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Literature Review: Asymmetric Sensory-Motor Regeneration of Transected
Peripheral Nerves Using Molecular Guidance Cues

Introduction

Peripheral nerve injuries are a significant medical challenge due to the complexity of nerve
structures and their essential role in sensory and motor functions. The study "Asymmetric
Sensory-Motor Regeneration of Transected Peripheral Nerves Using Molecular Guidance Cues"
explores innovative strategies for nerve regeneration, focusing on molecular guidance cues to
improve sensory and motor axon regeneration.

Background

Prosthetic devices have evolved significantly, yet the control and sensory feedback mechanisms
remain rudimentary. Current methods largely rely on surface electromyography (EMG), which
lacks the finesse and natural control required for complex tasks. The challenge lies in the mixed
nature of peripheral nerves, where motor axons are sparse compared to sensory fibers. This
disparity complicates recording motor intent and selective stimulation of sensory fibers.

Molecular Guidance Cues

The study investigates the efficacy of various neurotrophic factors—NGF, GDNF, BDNF, NT-3,
and PTN—in guiding the regeneration of sensory and motor neurons. These factors were
encapsulated in biodegradable microparticles and used in Y-shaped nerve conduits to direct
axonal growth.

1. NGF (Nerve Growth Factor): Known for its role in the growth and maintenance of
sensory neurons, particularly nociceptive neurons.

2. GDNF (Glial Cell Line-Derived Neurotrophic Factor): Attracts motor neurons and
influences both motor and sensory axons.

3. BDNF (Brain-Derived Neurotrophic Factor): Involved in the survival and
differentiation of various neurons, including mechanoreceptive sensory neurons.

4. NT-3 (Neurotrophin-3): Critical for the development and function of proprioceptive
neurons.

5. PTN (Pleiotrophin): Promotes the regeneration of motor neurons and influences sensory
neuron pathways.

Methodology

The study employed a Y-shaped conduit model to evaluate the selective guidance of sensory and
motor axons. The Y-conduits were loaded with neurotrophic factor microparticles on one side
and bovine serum albumin (BSA) as a control on the other. Transected sciatic nerves of adult
female Lewis rats were used for in vivo experiments, and the nerve regeneration was assessed
over a 45-day period.
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Results

e Motor Axon Guidance: GDNF significantly increased the number of motor neurons
compared to BSA controls. BDNF also showed positive results, whereas PTN, NGF, and
NT-3 attracted fewer motor neurons.

e Sensory Axon Guidance: NGF effectively increased the regeneration of unmyelinated
sensory axons. PTN influenced the sensory-to-motor ratio, favoring sensory neuron
growth.

e Combined Guidance Cues: The combination of BDNF and GDNF was effective in
enhancing motor neuron regeneration. However, PTN, when combined with BDNF +
GDNF, significantly increased the sensory-to-motor ratio, suggesting an optimal strategy
for differential guidance.

Discussion

The study demonstrates that molecular guidance cues can differentially modulate the
regeneration of sensory and motor axons. GDNF is particularly effective in promoting motor
neuron growth, while NGF and PTN are more influential on sensory neurons. The results support
the potential of using these factors to improve the functionality of neural interfaces, which could
lead to better control of prosthetic devices and restoration of sensory feedback in amputees.

Future Directions

Further research is required to validate these findings over extended periods and in larger animal
models. The integration of multi-electrode arrays in Y-shaped regenerative conduits could
enhance the specificity of recordings from motor axons and the stimulation of distinct sensory
modalities. Additionally, exploring the combination of attractive and repulsive molecular cues
might refine axon guidance strategies for more precise nerve repair and regeneration.

Conclusion

The study highlights the promising role of neurotrophic factors in peripheral nerve regeneration.
By leveraging the differential effects of these molecular cues, it is possible to enhance the
selective growth of sensory and motor axons, paving the way for advanced neural interfacing
techniques and improved outcomes for individuals with nerve injuries or amputations.

