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Abstract

Engineered tissue strategies for central nervous system (CNS) repair have the potential for
localizing treatment using a wide variety of cells or growth factors. However, these strategies are
often limited by their ability to address only one aspect of the injury. Here we report the
development of a novel alginate construct that acts as a multi-functional tissue scaffold for CNS
repair, and as a localized growth factor delivery vehicle. We show that the surface of this alginate
construct acts as an optimal growth environment for neural progenitor cell (NPC) attachment,
survival, migration, and differentiation. Importantly, we show that tailor-made alginate constructs
containing brain-derived neurotrophic factor or neurotrophin-3 differentially direct lineage fates of
NPCs and may therefore be useful in treating a wide variety of injuries. It is this potential for
directed differentiation of a scaffold prior to implantation at the injury site that we explore here.
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Introduction

Injury to the central nervous system (CNS) is devastating due to inflammation, scarring, and
the presence of inhibitory molecules in the glial scar that limit self-regenerative capacity.
Bioengineered systems for growth factor delivery and cell transplantation have become
popular due to their high potential to enhance CNS repairl—4. Delivery of neurotrophic
factors, such as brain derived neurotrophic factor (BDNF) and neurotrophin =3 (NT-3), to
CNS injury site has been shown to reduce neuronal death and promote neuronal regeneration
in several different models®>-8. Transplantation of genetically engineered fibroblasts has
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been shown to act as a controlled delivery system to continuously supply the required
neurotrophic factors®-11, However, the transplanted cells often elicit adverse immune
responses. We have shown that encapsulation inside microcapsules possessing a size-
controlling membrane can eliminate the need for immune suppression usually required with
the use of allogeneic cells!2. This strategy is continued in this study.

Transplantation of stem and neural progenitor cells (NPCs) to injury models has also shown
success under certain circumstancesl3. This is especially noted in the spinal cord where
transplantation has been shown to facilitate cell survival, proliferation, differentiation, and
regeneration}4-17. A crucial advantage appears to be the generation of oligodendrocytes that
remyelinate spared axons in the vicinity of a lesion18, Critical to the use of NPCs will be the
ability to understand their differentiation capacity in a given bioengineered solution. As
Obermair et al. point out, one of the challenges to stem cell transplantation is to develop
methods of optimizing cell characteristics prior to grafting and development of methods to
produce adequate commercial-scale quantities!®, a challenge we address here. Both
haptotactic such as those initiated by interaction with hydrogel scaffolds and chemotactic
stimuli induced by cytokines, drugs and neuropeptides have been shown to act in concert in
both a spatial and temporal fashion 20-22 , In some cases NPCs have shown the capacity for
remyelination 23-24 . Nakajima and coworkers reported that the effects of growth factors
could be altered depending on the scaffold indicating synergistic effects between adhesion
and growth factor signals 2° .

To capitalize on these repair strategies, developing a graft that can both protect allogeneic
engineered cells by encapsulation, and provide a growth permissive surface for support of
cells for directed tissue regeneration is important. These grafts require the use of
biologically safe materials 26-28 and in this regard alginate is a promising candidate.
Alginate is a water soluble copolymer derived from brown seaweed. An important
characteristic of alginate is that its linear chains consist of repeating monomeric units of a-
(1— 4) linked L-guluronic acid and p-(1— 4) D-mannuronic acid residues that can form
highly cross-linked hydrogels with multivalent cations (with the exception of Mg 2*). The
gel properties are governed by the proportion of the different monomer units and the
molecular weight. In addition, alginate belongs to a group of compounds that have been
generally regarded as safe by the FDA. Previous reports have shown that a freeze-dried
version can enhance the effects of neurotrophic factors while helping to prevent glial scar
tissue formation in spinal cord injury models2930 . The surface of alginate gels can also be
modified with peptides for cell attachment or coated with poly-L-ornithine (PLO) for
immunoprotection 3112 | It has been shown by various researchers (e.g., Goosen et al 1985)
that a polycation membrane influences diffusion of proteins and that the molecular weight
cut-off for exclusion can be controlled by the nature of the polycation32. We have shown
that our encapsulation methods allow passage of BDNF but prevent rejection of allografts in
vivo®12, The encapsulated fibroblasts were shown to survive in culture, secrete bioactive
BDNF and continue to grow for at least two months 12,

