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Abstract

Damaged nerve regeneration was investigated using mouse spinal cord sections treated with compounds that counter axon growth inhibitor (AGI) 
proteins. The sections were screened to find active and non-active axons using widefield and THUNDER imaging technology. Results indicated 
a better discrimination between active and non-active axons in THUNDER images. After brain or spinal cord trauma or disease, damaged nerves 
are often unable to regenerate. Studies have shown that inhibiting AGIs can lead to increased axon regeneration and nerve function. An efficient 
evaluation of approaches for the recovery of damaged nerve connections would facilitate discovery of effective treatments for patients.

Introduction

The inability of axons to regenerate and reinnervate after trauma and disease, such as spinal cord injury (SCI), stroke, traumatic brain injury (TBI), 
or multiple sclerosis (MS), results in a devastating prognosis for patients. Numerous studies have identified two broad classes of axon growth 
inhibitor (AGI) proteins which are responsible for axon growth arrest. These are, namely, myelin associated inhibitors (Nogo, MAG, OMgp)  
and the Chondroitin Sulfate Proteoglycans (CSPGs). Experiments that negate the activity of these inhibitors in vivo have shown a slight  
increase in regeneration of damaged axons, but a more dramatic restitution of function. An alternative hypothesis to “long-distance” axon  
regeneration-mediated restitution of function would be the reorganization of intact spinal circuitry that often remains after SCI. One of the goals 
of such experiments is to evaluate the potential for intact spinal circuits to replace lost connections and further to define whether negating the 
actions of AGIs supports adaptive or maladaptive axonal reorganization.

In this study, both widefield microscopy and the THUNDER imaging technology were used. The goal was to see if there is a difference in efficiency 
for screening of active versus non-active axons.

Methods

Specimen

A mouse model organism was used for the study. Fluorescently labeled mouse spinal cord sections were harvested. Counting active axons in areas 
treated with injections that negate the actions of AGI’s was used to determine the efficacy of the experimental treatment.

Imaging

Image data were acquired using a THUNDER Imager 3D Tissue from Leica Microsystems. Stacks of 10 Z-planes were taken with a PL APO 10X/0.45 
objective and a DFC9000 GT sCMOS camera.

Results

Images of a mouse spinal cord section are shown in figure 1. The left image (Fig. 1A) is the raw widefield fluorescence image shown as a maximum 
intensity projection (MIP). The right image (Fig. 1B) is a MIP of the same data processed with Large Volume Instant Computational Clearing (LVICC) 
used in the THUNDER technology. The disconnected, inactive axons fluoresce green while the re-connected, active ones fluoresce red.
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Figure 1: Screening of a mouse spinal cord section: A) raw widefield image shown as a MIP (max intensity projection) and B) MIP of the same data processed with Large 
Volume Computational Clearing (LVCC). Disconnected, inactive axons fluoresce green and re-connected, active ones red.

Conclusion - Faster Axon Screening with THUNDER Imaging

The results (Fig. 1) show that a better discrimination of the location and number of red (active) versus green (inactive) fluorescing axons is possible 
with THUNDER images compared to standard widefield images. Based on this result, THUNDER imaging could allow a faster screening of the axons, 
enabling the effectiveness of experimental treatments to be determined more efficiently. Those treatments found to be the most worthwhile can be 
further investigated as potential ways to counter the effects of AGI proteins after brain or spinal cord trauma or disease.
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