatives, hyaluronic acid esters, or chalk-

based supports, is preferred. Preferably, collagen or silicone is used within the

framework of the present invention. It may be collagen of, for example, human, bovine or

murine origin. More preferably, a cuff consisting of a bilayer of type I or III or IV,

advantageously IV/IVox, collagen, or of silicone, is used. There may be mentioned, by

25  way of a specific example, a SILASTIC cuff (DOW-CORNING), consisting of silicone.

Moreover, the cuff may have advantageously a tubular shape, of cylindrical or angular

section. The diameter of the cuff ‘can be adjusted by persons skilled in the art according

to the desired applications. In particular, for stimulating the regeneration of a peripheral

nerve, a relatively small diameter, from 0.05 to 15 mm, can be used. More preferably, the

30 inner diameter of the cuff is between 0.5 and 10 mm. For spinal cord regeneration

applications, cuffs with a larger inner diameter can be chosen. In particular, for these

applications, the cuffs used have an inner diameter which may be as high as 15 to 20 mm,

depending on the relevant nerve section. For bridging a root avulsed at the level of the



In one enbodi nent, the carrier is a surgical cuff, such as those descri bed
in US  Patent No. 4,602,624, U S. Patent No. 5,487,756, and published

U. S. Pat ewmo o3pgpbdicati on No. 2002/0071828, which can be i mutamgoedsxebosel y
adj acent to the nerve graft or injure2t 15 nerve (e.g., at the site of
damage). The cuff of the subject invention includes a sleeve to be applied
to the nerve graft or damaged nerve tissue. The sl eeve can be a variety of
shapes. For (bmhﬂal plexush thesdimmater afathe bff advatitagdoasly powesphiesite o disherpr bhat at
| east parti al|

i uII n cle the d d ner.ve nd/or rve
and g 1 ot direroshy Tivedef BbS o6 1 aimaiRiE BnBR VAR Heaobs
joining the eitdgancd todle ¢ompeheedfor.vEuffs withra ldigtieof batween @6 ahddichecdd de
t hrough a nerve, graft sing a _cuffin echnl to_restore n e
Contt ity e SRy “pe ot bh el bk e TR sl s 1ot derBpel Sitsieng?
i ncl ude a5Ioggh&ydmﬁakmﬁﬁaﬁgu%gﬂ%qua@utt|ng first and second edges for ease
of application to_a nerve graft or danmaged nerve. For exanple, the first

and second abut t i hge EdBEdedrding gn7ygi5s FAnRS aRRleddp ithe ety g5aft prflamagediesyn e

contact wi th oR@ RPN condeRirstiohs, biBark pefewcn ue@rh Qtorddbradibotrh NBeaAges
of the 25 slit, exposi ng1 the | unmen of the tu ar sleeve., The damaged nerve

and/ or ner ve cRCgRirationn Will asy, WitB NPT él@@@aiqnﬁrrae tIFRE examRlfy, chandrejiinasg calee

abutting edgeggyipb hhe cbﬂ%ﬂt‘réﬂéﬁ'x‘a mgS Iﬁ'olén E&ut rl@tdﬁ'itﬁ}’mrl,otob%dﬁg 1060 SRRALADI €
contact wi th one anot her hol di rrage nerve and/ or nerve graft

t oget her 14nd Pssferiablaipihe chwr@uwgm@ph@fi ereg etadli M glamagspniesye tagﬁq draal | y,
the surgical Gihy G BieSHGM #ut foof MtsRRT Y& abbik 380 %9{! /Rt | s o fge’e

technlques or a tissue a he5|ve such as a b|o gi cal ue t
appl i ed to t hppliedeineusorsyntation ranging Heom rabawts 0. lPrtg/mi* é@lesboutt ﬂ@O kighnbgi cal

glue is a gl . Bl CRTS,
(Lille), 1 SSLS%&EH&%WPA% cgirll]naa Eegfrrﬁ?%r%?rﬁgkﬁg Lﬁg cufo%lt can
be a rigid sépparmwL.or, for exanple, a self W 03/015612 PCT/ US02/ 25922 23
curling eet. Th se urlin sh et i ca eNnc

damaged ﬁgr ve an/ dﬁ%aﬁ‘%l i g toci@n?igﬁ?(%”%he "%rbgtr%‘é%ﬁelg? |tﬁe &?ﬁg'sue.
The cuff can dbgradieg eeghbleey enaymecarelmtﬂdeumstere&mnnqnm” greth bt mjur€dpderantddstey, t he
cuff can include .a neans. aII ting the nerve ft or
damaged nervé® §ﬂ’@)"‘?ﬁg%3 ‘??élbﬁsblf’@glc?b' Hé(’lgc gcgrro‘(vgla acloky ?@@F

W t hi n the nefolésigllafaktivy agdaialge damibs atﬁmnﬁwfhld vaﬁl ﬂhBﬂSPGQ@fadb@Canﬁne bir S.

Pat ent No. 5, 487, 756, Pref era

rel eased or GPREELSpaGste ]V%"Eﬂ‘flf"{]er‘?egisgf%égg H?%é(ng‘ g}gzg Hglrjfﬁ,r‘]‘lzs%/ .qﬁe.s, e
t hat surface cbRapbsiebns ol henBbjéer igveatibn Gdn idai@gRDh BEILSY EThe cells can be non-stem
cells (mature and/or specialized cells, or their precursors or progenitors) or stem cells.
Thus, the administered cells can range in plasticity from totipotent or pluripotent stem
cells (e.g., adult or embryonic), precursor or progenitor cells, to highly specialized or
mature cells, such as those of the central or peripheral nervous system (e.g., Schwann
25  cells).

Stem cells can be obtained from a variety of sources, including fetal tissue, adult
tissue, cord cell blood, peripheral blood, bone marrow, and brain, for example. Stem cells
and non-stem cells (e.g., specialized or mature cells, and precursor or progenitor cells)
can be differentiated and/or genetically modified. Methods and markers commonly used

30 to identify stem cells and to characterize differentiated cell types are described in the
scientific literature (e.g., Stem Cells: Scientific Progress and Future Research Directions,
Appendix E1-E35, report prepared by the National Institutes of Health, June, 2001). The

list of adult tissues reported to contain stem cells is growing and includes bone marrow,



The surgical cuff can provide the CSPG degradi ng enzynme or enzynes to the
10 nerve graft or damaged nerve via a delivery system such as a reservoir
or an expwesminssi2system such as the adenovirus constructPCTde®ersfaed i n
published U S. Patent Application No252002/0071828. Expression systens for
chondroitin |yase enzynes are known in the art, some of which are
described in U S. Patent No. 6,054,569; U S. Patent No. 6,093, 563;

publ i shed U. Periftietat mlooé,plﬂhlhpqﬁﬂao Bormodenﬁoﬁilf) (JHSe0vESselsa sickIetal alscle, ebithelia 2000]
Appl . 15 Envi.ron 6: 29-3 cal cuff can be conposed
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frequent 29  cells which recombinantly produce the CSPG-degrading enzyme.

The various methods employed in the genetic modification of host cells are well
known in the art and are described, for example, in Sambrook et al. (1989) Molecular
Cloning: A Laboratory Manual, second edition, volumes 1-3, Cold Spring Harbor
Laboratory, New York, and Gloves, D.M. (1985) DNA Cloning, Vol. I: A Practical

25  Approach, IRL Press, Oxford. Thus, it is within the skill of those in the genetic
engineering art to extract DNA from its source, perform restriction enzyme digestions,
electrophorese DNA fragments, tail and anneal plasmid and insert DNA, ligate DNA,
transform cells, e.g., prokaryotic and eukaryotic cells, prepare plasmid DNA,
electrophorese proteins, and sequence DNA.

30 To reduce immunogenicity, nerve grafts used in the subject invention can be made
acellular by a variety of methods known to those of ordinary skill in the art. For example,
the nerve tissue can be made acellular by freeze-killing, as described in the Materials and

Methods section, or by chemical extraction with detergents (Sondell M et al. [1998]



The CSPG degradi ng enzynes can be applied to the nerve graft or danmaged
nerve tissue in various concentrations, but are preferably applied in a
concent r av@b3foasare | deal concentrations will vary w th nexomeusezsszand
enzyne. For exanple, chondroitinase can be applied in a concentration
rangi ng from about 10 units/nmL to about 1000 units/nmL. 10 Preferably, the
chondroitinase is applied to the nerve graft or danmaged nerve tissue at a

concent r at i OBr4iRRGE79T:DNTAHD AUk ndVO gtafts & BerchderaloRullul a3 rore) dusihgllor aldPS can
be applied, in a,concentratiaon ranging fromabout 0.1 gg/nL to about 100

gg/ mL.  Pref &PRiigplFN qigEe Rﬁ\?poqeézsgﬁp‘ﬁ%@gmigﬁn@m&%ncent ration ranging from

about 10 g/l to BbRYH N CERd. - Thkpr&ent ilitnba A5 &ades mBHe® HciBuridg t he
met hods of the subject 1nvention, the CSPG  degrading enzgme or enzymes can

be adni ni st eP&Iye tigsug fordmplenigtion ity hymgn gr agimad, Fae eylidies raethods of #isj sypieet on

with a bi gl ogivealdn) ifiie pfRk@AbihithgSUE Nndte iGROW NufACt Blich, OiEHing

biologically active agents at _can be adm nistered with the CSPG degradi ng

enzyne or eRBFREMenicimpaevey theabilibapl ipeonstatipg a¥png fo Heersgdroinfeeiasd Betwesdi f i ed
cells. Thus, dﬁ§§%§. k : I i t i such
cells. The ccta Irkga%%n. e _no%ettgst?%?n %fg%)‘?}?e?gra%ﬁﬁb}}at%c?g’rthés)%é%?g% %ng%é&g(gfl | s,
or their prethsrssbiest wversiongdaivithe Hying mexye epllctel ¢xpress TIEG; deghdingcnymest er ed
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Cor g " adul ¢ 285 Pl 35k’ it rBeb, R 0 Rl HELIRL P il GR

speci al i 26d omodelgprecesebi ervesiggdnemsion.hose of the central or peri pheral
nervous system (e.d. C nn. 25.cel.ls). Stemcells can be obtained froma
variety of sourcég%”PQ§P€%ﬁﬁgn?g?%me?Q%ﬁ%?mgm3gﬁwrFP??ﬁ%FL@d? Oggﬁwmblood,
peri pheral bkimopermitaheneres tissue tognaw brdiro and increase alnpdeariteStremoting] dctvityaetd
non-stemcell.s (e.qg.., specialized mature cells, _a recursor _or,
progeni tor c& é")r"g@é?’l’eb‘gﬁﬁi PYbSTURY [yaf“é[ga“é?fldf%la %‘&‘?ﬁeﬁi‘% alitFasfo i PREHe-

Met hods and prnkotihg aCtvityOeHnbels aittedflined by dankiviso séwrite oplosvilaagay of the
characterize differentiated cell types are described in the scientific
literaturle (8eIye tissue.sHehs thecryesuinugbigassay SBBﬁeélg‘freérhd Fut ure Research

Di rections, AppeAfirkatiletyFan id RROduri RP26WA 834y tofitheNiRiveaRale doaRitaldodees of

Heal t h, June, .2001). Th list of aduylt tissues reported to contain stem
cells is grow%danweﬂ;ﬁ% Efaeaésawﬁeneﬂﬂﬁcrwmv% #8/19ewB 1 thrptvadypiesdhs 25

peripheral biR@Re JahRafivels Bl BdhtiGAvdly détetigihg P Stenllo® Aslirite ®Bloth kel et al
nmuscl e, epithelia of the skin and digestive syst erg cornea, retina, liver,
and pancr eas solid support, such as a microplate or microscope slide. Standard fluorescence an be

20  utilized.

The methods of the subjéct invention can comprise isolating nerve tissue from a

human or animal and culturing the nerve tissue for a short period of time in vitro, ranging
from about 24 hours to about 96 hours. Longer incubations in vitro can result in
deterioration and loss of growth-promoting properties. Preferably, the nerve tissue is

25  cultured from about 24 hours to about 72 hours. More preferably, the nerve tissue is
cultured for about 48 hours.

The nerve tissue can be cultured at a temperature within a range of about 10° C to
about 37° C. Preferably, the nerve tissue is cultured within a range of about 30° C to
about 37° C. More preferably, the nerve tissue is cultured at about 37° C.

30 The nerve tissue can be cultured in defined medium or medium supplemented
with serum. The defined medium can be, for example, N2 medium or Dulbecco’s
Modified Eagle Medium (DMEM). If medium supplemented with serum is used, the

serum can be human or animal, such as fetal bovine serum. Preferably, the nerve tissue is



According to the nethods of the subject invention, genetically nodified
hosts, such as reconbinant cells, can be admnistered to the nerve graft
or damagedwonBrussiti ssue. 5 The hosts can be genetical | y mudifsoedseo _
produce one or nore CSPG degrading enzymes. Preferably, the CSPG degradi ng
enzynme is secreted fromthe reconbinant cell. For exanple, expression
systens for chondroitin |yase enzynes are known in the art, sone of which
are descri bedculthred, is defized erdivxo. Ilmr@EembS&menUﬂfé nePattisde bla. neﬁ;:@a& 15&315
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PCT/ US02/22592®1ude, but are not limited to, epineurium, fascicular groups, fascicles, myelin sheath,

and axons. Therefore, alignment between the nerve graft and the host nerve can be
maximized. Preferably, the nerve graft selected is one with a similar cross-sectional
arrangement of fascicular groups and axons.
U.S. Patent No. 5,231,580 describes a variety of methods for determining the
25  characteristics of nerve. The generation of the digital image data can be achieved using
methods and devices well known in the art, such as a digital camera. Analysis of the
image data and comparison of the recipient template data to the stored donor template
data can be achieved, for example, through an algorithm capable of image scanning,
analysis, and pattern recognition. To select the closest match between nerve graft and
30  recipient nerve, threshold values of similarity can be established.
The methods and compositions of the subject invention are applicable to nerve

tissue of both the central nervous system (CNS) and peripheral nervous system (PNS).



26 Brain Res 795:44-54). The nerve grafts can be rendered acellul ar before,
during, or after application of one or nore CSPG degradi ng enzynes. In
Vitro Nerw® @uhisdiee. The present invention al so concerns rretTimsds/ 28622
culturing nerve tissue for inplantat2®n into a human or animal. The

cul ture nethods of the subject 5 invention involve "predegenerating” the
nerve tissue in vitro, which, follow ng engraftnment, inproves the ability
of regener at iRag eranpls, retvet grafesihe tstigedt nivenfi@c eankiet weeas irtérposgtionblt nadgl host
nerve tissue. t.h u hound theor . the uIturrn met hods _of the
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enzymes and pronghe CSPGV@Qﬂadﬁag lehzyied ubddeh #e sQBjectafivenBol chnk GBfainedliehal | y
in vivo during the 10 renpdel I n roceaﬁgof nerve degeneration. The net hod

of in vitro @JefighOsorseRsyiaeluding Preenisygs fabpradycs dhe snewie nAHGLY oL RIS MO NS

that permst tie pﬁ‘&fu‘é@ (b SvaASodiRe DR VénlzinY 'tﬁrbﬁghagéﬁeh@ alRFRStdtN@roducing a
neurite- prom)tr n activity of the nerve tissue when subseﬁ? uently i rrpl ant ed

as a graft. eepzamp)y Hos g¥aninde, they GHRST-Heggadieg euzymgs eaarbepbtajigd from

det er mi ned b%a&@nall RoWicts, SheRfg! th@seQHa{tQ{aRlY\élf} ﬁé&ﬁx 0 erlzPfe, ckInAENHAE nhlSSUe,
such as the cryoculture bioassay described herein. Alternatively, an in

vivo neurit e boen genstieallyanedifiehio pieduageloy everpeduce) denuentyairs CHE-degrading ed.
Met hods f or %ﬁ és n 3RYHel DtaRAH G Ciiealll( QML) ﬁ{cl"uﬁleg fie M dse %%nﬁa\fsp{hﬁﬁl ly

i nvol ve qualitdatively or quantitative termning t extent neurite
out gr owt HO0on naturaékyl preduse heomzyme gt:'rhoaesmammbrthﬁplhaveeb@n ganaticaboopdifisd tade.

Standard fl - Drthee (o By étph oﬁ ) ﬁn@ eHirM : %ﬁ@maﬁb&y#{fﬁ% ‘qulgé dg%aélﬂgee&%le &l be

i nvention can conpril I'Ssue animal and
cul turing th@hcmmfllysymﬁsueedfor a short period of tinme |n vrtro rangi ng

from about 24 hours 0 out., 96 _hour on i n ubatr itro ca
result in deteridf zi‘ts?doﬁrlel%%"rlfcf h? O%romﬂ}a? alﬁ %“%%nrdgcrlrg linreragn pr P ];Ml ggxon ﬁlap
Pr ef er abl y, trétﬁamemvcxantmm@ueth the ﬁ&rmﬁeﬂlmoéds brr thepaboflihe ﬁ&vhmnrtﬁmh@tlﬁmut 72

hours. e prefer bl y nerve tissye is Itu ed for about A48 hours
The. mervasei S5t R S el s asndi S b B, OF b 5 i DS pmSb v
10 C to abouliscorhetied Rk ethaldkyron tde iy Ve theSpdie of SheC ubrivelrcdnktaitfiighitidsd
range of about 30 C about 37 C. More preferably, the nerve tissue is
cul tured at Z‘ﬁ@ﬁﬂneg‘? E°"80 The nerve tissue can be cultured in defined

medi um or medi um spRd eaensfed pempﬁerhlswwnesﬂihendqumdl pa¢liisl mhag avhile is f or
exanple, N2 rgggﬁelélt@d ?(I; thlggar? ?m or splnal cord. The distal part of the peripheral nerve is intended
20  to mean the peripheral-most part of the nerve that is connected to the motor endplate
(neuromuscular junction) or sensory organs. In the case of a lesion of the spinal cord, the
proximal part is that which is in contact with nuclei or more anterior. The distal part is
intended to mean that part which extends to a terminal synapse.
The terms “treating” or “treatment”, as used herein, refer to reduction or
25 alleviation of at least one adverse effect or symptom associated with the particular nerve
damage suffered by the patient.
As used herein, the term “stem cell” is an unspecialized cell that is capable of
replicating or self renewal, and developing into specialized cells of a variety of cell types.
The product of a stem cell undergoing division is at least one additional stem cell that has
30 the same capabilities of the originating cell. For example, under appropriate conditions, a
hematopoietic stem cell can produce a second generation stem cell and a neuron. Stem
cells include embryonic stem cells (e.g., those stem cells originating from the inner cells

mass of the blastocyst) and adult stem cells (which can be found throughout the more



Modi fi ed Eagl e Medium (DVEM . | f nmedi um suppl enented wth serumis used,
the serumcan be human or animal, such as fetal bovine serum Preferably,
t he nervewa sgussizs WO 03/ 015612 PCT/ US02/ 25922 27 cul t urpsd/isv2dsfe ned
medium | n one enbodi nent, the nerve 24 ssue is a nerve graft that is
rendered acellular after culturing and prior to inplantation wthin a host.
In a preferred enbodinent, the nerve graft is rendered acellular by
freeze-killi mga.’cur&/\hhilnml rincleddmghumats) An 21k Beraine stere oels areyintendedap rigcladet  t he

cul ture nmethgds of t ubj.ect in tion the t hads can furthe
corpr | se conditdt g 1S THEVVE sprBe B POR oD poiohd BeCeaBonib b eerey
enzymes. The f@ng sfit, ddolesoehi, pvedilel adudt espRr t ai ns to nethods of providing
nerve grafts for tation into hu (. animals. Preferably, the
Cr oss- Sect i onal " cASRRE ety e orB Srobn gl o (BPAFE v Br58 2o RHGHT LU o
Cross-secki Olﬁﬁépeﬁibm’edCéﬁhasSbarﬁﬂ Hardchgisia sbf aesrpvaaﬁz;e& sdéB @bt isheaphble of

i npl antation site, he host' s pr oxi mal nerve stunp. In one
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digital i rrag%r&gaﬁ@ormecmsr BT ¥ ufdeidd cOll ARG YR Wd Rp&idizRPtant {2l
host (i.e., graft recipient), analyzing the inmage data to define

coordi nate I@é‘&fqpbﬂ§n‘b$rqﬁié’ﬂ(if’écélll)enents and their dianeter to produce a

recipient tenpl ahg ’us&f‘ﬁjeréif‘? MRE MY ch A8mrGaRb P nd VAHRIGAS encll RefbQ 16 aROT
tenpl ate data that can be 15 stored in nenory. The donor tenplate data

representl§ t ldmisiigiation of feyer mareargPRts minzltangeypli (inofneseronerd prepetadionadt s.
The stored n%RIYS% Ahaft with the highest degree of structural el ement

al i gnment wit fe réci pient's nerve stunp can then be sel ected for

i npl antation wit Ais nsadHerain dhetierntconbiratipn] ineladrs spaecmibnasiogs. | Frsleyateplehe

diameter, thic clégat%%%n %P'fh% @etgra?d ngn ﬂﬁ%oéﬁﬁﬁ%rpﬁfgas% %B(?Oéﬁ%g%it sf &f one

or nore of the ruc ura are no |rﬁt ed
t o, epi neuri whondf@itmrise L(D,aphcgldnntpme A5 chsllwenidasy.e MMP-2h eat hVIMExAd waabins .