Here, we report the development of an alginate construct, depicted in graphic form in Figure
1., that acts as a multi-functional, tissue engineered graft for CNS repair utilizing NPCs, as
well as a localized growth factor delivery vehicle consisting of encapsulated genetically
engineered fibroblasts producing neurotrophic factors BDNF or NT-3, which we denote as
Fb/BDNF and Fb/NT-3, respectively. This approach represents a promising bioengineered
solution for neural repair that integrates NPCs and a growth factor delivery system tailored
for lineage specific differentiation prior to implantation.

Biomacromolecules. Author manuscript; available in PMC 2013 September 17.
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Experimental section

Cell culture

Rat abdominal skin fibroblasts genetically engineered to release brain derived nerve growth
factor (Fb/BDNF) or neurotrophin-3 (Fb/NT-3) were kindly provided by Dr. Itzhak Fisher,
Drexel University College of Medicine33. The retroviral vector in the fibroblasts has the
human BDNF or NT-3 transgene linked to a reporter gene LacZ, which codes for -
galactosidase. Fibroblasts were cultured in Dulbecco's Modified Eagle Medium (DMEM)
supplemented media with 10% FBS (Gibco, Rockville, MD), antibiotics (Penicillin 100 1U/
ml, Streptomycin 50 pg/ml, Sigma, St. Louis, MQ), at 37°C and 5% CO». The cells were
passaged using 0.25% trypsin-EDTA (Sigma) when they attained 70-80% confluency.

Neural progenitor cells (NPCs) derived from the telencephalon of embryonic day 14 mice
and cultured DMEM/Ham’s F-12 (50:50, Gibco) supplemented with 2% B-27 (Gibco), 20
ng/ml bFGF (basic fibroblast growth factor, Invitrogen) and 20 ng/ml EGF (epidermal
growth factor, Invitrogen) at 37°C and 5% CO,. NPCs were cultured as colonies and
passaged at 7 days after all colonies were visibly spherical using trypsin-EDTA.

Cell viability assay

For cell viability the Live/Dead Reduced Biohazard Viability/Cytotoxicity Kit
#1(Invitrogen) was used. NPCs were incubated for 15 minutes at room temperature with
Component A and Component B. Cells were then fixed in 4% glutaraldehyde (Sigma) for 1
hour at room temperature. Images were acquired using an Olympus 1X71 fluorescence
microscope. Images were processed using SPOT image software to adjust intensity levels.
Images of stained cells in 10 adjacent fields were then counted blindly for each marker.

Hydrogel construct preparation

Calcium carbonate crosslinked alginate constructs - A high guluronic acid alginate was
received as a gift from FMC Biopolymer (Drammen, Norway) (LF200M, Batch# S15596).
A slow gelling method based on that of Kuo and Ma, in which calcium carbonate (Sigma) is
gradually solubilized under mildly acid conditions generated by slow hydrolysis of glucono-
delta-lactone (GDL) was used to prepare constructs34. Five ml of a 1% (w/v) sterile filtered
(0.45 micron bottle top filter) alginate solution was poured into a sterile 15 ml centrifuge
tube. Aqueous calcium carbonate (2.5 ml of 56 mM CaCO3) was added and the solution was
mixed, followed by addition of 2.5 ml of a 157 mM aqueous GDL solution, creating a slurry
with a final GDL concentration of 80 mM. All aqueous solutions were first sterilized by
autoclave. A 2 ml aliquot of the slurry was poured into each well of a 6 well culture plate
and allowed to incubate at 37°C for 24 hours to harden. The resulting constructs were
washed with N-[2-hydroxyethylpiperazine-N’-[2-ethanesulfonic acid] sodium salt (HEPES)
(Sigma), buffer (pH7.4) yielding disc with surface area of 9.6 cm? and a depth of 0.2 cm.

