
Fig. 3 The figure shows median values per animal of apparent elastic moduli 
measured in four independent experiment in pre-metamorphosis tadpoles. 
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MECHANICS OF SPINAL CORD REGENERATION IN XENOPUS LAEVIS

XENOPUS AS A MODEL SYSTEM

Regeneration in Xenopus laevis: While the 
mammalian spinal cord cannot regenerate after 
injury, the spinal cord of the African clawed frog, 
Xenopus laevis, can regenerate during early life 
stages, pre-metamorphosis, but loses this ability 
post-metamorphosis, after transitioning into its 
adult form.

[1] G. Edwards-Faret, K. González-Pinto, A. Cebrián-Silla, et al., "Cellular response to spinal cord injury in regenerative and non-regenerative stages in
Xenopus laevis," Neural Dev, vol. 16, no. 2, 2021.
[2] J. Kolb, V. Tsata, N. John, et al., "Small leucine-rich proteoglycans inhibit CNS regeneration by modifying the structural and mechanical properties of the
lesion environment," Nat Commun, vol. 14, no. 6814, 2023.
[3] D. E. Koser, A. J. Thompson, S. K. Foster, et al., "Mechanosensing is critical for axon growth in the developing brain," Nat Neurosci, vol. 19, no. 12, pp.
1592-1598, Dec. 2016.

[4] E. Moeendarbary, et al., "The soft mechanical signature of glial scars in the central nervous system," Nat Commun, vol. 8, no. 1, Art. no. 1, Mar. 2017.
[5] N. John, J. Kolb, and D. Wehner, "Mechanical spinal cord transection in larval zebrafish and subsequent whole-mount histological processing," STAR
Protocols, vol. 3, no. 1, p. 101093, Mar. 2022.
[6] A. Carnicer-Lombarte, D. G. Barone, F. Wronowski, et al., "Regenerative capacity of neural tissue scales with changes in tissue mechanics post injury,"
Biomaterials, vol. 303, p. 122393, Dec. 2023.

Fig. 1 Xpus laevis lenooses its regenerative abilities after metamorphosis

MOLECULAR CHANGES

• Differences in Protein Expression: In the regenerative and non-regenerative 
stages of Xenopus laevis, there are differences in protein expression patterns
following spinal cord injury, such as fibronectin, vimentin, chondroitin sulfate 
proteoglycans (CSPGs), and collagen [1].

• Impact on Tissue Mechanics: Molecular changes after SCI can influence 
tissue mechanics. For instance, small leucine-rich proteoglycans like lumican 
and prolargin, which play a role in biomechanical properties of the tissue,  
are enriched in non-regenerative species such as humans but are not 
present in regenerative species like zebrafish [2]. 

Axonal Growth and Tissue Stiffness: Neurons respond 
to mechanical properties of their environment, such as 
tissue stiffness, which can guide axonal growth in the 
mechanically heterogeneous CNS [3].

Changes in Extracellular Matrix and Scar Formation: 
After SCI, extracellular matrix changes lead to scar 
formation [4]. In mammals, softer scar tissue inhibits 
axon regeneration, while in regenerating systems such 
as zebrafish CNS [5] and the mammalian peripheral 
nervous system, tissue stiffens after injury [6]. This 
suggests that tissue stiffness may influence axon 
regeneration after SCI.

• Measurements of Tissue Stiffness: Mechanical properties of frog spinal cord 
tissue have not been measured yet. To study the regeneration in Xenopus 
laevis frogs, we lesion the spinal cord and perform atomic force microscopy 
(AFM) measurements to determine how tissue stiffness changes after SCI.

• Preliminary Results: We measured the apparent elastic modulus in tadpoles 
with SCI and uninjured controls at one and two days post-injury. A trend 
toward increased stiffness was observed on the second day following injury, 
potentially reflecting similar patterns reported in regenerative species such 
as zebrafish.

XENOPUS AS A MODEL SYSTEM

MECHANICAL MEASUREMENTS

Fig. 2 (A) Xenopus laevis tadpole (stage 37-38) with marked spinal cord (pink), 
somites (orange) and spinal cord lesion site (dotted line). (B) Regeneration process 
in pre metamorphosis Xenopus laevis tadpole (C) Axons growing through the lesion 

site of pre-metamorphosis tadpole 2 days after the injury. 

Fig. 4 Axons growing through the lesion site of pre-metamorphosis tadpole 2 days 
after the injury. 
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• Project goal: We characterize the spinal cord lesion 
environment in regenerative and non-regenerative 
animals before and after injury and test whether 
manipulating spinal cord composition and mechanics in 
non-regenerative froglets can rescue neuronal 
regeneration.

• Axonal Growth and Tissue Stiffness: Neurons adjust their growth in
response to the mechanical properties of their environment, such as
changes in tissue stiffness. In order to grow, neurons must exert forces on
their environment. In the mechanically heterogeneous environment of the
CNS, they will likely encounter regions with different mechanical properties
[3]. Those regions will serve as mechanical signals that help neurons
navigate in their environment

• Changes in Extracellular Matrix and Scar Formation: Following SCI, the 
composition of the extracellular matrix changes, leading to the formation of 
scar tissue [4]. In mammals, this scar tissue is typically softer than healthy 
tissue and inhibits axon regeneration. Conversely, in species like zebrafish, 
where CNS neurons regenerate after SCI [5], or in the mammalian
peripheral nervous system, where neurons also regenerate, tissue stiffens
after injury [6]. This suggests that tissue stiffness may be a critical factor that 
facilitates or impedes axon regeneration after SCI.
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PETRI DISH

To measure the stiffness of the spinal cord lesion, we (1) section the spinal cord (2) 
perform atomic force microscopy (AFM) measurements. (3) The result is a heatmap 

showing the stiffness of the different regions of the tissue.
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ac-tubulinAxonal Growth and Tissue Stiffness: 
Neurons respond to mechanical properties 
of their environment, such as tissue 
stiffness, which can guide axonal growth in 
the mechanically heterogeneous CNS [3].

Changes in Extracellular Matrix and Scar 
Formation: After SCI, extracellular matrix 
changes lead to scar formation [4]. In 
mammals, softer scar tissue inhibits axon 
regeneration, while in regenerating systems 
such as zebrafish CNS [5] and the 
mammalian peripheral nervous system, 
tissue stiffens after injury [6]. This suggests 
that tissue stiffness may influence axon 
regeneration after SCI.
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Results: We measured the 
apparent elastic modulus in 
tadpoles with SCI and 
uninjured controls at one 
and two days post-injury. 
Preliminary data show no 
clear trend in stiffness on 
the second day following 
injury.
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