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Contract # W81XWH-10-1-0617
Title: Molecular Determinants Fundamental to Axon Regeneration after SCI
Pl: Dr. Jeffrey Alan Plunkett

Final Report of Scientific Progress from Sept 1, 2010 —June 1, 2012 (Months 1-21) A
three-month extension was granted in Feb. 2012

Introduction:

The zebrafish spinal cord model system is unique because of the co-existence of brainstem
neurons that do (regenerators) and others that don’t (non-regenerators) grow their axon
beyond a spinal cord injury. These responses occur in the presence of CS-PGs, which are
well-known inhibitors of axon growth in the injured mammalian spinal cord. In this proposal (the
first phase of a long-term plan), we will use an in vitro and an in vivo model system to address
the overall hypothesis that the axon growth response in the injured zebrafish spinal cord is
intrinsic to brainstem neurons and entails the expression of a distinct set of genes. In Specific
Aim 1, we will determine the relationship between L1.1 and neurocan and its role in axon
regeneration from adult zebrafish brainstem neurons in vitro. The experiments in Specific Aim
2 are designed to reveal the involvement of L1.1 in axon growth. In Specific Aim 3, we will
identify genes that are fundamental to successful axon regeneration past a CS-PG-rich area in
the injured spinal cord.

Body:

SOW: Plunkett Laboratory

Specific Aim 1: To determine the relationship between L1.1 and neurocan and its role in
axon regeneration from adult zebrafish brainstem neurons in vitro.

Increased levels of L1.1 enhance the regenerative capacity of damaged axons in a zebrafish
spinal cord repair model®. L1.1 is the zebrafish homologue of L1 which is present in mammals.
In this specific aim, we will employ an adult zebrafish brainstem neuronal culture system to
investigate whether L1.1 is involved in the successful growth of an axon over a growth-
inhibitory neurocan substrate. Neurocan is a member of the family of growth-inhibitory
chondroitin sulfate proteoglycans (CSPGs). We will take advantage of antisense morpholino to
down regulate L1.1 levels in cultured neurons and, subsequently, determine axon growth using
guantitative (unbiased) assessment techniques. We predict that this intervention will decrease
the axonal growth response of brainstem neurons that normally are capable of growing their
axon over neurocan. The results from our experiments will allow testing our hypothesis that
cultured adult zebrafish brainstem neurons require L1.1 to grow their axon over neurocan.




Milestones Specific Aim 1:

Mo 1-3: Use RT/PCR to show expression of neurocan after SCI.

Mo 4-6: Isolate zebrafish neurocan.

Mo 7-9: Test effects of zebrafish neurocan on axon outgrowth in vitro.

Mo 10-12: Test if reducing L1.1 levels decreases outgrowth of axons on neurocan.
Mo 13-15: Analyze results using unbiased quantitative techniques. Start manuscript.
Mo 16-18: Finalize/submit manuscript. Start follow-up experiments.

Extension to Month 21
Months 1-3: Use RT/PCR to show expression of neurocan after SCI.

In adult zebrafish the presence of neurocan after CNS injury was verified using RT-PCR
techniques. Zebrafish specific primers were designed using Integrated DNA Technologies
SciTools OligoAnalyzer 3.0 (www.idtdna.com).

Official name: neurocan. Gene ID: 559024. NcanFor: CCA GAA GCA GCA GTC TAT CC.
NcanRev: CAGCCGGCATCACAGTTGTC. Expected Product: 373 bp.

Amplification with primers specific for zebrafish g -actin were used for all control RT-PCR
reactions:

Gene symbol: bactinl. Official name: bactinl. Gene ID: 57934. Bactinfor:
CGTGCTGTTTTCCCCTCC. Bactin2rev: CCA TCA CCA GAG TCC ATC AC. Product: 392 b.
As shown in figure 1, using zebrafish neurocan specific primers following reverse transcription
(RT), we have found neurocan mRNA expression 7 and 14 days post-CNS injury. The data
shown represent expression of neurocan mRNA following brain injury. We verified the identity
of the zebrafish neurocan product through sequence analysis (figure 2). Reasons for using
injured brain tissue were due to RNA yield. We initially collected adult zebrafish (n=30) spinal
cord tissue samples following spinal cord transection as described in Phase 1, Specific Aim 1.
The spinal cord tissues were collected and prepared for standard RT-PCR using commercially
available kits and following the guidelines of the manufacturer. Initial experiments indicated
that we were unable to isolate enough RNA to perform RT-PCR amplification. We will follow up
with analysis of neurocan mRNA expression following SCI through increasing the number of
spinal cords harvested.
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Figure 1. Gel electrophoresis analysis of zebrafish neurocan and g-actin mRNA
expression following CNS injury.

Using RT-PCR, neurocan mRNA expression was analyzed 7 and 14 days post-CNS injury (+)
indicates the presence of cDNA in the PCR reaction. Using PCR primers specific for zebrafish
neurocan, the predicted 373 base pair band was found. p-actin was used for RT controls and
(-) cDNA was also used as a control.

Blasted Ncan sequence: 20bp-end against NCBI’s complete nucleotide collection (did
not specify zebrafish)

Query: Ncan sequence: 20bp-end
Subject: fish ncan

>ref|XM_682321.3] PREDICTED: Danio rerio neurocan (ncan), mRNA
Length=3162

GENE 1D: 559024 ncan | neurocan [Danio rerio] (10 or fewer PubMed links)

Score = 248 bits (134), Expect
Identities = 137/140 (97%), Gaps
Strand=Plus/Plus

2e-62
0/140 (0%)



Query 1 TATCGTGCTCCTCACAACCGTTACGCACTTTCCTTCTCCGACGCTAAAAGAGTGTGTGTG 60

FEEEEEEREER e e e e e e e e e e e
Sbjct 628 TATCGTGCTCCTCACAACCGTTACGCACTTTCCTTCTCCGACGCTAAAAGAGTGTGTGTG 687

Query 61 GAAAANTNNGCCAACATCGCCACACCGGCGCAGCTTCAGGCCACGTTTGATGACGGATAC 120

PR PR e e e e e e e e e e e e
Sbjct 688 GAAAACTCAGCCAACATCGCCACACCGGCGCAGCTTCAGGCCACGTTTGATGACGGATAC 747

Query 121 GACAACTGTGATGCCGGCTG 140

IRttt
Sbjct 748 GACAACTGTGATGCCGGCTG 767

Figure 2. BLAST results of sequenced zebrafish neurocan product.
Sequence results indicate that our amplified product has a 97% identity with zebrafish
neurocan.

In conclusion, these data indicate that neurocan is expressed in CNS tissues following injury.
Furthermore, initial analysis of un-injured CNS tissues shows no detectable neurocan
expression. These data add support to our hypothesis that neurocan is expressed following
SCI in the fish and may affect the regenerative capabilities demonstrated in zebrafish
brainstem neurons.

Months 4-6: Isolate zebrafish neurocan.

We have previously shown in adult zebrafish the presence of neurocan after CNS injury using
RT-PCR techniques.

Ncan Cloning Strategy

Our cloning strategy is to prepare an open reading frame (ORF) clone of zebrafish neurocan
based upon the amino acid sequence below. Source Bioscience ImaGenes (www.imagenes-
bio.de/) will make a synthetic clone of the 1125 aa neurocan protein (sequence above) with an
ORF of 3379 bp that corresponds to the amino acid sequence above.

Clone will be optimized for protein expression. The optimization process comprises an
adaptation of the codon usage, an optimization of the GC-content and a displacement of such
sequences which will decrease the mRNA stability. Furthermore sequence elements which
could form secondary structures will be removed. During the

optimization process the nucleotide sequence may change from the original ncan exon
sequence. However, the aa sequence will be kept at the same. During the production process
the synthesized construct will be fully sequenced twice.

Synthetic clone of neurocan ORF has an advantage that the cDNA encoding the predicted
ncan protein is 8710bp (no introns included). However, only the first 3379 bp are thought to



encode the protein. The remaining 5.3 kb is supposedly UTR. This would be a large construct
for cellular transfection.

Neurocan
Zebrafish Zv9 Genome Build

ncana [ Ensembl gene: ENSDARG00000067820 ]

Protein: ENSDARP00000088461 1125aa

MFHVEAGG IKVLVVLLVFSANFGVCSSESAVTVRRVTAPPLRRPLSSSVLLPCVFTLPAA
ASSPPHGPFIHWTHGSGAQQRTVVSARDGVLRVHQAFAGRLRLPGYSKNQLNASLELSRL
RYNDSGTFRCHVALGENYEQDTVHLEVTGVVFHYSGPAEHYSLSFWEASRACEQNSAVMA
SAEQLWAAFHSSMSNCAAGWI SDQSVRYPVQTPELGCFGHTEFSRGVRNYGKRDPSELFD
VYCFASDMEGEVFSSSVPDKLTHAEAAAHCESLDARLASVGQLFLAWRSGLEHCGPAWVS
DGTLRVSVGPRGSQCPNEEPGVRRVSPAELSNGTKRFDAFCYRVKKAQKASLPNIMQSLL
KPSSEEPSTSPTSSTDGQPVVGLDPSVLQVSNWTGRIDLDTESLPAAEPLELSDEYLTVF
LRAGDSNLDWSQQMDTEDPS IPDQSPGGSAQEEEEEDEGLSGHSSPTATPEKSKSSIKNI
VDSLWKPWSYLTGGDSEETTTTRTPEMKTSSAPGSGLMSWWSRSWLSVPSSITDKIISPS
TSASSVSPTSVLPTREQSVNQTSPPAQDAPLTTVDWV IVTELPKKTKSTAAVVSTESFSG
ESRVLETEGSSWGDSESLTLETSSNALFINTTDHTLTDSTTNQPKPTDATTSSSSTTSSS
TTTSSRTVHGHEARGE 1 QYRRRNRGKKPNQTTTEMSTTPVQDTTTPFVQSTTDIQSSPEI
HSTTAPSVQTTADIHSTTAPSVQTTADIDTTTSPSVQTTDDIQSTTSPSVQTTDVIQSTT
SPSADTINTETTGMSISTSADQTVSGTTAFIEQHLSTTET IRTKSSTGEAEDDRCSCLHG
GTCLPHGEGFRCFCPQGYSGESCE IDVDDCQSNPCENGGTCIDKEDSFVCLCLPSYSGDR
CERDTEGCEHGWKKFHGHCYRLFPRRHTWEDAEKACREHSSHLTSSTSSMEQDFLNGLGH
ENVWIGLNDRTVEEDFQWTDGLDVVYENWRENQPDNFFAGGEDCVVMITREDGKWNDVPC
NYNLPYVCKKGTVMCGTPPAIDNAYLVGRRRSHYD IHAVVRYQCADGFFQRHVPTVRCRP
NGTWERPKI ICTKSRRAHRYRRQHHRSRREHRRHRRHGSGHRGRD

