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Biodegradable polymer scaffolds provide an excellent approach to quantifying critical factors necessary for
restoration of function after a transection spinal cord injury. Neural stem cells (NSCs) and Schwann cells (SCs)
support axonal regeneration. This study examines the compatibility of NSCs and SCs with the poly-lactic-
co-glycolic acid polymer scaffold and quantitatively assesses their potential to promote regeneration after a
spinal cord transection injury in rats. NSCs were cultured as neurospheres and characterized by immunostaining
for nestin (NSCs), glial fibrillary acidic protein (GFAP) (astrocytes), BIlI-tubulin (immature neurons), oligo-
dendrocyte-4 (immature oligodendrocytes), and myelin oligodendrocyte (mature oligodendrocytes), while SCs
were characterized by immunostaining for S-100. Rats with transection injuries received scaffold implants
containing NSCs (n=17), SCs (n=17), and no cells (control) (n =8). The degree of axonal regeneration was
determined by counting neurofilament-stained axons through the scaffold channels 1 month after transplanta-
tion. Serial sectioning through the scaffold channels in NSC- and SC-treated groups revealed the presence of
nestin, neurofilament, 5-100, and BIII tubulin—positive cells. GFAP-positive cells were only seen at the spinal
cord-scaffold border. There were significantly more axons in the NSC- and SC- treated groups compared to the
control group. In conclusion, biodegradable scaffolds with aligned columns seeded with NSCs or SCs facilitate
regeneration across the transected spinal cord. Further, these multichannel biodegradable polymer scaffolds
effectively serve as platforms for quantitative analysis of axonal regeneration.

Introduction acid and polyglycolic acid polymers and their copolymers

have been used extensively in clinical practice and have been

HE FIELD OF SPINAL CORD REPAIR and regeneration is

rapidly advancing, primarily through translational re-
search in animal models. After traumatic spinal cord injury
(SCI), areas of gliotic scar tissue and areas of cystic degen-
eration create a structural barrier to regeneration and con-
sequently return of function. Forty percent of patients with
SCI have complete loss of function below the level of injury
and no functioning neural tissue at the level of the injury.'?
Proposed methods for bypassing this damaged area of spinal
cord include robotic or electronic connections or replacing
the scar and cystic areas with either a nervous tissue bridge
or a synthetic bridge.>*

Biodegradable polymer scaffolds serve to form a structural
support to bridge the injury site and guide axonal regener-
ation. An 85:15 polylactic acid:polyglycolic acid (PLGA)
scaffold maintains its structural integrity for at least 8 weeks
and starts to degrade significantly by 24 weeks.” Polylactic

found to be biocompatible.®™® Two clinical studies used PLGA
guidance channels for peripheral nerve regeneration without
significant adverse effects.”'® a-Hydroxy acid polymer scaf-
folds have been used extensively in animal models of pe-
ripheral nerve injury''™'® and SCL.'*'® The biodegradability
of the scaffolds prevents long-term foreign body reaction,
local damage, or need for further surgeries. Multichannel
scaffolds may avoid the complication of lumen collapse ob-
served with the use of single lumen polymer scaffolds.>'*'°
Multilumen scaffolds have the mechanical and physical at-
tributes to provide an appropriate microenvironment for re-
generation.'”'®

Three broad categories of SCI have been used in animal
models: contusion or compression, partial transection, and
complete transection. Each offers important contributions to
studying repair. Contusion and compression mimic the type
of injury that occurs most frequently in patients. However,
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the occurrence of axonal regeneration and sprouting of the
distal segments of surviving axons complicate interpretation
of results from studies of contusion and partial transection
injury. Complete transection provides a model where factors
governing regeneration can be studied in isolation. In addi-
tion, the use of scaffolds allows separate manipulation of the
three-dimensional structural, cellular, and molecular envi-
ronment of the regenerating cord.