The original genetically engineered Fb-BDNF and Fb-NT3 secrete the neurotrophic factors
at a rate of 12.8 ng and 47.7 ng/106 cells/24 h, respectively3>:36 . We have shown previously
that encapsulation reduces this amount to about 62% of the original levels®’.

Surface Coating of hydrogel constructs

Alginate discs were coated with fresh, filter-sterilized (0.2um cellulose acetate filter) poly-
L-ornithine (PLO), molecular weight 15,000 — 30,000 (Sigma Chemical Co., St. Louis,
MO), 0.5mg/ml in HEPES buffer for 6 minutes by gentle swirling using 6 times the volume
of gel used for making the discs. The constructs were then washed with HEPES buffer to
remove any unreacted PLO. The discs were then exposed to 1ml of a sterile 25% solution of
natural mouse laminin 111 derived from an EHS sarcoma (Invitrogen, Carlsbad, CA), for 24

Biomacromolecules. Author manuscript; available in PMC 2013 September 17.
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hours. Finally the constructs were washed with HEPES buffer to remove excess unreacted
laminin 111.

Encapsulation of genetically engineered fibroblasts in alginate constructs

Fibroblasts (Fo/BDNF or Fb/NT-3) were harvested from culture at about 80% confluency
using 0.25% trypsin for 3 minutes, and resuspended in sterile HEPES buffer. The cells were
added to filter-sterilized (0.45 um) alginate solution to obtain a 1% (w/v) alginate solution
with a cell concentration of about 3 x 10° cells/ml of alginate solution. Alginate discs
containing the Fb/BDNF or Fb/NT-3 were prepared and coated as outlined above. Fibroblast
growth medium was added to the alginate discs and incubated at 37°C

Cell Seeding

NPCs were seeded on the hydrogel scaffold coated with laminin 111 as described above.
The final cell concentration of the NPCs on the surface of the scaffold was 200,000 cells/ml
of alginate.

Quantification of NPC migration distance

Migration distance of NPCs was quantified as a ratio of the radius of the original NPC
colony and the radius of the farthest migration distance of the cells out of the original
colony. These two values were compared (Migrated Radius: Original Radius) to normalize
all NPC colony sizes. 10 adjacent fields were quantified for migration distance for each type
of construct.

Immunohistochemistry

For immunostaining, cells were fixed in 2% paraformaldehyde (Sigma) (PFA) for 30
minutes at room temperature. Fixed cells were blocked for a minimum of 30 min in PBS
containing 0.1% Triton X-100 (Sigma) and 10% normal goat serum followed by incubation
overnight with the relevant primary antibodies at 4°C. DAPI counter-staining was used
when required, and images were acquired using an Olympus 1X71 fluorescence microscope.
Images were processed using SPOT image software to adjust intensity levels. The following
antibodies were used for immunohistochemistry: anti-p75 (mouse 1gG2a, 1:100), anti-Trk B
(mouse 19gG2a, 1:100), anti-Trk C (mouse 1gG2a, 1:100), anti-neuronal class 111 tubulin
(mouse 19G2a,1:1000), anti- MAP-2 kinase (mouse 1gG2a,1:500), anti-GFAP (rabbit
polyclonal, 1:200), anti-S100b (rabbit polyclonal, 1:200), anti-GalC (rabbit polycolonal,
1:200), and anti CNPase (rabbit polycolonal, 1:200). Appropriate Alexa Fluor 488 and
Alexa Fluor 568 — conjugated 1gG (1:100 — 1:500) (Invitrogen, Carlsbad, CA), were used as
secondary antibodies. Images of stained cells in adjacent fields were then counted blindly
for markers for each phenotype.