The synthetic Zebrafish neurocan ORF will be subcloned into an alkaline phosphatase (AP)
tagging vector APtag5 (Genehunter, USA: www.genhunter.com) to create a neurocan-AP
fusion protein. Using AP-TAG Kit B, the C-terminal end of neurocan will be fused to AP,
similarly to the experiment performed with mouse ncan described in Shen et al., 2009
(PTPsigma Science paper). We will then transiently transfect this construct into 293T cells.
These transfected cells will be cultured and the secreted fusion protein will be collected from
the culture media. The Neurocan-AP fusion protein will purified using the 6XHis and myc
epitope tags. The eluates of the column will be analyzed using SDS-PAGE. The AP-tag will
facilitate future cell-free binding assays to test binding interactions between ncan and nadl1.1,
as well as between ncan and ptprs. The epitope tag will allow us to visualize the ncan fusion
protein with Western blots and immunohistochemistry in our cultures.




Months 7-9: Test effects of zebrafish neurocan on axon outgrowth in vitro.

Change in Ncan Cloning Strategy

Our cloning strategy since the last quarterly report has changed due to an update in the
Ensembl sequence database (Zv9). Since our last report, additional sequence for
zebrafish neurocan b was released. This data indicates neurocan b exhibits more
homology to mammalian neurocan than neurocan a, the zebrafish paralog we originally
planned to clone.

Our new cloning strategy is to prepare an open reading frame (ORF) clone of zebrafish
neurocan b based upon the amino acid sequence. We have already ordered a synthetic clone
encoding 1266 amino acids from Gene Art Life Technologies (Invitrogen). The clone is
currently under construction and should be ready by the end of June 2011.

The synthetic Zebrafish_neurocan b ORF will be subcloned into a pCMV-Myc (Clonetech)
vector to create a Myc-tagged neurocan b fusion protein. We have already begun preparing
the vector backbone for cloning.

Once generated, the pCMV-Myc-neurocan_b construct will be transiently transfected into 293T
cells. These transfected cells will be cultured and the secreted fusion protein will be collected
from the culture media. Neurocan b protein will purified using the myc epitope tag. The eluates
of the column will be analyzed using SDS-PAGE. The epitope tag will allow us to visualize the
ncan_b with Western blots and immunohistochemistry in our cultures.



Months 10-12: Test if reducing L1.1 levels decreases outgrowth of axons on neurocan.

Sequencing results confirmed that we successfully cloned full-length neurocan b cDNA in-
frame and downstream of a Myc tag in a pCMV (Clonetech) vector (Figure 3).

pCMV-Myc-ncanb was next transiently transfected into 293T cells using Amaxa-mediated
electroporation technology: Cell Line Kit V and Program A-23. Media was then collected from
cells after 7 days in vitro and concentrated to approximately 30% of the original volume using
Centricon Plus-20 centrifugal filter devices (Millipore).

Western blots were run to analyze Myc protein expression using a c-Myc antibody (Clonetech
#631206). Using an alkaline-phosphatase conjugated secondary antibody and Western Blue
substrate reaction (Promega), anti-c-Myc expression was detected in collected Myc-Ncan
transfected 293 media but not in control (untransfected) 293T cell media (Figure 4). However,
bands did not correspond to the expected ~250 kDa molecular weight band of full-length Myc-
NcanB. Three smaller molecular weight bands (arrows), which may arise from Myc-NcanB
cleavage, were detected in Myc-NcanB transfected media but not in control media. We
hypothesize that we did not make enough full-length Myc-NcanB to detect with the current
method. Experiments will be repeated using further concentrated media and a more sensitive
Western blotting technique, the Odyssey Infrared Fluorescent Imaging system and its
accompanying IR-Dye 800 secondary antibodies, which facilitates quantitative analysis. In
addition, we plan to perform an experiment in which we treat collected protein with
chondroitinase ABC to determine whether GAG chains are being attached to Myc-NcanB.
Chondrotinase treatment is expected to produce a downward shift in the molecular weight of
intact Myc-NcanB.

10



C

Score

Query
sbhijct
Query
Sbhijct
Query

sbhijct

Figure 3. A. Plasmid map of pCMV-Myc-ncanb vector. B. Sequencing results illustrating
ncan cDNA (yellow) cloned in-frame and downstream of Myc tag (blue). C. BLAST results
confirming 100% identity between the protein sequences of the cloned Ncan b and the amino
acid sequence posted for Ncan b (Protein ID: ENSDARP00000020815) on Ensembl Zebrafish
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Figure 4. Western blot analyzing Myc-NcanB protein expression in media collected from
transfected cells (+) and untransfected media (-). Arrows correspond to differentially

expressed bands recognized by anti-c-Myc.

During this and the previous review periods we exposed zebrafish brainstem neurons to spots
of concentrated myc-neurocanB media secreted from transfected 293T cells. Serial dilutions
were tested and results demonstrated that high concentrations were inhibitory, as axons failed
to cross myc-ncanB borders. Lower concentrations were more permissive and control spots

permitted crossing (Figure 5).
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Figure 5. Neuronal cultures with spots of myc-ncanB conditioned media from 293T
cells. Control treated cells panel A. Neurons turning away from concentrated myc-ncanB
spot, panels B and C.

Once Myc-NcanB protein is isolated, it will be used as a substrate for zebrafish adult brainstem
cultures in vitro. In order to have a reference for these future results, we quantified the effect of
reducing L1.1 levels on axon outgrowth over commercially available CSPGs (Table 1).

Response Percent Cells (%)
Repelled 41
Crossing in 16
Crossing out 11
Growing inside 32

Table 1. Response of L1.1 morpholino treated cells to 0.1ug/mL CSPGs after 7 days in
vitro. N= 4 independent experiments, 379 total cells.

During Months 10-12 of this review period, we also performed several RT-PCR experiments
examining neurocan expression in vivo pre and post-injury. Our qualitative data demonstrates
that neurocan mRNA is expressed in un-injured as well as injured brain tissue. Neurocan
MRNA is also expressed in un-injured spinal cord (Figure 6).

13
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Figure 6. RT-PCR analysis of zebrafish neurocan mRNA in uninjured CNS tissues. Spinal
cord (lanes 1-6) and brain (lanes 7-10) samples. Reverse transcriptase (RT) was added to
make cDNA (+). Control no cDNA reactions (-) were run without RT.

Months 13-15: Analyze results using unbiased quantitative techniques. Start
manuscript.

In the previous period of review, months 9-12 we finished cloning our zebrafish neurocan
construct. In this current period we have transfected this construct into mammalian 293T cells
and collected culture media from transfected cells. We are also continuing to characterize our
secreted product and analyzing it through western blot. We recently presented our data at the
Society for Neuroscience Meeting in Washington DC. In speaking with two recognized experts
in the field of glycobiology, Dr. Herbert Geller of the NIH and Dr. Roman Giger of the University
of Michigan, they both recommended that we express our Myc-Ncan product in zebrafish cells
and not the mammalian 293T cells that we are currently using. Reasons for this change would
be that they felt confident that expression of the protein core would be correct however, their
concern was with the sugar GAG chains that were added to the neurocan protein core would
be of a different composition than that produced in vivo in the fish. In an effort to investigate
this possibility, we are currently transiently transfecting primary neuronal and astrocyte cultures
from the zebrafish brain. We will be able to analyze these efforts prior to our next quarterly
report. Dr. Geller has also graciously agreed to not only analyze our cloned/secreted product
but also for a possible collaboration on the examination of CSPGs within the zebrafish CNS.

14



Summary of preliminary data:
Sequencing results confirmed that we successfully cloned full-length neurocan b cDNA in-
frame and downstream of a Myc tag in a pCMV (Clonetech) vector.

pCMV-Myc-ncanb was next transiently transfected into 293T cells using Amaxa-mediated
electroporation technology: Cell Line Kit V and Program A-23. Media was then collected from
cells after 7 days in vitro and concentrated to approximately 30% of the original volume using
Centricon Plus-20 centrifugal filter devices (Millipore).

Western blots were run to analyze Myc protein expression using a c-Myc antibody (Clonetech
#631206). Using an alkaline-phosphatase conjugated secondary antibody and Western Blue
substrate reaction (Promega), anti-c-Myc expression was detected in collected Myc-Ncan
transfected 293 media but not in control (untransfected) 293T cell media (Figure 4).

Months 13-15: Analyze results using unbiased quantitative techniques. Start
manuscript.
Months 16-18: Finalize/submit manuscript. Start follow-up experiments

In the previous period of review, months 13-15 we finished cloning our zebrafish neurocan
construct. In Month 16, we applied for and granted a 3 month extension to complete work
specifically in Aims 1 and 2.

During this review period, we continued to transfect our pPCMV-Myc-NcanB construct into
mammalian 293T cells and collect culture media containing secreted Myc-NcanB. In addition,
we followed the suggestions of Dr. Herbert Geller of the NIH and Dr. Roman Giger of the
University of Michigan, who both recommended that we express Myc-Ncan in zebrafish cell
cultures to maintain the endogenous zebrafish sugar GAG chain composition (personal
communications, 2011 Society for Neuroscience meeting). We transfected pCMV-Myc-Ncan
into zebrafish brain cultures, and we are currently characterizing the secreted product. We are
comparing it to Myc-NcanB collected from 293T cells utilizing Western blot analyses and anti-
Myc.