Neural stem cells (NSCs)'**' and Schwann cells
(SCs)'>?*% have consistently been shown to enhance axonal
regeneration within the peripheral and central nervous sys-
tem (CNS). This study aimed to determine the compatibility
of NSCs and SCs with a biodegradable PLGA scaffold and
subsequently transplant these cell-loaded scaffolds into the
transected spinal cord. Cellular characterization within the
scaffold posttransplantation, quantitative assessment of ax-
onal regeneration, and functional recovery using Basso,
Beattie, and Bresnahan (BBB) analysis were the major out-
come measures. The goal was to determine whether delivery
of NSCs and SCs via a scaffold system supported the ability
of the cells to promote regeneration, because 40% of patients
with SCI have complete loss of function below the level of
injury."” Promoting functional recovery in such patients
would require bypassing the destructed spinal cord, and
initiating neuron-specific regeneration of axons and path
finding to their targets.

Materials and Methods
Fabrication of scaffolds

Scaffolds were fabricated from 85:15 PLGA by an injection
molding-solvent evaporation process as previously de-
scribed.” These scaffolds were 2 mm in length, 3mm in di-
ameter, with seven internal channels, each measuring 660 pm
in diameter.

Isolation and culture of NSCs as neurospheres

NSCs were isolated from embryonic day 14.5 rat telen-
cephalon and diencephalon by microdissection, mechanical
trituration, and filtering through a 70 pm mesh filter. They
were cultured in serum-free media containing DMEM/F12
1:1 (Invitrogen, Grand Island, NY), 1/100 N2 supplement
(Invitrogen), 100IU/mL penicillin-streptomycin (Sigma-—
Aldrich, St. Louis, MO), 20ng/mL EGF (PeproTech, Rocky
Hill, NJ), and 20ng/mL bFGF (Sigma—Aldrich). NSCs were
cultured as floating neurospheres in low attachment six-well
plates, with 4mL media per well. Neurospheres were pas-
saged, and 2-3mL of the media per well was replaced every
other day. This isolation and culture was adapted from
methods previously described.?*2¢

Immunocytochemistry analysis
to characterize neurospheres

Neurospheres were characterized in vitro by immunocy-
tochemistry using antibodies against nestin (a marker for
NSCs, Monoclonal IgG, 1:1000; Chemicon, Temecula, CA),
glial fibrillary acidic protein (GFAP) (a marker for astrocytes,
polyclonal, 1:150; Promega, Madison, WI), BllI-tubulin (a
marker for immature neurons, Monoclonal IgG, 1:250; Che-
micon), oligodendrocyte-4 (O4) (a marker for immature oli-
godendrocytes, Monoclonal IgM, 1:100; Chemicon), and
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myelin oligodendrocyte-specific protein (MOSP) (a marker
for mature oligodendrocytes, Monoclonal IgM, 1:1000; Che-
micon). Neurospheres were counterstained with bisbenzi-
mide 33342 (Sigma-Aldrich), which stains cell nuclei.
Cyanine 2—- and Cyanine 3-conjugated secondary antibodies
(Jackson Laboratories, West Grove, PA) were used, and
neurospheres were imaged using confocal microscopy (Zeiss
Axiovert 100M, Thornwood, NY). For three separate cultures
of neurospheres, a random selection of 10 confocal images of
neurospheres was taken for each immunostain, using only
the bisbenzimide filter to select the section. The proportion of
cells positive for each cell marker was determined by di-
viding the number of cells positive for each marker by the
total number of bisbenzimide-stained nuclei.

Isolation, culture, and characterization of primary SCs

SCs were isolated from the sciatic nerve of 2-5-day-old
newborn rats, dissociated, and cultured for 24-48h on la-
minin (Sigma-Aldrich)-coated tissue culture dishes. Media
contained DMEM/F12 (Invitrogen), 10% fetal bovine serum,
and 100IU/mL penicillin-streptomycin (Sigma-Aldrich).
SCs were characterized in vitro by immunocytochemistry
using an antibody against S-100 (polyclonal, 1:10; BioGenex,
San Ramon, CA).

