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mXEE ATV ICBIT2EEHRECHE T H2MROEE & BB (Trial for tracking and

identification of the cells participating in joint regeneration using the newt Pleurodeles waltl)

Newts are well known for their remarkable regenerative abilities, capable of
regenerating functional elbow joints even after amputation at the joint level. The joint
serves as the connection between two paired bony tissues and requires harmonious
integration with surrounding tissues such as tendons, ligaments, and muscles to
facilitate functional flexion and extension movements. Although the mechanism of joint
regeneration remains unclear in newts, previous studies have hinted at the potential
involvement of cells derived from residual tendon tissue in articular cartilage
regeneration.

Here, a serum-free tissue culture system for tendons was established to explore cell
dynamics during joint regeneration using the Iberian ribbed newts (Pleurodeles waltl).
By combining tendon tissue and regeneration-related factors, it is possible to more
clearly visualize cell proliferation and cell migration by regeneration-related factors.
Fibroblast Growth Factor (FGF) is produced by nerve and wound epithelia and is known
to be an important signaling molecule for blastema formation. Platelet-Derived Growth
Factor (PDGF) has been reported to potently induce fibroblast migration, which is
required for blastema formation. Culturing isolated tendons in this system, stimulated
by regeneration-related factors, such as FGF and PDGF, led to robust cell migration and
proliferation. Moreover, cells proliferating in an FGF-rich environment differentiate
into Sox9-positive chondrocytes upon Bone Morphogenetic Protein 7 (BMP7)
introduction. Conversely, in the case of tendon-derived cells that proliferated in the
medium containing PDGF, Sox9-positive cells were suppressed. Thus, it was

demonstrated that the response to BMP7 differed according to the regeneration-related



factors added to the medium, and their combination, and FGF-BMP7 added medium
induced Sox9-positive chondrocyte-like cells. These findings suggest that FGF-
stimulated cells from tendons may aid joint cartilage regeneration during functional
elbow joint regeneration in newts.

Interestingly, this was similarly observed not only in newts, but also in mice and
chickens in our laboratory although these animals cannot regenerate functional joint.
These animals, being warm-blooded creatures, form a scab using blood clotting factors
released from platelets to stop bleeding after amputation, suggesting that a significant
amount of PDGF might be released in the wound area. Formation of a scrab may also
block wound epidermal formation, providing an FGF-poor environment to the wound
area. Thus, it is possible that they might not be able to fulfill their potential to
differentiate into cartilage due to PDGF-rich and FGF-poor conditions. Further analysis
is required, but if this is the case in all animal species, it suggests that joint regeneration
might be possible in non-regenerating animals in the future.

In summary, I developed a tissue culture system using newt tendons, which could be
used to check their responsiveness to regeneration-related factors. Cell migration and
proliferation were visualized and the effects of each factor were observed. This tissue
culture method can also be easily applied as a system to observe the responsiveness and
induced differentiation of other periarticular tissues depending on factors and
combinations. It is speculated that this approach could contribute to the study of
periarticular tissues.

To validate these in vivo schemes, in vivo cell fate tracking should be carried out
using genetically modified newts, Pleurodeles waltl. 1 focused on the scleraxis (scx)
gene that is a marker gene of the tendon. The full genomic structure of the scx gene in
Pwaltl was not yet known, but I have now determined the gene structure. The coding
sequence contains the scx-specific bHLH domain, adjacent parts are highly conserved

between animal species, concluding it is the scx gene in P.waltl. The variation in scx



expression during joint regeneration showed that scx is highly expressed in the early
regeneration stages. Cell tracking of scx-expressing tendon cells is therefore useful.
Therefore, I planned to generate genetically modified newts for cell tracking with
fluorescently labeled scx-positive tendon cells using two strategies: Knock-in and
transgenic. Since the knock-in embryos generated by the CRISPR/Cas9 method were
lethal, I decided to generate transgenic animals expressing a fluorescent protein under
the tendon-specific enhancers, in addition to the knock-in method. If the transgenic line;
labeling of scx-positive tendon cells can be established, it could be combined with a
tissue culture system in the future to enable various analyses, including cell tracking.
Therefore, if the newly developed tissue culture system and the identified tendon marker
gene scx can be used to explain the role of tendons during joint regeneration both in
vitro and in vivo, it will be a powerful tool for elucidating the mechanisms of joint

regeneration in newts in the future.
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