We also tested three antibodies raised against Neurocan to study our secreted product in more
detail: MAB5212 (Millipore), 1F6 [Developmental Studies Hybridoma Bank (DSHB)], and 1D1
(DSHB). Neurocan protein expression was examined in adult zebrafish brain tissue lysates
collected from control (uninjured) fish as well as from fish 6 days after acute brain injury. As
shown in Figure 7, Westerns performed on samples collected from control and injured fish
exhibited a ~150kDa band when immunoblotted with 1F6, which recognizes a N-terminal
neurocan epitope.

Preliminary data also suggest that 1F6 recognizes Neurocan protein expression in vivo.
Immunoreactivity was observed in adult zebrafish brain tissue harvested three days after acute

15



brain injury (Figure 8). Taken together, these data suggest we can recognize zebrafish
neurocan with an antibody.

Zebrafish Neurocan Purification

To prepare the zebrafish neurocan, pCMV-Myc-NcanB construct secreted product as a
substrate for in vitro culture experiments, we began work on neurocan protein purification. Myc
monoclonal antibody-agarose beads (Clontech 631208) were purchased to purify Myc-NcanB
utilizing affinity-chromatography. Protocols are currently being tested and implemented.

Rat Zebrafish

injury + + injury - +
chABC + - chABC

250kDa 3
250kDa [ > S i

150kDa | 150Kkba "’ e
e -
>. -

100 kDa
100 kDa

- ‘-\'p
Figure 7. Western blot analysis of Neurocan expression in injured and uninjured CNS tissues.
A 3% SDS-PAGE gel, primary antibody 1F6, and an alkaline phosphatase-conjugated secondary antibody were
utilized. Protein extracts were prepared from rat and zebrafish CNS tissues. Spinal cord tissue, harvested from a
rat after spinal cord injury (+), served as a positive control for 1F6 immunoreactivity. Samples were either treated
(+) with Chondroitinase ABC (chABC) to remove GAG chains or left untreated (-). As expected, 1F6 recognized
intact neurocan (gray arrow) and a 130kDa N-terminal processed neurocan fragment (black arrow) in chABC
treated samples (Asher et. al., 2000). Zebrafish brain tissue was harvested from control (uninjured) adult fish (-) or
from adult fish 6 days after acute brain injury (+). A ~150 kDa band was observed in control and injured samples,
but not in a control blot processed without the primary antibody.
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Figure 8. Neurocan expression in the brain of injured adult zebrafish. A and C are adjacent coronal sections
harvested 3 days after acute brain injury. Images were taken at 10X. DAPI is shown in blue, and 1F6 in red.
Nonspecific staining, which can be seen on both red and green channels (data not shown), is white following
background subtraction. B and D are 20x close-ups of the boxed regions in A and C respectively. (A-B) No
primary antibody control (only the secondary antibody was added). (C-D) IF6 labeling.

Months 19-21: Extension period

Zebrafish Neurocan Purification

To prepare the zebrafish neurocan, pCMV-Myc-NcanB construct secreted product as a
substrate for in vitro culture experiments, we are finishing work on neurocan protein
purification. Myc monoclonal antibody-agarose beads (Clontech 631208) were purchased to
purify Myc-NcanB utilizing affinity-chromatography. In an initial experiment shown in Figure 9,
potential pCMV-Myc-NcanB construct secreted cleavage products from 293T cells is
evidenced by western blot using anti-myc antibodies. We are also purifying pCMV-Myc-
NcanB construct secreted products from 293T cells as well as from whole brain zebrafish cells
using an immuno-precipitation strategy. We feel that within the next month (July 2012), the
combined efforts of the Myc column and immuno-precipitation methodologies using zebrafish
brain and 293T cells will yield a neurocan product that is biochemically identical to the native
zebrafish neurocan. We will finish characterization and begin to conduct experiments to
determine axon growth from cultured adult zebrafish brainstem neurons with increased L1.1
levels over a zebrafish neurocan substrate. Finally, although we are a bit behind in this aim, at
this time we feel that our efforts during this phase will yield useful data concerning the potential
interactions between neurocan and L1 and the role they play in axonal regeneration seen in
the zebrafish.

17



Figure 9. Western blot analyzing Myc-NcanB protein affinity column purification.

Samples were run on a 3% SDS-PAGE gel, transferred to a nitrocellulose membrane, and labeled with anti-c-
Myc. Samples include media collected from control (not transfected) 293T cells, pPCMV-Myc-NcanB transfected
293T cells, and twelve fractions (pooled as specified) eluted off an anti-c-Myc column. Mammalian neurocan has
been described in at least four forms: intact neurocan (observed after chondroitinase ABC treatment as a ~270
kDa band) and three smaller forms resulting from proteolytic cleavage (Asher et. al., 2000). Two N-terminal
fragments, 130 kDa and 90 kDa, as well as one C-terminal 170 kDa fragment have been reported. Myc-NcanB
encodes a N-terminal Myc-tagged zebrafish NcanB protein. The sequence and position of the described neurocan
cleavage site that produces the 130 and 170 kDa forms is conserved between zebrafish and mammals. Two sets
of bands, relatively similar in size to the mammalian 130 and 90 kDa neurocan fragments, were observed in
fractions 3-12. These bands were not observed in media collected from pCMV-Myc-NcanB transfected cells prior
to concentration (starting material), suggesting Myc-NcanB was too dilute in the sample for labeling.
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SOW: Plunkett Laboratory

Specific Aim_2: To determine the presence and role of PTPo in CSPG-mediated
inhibition of axon regeneration from adult zebrafish brainstem neurons in vitro.

The transmembrane protein tyrosine phosphatase, PTPo has been shown to bind to neural
CSPGs?. Moreover, genetic deletion of PTPo elicited axon regeneration in the adult mouse
spinal cord®®, In this specific aim, we will investigate the presence and involvement of PTPa in
failed axon growth from adult brainstem neurons over a CSPG-rich environment. We will use
antisense morpholino-based approaches to down regulate PTPo receptor levels in cultured
adult zebrafish brainstem neurons and, subsequently, determine axon growth using
guantitative (unbiased) assessment techniques. We expect that down regulation of PTPc will
improve axon growth from brainstem neurons that are otherwise unable to grow their axon
over CSPGs. The data from the experiments will allow testing our premise that PTPo is
involved in CSPG-mediated inhibition of axon growth from cultured adult zebrafish brainstem
neurons.

Milestones Specific Aim 2:

Mo 1-3: RT/PCR to show PTPo after SCI. Examine PTPo in cultured cells.
Mo 4-6: Prepare and test PTPo antisense/control morpholino.
Mo 7-9: Test specific conditions for morpholino in vitro knockdown.

Mo 10-12:  Conduct morpholino knockdown using in-situ hybridization.

Mo 13-15:  Analyze results using unbiased quantitative techniques. Start manuscript.
Mo 16-18:  Finalize/submit manuscript. Start follow-up experiments.

Extension to Month 21

Specific Aim 2.
Months 1-3: RT/PCR to show PTPo after SCIl. Examine PTPo in cultured cells.

In the adult zebrafish the presence of PTPo mRNA following SCI was analyzed in un-injured
brainstem tissues using RT-PCR. Prior to experimentation, we confirmed the presence of
PTPo within the zebrafish genome using the Zebrafish Zv8 assembly from the Ensembl
database at www.ensembl.org (using gene name: ptprs and gene 1D: 140820).

Zebrafish specific primers were designed using Integrated DNA Technologies SciTools
OligoAnalyzer 3.0 (www.idtdna.com).

Official gene symbol: ptprs. Official name: protein tyrosine phosphatase, receptor type, S.
Gene ID: 140820. PTPRSFor: CCA GCA AGA CTA CGG TGG C (exon 8). PTPRSREV:
GTG TGT GTG CTG ATG AAG GTC GC (EXON 9). 275 bp product expected. We have also
designed a forward primer in exon 6 with negative results when amplified with the above
reverse primer in exon 9.

Amplification with primers specific for zebrafish Beta actin were used for all control RT-PCR
reactions (as above, specific aim 1)
19



As shown in figure 10, initial experiments indicate the failure to amplify zebrafish PTPo mRNA
from un-injured zebrafish tissues. We are currently using this primer set to analyze injured
tissue. It should be noted that in using a RT-PCR based strategy, a negative result does not
indicate “no expression” as it may be that the particular primer set will not work. In support of
this is evidence in mammals that PTPo and other PTPs in the leukocyte antigen-related (LAR)
subfamily are extensively alternatively spliced. We designed these primers to amplify a product
that spans exon 8 - exon 9 in addition to exon 6 — exon 9. We can hypothesize that unique
splice variants may exist in zebrafish between differing tissues. With this knowledge,
continued failure to amplify a product using the current primer set will result in the design of
new primers from different exons.

Figure 10. RT-PCR analysis of B-actin and PTPo mRNA expression in uninjured adult
brain tissue. p-actin amplification was used for reverse transcription control reactions. Note
that PTPo mRNA expression was negative for all conditions tested. Gradient PCR annealing
temperatures as well as oligo and random priming were used along with exon 8 — 9 primer set
for the above reactions.
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Months 4-6: Prepare and test PTPo antisense/control morpholino.

Since the previous quarterly report we are now able to demonstrate in the adult zebrafish the
presence of PTPo mRNA in un-injured brainstem tissues using RT-PCR. Prior to
experimentation, we confirmed the presence of PTPo within the zebrafish genome using the
Zebrafish Zv8 assembly from the Ensembl database at www.ensembl.org (using gene name:
ptprs and gene ID: 140820). Zebrafish specific primers were designed using Integrated DNA
Technologies SciTools OligoAnalyzer 3.0 (www.idtdna.com).

Official gene symbol: ptprs. Official nhame: protein tyrosine phosphatase, receptor type, S.
Gene ID: 140820. Forward 5 GTCACCTGCCCATCCTGC-3 Reverse 5'-
GCTTGGCTTGGACATTGATTTC-3’ 344 bp product expected. We have designed the forward
primer in exon 1 with the reverse primer in exon 3.

Amplification with primers specific for zebrafish Beta actin were used for all control RT-PCR
reactions.