Assessment of cell morphology/survival in scaffolds

To assess the distribution of NSCs and SCs within a PLGA
scaffold, bisbenzimide 33342 (Sigma-Aldrich)-stained cells
were resuspended in undiluted Matrigel (a soluble basement
membrane matrix; BD Biosciences, Bedford, MA) and loaded
in the seven 660-pum-diameter channels of a 85:15 PLGA
scaffold. Scaffolds were ~3mm in diameter and 2mm in
length. Scaffolds were then cultured in NSC or SC media at
37°C. After fixation with Trump’s fixative (4% paraformal-
dehyde and 1% glutaraldehyde in phosphate buffer pH 7.2),
scaffolds were cut in transverse sections using a no. 11
scalpel. Cells in channels were visualized in transverse sec-
tions using a Zeiss Axiovert 35 inverted fluorescent micro-
scope.

Preparation of scaffolds for surgeries

Before surgery, scaffolds were sterilized by immersion in
80% ethanol, thoroughly rinsed in distilled water, and then
prewet with appropriate cell culture media. Air bubbles were
removed by application of a vacuum. Twenty-four hours
before implantation, cells (NSCs or SCs) were resuspended
in undiluted Matrigel (BD Biosciences) at a density of
10° cells/uL and seeded into scaffolds using a pipette with
gel-loading pipette tips. Approximately 0.68 pL of cell sus-
pension was required to fill each channel, giving a total of
68,000 cells per channel and 476,000 cells per scaffold. The
scaffolds for the control animals were also prewet with cell
culture media and were loaded with Matrigel alone without
any cells.

Surgery and postoperative care

All procedures involving animals were approved by the
Institutional Animal Care and Use Committee at the Mayo
Clinic. Adult Sprague-Dawley rats (250-300g) were an-
esthetized with 60mg/kg ketamine (Fort Dodge Animal
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Health, Fort Dodge, IA) and 2.5 mg/kg xylazine (Ben Venue
Laboratories, Bedford, OH) by intraperitoneal injection.
Operations were performed using sterile technique and with
the aid of a Zeiss Superlux 40 surgical microscope. A 2cm
midline incision was made along the T7 to T10 spinous
processes. The thoracolumbar fascia and paraspinal muscu-
lature were incised along the spinous processes and re-
tracted. A T8-9 laminectomy was performed, and the cord
was transected using a no. 11 blade, which was confirmed by
observation. The site was irrigated with normal saline, and
bleeding was controlled using gauze and cotton-tipped ap-
plicators. The implant was placed in the transection gap and
aligned to assure good contact and no blood clots at the
rostral and caudal cord-scaffold interfaces. Because the
scaffold was 2mm in length, all transections resulted in a
2mm gap between spinal stumps. Surgeries were performed
on 42 rats with 17 rats receiving implants containing SCs, 17
rats receiving implants containing NSCs, and 8 rats receiving
scaffolds containing no cells (control).

Postoperatively, animals were given buprenorphine
0.05mg/kg SQ for pain for the first 48h, Lactated Ringer’s
solution (LR) as needed, and Enrofloxacin (Bayer, Shawnee
Mission, KS) intramuscularly (IM) or Gentamicin (Schering-
Plough, Union, NJ) IM for 3-7 days. For the duration of the
experiment, bladder voiding and observation of the animals
were performed twice daily. Enrofloxacin or Gentamicin and
Lactated Ringer’s solution were used to treat urinary tract
infections, and topical antibiotics were used to treat decubital
ulcers.

Functional analysis

Functional recovery of experimental and control animals
was assessed by performing open field testing using the BBB
locomotor rating scale 2 and 4 weeks after surgery.”” Each rat
was observed in an open plastic box for 5min, and three
independent, blinded observers recorded hind limb joint
movements, weight support, toe clearance, tail position, and
coordination of gait and paw position. Observations were
used to give each rat a rating on the 21-point BBB locomotor
rating scale.

