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SPECIFIC AIMS 

Injury in the central nervous system (CNS) triggers a cascade of events and poses a complex 
problem to both biologists and engineers. A fully restorative therapy for CNS injury would 
include protection of neurons and glia from further damage, neutralization of inhibitory cytokines 
and proteoglycans, inhibition of glial scar, replacement of lost neurons, axonal regeneration and 
appropriate synapse formation. However, current therapeutic treatments can only address a 
subset of these aspects. To address this issue, we propose to modulate astrocytes to 
recapitulate key developmental cues to repair damaged CNS nerve. It is now well established 
that intercellular signaling pathways are context dependent and the cellular microenvironment 
regulates gene expression. Thus, by controlling cellular microenvironment via a biomaterial 
system, we can manipulate neuronal and glial response. Thus, the overall goal of this project 
is to develop a 3D neuron:astrocyte co-culture platform capable of instructing reactive 
astrocytes to inhibit glial scar, while promoting neurite outgrowth. 

We have chosen laminin-modified scaffolds due to the importance of laminin in development, 
survival and regeneration of neurons after injury or degeneration. In non-neuronal cells, laminin 
is known to down-regulate the expression of active transforming growth factor beta (TGFβ). This 
cytokine is a well-known key influencer of astrocytic scar formation, inflammation and inhibitory 
extracellular matrix (ECM) secretion. It is secreted from the cell in an inactive state, TGFβ-LAP 
(Latent Activating Protein), which then requires αV integrin for activation. However ECM modifies 
the levels and patterns of integrin expression on the cell surface. We therefore hypothesize that 
laminin 1) down-regulates astrocyte production of TGFβs and thereby inhibitory ECM, 2) 
modulates astrocyte integrin expression profiles, and hence 3) inhibits glial scar formation while 
allowing neurite outgrowth. This work will delineate new methods to manipulate the endogenous 
astrocyte support system to promote axonal regeneration. 

In vivo, astrocytes synthesize laminin after injury, but not in significant quantities to overcome 
the inhibitory effects of proteoglycans[1]. On the contrary, NSC34, an immortalized neuronal line 
used in this study, may synthesize and drastically increase laminin concentration in the scaffold 
and influence our results. So in Aim 1, we test for NSC34 laminin synthesis, before proceeding 
with other aims.   

 Aim 1 will test the hypothesis that matrix dimensionality alters motor neuron laminin 
synthesis and neurite outgrowth. We will culture a motor neuron line (NSC34) on 2D 
substrates and in 3D gels to determine laminin synthesis, cell proliferation and neurite 
outgrowth. NSC34s differentiate into multiple phenotypes; hence, the motor neuron phenotype 
will be confirmed by probing expression of motor neuron transcription factors. We will also 
optimize culture conditions to selectively promote proliferation vs motor neuron differentiation.  

Aim 2 will test the hypothesis that laminin-modified scaffolds inhibit astrocytic 
responses associated with glial scar. We will culture primary astrocytes, induce them into a 
reactive state using TGFβ1 and then transfer the reactive astrocytes to laminin-modified 
scaffolds. Astrocytes will be characterized for morphology, expression levels of key reactivity 
markers and scar-forming ECM molecules and compared against controls.  

Aim 3 will engineer a 3D neuron:astrocyte co-culture platform to modulate glial scar in 
vitro. We will assess the impact of laminin modified collagen scaffold to simultaneously 
deactivate reactive astrocytes and promote neuronal survival and outgrowth, in a controlled 3D 
co-culture system. Based on these findings, the processing of the 3D culture system will be 
optimized to inhibit glial scar in vitro. 



2 
 

BACKGROUND 

CNS injury and repair-Injury to the brain or spinal cord can have devastating long term 
consequences. Damage to the CNS involves the death of neurons, axon degeneration, release 
of inhibitors, breakdown of blood vessels, influx of cytokines and phagocytes into the injury site, 
formation of glial scar, and ultimately impairment of neural activity and sensation[2-4]. These 
aspects of the injury can be catastrophic as terminally differentiated neurons are the only cell 
type in the adult human that does not proliferate. Some of the current repair treatments consist 
of rehabilitative, cellular and molecular therapies. These include addition of growth factors, 
neutralization of growth inhibitors, enzymes to dissolve inhibitory proteoglycans in the glial scar 
and transplantation of stem cells to compensate for loss of neurons in the injury site[2]. However 
these approaches target only some aspects of CNS injury and are not completely restorative[5]. 
Tissue engineers have developed various biomaterial scaffolds, modified with combinations of 
growth factors, ECM molecules and cells, that can be implanted at the injured site[6]. These 
have the potential to support the survival and regeneration of neurons and glia, but have 
achieved only partial success, as a low percentage of the growing axons exit the scaffold and 
form appropriate synapses[7]. To induce nerve regeneration, we aim to stimulate and harness 
astrocytes, the neuron’s own support system[8], to recapitulate cues that were present in the 
growth-promoting environment of the developing nervous system[9].  

Major cell types involved in neuronal regeneration- The major cell types involved in CNS 
injury and repair are neurons and glia. Neurons are further classified into sensory, motor and 
inter-neurons. Glial cells are classified into astrocytes, oligodendrocytes and microglia. For this 
work, we have chosen motor neurons due to their significance in conducting impulses from the 
brain, through the spinal cord and to appropriate muscle targets, and astrocytes for their 
dynamic contribution to all aspects of neuronal function.  

Motor neurons are a type of neurons whose cell body (soma) is located in CNS and their axons 
project outside the CNS to control muscle function. Motor neurons are typically studied in vitro 
as dissociated spinal cord cultures or purified cultures. However primary cultures are 
challenging as they are associated with low cellular yield due to limited purity and poor survival 
rates[10]. To overcome this hurdle, we have chosen a motor neuron cell line, NSC34, for our 
study. The NSC34 cell line is formed from a fusion of mouse neuroblastoma N18TG2 with 
mouse motor neuron-enriched embryonic day 12-14 spinal cord cells[11]. These cells express 
many morphological and physiological properties of motor neurons such as process extension, 
action potential generation, myotube twitch induction and neurofilament expression[12].  