As shown in figure 11, initial experiments indicate the ability to amplify zebrafish PTPo mRNA
from un-injured zebrafish tissues. We are currently using this new primer set to analyze
injured tissue and cultured brainstem neurons. We are also confirming the PTPo PCR
product through sequencing.

MW +RT -RT

Figure 11. RT-PCR analysis of PTPo mRNA expression in uninjured adult brain tissue.
B-actin amplification was used for reverse transcription control reactions (not shown). PTPo
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MRNA expression was positive when reverse transcription (RT) reaction was included.
Gradient PCR annealing temperatures as well as oligo and random priming were used along
with exon 1 — 3 primer set for the above reactions.

We have used the RT-PCR data above to design a set of morpholinos to knockdown PTPo
MRNA expression in our cultured cells.

Two morpholinos were designed against PTPo mRNA (Ensembl transcript
ENSDARTO00000083308) to confirm target specificity. The first morpholino (5'-
TGACGCAGATGACCTTTGACCTGGC-3)) is a translation-blocking oligo. The second
morpholino (5-TGTTAGCAGTCTCACCTCGATGC-3) is a splice-blocking oligo. It was
designed to skip exon 2 during splicing, ligate exon 1 to exon 3 (deleting exon 2), cause a
frameshift in the downstream sequence and result in early termination of protein synthesis.
Successful splice modification will be verified using RT-PCR.

Both PTPo morpholinos were designed using GeneTools targeting guidelines to be specific
and effective against Ptpo. We expect that both morpholinos will produce similar phenotypes.
This finding would support the hypothesis that the phenotype is due to knockdown of PTPo,
rather than off-target RNA interactions.

Data acquired from cells treated with the PTP o morpholinos will be compared to that obtained
from cells treated with a standard negative control oligo 5'-
CCTCTTACCTCAGTTACAATTTATA-3..

The ability of the PTP o morpholinos to knockdown protein expression will be tested in vitro.
Brainstem neurons will be transfected with a 6XHis/Myc tagged PTPo-AP protein and treated
with PTP o or control morpholinos. Western blots will be performed with an anti-myc tag
antibody to quantify knock down.

We have recently ordered the PTPo morpholinos and are currently setting parameters for
delivery to cultured brainstem neurons.

Months 7-9: Test specific conditions for morpholino in vitro knockdown

PTPo detection in tissue

Prior to experimentation, we confirmed the presence of PTPo within the zebrafish genome
using the Zebrafish Zv8 assembly from the Ensembl database at www.ensembl.org (using
gene name: ptprs and gene ID: 140820). Zebrafish specific primers were designed using
Integrated DNA Technologies SciTools OligoAnalyzer 3.0 (www.idtdna.com).

Official gene symbol: ptprs. Official nhame: protein tyrosine phosphatase, receptor type, S.
Gene ID: 140820.
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In a previous quarterly report, we demonstrated in the adult zebrafish the presence of PTPo
MRNA in un-injured brainstem and tissues using RT-PCR.

To date, we have not been able to detect PTPo in un-injured spinal cord tissue. While control
RT-PCR reactions amplified successfully, no PTPo was detected in un-injured spinal cord.
One could hypothesize that the expression of PTPo in the un-injured brain is due to the
prevention of plasticity within the un-injured quiescent tissue.

Similarly, one might predict that PTP o expression in uninjured spinal tissue also prevents
plasticity. One possibility that exists is that there may be an alternative splice form of the gene
within the cord that is distinct from the brain. For this reason, we have performed RT-PCR
reactions with additional primer sets, targeting different exons. PTPo was successfully
amplified from uninjured brain using exon?2 forward primer 5-"CTGTAGACATGATCGGCGT-3’
and exon 4 reverse primer 5-CGGCCGTTACTTGTGTTG-3'.

We are currently using both primer sets exonlforward/exon3reverse and
exon2forward/exon4reverse to analyze un-injured spinal cord tissue, as well as injured brain
and spinal cord tissue. We are also currently designing in-situ hybridization experiments to
perform further analysis of expression at the cellular level.

PTPo detection in cultured brainstem cells

Overall, we are using multiple approaches to determine the presence or absence of PTPo in
injured and un-injured brain and spinal cord tissue and in adult brainstem cells grown in
culture. We have already successfully performed control RT-PCR reactions from cultured
brainstem neurons using S-actin primers. We are currently initiating experiments to analyze
PTPo expression in cultures grown on laminin alone as well as on a CSPG/laminin substrate.
Our current approach will allow us to determine if and when PTP o is expressed in our cultures
and how morpholino knock down will affect outgrowth.

PTPo morpholino approach
We have used the RT-PCR data above to design a set of morpholinos to knockdown PTPo
MRNA expression in our cultured cells.

Two morpholinos were designed against PTPo mRNA (Ensembl transcript
ENSDARTO00000083308) to confirm target specificity. The first morpholino (5'-
TGACGCAGATGACCTTTGACCTGGC-3') is a translation-blocking oligo. The second
morpholino (5-TGTTAGCAGTCTCACCTCGATGC-3’) is a splice-blocking oligo. It was
designed to skip exon 2 during splicing, ligate exon 1 to exon 3 (deleting exon 2), cause a
frameshift in the downstream sequence and result in early termination of protein synthesis.
Successful splice modification will be verified using RT-PCR.

Both PTPo morpholinos were designed using GeneTools targeting guidelines to be specific
and effective against Ptpo. We expect that both morpholinos will produce similar phenotypes.
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This finding would support the hypothesis that the phenotype is due to knockdown of PTPo,
rather than off-target RNA interactions.

Data acquired from cells treated with the PTPo morpholinos will be compared to that obtained
from cells treated with a standard negative control oligo 5'-
CCTCTTACCTCAGTTACAATTTATA-3..

The ability of the PTPo morpholinos to knockdown protein expression will be tested in vitro.
Brainstem neurons will be transfected with a construct containing the PTPo morpholino target
sequence upstream of a GFP gene. A reduction in GFP expression would indicate that the
morpholino recognizes the PTP o target.

We have recently ordered the PTPo morpholinos and are currently setting parameters for
delivery to cultured brainstem neurons.

Months 10-12: Conduct morpholino knockdown and using in-situ hybridization.

In months 4-6, we detected the presence of a band corresponding to the expected size of
PTPo mRNA in un-injured brain tissue utilizing RT-PCR, a forward primer in exon 1 and a
reverse primer in exon 3. During months 10-12 we cloned this putative PTPo RT-PCR product
into a pCRII vector. Sequencing results revealed that the clone shared 100% identity with
ptprsa Transcript ID: ENSDART00000083308 (Ensembl database Zebrafish genome build
Zv9). This confirms expression of PTPo mRNA in un-injured brainstem tissues. Moreover,
construction of the pCRII-PTPo cDNA exons1-3 vector will facilitate future PTPo in situ studies
and PTPo antibody production.

Figure 12. BLAST nucleotide alignment reveals 100% similarity between sequenced PTPo cDNA clone
and ptprsa Transcript ID: ENSDART00000083308.

During months 10-12, we also demonstrated PTPo expression in injured adult brain tissue and un-injured adult spinal cord
(Figure 9). We also detected PTPo expression in adult brainstem cells cultured on a growth-permissive laminin substrate, as
well as on a CSPG-containing laminin substrate. Our qualitative RT-PCR data suggest that overall ptprsa gene expression
may not be governed by injury (in-vivo) or substrate (in-vitro).
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Injured Uninjured Uninjured
brain PTPo spinal cord PTPo spinal cord B-actin

Figure 13. RT-PCR analysis of zebrafish PTPc mRNA pre- and/or post-CNS injury. (A)
Injured brain and (B) spinal cord samples. Reverse transcriptase (RT) was added to make
cDNA (+). Control no cDNA reactions (-) were run without RT. Control p-actin RT-PCR

reactions were performed on the same samples (shown in same order).

PTPo morpholino-treated cultures grown on laminin for seven days in vitro are currently being
analyzed to determine optimal PTPo morpholino delivery parameters.

Laminin PTPo Laminin B-actin CSPG PTPo CSPG B-actin
A A

[ | ) [ [ |
+ + -+ + - + + - + + -
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Figure 14. RT-PCR analysis of zebrafish PTPo mRNA in adult brainstem cultures. Cells
were grown for 7 days in vitro on a growth permissive laminin substrate or on a CSPG/laminin
substrate (B). (Reverse transcriptase (RT) was added to make cDNA (+). Control no cDNA
reactions (-) were run without RT. Control p-actin RT-PCR reactions were performed on the
same samples (shown in same order).

Months 13-15: Analyze results using unbiased quantitative techniques. Start
manuscript.

Months 16-18: Finalize/submit manuscript. Start follow-up experiments

Months 19-21: Extension period

In months 4-6, we detected the presence of a band corresponding to the expected size of
PTPo mRNA in un-injured brain tissue utilizing RT-PCR, a forward primer in exon 1 and a
reverse primer in exon 3. During months 10-12 we cloned this putative PTPo RT-PCR product
into a pCRII vector. Sequencing results revealed that the clone shared 100% identity with
ptprsa Transcript ID: ENSDART00000083308 (Ensembl database Zebrafish genome build
Zv9). This confirms expression of PTPo mRNA in un-injured brainstem tissues. Moreover,
construction of the pCRII-PTPo cDNA exons1-3 vector will facilitate future PTPo in situ studies
and PTPo antibody production.

During months 10-12, we also demonstrated PTPo mRNA expression in injured adult brain
tissue and un-injured adult spinal cord (Figure 13). We also detected PTP o expression in adult
brainstem cells cultured on a growth-permissive laminin substrate, as well as on a CSPG-
containing laminin substrate (Figure 14). Our qualitative RT-PCR data suggest that overall
ptprsa gene expression may not be governed by injury (in-vivo) or substrate (in-vitro).

PTPo morpholino-treated brainstem cultures

PTPo morpholino-treated cultures grown on CSPG+ laminin for seven days in vitro are
currently being analyzed for efficacy of PTPo morpholino delivery (Figure 15). To date three
experiments have been performed and are currently under analysis.
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Figure 15. PTPrsa morpholino treated brainstem cultures exhibit different cellular responses to CSPGs.
Control morpholino treated cells: (A) turning away from and (B) extending a neurite (crossing) into CSPG
environment. PTPrsa morpholino treated cells: (C) extending a neurite into the CSPG region and (D) interacting
with CSPGs.