B-Galactosidase staining

Fb/BDNF and Fb/NT-3 were stained for 3 —galactosidase, the product of the marker gene,
using an X-Gal Staining Kit (Genlantis, San Diego, CA). After alginate discs containing Fb/
BDNF or Fb/NT-3 had been implanted in mice for 7 days, they were recovered and washed
with PBS (pH 7.4). Fixing Buffer was then added to each disc and incubated at room
temperature for 15 minutes. The Fixing Buffer was then removed and the disc was then
washed sufficiently with PBS. X-Gal solution was then added to each disc and incubated at
37°C for 18 hours to ensure proper staining. The X-Gal solution was then removed and the
discs were washed with PBS. Photographs of the discs were taken using an Olympus 1X71
fluorescence microscope.

Biomacromolecules. Author manuscript; available in PMC 2013 September 17.
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Statistical analysis

Results

Statistical analysis for all data for comparison was performed by one-way analysis of
variance (ANOVA) followed by a Tukey-Kramer test using Graphpad PRISM software.
p>0.05 was used for significance. All data were analyzed in a blinded manner.

The long-term goal of this work is to create a multi-functional, implantable hydrogel
construct for the delivery of trophic factors to the injured CNS that is seeded with neuronal
cells with a predetermined lineage. This study is designed to demonstrate conditions under
which the construct has the ability to support cell attachment and preserve viability, and to
investigate the relationships between cell adhesion on the hydrogel and growth factor
signaling in NPCs. We utilize NPCs, which have stem cell-like properties as noted in Figure
2.

Neural Progenitor Cell Adhesion and survival on Hydrogel Constructs

In order to test the potential of alginate as a scaffolding material for NPC in conjunction
with an intrinsic continuous supply of neurotrophic factors, we first quantified NPC
adhesion to alginate scaffolds that were either uncoated or coated with poly-L-ornithine and
laminin 111. Constructs were formed into the shape of discs and coated with poly-L-
ornithine and laminin 111 (a heterotrimeric extracellular matrix (ECM) protein). For NPC
attachment, ~200,000 cells were seeded on both plain and laminin 111-coated alginate,
discs, with and without encapsulated Fb/BDNF and Fb/NT-3.

NPCs that were attached to the laminin coated alginate discs showed differentiation and cell
migration out of the neurospheres after day 1 (Fig. 3.A), day 3 (Fig 3B.) and 5 days (Fig.
3C).

The best NPC attachment (Figure 4) was seen when neurotrophin-releasing cells, Fb/BDNF
(~84%) or Fb/NT-3 (~82%) were encapsulated within laminin-111 coated alginate
constructs. This was in stark contrast to results obtained with gellan gum that had been used
for constructs. Gellan has a similar charged nature, but statistically significant fewer cells
attached (p < 0.001), while agarose, a neutral gel, showed no attachment whatsoever (data
not shown). In addition, alginate constructs with and without encapsulated Fb/BDNF or Fb/
NT-3 showed the highest NPC survival after 7 days in culture (cells alive on fibroblast free
construct: 79.8 £ 9.3%; Fb/NT-3 construct: 89.0 + 3.1%; Fb/BDNF construct: 89.6 + 4.6%;),
significantly more than control laminin 111 coated culture dishes (cells alive: 69.0 + 10.5%;
p< 0.001), which are shown in figure 5. These results demonstrate that alginate is a suitable
biomaterial to promote NPC attachment and survival.

Neurotrophic Factors Increase Neural Progenitor Cell Migration On Alginate Constructs

Once implanted it is important that NPCs migrate to the site of injury. To test this potential,
migration of NPCs on PLO and laminin-coated alginate constructs was evaluated for a 5 day
period. Measured distances were normalized using the ratio of the migration distance of the
cells out of the original colony to the radius of the original colony to account for colony size
(method shown for the example of a fibroblast-free control disc in Figure 6). Plain alginate
constructs. (control) promoted minimal migration of NPCs, with the average the average
distance migrated being only 1.1 £ 0.1 times the original radius (p>0.05) (Figure 7).
However, laminin 111-coated alginate constructs and control laminin 111-coated culture
dishes promoted more extensive NPC migration (2.5 £ 0.3 and 2.0 + 0.2 times the distance
of the original radius, respectively; p<0.05). The incorporation of Fb/BDNF or Fb/NT-3-
within the alginate scaffold increased migration distance of NPCs to 4.5 + 0.6 and 9.8 +1.9