Ther ef or &5 2l SIS REIMESA o IRnIRiRsgABE ARk BochaBIer ve, can be

maxi m zed:. e nerv bre W Eh a simlar
cross-sectional as ma&dg}mmmtthmfen‘h éfbmicrgidabactigitxi’tmé‘bmmglcaﬂp aetivelisSnteRddde nt
No. 5,231, 58

characteri st ?%56?% ° ra\‘ité‘”t}zl/%r%olcgaé%le‘?”&it?{ERarg?‘ﬁ?r];?g&md ‘git"?‘éﬂ © %ﬁ% %unga‘fté' E%
achi eved usi rgamptet fiedbidsgicatl eactivies ewmibited rbgwmsu)m degmdmgt chadpltirasesais
O o oo R UE Sp S e TSGR, B, SORATL 2GR o Ww e
exanpl e, 2bhr @@gbhcharoMirgPsilfde) chmalith-6kulfiBger SBARN chEdroitin-4-sulfate and
. chondroitin-6-sulfate. Hence, biologically active fragments and variants of specific
CSPG-degrading enzymes exhibit CSPG-degrading activity, as well. Likewise,
biologically active fragments of growth factors, such as fibroblast growth factor-1, exhibit
the biological activity normally associated with that growth factor.

25 The term “genetic modification” as used herein refers to the stable or transient
alteration of the genotype of a cell of the subject invention by intentional introduction of
exogenous nucleic acids by any means known in the art (including for example, direct
transmission of a polynucleotide sequence from a cell or virus particle, transmission of
infective virus particles, and transmission by any known polynucleotide-bearing

30 substance) resulting in a permanent or temporary alteration of genotype. The nucleic
acids may be synthetic, or naturally derived, and may contain genes, portions of genes, or

other useful polynucleotides. The term “genetic modification” is not intended to include



anal ysis, and pattern recognition. To select the closest match between
nerve graft and 30 recipient nerve, threshold values of simlarity can be
est abl i shed 03bhss1zet hods and conpositions of the subject ipoT@wsoREEp22r €
applicable to nerve tissue of both tse central nervous system (CNS) and
peri pheral nervous system (PNS). WD 03/015612 PCT/ US02/ 25922 28 For
exanpl e, nerve grafts of the subject invention can be used as

i nt er posi t i omaturaliyr aceurrigg aftérations suble adPiSt ohichocturs dgesshi matdrhievifal attivignd

spinal cord an ny extensions thereaf. The CSPG degradi ng enzynes used in
the subject i &éaﬁtglg elcéeé:ﬂmhgla%%ém&fgﬁﬂ?‘r oma variety of sources, including

organi sns that pr a@tics \tehfbrsedaﬁ}bﬁmtili@ddubahﬂryoml’ggﬁk]t’t@&ﬂdcﬁMtio@adcg@ﬁngotbQHélCe
(or overproducg) .the enzy t hrough genet.c i fication, (producing a
" econbi nant GHISHITVEIRGH” AREHEIES CANE (EHES. JER)icaiam §F BRpyHBEoL Kriese In
obt ai ned fsr ogomb agiRbinIntsSOUHEL Sspedtnerl theliiftebntibg StBe tpaBhudldiided bleY offdtiice
the enzyne, or those that have been genetically nodifjied to produce (or

over produce) afsfr?éla?ﬁ_zm. I rY e Glemanth gcarals y e Sabsiie 4he ocXpEESHOR apfndbe f r om
manmal i an SoyofAReledtie sbiglieR@s! fsqaﬁv&mmlcmd&,won%%tﬁa@st, BB moYon, OPuoal he
enzynme or those nmammal s that have been genetjcally nodified to produce (or
over produce) #feVigizifraed AYeckrnar-By eV§Fions hdericgbcreragbaiering Blasyide dm be
chemcal l'y S%&t@%hﬁfé,j frofi® n’d&%gsdﬁ@,r ﬁbrﬁ’yeﬁﬁeegfsg&egf'ﬂ:@ﬁ insB{oh eleindnfil eRged to
mean the part of the axon that remains in continuity wth the neuron cell
bodi es orl0t heepshehrogpsampd clements, feamnvigises sugh s basulovirgses popeya vithees; Wik el "
part is inte : h X : b Ye e d
From the neur ot o iEaquas, PRbholuds Honih B Jiftes; BEARERAL SERGRCEF

di sconnect ed retrayityses] and higctorss derbfed afrgrar ¢opiténatibnan of \the |afwementioneds vpetoxi nal
part is that L.Gh. i ect. t i inal cord. The distal
Part of tho Sotbin sl asiBRRRRHEEY hin FIEHADR bR Lo Bk tnenlOFe e
part of the mesmids artigthagenid9)nnected to the notor endpl ate (neuronuscul ar
junction), .or sensqry. argans. In the case.qf a |esjon of t spi nal c¢ord,
e " prodimal "par o) nERAEN Bageytls ST e G AL plolighiel e 689
anterior. Theonpdseatlepents ne&ssarnte pebeitlet for niea axprésaion padior whd sderetivh eofds t 0 a

term nal synapse. .The ternms in or "treatnent" s uysed. herejn,
refer to red ngypgﬁld&r SuCEBaSaq Fgéﬁg({egr(?gin%fm@fmﬁ’ é’é?tnEBf?ng%@(/ 8&9’8 #[ %r
synpt om assoGiafiint thevdolf,rentdiled patiiel midleatidersequetces da trgaveatidd @raagdvdayhobiwll.
patient.

The vector can contain one or more elements selected from the group consisting of a
20  promoter, signals for initiation of translation, signals for termination of translation, and

appropriate regions for regulation of transcription. In certain embodiments, the vectors

can be stably maintained in the host cell and can, optionally, contain signal sequences

directing the secretion of translated protein. Other embodiments provide vectors that are

not stable in transformed host cells. Vectors can integrate into the host genome or be
25  autonomously-replicating vectors.

In a specific embodiment, the vector comprises a promoter operably linked to a
protein or peptide-encoding nucleic acid sequence, one or more origins of replication,
and, optionally, one or more selectable markers (e.g., an antibiotic resistance gene). Non-
limiting exemplary vectors for the expression of the polypeptides of the invention include

30 pBrtype vectors, pET-type plasmid vectors (PROMEGA), pBAD plasmid vectors
(INVITROGEN) or those provided in the examples below. Furthermore, vectors
according to the invention are useful for transforming host cells for the cloning or

expression of the nucleotide sequences of the invention.



As used herein, the term"stemcell" is an unspecialized cell that is
capable of replicating or self renewal, and devel oping into specialized
cell s of wovmronstiy of cell types. The product of a stem aell/Useadsngoi ng
division is at | east one additional s8emcell that has 30 the sane
capabilities of the originating cell. For exanple, under appropriate
conditions, a hematopoietic stemcell can produce a second generation stem
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nol ecul e, ound, etc. For examp ‘g’a i ol(%?r cal actiyvi téﬁs exhr ited by
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CSPG degr adi @ehyafdgeidsb) profioted 0BGK QbRAMRES cBYo] kfﬁﬁéez pedtnd¥r, and/or the alkahne
chondroitin-4-sul fate, chondroitin-6-sulfate, oth chondroitin-4-sul fate
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activity, as well. Likew se, biological lpcil active fragments of growh

factors, suchueleotilpiseisnesst Mpdifiadiuelsiotasid sequenges Wilk be understood to mean any

20 nucleotide sequence obtained by mutagenesis according to techniques well known to
persons skilled in the art, and exhibiting modifications in relation to the normal
sequences. For example, mutations in the regulatory and/or promoter sequences for the
expression of a polypeptide that result in a modification of the level of expression of a
polypeptide according to the invention provide for a “modified nucleotide sequence”.

25 Likewise, substitutions, deletions, or additions of nucleic acid to the polynucleotides of
the invention provide for “homologous” or “modified” nucleotide sequences. In various
embodiments, “homologous” or “modified” nucleic acid sequences have substantially the
same biological or serological activity as the native (naturally occurring) CSPG-
degrading enzyme. A “homologous” or “modified” nucleotide sequence will also be

30  understood to mean a splice variant of the polynucleotides of the instant invention or any

nucleotide sequence encoding a “modified polypeptide” as defined below.



the biological activity normally associated with that growh factor. 25 The
term"genetic nodification" as used herein refers to the stable or
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20 US4 85(8): 2444-2448 Altschul ez al. [1990] J. Mol. Biol. 215(3):403-410; Thompson et

al. [1994] Nucleic Acids Res. 22(2):4673-4680; Higgins et al. [1996] Methods Enzymol.

266:383-402; Altschul et al. [1990] J. Mol. Biol. 215(3):403-410; Altschul et al. [1993]
Nature Genetics 3:266-272).

Cells or tissue administered to a patient according to the methods of the subject

25  invention can be derived from humans or other mammals, including non-human primates,

rodents, and porcines, for example. Specific examples of source species include, but are

not limited to, humans, non-human primates (e.g., apes, chimpanzees, orangutans,

monkeys); domesticated animals (pets) such as dogs, cats, guinea pigs, hamsters,

Vietnamese pot-bellied pigs, rabbits, and ferrets; domesticated farm animals such as

30  bovines, buffalo, bison, horses, donkey, swine, sheep, and goats; exotic animals typically

found in zoos, such as bear, lions, tigers, panthers, elephants, hippopotamus, rhinoceros,

giraffes, antelopes, sloth, gazelles, zebras, wildebeests, prairie dogs, koala bears,



can be stably maintained in the host cell and can, optionally, contain
signal sequences directing the secretion of translated protein. Qher
enbodi mentw® @Broosdide vectors that are not stable in transframesizhame cells.
Vectors can integrate into the host g&honme or be 25

aut ononmousl y-replicating vectors. In a specific enbodi nent, the vector
conprises a pronoter operably linked to a protein or peptide-encoding

nucl ei ¢ aci d bagmencepossumes, paccomnsepowlagigist phndagHyengtseals, sea diddls, elephant
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nucl eoti de sequences of the invention. WD 03/015612 I§ [ US02/ 2592% 31
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the tac pronoter (DeBoer et al. [1983] Proc. Natl. Acad. Sci. USA

80: 21-25); see al sQy a f j e L7 rLi.a".in
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20  sequences, and amino acid sequences, to the extent they are not inconsistent with the

e

explicit teachings of this specification.

Materials and Methods

Surgical procedures for nerve transection and nerve crush experiments. All

25  surgical procedures were performed according to Institutional Animal Care and Use
Committee (IACUC) approved protocols. Young adult SPRAGUE DAWLEY rats
(HARLAN Indianapolis, IN) were deeply anesthetized with xylazine (15 mg/kg, i.m.)
followed by ketamine-HCI1 (110 mg/kg, i.p.). Six animals received bilateral nerve crush
injuries. Sciatic nerves were exposed and then crushed with firm pressure for thirty

30 seconds with a DUMONT #5 forceps at a site 4 mm distal to the tendon of the internal
obdurator. The crush site was marked with an epineurial suture. In a separate set of
experiments, eight rats received bilateral sciatic nerve transection injuries using serrated

scissors. The proximal and distal stumps were coated by epineurial neurorrhaphy using
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cryogenic vial. The vials were submerged in liquid nitrogen for 2 minutes and then
20  transferred to a 37° C water bath for 2 minutes. This freeze/thaw cycle was repeated,
yielding acellular nerve grafts that were then stored in liquid nitrogen. On the day before
grafting, the nerve grafts were warmed to room temperature and incubated in 100 pl
phosphate buffered saline pH 7.4 (PBS) containing 2 units/ml chondroitinase ABC
(SIGMA, St. Louis, MO) or in PBS (vehicle) only for 16 hours at 37° C. The grafts were
25  rinsed twice with Ringer’s and kept on ice prior to use. The chondroitinase ABC

preparation was highly purified and stated by the manufacturer to be essentially free of

protease activity.

Interpositional nerve grafting for chondroitinase experiments. Twelve rats

received bilateral acellular nerve grafts, one chondroitinase-treated and one vehicle-
30 treated graft. Host rats were deeply anesthetized using xylazine (15 mg/kg, im.) and
ketamine (110 mg/kg, i.p.). The sciatic nerve was exposed and supported by a plastic

insert placed between the nerve and underlying tissue. The region of nerve halfway
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TBLASTN, BIOABIRS612 FASTA, TFASTA, and CLUSTALW ( Pear son anddli/ysvansg219388]
Proc. Natl. Acad. Sci. 20 USA 85(8):2344-2448; Altschul et al. [1990] J
Mol . Biol. 215(3):403-410; Thonpson et al. [1994] Nucleic Acids Res.
22(2):4673-4680; Hi ggins et al. [1996] Methods Enzyniol. 266:383-402;
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"Material s arfgaptations.
20 The main grafts were sectioned serially on the transverse plane in recorded

measure to assess the extent of axonal growth by microscopy. Regenerating axons were

labeled by GAP-43 immunofluorescence (see below) in sections of the grafts at 0.56 mm

intervals. Epifluorescent photomicrographs were acquired using a SPOT Digital Camera

System (DIAGNOSTIC INSTRUMENTS, INC., Sterling Heights, MI) and AXIOVERT

25 10 microscope (CARL ZEISS, Thornwood, NY). GAP-43-positive axon profiles were

scored using IMAGE-PRO PLUS sofiware (MEDIA CYBERNETICS, Silver Springs,
MD).

Nerve explant culture for predegeneration experiments. Adult (180 —200 gm)

female SPRAGUE DAWLEY rats (HARLAN, Indianapolis, IN) were used as nerve

30  donors and graft recipients. This project was reviewed and approved by the Institutional

Animal Care and Use Committee. Donor rats were deeply anesthetized with isofluorane

and decapitated. Sciatic nerves were exposed through a gluteal muscle-splitting incision
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nerve near the pelvis. The proximal stump was displaced and ligated to preclude axonal
growth. The leg muscles and skin were closed and the transected nerve was allowed to
20  degenerate in situ for 2 or 7 days.

Immunocytochemistry. ~ Axonal regeneration was assessed by GAP-43
immunofluorescence and digital image analysis. Tissue sections mounted on slides were
washed with PBS and then treated with 0.5% Triton X-100 in PBS for 10 min. The
sections were treated with blocking buffer (10% serum in PBS + 0.1% Triton X-100) and

25  then incubated overnight at 4° C with primary antibodies (diluted in blocking buffer).
Bound antibodies were labeled with swine anti-rabbit immunoglobulins (DAKO
CORPORATION, Carpinteria, CA) or goat anti-mouse immunoglobulins (Sigma) FITC-
conjugated secondary antibodies for 1 h at room temperature in darkness. The anti-mouse
secondary antibody was preadsorbed with rat serum prior to use. The sections were

30 washed, postfixed with 4% paraformaldehyde in PBS, rinsed, and coverslipped in
fluorescent mounting media. Affinity-purified rabbit anti- GAP-43 peptide antibody was
produced using known methods (Ferguson TA et al. [2000] Mol Cell Neurosci, 16:157-
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20 DRG neurons was accessed by GAP-43 immunofluorescent labeling. Epifluorescent

photomicrographs were acquired as described for tissue sections. Neurite lengths were
measured directly using IMAGE-PRO PLUS software (MEDIA CYBERNETICS, Silver
Springs, MD). At least 250 neurons with neurites greater than one cell body (~ 15 um)
were scored for each condition in each experiment.

25 Gel zymography for nerve predegeneration experiments. Nerve segments were
placed in ice-cold extraction buffer (50 mM Tris—HCI, pH 7.6, containing 1% Triton X-
100, 200 mM NaCl, and 10 mM CaCl,) and homogenized by probe sonication (15 sec).

The samples were agitated for 30 min at 4° C and the soluble fraction collected by
centrifugation (12,000g, 20 min). Total protein content of the soluble fractions was
30  determined using the BRADFORD REAGENT (BIO-RAD LABORATORIES, Hercules,
CA). Bovine serum albumin dissolved in extraction buffer was used as a protein

standard. The extracts were solubilized in non-reducing Laemmli sample buffer without
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in phosphate buffer. The sections were rinsed with water and mounted using Citifluor.
20  Fluorescein-gelatin peptides generated by gelatinolytic activity in the tissue sections were
observed and photographed by epifluorescence microscopy.

Interpositional nerve grafting for predegeneration experiments. Six rats were

given bilateral acellular nerve grafts, one normal (uncultured) and one predegenerated in
vitro (cultured for 2 d in 2% serum). Host rats were deeply anesthetized using xylazine
25 (15 mg/ kg, i.m.) and ketamine (110 mg/ kg, i.p.). The sciatic nerve was exposed and
supported by a plastic insert placed between the nerve and underlying tissue. The region
of the nerve halfway between the sciatic notch and bifurcation was first coated with fibrin
glue. A 2.5-mm segment of the host nerve was excised using serrated scissors. The graft
was thawed and freshly trimmed to 10 mm with a scalpel blade. The graft was coapted to
30 the host nerve stumps by epineurial neurorrhaphy using one 9—0 Ethilon suture at each
end. Fibrin glue was then applied to stabilize the coaptations that, in combination with

the initial fibrin coating applied to the host nerve, reduced protrusion of nerve elements
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treated with bl ockin 10% serumin PBS + 0.1% Triton 100) and 25
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pr eadsor bed W heT serump e sec Ions
postfixed w tsbft\ﬁ&ﬁcpar af or rral dehyde in PBS, rinsed, and coverslipped in
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anti body was pr ot SOm
CeI I Neurosciscctibﬁs Woré thahred 3Vith1bB4 T riR@ETX W80 21 PBO & 103171n161?>)1 samiﬁwmlbu&}ed at

. onal ant.i Qo 1918 ( CHEM | NTER cul.a,., CA)
(171000) 181 e yATHogR b rediea i RGPS ORIED. i 0% FE{D0, A Ovs
att ﬁc hﬁd tCI 0 tndfmdliseemy@]dckBigdniier). Eﬁiﬁ@mn}aodiém@é ]ﬂih&&pmsmficm)g budfegesdt | on
W t conr0|t|nseAB Bertolotto A et al. . [1986] .JNeur, Sci . )
Tt D33 2ad) - BPICIYEIGARA P e BRI TEEHFHIORNE BIG e8P 608} s
used to | abelimhmsedlohdink N@AKOP@aysihtelial CANt br BodOentafbiisee i dgddk)ins
(1:500) was used to |l abel Schwann cells. Dark- fi eI d i mages were inverted

and opt i m zedSE®R) seningaielgwith TuprreiHepiodpeng for T hour at room temperature in

20  darkness. The anti-mouse secondary antibody was pre-adsorbed with rat serum prior to

use. Neurite length (cryoculture) and axonal regeneration (grafting) were assessed by
immunolabeling with polyclonal anti-GAP-43 IgG (2 pg/ml) (Ferguson and Muir, 2000,
Mol Cell Neurosci, 16:157-167) (NB300-143; NOVUS BIOLOGICAL, Littleton, CO).
Other primary antibodies included: polyclonal anti-MMP-2 IgG (4 pg/ml) (MMP2/475;
25  Muir, 1995); polyclonal anti-MMP-9 IgG (4 pg/ml) (AB19047; CHEMICON, Temecula,
CA); polyclonal anti-S-100 antiserum (1:500) (DAKO) and; polyclonal OX42 antiserum
(1:500) (SEROTEK, Raleigh, NC); and monoclonal anti-neurofilament IgG (4 pg/ml)
(NAP4; Harris et al., 1993). In some instances, epifluorescent photomicrographs were
inverted and contrast-enhanced for printing in PHOTOSHOP (ADOBE SYSTEMS, San

30 Jose, CA).
Following are examples which illustrate procedures for practicing the invention.
These examples should not be construed as limiting. All percentages are by weight and

all solvent mixture proportions are by volume unless otherwise noted.



SYSTEMS I NC., San Jose, CA). Cryoculture bioassay. Cryoculture is a neurite
outgrowm h assay in which neurons 10 are cultured directly on fresh/frozen
nerve secwooms®isaid was perforned as descri bed previously RdAsrgagsm2 TA et
al. [2000] Mol Cell Neurosci, 16:157-467). Briefly, chondroitinase- and
vehicl e-treated nerve segnents were sectioned at 20 pm nounted on

sterile, am nopropyltriethoxysilane (APTS)-coated coverslips and stored at
-20 Cuntil used. Wiere indicated, sections were treated vvlth
chondr0|t|naeAC(0 _unj t. hj ¢ ) | S- pH §.0),
cont ai ni ng S56ZAN §534e ; e 8 af, Netye Segimerlts witly
(DRG neurons:hf)ﬁd}mnd@g 8 chick enbryos wer e seeded di rectly on the nerve
sections in a def] ed N2 ﬁl um Bottenstel JE et a} Exp Cell Res
125: 183- 190) cont &P hiPHE 30 ° 871?115 REEMFRt &F‘%\Fﬁ Heterpipp it © lenéeefmafwsatg@gfays
were teragi n@ff@dwalfytcegraaéd Qsped; throednbat ihas d@g/méﬂ@(@it acenhma rlefvet 08Y %Iﬂeﬁsh@mol

Neuritic growth by 20 DRG neurons was accessed by GAP- i_ nmunot | uor escent
| abel i ng. Epi#tisgtie seanilS sRondmehotire pde aesliel aaéwne@tsd H8e78d8BY PP f or
tissue sectigps thé}ieﬁéth&ﬁ el CAIEE S a""él{o‘ﬁdroﬁﬁﬁ@m %lﬁﬁ&% I E'é'h'&%s' M@@GP RO
PLUS software (MEDI A CYBERNETICS, Silver Sprin MD). At | east

neurons wi t h dagraddtices withimt die t ehondieitimasee| pre (nel‘Vle ryas vx%ﬂ’@lf@éor‘@’d for
each condit | whuRoiBie SHACAdoRIbe affboliPlAYIROTHR Ml RIS an cpitope
predegener ation experl e segnents were aced inice-cold
extracti df bufdated ofi3lle edve Protein pfr lysis-prahechopdueitini sulfptg chaipsTy ehondigitingg0, 200
nmnv NaCl , and 2 YOR, e
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buf fer was us;eﬁt-tmtneenp rcxﬁttlm mctlmsawdlamﬂondifdimase;tasaahbwnmrRiguwIlel lAlbi%U& in
non-reduci_ng .Laenmm i mpl e huffer out WD 03/ 0156 2/ 2592 38
neat | ng. did dPECITEHISEEn T o R B GREFS fafraehiee or
contai ni ng 1.showyp/ Thesp @inding® irgiaret thix. thd e@ iged shoneroitinhyel eédtIyemlelﬁ[S&d/eiyn

wat er and then vvas v%ﬂ in 2.5% Trito X—10 Uﬁg g (lﬁﬂﬁfs .gv r.45 mn. The
Triton was r REVRIPIRLIRTVE GPERATBIGRS NG oLquE ed f e'%ﬂﬂﬁgr aphic gels
wer e devel oped foln gdrnfal hérve, (CSHTRAADRMMIA bRIM4iRE dsldchiizEd iis tﬂd@ewershba&h@ 5

nmv CaCl2, 0.02% sodi um azj de) Cels were fi xed arici stained with
and basement membranés, including Schwann cell basal laminae (Zuo er al. [1998a] J.