Quantitative Analysis of Axonal Growth follwing PTPrsa morpholino treatment
Quantitative analysis the ptprs morpholino (ptprsMO) delivery to cultured brainstem neurons
reveals no significant difference in cells ability to cross into the CSPG barrier (Table 2). Our
original hypothesis was that down regulation of PTPo will improve axon growth from brainstem
neurons that are otherwise unable to grow their axon over CSPGs. The data from the
experiments will allow testing our premise that PTPo is involved in CSPG-mediated inhibition
of axon growth from cultured adult zebrafish brainstem neurons. Although the quantitative
data demonstrate no significant difference, confirmation of true ptp knock down through the
use of morpholinos is currently being confirmed as described below. If the efficacy of ptp
knock down is insufficient, we will immediately design a new set of morpholinos and conduct
the experiment again.

ptprs morpholino (ptprsMO) knock down confirmation

In order to verify that the ptprs morpholino (ptprsMO) can recognize its target ptprs mRNA
sequence and knock down protein translation, we will utilize a reporter construct, which
contains the cDNA sequence targeted by the ptprsMO fused to the coding sequence of Green
Fluorescent Protein (GFP). Similar constructs to validate morpholino target specificity have
been previously described (Bresciani et. al., 2010).

We are currently in the process of cloning the ptprsMO-GFP construct into a pCS2+
expression vector. Upon completion, zebrafish cells will be transfected with ptprsMO-GFP and
treated with either the ptprsMO or control morpholino. GFP expression would indicate the
morpholino does not bind its target sequence and cannot knockdown protein translation. This
result would lead us to design and test a new morpholino to knock down ptprs protein
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expression. In contrast, GFP knock down would demonstrate the morpholino is capable of
recognizing ptprs mRNA and blocking translation. This data would be used to interpret results
from our in vitro and in vivo ptprsMO experiments.

Table 2
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SOW: Oudega Laboratory

Specific Aim 3: To determine the effects of the knock-out of genes crucial for axon
regeneration on spinal cord repair and functional recovery in vivo.

In Phase 1 genes that are crucial for brainstem axon regeneration beyond an injury site in the
adult zebrafish spinal cord will be identified. The expression of some of these genes will need
to be up regulated whereas that of others will need to be down regulated to obtain optimal
axon regeneration. In this specific aim we will focus on the genes whose increased expression
accompanies in vivo axon regeneration. We will (conditionally) knock-out these genes from the
zebrafish genome. These mutant fish will then be subjected to spinal cord transection after
which we will determine the extent of axon regeneration (number and length) and the degree
of functional (swimming) restoration using quantitative (unbiased) assessment techniques. We
expect that the gene deletion will decrease the regenerative response and functional outcome.
The results from these studies will allow testing our hypothesis that axonal regeneration from
adult zebrafish brainstem neurons across a spinal cord transection site requires the expression
of specific genes.

Milestones Specific Aim 3:
Dr.Katarina Vajn; Dr. Oudega’s laboratory.

Mo 1-3: Identify genes essential for brainstem axon growth after SCI.
Mo 4-9: Perform knock-out experiments; create mutant zebrafish.
Mo 7-9: Test the mutant fish for absence genes and functional behavior.

Mo 10-12:  Perform spinal cord transection surgeries in mutants. Assess function.
Mo 13-15:  Trace brainstem neurons/regenerating axons. Analyze functional data.
Mo 16-18:  Analyze axon growth. Write manuscript. Start follow-up experiment.
Extension to Month 21

Milestones Specific Aim 3:
Dr.Katarina Vajn; Dr. Oudega’s laboratory.

Months 1-3: Identify genes essential for brainstem axon growth after SCI.

A large number of experiments necessary to optimize the harvest of brainstem neurons are
being performed. We are testing different retrograde tracers (Fast Blue, Nuclear Yellow<
others) at different time points after transection of the spinal cord. Different tracers have
different transport characteristics which need to be determined. This depends on molecular
characteristics of the tracer as well as on the organism. Next, the fastest and most efficient
tracer will be selected. Efficacy (i.e., the number of neurons back-labeled) will be a superior
criterion over speed. Once this tracer is known we will determine the most optimum time point
for administration after spinal cord transection.

Once, the tracer and time point are known we can start back-label brainstem neurons that
have grown their axon across an injury as well as brainstem neurons that have failed to do so.
For this we use laser capture micro-dissection techniques. The harvested cells (regenerators
and non-regenerators) will then be processed for isolation of mMRNA and identification of the
genes crucial for the growth response (and genes crucial for the failed growth response). All
the experiments that are currently ongoing were fine-tuned by the results that were presented
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at the Society for Neuroscience meeting in San Diego (10-2010). A working collaboration has
been established with a laboratory at Pitt that owns a LCM device. We can freely use this
device and have started to do so. The mRNA of collected neurons will be isolated and then
submitted for microarray analysis to identify genes that are differentially expressed. In
preparation for these experiments, we have begun optimizing our RNA purification techniques.
We have isolated RNA from adult zebrafish brains using Qiagen’s RNeasy Plus Mini Kit. We
have also performed reverse-transcriptase PCR reactions to assess the quality of our RNA
using p-actin primers and the Superscript 11l First-Strand Synthesis system (Invitrogen).
Establishment of these procedures is critical to the development of techniques used in
microarray analysis.

Months 4-9: Perform knock-out experiments; create mutant zebrafish.

We have tested different tracers during the previous months and have found that fluoro-
emerald successfully traces brainstem neurons in the adult zebrafish (Fig. 1). Because we
need two tracers to distinguish the two populations of brainstem neurons, fluoro-emerald is
currently being tested in combination with fluoro-ruby. If successful, this combination will be
used to retrogradely label brainstem neurons in adult zebrafish after spinal cord transection
and regeneration. We have calculated that a total of 1000 fish will need to be labeled to obtain
50000 brainstem neurons per population. This will yield enough RNA for microarray analysis.

Figure 1. Fluoro-emerald labeled neurons in the adult zebrafish brainstem. The tracer
was injected into the spinal cord caudal to the level where a transection would be made. Axons
can internalize the tracer and transport it to the cell body.

Dr. Vajn is finishing a report on the time-course of retrograde labeling of regenerated
brainstem neurons. Tracer was injected at different times (2-8 weeks) after a complete
transection of the spinal cord. Tissue is being processed and labeled neurons quantified to
reveal the optimal time for tracer injection. An abstract will be presented at the International
Zebrafish conference in Glasgow, Scotland.

RNA quality was tested after zinc-fixation protocols. This is important as time will pass during

harvesting of neurons and the already collected RNA needs to be stable. The first results have

confirmed stable RNA after zinc-fixation, but the brain was less well fixed making the cutting of

sections problematic. A number of different zinc-fixation protocols are currently being tested to
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optimize the end-result, i.e., allowing brainstem cutting as well as proper fixation (stabilization)
of brainstem neuron RNA.

We are finishing up the histology for our time-course study of retrograde labeling of
regenerated brainstem neurons including staining for CSPGs and axon markers. This will allow
correlation of axons in the spinal cord with cells in the brainstem. ISH on zebrafish is being
tested to confirm ICC data.

Mo 7-9: Test the mutant fish for absence genes and functional behavior.

Because we need two tracers to distinguish the two populations of brainstem neurons, fluoro-
emerald is currently being tested in combination with fluoro-ruby (Fig. 2). If successful, this
combination will be used to retrogradely label brainstem neurons in adult zebrafish after spinal
cord transection and regeneration. We have calculated that a total of 1000 fish will need to be
labeled to obtain 50000 brainstem neurons per population. This will yield enough RNA for
microarray analysis. We continue to collect labeled brainstem neurons for our microarray
analysis.

Figure 2. Fluoro-emerald labeled neurons in the adult zebrafish brainstem. In the left
panel, fluoro-emerald-positive axons as well as neurons are depicted. In the middle panel,
fluoro-emerald-positive neurons in the brainstem are depicted. In the right panel, a number of
fluoro-ruby labeled brainstem neurons are shown.

Dr. Vajn is finishing a report on the time-course of retrograde labeling of regenerated
brainstem neurons. Tracer was injected at different times (2-8 weeks) after a complete
transection of the spinal cord. Tissue is being processed and labeled neurons quantified to
reveal the optimal time for tracer injection. RNA quality was tested after zinc-fixation protocols.
This is important as time will pass during harvesting of neurons and the already collected RNA
needs to be stable. The first results have confirmed stable RNA after zinc-fixation, but the brain
was less well fixed making the cutting of sections problematic. A number of different zinc-
fixation protocols are currently being tested to optimize the end-result, i.e., allowing brainstem
cutting as well as proper fixation (stabilization) of brainstem neuron RNA. We are finishing up
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the histology for our time-course study of retrograde labeling of regenerated brainstem
neurons including staining for CSPGs and axon markers. This will allow correlation of axons in
the spinal cord with cells in the brainstem. ISH on zebrafish is being tested to confirm ICC
data.

Mo 13-15: Trace brainstem neurons/regenerating axons. Analyze functional data.
Mo 16-18: Analyze axon growth. Write manuscript. Start follow-up experiment.

We employed fluoro-emerald and fluoro-ruby to trace brainstem neurons in adult zebrafish with
transected spinal cord (see figure land 2). Fluoro-emerald and fluoro-ruby were selected after
a comprehensive selection procedure. After recalculation of the number of fish we need to
trace to obtain enough RNA from labeled neurons for our gene arrays, we determined that
number to be: 1500 fish will need to be labeled to obtain around 50000 brainstem neurons per
population. This will yield enough RNA for microarray analysis. This takes time and we have
continued to collect labeled brainstem neurons for our microarray analysis.