Biomacromolecules. Author manuscript; available in PMC 2013 September 17.
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times the original radius, respectively (p<0.01). The addition of a PLO rate-controlling
membrane coat to the alginate constructs with encapsulated Fb/BDNF and Fb/NT-3 did not
significantly affect migration distance (p >0.05). Thus, encapsulation of neurotrophic factor-
producing cells in the matrix appreciably promoted migration, with Fb/NT3 being superior
to Fb/BDNF.

BDNF and NT-3 Differentially Affect the Fate of Neural Progenitor Cells on Alginate

Constructs

After 5 days in culture, cells derived from NPCs seeded on alginate constructs with or
without encapsulated neurotrophic factor-producing fibroblasts had generated differentiated
cells that included all three major CNS cell types. In all cultures there were some cells
immunoreactive with antibodies against either Bl11-tubulin (a neuron-specific protein), MBP
(an oligodendrocyte-specific protein), and GFAP (an astrocyte-specific protein) indicating
that the alginate constructs allowed NPCs to differentiate into all three distinct cell lineages
(Figure 8).

To quantify the effects BDNF and NT-3, on the fate of NPCs grown on the surface of
alginate constructs, we determined the percentages of cells that were positively
differentiated into neurons (BI11-tubulin, MAP-2), oligodendrocytes (GalC, CNPase), and
astrocytes (GFAP, S100p) (Figure 9). The first disparity that was observed was in astrocyte
production; plain alginate supported significantly (p<0.01) fewer astrocytes than did coated
tissue culture plates by both measures of detection (GFAP: 53.0 £ 5.1% for the construct
compared to 62.5 £ 4.5% for culture plates and S1008: 49.2 + 4.4% compared with 69.9 +
4.1% respectively). Differences are even more marked when neurotrophic factor-releasing
fibroblasts are entrapped in the alginate, showing 12.3 + 3.3% (GFAP positive) and 17.1 +
4.5% (S100p positive) for Fo/BDNF and 10.79 + 5.9% (GFAP positive) and 14.7 £ 2.9%
(S100 B positive) for Fb/NT-3, significantly different than cells seeded in culture dishes or
on cell-free alginate constructs (p<0.01). However, of the cells seeded on alginate constructs
with encapsulated Fb/BDNF 53.1 + 9.1% were GalC positive and 54.9 + 8.0% were CNPase
positive indicating that BDNF promotes an oligodendrocyte fate. In contrast, only 35.0 £
5.4% and 29.3 + 7.2% of the cells measured on alginate constructs with Fb/NT-3 expressed
GalC and CNPase, respectively, whereas 52.7 + 4.7% of the cells were { I11-tubulin positive
and 55.9 + 6.5% were MAP-2 positive indicating that NT-3 favors a neuronal fate. There
was no statistically significant difference between the results obtained for the duplicate
markers, namely for neurons there was no difference between pllI-tubulin and MAP-2, for
oligodendrocytes between GalC and CNPase, and for astrocytes between GFAP and S100B
(p>0.05). The results are summarized in Table 1. These data demonstrate that not only does
plain alginate affect the fate of NPC s growing on its surface but also the notable ability of
encapsulated FB/BDNF and Fb/NT3 to dramatically reduce the proportion of NPCs that
differentiate into astrocytes.