20  Neurobiol., 34:41-54). Their distributions were unchanged after repeated freeze-thaw and

there was no indication at the light microscopic level that en bloc chondroitinase
treatment altered ECM structures, as shown in Figures 1A and 1C). The integrity of
chondroitinase-treated acellular nerve segments was an important consideration for their
subsequent use as nerve regeneration grafts. Accordingly, the structural integrity of the
25 pretreated nerve segments after nerve grafting was also examined. The intensity and
distribution of Ab1918 immunoreactivity (in regions of the grafts not infiltrated by host
cells) was unchanged after 8 days in vivo, indicating the primary structure of Schwann
cell basal laminae remained intact, as shown in Figure 1D. Taken together, these results
demonstrate that en bloc chondroitinase treatment of acellular nerve grafts effectively
30 degraded CSPG without compromising the basal lamina scaffold or dislocating its

laminin content.



0. 05% Coonassie brilliant blue. Protein bands wth gelatinolytic activity
appeared as a clear lysis zones within the blue background of the gelatin
gel . Com watsioassiof gel atinol ytic bands was conpared w t lpdTarssarsand
activated forns of reconbi nant human 4MVP-2 and MWP-9, as well as

prestai ned nol ecul ar wei ght standards (BIO-RAD). 10 Digital
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observation that, like in cryoculture assays of normal and degenerated nerve (Ferguson

and Muir, 2000, Mol Cell Neurosci, 16:157-167), neurite growth on sections of

chondroitinase-treated acellular nerve grafts occurred in strict association with Schwann

cell basal laminae.

25
Example 3 — Nerve Regeneration is Enhanced by Chondroitinase Treatment of Acellular
Nerve Grafts

The following experiments tested the hypothesis that chondroitinase treatment

improves nerve regeneration throﬁgh acellular nerve syngrafts. As described in Example
30 2, acellular sciatic nerve segments were treated en bloc with vehicle or chondroitinase
ABC. Ten-mm interpositional nerve grafts were joined to the host nerve by epineurial

neurorrhaphy reinforced with fibrin glue. Each of nine host rats received bilateral grafts,



standard housing. Eight days after grafting the host rats were deeply

anest hetized and 5 decapitated. The graft and 3 mm of proxi mal and di stal
host ner veowsreasaienoved and i mersed in 4% par af or mal dehya/wse2Q59%2 M
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success of axonal penetration into acellular nerve grafts was markedly improved by

20  pretreatment of the grafts with chondroitinase. However, a similar number of axons was
consistently observed at the distal ends of grafts in both conditions. This suggested that
axonal penetration into the control grafts occurred early and then was temporally
restricted while axons continued to penetrate chondroitinase-treated grafts throughout the
8-day period.

25 To determine if the latency of axonal growth into acellular grafts was reduced by
chondroitinase treatment, the same analysis was performed on 4-day grafts except that the
most proximal aspects of the grafts were examined and scored in transverse section as
well. Although only 3 animals receiving bilateral grafts were examined, the results were
consistent with those observed for 8-day grafts. Moreover, at the most proximal aspect of

30 the graft (0.3 mm from the host-graft interface) axonal penetration was on average five-
fold greater in chondroitinase-treated grafts, as shown in Figure 6. From these results, it
can be concluded that chondroitinase treatment decreases the latency and significantly

improves the accession of axonal regeneration into acellular nerve grafts.



Exanple 1 - Degradation of CSPG by Treatnent of Acellular Nerve Segnents
with Chondroitinase The purpose of this experinment was to determne if
chondr oi t moeBe1sdieat mrent 5 effectively degraded CSPG t hr aaginset/ 259t act
segnents of acellular nerves. Segnent$3 of rat sciatic nerve (1.5 cmin

| engt h) were nade acel |l ul ar by repeated freeze-thaw cycles and then bathed
en bloc in a chondroitinase ABC solution for 16 hours. CSPG degradation
within the chondroitinase pretreated nerves was exam ned by immunol abeling
wi th neoepitope ant] [

created on tFEAEBE xonReeenerali ithin Basal [agina luk -9 Ffai ns
by chondroi t ichasse ABC (Bertol otto et al . [1986] J Neur ol SCI
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20 Serial sections of the §-day grafts were immunolabeled for S-100 and GAP-43 to
examine the migration of Schwann cells in respect to axon growth. The grafts contained
two distinct patterns of S-100 staining; intense staining was associated with live, host-
derived Schwann cells and faint staining with freeze-killed Schwann cell remnants. The
descriptions that follow refer to the intensely stained (live) Schwann cell profiles, unless

25  otherwise indicated. In proximal regions of the grafts the distributions of Schwann cells
and axons mainly coincided, as shown in Figure 7. Occasional clusters of axons were
found without any apparent Schwann cell association. Scattered Schwann cells were also
seen in regions without growing axons. Schwann cell migration was apparent well into
the 8-day grafts. However, at more distal points in the grafts, axons were often found

30 without accompanying Schwann cells, as shown in Figure 7. This was confirmed in
longitudinal sections including the distal coaptation, as shown in Figure 8. S-100 labeled
Schwann cells were abundant in the distal host stumps, yet few if any had invaded the

distal aspect of the grafts (which contained only freeze-killed Schwann cell remnants), as



Exanple 2 - Inactivation of Inhibitory CSPG by Treatnment of Acellular Nerve
Segnents w th Chondroitinase Inactivation of inhibitory CSPG in

chondr oi t woesaHsdieat ed acel | ul ar nerve was detern ned by raysvaksaze e

bi oassay. Enbryoni c chi ck DRG neurons44ere seeded onto 5 sections of
prepared nerve segnents and the neurite-pronoting activity was assessed by
scoring neurite growh. Results are shown in Figure 2. On sections of
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the procedures described in Examples 1 and 2 using rat nerve were also followed in
20 Examples 6 and 7 using human nerve. Human sural and tibial nerves were obtained fresh
from surgical leg amputation. Amputations were necessary for diseases that did not have
nerve involvement (e.g., bone cancer) and nerves were judged to be normal on the basis

of histological examination.
Human nerves were first examined to determine if their content of CSPG and
25  laminin was similar to that observed in rat nerves. Immunocytochemistry showed that the
basal lamina, which supports nerve regeneration, contained both CSPG and laminin,
which are colocalized in the same fashion as in other species. Human nerves stained for
CSPG neoepitope and laminin are shown, respectively, in Figures 9A and 9B.
Furthermore, using the cryoculture bioassay, it was found that the growth-promoting
30 properties of human nerves were increased by treatment with chondroitinase.

Quantitative results are shown in Figure 10.
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Example 8—Degradation of CSPG in the Nerve after Chondroitinase Injection

Animals received either bilateral nerve crush injury or bilateral nerve transection
and direct suture repair. At the same time, one nerve was injected with chondroitinase
ABC and the contralateral nerve received vehicle alone. Whether the chondroitinase

25 treatment effectively degraded CSPG in the injured nerves was first examined. Tissue
sections of nerve at and surrounding the site of injury were immunolabeled using CSPG-
neoepitope antibodies. These antibodies bind to new epitopes created on the CSPG core
protein after lysis of chondroitin sulfate chains by chondroitinase ABC. In transected
nerves four days after injury and chondroitinase application, CSPG-neoepitope

30 immunostaining was intense at the coaptation and throughout the cross-sectional area of
the distal nerve several mm peripherally, as shown in Figures 12A and 12B. Intense
immunolabeling was also observed several mm into the proximal nerves. Similar results

were obtained in crush-injured nerves, as shown in Figure 12C. CSPG-neoepitope



fold greater in chondroitinase-treated grafts, as shown in Figure 6. From
these results, it can be concluded that chondroitinase treatnent decreases
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regeneration into acellular nerve gra#d«s. WO 03/015612 PCT/ US02/ 25922 43
Exanpl e 4 - Axon Regeneration Wthin Basal Lam na Tubes of

Chondroiti nase-treated G afts Because the success of nerve regeneration
depends on t faBelgigoodt fissaé neacahs cudptdtion and itjbheionasite nwas- atimdﬂst ntmag‘adllyl mniena
tubes, it was_ determ ned tther t he. Sﬁoc' a{ll on_of $9t ﬁ t

basal | am naBSRES VAP L3950y RHERGY S %’E"é‘“ I?aé%f”ﬁ%?'ﬁp g4 e TSH? A lgﬂsaf ts.

Transverse s @ﬁﬁdrﬁf&h@fmrﬁu@@%rﬁfgﬂfrb&dﬁ&el & stowb ireFikmbabbd Thede r&tRs Adicated

|l am nin. Laminin Iabelln I nt ense sal a ds larly
i ntact t hr oulfRbipVVoiERRY \é\{ﬁ %’R%‘HH‘PE’S? S%gja%‘g t@g?’g‘]ﬁ ‘% ?’gg?e?@g%fﬁ{leg
repeat ed §reegpatinams eangyiar Matiix eatdimdihg tsldigi Fahjecivn] pdludingahe sidof8 days
in vivo, the extracellular, matrix scaffold appeared structurally intact.
Mul tipl e GAPnerse iniEpRdreasdidns (or neurites) were evident within individual
basal |am nae and the vast majority of these were observed in close
association with the Iurrenal surface of _the tubes A 5| m | ar and ni nor
nunber of neBximple 9—yfhondroitinase dreatment D Al geperat Y and
treated graf @ush%y]ugggggg%tg@m}t he 15 propen5| ty of axons to grow within
basal | am na ere chondroitinase treatnent of acellular nerve
grafts. HBRanpl e 5The ypothebis thabvhondramasdmmﬁm oarpveyayend et rygh the
Chondroi tina so&f 1 wer e

i mmunol abel eg‘?ﬁit fﬁ%ﬁgwsgl@&@%%q Bielitglﬁlﬂr‘#e&?%] s ‘%%g:dclﬁlgﬁ@%b}g%égﬁgvﬁgnn
cells in respeshing theasctic gervet Whlle'ﬂhentgmafgttbe eeminaity etithe nogye ghogthisn dyt the

patterns of $-10 St ai nin
host - derive m§c Vahir ce céﬂeﬁifrdg%gs?%% ﬁ%ﬁaﬂﬂg{l Ir;#;!)rlal&\%%[mqEes'f@lﬁeeze chﬁdé 1%é[rﬁwann
cell remant &erv@h@eivdéselnclptalomns Bedrate 6fthe opid eg@mﬂn of &ives afr enelcpushy a| ned

(live) S wannc unl ess 25 ot her e

regi ons g? f‘?fgssatﬁ% W?%&ﬁ? S e’éafmlg%mn%ay?: e#%%%g)ndk%?gﬁgﬁ

coi nci ded, a&x&fBOWBrel tbEled Wye GAP-4X dasiuaofhlorestanst eand @bredxionsligimt emageound
wi t hout any apparen Schwann cel | ~associ ati C cell.s were
al so seen i A% o §6Wetcﬁ‘gd’f C%‘}W?fﬁesa%‘?@f)rc%ﬁ‘}?ﬁ?ﬂ%gg&}y (ﬁf%ﬁg?}i’ oAk
appar ent wel Lité Ra® robubeand- widys g%’aaftﬁrSungQN\thVQlErveairos@l@écﬁlod,l Stshbwpon PFighrd N t he

grafts, axons were often foun
13A. A similar regenerative response and growth pattern was observed in the

20  chondroitinase-treated nerves as well. In both conditions, immunolabeling was very
dense and numerous neurites were seen within each basal lamina tube. Quantitative
assessment of GAP-43 immunoreactivity showed that axonal regeneration after nerve
crush injury was not significantly effected by chondroitinase application (Figure 13B).
Likewise, there was no indication that the latency or rate of axonal regeneration was

25  altered in the chondroitinase-treated nerves.

Example 10—Regeneration of Axons after Nerve Transection (Neurotmesis) Repair Is

Enhanced by Chondroitinase Treatment

The hypothesis that chondroitinase treatment improves axonal growth through the

30 site of nerve coaptation was tested. Bilateral neurotmesis was achieved by a scissor cut of
the sciatic nerves which were then repaired by epineurial suture and fibrin glue. One
nerve was injected with chondroitinase ABC and the contralateral nerve received vehicle

alone. Because of the latency of regeneration after nerve transection, axonal growth



30 without acconpanying Schwann cells, as shown in Figure 7. This was
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stained for indicated that the strong propensity of axons to regrow within basal laminae of the distal

20  nerve was unaltered by chondroitinase treatment.

These findings show that axonal regrowth after crush injury was similar in
chondroitinase-treated and control nerves. In contrast, axonal regrowth through the
coaptation of transected nerves was accelerated and the ingress of axons into the distal
segment was increased several-fold in nerves injected with chondroitinase. Thus, in

25  transection injury when nerve continuity is disrupted, chondroitinase application
significantly increased the ability of axons to access basal laminae of the distal nerve
segment and markedly enhanced regeneration.

In accordance with the subject invention, a single injection of chondroitinase can
markedly improve axonal regeneration across the interface of coapted peripheral nerve.

30 Degradation of inhibitory CSPG creates a more permissive nerve substratum and allows
axon sprouts greater latitude in their effort to locate and access Schwann cell basal

laminae of the distal nerve. The difficulty that axons face in this process is evidenced by

the increased latency associated with regeneration after transection injury as compared to



CSPG neoepitope and |am nin are shown, respectively, in Figures 9A and 9B.
Furthernore, using the cryoculture bioassay, it was found that the

gr owt h- pr wooasingp130 properties of hunman nerves were increaadudng2sneat nent
with chondroitinase. Quantitative re#ults are shown in Figure 10. WO
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the control condition at 7 days. These data indicate that the neurite-promoting activity of

20 nerve explants increased markedly when cultured for short periods in vitro with and
without the addition of serum to the culture medium. Nerve explants were prevented
from adhering to the culture vessel and no cell outgrowth was observed. However, cell
viability in all conditions was confirmed in separate experiments in which robust cell
migration was observed from nerve explants that were minced and pressed to the culture

25  surface.

Example 12—Comparison of In vitro and In vivo Predegeneration

Using the cryoculture assay, the neurite-promoting activity of rat sciatic nerves
predegenerated in vitro was compared to those predegenerated in vivo. As described

30 above (see Figures 15A and 15B), neuritic growth of DRG neurons on nerve explants
cultured for 2 days in 2% serum (in vitro predegeneration) was 70% greater than control
nerves (not predegenerated). Also, nerve explant culture for longer periods (4 and 7 days)

resulted in a progressively less neurite-promoting activity. Nerves cultured for 7 days had



neoepi t ope anti bodi es. These anti bodies bind to new epitopes created on the
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20  cultures with GM6001 confirmed the very low toxicity of this hydromate-based dipeptide.

These results strongly implicate MMP activity in a degenerative process that increases the

neurite-promoting activity of cultured nerve explants.

Example 14—MMP Expression in the Cultured Nerve Segments: Zymographic Gel

25  Analysis
MMP-2 and MMP-9 are the main extracellular proteinases capable of degrading

gelatin (cleaved collagen) and their major substrate is collagen type IV of the basal
lamina. MMP-2 is constitutively expressed by Schwann cells in vivo and is upregulated
after nerve injury in the rat. On the other hand, MMP-9 is undetectable in normal nerve
30 and is present after injury in association with invading granulocytes and macrophages.
Examination of in vitro nerve degeneration in the present invention provides a unique
opportunity to determine the role of MMP expression by resident nerve cells with a

minimal contribution by hematogenic cells. MMP levels in cultured nerve explants were
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di st al ﬁér vée‘(ﬁgag‘%@flrrf’WI i?mflf% g IR m§I w%%vﬁ WE 8(#1"61 EQI% QLI s of
the nerve. | WagdiRep&INRegettd0IV6S7), ¥1p0iTPIng ek I\ngp-@caontemgmﬂermmersgnmmms
(GAP-43) and b s&!‘ﬁl am nae (lamnin) indicated that the strong propensity
of axons to r"‘@@ ‘Wi thin basal |am nae of the distal 20 nerve was

unal tered by chondroitinase treatnent. These findings show that axonal
regrow h after cruslh |n u was,sim]|ar i ondr0|t|nasZe-treaLed and
V1] P A ] o o

20 The activity of MMPS is regulated by gene transcription, proenzyme activation
and by the action of tissue inhibitors of metalloproteinases. The net gelatinolytic activity
in nerve segments by in situ zymography was examined. Tissue sections were overlaid
with quenched, fluorescein-gelatin, which is converted to fluorescent peptides by
gelatinolytic activity within tissues. Constitutive gelatinolytic activity was detected in

25  normal nerve mostly associated with Schwann cells aligned along the endoneurial basal
lamina (as shown in Figures 17A and 17B). In cultured nerves there was widespread
increase in gelatinolytic activity that was diffuse within the endoneurium and Schwann
cells were labeled more intensively, as shown in Figures 17C and 17D. Also examined,
was the gelatinolytic activity in the nerves cultured in the presence of GM6001. As

30 described above, GM6001 blocked the increases in neurite-promoting observed in
cultured nerves. Gelatinolytic activity in GM6001-treated nerve explants was nearly

undetectable, as shown in Figures 17E and 17F. Together these findings indicate that



coaptation of transected nerves was accelerated and the ingress of axons
into the distal segnment was increased several-fold in nerves injected with
chondr oi t woeBa156ibus, in 25 transection injury when nerve rREAOMiSoRRFRY i S

di srupted, chondroitinase applicationstsignificantly increased the ability
of axons to access basal |am nae of the distal nerve segnent and markedly
enhanced regeneration. In accordance with the subject invention, a single
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cul tured ner\gRwWIEASsoS VMBS GinhAE&kpRREod WaY Very kil 18 tRY @mﬁi AGeRGhIIVEE Y Was
assessed by 10 cryocufture assay. Results are shown in Figure 15A
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nerves. 18 TRORES LBG. TOKER IR S Ao B AR T GE e ekl
activity for threnghoueshs| epimesriung ighd warely Within theorer®e thagicles of amuiradmeraast as ni ng

2% serum Ner, S I i % Sefumr Si M Ximum
ot 2 days 1 ufyf EPLRU B! T Btttk GRS SRRRAE P! TR G
expl ant s declsiggestedfinbmadropigees voaré the meirpenico d§ VaMiRHOf B dddiviminpSehiviaen beddsel  of
the control conditi.on at 7 days. Thes ta indicate t he
neurit e- pro m'gl{@n é)eglg s Vlscfngle o _ngl’lneurl?;] Ebrgﬁas?s, expresseg 1\?1%3-3 and MMP-2

20  immunoreactivity was also observed diffusely in the surrounding extracellular matrix.

Example 17—Cell Distributions and Axonal Degeneration in the Cultured Nerve

Segments
After nerve injury Schwann cells become activated, dissociate their myelin and

25  migrate extensively. S-100 immunolabeling of the cultured nerve explants showed that
many Schwann cells had lost their elongated morphology and close association with
axons, typical of the injury response, as shown in Figure 18B. As expected when
disconnected from the circulatory system, the number of macrophages in the nerve
explants was much lower than that observed in nerve degeneration in vivo. Moreover,

30  very few macrophages were found within the nerve fascicles and nearly all OX42-labeled
cells were confined to the epineurium, as shown in Figure 18D. It was clear that the
macrophages present in the epineurial compartment at the time of nerve excision did not

invade the inner nerve compartments during culture. Accordingly, the nerve explants in



20 nerve explants increased nmarkedly when cultured for short periods in
vitro with and w thout the addition of serumto the culture nedium Nerve
expl ants wer®/psarented from adhering to the culture vesswT/esvd2sm2cel |
outgrowt h was observed. However, cell52viability in all conditions was
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20  alterations, the basal lamina scaffold remained structurally intact and remodeling was
indicated by the high level of laminin expression by Schwann cells, as shown in Figure

19C.