A report on the time-course of retrograde labeling of regenerated brainstem neurons is
prepared and currently in pre-review. Tracer was injected at different times (2-8 weeks) after a
complete transection of the spinal cord. Tissue is being processed and labeled neurons
guantified to reveal the optimal time for tracer injection. Also, immunostaining was performed
for serotonin, tyrosine hydroxylase and glutamate to Further characterize the neurons that
regenerate and those that do not. RNA quality was tested after zinc-fixation protocols. This is
important as time will pass during harvesting of neurons and the already collected RNA needs
to be stable. A number of different zinc-fixation protocols are currently being tested to optimize
the end-result, i.e., allowing brainstem cutting as well as proper fixation (stabilization) of
brainstem neuron RNA. The manuscript is getting close to be finished and submitted but
priority goes to labeling and harvesting brainstem neurons for RNA isolation.
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Key Research Accomplishments:

Specific Aim 1 (Plunkett Lab)
(1) Zebrafish neurocan mRNA was found in injured CNS tissues using RT-PCR techniques.

(2) Myc-tagged full length zebrafish neurocan cDNA cloned into an expression vector to
generate pCMV-Myc-NcanB construct.

(3) Transfection conditions for efficient Myc-NcanB protein production in mammalian 293T
cells and zebrafish brain primary cultures were established.

(4) Myc-NcanB protein purification scheme established using a combination of affinity
chromatography and immunoprecipitation.

(5) Media collected from 293T cells transfected with Myc-NcanB was used as an in vitro
substrate to examine the behaviorial response of zebrafish brainstem neurons to zebrafish
neurocan.

(6) Neurocan mMRNA and protein expression was analyzed in adult zebrafish pre- and post-
injury.

Specific Aim 2 (Plunkett Lab)

(1) PTPsigma mRNA expression detected in uninjured brain and spinal cord tissue, as well as
in injured brain tissue in vivo.

(2) PTPsigma mRNA expression detected in adult zebrafish brainstem cells in vitro.

(3) Adult zebrafish brainstem cultures were treated with PTPsigma and control morpholinos to
determine the effect of morpholino treatment on axon growth over a CSPG-rich environment.

(4) Data from PTPsigma and control morpholino-treated brainstem cultures was quantified and
statistically analyzed.

(5) Experiments to test the ability of the PTPsigma morpholino to knock down protein

expression in vitro are underway. A DNA construct to confirm morpholino target specificity is
being cloned.

Specific Aim 3 (Oudega Lab)
(1) Identified retrograde tracers and back-labeled brainstem neurons.

(2) Isolation of differently labeled neurons.

(3) High quality yield of RNA from isolated neurons.
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(4) Identification proper time point for surgery and tracer injection.

(5). Spinal cord surgeries including tracing for neuron collection for microarrays.
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Reportable Outcomes:

- The 2"* Annual Neuroscience Consortium meeting was held October 1, 2010 at St.
Thomas University. This meeting brought in consortium members from University of
Pittsburgh to discuss progress of the project. Students and post-docs from both institutes will
benefit from the discussions concerning their particular aspect of the project. (Agenda below)

Pictures from the Annual Consortium Meeting

2"9 Annual Zebrafish
Consortium Meeting

10-01-2010 9:00 AM - 5:00 PM Rm 111, CCL Science/Technology Bld, St. Thomas University
16400 NW 32nd Ave, Miami, FL 33054. Ph. (305) 628-6572

St. Thomas University, Miami, FL: University of Pittsburgh, Pittsburgh, PA:
Dr. Jeffery A. Plunkett Dr. Martin Oudega
Dr. Alexis Tapanes-Castillo Dr. Katarina Vajn

Students Plunkett laboratory

Time: Presentation: Presenter(s):
9:00 - 9:15 Introduction 2™ ZFM : Dr. Martin Oudega
9:15-9:45 Plunkett lab overview Dr. Alexis Tapanes-Castillo
9:45 -10:30 Brainstem Culture characterization Michelle Sierra, Anthony

Wood, December Nunez
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10:30 — 11:00

11:00 — 11:15

11:15-11:45

11:45-12:30

12:30 -1:30

1:30 — 2:00

2:00 - 2:30

2:30 - 3:00

3:00 - 3:30

3:30-4:00

4:00 — 4:45

4:45 - 5:00

- Members of the Plunkett Lab and Oudega Lab traveled to The Society for Neuroscience
Meeting in San Diego, CA Nov. 13-17, 2010. Three posters were presented in the Spinal
Cord Injury: Cellular and Molecular Mechanisms: Regeneration Session on Monday Nov. 15™.
The presentations were a complete success and positively reviewed by others in the field.

- Undergraduate students from the Plunkett Lab recently traveled to the University of Miami
Miller School of Medicine, 19™ Annual Neuroscience Research Day and presented 3
posters. This experience was exciting for the students and enabled students to gain
presentation experience in front of some of the top neuroscientists from the southeast Florida

region.

L1 Down/Up regulation in cultured brainstem cells

Coffee break

Scar in injured zebrafish spinal cord

Discussion: Transition grants, Phase 1 budget

Lunch

Retrograde tracing in zebrafish spinal cord

Discussion: Collecting labeled brainstem cells.

Break

Neurocan expression following CNS injury

Brainstem/CSPG culture

Conclusions and general discussion

Planning/program Third Zebrafish Meeting.
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Dr. Jeffrey Plunkett
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- Undergraduate students from the Plunkett Lab traveled to the Florida Academy of Sciences
Meeting at FIT on March 11-12, 2011. This was the 75™ Anniversary Meeting and the students
presented 2 posters. This experience was exciting for the students and enabled students to gain
presentation experience in front of some of the top scientists from Florida universities. Francelethia
Shabazz an undergraduate student/technician from the Plunkett Lab won 1% place for “Best
Undergraduate Poster”.
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- Students from the Plunkett Laboratory presented five posters and an oral presentation at the 6™
Annual Southeast Cell Science Undergraduate Research Symposium held April 16™ 2011 in
Miami, Florida.
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- Students from the Plunkett Laboratory presented five posters at the 3™ Annual STEM Symposium
held at Barry University in Miami, Florida on April 20", 2011. Students from the Plunkett Laboratory
won 2 individual awards for their presentations.

- Mam M’boge and Emer Bajuelos from the Plunkett Lab graduated with honors from St. Thomas
University in May 2011. Mam graduated with a BS in Biology and is currently employed as a research
technician and planning to attend graduate school within the next year. Emer was a double major in
Chemistry and Biology and is currently studying for the MCAT and working at the USDA conducting
research. Both students also completed undergraduate theses in the Plunkett Laboratory

- SRI, Summer Research Institute at St. Thomas University 2011 is a grant funded program that
affords students the opportunity to conduct summer research under the guidance of a St. Thomas
professor. The program provides a paid internship for 8 weeks of laboratory research. The Plunkett
laboratory is currently hosting 9 St. Thomas and one Miami-Dade College student for the summer.
The Plunkett lab is also hosting a visiting student to the St. Thomas campus from Stevenson University
in Maryland.

- Undergraduate students from the Plunkett Lab traveled to the Society for Neuroscience Meeting
in Washington D.C. from Nov. 12-16, 2011. Students presented 2 posters. This experience was
exciting for the students and enabled students to gain presentation experience in front of some of the
top scientists. Francilethia Shabazz, Jill Woodward and Megan Staudenmaier undergraduate students
from the Plunkett Lab attended this meeting.
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-Abstracts that were presented at the Society for Neuroscience Meeting in Washington, D.C. in
November 2011 including Oudega group.
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Neuronal adhesion molecule L1.1 regulation of axonal growth over growth-inhibitory chondroitin sulfate
proteoglycans in primary adult zebrafish neuronal cultures.

A. Tapanes-Castillo(1), F. Shabazz(1), M. M’boge(1), E. Bajuelos(1), K. Vajn(2), M. Oudega(2), J.A. Plunkett(1). (1) School
of Science, Technology, and Engineering Management, St. Thomas University, Miami Gardens, FL 33054; (2) Department
of Physical Medicine & Rehabilitation, University of Pittsburgh School of Medicine, Pittsburgh, PA 15213.

Axonal regeneration depends on the balance of growth-inhibiting and growth-promoting influences. Chondroitin sulfate
proteoglycans (CSPGs) inhibit axonal regeneration in the injured mammalian spinal cord. However, zebrafish regenerate
their axons beyond the injury site despite the presence of CSPGs. This ability depends on the expression of the growth-
promoting L1 cell adhesion molecule homolog, neuronal adhesion molecule L1.1 (nadl1.1). Our goal is to understand how
nadll.1 affects the response of zebrafish neurons to CSPGs in vitro. We hypothesize that reduced nadl1.1 expression will
decrease axonal outgrowth, as well as the number of neurons crossing into and growing in CSPG areas. Conversely, nadl1.1
over-expression will increase axonal growth and result in more neurons crossing into and growing in CSPG areas. We are
currently using a morpholino-based approach to reduce nadl1.1 expression in primary adult zebrafish brainstem neurons. We
also cloned nadl1.1 full-length cDNA into an adenovirus associated 2A peptide containing expression vector carrying an
enhanced Green fluorescent protein (GFP) reporter gene (pAAV-nadll.1-eGFP). We transfected this construct into adult
zebrafish brainstem neurons using Amaxa-mediated electroporation and investigated the responses of both nadll.1
morpholino-treated cells and nadl1.1 over-expressing (GFP positive) cells to CSPGs presented in culture. Funded by U.S.
Dept. of Defense W81XWH-10-1-0617 to JAP.

Characterization of primary adult zebrafish brainstem neuronal cultures and their interactions with an inhibitory
chondroitin sulfate proteoglycan-rich environment

J.A. Plunkett(1), A. Tapanes-Castillo(1), F. Shabazz (1), K. Vajn(2), M. Oudega(2). (1) School of Science, Technology, and
Engineering Management, St. Thomas University, Miami Gardens, FL 33054; (2) Department of Physical Medicine &
Rehabilitation, University of Pittsburgh School of Medicine, Pittsburgh, PA 15213.