Astrocytes are star-shaped glial cells with multiple fine processes[13] that form the major 
support system of CNS neurons. In vivo, astrocytes exist in three states: in the normal state 
astrocytes provide supportive activities for several neuronal functions including homeostasis, 
synaptic formation and blood flow regulation[14].In this normal state, astrocytes express only 
low levels of neurotrophic factors and cytokines[15]. Upon injury, astrocytes in the vicinity of 
injured neurons transform into a reactive state and release inhibitory cytokines, growth-repulsive 
ECM molecules and form glial scar[16].Reactive astrocytes exhibit a hypertrophic phenotype, in 
which the cells proliferate and upregulate various markers, including GFAP, vimentin, 
aquaporin-4, S100β, GLAST and CSPGs[17]. They re-express nestin[18] and vimentin[19], 
which are markers found during development. There is a third activated state wherein 
astrocytes away from the injury site are activated by cytokines and express elevated levels of 
GFAP, nestin and vimentin[20]. However, they are not hypertrophic like the reactive astrocytes 
and do not contribute to glial scar formation. They are growth permissive and produce 
neurotrophic factors [20,21].They are considered to be an intermediate state between normal 
and reactive astrocytes. Thus astrocytes cannot generally be deemed helpful or harmful 
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towards nerve repair[14] because depending on their morphology and location, they can either 
provide cues that are permissive (e.g., neurotrophic factors) or inhibitory (glial scar, 
CSPGs)[20]. In this study, we propose to target endogenous reactive astrocytes and 
stimulate their transition towards a normal or activated state[22](Aim 2). 

Glial scar- Glial scar consists primarily of reactive astrocytes and CSPGs[23], a potent inhibitor 
of neurite outgrowth. During the initial phase of injury, glial scar is beneficial and protects the 
injury site from further damage due to activated microglia and macrophages, maintains the 
blood brain barrier and prevents the influx of inflammatory cytokines from injured blood 
vessels[24]. After this phase, however, glial scar becomes a physical and chemical barrier to 
nerve regeneration, actively preventing axonal regrowth[25].Cytokines, specifically TGFβ1 and 
TGFβ2,are known to play a key role in glial scarring[16,26]. TGFβ1 expression is markedly 
increased immediately after injury and induces scarring and also modulates inflammatory and 
neuronal responses[27,28]. TGFβ2 regulates scarring and induces astrocytic production of 
inhibitory proteoglycans[27-29]. To manipulate glial scar formation, researchers have used 
chondroitinase to degrade CSPGs[30] or monoclonal antibodies to target TGFβs[31,32].   

Biomaterial influence on glial scar-It is now well established that the cellular microenvironment 
influences gene expression so that the behavior of a cell is largely determined by interactions 
with ECM, neighboring cells, and soluble cues[33]. For example, it is possible to revert a 
malignant phenotype to its normal counterpart without manipulating gene content[33]. Reactive 
astrocytes are not genetically transformed cells but an aggressive form of astrocytes that 
undergo phenotypic and biochemical changes in response to injury[16]. Thus, we ask: Can a 
biomaterial provide a suitable cellular microenvironment to transform reactive astrocytes 
into the activated growth-permissive state while promoting neurite outgrowth? 

Laminin-modified collagen scaffolds-Laminin is a self-assembling heterotrimeric glycoprotein 
that serves as a key structural component in basement membranes[34-36]. Laminin possess 
three properties that are important to this study. Exogenous laminin can 1) promote neurite 
outgrowth, neuronal migration, differentiation and nerve regeneration[37-39], 2) decrease 
production of TGFβ[16, 40], by inhibiting the ECM-response element present in the promoter 
region of the TGFβ gene[40], 3) down-regulate the expression and cytoskeletal association of 
αV integrin receptor[41,42], which is critical for transformation of the inactive form of 
transforming growth factor, TGFβ-LAP into active TGFβ[43,44]. Thus there may exist a 
feedback loop whereby TGFβ synthesis is repressed if sufficient laminin is presented properly in 
the cellular microenvironment. However these results have been obtained from non-neuronal 
cells and need to be tested in astrocytes. Therefore, in Aim 2 we will perform a systematic study 
of the influence of laminin microenvironment on reactive astrocytes. In Aim 3 we will combine 
reactive astrocytes and motor neurons to determine if laminin can simultaneously deactivate 
reactive astrocytes and promote neurite outgrowth. If demonstrated to apply in case of reactive 
astrocytes, the impact on nerve repair therapeutics could be significant: inhibition of TGFβ by 
laminin may ultimately decrease glial production of inhibitory ECM and cytokines, as well as 
suppress astrocyte reactivity and promote the beneficial astrocyte activated state.  

Three-dimensional co-culture studies-Neurons and glia are interconnected in the nervous 
system[45] and communication between these cell types is crucial for development, 
maintenance and repair of neuronal systems[46]. A co-culture system permits us to probe the 
impact of astrocytes on neuronal regeneration. To date, all in vitro co-cultures containing 
astrocytes and neurons have been performed in 2D culture plates. Though these culture models 
have given valuable insights, cells cultured in 3D microenvironments better represent in vivo 
response (e.g., morphology, proliferation, gene expression, differentiation[47]) than cells 
cultured on 2D substrates. One of the fundamental differences between 2D and 3D culture is 
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the distribution of cell-cell and cell-matrix interactions, which can alter signaling mechanisms 
regulating cell response. We and others have demonstrated that neuronal response in 3D 
culture is dependent on substrate physical properties, ligand concentration and geometry, 
indicating that neuronal growth and survival are improved by specific cell-matrix interactions that 
are different in 2D vs 3D[48,49]. In Aim 3, we will engineer a 3D co-culture platform to determine 
the interactions between astrocytes and motor neurons in a more physiologically-relevant 3D 
laminin scaffold.  

 

Significance of the proposal towards advancing neural tissue engineering- In this proposal 
we will advance the current understanding by defining ECM interactions with reactive astrocytes 
and neurons in 3D culture and build a 3D co-culture environment to serve as a blueprint for 
better therapies, such as responsive architectures for neuronal repair following injury. Thus, the 
3D culture scaffolds have broad utility towards investigations of permissive and inhibitory matrix 
cues as well as neuronal and glial interactions in normal and diseased states. Previous work in 
our group has delineated morphological and signaling responses of sensory neuron response to 
3D microenvironments[48,50]. The current work focuses on a motor neuron cell line to delineate 
general mechanisms of motor neuron response to 3D microenvironments. Follow-up studies will 
focus on defined primary neuronal subpopulations that match specific neural repair applications 
in CNS. This study will also enable a more complete understanding of the role of laminin in 
nerve regeneration, regulating inflammation and scar formation in 3D microenvironments and 
help us to design better biomaterials for nerve repair and neurodegenerative disorders. 

EXPERIMENTAL DESIGN 

These experiments are designed to test if 1) 3D culture alters motor neuron laminin 
synthesis and neurite outgrowth, 2) 3D laminin-modified scaffolds inhibit astrocytic 
responses associated with glial scar and to engineer 3) 3D neuron:astrocyte co-culture 
platform. We will first develop and optimize 3D culture conditions to promote the differentiation 
of NSC34 cells to their motor neuron phenotype and determine the resulting neurite outgrowth 
profile and laminin synthesis (Aim 1). We will then test the influence of laminin-modified 
scaffolds on the deactivation of reactive astrocytes by monitoring the expression of reactivity 
markers such as GFAP, CSPG, vimentin and TGFβs (Aim 2).Finally, we will develop a 3D 
neuron:astrocyte co-culture system by combining results from Aim 1 and 2 (Aim 3).   