Example 18—Cultured Nerve as Acellular Interpositional Grafts

25 The present experiment tests the hypothesis that predegeneration in vitro improves
nerve regeneration through acellular nerve allografts. Host rats received bilateral,
acellular nerve grafts, one control (not predegenerated) and one predegenerated in vitro
(cultured for 2-day in 2% serum). Axonal regeneration was assessed after 8 days by
scoring GAP-43-immunopositive profiles in transverse sections. Axonal growth was

30 observed in all grafts and was centrally distributed, indicating good alignment and
coaptation of proximal host nerve and graft, as shown in Figures 20A and 20B. In 6/6
animals, the number of axons that crossed the proximal nerve-graft coaptation and

entered the graft was greater in the in vitro predegenerated graft than in the contralateral



indicating no loss of cell viability. In addition, treatnment of isol ated
Schwann cell 20 cultures with Gw001 confirned the very low toxicity of
this hydreoaideibased di peptide. These results strongly i madicsatesdP
activity in a degenerative process tha3 increases the neurite-pronoting
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20 9 is present in trace amount mostly associated with a minor population of cells restricted

to the epineurial sheath. Immunolabeling for MMP-9 is essentially absent in the
endoneurial compartment of cultured nerves. In contrast, MMP-2, particularly the
activated form, rapidly increases within the endoneurium in cultured nerves. Taken
together with immunolocalization and in situ zymography data, the experimental data

25  concludes that MMP-2 is expressed by Schwann cells and active enzyme is released into
the surrounding endoneurium during in vitro nerve degeneration.

Combined with the present observations of nerve explants, the experimental data
shows that MMP-2 represents a sufficient, if not principal, degenerative mechanism for
the enhancement of the growth-promoting properties of denervated nerve (and

30 predegenerated nerve grafts).

According to the current invention, culture of nerve explants, using conditions to

support cell viability and growth, allows for cell-mediated degeneration and significantly

enhances the regenerative potential of nerve grafts. Nerve explants can be freeze-killed



negligi ble. Exanple 15-MN Activity in the Cultured Nerve Segnents: in situ
Zynography 20 The activity of MWs is regul ated by gene transcription,

pr oenzynmewacdainsdizon and by the action of tissue inhibitaca/ud02/25922

met al | opr ot ei nases. The net gelatinol§ic activity in nerve segnments by in
situ zynography was exam ned. Tissue sections were overlaid wth quenched,
fluorescein-gelatin, which is converted to fluorescent peptides by

gel ati nol yt i @ndétorsd figzenifartater use 9s intgposiomslt iervet drafes. gebartkilbhg/hdree %ﬁﬁé vity
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activity that {: it hin the endoneuriumand Schwann cells were

| abel ed nnreg?nté%%?%%ﬁﬁﬁnﬁgﬁghéﬁH%F%S$$gures 17C and 17D. Al so exam ned,
was the gélatinolytic activity in the nerves cultured in the presence of

GWb001. As 30 desgrih aboye 001 bl ocked the increases in
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expl ant cul t posignef thidapplidB&dl effectively bl ocked de novo MWP activity
during in.,vitro degeneration. Exanple 16-MN Localization in the Cul tured
Ner ve Segﬂents: | munof | uorescent 5 Labeling The distributions of MWP-2
and MWP-9 in nerve explants cultured for 2 days were exam ned by

i mmunof | uorescence m croscopy. MWP-2 inmunol abeling of culture nerves was
intense within Schwann cells and the surroundi ng basal |am nae, as shown in
Fi gure 18A. Schwann cell staining wth S-100 indicated that the nost

i ntense MVWP-2 10 i mmunol abel i ng was associated with mgrating Schwann cells
(Figure 18B; and see below). Al so, MWP-2 imrunoexpression was very simlar
to the pattern of gelatinolytic activity obtained by in situ zynography.
On the other hand, MWP-9 inmmunol abeling was virtually absent within the
nerve fascicles, except for rare cellular profiles. Sone cellular

i mmunoexpressi on of MW-9 was seen in the surroundi ng epi neurium as shown
in 15 Figure 18C. OX42 | abeling was used to identify nmacrophages which were
scattered throughout the epineuriumand rarely within the nerve fascicles
of cultured nerves, as




shown in Figure 18D. The conpartnental distributions of MW-9 and Ox42
| abel i ng suggested that macrophages were the main source of MWP-9. In
addi ti on, wectswasiizcel | s, and perhaps sonme perineurial fi lraabisisesy2?
expressed MM2 and NUVIP-2 20 i munor&activity was al so observed diffusely
in the surrounding extracellular matrix. Exanple 17-Cell Distributions and
Axonal Degeneration in the Cul tured m%gmﬂ,nts After nerve injury
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repr esent 1704 of nerve degeneration in which the contribution of
Schwann cells may be assessed independently fromthose of invading
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degrading enzyme is a chondroitinase.

6. The method according to claim 1, wherein said method further comprises co-

applying a tissue adhesive to the damaged nerve.
7. The method according to claim 6, wherein the tissue adhesive is a biological glue.

8. The method according to claim 6, wherein the tissue adhesive is selected from the

group consisting of fibrin glue and platelet gel.

9. The method according to claim 1, wherein said method further comprises applying

a biologically active agent to the damaged nerve.

10. The method according to claim 9, wherein the biologically active agent is a

growth factor.



15 degeneration were al so observed in cultured nerves including norphol ogic
changes in the nyelin sheath and nyelin extrusion by Schwann cells, as
wel | as Selovsrmnsael | proliferation, as shown in Figure 1¥0T/Hweesee, the
degenerative processes resulting in $arther nyelin degeneration (coll apse
and condensation) and phagocytotic renoval did not occur in the 2-day
nerve explant cultures. Despite the substantial degenerative 20
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coaptation of proxi mal host nerve and graft, as shown in Figures 20A and
20B. | n 6/ &Pldng sells o the demsgsdBeRe.of axons that crossed the proxi nal
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predegener at ed 1 aftfe nidfi@aA acsordifg tocdiiinr12] whasialthe WO ae 8ikheskas PCT/ US02/ 25922
53 control graft. On average, the score of axons within the in vitro

predegenerated grafts s two-fold.greater,. as shown _in Fi e 20B. In
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and was acconpani ed by host derived Schwann cells. These findings show
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17. The method according to claim 1, wherein the nerve damage is a neurotmesis.

18. The method according to claim 1, wherein the nerve damage is a neurotmesis,
wherein said method further comprises coapting the damaged nerve, and wherein the

chondroitin sulfate proteoglycan-degrading enzyme is applied to the site of coaptation.

19. The method according to claim 1, wherein the damaged nerve is partially or
completely severed, having a proximal end and a distal end, and wherein the chondroitin
sulfate proteoglycan-degrading enzyme is applied to the proximal end of the damaged nerve,
or to the distal end of the damaged nerve, or to both the proximal end and distal end of the

damaged nerve.



of hemat ogeni ¢ macr ophages. The neurite-pronoting activity of nerve
segnents is markedly increased by in vitro degeneration and to a greater
extent thwo osensa215 predegenerated in vivo. The increase BQT/US02/25922
neurite-pronoting activity resulting $ftomin vitro degeneration is
attributed to a hei ghtened expression and activation of MW-2 by Schwann
cells. Lastly, in vitro predegenerati on enhances axonal regeneration into
acel l ul ar zippl;&nig)a)ﬁ'i;mlé adisksiva e the pm)ﬂﬂthSend'ﬂﬁmepTaﬁﬂgm neexgper tomdadised end of
perlpheral rve ener j in vitro, s 1 hat - 9 is present in
trace ampufif 391 %(g’s‘ﬁg‘? {é?tﬁgle\ﬁ“f’ﬂmg} er‘?f1 %B%‘fﬁ??a?tf Mgﬁa@f‘ge(@éﬁe’f@ restricted
to the epineuri aI sheat h. | mmunol abel i ng for MWP-9 is essentially absent in
t he endoneuri al. cahgpandtiveindccofdinguict clriad 1Aewhesin $aid awttodafsttherMdt2ises
particularly th cti.vated for idly i.ncreases within the endoneurium
in cultur eﬁ%ﬁgﬁgs%%e&eﬁ%ﬁ?@ﬁomfl%}geg@ﬁ%‘{gi\gxﬁa]?%}iiomhrﬁ%’i‘%‘%él 2&tion and in situ
zynogr aphy data, the experinental data 25 concludes that MWP-2 is expressed
by Schwann cel I%Z abie racth@d/@celdia‘ggrte clagm rlevbersmdhé dtqndrdthesmmmlmn-
endoneuriumd in Vi t h ent
observati o&é? e Cglfsgsn? sis’ eC%gg%gi;ﬁ?#é e%ﬂ?ﬂcﬂmﬁ%o Shﬂ%t%r or

repr esent Sc:la)nsmtfm-nt slﬂfatq, amd ch@ﬁdrommrﬁamlﬁaalwit}nlm@e demaged wervaechani sm f or t he
enhancenent of the grow h-pronoti ng properties of denervated nerve (and 30
pr edegener at ed er i t r ure
of nerve expl an Tﬁ%sﬂ%&ﬁ&{c?ﬁ rd[Aﬁ; 8%%9138\78%%% g dal (ﬁiﬂé EI I %gyggﬁ%llgprh%vw h,
all ows for cm@létehymdvaEQdmadmganﬁDMnab and Ak sid@mlfand,amdl wherein Hlen clemdtditen

regenerativ otenti.al of nerve graf NerVv nts.£an be e illed
0081 01565 B R BraREa T Il ePisren ¥ TR oF SiopE Rl GEASa!
i nt er posi t e@ndlthevetiwe grafts. Freeze-killing nerve grafts i rtual ly

elimnates the concerns of graft imunorejection. For this reason acellular

nerve grafts ha%dfr a?’{ugr r(]) aqc ggfgﬁt{) Iac‘:Ealmolr tvﬁw‘r (fhe de eci %grve quar_hg'@rnf)?o

cel lular nerve ng wi i muno pressi
shoul d be cmﬁtﬂétslgrcnaderéd)atavhget eoginpl esd m&ﬂaelﬁhaichnd,emﬁswhl@&nrthdoelmbnﬂmim n are

for illustrative ses only and that v |os Lcations,or eS|n
| ght ¢ her S0RI TR ErEfenCagatal sioTs aretries B Rl (Pere R (e i 4P
be i ncl udegf the HarhdgetiBervepi rit and purview of this application.

25. The method according to claim 1, wherein the chondroitin sulfate proteoglycan-

degrading enzyme is applied topically to the damaged nerve.

26. The method according to claim 1, wherein the nerve damage is a neurotmesis,
and wherein the chondroitin sulfate proteoglycan-degrading enzyme is applied topically to

either side of the neurotmesis.

27. The method according to claim 1, wherein the chondroitin sulfate proteoglycan-

degrading enzyme is injected into the damaged nerve.

28. The method according to claim 1, wherein the nerve damage is a neurotmesis,
and wherein the chondroitin sulfate proteoglycan-degrading enzyme is injected into either

side of the neurotmesis.

29. The method according to claim 1, wherein the chondroitin sulfate proteoglycan-

degrading enzyme is applied with a pharmaceutically acceptable carrier.



10 WO 03/ 015612 PCT/ US02/ 25922 55 CLAIMS 1. A nethod for pronoting repair
of a damaged nerve, wherein said nethod conprises applying at |east one
chondr oi t wo ®uwhf@are proteogl ycan-degradi ng enzyne to the manespedsnerve. 2.
The met hod according to claim1, wher#8 n the chondroitin sulfate

pr ot eogl ycan- degradi ng enzyne is selected fromthe group consisting of
chondroi ti nase, hyal urondiase, and matrix netal |l oproteinase, or a

conbi nat i oeartities sddcteddronathbigedup @bmsidting ofliquidsegdls, dgimndolids, and poliaeds. t her eof .
3. The net hod accordl ng to claiml, wherel n the chondroitin sulfate

pr ot eogl ycan- d z t IS
chondr oi ti nase %%C “%eﬂ% Xc”%dwést% % |tﬂ%gﬂ%&p ﬁ@a”l ra&E nase AC,
hyal ur oni dessier isedeldcted fixet athd gmupt@nmasg &f mamtirarmt spongestfitirbwpstokmiesase- 9,
or a comnbi nat on thereo@ 4 The met hod according to claim11, wherein the
chondr oi ti R°% §51F%ce%lag B¥YPS%an- degrading enzyne is selected from the
group consi sting of chondr0| tinase ABC, chondroitinase A chondroitinase
C, and chondr oi 32.ndhe nihodoaccardorgntoi ¢laiti 3% wheeeieche pBarmatraticadlytrgdedabdor di ng
to claim1, where tro@edﬁeﬂe Qedr o)) t| n sul fate proteoglycan- degrading enzyne
is a chond?%??ﬁlﬁﬁg%n BG¥KYd according to claim1, wherein said

nmet hod further conprises co- applying a tissue adhesive to the damaged
nerve. 7. The ngk hddieanezthrrddawgrdﬁng tol eim 89, whaeinithe phamateytcpdlyaathentable i s a
bi ol ogi cal u ordin lal ue
adhesi ve i ggféle I(Séétg urgmfl ?%r%{rﬁ(p‘%e@g@w Sq{ cglhté Etl@a @%n%lygﬁ&%lé&éﬁegﬁag{ a&?(gt el et
gel . 9. Theemetvhadapptiedr di ng to claim 1, V\/nerel n said net hod further
conprises applying a biologically active agent to the damaged nerve. 10.

growth factor. b b bRLd Refidhe MOS0 SRRk AR KAl iBaRal | o @
gr owt h f actlegradifig lenzyinleast a ghandrditifaae t amd - iheréin tth@ bh(ﬂfdtm@rasemm alﬁpimd do -the

damaged nerve within a concentration range from about 10 units/mL to about 1000 units/mL.

35. The method according to claim 34, wherein the chondroitin sulfate proteoglycan-
degrading enzyme is a chondroitinase, and wherein the chondroitinase is applied to the

damaged nerve within a concentration range from about 100 units/mL to about 500 units/mL.

36. The method according to claim 1, wherein the chondroitin sulfate proteoglycan-
degrading enzyme is a matrix metalloprotinase, and wherein the matrix metalloproteinase is
applied to the damaged nerve within a concentration range from about 0.1 pg/mL to about

100 pg/mL.

37. The method according to claim 36, wherein the chondroitin sulfate proteoglycan-
degrading enzyme is a matrix metalloprotinase, and wherein the matrix metalloproteinase is
applied to the damaged nerve within a concentration range from about 10 pg/mL to about 50

pg/mL.

38. The method according to claim 1, wherein the damaged nerve is a damaged

peripheral nerve.

39. The method according to claim 1, wherein the chondroitin sulfate proteoglycan-

degrading enzyme is a bacterial enzyme.



2, epidermal growth factor, ciliary neurotrophic factor, brain-derived
neurotrophic factor, neurotrophin-3, neurotrophin-4, neurotrophin-5,

i nsul i n-1wWoeosgnssaeh factor-1, insulin-like growth factor-ET/tS02an5020r m ng
grow h factor, glial gromh factor-2,5%ascul ar endothelial growth factor,
gr anul ocyt e- macr ophage col ony stimulating factor, and | ynphocyte
infiltrating factor/cholinergic differentiating factor. 12. The net hod
accordi ng degradingicAryime ishataeimalizaienzymet hod further conprises applying cells
to the damaged nerve. 13. The nmethod according to claim12, wherein the
cells are stemgells. .1 .The .nethod. acc NG t i, { he
cells are Sc hvvazﬁh ]Lélg II?%ﬁO%%FOI?Wg t(r)ng, aﬁlgg’ ‘gfé%%lp .en%°§%g% asgl%tim\?\%@ir@?% t he
chondr oi t i deggadirfgaheyn Bheagmpoant endgge.adi ng enzyne is applied to the
damaged nerve at the site of damage or adjacent to the site of damage. 16.
The met hod accoy,di t |.ai m: o5 e -da n

di s upt i on 1 tRe honehdfioRfe cUIECk Bkt SR HRICRTROE SRIRINESENR,
damaged nepreoglgtanetegrrdingrennydeomgprsepadministesing agendticsmpdifiedrherd to the
perineuriu and epineurium. 17.  The . et .AGCOf (.. cl al her ei n
t he nerve 5‘2 nieg'ea Wﬁlgﬁ: T e B05% jEla% e enl'%gl%rt%gh[ﬁ ﬁ’o%lgggi g%r fhnéaéogg]% F1§¥\€n£1,
wher ei n t hencbéiny thedhomiyeitin sulfate@oteodlpmsidsgradinhenzying. sai d nmet hod furt her
conprises coapting the danaged nerve, and wherein the chondroitin sulfate

pr ot eogl ycan- degr adi n nZzyme. i. Lied t i IRgl is19. The
met hod accor di n‘%'f’ghecﬁlgt?‘&&%fco\ﬁ%% g’loﬁa%gz’d\ghﬁg%gﬁ n%?%tga}lgﬂg"grt?:i@ Ftylsor
conpl et el ye8evered, having a proximal end and a distal end, and wherein the
chondroitin sulfate proteogl ycan-degradi ng enzynme is applied to the
proxi mal end of , t he, da d nernve, L 1.0 distal e R[N F-] d
nerve, or to bo%4h %m%?}g)giaﬁﬁ?rd%é%}oacga dlus?’%ﬂ%%“g'ﬁ‘% o#vetﬂagna%darraggg nerve. WO
03/ 015612 @eksd)S02/ 25922 57 applying a tissue adhesive to the proxi mal end
of the damaged nerve, or to the distal end of the danmaged nerve, or to
both the proxi | 182 1 R ABIRRE L i Fage Has chiidBf hod
according to clr%' m%ﬁgn%aﬂggdg?%ﬂ%ﬁg%r?et hdgﬂ}eurther conpri s%gs Sscutur??’?ytag
t oget her ttreugpr.oxi mal end and di stal end of the danaged nerve. 22. The
met hod according to claim1, wherein the chondroitin sulfate proteoglycan-
degr adi ng enzy .C%tﬂéﬁl%tﬂoﬁbc% cﬂBg SI A Whésift wRhdrid §amage was caused by a
chondroitin-6-sulfate, or ot h

surgical procedure.

47. The method according to claim 1, wherein the damaged nerve is mammalian

nerve.
48. The method according to 47, wherein the damaged nerve is human.

49. A pharmaceutical composition comprising at least one chondroitin sulfate

proteoglycan-degrading enzyme and a pharmaceutically acceptable carrier.

50. The pharmaceutical composition of claim 49, wherein said chondroitin sulfate
proteoglycan-degrading enzyme is selected from the group consisting of chondroitinase,
hyalurondiase, and matrix metalloproteinase, or a combination thereof, or a biologically

active fragment or variant thereof.



chondroitin-4-sulfate, and chondroitin-6-sulfate within the danmaged nerve.
23. The nmethod according to claim1l, wherein the damaged nerve is partially
or conpl etoed3pwisarer ed, having a proxi nal end and a di st alpcanmgkozasit2 wher ei n
the chondroitin sulfate proteogl ycansdegradi ng enzyne decreases the

| at ency of axonal ingress into the distal end of the nerve. 24. The net hod
according to claiml1l, wherein the damaged nerve is partially or conpletely

severed, havlebgyanficgniiig ereptle dndelacted Siloal tiRNGhouR ROnsMIBE €dfNcHoR@oitinase
chondroitin__sulfa e,ﬁrotggglyc n- degradi ng enzyne increases the rate of

axonal i ngrBSs ShARBOIIRe s ondipiiinasss Cy fhoRiIoiiBase Ay Viyalusepidesy e 3R o

accor di ng hetaldRéteindse- BRI AhiixnialbPRIAGHASE-D] dt aTbAkSorheksOgl ycan-
degrading enzyne is applied topically to the danaged nerve. 26. The net hod

according to claimJl, wherein the nerve damage is.a neurptnesis, d
Sherei n She_chodr B PHOGHER G, COPBBIRGI CH diy AR o uh S BoRen sBrs o
topical Iy feteoglytdieeghidie @fzyhbds neleted MRsi the gréup ToasidRE hTdlRaGOItHRY t O
claim1l, erei.n the chondroitin sul fate proteoglycan- degradjng enzyne is
i nj ected i b6 shoadgitivassety chendreitinasg C, andehgpdrpifinass \Co o8 AYRbiBAton Ahetsof.
wherein the nerve damage is a neurotnesis, and wherein the chondroitin
sul fate prot eodd3y CHit plegnadific] eamydsionSofidici9e evhbreinosagd thv@droitai slgfaef t he
neur ot mesi s. 29. Tgﬁ nmet hod accordjng to claiml1l, wherein the chondroitin

sul fate prfeEBYYSARATSAdIG CREHMS B8R @SS ppl i ed with a pharmaceutical |y
acceptable carrier. WD 03/015612 PCT/ US02/ 25922 58 carrier is selected
fromthe group onEhespham@aciitital qomplsitiogalfTlaiho@whedl sailh choadbitpobylfer s.
31. The nethod accoydi to claim?29, wherein_the pharmaceutically
2ccept abl QPOBRH FBreEE e Bt RS S FOT TGS B enERBr s
sponges, fi@fdanIStordb6HtUNe6 unitsapder s, fl eeces, and particles. 32. The
met hod according to claim?29, wherein the pharmaceutically acceptable

carrier is a contrglled rel ease system 33, .Th t hod according tq.claim
56 wher 61 -t eSS REETREEa o RRn A i, PPEER i L Rl
and wher ei ﬂofeb%lyédﬂl:@igﬁaing@ﬁ}fm@is al dhasdroifiadsk inaihinya Edicbhteties rdnbe fidarmged
nerve when, applI ed. i
100 units/mL to about 500 units/mL.
56. The pharmaceutical composition of claim 49, wherein said chondroitin sulfate

proteoglycan-degrading enzyme is a matrix metalloproteinase within a concentration range

from about 0.1 pg/mL to about 100 pg/mL.

57. The pharmaceutical composition of claim 49, wherein said chondroitin sulfate
proteoglycan-degrading enzyme is a matrix metalloproteinase within a concentration range

from about 10 pg/mL to about 50 pg/mL.

58. The pharmaceutical composition of claim 49, wherein said pharmaceutical

composition further comprises a tissue adhesive.

59. The pharmaceutical composition of claim 58, wherein said tissue adhesive is

selected from the group consisting of fibrin glue and platelet gel.