Histological and immunohistochemical analysis

One month after surgery, animals were euthanized with
pentobarbital (Fort Dodge Animal Health) IM and fixed by
transcardial perfusion with 4% paraformaldehyde. The spi-
nal column was removed en bloc and postfixed in 4%
paraformaldehyde for 48h. The spinal cord was then re-
moved and postfixed in 4% paraformaldehyde for an addi-
tional 24-48h. A 1cm region of the spinal cord containing
the scaffold was embedded in paraffin and 8-um-thick serial
transverse sections cut with a Reichert Jung tabletop micro-
tome (Leica, Heidelberg, Germany). Longitudinal sections
were cut for one animal from each group.

Characterization of cells within the scaffolds used the
same immunohistochemical staining as described for the
neurospheres. Antibodies against adenomatous polyposis
coli (APC; monoclonal IgG, 1:20; Calbiochem, San Diego,
CA), galactocerebroside (Gal-C; polyclonal, 1:1000; Sigma-—
Aldrich), and neurofilament (monoclonal IgG, 1:100; Dako,
Carpinteria, CA) were also included in the analysis. Cy2- or
Cy3-conjugated secondary antibodies (Jackson Laboratories)
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or 3-amino-9-ethylcarbarzole (AEC) (Dako) were used for
primary antibody detection. For each animal, sections from
one quarter, one half, and three quarters of the way through
the scaffold were stained with each antibody.

Axonal profile counting and data analysis

Neurofilament staining was used to identify axons within
the channels of the scaffold. Serial transverse sections one
quarter, one half, and three quarters of the way through the
scaffold were stained with mouse monoclonal anti-
neurofilament antibody (as above). One section was ran-
domly selected at each level for data analysis. Individual
channels within scaffolds were identified and the area out-
lined. For each animal, the total axon number within the
scaffold channels was counted by a blinded observer. Each
level of the animal (i.e.,, one quarter, one half, or three
quarters) was analyzed as a separate data point. Because a
given level, for example, one quarter, was representative of
axons growing from the rostral cord and another level, for
example, three quarters, represented axons growing from the
caudal cord, these observations were treated as independent.
Kruskal-Wallis test (nonparametric ANOVA) was used to
determine if there was a significant difference in median
axonal counts between the three groups.

Results
Results of surgery and animal survival

Surgeries were performed on 42 rats with 17 rats receiving
implants containing SCs, 17 rats receiving implants con-
taining NSCs, and 8 rats receiving scaffolds containing no
cells (control). Of these animals, four rats were excluded due
to severe self-mutilation requiring early euthanasia. Data
were analyzed from 14 rats in the NSC group, 16 rats in the
SC group, and 8 rats in the control group. There was some
evidence of increased pain behavior in the NSC-treated
group. There was severe self-mutilation in three rats within
this group compared to only one rat in the SC group.

Characterization of NSCs and SCs

NSCs, grown in vitro as neurospheres (Fig. 1A), were
characterized using immunocytochemical staining for nestin
(Fig. 1B), BIII tubulin (Fig. 1C), GFAP (Fig. 1D), O4 (Fig. 1E),
and MOSP (Fig. 1F). Cellular morphology was consistent with
the specificity of the stains. About 81.5+1.96% of cells were
nestin positive; 0.44 £0.21% of cells were BIII-tubulin posi-
tive; 3.2 £0.82% of cells were GFAP positive; 11.8 +1.43% of
cells were O4 positive; and 2.8 +1.04% of cells were MOSP
positive. Isolated SCs exhibited typical bipolar morphology
(Fig. 1G) and were characterized by immunocytochemical
staining for S-100 (Fig. 1H). About 91.95+2.2% of cells ex-
pressed the marker.