Page 2 of 5



Mrigank (Mk) Maharana
Undergraduate Research Assistant, May - Aug 2024

Methods with References

Materials

1. Polylactic-co-glycolic acid (PLGA): Lakeshore Biomaterials, Birmingham, AL.
o Reference: Page 174, Line 34
2. Dichloromethane (DCM): Sigma-Aldrich, St. Louis, MO.
o Reference: Page 174, Line 35
3. Vascular Endothelial Growth Factor (VEGF): Invitrogen, Carlsbad, CA.
o Reference: Page 174, Line 36
4. Bovine Serum Albumin (BSA): Sigma-Aldrich, St. Louis, MO.
o Reference: Page 174, Line 37
5. Polyvinyl Alcohol: Used for emulsification.
o Reference: Page 174, Line 38
6. Phosphate Buffered Saline (PBS): Standard buffer solution for resuspension and
storage.
o Reference: Page 174, Line 39
7. Ultrapure Agarose: Sigma-Aldrich, St. Louis, MO.
o Reference: Page 174, Line 21
8. Collagen IV: Chemicon International, Temecula, CA.
o Reference: Page 174, Line 23
9. Growth Factor-Reduced Matrigel: BD Biosciences, San Jose, CA.
o Reference: Page 174, Line 24
10. Human Umbilical Vein Endothelial Cells (HUVEC):
o Reference: Page 174, Line 22
11. Endothelial Cell Growth Media (EGM-2): Lonza, Allendale, NJ.
o Reference: Page 174, Line 27
12. Suramin: Sigma, a known anti-vasculogenic/angiogenic factor.
o Reference: Page 174, Line 29

Equipment

1. Sonicator: For emulsifying the PLGA-DCM mixture.
o Reference: Page 174, Line 37

2. Centrifuge: Capable of operating at 4000 rpm.
o Reference: Page 174, Line 44

3. Shaker Incubator: For maintaining samples at 37°C.
o Reference: Page 174, Line 47

4. Freeze Dryer: For drying the microparticles.
o Reference: Page 174, Line 41

5. Scanning Electron Microscope (SEM): Hitachi S-3000N Variable Pressure SEM, for

particle morphology evaluation.

o Reference: Page 174, Line 42
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6. Particle Size Analyzer: Zeta Pals, Zeta Potential Analyzer, for size distribution
measurement.
o Reference: Page 174, Line 43
7. ELISA Kit: Invitrogen, Carlsbad, CA, for measuring VEGF release.
o Reference: Page 174, Line 46
8. Spectrophotometer: For BSA release measurement at 562 nm.
o Reference: Page 174, Line 45
9. Plastic Casting Device: Custom-made for hydrogel casting.
o Reference: Page 174, Line 20
10. Glass Slides: For hydrogel preparation.
o Reference: Page 174, Line 21
11. Titanium Fibers: Small Parts, Logansport, IN.
o Reference: Page 174, Line 21

Instructions

1. Preparation of PLGA Solution:
o Dissolve PLGA in dichloromethane (DCM) at a concentration of 200 mg/ml.
= Reference: Page 174, Line 35
2. First Emulsion (Water-in-Qil):
o Mix the PLGA-DCM solution with an aqueous solution of VEGF (5 pg/ml) or
BSA (20 mg/ml).
= Reference: Page 174, Line 36
o Sonicate the mixture to form the first emulsion.
= Reference: Page 174, Line 37
3. Second Emulsion (Water-in-Oil-in-Water):
o Add the first emulsion to a solution of polyvinyl alcohol.
= Reference: Page 174, Line 38
o Stir the mixture to form the second emulsion and evaporate DCM.
= Reference: Page 174, Line 39
4. Particle Recovery:
o Centrifuge the mixture at 4000 rpm for 15 minutes to pellet the particles.
= Reference: Page 174, Line 44
o Resuspend the particles in 10 ml of PBS.
= Reference: Page 174, Line 39
5. Freeze Drying:
o Freeze-dry the particles for storage.
= Reference: Page 174, Line 41
6. Characterization:
o Evaluate the morphology of the particles using a scanning electron microscope
(SEM).
= Reference: Page 174, Line 42
o Determine the size distribution with a particle size analyzer.
= Reference: Page 174, Line 43
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7. VEGF Loading Efficiency:
o Calculate the loading efficiency by subtracting the total amount of applied VEGF
from the amount measured by ELISA in the supernatant.
= Reference: Page 174, Line 46
8. Release Kinetics:
o Evaluate VEGF release in PBS at 37°C using a shaker incubator at various time
points.
= Reference: Page 174, Line 47
o Measure BSA release using standard protein assay methods and
spectrophotometry at 562 nm.
= Reference: Page 174, Line 45
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