In contrast to mammals, adult zebrafish (Danio rerio) recover functionally from a complete spinal cord injury. In zebrafish
spinal cord, chondroitin sulfate proteoglycans (CSPGs) are expressed at the injury site. CSPGs inhibit axonal regeneration in
the injured mammalian spinal cord, which contributes to the lack of endogenous functional restoration. Previous work in our
laboratory has demonstrated that brainstem neurons in the adult zebrafish can regenerate their axon beyond a spinal cord
lesion despite the presence of these inhibitory molecules. This ability is not characteristic for all brainstem neurons; different
populations exhibit distinct regenerative responses, including failure to regenerate beyond the lesion site. To investigate the
axonal growth response of zebrafish brainstem neurons to CSPGs, we developed a primary neuronal culture system using
adult brainstem cells from wild-type zebrafish. We hypothesized that our culture would contain different neuronal
populations that would respond distinctively to CSPGs presented under controlled culture conditions. Our results supported
this hypothesis revealing four different populations of brainstem neurons with regard to their response to CSPGs in vitro: (1)
neurons repelled by CSPGs, (2) neurons that cross (extend processes) into CSPG-rich areas, (3) neurons that grow
exclusively in CSPG areas, and (4) neurons that grown on CSPGs but cross (extend processes) out of the inhibitory
environment. Our results suggest that the ability or disability to grow across and beyond a CSPG-rich area is intrinsic to the
neuron and likely involves unique sets of axon growth-related genes. Presently, we are characterizing our brainstem cultures,
quantifying the differential response of neurons to CSPGs and performing immunocytochemistry to identify different cell
populations based on their protein expression profile. We have found Human neuronal protein C (HuC), Growth-associated
protein 43 (GAP43), and Proliferating cell nuclear antigen (PCNA) positive cells in our culture. The expression of neural
stem cell markers was also examined. Preliminary results also indicate a neuronal population that expresses the serotonergic
marker, Tryptophan hydroxylase 2 (Tph2). Funded by U.S. Dept. of Defense W81XWH-10-1-0617 to JAP.

Temporal characterization of brainstem axon regeneration in the injured spinal cord of adult zebrafish (Danio rerio)

K. Vajn', D. Suler!, A. Betz*, A. Tapanes-Castillo®, F. Shabazz®, JA Plunkett®, M. Oudega™?

Departments of *Physical Medicine & Rehabilitation and Neurobiology, University of Pittsburgh School of Medicine,

Pittsburgh, PA, USA; *Department of Biological Sciences, St. Thomas University, Miami, FL, USA.

Adult zebrafish (Danio rerio) recover their swimming ability to near-normal within 6 weeks after spinal cord injury (SCI),

which is due at least in part to successful regeneration of brainstem axons across and beyond the injury site. Importantly, not

all brainstem neurons involved in swimming regenerate beyond the spinal cord injury site. This remarkable anatomical and
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functional repair ability of zebrafish after SCI is in sharp contrast with that of mammals with SCI. In the injured mammalian
spinal cord axons fail to regenerate and, after SCI, there is very limited functional restoration. We are interested in profiling
gene expression in the zebrafish brainstem neuron that do and those that do not regenerate their axon across a spinal cord
injury site. A first step toward this is to determine the time period during which regeneration beyond the injury takes place.
To this end, we performed a complete spinal cord transection in one-year old zebrafish and applied a retrograde tracer distally
at the time of transection, and at 1, 2, 4, 6, and 8 weeks post-injury. The brainstems were histologically processed and the
number of retrogradely labeled neurons determined. We used immunohistochemistry to determine the number of axons in the
injury site. Our results revealed the time-course of regeneration of axons from brainstem neurons across and beyond the
injury site. We have also investigated the relationship between regenerating axons and the injured spinal cord tissue
environment.

This work is supported by United States Department of Defense grant W81 XWH-10-1-0617 to JAP.

- A poster was also presented at the American Society for Cell Biology in Denver, Colorado
December 3-7, 2011. Dr. Alexis Tapanes-Castillo was awarded a $1,500.00 MAC (Minority Affairs
Committee) scholarship to attend this meeting and was also honored with a third place award for Post-
doc best poster. Also, two undergraduate students from the Plunkett lab were also granted authorship
due to their significant contributions to the work.

-Abstract presented at The American Society for Cell Biology

Receptor-type protein tyrosine phosphatase sigma a (ptprsa) expression in the central nervous system of adult
zebrafish and brainstem-derived primary neuron cultures

Alexis Tapanes-Castillo, Megan Staudenmaier, Anthony Wood, Francelethia Shabazz, Katarina Vajn, Martin Oudega, Jeffery
A. Plunkett

In the mammalian central nervous system (CNS), the transmembrane protein tyrosine phosphatase PTPsigma was recently
identified as a receptor for chondroitin sulfate proteoglycans (CSPGs), such as neurocan, which inhibits axon regeneration
following an injury. The goal of our project is to elucidate the role of PTPsigma in zebrafish axon regeneration following
spinal cord injury (SCI). Unlike mammals, in adult zebrafish damaged axons regenerate across and beyond a SCI site. We
hypothesize that the zebrafish homolog of PTPsigma, protein tyrosine phosphatase sigma a (ptprsa), like its mammalian
counterpart, is a receptor for CSPGs. Furthermore, we suspect that axon regeneration in zebrafish CNS is due in part to
reduced PTPsigma activity following injury. To qualitatively investigate ptprsa expression following CNS injury in the
zebrafish, we are currently using Reverse Transcriptase Polymerase Chain Reactions (RT-PCR). We are also investigating
possible ptprsa interactions with CSPGs through the evaluation of ptprsa expression in adult zebrafish brainstem-derived
primary neuron cultures. We observed ptprsa mRNA expression in uninjured brain and spinal cord tissue as well as in
injured brain tissues. We have also detected ptprsa mRNA expression in brainstem neuron cultures grown on a growth-
permissive laminin substrate, as well as on a CSPG-containing/laminin substrate. Our qualitative RT-PCR data suggest that
overall ptprsa gene expression may not be governed by injury (in-vivo) or substrate (in-vitro). We are currently determining
whether ptprsa activity is differentially regulated in the presence versus absence of injury through a post-transcriptional
mechanism. Using morpholino knockdown, in-vitro experiments are also underway to determine whether ptprsa functionally
interacts with zebrafish specific neurocan. Funded by U.S. Dept. of Defense W81XWH-10-1-0617 to JP.
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ASCB poster

- Dr. Alexis Tapanes-Castillo and Dr. Plunkett traveled to the the 45th Annual Winter Conference
on Brain Research in Salt Lake City, UT. from Jan. 21-26, 2012. Two posters were presented. This
meeting allowed Dr. Tapanes-Castillo and Dr. Plunkett the opportunity to network with several top
scientist including Dr. Herb Geller from the NIH, Dr. James Fawcett from Cambridge, Dr. Joel Levine
from SUNY Stoneybrook, Ron Meyer from UC Irvine among others. This was an excellent opportunity
to discuss our results with top scientists from across the globe.
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Winter Brain Posters
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- A poster and oral presentationfrom the Plunkett Lab were also presented at the Keystone
Conference “The Life of a Stem Cell” from March 11-16™ in California to present recent findings
from the Plunkett lab of putative stem cell populations found in regenerative nuclei of the zebrafish
brainstem. Dr. Alexis Tapanes-Castillo was awarded a $1,200.00 travel fellowship to attend this
meeting. Also, two undergraduate students from the Plunkett lab were also granted authorship due to
their significant contributions to the work.

-Five Abstracts were submitted to regional meetings by undergraduate students from the Plunkett Lab
for presentation in April. Students will be attending the 3" Annual STEM Symposium at Barry
University and The 7" Annual Southeast Cell Science Undergraduate Symposium in Miami. This
allows undergraduates from the Plunkett Lab the opportunity to present their work from the previous
school year.

Characterization of putative stem and neural progenitor cell populations in adult zebrafish brainstem tissue

Alejandra Cartagena®, Lisandra Yut', Jossias Genao', Alexis Tapanes-Castillo’, Francelethia Shabazz', Katarina Vajn?, Martin Oudega?,
Jeffery Plunkett’

'School of Science, Technology, and Engineering Management, St. Thomas University, Miami Gardens, FL. “Departments of Physical
Medicine & Rehabilitation,
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Neurobiology, and Center for Neuroscience, University of Pittsburgh, University of Pittsburgh School of Medicine, Pittsburgh, PA.

Although post-embryonic neurogenesis is limited in the mammalian brain, zebrafish (Danio rerio) retain multiple proliferative neurogenic and
stem cell niches throughout adult life. The focus of our research is to study how injury to the central nervous system (CNS) affects the
induction of neurogenic progenitor cell fates in the adult zebrafish brain. It has been well documented that in contrast to mammals, adult
zebrafish recover functionally from a complete spinal cord transection injury. Damaged axons deriving from neurons within brainstem motor
nuclei are able to regenerate across and beyond a spinal cord transection site. This ability is not characteristic for all brainstem neurons;
different descending populations exhibit distinct regenerative responses, including failure to regenerate beyond the lesion site. We
hypothesize that spinal cord injury will induce an endogenous, quiescent population of brainstem progenitor cells that act to integrate and
enable the regenerative response seen following spinal cord injury in the fish. We are currently examining regenerative brainstem regions for
stem cell marker expression pre- and post-injury. Prior to injury, Nestin and Sox 2 immunoreactivity were observed near ventricular areas, as
well as in ventral brainstem regions, which contain nuclei from descending cerebrospinal projection neurons. These markers were also
detected in similar brainstem regions following focal brainstem injury, as well as spinal cord injury. In addition, we have established an adult
brainstem cell culture system to study in vitro axonal outgrowth mechanisms in relation to permissive and non-permissive conditions. Our
heterotypic cultures contain a subpopulation of nestin positive cells. Using double and triple labeling with antibodies against Proliferating cell
nuclear antigen (PCNA), Human neuronal protein C (HuC), and tubulin we further characterized this putative stem/progenitor cellular
population. Currently, we are analyzing how these putative stem cells respond to non-permissive growth conditions and affect the growth
response of neighboring cells. Funded by U.S. Dept. of Defense W81XWH-11-1-0645 to JAP.

Zebrafish: an in vivo model for CNS axonal regeneration after injury

Francelethia Shabazz', Alexis Tapanes-Castillo*, Katarina Vajn®, Martin Oudega’ and Jeffery A. Plunkett"

'School of Science, Technology, and Engineering Management, St. Thomas University, Miami, FL; *Departments of Physical Medicine &
Rehabilitation, Neurobiology, and Center for Neuroscience, University of Pittsburgh, University of Pittsburgh School of Medicine, Pittsburgh,
PA.