60. The pharmaceutical composition of claim 58, wherein said pharmaceutically
acceptable carrier is selected from the group consisting of solids, liquids, gels, creams, salves,

and foams.



34. The nethod according to claim11, wherein the chondroitin sulfate

pr ot eogl ycan- degradi ng enzyne is a chondroitinase, and wherein the
chondr oi t woesa1s@2appl i ed to the danaged nerve within a cameeswrseon
range from about 10 units/nmL to about61l000 units/nmL. 35. The net hod
according to claim34, wherein the chondroitin sulfate proteoglycan-
degradi ng enzyne is a chondroitinase, and wherein the chondroitinase is
appl i ed t cackhirablsleuimgrdsla baitnotieddelehsesyste@oncent rat i on range from about 100
units/nmL to about 500 units/mL. 36. The met hod according to claim1,
wherein the chondritin sulfat roteogl yean- gradi ng _enzyne is a matrix
motal | opr ot i nas; A PURAPET e dH @R R R SLur o ar stihatd ety (o
t he damagestceiblecantiértis asagicalreagnt rati on range from about 0.1 g/ nL to about
100 g/ L. 37. The nethod according to claim36, wherein the chondroitin
sul fate proteoglycan-._d adi en | S magr i tall oprotinase nd
wherein the ma'%14 r3|‘ x%rré'flréﬁgi(’)ﬁg%{} gilﬁgéé@iargba%g)pf)ﬁ é%fn%gggfrﬁgledgﬁn%%énd S%ér?/uefﬁ

wi thin a cangeitsatléasnoreahgelrbitio sulftopbtedflycpnrdegtading lwoziimesthd aglevice ta3i:  The
met hod accorgi(gg) to claim1l V\h?ef{ ein the damaged nerve is a danmaged

per i pher al RR&f .arffé‘fegfﬁ(go 8¢ HeCording to claim 1, wherein the
chondroitin sulfate proteoglycan- degrading enzyne is a bacterial enzyne.
WO 03/ 015612 PGH. U3e2025@Ra1ff 60claitkeiP; avtiemin seidslaree canmiseaarivhe,izad wharyme.
41. The neth tclil a efrfné](rﬁdi tg claim 1df wherein t e CQ3 ndrgiti n sul fate

pr ot eogl yc¥H* B‘“éé P YR PRSr oot p ST R B RCABAFINET® 42 The et hod
according to claiml1l, wherein said application of chondroitin sulfate

pr ot eogl ycan- degr adTleg sengieyheuff oofp clage s6dadwhenéiat suid rigbea hgre neslitc eftending
nodi fied hpst.. to the d e rve .. wherein the host has been genetically
nodi fi ed WBP%lwgmﬁgyﬁlr?ﬁ%%gg%ggle&esgg?%b& ng the chondroitin sulfate

pr ot eogl ycan- degradi ng enzyne. 43. The nethod according to claim42,
wherei n the gerfét iBrlshngicrbdiff ofadpiingsSt whereia said ghigicallanff fitberrremhosts awweny di ng

e o o RS P SRt . ot P

accordi ng {oo C
67. The surgical cuff of claim 66, wherein said chondroitin sulfate proteoglycan-

mdCD

degrading enzyme delivering means comprises a polymer.

68. The surgical cuff of claim 67, wherein said chondroitin sulfate proteoglycan-
degrading enzyme delivering means comprises an expression system for producing said

chondroitin sulfate proteoglycan-degrading enzyme.

69. The surgical cuff of claim 68, wherein said expression system comprises a
genetically modified cell, wherein said genetically modified cell comprises a polynucleotide

encoding said chondroitin sulfate proteoglycan-degrading enzyme.

70. The surgical cuff of claim 63, wherein said cuff further comprises living cells

seeded upon said sleeve.
71. The surgical cuff of claim 70, wherein said living cells comprise Schwann cells.

72. The surgical cuff of claim 70, wherein said living cells are genetically modified

with a polynucleotide encoding said chondroitin sulfate proteoglycan-degrading enzyme.

73. The surgical cuff of claim 63, wherein said sleeve is flexible.



trauma. 46. The method according to claim 1, wherein the nerve danage was
caused by a surgical procedure. 47. The nethod according to claiml1,
wherei n tW® adarsged nerve is mammalian nerve. 48. The nethroadusseesnrei ng to
47, wherein the damaged nerve is humaé2 49. A pharnaceutical conposition
conprising at | east one chondroitin sulfate proteoglycan-degradi ng enzyne
and a pharnaceutically acceptable carrier. 50. The pharnaceuti cal

conposi t i odegedding chizfind B, selobted from thgrourcdonsisting dfichoritdifi@k€ hyalurondiase, and

pr ot eogl ycan- degradi ng. enzyne is selected fromthe gr.o consi sting of
chondr oi t i HA&K, Mef %Hrg‘ie’&ﬁiﬁ 8¢, c"é‘é‘shi"‘qli‘ﬁ? rthsreqhe P p Iqﬂ‘ﬁ}g%‘f’agg’n%@‘é? fiemgnt or

conbi nat i opurlaheheeds or a biologically active fragnment or variant thereof.
WO 03/ 015612 PCT/ US02/ 25922 60 proteogl ycan-degradi ng enzyne is sel ected

fromthe group nsj sting of chondroifinase C,, chondroitinase A,

chondr oi ti nase Jéo ih% ﬁ'brrg%ﬁlt ?‘ngg&ﬂ’@} 6%‘3(?‘?5?‘8@? a@’@?‘s}ﬁ’é’?rﬁ ate proteoglycan-

met al | opr Of&rdiGe -czyad disnedledted MRinal the pgohei chasietidy o@r condfiditiasat ABQ,

t hereof. 52. The, pharnaceuti cal, conposition of claim 43, wherei n said
chondr oi t i Fhoggioftipege &ot%&‘&cr%%ﬁgdégr adeRYoERyeAts bealwonideses r giitthe
group conspgfai1fgoRnasd?Onda flatrix A& SopATENase OORN Ridbilasethéreof hondr oi ti nase
C, and chondroiti nase AC, or a conbination thereof. 53. The pharnaceuti cal

conposi tion of clajim 49, _V\Cer in said chondroifin sulfate
pr ot eogl ycan- de¢t aag]ﬁéuréﬁi FHEE PE claimy Qdn Y ?fF‘PiSﬁ‘élscg’.on%ﬁl.tmﬂéfatﬁﬁ’é?tﬂé%%‘ﬁ‘ﬁ cal
conmposi t i ofegddifd @Hz§néd % a WoRdBItiAaseal d chondroitin sulfate
pr ot eogl ycan-degradi ng enzyne is a chondroitinase within a concentration

range from about uni t.s/m_t hout_ 1000 .units/nli. 55. .The
phar maceut i cal 7:7on#g‘§isf‘¥g6‘i?{ BFffcq%a‘i?W4 > MTET RS Essé‘?eﬁe CABRESSI%: F15e 1 Pt e
pr ot eogl ycastsbe@rwaie a1 @mveydrest biSsalll APl Ritel nase within a concentration
range from about 100 units/nmL to about 500 units/nL. 56. The

phar maceutical gonpositi.o 9_‘% ai m 49, wher.ei.n said chondroitin sulfate
pr ot eogl ycan- deg%'a e@rgéqqg oﬁpciangrpr;a‘f’]?qr?nﬁ@&%}feftolﬁ? 1'eslhﬁ‘[:’a{[se within a
concentration range fromabout 0.1 g/m, to about 100 g/niL. 57. The
phar maceut i cal TOnfihsistugomal odff of alaim 49, whtremedainl swetdis ahsebfdeudirtg shestubfidat e
wherein said sheet automatically encircles said nerve graft or damaged nerve when contacted

with said nerve graft or damaged nerve.

80. A kit for promoting repair of damaged nerve tissue, said kit comprising a first
compartment comprising at least one chondroitin sulfate proteoglycan-degrading enzyme,

and a second compartment comprising a tissue adhesive.

81. The kit of claim 80, wherein said chondroitin sulfate proteoglycan-degrading
enzyme is selected from the group consisting of chondroitinase, hyalurondiase, and matrix

metalloproteinase, or a combination thereof.

82. The kit of claim 80, wherein said chondroitin sulfate proteoglycan-degrading

enzyme is a chondroitinase.

83. The kit of claim 80, wherein said tissue adhesive is selected from the group

consisting of fibrin glue and platelet gel.

84. The kit of claim 80, wherein said kit further comprises a third compartment for

mixing said chondroitin sulfate proteoglycan-degrading enzyme and said tissue adhesive.



pr ot eogl ycan-degradi ng enzyne is a matri x netall oproteinase within a
concentration range from about 10 g/nL to about 50 g/nL. 58. The

phar maceuwiccaloisaaposi tion of claim49, wherein said phar rrcaausozesd22
conposition further conprises a tissue adhesive. 59. The pharmaceuti cal
conposition of claim58, wherein said tissue adhesive is selected fromthe
group consisting of fibrin glue and platelet gel. 60. The pharmaceuti cal
conposi t i okagifone Elmindroid) sulthte peitedghaaddqpnaiinppneyhe toehd yerveagrafept abl e carri er
is selected fromthe group consisting of solids, |liquids, gels, creans,

sal ves, and fogirsy, T |s a
cont roI | ed rel ease sy t@% %‘g&]ﬂ%tgﬁl%nar ﬁaceu??%aicl@%ng?rog%gia{h?% ?Ot*%j%wa

wher ei n saietrpley eregme s schbﬂeoyﬁomdb@glbaiﬂoes&@gqfehondsolanasm rhgalmahdlaaet ﬁnd 63 A
surgi cal cuf e repal

corm | ses TerpeReBIgRREritar o cmbidupf IRas B acipoBaibaadh EgReh oy e
and a sl eevaiashothbeof. applied to a nerve graft or damaged nerve. 64. The
surgical cuff of claim®63, wherein said sleeve corrpri ses a tube, and
wherein said t ef| e n for ner ft

damaged nerve. %Per he t{s?%drsacf%rg ng'%o ?lf‘ e %é Sn%re'in @3 (’1(1)(\’/ﬂ1erlten SrluY%?ﬁ)d& ?ﬁfécaﬂ

slit ext endégngimg‘ oamgyrheldmnad:léqtedalfmng maegﬂoeplgd:dmmtﬁn§ aifd chandenitiabe ARE,

surgi cal of..claim 63 erein said,su lcal c ur.t her. r| ses
nmeans for ull?elfl’fo\’ltg}aﬁ%g aicao%\‘ﬁ%lﬂﬁ?s& t(i‘a ‘5@ e‘asﬁr 0 ﬁ%%%ﬂm%ér a

enzyne to idkallegorgask- meh&matrbﬁﬁetaﬂﬂpmtawswmiaabu{binaﬁtm bbb 66, Wner ein
said chondroitin sulfate proteoglycan- degrading enzyne del i veri ng neans

conprises a pol The ff of m.67 ein said
Chondrotti n ol ¥ Hhegpebel ot B Sy ARy MR et
conpri ses aspraiy essime By sélested dronpr thelugiong Sabkidtings rufndmmidtdiﬁnas@IABCe
proteogl yc radi ng.en ical  cuff I aim 6 wher ei n
sai d expr egl%‘i“glf?? S @ﬁh@g@é}t@g@? and glé)ﬁifﬂt@aﬁ %‘d?qﬂ? ’émereo erein said
genetically nDdlfled cell conprises a polynucleotide encoding said

chondr oi ti n sul 8at Ehepnahabapkyrdg-tal elgina 83, iwhesiy thaehondthitinl idfagynrgeegdycaauf f - of

cl aim 63, delgnensz%glscaugh%n rglrtlwsgr conprises living cells

90. The method according to claim 85, wherein the nerve graft has a first end and a
second end, and wherein the chondroitin sulfate proteoglycan-degrading enzyme is applied to
first end of the nerve graft, or to the second end of the nerve graft, or to both the first end and

second end of the nerve graft.

91. The method according to claim 85, wherein the chondroitin sulfate proteoglycan-

degrading enzyme is applied to the nerve graft en bloc.

92. The method according to claim 85, wherein the chondroitin sulfate proteoglycan-

degrading enzyme is applied topically to the nerve graft.

93. The method according to claim 85, wherein the chondroitin sulfate proteoglycan-

degrading enzyme is injected into the nerve graft.

94. The method according to claim 85, wherein the chondroitin sulfate proteoglycan-
degrading enzyme is applied to the nerve graft by placing the nerve graft in a culture medium

containing the chondroitin sulfate proteoglycan-degrading enzyme.



seeded upon said sleeve. 71. The surgical cuff of claim70, wherein said
living cells conprise Schwann cells. 72. The surgical cuff of claim70,
wher ei n swiod3loisdimg cells are genetically nodified wth a@quoispasd2eoti de
encodi ng said chondroitin sul fate prot€ogl ycan-degradi ng enzyne. 73. The
surgical cuff of claim®63, wherein said sleeve is flexible. WD 03/015612
PCT/ US02/ 25922 62 degrading enzyne is selected fromthe group consisting
of chondr emddivsase, hyal urondi ase, and nmatrix netal |l oproteinase, or a
conbi nation thereof, or a biologically active fragnent or variant thereof.
75, The surgicgl Gl bfloaGLaldhoR L e the ERRRE nRltnisSl dnfil hea
prot eogl ycan- degrading enzyne Ts sel ecte romthe group consisting of
chondr oi t inn&léen.ABC, chondroi ti nase A, chondroitinase C, chondroitinase AC
hyal uroni dase, matrix netall oproteinase-2, and nmatrix netall oproteinase-9,
or a conbinati 9? UG 60fhod WeordAE 8 WidCa, Whthdin QhidChBihbd FhindpEhptisessal d
chondroitin sulfate proteoglycan- degrading enzyne is a chondroitinase. 77.
The sur gi cpplyngfaftisafe adhesivete the natvergedtihn sai d sl eeve conprises a sheet to be
contacted with said nerve graft or said damaged nerve. 78. The surgica
cuff of claim ¢, el i i : ] Araley ical cuff
of claim77, méé?gﬁgﬁgg%gaéﬂgg@fﬁgﬁgngZI f%ﬁ?ﬁfﬁgﬁfﬁgg%ge§#§ﬁ"§%%?ein sai d
sheet automatically encircles said nerve graft or danmaged nerve when
contacted wi t 199sZheimetiod accgrding toglaim Qhayearin theissuegdhesive i platelst 8shr onot i ng
repair of damaged nerve tissue, said kit conprising a first conpartnent
conprising at l1gastTiRNG Gk o Skl 35S whéeinea@ yeaRddegiadongrienzyme,
and a second conpartnent conprising a tissue adhesive. 81. The kit of claim
80, wher eiapplyiiiech Wivlogiarlbi active agenita fhe 15F6E8HY| ycan- degradi ng  enzyne is
selected fromthe group consisting of chondroitinase, hyal urondi ase, and
matrix netal | qpiotrek RasiRd dééoraing QoTblainR 100 Wikt #efbiol8dcalihetivd dgenf isal ai m
80, wherein said chondroitin sulfate proteoglycan-degrading enzyne is a
chondr oi t i gewt fager. The kit of claim 80, wherein said tissue adhesive is
selected fromthe group consisting of fibrin glue and platel et gel.

102. The method according to claim 101, wherein the growth factor is selected from

the group consisting of nerve growth factor, fibroblast growth factor-1, fibroblast growth
factor-2, epidermal growth factor, ciliary neurotrophic factor, brain-derived neurotrophic
factor, neurotrophin-3, neurotrophin-4, neurotrophin-5, insulin-like growth factor-1, insulin-
like growth factor-2, transforming growth factor, glial growth factor-2, vascular endothelial
growth factor, granulocyte-macrophage colony stimulating factor, and lymphocyte infiltrating

factor/cholinergic differentiating factor.

103. The method according to claim 85, wherein said method further comprises

applying cells to the nerve graft.
104. The method according to claim 103, wherein the cells are stem cells.
105. The method according to claim 104, wherein the cells are Schwann cells.

106. The method according to claim 85, wherein the chondroitin sulfate
proteoglycan-degrading enzyme causes lysis of chondroitin-4-sulfate, chondroitin-6-sulfate,

or both chondroitin-4-sulfate and chondroitin-6-sulfate within the nerve graft.



84. The kit of claim80, wherein said kit further conprises a third
conpartnment for mxing said chondroitin sulfate proteogl ycan-degradi ng
enzyme andos@iodsdizssue adhesive. WO 03/015612 PCT/ US02/ 25%2a/u3/25Last one
chondroitin sul fate proteogl ycan-degrédi ng enzyne to the nerve graft. 86.
The met hod according to claim85, wherein the chondroitin sulfate

pr ot eogl ycan- degrading enzyne is selected fromthe group consisting of
chondr oi t i pra&eglytunadedradingi aggne ddveasd¥Bthe laxenoP b htodEY BEREAGESthe BErva graft

conbi nati on thereof, o . a bl%{ % egglg ctive fragnment or variant thereof.
87. The net™§ ea’t%"&rgﬂi"i‘ 1§ e wioh 'n the chondroitin sulfate

pr ot eogl ycan- degr adi ng enzyne is selected fromthe group consisting of
chondroi ti nase WWBC, Tihandhai taceadiag Ao chiandBfi twihorde th ohbadicitiai tiltese AC,
hyal uroni dase, matrix .metalloproteingse-2, .and nmatri x netal | oprof ei nase- 9,
of "a conbi HREPEHCATSEEIE e HERET HE A6 SIRIPNGEEs Eiodhn ess: BRREPS: n t he

chondr oi t i the siive afaft iPEcpRAGtY @ Aamagtd@enei Ng enzyne is selected fromthe
group consi sting of chondroitinase ABC, chondroiti nase A, chondroitinase

C, and chondroi ] e _A i na her he net hod. cc rdi ng
Co clai m 85, whisPeithe pisthedaghaf OF 1 ity iy wbeiaats et e Remeris BAG ongy e
i s a chondn®idfiRase. 90. The net hod according to claim85, wherein the

nerve graft has a first end and a second end, and vvherei n the chondroitin

sul fate proteo can rrels applbied.to. rs d...of nerve
graft, or to tﬂfeI%Secgﬁdq]é%gOdquc %et §la§‘5 F%’ W, iﬁeot_ Otl‘ﬁ%mfll F‘élf?end
and seconpko&nglty&fn-ddgeidﬁgr vezygeaikta cAdndroitirasgeahibvhaetorid tgpntiwittiasd i3 85,
wher ei n the ndroitin syl fate proteogl ycan- adi enzyne j s i ed
to the ner%lﬁ‘?g‘f © BeVH BPBE Wi E?“agﬂ@ewgh%ﬁnﬁ%gwg’ﬁ’h'g 1@8‘“&%}@{&? gﬁ?utm@dr ein

t he chondr@iitsim.sul f at e prot eogl ycan- degrading enzyne is applied topically
to the nerve graft 93 The et hod accordi ng to claim85, V\herei n the

chondroitin sulf ote can- Zzyne 1S jnj d |nt

nerve graft. 9411 The %ﬂ"%c‘i&%qx@f‘ °t8 b‘%aggn é‘%’?reWnétl J| BhB em tin
S:J| fate ph Qb%@glyyai@dbg;ddﬁgr &fhyﬂ@l leni)cﬁﬁldgitlﬁ@ﬂl el wihereinh hen eltdnerognﬁtet idy

pl aci ng the raft a.culture nmedium c¢ont aini oitin
T ate b GebeL e e srRar e  H 0 08 BOBE0o oY rbigsf Jgwst 500

units/mL.

112. The method according to claim 85, wherein the chondroitin sulfate
proteoglycan-degrading enzyme is a matrix metalloproteinase, and wherein the matrix
metalloproteinase is applied to the nerve graft within a concentration range from about 0.1

pg/mL to about 100 pg/mL.

113. The method according to claim 85, wherein the chondroitin sulfate
proteoglycan-degrading enzyme is a matrix metalloproteinase, and wherein the matrix
metalloproteinase is applied to the nerve graft within a concentration range from about 10

pg/mL to about 50 pg/mL.

114. The method according to claim 85, wherein the chondroitin sulfate

proteoglycan-degrading enzyme is a bacterial enzyme.

115. The method according to claim 85, wherein the chondroitin sulfate

proteoglycan-degrading enzyme is a mammalian enzyme.