Morphology and survival of NSCs and SCs
when cultured within a PLGA scaffold

NSCs and SCs stained with bisbenzimide 33342 were
loaded into the seven longitudinal channels of each PLGA
scaffold (Fig. 2A). Over a period of 3 days in culture, the
NSCs and SCs showed an even distribution within the
channels and continued to proliferate within the scaffold as
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FIG. 1. Characterization of NSCs and SCs in vitro. Phase contrast image of a neurosphere in culture (A). Confocal microscopy
images of neurospheres stained with Nestin (B), BIII-tubulin (C), GFAP (D), O4 (E), and MOSP (F). Bisbenzimide (blue) was used
to counterstain the nuclei of all cells in (B-F). Phase contrast image of SCs in culture (G). Fluorescent microscopy image of SCs
stained with 5100 (H). Magnification: 100 x (A-F); 200 x (G, H). Color images available online at www liebertonline.com/ten.

shown at 2 h (Fig. 2B, D) and at 65h (Fig. 2C, E), respectively.
When left to incubate within the scaffold, NSCs were shown
to be able to differentiate as demonstrated by BIII tubulin—
positive staining (Fig. 2F).

Characterization of cells within the scaffolds
after delivery to the transected cord

Animals were sacrificed 1 month posttransplantation of
the scaffolds, and their spinal cords were harvested for

FIG. 2. NSC and SC survival/
morphology when loaded into
PLGA scaffolds in vitro. The
85:15 PLGA scaffolds were
2mm in length, 3 mm in
diameter, and contained 660-
pm-diameter longitudinal
channels (A). Autofluore-
scence of the scaffolds
occurred. Neurospheres or
SCs, stained with bisbenzi-
mide 33342 (blue), were even-
ly distributed in the channels
after 2 h in culture (B, D), and
proliferated to fill the channels
after 65 h in culture (C, E),
respectively. NSCs retained
their ability to differentiate
when cultured in the scaffold

D, SC:2hrs

300pm

histology. Immunocytochemical analysis revealed the pres-
ence of nestin (Fig. 3A), neurofilament (Fig. 3B), BIII tubulin
(Fig. 3C), Gal C (Fig. 3C), and APC (Fig. 3D) expressing cells
within the NSC-loaded scaffolds.

Animals that received SC-loaded scaffolds showed ex-
pression of S-100 within the channels (Fig. 3E), as well as
other neural markers such as APC (Fig. 3F) and neurofila-
ment (Fig. 3G-I). The location at which these images were
taken is represented in the schematic in Figure 3].

C, Nsc: 65hrs

300pm

, Nsc: pif Tubulin

200pm

(F) (taken 24 h postseeding). All images were taken transversely at the end of the scaffold channels using a confocal microscope.
Magnification: 25x (A); 50 x (B-E); 100 x (F). Color images available online at www liebertonline.com/ten.



Nestin ’

FIG. 3. Characterization of cells within the scaffolds 1 month after transplantation into the transected cord. Confocal (A-C,
E, G-I) and fluorescent (D, F) microscopy images of nestin (A), neurofilament (NF) (B, E, G-I), GFAP (B, D, F, G-I), BIII
tubulin (C), Gal C (C), APC (D, F), stained cells in NSC-loaded (A-D), and SC-loaded (E-I) channels. Transverse sections: (C,
E). Longitudinal sections: (A, B, D, F-I). (J) Schematic representation of the location at which images (A-I) were taken in the
scaffold. In image (D) asterisk (*) denotes the border between the spinal cord and scaffold. Magnification: 200 x (F-I); 400 x
(A, B, D, E); 630 x (C). Color images available online at www.liebertonline.com/ten.
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Quantitative comparison of axonal regeneration

Neurofilament staining was used to quantify axonal re-
generation within the NSC-treated (Fig. 4B), SC-treated (Fig.
4C), or control-treated (Fig. 4D) groups. For each animal, the
total number of axons within the scaffold was counted in
transverse sections selected from one quarter, one half, and
three quarters of the way through the scaffold (Fig. 4A).