Fig 1. Key processes 
during spinal cord 
injury: Injury results in 

damage to the intact 
myelin (b) and axons (c, 
e), induces inflammation, 
invasion of lymphocytes 
and macrophages, and 
activation of microglia (a), 
and ultimately, causes 
astrocyte activation and 
glial scar formation (d).  
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Aim 1 will test the hypothesis that matrix dimensionality alters motor neuron laminin 
synthesis and neurite outgrowth. 

Background: In Aim 1, we will explore the connection between microenvironment 
dimensionality, neurite outgrowth, and the localization and expression levels of laminin. These 
experiments will utilize bright field microscopy to identify culture conditions that will allow 
NSC34s to differentiate into motor neurons in culture (Exp 1a). RT-PCR analysis will be used to 
establish expression of motor-neuron transcription factors in NSC34 cells 
(Exp1b).Immunofluorescence and immunoblot analysis will be used to define the location and 
amount of cell-secreted ECM (Exp 1c). Image analysis of the immunofluorescence images will 
be used to determine the neurite outgrowth profile of NSC34 cells in 3D scaffolds (Exp 1 d). 

Experiment 1a: Develop and optimize culture conditions (i.e. medium, substrate)to direct 
NSC34 cell proliferation vs differentiation on 2D culture scaffolds  

Rationale: Unlike PC12 cells[51], which is a well-characterized sympathetic neuronal line with 
>12,500 published studies, NSC34 cell lines have <100 publications (PubMed, accessed April, 
2012). NSC34 cells have been extensively used in neurotoxicity [52] and motor neuron disease 
physiology studies[53], but no information is available on optimum differentiation conditions for 
NSC34 cells. The phenotypic variation ofNSC34s in serum-containing medium is quite high. 
Serum induces a higher percentage of proliferating neuroblastic cells in comparison to motor 
neuron like differentiated cells (Fig 2a). Withdrawal of serum stimulates neurite outgrowth and 
lowers mitotic index but results in apoptosis and poor cell adhesion [54]. Thus we will establish 
media conditions that stimulate the differentiation of NSC34 cells into the motor neuron 
phenotype while maintaining adhesion and viability. 

Procedure: NSC34 cells will be cultured for 4 d on coverslips coated with type I collagen and 
laminin in DMEM containing serum (3%, 10%) and DMEM-F12 and N2 supplement (serum-free 
medium). Images will be acquired at 1d and 4d. A cell is defined to be ‘differentiated’ when the 
length of an individual neurite is greater than 2X diameter of cell soma. A cell is defined as 
‘actively dividing’, if adjacent two cells are spherical and share soma. Proliferation will be directly 
measured with a Click-iT® EdU assay (Methods). The number of neurites per cell and neurite 
lengths will be measured with Volocity software. Comparisons across various substrates will be 
analyzed in 3 experiments (total n≥9)using ANOVA with a Bonferroni posthoc test.  

Interpretations and Pitfalls: In Exp 1a, we aim to reduce the number of proliferating 
neuroblastic cells while increasing the motor neuron like differentiated cells by optimizing 
medium and substrate conditions. Preliminary studies indicate that serum supports NSC34 cell 
proliferation, adhesion and some spontaneous differentiation (Fig 2). Serum-free medium with 
N2 supplement was associated with greater neurite outgrowth, higher percentage of 
differentiated cells and reduced actively dividing cell population. Laminin-coated coverslips 
appear to promote both adhesion and differentiation (Fig 3) while collagen-coated coverslips 
resulted in reduced neurite outgrowth. Irrespective of culture conditions, neuroblastic cells were 
present and <40% of the cells were differentiated. Further experiments such as EdU 
proliferation assay are required to quantitatively ascertain these claims. In this Exp, the culture 
conditions are optimized on 2D substrates but we predict that these results can be reproduced 
in 3D scaffolds i.e. laminin and serum free media will induce higher percentage of NSC34 
differentiation in 3D scaffolds as well. However we expect that the morphology of differentiated 
NSC34 cells (shape of growth cone, length of longest neurite, number of branch points and 
primary neurites) in 3D culture scaffold will be different. Any outstanding difference in 
morphology will be quantified in Exp 1d.      
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Fig 2. Effect of medium composition on NSC34 

cells. Three media were tested: DMEM + 10% serum 

(a), DMEM + 3% serum (b), and DMEM-F12 with 1% 

N2 supplement(serum free; c). Cells were cultured 4 d 

on type I collagen-coated coverslips and then imaged 

under phase microscopy and characterized for 

phenotype: differentiated (1+neurites) or actively 

dividing neuroblastic(no neurites, rounded cell body) 

(d). Cells in 10% serum were mainly neuroblastic. In 

3% serum, fewer cells were present than in 10% 

serum, perhaps due to cell death; however, the cells 

present had more differentiated cells than in 10% 

serum. The serum-free medium resulted in the 

greatest percentage of differentiated cells. Scale bars, 

50 µm. Bars represent mean ± SEM. n> 4. 

Fig 3. Effect of substrate composition on NSC34sin 2D culture. a. Representative images of NSC34 

cells cultured on 2D collagen or laminin coated coverslips in either serum-containing or serum-free medium 

for 4h, 1d, 4d are shown. Laminin resulted in greatest percentage of differentiated cells across all 

conditions. Scale bars, 50 μm. b. Cells were cultured on laminin- and collagen-coated substrates in DMEM 

+ 10% serum and then imaged under phase microscopy and characterized for phenotype. NSC34s on 

laminin had a higher percentage of differentiated cells than those on collagen. No difference in actively 

dividing cells was observed across the substrates.  Bars represent mean values ± SEM. n > 4. 
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Experiment 1b: Determine the expression of motor neuron transcription factors by 
NSC34 cells on collagen vs laminin culture. 

Rationale: NSC34 cells can differentiate into multiple neuronal phenotypes. Though these cells 
are known to express many of the morphological and physiological properties of primary motor 
neurons, other spinal cord cells also express similar properties. Genetic analysis will provide 
support that differentiated NSC34 cells belong to the general pool of motor neurons. Motor 
neurons located at different levels of the spinal cord innervate distinct targets in the periphery, 
and can be defined by the expression levels of certain transcription factors, including Islet l, Islet 
2 and LHX9.Thus, by testing the combinatorial expression of these transcription factors, we will 
define the subclass(es) of motor neurons to which NSC34 cells may belong. 

