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Body of Report

1. Original Aims of the Project:

Regeneration of axons from descending nuclei of the brain is the ultimate goal of spinal cord
injury research. In the past few years, much has been learned about inhibitory mechanisms of
regeneration, and because of this, many new regenerative therapies have shown great promise.
Our research group has developed methods for identifying gene expression changes in large
numbers of genes using the advanced techniques of microarrays. This approach has proved
useful in identifying previously unknown mechanisms for protection from acute spinal cord
injury and in comparing different regeneration paradigms for similar mechanisms. We now
propose to extend our studies to two promising regenerative therapies. Our goal is to identify
fundamental gene expression mechanisms that mediate the neuronal effects of regenerative
therapies. Knowledge of such mechanisms will drive the refinement of therapies, and,
potentially, the search for small molecule drugs that may be more practical for curing spinal cord
injury.

1. What is the pattern of descending motor cortex gene expression associated with
spinal contusion or axotomy of the corticospinal tract? We will perform
functional genomic analysis of gene expression in motor cortex following
contusion or dorsal hemisection (in the absence of regeneration). We expect to
see regulation of neurotrophin signaling intermediates, reduced expression of
GAP-43, tubulins, and other regeneration-associated genes by 2-4 weeks after
injury due to inhibition of regenerative mechanisms.

2. What is the pattern of descending motor cortex gene expression associated with
regeneration of the corticospinal tract? We will compare regeneration methods
either using chondroitinase ABC to degrade extracellular inhibitory networks, or
using silencer RNA to prevent inhibition of regeneration through common
intracellular pathways.

2. Project Successes

The project was awarded a reduced budget and only one year of support instead of the two
requested. Nonetheless, this project provided an important milestone in our research effort—the
development of laser capture microdissection (LCM) of retrograde-labeled brain neurons as an
effective tool for studying cell-specific gene expression in spinal cord injury and regeneration. It
will take several years of work to reap the benefits of this important pilot project.

Since the scope of the project was reduced, we chose to focus on two models: (1) Hemisection of
corticospinal tract and the effect on axotomized descending neurons; and (2) Spinal contusion
followed by radial glial transplant and the effect on growing raphe neurons.

Each of these experiments depended on our ability to (1) identify injured and/or regrowing
neurons using retrograde tracers compatible with LCM techniques, (2) develop and validate
LCM techniques compatible with microarray assays, (3) accurately amplify vanishingly small
quantities of mRNA collected by LCM, (4) assess differential gene expression on microarrays
and perform the appropriate statistical analyses, and (5) validate selected microarray data with
quantitative real-time PCR (qPCR) and/or immunohistochemistry. As the reviewers feared, each
of these steps required significant time and ingenuity.

First, we hired a talented postdoctoral scientist, Dr. Sophie Parmentier-Batteur, with experience
in rodent CNS surgery, immunohistochemistry and ;microarray techniques. Dr. Batteur was the
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appropriate complement to our molecular biology expertise for developing these methods. Dr.
Batteur tested several retrograde tracers and found two that were effective and compatible with
our LCM techniques, Fluorogold (FG) and RDX/RITC. This gave us two fluorescent colors
required for our differential cell collection in LCM.

Dr. Batteur then attempted to use the standard Arcturus microscope for LCM but was unable to
select small, independent cells by this method and she could not visualize fluorescent retrograde
tracers. We turned to the newly-developed PALM/Zeiss LCM system, which allowed
fluorescent detection, identification of multiple populations of neurons depending on multiple
fluorescent tags, and efficient dissection of large numbers of individual cells. The use of the
PALM/Zeiss system was essential for the success of our experiments.

Next, we worked with Genisphere, Inc., to develop an amplification technique compatible with
our oligonucleotide-based microarrays. We assayed 192 genes by qPCR using several variations
of the amplification technique and helped Genisphere to select their eventual commercial
product, SenseAmp. We validated that this technique was capable of amplifying RNA from as
few as 5 cells with good fidelity (Goff et al., 2004). Again, selection and validation of this
technique was essential for the project.