Axons were found not only in distinct channels, but also in
pores within the biodegradable scaffold. As seen in Figure
2A, the scaffold is not solid, but spongy and contains pores
within the polymer material. Thus, it was often not possible
to identify seven distinct channels. For this reason and the
fact that channels within an individual animal are not in-
dependent observations, the total number of axons per
transverse section was analyzed rather than the number of
axons per channel.

Figure 4E shows the distribution of axonal counts between
each group. Comparison of the number of axons per channel
at the individual levels (one quarter, one half, and three
quarters) did not show significant differences between
groups at each level or between levels. However, if data from

FIG. 4. Neurofilament stain-
ing of axons in transverse
sections through the scaffold
after 1 month in vivo. Fluor-
escent microscopy image of
one transverse section of a
scaffold (loaded with NSCs)
stained with an antibody
against neurofilament with
the region in which axons
were counted encircled by a
white line (A). Transverse
sections of one channel from
the NSC group (B), one from
the SC group (C), and one
from the control group (D)
stained for neurofilament us-
ing an AEC chromogen.
Magnification: 25x (A); 100x
(B-D). Dot plots of axonal
counts per cord in the NSC-,
SC-, and control-treated
groups (E). Data points rep-
resent individual animals.

95% Confidence interval was 3000+

used for each group. *Medians

vary significantly (p < 0.05) ”

(p =0.0162 using the Kruskal- S 20004

Wallis test) when compared to 5

the control group. Color =

images available online at c

www.liebertonline.com/ten. 5 10004
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all levels were pooled, there were significantly more axons in
the cell-loaded scaffolds compared with controls. An alter-
native method of analysis would be to average the data from
all channels at each level of an animal to generate single
independent observations. One-way ANOVA revealed that
the medians of the three different groups varied significantly
(p<0.05). The Kruskal-Wallis test produced a p-value of
0.016. Both the NSC- and SC-treated groups had a greater
number of axonal profiles within the channels when com-
pared to the control group that received no cells. The SC-
treated group also showed a trend toward greater axonal
counts when compared to the NSC-treated group.

Functional analysis

Recovery of locomotor function was assessed using the
BBB rating scale. While there were significant differences in
the axonal counts in the NSC and SC versus the control
group, this did not have any impact on the functional re-
covery seen. No significant difference in BBB scores was
evidenced between the groups tested. The BBB scores for
the 2 week time-point were 2.51+£0.9, 1.22+0.49, and
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0.78 £0.30 for the control, NSC, and SC groups, respectively.
The 4 week time-point scores were 0.96 +0.04, 1.924+0.43,
and 1.144+0.45 for the control, NSC, and SC groups, re-
spectively.

Discussion

This study demonstrated that multichannel biodegradable
polymer scaffolds effectively serve as platforms for quanti-
tatively assessing axonal regeneration after SCI. This was
due, in part, to the nature of the transection model. Both
NSCs and SCs seeded in a multichannel biodegradable
polymer scaffold supported axonal regeneration after spinal
cord transection in rats, with a trend toward greater axonal
regeneration in the SC-treated group.

Immunohistochemical analysis of the scaffolds 1 month
posttransplantation revealed extensive nestin and neurofila-
ment staining throughout the scaffold in the NSC-treated
group. APC was more prominently localized at the border
between the spinal cord and the scaffold (denoted by the * in
Fig. 3D), while GFAP-positive cells were mainly located in
the spinal cord without extending into the scaffold. Nestin
was the most frequently positive marker in the NSC-treated
group in vivo. Nestin is primarily expressed in the develop-
ing CNS. It is, however, also expressed in adult cells, in-
cluding NSCs, and is upregulated after CNS injury. Nestin
expression has also been shown in radial glial cells, epen-
dymal cells, and in reactive astrocytes after CNS injury in
rats.?*°