64 medium 96. The nethod according to claim94, wherein the culture

medi umis an undefined nedium 97. The nethod according to claim 85,

wher ei n swiocdosrmesdiod further conprises applying a tissue adiragiozeste t he
nerve graft. 98. The nethod accordingéd o claim97, wherein the tissue
adhesive is fibrin glue. 99. The nethod according to claim97, wherein the
ti ssue adhesive is platelet gel. 100. The nethod according to claim 85,
wher ei n saprotcbgidnadiettatding @nzy@iph teb@binafiRhyiniey a bi ol ogi cal |y active agent
to the nerve graft. 101. The nethod according to claim 100, wherein the

bi ol ogically active,agept .is a. gromh . factor. .102. The .nethod, according to
ol ol m10%,  wherdin ThhBeb afeeRinlb 3H 55 S0ieRhe s rvs KRS BRGARERIE o ng
of nerve givout hedntisieRtf to dbbtr I0eatiheters GMiedgth.act or-1, fi brobl ast growth
factor-2, epidermal growh factor, ciliary neurotrophic factor,

brai n-derived rat rophi factor, -new.otrophin-3. ne trophin-4
neur ot r ophi n- Sﬁqlghg%‘? f‘%@oﬁl?%méér:l%\{%d?“gc Sb?vflf,gmit%s% | gﬁt ?ﬁ(%eagerrc%ﬁnha’bout
factor-2, 10enshetrsingengthowt h factor, glial growh factor-2, vascul ar

endothelial growh factor, granul ocyte-mnmacrophage col ony stinul ating

f , d | infil y| f. ' ' i fferentiati
tactor. 103, Tlonotiionetied s BoChe Bhe MRCadh i FIORE ARTD, o,

conprises gafipl ying cells to the nerve graft. 104. The nethod according to
claim 103, wherein the cells are stemcells. 105. The method according to

claim 104, whergi,n~th el,l . C et i ng
to claim 85, m@Péi@e%ﬁgwgﬁg%og%g%ﬁ&nM@u fg/? !érlﬂﬁseru?)l?l g%val ?&Hﬁé‘ggigégl nggi{dgnzyme
causes | ysivhereih said aumethiodi fither 4emmpiiseateaderinig diredivang nenvegueaftibdetioler.  or bot h

chondroitin-4-sulfate and chondroitin-6-sulfate within the nerve graft. WO

03/ 015612 PCT/ 2/ . . - - g t h
%‘?. .T%@%i%ﬁmdgécop&%ﬁ%%ﬁqé@, v%ge{lm% NG EDZYTE, fIGGE gﬁﬁeénd. e

| at ency of axo ingress into the nerve gra once the nerve graft is
coapt ed i nwhereindbertigeg nesrevgraft 108ndefiveacetiulmobkfore cppltingghe chandewitm gdfate
wherein the chondroitin.sulfate r.oteo can-degradi ng enzyne increases
the rate o?m%)c(’glﬁ%n clieﬁr Ading eny ot eene%l%rg%ﬁ/‘gr aft once

gress 1
122. The method according to claim 85, wherein the nerve graft is a living graft, and
wherein said method further comprises rendering the living nerve graft acellular by freeze-

killing the nerve graft.

123. The method according to claim 85, wherein the nerve graft is a living graft, and
wherein said method further comprises rendering the living nerve graft acellular by chemical

extraction with detergents.

124. The method according to claim 85, wherein the nerve graft is derived from a

mammal.

125. The method according to claim 85, wherein the nerve graft is derived from a
mammal selected from the group consisting of human, non-human primate, porcine, rodent,

and bovine.
126. The method according to claim 85, wherein the nerve graft is an autograft.
127. The method according to claim 85, wherein the nerve graft is an allograft.

128. The method according to claim 85, wherein the nerve graft is a xenograft.



the nerve graft is coapted into a damaged nerve. 109. The net hod according
to claim85, wherein the nerve graft conprises peripheral nerve tissue.
110. The wetdsmdsaecordi ng to claim85, wherein the chondr @dniwsognsfat e

pr ot eogl ycan- degradi ng enzyne is a ch&hdroitinase, and wherein the
chondroitinase is applied to the nerve graft wthin a concentrati on range
fromabout 10 units/m, to about 1000 wunits/nmL. 111. The nethod accordi ng
to cl ai m 8&mptheyigiphntiiiea 6806t 1he sitddfidainege MdbH9BE YERM dROdRHIBEneNZY e
is a chondroitinase, and wherein the chondroitinase is applied to the
nerve gr afi“lﬁ?xﬁetpﬁ‘?t?Pg&ycé’&ﬂE%HﬁP%?WeFoénge from about 100 units/nL to about
500 wunits/nL. 112. The nethod according to claim85, wherein the

chondroi tin sul f at e (a)phohaagdryfan- degr adi ng enzyne is a matrix

nmet al | opr ot ei nase, and wherein the matrix metalloproteinase is applied to
the nerve graft vvitg'@tr} a conc(gntrati on range fromabout 0.1 g/nL to about
100 g/ L. 113. The H%ganéagg P%IIV?']é)rtO claim85, wherein the chondroitin
sul fate proteoglycan-degrading enzyne is a matri x netal |l oprotei nase, and
wherein the matrix (otott theperet giafiasdthe dampgelinedet 0o t he nerve graft within
a concentration range fromabout 10 g/nlL to about 50 g/nlL. 114. The net hod
according {0 cl Ao Spye WIBIGA BedoinNONALR 129, Sl Ghe. chondroitin sulfyte

prot eogl ycan-degradi ng enzyne 1s a bacterial enzyne. 115. The metf*log

accor di ng poteoglytam-BFradingeenziyme tifh eele¢tesh dhoi thengrewp femsisting of chondroitinase,

pr ot eogl ycan- degy.adi n n i | |.an s / .

PCT/ US02/ 2@’@5&0‘%{%%? 5 g‘é‘é%‘;@ﬁ*ﬁ-ﬁ‘c’}’g‘gﬁ@%ﬁ é’* gn“zo;?‘n%e‘yﬁggn él\{é%"gg Pr’g% ﬁ"g%itg BIga me
117. The nadtivetragmanbdivargnt theredfai m 85, wherein the nerve graft is within
the range of about 1 centineter to about 10 centineters in length. 118.
The met hod accoydin 0 ' . ej n graf t i r-ea han
about 10 centi ir’r3gt e?gﬁ(al r?? E{ﬂgdr?g}ta ﬁc%rdﬂ%.% Tﬂgn{rrg'? %’oyhﬁgegg rt I ncél bﬁ%&%ﬁa%ﬁaéeg,
wher ei n t hproteeplyeangdegfadirigs ergryini vis rsglected iom @heaftoup consisting of chondroitinase

ABC, chondroitinase A, chondroitinase C, chondroitinase AC, hyaluronidase, matrix

metalloproteinase-2, and matrix metalloproteinase-9, or a combination thereof.

132. The method according to claim 129, wherein the chondroitin sulfate
proteoglycan-degrading enzyme is selected from the group conmsisting of chondroitinase

ABC, chondroitinase A, chondroitinase C, chondroitinase AC, or a combination thereof.

133. The method according to claim 129, wherein the chondroitin sulfate

proteoglycan-degrading enzyme is a chondroitinase.

134. The method according to claim 129, wherein said method further comprises

applying a tissue adhesive to:
(a) the nerve graft; or
(b) the damaged nerve; or

(c) both the nerve graft and the damaged nerve.



120. The nethod according to claim85, wherein said nerve graft is a living
graft and wherein said nethod further conprises rendering the living nerve
graft aceWouw3anse1221. The nmet hod according to claim120, w@Eveson/2542e2 nerve
graft is a living graft, and wherein6éghe living nerve graft is rendered
acel lul ar before applying the chondroitin sulfate proteoglycan-degrading
enzyne to the nerve graft. 122. The nethod according to claim85, wherein

t he nerve gppafiig defls@:|iving graft, and wherein said nmethod further
conprises rendering the living nerve graft acellular by freeze- killing the
nerve graft. 123..The nethod according to claim85, wherein the nerve graft
is aliving gr‘ﬁt}legﬁrﬁegr\%ﬁe?rei n said nmethod further conprises renderi ng t he
living nerve graft acellular by chemcal extraction with detergents. 124.
The met hod accdbyihadarnaged ngivea 85, wherein the nerve graft is derived froma
manmal . 125. The nmet hod according to claim85, wherein the nerve graft is
derived froma ﬁg:m]! Qs up consisting of human,

non- human pri mace, por‘eg?ﬁg%&ro g&l%e, agﬁ%g‘\%i ne. 126. The net hod accordi ng
to claim85, wherein the nerve graft is an autograft. 127. The nethod
accordi ng to cll3omT8smeiied aeordingie chbpd5.gyherein fhe cells az¢ steygreellst . 128. The
nmet hod according to claim85, wherein the nerve graft is a xenograft. WO

03/ 015612 PCT/ US§2h288Rthod @dcos@iPiol 5@ 135l iRAdiA the calld s Sam@natdlisat the site
of damage and applying at |east one chondroitin sulfate

pr ot eogl ycan-degrading enzyne tq: (a), th erve .graft: or (b) the .damaged
nerve; or (c) b]glgh ?h?emﬁ@f’%é“é’ﬁgﬁ g‘h i E%Qd%h?af‘g’g&wn%mdmﬁ%.Wﬂ%S% hod
accor di ng ggruptic M tALSbntNEIBS &2l 1ch R Bn€ BOME h&vE ktiRatbibf @b Bamaged nerve selected
pr ot eogl ycan- degradi ng enzyne is selected fromthe group consisting of

chondr oi t i Fa@dhe erpyReaRsisting ofbasal kana,Berewivt2 eBiBrBUst nase, or a
conbi nation thereof, or a biologically active fragnent or variant thereof.

131. The met hodi39¢ane diet@dtabeotdiag @ cladl, 129heticedin tHe erve amskeds & heurstlekiat e
pr ot eogl ycan- degradi ng enzyne is selected fromthe group consisting of

chondroi ti nase . . . . .
140. The method according to claim 129, wherein the nerve damage is a neurotmesis,
wherein said implanting comprises coapting the nerve graft into the damaged nerve, and
wherein the chondroitin sulfate proteoglycan-degrading enzyme is applied to the site of

coaptation.

141. The method according to claim 129, wherein the damaged nerve is partially or
completely severed, having a proximal end and a distal end, wherein the nerve graft has a
first end and a second end, and wherein said implanting comprises interposing the nerve graft
between the proximal end and distal end of the damaged nerve, wherein the chondroitin

sulfate proteoglycan-degrading enzyme is applied to at least one of the following:
(a) the proximal end of the damaged nerve;
(b) the distal end of the damaged nerve;
(c) the first end of the nerve graft ; and

(d) the distal end of the nerve graft.



ABC, chondroitinase A chondroitinase C, chondroitinase AC, hyal uroni dase,
matrix mnetall oproteinase-2, and matrix netal |l oproteinase-9, or a

conbi nat i w0 @3wesaof. 132. The net hod according to clai m 12€T/vdversiza t he
chondroitin sulfate proteoglycan-degé®adi ng enzyne is selected fromthe
group consi sting of chondroitinase ABC, chondroitinase A, chondroitinase
C, chondroitinase AC, or a conbination thereof. 133. The nmethod according

to clai m l3iyindefigidadhosiveioanbagiohé of thefdilatving: pr ot eogl ycan- degr adi ng
enzyne is a chondr0|t|nase 134. The nethod according to claim 129, wherein

sai d nethod fur r_conpris a a tissue adhesive to: (a) the nerve
graft; or (b) t@%ﬁﬁgﬁﬁ ge %P@%?H%?%?@grﬁdth the nerve graft and the
darmaged nerve. WO 03/015612 PCT/ US02/ 25922 68 applying cells to: (a) the
nerve graft; or(b)the diskedenthoftbedhnmegedgsrvepr (c) both the nerve graft and the
damaged nerve. 136. The nethod according to claim 135, wherein the cells
are stemcells y ing to claim 135, wherein the cells
are Schwann cel$) §-%%1R$%ﬂﬁ%£5$% gg%grdlng to claim129, wherein the
nerve damage conprises a disruption in the continuity of at |east one of
the nerve sheat(thefdistahendiefithgjesivegsefie sel ected fromthe group consisting
of basal |amna, perineurium and epineurium 139. The nmethod according to
claim 129, whergisn tije panye a&%ﬂﬁ% td $lafin 29! HnBRE Said 111-lﬂﬁntlﬂg]@01ﬁﬁﬁfh%
according to claim129, wherein the nerve damage is a neurot mesis erein
sai d i npl asepiieg the mervessaft e dpgaged acre pd S‘{:}W&?gt the Herge eré t@léh?efb’g& rve,
and wherejn i he chondroitin sulfate proteoglycan-degrading enzynme is
applied to the site of coaptation. 141. The nmet hod according to claim 129,
wherein the dama ed nerve is partially or l etely %evere havin

onp
proxi mal end anHa dfke anetady aceordipgith ﬂW@‘H@PvéwﬁW%ﬁt ﬁaﬁmH‘DFWr§Fﬁgﬁd and

a second e teoBhE LM iy éﬁyﬂe 'cEﬂ%EsagfsisQﬁ cﬁ&mlhﬁ-ﬂ%ulﬁi’cé eShBRGbig-6-ReraRer ve
graft bet the proxi mal stal end of the danaged nerve,

wherei n t her l@gﬁ]@)dmndiogﬁw sulfate and chondroitin-6-sulfate.

145. The method according to claim 129, wherein the chondroitin sulfate
proteoglycan-degrading enzyme decreases the latency of axonal ingress from the damaged

nerve into the nerve graft.

146. The method according to claim 129, wherein the chondroitin sulfate
proteoglycan-degrading enzyme increases the rate of axonal ingress from the damaged nerve

into the nerve graft.

147. The method according to claim 129, wherein the chondroitin sulfate

proteoglycan-degrading enzyme is applied topically.

148. The method according to claim 129, wherein the chondroitin sulfate

proteoglycan-degrading enzyme is applied by injection.

149. The method according to claim 129, wherein the chondroitin sulfate

proteoglycan-degrading enzyme is applied to the nerve graft en bloc.

150. The method according to claim 129, wherein the chondroitin sulfate

proteoglycan-degrading enzyme is applied with a pharmaceutically acceptable carrier.



sul fat e proteogl ycan-degrading enzyne is applied to at | east one of the

followng: (a) the proximl end of the danaged nerve; (b) the distal end
of the dawspBdisaeve; (c) the first end of the nerve graf tpCr/esvd2592e) t he
di stal end of the nerve graft. WO 03/ 015612 PCT/ US02/ 25922 69 applying a
ti ssue adhesive to at |east one of the followng: (a) the proximl end of
t he damaged nerve; (b) the distal end of the danaged nerve; (c) the first

end of t hecap@dr\iesecfeltionaihel grotfl bodshenglbfiqalds opth, Rambhelidke invEpoliyradet..  143.
The met hod according to claim 129, wherein said inplanting conprising

coapting the nerye graft. into the da nerve agnd suturinpg.the nerve
Graft to the danbgee timDacoli 4R oAoRhER PR G R AFccDGble

wher ei n t hentdiois deletted frdim e p@up Rofigag | of casmitagssAshongese Mbyoie statters, | ysi s
of chondroitin-4- ondroitin-6-sulfate, or both

sul fate, Cg
chondr oi t i P -egsuﬂ?e&%?n‘g?ﬂi“ ffondroi ti n-6-sul fate. 145. The met hod according
to claim 129, wherein the chondroitin sulfate proteoglycan-degrading
enzyne decr easei$3t Nenel radthett yecofdirxio reddimi I5Q) wh&eihirtherpliditadctatiafle decepeblee | Nt 0
the nerve graft. 146. TA;E% met hod according to claim 129, wherein the
chondr oi t i P 2 etrofledseleass SYEEN- degr adi ng enzyme increases the rate of
axonal ingress fromthe damaged nerve into the nerve graft. 147. The
nmet hod accor di nig4t ortel ra¢thodl 2@ordintgeto edlaimt 156, wheaidribé phammseehfiaile acceptable

r ot eogl ycan-degr adi ng. e i.s_appli.ed tapjecally.. 148. .The net hod
o oL eo0l e 05013 B ) SOt sRER ST b Rl b e Bl PR

pr ot eogl ycaavdlagradi ng enzyne is applied by injection. 149. The net hod
according to claim 129, wherein the chondroitin sulfate

pr ot eogl ycan- degr.adi en S lied to e nerve graft en.blo 150.
The method accordi ng' o %ﬁ%gfnaicfﬁg% rgiﬂﬁl tlég’ gﬂjglf%ﬁ' 3? ic{l?o%cﬁ?lflgt %‘ﬁfate

pr ot eogl y cpidtedgigtamcdagend@inz yrivpme Sis ap phoreltbitthasé) andphaersic gt cloatilojtinasc épt abl e
carrier. applied to the damaged nerve within a concentration range from about 10 units/mL to about

1000 units/mL.

156. The method according to claim 129, wherein the chondroitin sulfate
proteoglycan-degrading enzyme is a chondroitinase, and wherein the chondroitinase is
applied to the damaged nerve within a concentration range from about 100 units/mL to about

500 units/mL.

157. The method according to claim 129, wherein the chondroitin sulfate
proteoglycan-degrading enzyme is a matrix metalloproteinase, and wherein the matrix
metalloproteinase is applied to the damaged nerve within a concentration range from about

0.1 pg/mL to about 100 pg/mL.

158. The method according to claim 129, wherein the chondroitin sulfate
proteoglycan-degrading enzyme is a matrix metalloproteinase, and wherein the matrix
metalloproteinase is applied to the damaged nerve within a concentration range from about

10 pg/mL to about 50 pg/mL.

159. The method according to claim 129, wherein the damaged nerve is a damaged

peripheral nerve.



WO 03/015612 PCT/ US02/ 25922 70 carrier is selected fromthe group
consisting of liquids, gels, foans, solids, and polyners. 152. The net hod
accor di ngwoon3phsdiien 150, wherein the pharnmaceutical |y accemcabise22saerier is
selected fromthe group consisting of 7lmenbr anes, sponges, fibrous
structures, powders, fleeces, and particles. 153. The method according to
cl ai m 150, wherein the pharmaceutically acceptable carrier is a controlled
rel ease sy sieesniral hérvoukhgstemtahid the aeo pelifvgmiptises Ipaiiphefad fervivignei n t he
pharmaceutically acceptable <carrier is a surgical cuff, wherein the

The met hod accoldr ng ¥ R b fres8EREHar affe K cHBRa dft | SrogPray ame
pr ot eogl yc arotadglycaddopgrdanzenapne 5 adbactbitldigniel nase, and wherein the
chondroitinase is applied to the damaged nerve within a concentration

range from about_,10 its/ t 0 about 000 its/m.. 156.. The. et
according to cl <£3.2I"n 13@? n\}\%ggr_deiaﬁco 165 ctﬁo%].l&lrn%)i ]liilgh Vz}tﬁefuéttée ehondrGieh” sl
pr ot eogl yc arvtabgtycaddepgadinzenaymée & aanaeioaitn endynrkase, and wherein the
chondroitinase is applied to the damaged nerve within a concentration
range from about,100 i 0 it . 7.4 The. net
according to cl 216|3r'n 1’5841 I%Il\ﬁééryéia%&tr (ﬂgg ::thg]oﬁl 1(r;’noi fé?h "Z"J’F%I%tteg Chongr%mn sﬁ?a%

pr ot eogl yc arvtabgycaddeppdingzonayme § aaeqvatbiriaxt exeyraé.| opr ot ei nase, and wherein
the matrix mnetalloproteinase is applied to the danaged nerve within a

concent a1 o0 sl AP b B A0 AL S o Pt 1

u
pr ot eogl yc anfatepordglycpnedeziadmgi eazamaeinimnsesnasinahistenpng genetisaly mordfievhiarsei n

the matrix t.al | oprotein i | ol to.the.d ner wi.thin.a

concent r at 1% PR PNE 8 B Saf Ui ol u e HEERE AR O H1Be Mk el o

accordi ng wheeimitha b398, hashbeanl gerelienligamadididd neitlv e ipslyaudantidlg eshcoding ithdrer al
15612 25922 .71 the central nervous system and the

nerve. WD Oglg g,[CT/ l%SO /c 2 .
nerve graf £PUSFRYT Sllaepro ??}gi‘élmé FAPUL Y D e
165. The method according to claim 164, wherein the genetically modified host is a

cell.

166. The method according to claim 129, wherein the nerve graft is autologous with

the damaged nerve.

167. The method according to claim 129, wherein the nerve graft is allogeneic with

the démaged nerve.

168. The method according to claim 129, wherein the nerve graft is xenogeneic with

the damaged nerve.

169. The method according to claim 129, wherein the nerve graft is derived from a

mammal.

170. The method according to claim 129, wherein the nerve graft is derived from a
mammal selected from the group consisting of human, non-human primate, porcine, rodent,

and bovine.



161. The nethod according to claim 129, wherein the chondroitin sulfate
pr ot eogl ycan-degradi ng enzyne is a bacterial enzyne. 162. The net hod
accor di ngwoon3ohsdien 129, wherein the chondroitin sulfate  PCT/US02/25922

prot eogl ycan- degradi ng enzyne is a maf@mal i an enzyne. 163. The net hod
according to claim 129, wherein the chondroitin sulfate

prot eogl ycan- degradi ng enzyne is a reconbi nant enzyne. 164. The nethod
accor di ng th »ared grafi 39derived froima gainthah pyidciedafiinn theafrowheansisigt bhonSiihiat €
pr ot eogl ycap- 1 rises admnistering a genetically

nodi fi ed h%gggﬁ?gﬁ§h§q8§%§ég§bﬁgﬁge, or to the nerve graft, or to both the
damaged nerve and the nerve graft, wherein the host has been genetically
nodi fi ed with alfol yf{hwe@thwgeaceqréi@giwgctam 12% owhbkreint ibe shunfiatith sulfate

| oali0ga o 465018 qeLhed ding.tg clai m 164,
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wherein the genéetica rsa «c¢ ft%od accor di ng
to claim 129, wherein the nerve graft is autol ogous with the damaged
nerve. 167. ThelRet hdbe aeetbediianeprding cloaickin 2129, whisarein nthe hehondrown gumte | S

al | ogenei c | @dﬂ?gg&%qﬂ The nepthod accordjing to claim 129,
wher ei n thgwrt\égrgl\ygéﬂg}g%gfqt 15 xengé%ﬁg?goq%?%we%rrﬁrﬁagg @é‘&‘p{%{”b%. 169. The

met hod according to claim 129, wherein the nerve graft is derived froma
mammal . 170. Th%ﬁﬂhﬁ’dﬂeth%%?ﬁ@ﬂﬁ@ tp glagn A2Iwir@in the ecoi grathempeisese Hviagt i s
derived frgmga mammal selected fromthe group consisting of hunman,

non- human prinmate, porcine, rodent, and bovine. WO 03/015612

PCT/ US02/ 25922 72 the nerve graft is derived froma mammal selected from
the group consi 5Pt rgedretipsiacrording to plindd% Whetsinctha @erve gidintompeingt dibvingie.
172. The RoshdagrQsid s 4 i : 10 hondroitin, sulfate

pr ot eog| y(r:rgtt:_ degr adi ng_enz ﬁ%&% @Hg%écﬁ?ggwgE@H%ﬁrg;tﬁsg&%ﬁg’feﬁel%%&?cghg% d

i npl ant i ngbefarpgaid ppplapiingpfdhenrselbleingyetamfc| ai m 129, wherein the chondroitin
sul fate proteoglycan-degradi ng enzyne applied to the nerve graft after

said inplantingl76. The method according to claim 129, wherein said method further comprises

resecting the damaged nerve before said implanting of the nerve graft.