We first applied our techniques to a simple model of spinal axotomy. Rats were injured by
dorsal hemisection to lesion the corticospinal tract (CST). A Gelfoam pledget soaked in
Fluorogold was inserted into the injury site to retrograde label injured neurons. At 1 or 7 days
after injury, rats were sacrificed and the cortex was dissected, frozen-sectioned and used for
LCM collection of pools of individual labeled cells. Retrograde-labeled CST neurons from
uninjured animals were used as controls. FG-labeled injured CST nuclei and RDX/RITC-labeled
CST nuclei with intact fibers were captured by LCM (~100 cells per rat, n=3 rats). After RNA
extraction and double amplification, microarray analysis compared injured CST nuclei with a
pool of intact CST nuclei. Statistical analysis (one sided Student’s t-test) of the ratios (injured
CST/intact CST) yielded 272 genes. A subset based on gene ontology (GO) classification for
signal transduction included genes involved in cellular remodeling (including Nudt6, 3.8-fold;
VEGFec, 2.6-fold; TGFb3, 2.6-fold) and axonal growth (including axon-associating molecule,
3.6-fold; Wdr7 WD repeat domain 7, 1.9-fold). Selected results were validated by gPCR and
immunohistochemistry. Interestingly, the genes that were not validated fell into two categories:
(1) those that were regulated in neighboring cells such as astrocytes, and (2) those that were at or
near the limits of detection on our microarrays. A manuscript summarizing these results is
nearly ready for submission.

A second experiment built on the successes of Dr. Martin Grumet with the transplantation of a
radial glial cell clone, RG3.6 (Hasegawa et al., 2005). After spinal contusion, Dr. Grumet’s lab
showed enhanced spinal tissue architecture and functional recovery following RG3.6 transplant
as compared with fibroblast-transplanted animals. We replicated this experiment, labeling
injured fibers immediately after contusion with Fluorogold. At 5.5 weeks following injury, we
injected RITC/RDX tracer 1 cm caudal from the injury site. At 6 weeks, we collected brain and
inspected raphe for double-labeled neurons (injured, re-grown to 1 cm caudal from the injury).
Quantification showed that the number of growing raphé neurons is significantly increased in
RG3.6-transplanted rats compared to medium-treated rats (Fig. 1, 15.3% + 1.1 vs. 8.2% + 3.0,
n=4, p<0.05, Student’s t-test). To select against labeling sprouted neurons, we collected single-
labeled neurons from the same sections, and we tested multiple time points.
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Figure 1. Retrograde tracing of the Raphé-spinal tracts to differentiate raphé neurons with injured 5-HT fibers
from raphé neurons with growing 5-HT fibers. The number of growing raphé neurons is significantly increased
in RG3.6-transplanted rats compared to medium-treated rats (p<0.05 Student’s t-test).

2. RG3.6 cells/
Medium

Microarray results compared double-labeled growing raphé cells from RG3.6-transplanted
animals to injured FG-labeled cells from medium-treated animals. Statistical analysis (Welch’s t-
test) found 75 genes differentially expressed in growing neurons compared with injured neurons;
of these genes, 18 (24%) are consistent with a program of repair, including neural growth,
differentiation and survival. The results provide evidence that double labeled growing neurons of
the RST are involved in regenerative (Nr2fl1, Slit3, Gsk3B) and sprouting (LAR-interacting
protein 1, Attractin, Collapsin response mediator protein 1) processes. Again, selected results
have been validated by gPCR. Immunohistochemistry is in progress.

A more comprehensive experiment is currently underway. Contused rats were treated with
Chondroitinase ABC in an attempt to reduce inhibitory extracellular components. RG3.6 cells
were transplanted 30 days after injury. FG was applied at injury, and RDX/RITC was added 5.5
weeks following RG3.6 cell transplant. At 6 weeks after transplant, regrowing cortical neurons
will be collected by LCM and analyzed on microarrays. In this version of the experiment,
contusion completely ablates the CST, and delayed cell transplant has been shown to promote
growth of CST neurons, so we should be able to model true regeneration in a more acceptable
model. Our plan is to complete these experiments as pilot data for a future grant submission.