Procedure: We will use RT-PCR to determine the expression of Islet l, Islet 2 and LHX9 
(Methods). NSC34cells will be cultured on2D collagen or laminin coated coverslips for 4 d. Total 
RNA will be extracted from homogenized cells and reverse transcribed using oligo (dT) 
primers.PCR reactions will then be carried out using the cDNA and primer set specific for each 
transcription factor. Positive bands will be detected using agarose gel electrophoresis. We will 
analyze the data from 3 samples of each type in 3 separate experiments (total n≥9) using a 
Student’s t-test. 

Interpretations and Pitfalls: NSC34s were originally derived from motor neuron enriched 
dissociated embryonic spinal cord cells. So we expect them to express transcription factors 
characteristic to all sub-classes of spinal cord motor neurons. Fig 4 supports this speculation, 
as NSC34 cells express Islet-l, Islet-2 and Lhx9 on both 2D collagen and laminin coated 
coverslips. Future work includes replicating the experiment and normalizing the bands with an 
internal control and will enable us to make comparisons between the two substrates. However, 
RNA may not represent protein expression levels accurately and we cannot conclusively 
comment on substrate ability to trigger transcription factor expression differently; thus, 
immunofluorescence studies are planned in Exp 1d to back up the RT-PCR findings. 

 

Experiment 1c: Determine the location and amount of laminin synthesized by NSC34 
cells in 3D culture. 

Rationale: Laminin production by cells during culture will influence cellular response. Thus, it is 
critical to characterize the amount and location of laminin synthesized during culture in the 3D 
scaffolds. Understanding the amount and deposition pattern of laminin will determine whether 
neurons can synthesize, secrete and assemble laminin into 3D gels.  

Procedure: We will use immunofluorescence to determine the location of laminin in the 
scaffolds. NSC34 cells will be cultured in 3D collagen scaffolds for 2 d in serum-free medium. 
Scaffolds will be fixed, analyzed for the presence of laminin (antibodies listed in Methods Table 
1) and imaged with confocal microscopy (Methods). Patterns of positive reactivity will be scored 
according to a) location (distance relative to the nearest cell; localization to soma, neurite), and 

Fig 4. Transcription factor 
expression. NSC34 cells were 

grown for 4d on coverslips coated 
with laminin (a) or collagen (b). 

RNA was extracted and RT-PCR 
was performed on cDNA (primer 
sets listed in Table 3); products 
were separated on 2% agarose 
and imaged. Islet1 (154bp), Islet2 
(318bp), LHX9 (119bp). 

 

a b 
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b) organization (diffuse, fibrillar, amorphous, punctate). At least 10 random fields of view will be 
observed within each of 3 samples; data will be analyzed from 3 separate experiments. 

We will also use immunoblot analysis to determine the amount of laminin (whole and A, B1, B2 
chains) in the 3D collagen scaffolds (Methods). Proteins (intracellular, extracellular) will be 
extracted from disrupted scaffolds, separated using SDS-PAGE and immunoblotted (antibodies 
listed in Methods Table 1). HRP-conjugated IgG secondary antibodies and ECL substrate will 
be used to detect positive bands; band intensity will be quantified with Image J software. Bands 
are expected at 400, 215 and 200 kDa for laminin subunits A, B1 and B2, respectively. Blots will 
be stripped and re-probed for heat shock protein (90kDa; HSP90)for loading control for 
equivalent cell numbers. We will analyze data from 3 samples of each type from 3 experiments 
(total n≥9) using a Student’s t-test.PC12sor 3T3s cultured under similar conditions will serve as 
positive controls. We have previously established that matrix dimensionality alters laminin 
synthesis in these cells. 

 

 

Interpretations and Pitfalls: Preliminary studies results suggest that NSC34 cells do not 
secrete laminin extracellularly and there are no obvious differences in laminin expression in 3D 
vs 2D culture (Fig 5). Immunoblot analysis determined that NSC34s expressed only a single 
chain corresponding to laminin B2. From literature, B1 appears to be the key regulatory chain 
that contains information for laminin assembly and deposition outside cell. In the absence of this 
chain, laminin remains as intracellular punctate deposits[55]. However, PC12 cells synthesize 

Fig 5. Laminin immunoreactivity in 2D 
and 3D cultures.a.NSC34 and PC12 

cells were cultured on 2D collagen-coated 
coverslips and within 3D collagen gels for 
2d and processed for 
immunofluorescence to image actin (red), 
laminin (green) and cell nuclei (blue). 
NSC34 cells expressed laminin as 
intracellular punctate deposits in both 2D 
and 3D cultures with little or no 
extracellular laminin deposition in 3D. 
PC12 cells expressed intracellular laminin 
deposits in both 2D and 3D cultures with 
higher extracellular laminin deposition in 
3D. Scale bars, 20 µm. 

 
Fig 6. Laminin and integrin expression in 2D 
and 3D cultures.a.NSC34 and control cells 

(PC12and 3T3) were cultured on 2D collagen-
coated coverslips and in 3D collagen gels. After 
2 or 4d, proteins were extracted, immunoblots 
were performed, and expression of laminin (B1, 
B2 chains) was quantified and normalized to 
HSP90 (loading control). PC12 and 3T3 cells 
expressed laminin B1 and B2 (215 and 205 
kDa, respectively). NSC34 cells only expressed 
laminin B2 under these conditions. b. In similar 
2 d experiments expression of total β1 integrin 
(135 kDa) was probed. c. Quantitative analysis 
of β1 integrin band intensity (normalized to 
HSP90) confirms a major reduction of β1 
integrin in 3D vs 2D culture. Bars represent 
mean values ± SEM. n=4. 
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both laminin B1 and B2 chains, and secrete laminin under these conditions. Also, laminin 
expression appears greater in 3D vs 2D PC12 culture. The results suggest that NSC34 will not 
synthesize and increase pre-set laminin concentration in 3D scaffolds and therefore will not 
influence results observed in Aim 3. However, we acknowledge that in co-cultures, astrocytes 
may induce neurons to synthesize laminin. If this is found to be the case from positive controls, 
we will perform a systematic study similar to Exp 1c, but in co-culture with astrocytes.  

Experiment 1d: Determine the neurite outgrowth profile of NSC34 cells in 3D culture 

Rationale: We have previously shown that dorsal root ganglion neurons sense the 
dimensionality of their environment and 3D scaffolds are critical to sustain in vivo-like 
morphogenesis[48]. These findings provide new insights and raise questions about how cells 
sense and respond to their microenvironment. For example, are responses to matrix 
dimensionality independent of cell type? What is the impact of altered signaling on specific 
functions such as neurite growth? Exp 1d addresses these questions by generating motor 
neuron neurite outgrowth profiles in 2D vs 3D culture. Results from this aim will act as a control 
in Aim 3, where neurite growth will be influenced by both dimensionality and glial scar.   