177. The method according to claim 129, wherein the nerve graft is a terminal nerve

graft,

178. The method according to claim 129, wherein the nerve graft is an interpositional

nerve graft.

179. The method according to claim 129, wherein the nerve damage was caused by

disease.

180. The method according to claim 129, wherein the nerve damage was caused by

trauma.

181. The method according to claim 129, wherein the nerve damage was caused by a

surgical procedure.

182. A method for promoting repair of a damaged nerve, wherein the nerve damage
comprises a disruption in the continuity of at least one of the nerve sheaths of the damaged

nerve selected from the group consisting of basal lamina, perineurium, and epineurium,



174. The nethod according to claim 129, wherein the nerve graft conprises a
living graft. 175. The nethod according to claim 129, wherein the nerve
graft conma®adsdaz2living graft, and wherein said nmethod fraowisee/280epri si ng
rendering the living nerve graft acelfular before said inplanting of the
acel lul ar nerve graft. 176. The nethod according to claim 129, wherein said
met hod further conprises resecting the danaged nerve before said

i npl ant i ng 2RLYipg ehendrajidnage tefthe nerveygrafhive tothe ldadaged mervelj orgo b@xhﬂ:ﬂeaiemeég%&t
wherei n t hgyN@EViEmHahbvks @ termnal nerve graft. 178. The netho
according to claim129, wherein the nerve graft is an interpositional

nerve graft. 179. The nethod according to claim 129, wherein the nerve
damage was caus®¥- bylhedmstiad eaccordiog tvhdaimet Bhdwhereior the ngrieo gakatdmpA8s

wher ei n thgeﬁﬁ@fégngmg&was caused by trauma. 181. The nethod according
to claim129, wherein the nerve danage was caused by a surgical procedure.
182. A method for pronoting repair of a damaged nerve, wherein the nerve
damage conpri sE¢- alhginasthgst aceerding te plaing b32, whetein thoherxt gtadias butologowfwitthe
nerve sheaislaphgdiiRrdamaged nerve selected fromthe group consisting of
basal |am na, perineurium and epineurium W) 03/015612 PCT/US02/ 25922 73
appl yi ng chondroi ti rilase to the nerve graft, or to the damaged nerve, or to
both the nerve YPafthe msthod arsordimgde elaing b evhenega the Pawvergsifhisdillagemeicdiitig t o
cl ai m 182, melaemeidd dehe. nerve graft conprises peripheral nerve tissue. 184.
The nethod according to claim 182, wherein the nerve graft is autol ogous
wth the damage%% n@%ve. 85. The nethod according to claim 182, wherein
the nerve grafti%s Ir?fé@%}é‘ic%m@wgfipdiﬂﬁjelgéaw&@é’@ thepeyee grafds xelihgenaie twithd
accordi ng the dehadesdnt8e, wherein the nerve graft is xenogeneic with the
damaged nerve.

187. The method according to claim 182, wherein the nerve graft is derived from a

mammal.

188. The method according to claim 182, wherein the nerve graft is derived from a

mammal selected from the group consisting of human, non-human primate, porcine, rodent,

and bovine.

189. The method according to claim 182, wherein the damaged nerve is human and
the nerve graft is derived from a mammal selected from the group consisting of non-human

primate, porcine, rodent, and bovine.

190. The method according to claim 182, wherein the nerve graft is a terminal nerve

graft.

191. The method according to claim 182, wherein the nerve graft is an interpositional

nerve graft.

192. A nerve graft comprising nerve tissue prepared by a method comprising

applying at least one chondroitin sulfate proteoglycan-degrading enzyme to said nerve tissue.



187. The nethod according to claim 182, wherein the nerve graft is derived
froma nmamual. 188. The nethod according to claim 182, wherein the nerve
graft is deriwesbibrom a nanmal sel ected fromthe group cagaisloenspof
human, non-hunman prinmate, porcine, rogent, and bovine. 189. The nethod
according to claim 182, wherein the damaged nerve is human and the nerve
graft is derived froma mammal selected fromthe group consisting of

non- Ihu man ddgfdd\%@tdﬁzy[ﬁ@i’sﬁblﬂﬁed fron et gfroxqrcdmﬁﬁﬁﬂgnﬁ chohdfhitinhke hpatirondiaca@r di ng
to claim 182, wherein the nerve graft. is a termnal. nerve graft. 191. The
mot hod accBRBRNESELORPIERAe1 85 2 SR dhreeatapyd pQFaAlvgresRe Hagient of

i nterposit{eamtherBer Ve graft. 192. A nerve graft conprising nerve tissue
prepared by a nethod conprising applying at |east one chondroitin sulfate

pr ot eogl ycan- degr.adi,ng enz t.0. sai.d.nerve tissuye,. 03&0156 2

T USt2) 55922 50a HEGHEHH HATSROYAR 192 hirE oM RS G IO A OBHEPE i ng
of chondr olidgrdtaseenzim@lsur ogtiraisitaseand matrix metal | oprotei nase, or a

conbi nati on thereof, or a biologically active fragnent or variant thereof.

194. The nerve graft of clai 2 erein said chaondroitin sulfate.

or ot cogl yoan- - dr die REEATY GandYeneern et meed 108 b e Db Bt ¢ o
cl ai m 192, a vikyae edRsisatokaiichedisiugr t her conprising applying a tissue
adhesive to said nerve tissue. 196. The nerve graft of claim 192, wherein
said nerve tiss nprises d ivin S . n Lel I further
conprises r ende#bl%‘ngﬁl ard s %/f% %%CIaﬁ%rlég’ ‘?#eg%lﬂég%ggl ﬁifsglf’ Eoﬁghlgs ﬂ{ﬁﬁeig ﬁgsru\?’e
graft of chmiwhetdn saidhrethed furger choneiseckaendegng sdidilivieg uave tisseigeldet. | ul ar
conprises freeze-killing said nerve tissue. 198. The nerve graft of claim
192, wherein saj rv i j i al . -1 erve
graft of claim7T92, \%ﬁlgrr‘%ig%a%tjﬁe&%%lrpl\%’ ‘gﬂr?eg‘%lﬁ S?lg?%\étg rémr#‘r%aﬁi;#?%ee%g% agc}-@??p
200. The nesmeisgy Edctze-Gflling midmet@isswwher ei n t he nerve graft is an

i nterpositional nerve graft.

198. The nerve graft of claim 192, wherein said nerve tissue is peripheral nerve

tissue.
199. The nerve graft of claim 192, wherein the nerve graft is a terminal nerve graft.

200. The nerve graft of claim 192, wherein the nerve graft is an interpositional nerve

graft.
201. The nerve graft of claim 192, wherein said nerve tissue is mammalian tissue.

202. The nerve graft of claim 192, wherein the nerve tissue is selected from the group
consisting of human tissue, non-human primate tissue, porcine tissue, rodent tissue, and

bovine tissue.
203. The nerve graft of claim 201, wherein said nerve tissue is human tissue.
204. The nerve graft of claim 192, wherein the nerve graft is an autograft.
205. The nerve graft of claim 192, wherein the nerve graft is an allograft.

206. The nerve graft of claim 192, wherein the nerve graft is a xenograft.



201. The nerve graft of claim 192, wherein said nerve tissue is mammualian

tissue. 202. The nerve graft of claim 192, wherein the nerve tissue is

sel ect ed woomsviba2group consi sting of human tissue, non- raTEPSOPREIIAL €

ti ssue, porcine tissue, rodent tissue7sand bovine tissue. 203. The nerve

graft of claim 201, wherein said nerve tissue is human tissue. 204. The

nerve graft of claim 192, wherein the nerve graft is an autograft. 205.

The nerve gorbilyaih-debaidig kZmennaaeulurt hedingr ve graft is an allograft.

206. The nerve graft of claim 192, wherein the nerve graft is a xenograft.

WO 03/ 015612 PCELUSQ2/ 25922 7 r ot eogl.ycan-degr adi ng. en .and ul ture

medi um 208. Thgéé'st gﬁ}ieges 5% eut“lﬁl(l)t[ril)onof0 ?c‘gaéllxlma‘@&?,‘%v%eé? eslghdeézgl%{lgg%ﬁ]&n%ﬁ%? in

sul fate pproteagigéanaiepradagr adyme i€ naynel fivmsthe egrtwgd coiisting o€ cfomigitinase,

consi sting_of chondroitinase al ur ondi ase nd .matri x et al.l qpr.otei nase,

ESPHE R el e S e A L L b

t her eof . 2&8ve frh@n&it of Rgiantstéredfi on of cl ai m 207, wherein said chondroitin

sul fate proteoglycan-degrading enzyne is a chondroitinase. 210. The

storage sol uti of ¢laim 207 her ei.n .sai ul t.ure medi um c ris

def 1 ned maci um 20831 Foealedis sl REC PR Qoo g \HRRFETRR oSt

cul tur e negloiebglocutipteding eunaefis nekbndrdinase. 212. A net hod for preparing

nerve tissue for use as nerve grafts, wherein said nethod conprises

C!Jl turing the NRpY te' Stotage Iscﬂuﬁ’c‘n} 5901%1?1%%67C eqr%i Isglﬂscutp tm@&iﬁ”?éa tp%esesper ve

tissue to grow’in vitro and increasé thé reurite-pronoting ac |V|n}y of the

nerve ti ssdefinedhmadiusubsequent!|y i nplanted. 213. The nethod according to

claim 212, wherein the increase in neurite-pronoting activity is as

det er mi ned by [ ' .t e Y. af : [ . 214,

The net hod accgir]gji REY% %%I%fggi%érﬁn%%?]?%%ﬁ glb\?fhvtv egl?}nS a@i ?uﬁtg%n%géllxlgeéogﬁj?l Jé?sowt h

assay conpundsfsedamatijzzocul t ure bi oassay. 215. The nethod according to claim

212, wherein the increase in neurite-pronoting activity is as determ ned

by an in vivo rije I ﬁﬁ]? f. erve tissu -he t hod

according to clnzg?'m 1151,9[11{8 é‘é}\gﬁﬁaﬁpsa Z%(r:‘%l ?gﬁ{r}?rfl% %S atshll(la&%e \?gg’tl]@ges%g Sla{rge
method comprises culturing the nerve tissue in vitro under conditions that permit the nerve

tissue to grow in vitro and increase the neurite-promoting activity of the nerve tissue when

subsequently implanted.

213. The method according to claim 212, wherein the increase in neurite-promoting

activity is as determined by an in vitro neurite outgrowth assay of the nerve tissue.

214. The method according to claim 213, wherein the in vitro neurite outgrowth

assay comprises a cryoculture bioassay.

215. The method according to claim 212, wherein the increase in neurite-promoting

activity is as determined by an in vivo neurite outgrowth assay of the nerve tissue.

216. The method according to claim 212, wherein said culturing of the nerve tissue in

vitro is for a period of time that allows pre-degeneration of the nerve tissue in vitro.

217. The method according to claim 212, wherein said culturing of the nerve tissue in
vitro is for a period of time that achieves an increase in axon ingress and extent of growth

within the nerve tissue when subsequently implanted.



vitrois for a period of time that allows pre-degeneration of the nerve
tissue in vitro. 217. The nethod according to claim 212, wherein said

cul t uri ngwarosthssimerve tissue in vitro is for a period ofpdl/vss2rket
achieves an increase in axon ingress and extent of growmh wthin the nerve
ti ssue when subsequently inplanted. WO 03/015612 PCT/ US02/ 25922 76 vitro
is for a period of time wwthin the range of about 24 hours to about 96
hours. 21%ixdheforepiiivd dciarrvidthngtht tangt af 4BoBfl2, hookrad @bout 9aheircul t uri ng of
the nerve tissue in vitrois for a period of tirre W t hin the range of

about 24 hours out .7 ord

Sherei n sand cABunhieapdenarits ofom L fav RN s PRERLEPE e bRt

time of abaub id@r hpeﬁcﬁlofﬁ%.wﬁﬂﬂethaﬁnlgedfmﬁmmhdn@ tb @abait a2 houizd. 2, vvherel n
said culturing of the nerve tissue in vitro is conducted at a tenperature
\(’:V: ;Ihlmn 2&26 {Aﬂggzgogfrgg%o oda co%utl Oto c?a%?thlg Cerelr% tgallzl% gllml%ng%}' %ﬁggervg ﬁgsuglmn g to
conduct ed atroasifoearpmoaltqumewfabnum%h@lrx.ange of about 30 Cto about 37 C
223. The nethod according to claim 212, wherein said culturing of the nerve
tissue in vitrp,i

nmet hod accordi n% t?hgﬁ{%%ﬁ%%%rﬂv%% Ctlaq %Z‘;’%ég{l/gil% ?’gg#lg ?gthgner%gﬁfsul?f 225.
The met hodviaodosodilnged ab actdmpemmzmhmhq: minge offebowteiOl € to algmud7’iG marmal i an

ti ssue. 226. The nethod according to claim 212, wherein the nerve tissue is
el [an U Sshs. Sk AR bR REIAROND, FRASH Shib Bllhe BHABRCL BSHE

non- hurman prinmate tissue, porcine tilssue £1SsuB bovi ne

ti ssue. 22iitroThendedtétoat aa@mmrngwﬁlmfw winge Qﬂ@puw(?eﬂéq) pbauhd7°fer ve tissue is
human tissue. 228. The nethod according to claim 212, wherein the nerve
graft i s an autpar gk menpd decoldjf fsesle{mdmc\%ahQaadmuﬁlhgbmhzﬁawm%% n the
nerve graft is an allograft 3%) he nethod according to claim?2

wher ei n thetrnesowedgﬁed‘etta|ten1@rawn@§alamt37°£31 The net hod according to claim
212, wherein the nerve tissue conprises living nerve tissue, and wherein

sai d met hod f urgNerrne Aol 3ER%ih 5@%&@92t\m€ﬂélﬁ WeHOrvB 85466 id dnSxPBnt. @Cel I ul ar
after said culturing. WO 03/015612 PCT/US02/ 25922 77

225. The method according to claim 212, wherein the nerve tissue is mammalian

tissue.

226. The method according to claim 212, wherein the nerve tissue is mammalian
tissue selected from the group consisting of human tissue, non-human primate tissue, porcine

tissue, rodent tissue, and bovine tissue.
227. The method according to claim 212, wherein the nerve tissue is human tissue.
228. The method according to claim 212, wherein the nerve graft is an autograft.
229. The method according to claim 212, wherein the nerve graft is an allogratft.
230. The method according to claim 212, wherein the nerve graft is a xenograft.

231. The method according to claim 212, wherein the nerve tissue comprises living
nerve tissue, and wherein said method further comprising rendering the living nerve tissue

acellular after said culturing,



nerve tissue, and wherein said nethod further conprises freeze-killing the
living nerve tissue after said culturing. 233. The nethod according to
cl ai m 212womsansiin sai d net hod further conprises freezi ngpaimesonessne ti ssue
for storage. 234. The nethod according to claim233, wherein said freezing
is carried out after said culturing in vitro. 235. The nethod according to
claim 212, wherein said nethod further conprises applying at |east one
chondr oi t i mergatifsad, angp whéremghidaasthaliefiyrthaticngpasez Yreezetlolling therivingenetvestizses
236. The nefhod.according to claim 235, wherein the chondroitin sulfate
pr ot eogl yc Iaaégf';lﬁ}%é enzyme is applied to the nerve tissue during said
culturing. 237. The nethod according to claim235, wherein the chondroitin
sul fate pr ot edjBycHire vethpddiquglien oy dein 212 pplicrad stid ndilodnfrther ¢ongsises af t er
said cul tugi n%g §38. The th[orcg!L accor ding to claim235, wherein said nethod
further coﬁ%erz S0e Ny ST YT P8y t he nerve tissue after said culturing in
vitro, and wherein the chondroitin sulfate proteoglycan-degradi ng enzyne
is applied to t23d. Méhreusethodaagerdaigtte rclaimi2d3 f whaein -skid| fiderigg 12@@riedTd affet hod
according to,clai.m 235  wherein the chondroitin sulfate

said culioring, 7 Vifro. . .
pr ot eogl ycan-dleg’a‘dl ng e€nzyne is selected fromthe group consisting of
chondroiti nase, hyalurondi ase, and matri x netal | oprotei nase, or a
conbi nati on t he?38of Thepmgthod aeconding) énl claive 31 i wieprain said anethaBRrtheheomsirises he
chondroi ti t . ' ' Lt:Lhase.
241, The. narRi &0t RS Ra i ARG A SRR b e LB OL BT e
peri pheral nerve tissue. 242. The nethod according to claim212, wherein

sai d cul turi ng Bénpr Thre sngthaciprgrding do ndpipe 230 s shsraim the rrbardroifint pullg t ur e

compr i ses. BoeARS AR ARRARERAT, R n By 10 b M o BBy By T e
medi um suppl enmented with serum 245. The nethod according to claim 242,

wherei n the cul?3re Hisdinathadonrprordies touplaiet i238d wheeainrfhe Xpendrritie pefatrd
according 10 6LREM &bfaditfabfthdis hfiRiel Y kb hEvERShE B QAR ChinkRg.

238. The method according to claim 235, wherein said method further comprises
freeze-killing the nerve tissue after said culturing in vitro, and wherein the chondroitin sulfate

proteoglycan-degrading enzyme is applied to the nerve tissue after said freeze-killing.

239. The method according to claim 235, wherein the chondroitin sulfate
proteoglycan-degrading enzyme is selected from the group consisting of chondroitinase,

hyalurondiase, and matrix metalloproteinase, or a combination thereof.

240. The method according to claim 235, wherein the chondroitin sulfate

proteoglycan-degrading enzyme is a chondroitinase.

241. The method according to claim 212, wherein the nerve tissue comprises

peripheral nerve tissue.

242. The method according to claim 212, wherein said culturing comprises placing

the nerve tissue in contact with culture medium.

243. The method according to claim 242, wherein the culture medium comprises a

defined medium.



dul becco's nodified eagles' medium 247. The nmethod according to claim 212,
wherein said nethod further conprises isolating the nerve tissue froma
manmal  prwarostoesaai d cul turing of the nerve tissue in vitrRCT/UD48592The

met hod according to claim 212, wherei said nethod further conprises
applying a tissue adhesive to the nerve tissue. 249. A method for enhancing
the regenerative potential of nerve tissue for use as nerve grafts,

wher ei n saddfina®mbdidmcopglemans] wit femrrh.ng the nerve tissue in vitro for a
period of time within the range of about 24 hours to about 96 hours 250.
The met hod acc [ i.m 2 e t he n

tissue in i t%gl rslﬂ}e 86&0@%0%{11? Fovmlgl bﬁb,f\ﬁ{ egenfﬁlg érhyﬁ%gmg%u%bou eéf hour s
t o about 7&hdefingdsnedib.. The rret hod according to claim 249, wherein said

cul turing of the nerve tissue in vitrois for a period of tinme of about 48
hours. 252, The get il 86ehdiofind & b 112 Atherdtl BleClhuRAnaifitd! St gk of
the nerve tissue in o 'S cOo at ’a tenperature wt e range
of about 1&116écbdsabd1ﬁed3§gle80neéﬁﬁl The net hod according to clai m 249,
wherein said culturing of the nerve tissue in vitro is conducted at a
tenperature w tfy-n e t hod
according to clghm ?%9?E@/ﬁ(g§%&%d@%%aalﬁpg ﬁér |vﬂle?é?rpgélﬁggert1§rdv%ﬁ§?rs y{@n@%
vitro i s cisolding thelnerve tisshefrpmmanammal prionioceid CBIYur@g of 8% nerpig disswe t7hwigro.
according to claim 249, wherein said culturing conprises placing the nerve
i ssue in contagk WhidmGitbd UL diRg /i D30 1d RIHJISAR AR RGrisdd
culturing the nerve tissue in vitfo under conditions that pernmit the nerve
ti ssue to gixing ntissué adhgsingt thewsrestiseue he neurite-pronoting activity of the
nerve tissue when subsequently inplanted. 257. The nerve graft of claim
256, wherein thgol NEHERRE fob eﬁ&%lhg Qn@fegéﬂa;aung pa@ﬁﬁa\rloﬂlewb%sﬁs deLes 59 ned
by an in vitro neurite out assay of the nerve tissue. 258. The nerve
graft of cheveeRBs wheredy @idgwm@ﬂaed pampFises qyltpang the serse tiigpo i e @\& ayperiedbeir i ses
8 Cryocul { Hi.goBihBARs Alize GBout B GoRSHY ool Ffoufl Cl @i M 257, wherein the
increase in neutrite-pronoting activity 1s as determned by an in vivo

neurite outgrowt h assay of the nerve tissue. 260. The nerve graft of claim
256, wherein sat- diib mgthiod goesrdingie olpim 249 whessie sgichculfuripg of the nerve tissue in

vitro is for a period of time within the range of about 24 hours to about 72 hours.

251. The method according to claim 249, wherein said culturing of the nerve tissue in

vitro is for a period of time of about 48 hours.