Two novel projects arose from these studies. First, we have begun a collaboration with Dr.
Melitta Schachner (formerly of the University of Hamburg, currently Rutgers University) to
apply LCM studies to spinal cord injury in zebrafish. In this model, zebrafish spinal cord injury
has been shown to produce functional regeneration (Becker et al., 1997). Furthermore, Dr.
Schachner’s laboratory has shown that the neural adhesion molecule L1.1 is essential for
regeneration (Becker et al., 2004) and that different tracts regenerate with different efficiencies
(Becker et al., 2005). We propose to use LCM and microarrays to compare regenerating and
non-regenerating neural tracts following spinal cord injury. This project was recently funded by
the NJCSCR, and preliminary results are encouraging.

Finally, we adapted our LCM/microarray technique for use with microRNAs. We fractionated
RNA collected from small numbers of cells (~50 cells) using the Ambion mirVana kit to produce
high molecular weight fraction (containing mRNA) and low molecular weight fraction
(containing microRNAs). The newly-discovered microRNAs have been shown to regulate
translation of mRNAs by binding the 3’ untranslated region in a RISC complex (for reviews, see:
Bartel, 2004; Rogelj and Giese, 2004). By adapting the SenseAmp method we had previously
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validated (Goff et al., 2004) with a microRNA labeling technique we described recently (Goff et
al., in press), we were able to amplify the microRNA population and display it on a custom
microarray. Adapting these techniques to an ongoing study of microRNA regulation of stem cell
differentiation, we proposed to microdissect neural stem cells from embryonic rat brain and
identify microRNA expression patterns that may mediate differentiation. Our goal is to
manipulate the differentiation of neural stem cells for use as therapeutic transplants for spinal
cord injury. This proposal was submitted to NIH and received a score of 137 and a 5.7%ile,
which we are hoping will be funded (R21 NS054028-01, PI: M. Grumet, Co-PI: R.P. Hart).

3. Project Challenges

The project was extremely challenging technically and it was hard to be productive with the
reduced budget and scope. We have attempted to extend or renew the project with NJCSCR and
NIH but have thus far been unsuccessful. Our conclusion is that our models of regeneration in
these proposals are not yet considered acceptable by the scientific community. We are
committed to continuing to apply our novel technology to other projects (zebrafish and
microRNAs, see above) as well as to continue with regeneration projects as they develop and are
validated.

4. Implication for future research and/or clinical treatment.

I believe this project is the most important one I have begun for the eventual treatment of spinal
cord injury. First, our description of gene expression patterns in regrowing or regenerating
neurons may serve as proxies for more time-consuming and expensive behavioral studies of
therapies. Second, we plan to build on the zebrafish regeneration system to assemble a
biological assay for regenerating genes. Our plan is to select genes from our LCM/microarray
studies in rat as future knock-down experiments in zebrafish, similar to what was done with L1.1
(Becker et al., 2004).

5. Plans to continue this research

Two projects have already been funded arising from this project (Schachner, NJCSCR and Hart,
NJCSCR). A third project has received a good score at NIH (Grumet and Hart, NIH). We also
plan to incorporate our techniques derived from this project into future NIH proposals from
Grumet studying radial glial transplants.

6. Publications included in report
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® Retrograde tracer introduced into the spinal cord

® Laser Capture microdissection performed using the Palm Microlaser Systems (Carl Zeiss Inc., NY,
USA) on brain coronal sections (10 jm-thickness).

® Microarray analysis:

Profiling neuronal degeneration and regeneration after spinal cord injury: Comparing mRNA patterns
after hemisection or radial glial cell transplant into contused spinal cord
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