Procedure: NSC34 cells will be cultured in 3D collagen scaffolds (1 mg/ml) for 2 d in serum-
free medium. The scaffolds will then be fixed, processed for immunofluorescence and imaged 
with confocal microscopy (Methods). Neurites will be verified via positive immunoreactivity for 
βIII tubulin (Methods Table 1). The samples will be stained with Invitrogen LIVE/ DEAD viability 

kit and image stacks (1 µm height, 25 stacks) will be used for counting live/dead cells. 
Neurites/cell and length of the longest neurite will be measured with Volocity3D image analysis 
software. Comparisons of neurite growth profile between dimensionality will be analyzed in 3 
separate experiments (total n≥9) using ANOVA with a Bonferroni posthoc test. 

 

Interpretations and Pitfalls: Fig 7 supports that NSC34 cells can survive and extend neurites 
in 3D collagen scaffolds. Also, differentiated NSC34 cells in 3D generally extended a single long 
neurite similar to an axon of a primary motor neuron. This is in contrast to multiple phenotypes 
of differentiated cells cultured on 2D (Fig 2, 3). This data suggests but does not conclude that 
3D is critical to develop an in vivo like motor neuron morphology. Replicates and quantitative 
analysis of neurite outgrowth profile will validate this claim. We also found altered β1 integrin 
expression between dimensionality and this may have an impact on neurite growth (Fig 6b, c). 
However, in Exp 1c, dimensionality did not have an effect on laminin synthesis, so there exists a 
possibility that dimensionality may not impact neurite outgrowth. If this is the case, we will not 
observe quantitative differences in neurite outgrowth profile. We acknowledge that NSC34 is an 
immortalized cell line and potentially of limited value to predict in vivo motor neuron response. 
Thus, comparisons with primary motor neurons may be required to more closely correlate 
NSC34 response to in vivo response. 

Fig 7. NSC34 cells in 3D culture. NSC34 

cells were cultured in 3D collagen gels for 

2 d and then fixed, processed for 

immunofluorescence to image βIII tubulin 

(green). The differentiated NSC34 cells in 

3D displayed large cell body, a single long 

neurite of constant diameter (resembling 

an axon) and appear to be morphologically 

similar to primary motor neurons.  Scale 

bars, 20 µm. 
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Aim 2 will test the hypothesis that laminin-modified collagen scaffolds inhibit astrocytic 
responses associated with glial scar.  

In Aim 2, we will explore the connection between microenvironment dimensionality, laminin 
concentration, and astrocyte reactivity. These experiments will utilize immunofluorescence (Exp 
2a) and immunoblot (Exp 2b) to identify the location and amount of reactivity markers.  

Experiment 2a: Optimize the concentration of TGFβ1 to induce reactivity in astrocytes.  

Rationale: To test our hypothesis that laminin inhibits astrocyte reactivity, we plan a three-step 
process: 1) trigger strong reactivity in astrocytes in 2D culture (Exp 2a), 2) transfer the reactive 
astrocytes into a 3Dlaminin-containing scaffold (Exp 2b), and 3) monitor the cells for reactivity 
marker expression (Exp 2c). Though TGFβ1 induces glial reactivity and has been used to 
induce glial scar in vitro[16,17,27], we plan to verify the concentration of TGFβ1 that retains 
astrocyte reactivity during transfer from 2D culture to the 3D laminin-modified scaffold.   

Procedure: Postnatal mouse astrocytes will be cultured in 12-well plates until they reach 
confluence. Astrocytes will then be treated with TGFβ1 (0, 10, 20, 50 ng/ml) to induce reactivity 
[17,56,57]. The cytokine will be replenished every other day for 7 d[17]. Cultures will be 
monitored daily for morphological changes of astrocytes that are characteristic of glial scar (e.g., 
hypertrophic phenotype). After 7 d, the wells will be fixed, processed for immunofluorescence 
and imaged for GFAP, CSPG, vimentin and S100β reactivity markers. Images will be analyzed 
for deposition area and normalized signal intensity of the reactivity markers. The concentration 
of TGFβ1 capable of inducing the greatest percentage of reactive astrocytes will be used in 
subsequent experiments. At least 3 images will be captured from each of 3 wells.  

Interpretations and Pitfalls: With increased TGFβ1 concentrations and culture time, we predict 
increased astrocyte reactivity. This will be observed from increased cell area and deposition of 
intermediate filaments (GFAP, vimentin), proteoglycans (CSPG) and increased signal intensity 
of S100β reactivity marker by immunofluorescence. Above a threshold of TGFβ1 concentration, 
astrocyte receptors will be saturated, and further increases will not affect reactivity marker 
expression. We will determine this threshold concentration and use the optimum 
TGFβ1concentration and culture time in future studies. However, we acknowledge that a very 
high concentration of TGFβ1 may not reflect in vivo levels; thus, we will compare astrocyte 
morphology and reactivity marker expression from Exp 2a to literature in vivo images [58-61].   

Experiment 2b: Test the effect of deactivation cues on reactivity marker expression. 

Rationale: To determine if exogenous laminin can deactivate glial scar, we will transfer 
cytokine-induced astrocytes into 3D laminin-modified scaffolds and verify the expression and 
localization of reactivity markers (GFAP, CSPG, vimentin, S100β, TGFβs) over time.  

Procedure: TGFβ-induced reactive astrocytes will be harvested from 2D plates and embedded 
within 3D collagen scaffolds containing laminin (0%, 10%, 20%v/v). To test whether deactivation 
is due to laminin and not transfer from 2D to 3D or TGFβ withdrawal, reactive astrocytes will 
also be transferred between 2D to 2D (positive control) and astrocytes with no TGFβ treatment 
will be transferred to 3D (negative control). Immunofluorescence will be performed at various 
time points (3h, 2d,5d)to determine the localization and expression of GFAP, CSPG, vimentin, 
S100β and imaged with confocal microscopy. The fraction of cells with positive reactivity will be 
scored by comparison with expression levels from the controls. The fluorescence intensity will 
be quantified with ImageJ software. At least 50 cells will be observed from each of 3 samples; 
data will be analyzed from 3 experiments using Kolmogorov-Smirnov test.  
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Interpretations and Pitfalls: Expected results are listed in Table 1.After the initial phase of 
CNS injury, cytokine levels in the injury site decrease, yet astrocytes in the glial scar remain 
reactive. This suggests that even after we remove TGFβ, astrocytes will remain reactive. We 
predict that the influence of laminin and 3D culture may deactivate glial scar formation. 
However, trypsinization and TGFβ withdrawal alone may deactivate astrocyte. If this was found 
to be the case from controls, then we will increase TGFβ concentration or use alternate glial 
scar triggers such as lipopolysaccharide[58,62].   