Discussion

Our results demonstrate that both an alginate substrate and delivery of neurotrophic factors
from that substrate have the capacity to influence the behavior and lineage of NPCs seeded
on its surface. For cell attachment, survival and migration both plain alginate and laminin-
coated alginate performed better than laminin-coated tissue culture plates, and incorporation
of neurotrophic factor - releasing fibroblasts within the matrix enhanced the effect.
Specifically, they promote the attachment, survival and migration of NPCs. Laminin also
plays a role but was not essential for attachment and proliferation of NPCs on alginate.

To date, many studies reported in literature have explored the potential of NPCs for
regeneration, proliferation, and lineage differentiation after direct implantation of

Biomacromolecules. Author manuscript; available in PMC 2013 September 17.
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undifferentiated cells into an injury site38.14. NPCs and other cells have also been
encapsulated within different hydrogels and the matrices implanted into injured CNS
regions?7:39-42_ The potential drawback of these immobilization strategies is that cell
encapsulation significantly increases the time required for these cells to begin their
regenerative/differentiation process because the encapsulating agent has to be sufficiently
degraded before they can be released from the matrix and integrate into the host tissue. This
in turn can lead to limited cell proliferation and can potentially reduce the regenerative
capacity of this delivery strategy for NPCs and other cell lines39-42, Prang et al. have
reported encapsulation of NPCs in alginate in the form of “anisotropic capillary hydrogels”
which have the advantage of having a hexagonally structured anisotropic capillary gel
structure which promotes directed axonal regrowth*3. Others, including Ashton et al., have
encapsulated degrading enzymes within the matrix in order to allow for sufficient NPC
release®®. However, the in vivo consequences of the delivery of this foreign enzyme remain
unclear.

Certain cells are known to adjust their stiffness to match the substrate upon which they are
growing®. It has also been shown that integrin-mediated linkage between the cytoskeleton
and extracellular matrix are reinforced on application of force#®. Stem cells are known to
have surface integrins and recent studies elegantly demonstrated the propensity of substrate
elasticity to direct stem cell lineage specification4”48. Discher and his group at the
University of Pennsylvania have convincingly demonstrated the propensity of substrate
elasticity to direct stem cell lineage specification?8. In a recent study, Huebsch et al.
demonstrated a more dynamic situation with mesenchymal stem cells encapsulated in a 3D
matrix which suggests that the cells themselves can be utilized to transform the matrix into
structures that influence cell fate®0. Here we show that not only do NPCs attach well to
alginate but also that the type of neurotrophin supplied from genetically engineered
fibroblasts encapsulated within the matrix can influence lineage determination of NPCs
growing on the surface.

In addition to the regenerative capacity of NPCs, this construct continuously releases
neurotrophic factors to further aid in injury recovery. The alginate constructs developed in
this study favor NPC attachment while simultaneously increasing the differentiation
potential of the cells. NPCs seeded on laminin 111-coated alginate constructs also showed
multi-lineage differentiation and migration, a normal characteristic of NPC colonies. The
constructs can act as both neural tissue-engineered scaffolds and as neurotrophic factor
delivery vehicles that can be implanted at selected sites of injury. Using this delivery
system, future choice of cells and excreted bioactive factors have the potential to produce
constructs tailored for different applications. Various ECM substrates for NPC growth, as
well as cell-free administration of neurotrophic factors on NPCs in culture have been
reported to show a potential for directing neural differentiation®-58, As early as 1997
Lanchyankar et al. showed that treatment of neurospheres cultured from embryonal striatum
with neurotrophin-3 or ciliary neurotrophic factor resulted in bipolar neuronal cells and
oligodendrocytes®®. Later, Cladwell et al.?% , reported that neurospheres grown on PLO-
coated cover slips responded to the addition of NT3 and NT4, by producing an increase in
the number of neurons of 15 and 18% respectively, and a decrease in the number of
astrocytes to 40 and 35%, respectively. However no significant effects on either neuronal or
glial cell number were observed with BDNF. Silva et al. have recently shown rapid
differentiation of NPCs into neurons with 35% of total cells staining positive for p-tubulin
inside self assembling nanotubes composed of IKVAV-containing peptide ampiphiles®®.
Interestingly, our alginate constructs were able to direct the differentiation of NPCs by
greater amounts than in other studies while at the same time substantially increasing NPC
migration. Alginate constructs with and without encapsulated neurotrophic factor-producing
fibroblasts greatly reduced the number of cells that exhibit an astrocytic phenotype.