252. The method according to claim 249, wherein said culturing of the nerve tissue in

vitro is conducted at a temperature within the range of about 10° C to about 37° C.

253. The method according to claim 249, wherein said culturing of the nerve tissue in

vitro is conducted at a temperature within the range of about 30° C to about 37° C.

254. The method according to claim 249, wherein said culturing of the nerve tissue in

vitro is conducted at a temperature of about 37° C.

255. The method according to claim 249, wherein said culturing comprises placing

the nerve tissue in contact with culture medium.



is for a period of time that achieves an increase in axon ingress and
extent of growh within the nerve tissue when subsequently inplanted. 261.
The nervewgr@fousat cl aim 256, wherein said culturing of trETMESRRSRRESSUE iN
vitro is for a period of tinme w thin7the range of about 24 hours to about
96 hours. 262. The nerve graft of claim 256, wherein said culturing of the
nerve tissue in vitro is for a period of tine within the range of about 24
hours to alGufing theHRteStisswd. vitkh @ndcsRdigedf thatqiertit demezZbtissuh & giok sai d

cul turing of the,nervedﬁissue invitro .is f a peri.od of ti of apout 48

;
hours. 264VitrqHEd farease Jhe MEuye-PEmAtRg ?ﬁ@Yl%\ﬂg Fhgi BETES FIEPUE VR SUREP B D he

nerve tissiygdnedvitro is conducted at a tenperature within the range of
about 10 C to about 37 C. 265. The nerve graft of claim?249, wherein said

culturing of the_nerve tissye_.in.vitro. is conducted at.a tenperatur.

within the r ané"é7o1q{1%18?}'ﬁ‘f g’\?goéc{gﬁn ggél)‘fhef?”in S ISEBSe "Fﬁlgu‘?\tgip\‘}oénr%'r“ﬁfafnvg' claim
249, wher ejsis %&iﬁd"rgl&hiiﬁ\@tr@fneﬁﬁtew@fo% hds®safrhd fierd tiskwe. | S conducted at a
tenperature of about 37 C. 267. The nerve graft of claim 256, wherein said

nerve tissue conpri.ses living nerve j ssue,. and. wherei n.sai d et hod
further conprises r dlé‘?r?’%ﬁra?%‘éfe?lf‘% ?\%” r@}e{/dén ?Teslélu‘gg JEPIG A OV@ 93P015612
PCT/ US02/ 2&982isesteryocubuie bicasdywher ei n sai d met hod further conprises
freeze-killing the living nerve tissue. 269. The nerve graft of claim 256,

wherein said t hod, further .c ri reezin t he_ner t] fOr.
st or age. 270_”$ﬁ§-ﬂ@?ﬁgvgggﬁfggﬁniﬁgﬁﬁg gﬁmc 8$@Fﬁnggrﬁgﬂ¥%%§#%ﬁm&énf

carried oufs agfiéteinisedity anGhlbivol héulige duigreivtir 3saydT the nkhve tinsreve graft of claim
256, wherein said culturing conprises placing the nerve tissue in contact

with culture iU 272. The IV raft .of .cl ai 7 i.n.the.culture
nediun1conprigggbdg%Fﬁgaegﬁgﬂ?J%Pn§§gfw %8ﬁ%&?@hg%éfiﬂgﬁgg%gﬁﬂgﬁg%?ﬁy
wher ei n t hi fe1d peitod ofeitieudnicohiprds pasndefe imedkon fpgléss amd exgpitedgrivell withith
serum 274, The nerve_graft of cl.ai g?l, wherein the cul ture nmedi um
conpri ses BRAETPHEYC W F%Wﬁm5ﬁé?m%%%eﬂerve graft of claim256, wherein the
nerve tissue is nanmal i an tissue.

261. The nerve graft of claim 256, wherein said culturing of the nerve tissue in vitro

is for a period of time within the range of about 24 hours to about 96 hours.

262. The nerve graft of claim 256, wherein said culturing of the nerve tissue in vitro

is for a period of time within the range of about 24 hours to about 72 hours.

263. The nerve graft of claim 256, wherein said culturing of the nerve tissue in vitro

is for a period of time of about 48 hours.

264. The nerve graft of claim 249, wherein said culturing of the nerve tissue in vitro

is conducted at a temperature within the range of about 10° C to about 37° C.

265. The nerve graft of claim 249, wherein said culturing of the nerve tissue in vitro

is conducted at a temperature within the range of about 30° C to about 37° C.

266. The nerve graft of claim 249, wherein said culturing of the nerve tissue in vitro

is conducted at a temperature of about 37° C.

267. The nerve graft of claim 256, wherein said nerve tissue comprises living nerve

tissue, and wherein said method further comprises rendering the living nerve tissue acellular.



276. The nerve graft of claim 256, wherein the nerve tissue is manmali an
tissue selected fromthe group consisting of human tissue, non-human

pri mat e twss®15q1@r ci ne tissue, rodent tissue, and bovi needis®ees2277. The
nerve graft of claim 256, wherein the8herve tissue is human tissue. 278.
The nerve graft of claim 256, wherein the nerve tissue conprises peripheral
nerve tissue. 279. The nerve graft of claim256, wherein the nerve graft is

an aut ogr afitsue, 238 WherbhitsafihstBodifuthdr comphided a2 ABllinp R NRINE dehe tigkeve graft
is an allograft. 281. The nerve graft of claim 256, wherein the nerve

ft i ft.. WO 03/015612 / US02/ 25922 -aft., at. th
O Te of damoa 8o Ui nete @R o7 Ot 200, wivhan Rad o futich CGyPas frsfeg "

conpri si ngtheketve fisdug forveorags; ve graft in vitro under conditions that permt
the nerve graft to growin vitro and increase the neurite-pronoting

I Vi f th f . |y .inpl d, 283 T hod
ccordi o to crHim St sl i 0a 3G R i AR it oS R 7Y

is for a peuliwdidg@fvitrbite t hat achi eves an increase in axon ingress and
extent of growh wthin the nerve graft when subsequently inplanted. 284.
The met hod accos4i t | ai-m Lej i j )
neurite-pronoti %ﬂ nlglgtn ?V? aﬁi oé,f% giéh 3%@3‘?1%6%%%%}1&%%{%6 %’%%dts%c}) I%Jént%rt}l? gorve
out gr owt h #ssayn ahtathweitiherlines gedidrh. 285. The net hod according to 284,
wherein the in vitro neurite outgrowth assay conprises a cryoculture
assay. 286. Th.e‘Z’}Fft edneq’fé: eraﬂ' (ﬂ”g;latirg 2%%4whé'f@grt é@ul{'uli]eem'e@ﬁﬁiecao risd} defined
neurite-pronmpting activity® 1s as determned by an in vivo neurite

out growt h asdaym.of the nerve graft. 287. The nethod according to claim 282,
wherein said culturing of the nerve graft in vitrois for a period of tine
wi thin the rangeg,,0f-ab t . .

according to cl %ﬁ'n “2?“%%%3%%%%?? (1:’u ?ﬁ%ﬁg" g\ﬁfﬁ{r igle%@r%v%) (r?izsi%?&el%%gd
is for a periliot wpplememedwithsgrumhe range of about 24 hours to about 72
hours. 289. The nethod according to claim 282, wherein said culturing of

t he nerve graft,ismn [ ' & PR’ e find diBrelhe ARR Y mAR 90.
The net hod accozrjcélli’ n%%t&gk}(:%l%?&mgg(g%, i)vﬁé{ﬁve‘fqgl saﬁlt dﬂ!cafﬁ t%rl ng 1(1)1? SteEgH(E]eZilp S%
graft in wetium.is conducted at a tenperature within the range of about 100
C to about 37 C

275. The nerve graft of claim 256, wherein the nerve tissue is mammalian tissue.

vitro

276. The nerve graft of claim 256, wherein the nerve tissue is mammalian tissue
selected from the group consisting of human tissue, non-human primate tissue, porcine tissue,

rodent tissue, and bovine tissue.
277. The nerve graft of claim 256, wherein the nerve tissue is human tissue.

278. The nerve graft of claim 256, wherein the nerve tissue comprises peripheral

nerve tissue.
279. The nerve graft of claim 256, wherein the nerve graft is an autograft.
280. The nerve graft of claim 256, wherein the nerve graft is an allograft.

281. The nerve graft of claim 256, wherein the nerve graft is a xenograft.



291. The nethod according to claim 282, wherein said culturing of the nerve
graft in vitro is conducted at a tenperature within the range of about 30
C to abouw®s/@s61292. The met hod according to claim282, w@Ereson2send
culturing of the nerve graft in vitr®is conducted at a tenperature of
about 37 C. WD 03/015612 PCT/ US02/ 25922 82 nerve tissue, and wherein said
process further conprises rendering the living nerve tissue acellular.

294. The magkegrACHohe shg ot Baridgs] What8R, thoh@k€ phfisiak betieprépartd Y ta 16¢WRE | Ses
living nerve tissue, .and wherein_ said pr%gess further co,ng}r@i ses
freeze- ki | POTRBSiecliuting frefisfpeerelt syjgo undeyponditiens futipggnih edieriergat & ci ai m

282, wher eigfyys 8}, iR OGRE Sndrébsd NBE feBARIprGRSing! EARTY NEF ttﬁbene@evgfaﬁra«j@nfpr
storage. 296. The nethod according to claim %95, erein said freezing is

carri ed ousubsequently mplantedy| t ure in vitro. 297. The nmethod according to
claim 282, wherein said culturing conprises placing the nerve graft in

contact with cubgureheméhédbccag td BN BN ddeRmCsIdbulGritglo fahahatv2@adst in
wherein the culture nedium conprises defined nedium 299. The t ho

accor di ng P@ocsdphg pawd oitfEncihat chisves ATt BFTEasEl AT 08IRT frdetent af g9

medi um supRligiEat 88vibhah wikh Wibseqeftly ikp@intaat hod according to clai m 282,
wherein the culture nedi um conprises undefined nedium 301. The net hod

according to claim282, wherein . the nerve graft is mamualian . tissue. 302.
The nmethod accof¥t thecIBe@ch?‘??P@&g, t"}Rj‘]?é‘T‘@g?r WhrEeTR d1eBOTESE £1 PUSHGRIRFARP PN
tissue sel geigd if £QMRMifed b RinGARShetitd Wt @bwil4BRY of e Hb&e ghBN- human
primate tissue, porcine tissue, rodent tissue, and bovine tissue. 303. The

met hod according_to_clai 82, erein.the nerve graft is hunman tissue.
304. The net hodg%caﬁﬁli‘ﬁ‘fg“ oacé?rﬁ'{]%tﬁ 4, VOﬁ%rF‘é‘i et”%@’”ﬁe’?‘?}‘é‘teg?'gﬂwwi}bﬁﬁﬂ ses
peri pheral ca@pN®RsbhsoHdursditay. The met hod according to claim 282, wherein
t he damaged nerve conprises nerve tissue of the central nervous system

286. The method according to 284, wherein the increase in neurite-promoting activity

is as determined by an in vivo neurite outgrowth assay of the nerve graft.

287. The method according to claim 282, wherein said culturing of the nerve graft in

vitro is for a period of time within the range of about 24 hours to about 96 hours.

288. The method according to claim 282, wherein said culturing of the nerve graft in

vitro is for a period of time within the range of about 24 hours to about 72 hours.

289. The method according to claim 282, wherein said culturing of the nerve graft in

vitro is for a period of time of about 48 hours.

290. The method according to claim 282, wherein said culturing of the nerve graft in

vitro is conducted at a temperature within the range of about 10° C to about 37° C.

291. The method according to claim 282, wherein said culturing of the nerve graft in

vitro is conducted at a temperature within the range of about 30° C to about 37° C.

292. The method according to claim 282, wherein said culturing of the nerve graft in

vitro is conducted at a temperature of about 37° C.



WO 03/ 015612 PCT/ US02/ 25922 83 applying a tissue adhesive to the damaged
nerve, or to the nerve graft, or to both the damaged nerve and the nerve
graft. 30WO oBhwasqret hod according to claim 282, wherein theamusoe2graft is a
termnal nerve graft. 308. The net ho8 according to claim 282, wherein the
nerve graft is an interpositional nerve graft. 309. The nethod according
to claim 282, wherein said nethod further conprises applying at |east one
chondr oi t i messltfsalef afd Vheef P protag fattien dompaeiedderidg e dB@ORGve Q¥ E, OF
the nerve graft, or both the damaged nerve and the nerve graft. 310. The
met hod accéfdHUE to clai m 309, wherein the chondroitin sulfate

pr ot eogl ycan-degradi ng enzyne is applied to the nerve graft after said

cul turing in vibof. TELhethdd acdorlitomd dam@8d] Whertia saidaierMe 2Bt comtygrises Hviagi d

met hod further conpri.ses .resecting.the damaged nerve. priqr.to said

bl i g ofROTR S SO SO s ehPRB T S CEbech e s Tt T agisue
wherein the nerve graft is autologous wwth the damaged nerve. 313. The
met hod accor di n@94.0 That andthodSicordingrteicinim R82nehereingsaaf protss didlegemaprisen t h
t he damaged. nerve. 314. ay}% qet hod according to claim 282, wherein the
nerve graf t"FE&ENIGEREr 1%%8% he damaged nerve. 315. A nethod of
providing nerve grafts for inplantation into a danaged nerve of a

pot enti al nerve2g6.afhe methopiaetidingreclainn29) evheeimagpd freeeingas camipd iosesften
proxi mal nerve sturT‘p and wherein said nethod conprises: (a) determ ning
the cross- SESCPBHEF #ar acteristics of the potential recipient's proximal
nerve stunp; WO 03/015612 PCT/ US02/ 25922 84 proximal nerve stunp with the
cross-sect i onal 28haffhe methiod tacavsding toaclpinu2 &, mhyrenf sagbevdiudag eomigives placieg ve

grafts; anqlb(c selectin a.angi dat e..donor nerve graft having
cross- sect i"ShA"e Flii}nacé’fl%f’ti‘gﬁf%umel %Iuﬁ’l"' to cross-sectional characteristics

of the potential recipient's proxinal
298. The method according to claim 282, wherein the culture medium comprises

defined medium.

299. The method according to claim 282, wherein the culture medium comprises

defined medium supplemented with serum.

300. The method according to claim 282, wherein the culture medium comprises

undefined medium.

301. The method according to claim 282, wherein the nerve graft is mammalian

tissue.

302. The method according to claim 282, wherein the nerve graft is mammalian
tissue selected from the group consisting of human tissue, non-human primate tissue, porcine

tissue, rodent tissue, and bovine tissue.
303. The method according to claim 282, wherein the nerve graft is human tissue.

304. The method according to claim 282, wherein the nerve graft comprises

peripheral nerve tissue.

305. The method according to claim 282, wherein the damaged nerve comprises

nerve tissue of the central nervous system.



nerve stunp. 316. The nethod according to claim 315, wherein said

determ ning conprises generating digital inage data of the potenti al

reci pi ent Wo @rooxdizal nerve stunp, wherein the inage data ROIMISIRNASI22
information as to the cross-sectional 8tharacteristics of the potenti al
recipient's proximal nerve stunp. 317. The nethod according to clai m 316,
wherein said conparing conprises analyzing the imge data to define

coor di nat e 4pplyatg atirsuefdhpsvete tigd damagedneaveg onerienceteegrefitor talbalreie Ghmabdd
order to pr C ntial recipient tenplate, and conparing the

potenti al I%g‘%iaglﬂg}lefn%{"%r%?@te to candi date donor graft nerve tenpl ates,
wherein the candi date donor graft tenplates conprise coordinate |ocations
of nerve el enent387.albe methpd aedoedimmto diimrA82 ewherein Wieareetengrsthisth enninali Meatee

| ocati ons £y Obt ai ned by anal ysis of inmage data generated fromthe
plurality candi date donor nerve grafts. 318. The nethod according to
claim 315, wherein the cross-sectional characteristics of the potenti al
reci pi ent's pro3dP#malhevaethed sicordingtn glaith 832 vdewisthe newe glaftih ar mech@rsitivhalcs  of
the plur alrje*‘)ééq;ﬁ_candi date donor nerve grafts conprise one or nore
paraneters o ne or nore nerve structural elenments within the potenti al
reci pient's proximal nerve stunp and the plurality of candi date donor
nerve grafts. 3309 fihe methatbercariingr @i damt 282 MdiereirB s8] mther efirther remprigesor

nmore par angg af 1N e RSt sting of di ter

t hi ckness, ?ﬁ%’ﬁigpatellg %18? a??gﬁg&éér%ﬁgh 1%%8%@#@'0%@@%6%5%%% | n&atHeg dapaged, 319,
wher ei n t heeviseordhe nayyegratrordothithaidimaged nered andeht erargafiel ect ed from t he
group consistjng of epineurium fascicles, fascicular groups, nyelin
sheath, and axoBgy V03t 1cbitiiz 7D <fam O36b, ffert € Yl ISR ofE WSO
nerve structural el ement alignment \%Ilt the potential recipi ent s ferve
stunp. 322 .prateeglyper-tdegiading enzginags applied withn B1&, grathaftezisaid tilemripg ur ailtrbt y  of
candi date donor nerve grafts are stored frozen. 323. The nmethod according
to claim 315, wagf eietfignddl McaldideYio Vlaith®D AALRiIARP et Afhd rcg&ﬂ)ﬁse re
cultured in vitro under conditions that permt the nerve tisste 10
degener at e reseging therdpmaged neste préerde shidepplyongofthemedddgrafher ein the plurality
of candi date donor nerve grafts are frozen before or after the in vitro

culture. 312. The method according to claim 282, wherein the nerve graft is autologous with

the damaged nerve.

313. The method according to claim 282, wherein the nerve graft is allogeneic with

the damaged nerve.

314. The method according to claim 282, wherein the nerve graft is xenogeneic with

the damaged nerve.

315. A method of providing nerve grafts for implantation into a damaged nerve of a
potential nerve graft recipient, wherein the damaged nerve comprises a proximal nerve

stump, and wherein said method comprises:

(a) determining the cross-sectional characteristics of the potential recipient’s

proximal nerve stump;



325. The method according to claim 315, wherein the plurality of candi date
donor nerve grafts are autogeneic. 326. The nethod according to claim 315,
wherei n tWe® @lasakity of candi date donor nerve grafts arecvssgeseec to
the potential recipient's proximl nes&e stunp. 327. The nethod according
to claim31l5, wherein the plurality of candi date donor nerve grafts are
xenogenic to the potential recipient's proxinmal nerve stunp. 328. The

met hod accpiodinitl né®e sthmp Rifhlhe crodseseaionalt dheragbtistiat of ayplodhlityafdindatae: dbnoor
grafts are mammalian, 329. The nethod according to claim 315, wherein the
plurality BVeHEAtH@e donor nerve grafts are human. 330. The method
according to claim315, wherein the potential recipient is human. 331. The
met hod accordi ng t o (c) asetacBid, a wheriglate atonbre astveongaft hbmdngi tross-sutidnat e

8 2) (r)] E) re 0 % L?,/ S @géq%ge?{ségl s%%ile?rnt% %g(‘%s-lsesctiggz& lchaergctér%ﬁgsh gf 11?1!3 %B%L%iah %ec%ier&asnpqg)}gl%aie

nerve stump.

316. The method according to claim 315, wherein said determining comprises
generating digital image data of the potential recipient’s proximal nerve stump, wherein the
image data contains information as to the cross-sectional characteristics of the potential

recipient’s proximal nerve stump.

317. The method according to claim 316, wherein said comparing comprises
analyzing the image data to define coordinate locations of nerve elements and nerve element
diameters in order to produce a potential recipient template, and comparing the potential
recipient template to candidate donor graft nerve templates, wherein the candidate donor graft
templates comprise coordinate locations of nerve elements and nerve element diameters,
wherein said coordinate locations are obtained by analysis of image data generated from the

plurality of candidate donor nerve grafts.

318. The method according to claim 315, wherein the cross-sectional characteristics
of the potential recipient’s proximal nerve stump and the cross-sectional characteristics of the
plurality of candidate donor nerve grafts comprise one or more parameters of one or more
nerve structural elements within the potential recipient’s proximal nerve stump and the

plurality of candidate donor nerve grafts.

319. The method according to claim 318, wherein the one or more parameters are

selected from the group consisting of diameter, thickness, and spatial arrangement.

320. The method according to claim 319, wherein the one or more nerve structural
elements are selected from the group consisting of epineurium, fascicles, fascicular groups,

myelin sheath, and axons.
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the highest degree of nerve structural element alignment with the potential recipient’s nerve
stump.

322. The method according to claim 315, wherein the plurality of candidate donor

nerve grafts are stored frozen.

323. The method according to claim 315, wherein the plurality of candidate donor

nerve grafts are cultured in vitro under conditions that permit the nerve tissue to degenerate.

324. The method according to claim 315, wherein the plurality of candidate donor

nerve grafts are frozen before or after the irn vitro culture.

325. The method according to claim 315, wherein the plurality of candidate donor

nerve grafts are autogeneic.

326. The method according to claim 315, wherein the plurality of candidate donor

nerve grafts are allogeneic to the potential recipient’s proximal nerve stump.

327. The method according to claim 315, wherein the plurality of candidate donor

nerve grafts are xenogenic to the potential recipient’s proximal nerve stump.

328. The method according to claim 315, wherein the plurality of candidate donor

grafts are mammalian.

329. The method according to claim 315, wherein the plurality of candidate donor

nerve grafts are human.
330. The method according to claim 315, wherein the potential recipient is human.

331. The method according to claim 315, wherein at least one chondroitin sulfate

proteoglycen-degrading enzyme is applied to the plurality of candidate donor nerve grafts.