In previous studies of NSC transplantation in adult rat
models of SCI, NSCs have primarily differentiated into
astrocytes or remained undifferentiated.”**"** This is in
contrast to our findings that show no differentiation into
GFAP-expressing cells within the channels. This observation
is very interesting and will require further investigation to
determine whether the environment in the channel diverts
NSC differentiation away from the astrocyte lineage or that it
prevents astrocyte precursors from entering the channel. We
speculate that within the channel the regenerating axons are
in a localized microenvironment that has different properties
from the microenvironment of the adjacent spinal cord. The
adjacent spinal cord contains all of the injury response ele-
ments that facilitate astrocyte differentiation and scar for-
mation. The environment within the channel is restricted to
regenerating tissue. This may have implications for the pre-
vention of glial scarring.

Immunohistochemical analysis of the SC-loaded scaffolds
revealed S5-100 staining within the channels. Extensive neu-
rofilament staining throughout the SC-loaded scaffold sug-
gests that axons traversing the channels were from neurons
on either side of the scaffold. The SCs appear to attract ad-
jacent neurons to project regenerating axons from the injured
cord into the scaffold and to provide a structural support
upon which axonal growth can take place.

The quantitative assessment of regeneration by axonal
counting was feasible due to the nature of the complete
transection model. The multichannel scaffold provided
clearly defined regions in which to count axons, and because
all axons were transected at the time of injury, we could be
sure that the observed regeneration was not as a result of
sprouting from residual nontransected axons. There were a
greater number of axons in the NSC- and SC-treated groups
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when compared to the control group, with a trend toward
greater axonal counts in the SC-treated group. Lack of neu-
ronal cell body staining within the channels strengthens
the argument that neurofilament-stained axons were from
endogenous cells regenerating into the rostral and caudal
injured cord. The absolute numbers of axons in each of the
cell-treated groups were relatively small (<3000 axons in
transverse section) compared to the total number of axons in
the normal spinal cord. We have previously counted a total
of 260,000 420,000 axons in transverse sections of the unin-
jured rat thoracic spinal cord (unpublished observations).
Although achieving growth of axons into the channels of
the scaffold is an accomplishment, for functional recovery to
be achieved, axons need to traverse the scaffold, exit the
opposite scaffold—cord interface, reach appropriate targets,
and form functional synapses. Bregman et al. estimated that
5-10% of corticospinal axons are needed to promote func-
tional recovery after SCL* This estimate is consistent
with the lack of functional improvement in this study where
about 1% of axons regenerated. The use of a longer time-
point could potentially demonstrate significant behav-
ioral improvement after delivery of one or both of the cell
types.

Previous studies demonstrate increased allodynia after
transplantation of NSCs in a contusion model of SCI in rats.>*
This is consistent with our findings where there was a trend
toward increased pain behavior (i.e., autophagia) associated
with the NSC-treated group. Several of the animals were lost
from the study because of this severe self-mutilation, which
was more frequent in the NSC-treated group.

This work represents an evolving model for treatment of
severe SCI. The results point to several avenues of future
research. Identifying the best cell type for promoting axonal
regeneration is of great importance in optimizing the model.
This study demonstrated the compatibility of NSCs and SCs
within polymer scaffolds and their potential for promoting
regeneration within a transection injury. Future studies will
focus on altering this environment by selectively expressing
neuronal growth or axonal guidance factors to increase the
level of regeneration of specific neurons. Potential synergistic
interactions between cells and growth factors within one
channel and the potential to regionally direct axonal growth
by aligning specific cell types with spinal cord tracts will also
be studied.’

Conclusion

In conclusion, this study demonstrates that biodegradable
scaffolds with aligned columns seeded with NSCs or SCs
facilitate regeneration across the transected spinal cord.
Further, these multichannel biodegradable polymer scaffolds
effectively serve as platforms for quantitative analysis of
axonal regeneration.
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