Biomacromolecules. Author manuscript; available in PMC 2013 September 17.
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Selective differentiation of NPCs was possible on these constructs in that cells seeded on
constructs with encapsulated Fb/BDNF exhibited a predominant oligodendrocyte phenotype,
while those seeded on constructs with NT-3-producing fibroblasts acquired substantial
neuronal phenotype. Since normal differentiation profiles require a large quantity of
astrocytes as the framework for neurons to grow and survive, the alginate construct itself
may be acting here in a similar supporting capacity.
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Figure 1.

A). Representation of the multifunctional alginate construct (grey) containing genetically
modified fibroblasts (blue) encapsulated within the body of the construct while continually
delivering neurotrophic factors (pink). B) Progenitor cells (NPCs) (Dark grey/blue) can be
seeded on the surface of the construct and allowed to differentiate.
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Figure 2.

Light and fluorescent micrographs validating the stem cell like properties of the NPCs used
for experimentation. NPCs were grown as spherical colonies. (A), dissociated into single
cells (B), and reformed into spherical colonies after 7 days (C). Additionally, spherical
colonies were grown and differentiated into all three distinct lineages on poly-L-Lysine
(PLL) coated coverslips and were positive for $-111 tubulin (D), CNPase (E) and GFAP (F).
Scale bar = 100 ym.
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Figure 3.
Micrograph of NPC’s attached to a laminin 111 coated alginate disc 1, 3 and 5 days in
culture, Scale bar — 100 um. Disc day 1 (A), Disc day 3(B), Disc day 5 (C)
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Figure4.

Effect of construct composition on NPC attachment on hydrogel discs. Constructs with or
without laminin 111 coat and with or without encapsulated neurotrophic factor producing
fibroblasts evaluated by calculating the percentage of attached and unattached NPCs seeded

on alginate). \:|Cell free disc (no coat),5 LI
=1 Disc + encap. Fb/NT-3 (no coat), m Cell free disc (laminin coated), -

2| Disc + encap. Fb/BDNF, (no coat),

Disc + Fb/BDNF (laminin coated), E Disc + Fb/NT-3 (laminin coated) (n=10).
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Fibroblast Free Alginate Disc

Figure6.

Migration distance calculation example. Photomirograph of a seeded colony of NPCs.
Migration distance of NPCs was calculated as a ratio of outer migration distance to radius of
original NPC colony/ Scale bar = 100 um
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Figure7.

Extent of NPC migration on different alginate constructs. Cell migration distance was
calculated as a ratio of the original NPC colony radius to the final migration. All
quantification was done after NPCs had attached and dlfferentlated for 5 days in culture

(n=10). - Plain alginate disc (no coat), Laminin coated alginate disc,

m Laminin coated culture dish (no alginate), - Laminin coated disc + encap.
Fb/BDNF, Laminin +PLO + Fb/BDNF disc, E Laminin coated disc + encap.

N\
Fb/NTS3, h\\\ Laminin+PLO alginate disc + Fb/NT3
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| Fraa
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Figure8.

Fluorescence micrographs showing multi-lineage differentiation of NPCs on laminin 111
and PLO coated alginate discs with or without encapsulated Fb/NT-3 or Fb/BDNF. After 5
days in culture, cells were stained with the following antibodies: anti- -tubulin (red), anti-
GALc (green), and anti-GFAP (blue), scale bar = 100 m.
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Figure9.
Quantification of NPC differentiation profiles on alginate constructs after 5 days in culture.
A. Laminin coated culture dish, B. Cell free alginate construct, C. Alginate construct
encapsulating FB/BDNF, D. Alginate construct encapsulating Fb/NT3. (n=10).
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