We expect that astrocyte cultures in 3D laminin at 3 hr will have similar extents of reactivity as 
those in 2D reactive astrocyte cultures. After some length of time in culture, astrocytes are 
expected to transform from reactive to activated state under the influence of laminin. Increase in 
laminin concentration is expected to have a stronger and faster inhibition of reactive astrocytes. 
However, there exists a possibility that laminin microenvironment may not have any influence on 
reactive astrocytes and our hypothesis may be proven wrong. In that case, this system can be 
used as in vitro glial scar model to test therapeutic interventions that target astrocyte reactivity. 

Experiment 2c: Determine the expression levels of GFAP, CSPG, vimentin, S100β, TGFβ. 

Rationale: To compliment the localization studies in Exp 2b, we will quantify the expression of 
GFAP, CSPG (neurocan), vimentin, S100β, TGFβs using immunoblot analysis. This quantitative 
analysis will allow a direct measurement of the total expression of these molecules in 3D laminin 
modified scaffolds. 

Procedure: We will use immunoblot analysis to quantify the total expression levels of glial 
reactivity markers. Primary reactive astrocytes (≥20k cells/sample; ≥3 samples per experiment) 
will be cultured (1 h, 2d, 5d). Cells will be lysed and whole cell protein extracts will be 
immunoblotted (antibodies listed in Methods Table 2). Conditioned medium will also be 
collected, concentrated and immunoblotted. Bands are expected at 50, 275, 57, 11, 12 and 25 
kDa for GFAP, neurocan, vimentin, S100β, TGFβ1 and TGFβ2, respectively. Blots will be 
stripped and reprobed with anti-GAPDH antibody (36-40 kDa; 1:1000) for loading control for 
equivalent cell numbers. We will analyze data from 3 samples of each type in 3 separate 
experiments (total n≥9) using a Student’s t-test. 

Interpretations and Pitfalls: Expected results are listed in Table 1. This experiment will 
quantify the expression of GFAP, neurocan, vimentin, S100β and TGFβs and will determine if 
laminin can inhibit glial scar markers. CSPG (proteoglycan) and TGFβ (cytokine) are growth 
inhibitory molecules produced by reactive astrocytes and down-regulation of these products will 
be sufficient to suppress glial scar. Depending on the extent of inhibition, reactive astrocytes will 
be in 3 states: reactive astrocytes (no inhibition), activated astrocytes (moderate inhibition) or 
normal astrocytes (strong inhibition). Results from Exp 2c will complement immunofluorescence 
data from Exp 2b and give an unbiased comparison of reactivity markers across samples.  

Table 1. Predictions of astrocyte response in Exp 2.  

Molecules 
 

Activated Astrocytes  
2D 3D (Sample) 

Reactive Astrocytes  
2D2D (Positive control) 

Normal Astrocytes  
2D3D (Negative control)  

GFAP ↑ relative to normal astrocytes ↑ relative to normal astrocytes Expressed 
CSPG (neurocan) Minimal or absent ↑ relative to normal astrocytes Minimal or absent 
Vimentin Minimal or absent ↑ relative to normal astrocytes Minimal or absent 
S100β ↑ relative to normal astrocytes ↑relative to normal astrocytes Expressed 
TGF β1 & 2 Minimal or absent ↑ relative to normal astrocytes Minimal or absent 
Morphology ↑ size,nuclear hypertrophy, 

more pronounced stellate 
shape 

Cellular hypertrophy, 
astrocyte proliferation, process 
extension and interdigitation 

Stellate shape,  
↓ size 
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Aim 3 will engineer 3D neuron:astrocyte co-culture to assess the impact of laminin.  

Background: For accurate modeling of glial scar, we need to co-culture reactive astrocytes and 
neurons in a 3D scaffold. Biomaterials that promote or maintain reactive astrocytes will result in 
glial scar formation and inhibit neuronal viability and neurite outgrowth. However, biomaterials 
that transform astrocytes from a reactive to an activated state may have the opposite effect. Aim 
3 combines results from Aim 1 and 2 and is designed to provide a correlation between astrocyte 
reactivity and neuronal response in 3D laminin-modified scaffolds. We may see altered 
response from previous aims due to co-culture. The impact of laminin on glial scar formation will 
be measured using reactivity markers (Exp 3a) and correlated to neuronal survival and neurite 
outgrowth (Exp 3b). Thus the endpoint of Aim 3 will be defined by 1) a quantitative correlation 
between reactive astrocytes and neuronal survival and neurite outgrowth, and 2) optimization of 
the culture system to reduce glial scar and promote neurite outgrowth. 

Experiment 3a: Determine astrocyte reactivity influenced by neurons in the optimized 
biomaterial system.  

Rationale: In vivo, neurons and glia co-exist and influence each other mutually. So neurons 
may alter astrocyte reactivity (e.g., due to altered ECM; Aim 2). In Exp 3a, we will investigate 
whether neurons affect astrocyte reactivity. Better understanding of the extent of neuronal 
influence on astrocyte reactivity will aid in the design of improved in vitro scar models. The 
optimized scaffold (Aim2) found to deactivate reactive astrocytes will be used in Exp 3a. 
Neurons and astrocytes will be interspersed in this scaffold, in a 3:2 ratio as in the brain[63].  

Procedure: TGFβ-induced reactive astrocytes and NSC34 cells will be and embedded within 
3D laminin-modified collagen scaffolds. After 2, 5, 10 d, the scaffolds will be fixed, processed for 
immunofluorescence, imaged and analyzed for the localization and expression of glial reactivity 
markers (as in Aim 2). Results will be compared to control scaffolds with only reactive 
astrocytes. At least 10 cells will be observed from each of 3 samples; data will be analyzed from 
3 separate experiments using a Kolmogorov-Smirnov test.  

Interpretations and Pitfalls: There are two possible outcomes from this experiment: 
1)Reactive astrocytes produce neuroexcitatory substances, like IL-1β, IL-6, NO which trigger 
neuronal activation[64]. In response, neurons will produce excitatory amino acids and cytokines 
that trigger further astrocyte reactivity[64]. If this feedback circuit exists in this co-culture system, 
glial scar will form. 2) However, if laminin strongly inhibits astrocyte reactivity, this feedback 
circuit may be inhibited. Thus, NSC34 cells will not produce cytokines that aggravate astrocyte 
reactivity and glial scar will be minimal or absent.  