In contrast to mammals, adult zebrafish (Danio rerio) recover functionally from a complete spinal cord injury. It has been well documented that
chondrotin sulfate proteoglycans (CSPGs), a family of axon growth inhibitory molecules, contribute to the lack of functional restoration in the
injured mammalian spinal cord. We recently demonstrated that CSPGs are present following CNS injury in adult zebrafish. Data from reverse
transcription-polymerase chain reaction (RT-PCR) experiments show that the CSPG family member neurocan and its putative receptor,
receptor-type protein tyrosine phosphatase sigma a (ptprsa), are expressed in the CNS pre- and post-injury. Previous work has also
demonstrated that brainstem neurons in the adult zebrafish can regenerate their axon beyond a spinal cord lesion despite the presence of
these inhibitory molecules. This ability is not characteristic for all brainstem neurons; different populations exhibit distinct regenerative
responses, including failure to regenerate beyond the lesion site. We are currently utilizing our in vivo model to identify specific genes involved
in the CNS regeneration response and to determine how axonal regeneration occurs despite the presence of CSPGs. We have established an
in vivo tracing protocol that permits identification of descending brainstem cells capable of regeneration following CNS insult. This technique
allows isolation of individual cells and comparison of genes between regenerating and non-regenerating cell populations. We aim to
understand the molecular mechanisms underlying the CSPG interactions of regenerative neurons. These data may serve as a foundation for
the development of tailored strategies to promote axon regeneration across injury sites in the mammalian spinal cord. Funded by U.S. Dept. of
Defense W81XWH-11-1-0645 to JAP.

Primary neuronal brainstem culture from adult zebrafish: interactions with an inhibitory chondroitin sulfate proteoglycan-rich
environment

Jossias Genao', Isaac Chacon’, Francelethia Shabazz, Alexis Tapanes-Castillo’, Katarina Vajn2, Martin Oudega? and Jeffery Plunkett’
'School of Science, Technology, and Engineering Management, St. Thomas University, Miami Gardens, FL. “Departments of Physical
Medicine & Rehabilitation, Neurobiology, and Center for Neuroscience, University of Pittsburgh, University of Pittsburgh School of Medicine,
Pittsburgh, PA.

Chondroitin sulfate proteoglycans (CSPGs) inhibit axonal regeneration from brainstem neurons in the injured mammalian spinal cord. In
zebrafish, axons from brainstem neurons regenerate beyond a spinal cord injury site despite the presence of CSPGs. This ability is not
characteristic of all brainstem neurons; different neuronal populations exhibit distinct responses, including failure to regenerate beyond the
lesion site. To investigate the axonal growth response of zebrafish brainstem neurons to CSPGs, we developed a novel, primary neuronal
culture system derived from the brainstem of adult zebrafish. We hypothesized that our culture would contain different neuronal populations
that would respond distinctively to CSPGs in vitro. Our results support this hypothesis revealing four different populations of brainstem
neurons: (1) neurons repelled by CSPGs, (2) neurons that extend processes into CSPG areas, (3) neurons that grow axons exclusively on
CSPGs, and (4) neurons that grow on CSPGs but extend processes out of the inhibitory environment. Our data suggest that the ability to grow
across CSPGs is intrinsic to the neuron. We have molecularly characterized our heterotypic brainstem cultures using immunocytochemistry
and found neuronal, glial, and putative stem/progenitor cell populations. We are currently analyzing how different cell populations respond to
CSPGs. Finally, we are examining how growth-inhibiting CSPGs and the axonal growth-promoting zebrafish neuronal adhesion molecule L1.1
(nadl1.1) interact to regulate axon outgrowth in vitro. Funded by U.S. Dept. of Defense W81XWH-11-1-0645 to JAP.

Receptor-type protein tyrosine phosphatase sigma a (ptprsa) expression in the central nervous system of adult zebrafish and
brainstem-derived primary neuron cultures
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Anthony Wood', Megan Staudenmaier', December Nufiez', Isaac Chacon’, Francelethia Shabazz ', Alexis Tapanes-Castillo’, Katarina Vajn?,
Martin Oudega’ and Jeffery A. Plunkett *

'School of Science, Technology, and Engineering Management, St. Thomas University, Miami Gardens, FL; > Departments of Physical
Medicine & Rehabilitation, Neurobiology, and Center for Neuroscience, University of Pittsburgh School of Medicine, Pittsburgh, PA

In the mammalian central nervous system (CNS), the transmembrane protein tyrosine phosphatase PTPsigma was recently identified as a
receptor neurocan, a chondroitin sulfate proteoglycan (CSPG) which inhibits axon regeneration following an injury. The goal of our project is to
elucidate the role of PTPsigma in zebrafish axon regeneration following spinal cord injury (SCI). Unlike mammals, in adult zebrafish damaged
axons regenerate across and beyond a SCI site. We hypothesize that the zebrafish homolog of PTPsigma, Protein tyrosine phosphatase
sigma a (Ptprsa), like its mammalian counterpart, is a receptor for CSPGs. Furthermore, we suspect that axon regeneration in the zebrafish
CNS is due in part to reduced PTPsigma activity following injury. To investigate ptprsa expression following CNS injury in the zebrafish, we are
currently using Reverse Transcriptase Polymerase Chain Reactions (RT-PCR). We observed ptprsa mRNA expression in uninjured brain and
spinal cord tissue, as well as in injured brain tissues. We are also investigating possible Ptprsa interactions with CSPGs in vitro through the
evaluation of ptprsa expression and morpholino knockdown in adult zebrafish brainstem-derived primary neuron cultures. We have detected
ptprsa mRNA expression in brainstem neuron cultures grown on a growth-permissive laminin substrate, as well as on a CSPG-
containing/laminin substrate. Taken together our qualitative RT-PCR data suggest that ptprsa gene transcription may not be governed by
injury (in-vivo) or substrate (in-vitro). Funded by U.S. Dept. of Defense W81XWH-11-1-0645 to JAP.

Neurocan expression in the CNS of adult zebrafish and its effect on axonal growth of brainstem-derived primary cultures

Harold Gomez®, Arjena Valls®, Alexis Tapanes-Castillo®, Francelethia Shabazz®, Katarina Vajn®, Martin Oudega®, Jeffery Plunkett'

'School of Science, Technology, and Engineering Management, St. Thomas University, Miami Gardens, FL. “Departments of Physical
Medicine & Rehabilitation, Neurobiology, and Center for Neuroscience, University of Pittsburgh, University of Pittsburgh School of Medicine,
Pittsburgh, PA.

It has been established in amphibians and fish that neurons can successfully regenerate their axons in the damaged central nervous system
(CNS). This regenerative ability contrasts with that observed in mammals, whose neurons fail to regenerate their axon after CNS injury.
Regeneration failure in the mammalian CNS is due in part to the presence of axon growth-inhibitory molecules within and near the site of
damage. These inhibitors ultimately prevent the formation of axon circuits that could be involved in or recruited for motor functions thereby
facilitating functional restoration. We have previously demonstrated that chondroitin sulfate proteoglycans (CSPGs), a family of axon growth-
inhibitory molecules are present following CNS injury in adult zebrafish. We then investigated whether a CSPG family member neurocan,
which has been shown to play a role in the prevention of CNS regeneration in mammals, is found within injured adult zebrafish CNS. Using
reverse transcription-polymerase chain reaction (RT-PCR), we now qualitatively demonstrate that neurocan is expressed in the CNS pre- and
post-injury. We are currently examining neurocan protein expression utilizing Western blot analysis and immunohistochemistry pre- and post-
injury. In addition, we have cloned a Myc-tagged full length zebrafish neurocan b construct. We are presently isolating and characterizing the
protein for future use in our adult zebrafish brainstem culture system. We hypothesize that zebrafish neurocan b is a growth-inhibitory
molecule. Taken together, the overall objective of this project is to understand the molecular mechanisms underlying the CSPG interactions of
the regenerative neurons. Funded by U.S. Dept. of Defense W81XWH-11-1-0645 to JAP.

- December Nunez, a student in the Plunkett lab won “Best Poster” at the 7" Annual
Southeast Cell Science Undergraduate Symposium in Miami in April 2012.

- Francelethia Shabazz an undergraduate student/technician from the Plunkett Lab won
second place in the Aquaneering calendar photo competition for the submission of a
micrograph from our adult zebrafish brainstem cultures. The link to the contest page is below.
http://www.aquaneering.com/2012 calendar_contest_winners.php
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- Anthony Wood, and Harold Gomez from the Plunkett Lab graduated with honors in May
2012. They will both be attending medical school next year. Of note: Anthony scored a 33 on
the MCAT which places him in a highly competitive position and Harold just finished his senior
thesis which will likely be turned into a manuscript within the next year.

- Harold Gomez, Jossias Genao and Alejandra Cartejena from the Plunkett Lab were
accepted to the University of Miami, Miller School of Medicine Minority Student MCAT
preparation program in June 2012. This 8 week program allows the student to not only
intensively study for the MCAT but also provides opportunities to shadow Doctors at Jackson
Memorial Hospital. The Plunkett Lab has had 4 other students attend this program in past
years of which 2 of the students are currently in Medical school.

- A manuscript entitled: Establishment and characterization of primary brainstem cultures
from adult zebrafish; A novel in-vitro model for neurite outgrowth. Tapanes-Castillo A,
Shabazz F, Vajn K, Oudega M and Plunkett JA is finished and will be submitted to the Journal
of Neuroscience Research.

Conclusion:

The different studies within this proposal (in vitro as well as in vivo) have been progressing
reasonably well according to the described milestones. Some technical/experimental barriers
concerning zebrafish neurocan production and purification (specific aim 1) and specific aim 3
were encountered the problems have been addressed. Considering our previous success with
surmounting these roadblocks, we are confident that we will be successful. Thus, in conclusion,
we are well on our way to accomplish the goals as they were described in our proposal. With the
continuation of this project in Phase 3 through 2014 well underway we feel that our line of
research will lead to many discoveries concerning the interaction of zebrafish neurites with
chondroitin sulfates.
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