Experiment 3b: Determine the extent of neuronal survival and neurite outgrowth in 
optimized biomaterial system. 

Rationale: Reactive astrocytes secrete inhibitory proteoglycans and cytokines that inhibit 
neurite outgrowth and cause neuronal death[16]. Activated astrocytes produce trophic factors 
that can support and enhance neurite outgrowth[21]. Normal astrocytes will not affect neuronal 
function or neurite outgrowth. Exp 3b is designed to investigate the state of astrocytes in this co-
culture system and astrocytic influence on neurons and complements Exp 3a in determining the 
interactions between astrocytes and neurons.  

Procedure: Reactive astrocytes and NSC34 cells will be co-cultured in optimized 3D laminin-
modified scaffolds. After 2, 5, 10 d, the cultures will be fixed and stained with DAPI, βIII-tubulin 
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and propidium iodide (dead cells). The number of dead cells (Image J)and the number of 
neurites per cell and length of longest neurites(Volocity) will be correlated to glial scar formation 
(Exp 3a). Neuronal viabilities and distributions of ≥50 neurites/slice will be analyzed from 3 
samples in each of 3 experiments (n≥450 neurites/slice) and compared to glial reactivity score 
by ANOVA with Bonferroni posthoc test (viability) or Kolmogorov-Smirnov test (neurite length).  

Interpretations and Pitfalls: If laminin deactivates reactive astrocytes even in the presence of 
neurons, the NSC34 cell neurite outgrowth profiles will be comparable or better than those in 
Exp 1dand will provide strong support of our hypothesis that laminin inhibits reactive astrocytes 
while promoting neurite outgrowth. We will then test this hypothesis in primary neurons. It is 
anticipated that above a threshold of glial reactivity, most NSC34 cells will die via apoptosis or 
necrosis and neurite growth will be negligible. In either case, the3D co-culture system will aid 
our understanding of the influence of laminin, dimensionality and neurons on glial scar biology. 

METHODS   

Laminin-modified collagen scaffolds: For 3D gels, rat tail type I collagen (BD Biosciences) will be 
diluted in 10X Hanks buffer and water to a final concentration of 1 mg/ml. pH alkalinity will be maintained 
using 1N NaOH. The solution will be briefly vortexed, cells incorporated at 5*10

5
 cells/cm

3
, and 50 μl gels 

will be pipetted onto a coverslip positioned at the bottom of a 24 well-plate. The gels will be incubated at 
37

o
C for 10 min and then at room temperature for 45 min to allow complete gelation. For preparing 

modified collagen gels, laminin will be physically entrapped in collagen before gelation.  

Isolation of Primary Astrocytes: Astrocytes will be harvested immediately before use from the cerebral 
cortex of postnatal C57Bl/6J mice by established methods[65, 66]. Postnatal pups (day 0-3) will be 
sedated by exposure to hypothermia[67, 68]and then euthanized by decapitation. Each pup brain will be 
removed and the cortex will be exposed after removing the meninges. The cerebral cortex will be 
explanted into serum-free medium. The tissue will be dissociated with 0.025% trypsin for 30 min, 
triturated, washed, and filtered through a 40-µm pore size mesh to remove tissue clumps. Cells will be 
seeded in T75 flasks at the concentration of 2 cortices/plate and allowed to proliferate for 7-9 d. Medium 
will be changed on alternate days to remove the less-adherent neurons, dead cells and microglia. After 7 
d, contaminating oligodendrocytes will be removed by vigorous shaking (~200 rpm) overnight and 
medium will be changed the next day. This will result in ~98% astrocytes, where purity will be assessed 
by GFAP immunoreactivity. For 2D astrocyte cultures, 1.5x10

4
 cells/ cm

2
 will be seeded onto collagen-

coated tissue culture plates. Cells will be maintained in serum-containing medium: DMEM/F12 
supplemented with 10% FBS, 2 mM glutamine and 1% penicillin-streptomycin. After 2d of culture, 
astrocytes will be treated with high concentrations of TGFβ1 (20 ng/ml)in culture medium to induce 
reactivity. TGFβ1 will be replenished every other day for 7 d. Reactivity of astrocytes will be confirmed by 
GFAP, vimentin and CSPG staining. Reactive astrocytes will then be harvested and seeded within 3D 
collagen gels (1 mg/ml, 50 µl) at 1.5x10

6
cells/ml and cultured for 7 d. 

NSC34 cell maintenance and culture: NSC34 cells (Cellutions Biosystems) will be cultured in 
maintenance medium: DMEM with 10% FBS and 1% penicillin-streptomycin at 37

o
C and 5% CO2. Cells 

will be removed from cell culture substrates using 0.025% trypsin and will be cultured on 2D collagen-
coated coverslips or encapsulated in 3D collagen gels. To induce neurite outgrowth, NSC34 cells will be 
cultured in differentiation medium: DMEM-F12, enriched with 1% N2 and 1% penicillin-streptomycin. For 
immunofluorescence and image analysis,NSC34 cells will be cultured at 0.75x10

4
 cells/cm

2
 in 2D and 

2.5x10
5
 cells/ml in 3D; for immunoblotting, 1.5x10

4
 cells/cm

2
 will be cultured in 12-mm collagen coated 

tissue culture plates (2D) and 1.5x10
6
 cells/ml were cultured within 3D collagen gels (1 mg/ml, 50 μl).  

Immunofluorescence: We will fix the cultures in buffered 4% formaldehyde for 30 min, permeabilize the 
cells in buffered 0.1% Triton-X-100 for 15 min, and then block in 10% lamb serum in PBS for 30 min (2D) 
and 2 h (3D). Samples will be incubated in primary antibodies (Table 2) overnight and visualized following 
overnight incubation with the appropriate secondary antibodies conjugated with fluorescent tags (Jackson 
ImmunoResearch). All procedures will be carried out at 25°C. Controls include incubations with only the 
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primary or the secondary antibodies to test for background fluorescence and non-specific binding. For 
double-labeling experiments, signal bleed-through across filter channels will be ruled out by viewing the 
sample with the inappropriate emission filters. 

Confocal imaging: Samples from 3D cultures will be imaged with confocal laser scanning microscopy 
following immunofluorescence processing. Sets of cells used for fluorescence quantification will be 
imaged under the same confocal settings for each channel (objective, zoom, gain and offset). Cell 
features will transverse through multiple optical sections; thus, flattened z-stacks will be examined in 
addition to 5-μm optical sections. Analyzes of neurite extension and 3D reconstruction will be performed 
using Volocity imaging software. 

Table 2. Antibodies for immunofluorescence (IF) and immunoblotting (IB).Antibodies will be diluted 

to 1:500 or 1:1000 for immunofluorescence (IF) and 1:1000 or 1:5000 for immunoblotting (IB) 

Antigen Host Source Application 

β III Tubulin (neuronal marker) Rabbit Sigma IF 

SMI-32  (motor neuron marker) Mouse Covance IF 

GFAP (astrocyte marker) Mouse Sigma IF, IB 

Laminin Rabbit Abcam IF, IB 

β1 Integrin Rabbit Cell Signaling IB 

CSPG (glial scar marker) Mouse Abcam IF 

Neurocan (glial scar marker) Mouse Sigma IB 

Vimentin (glial scar marker) Rabbit Cell Signaling IF, IB 

TGFβs(glial scar marker) Rabbit Abcam IF 

TGFβ1(glial scar marker) Rabbit Abcam IB 

TGFβ2 (glial scar marker) Mouse Abcam IB 

S100β (glial scar marker) Rabbit Abcam IF 

GAPDH (low MW internal control) Rabbit Sigma IB 

HSP90 (high MW internal control) Rabbit Sigma IB 
 

RT PCR: Cells will be cultured for 4d on collagen or laminin-coated plates in serum free medium with 1% 
N2 supplement. Cultures will be homogenized and total RNA will be extracted using RNA Easy Kit. The 
yield of total RNA will be quantified by optical density readings at 260 nm. RNA will then be reverse 
transcribed to cDNA using 1 μg Oligo (dT) primer, Superscript II Reverse Transcriptase, and 
accompanying reagents (Invitrogen). Negative controls will be prepared by incubation of samples without 
reverse transcriptase. cDNA concentrations will be measured using Nanodrop Spectrophotometer. PCR 
will be performed on equivalent of 1 µg cDNA from each sample using appropriate primer sets (Table 3), 
TaqDNA polymerase, dNTPs, MgCl2 at optimum annealing and melting temperatures. The thermal cycle 
profile for each set of primers include a primary denaturation cycle at 95°C for 5 min and a final extension 
period at 72°C for 10 min. Equivalent amounts of each PCR product will be size-fractionated on a 1% 
agarose gel and the product size will be verified by running samples against a DNA ladder. The PCR 
products will be visualized by EtBr staining of agarose gels and then imaged using UV transillumination.  

Table 3. Primer sequence for motor neuron transcription factors. 

Target gene Left primer sequence Tm
*
 

(°C) 
GC

*
 

(%) 
Right primer sequence Tm

*
 

(°C) 
GC

*

(%) 

Islet 1 TCATCCGAGTGTGGTTTCAA 50 45 CCATCATGTCTCTCCGGACT 54 55 
Islet 2 CAGCTACAGCAGCAGCAAC 53 58 TCGTCCCACTATTCGCCTCAC 56 57 
Lim Homeobox 9 TGGGAGTGGACATCGTGAATT 52 48 GAAAGAAGTTCGCATCCGTTTG 53 45 

Tm* (°C): Primer Melting Temperature at which one half of the DNA duplex will dissociate to become single stranded 
and indicates the duplex stability. GC* (%) is the number of G's and C's in the primer as a % of the total bases. 
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Immunoblotting: Cells in 3D scaffolds will be homogenized with the QIAshredder homogenizer (2 min at 
full speed in a microcentrifuge) with periodic trituration to disrupt the gels. Cells on coverslips will be 
harvested by cell scraper. Cells will then be washed and pelleted at 10,000g for 25 min at 4˚C and lysed 
in RIPA lysate buffer containing phosphatase/protease inhibitor cocktails. The total protein concentration 
of each lysate will be determined by BCA assay. Cell lysates (20 µg) will be separated by SDS-PAGE and 
immunoblotted. Primary antibodies (Methods Table 1) and HRP-conjugated IgG secondary antibodies, 
ECL substrate will be used to detect positive bands; band intensity will be quantified with ImageJ. Blots 
will be stripped and reprobed with anti-GAPDH or anti-HSP90 for loading control. 

Assessment of neurite outgrowth in 3D cultures: 3D cultures processed by immunofluorescence for 
βIII tubulin will be imaged under confocal microscopy. Volocity software will be used to reconstruct 3D 
neuron images and then trace and measure neurite lengths. Total neurite length will be defined as the 
sum of all branches elaborated by a single neurite. Those neurites <10 µm long or those that contact 
other neurites or cells will be excluded. To ensure unbiased estimates of cell number, cells contacting the 
top stack and right side of the image will be included, whereas cells contacting the bottom stack or left 
side of the image will be excluded. Distributions from n > 50 neurons will be statistically analyzed for each 
experimental condition, obtained from at least 3 separate experiments. 

Proliferation study: Proliferation study will be carried out using Click-iT EdU kit. Cells will be treated with 
EdU for 1, 2, 3, 4 h at optimum growth conditions. The cells will then be fixed, permeabilized and 
incubated with Click-iT detection cocktail for 30 min and analyzed using immunofluorescence. Cells that 
proliferate during EdU incubation fluoresce green. Images will then be analyzed using Image J software.  

Statistical analysis: Statistical analysis will be performed using Analyse-it® or Minitab Statistical 
software via parametric or non-parametric analyses, as appropriate, with minimum significance level of p 
< 0.05 (>95% confidence level). All data will be tested for normality using normal probability plots. 
Statistical significance of differences between two Gaussian populations will be determined using two-
tailed, unpaired t-test.  Statistically significant differences between more than two experimental groups will 
be determined by analysis of variance or Kruskal Wallis test followed by post-hoc analysis. Bonferroni 
correction will be used for multiple comparisons. 

 

TIMELINE    

Fall 2012   
-Finalize culture conditions to direct NSC34 cell proliferation/differentiation on 2D cultures (Exp 1a) 
-Finalize motor neuron transcription factors expressed by NSC34 cells in 2D culture (Exp 1b). 
-Determine the location, amount of laminin synthesized by NSC34 cells in 3D culture (Exp 1c). 
-Determine the neurite outgrowth profile of NSC34 cells in 3D culture (Exp 1d). 
 
Spring 2013 
-Optimize TGFβ1 concentration to induce reactivity in astrocytes in 2D culture (Exp 2a). 
-Monitor for deactivation cues by determining the localization of astrocyte reactivity markers (Exp 2b). 
-Determine the expression levels of GFAP, CSPG, vimentin, S100β, TGFβ (Exp 2c). 
 
Fall 2013 
-Determine astrocyte reactivity influenced by presence of neurons (Exp 3a). 
-Determine extent of neuronal survival and neurite outgrowth in optimized biomaterial system (Exp 3b). 
 
Spring 2013 
-Write thesis report and prepare for defense.  
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