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The Axolotl Limb Regeneration Model as a Discovery Tool for
Engineering the Stem Cell Niche

Negar Seyedhassantehrani, Takayoshi Otsuka, Shambhavi Singh, and David M Gardiner”
Department of Developmental and Cell Biology, University of California Irvine, Irvine, CA 92697
USA

Abstract

Purpose of review—Recent advances in genomics and gene editing have expanded the range of
model organisms to include those with interesting biological capabilities such as regeneration.
Among these are the classic models of regeneration biology, the salamander. Although stimulating
endogenous regeneration in humans likely is many years away, with advances in stem cell biology
and biomedical engineering (e.g. bio-inspired materials), it is evident that there is great potential to
enhance regenerative outcomes by approaching the problem from an engineering perspective. The
question at this point is what do we need to engineer?

Recent findings—The value of regeneration models is that they show us how regeneration
works, which then can guide efforts to mimic these developmental processes therapeutically.
Among these models, the Accessory Limb Model (ALM) was developed in the axolotl as a gain-
of-function assay for the sequential steps that are required for successful regeneration. To date, this
model has identified a number of proregenerative signals, including growth factor signaling
associated with nerves, and signals associated with the extracellular matrix (ECM) that induce
pattern formation.

Summary—Identification of these signals through the use of models in highly regenerative
vertebrates (e.g. the axolotl) offers a wide range of possible modifications for engineering bio-
inspired, biomimetic materials to create a dynamic stem cell niche for regeneration and scar-free
repair.
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Introduction

Historically, model systems for studying developmental biology were limited to organisms
with amenable genetics. These animals have short life cycles with rapid embryonic
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development, and as a result the field of developmental biology has been focused for
decades on developmental genetics of embryos. As a consequence, we have a very good
understanding of the complex gene regulatory networks that control embryogenesis, which
has led to the development of an impressive toolbox of techniques for experimentally
manipulating gene expression. Combined with the advances in genomics driven by ever
more powerful nucleotide sequencing technologies, it now is possible to expand the range of
model organisms to including those with interesting biological capabilities such as
regeneration.

Compared to the decades of mechanistic studies of embryogenesis, little is known about the
genetic regulation of regeneration. The challenges of working with regeneration models,
which have not been amenable to classical genetic techniques, no longer are insurmountable
given advances in gene editing and genomics. Thus it now is possible to embrace model
systems that will allow for the discovery of the mechanisms for post-natal regenerative
development. Among these is the classic model of tetrapod regeneration biology, the
salamander. Over the past decades as genomics has advanced, the axolotl has emerged as the
model of choice for tetrapod regeneration, and thus we focus on this model system as an
assay for the discovery of signaling pathways controlling regeneration. With increasing
knowledge and the development of new tools, we presume it is only a matter of time before
it will be possible to control the processes of regeneration, leading to the ultimate goal of
endogenous human regeneration.

An ultimate goal of regeneration research is to apply the knowledge gained from studies of
animals that regenerate well to enhance the regenerative response of mammals, and thus to
improve human health. Stimulating endogenous regeneration in humans likely is many years
away, but with advances in stem cell biology and biomedical engineering (e.g. bio-inspired
materials), it is evident that there is great potential to make important advances now through
the applications of regenerative engineering [1]. The question at this point is what do we
need to engineer? The value of regeneration models is that they show us how regeneration
works (e.g. the spatial and temporal regulation of proregenerative signaling pathways),
which then can guide efforts to mimic these developmental processes therapeutically.

From studies of regeneration models to date, there are reasons to be encouraged about the
future advances and success of regenerative engineering. From the developmental biology
side, the key to this optimism is the conservation of biological mechanisms between species,
as well as between embryonic and regenerative development. As a consequence, lessons
learned from studies of one model organism will be applicable (either broadly or
specifically) to others. In addition, the explosive growth of technology for manipulating stem
cell biology, as well as the ability to reprogram somatic cells (iPS cells), have made it
possible to create all of the cell types needed to rebuild body parts [2]. From the engineering
side, advances in biomaterials and high-resolution fabrication (e.g. 3-D printing) are making
it possible to create essentially any desired structural configuration of bioactive materials.
Thus the challenge today is to discover how to get the right cells into the right place to
regenerate functional body parts. Therein lies the critical role of the regeneration model
systems.

Curr Stem Cell Rep. Author manuscript; available in PMC 2018 September 01.
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The reality is that regeneration is a complex and orchestrated series of events that occur in
response to injury. Although all animals can regenerate to some extent, some can do this
much better than others. Thus the lessons to be learned from the very good regenerators will
be critical as the field of regeneration biology grows. An important mechanistic lesson
learned from studies of regeneration models such as the axolotl is that endogenous
regeneration requires both the cells to replace the missing structures (i.e. stem cells) and the
information to instruct those cells as to where to go and what to become. This information is
created by cells and multiple factors within the extracellular matrix (ECM), and ultimately
becomes encoded and stabilized via synthesis of the bioactive macromolecules of the ECM.
It is that bioactive and information-rich extracellular environment that we now refer to as the
niche. In the case of stem cells, the importance of the niche has become well recognized and
appreciated [3]. The importance of the positional information niche for endogenous
regeneration is much less appreciated.

The modern day concept of the stem cell niche is comparable to the classical idea that a
“permissive” environment is required for regeneration. The signals associated with this
extracellular environment control the behavior of the progenitor cells for regeneration (i.e.
regeneration stem cells) in terms of migration, proliferation, and state of differentiation/
dedifferentiation [4,5]. Though this function of the niche is critical for recruiting
regeneration-competent cells to form the blastema, there also must be information in the
niche to re-create the pattern of the structures to be regenerated (positional information, PI)
[5-7]. Thus the challenge of inducing regeneration lies in engineering the niche in terms of
both its permissive and instructive functions. Although much effort has been focused in
recent years on the permissive functions of the stem cell niche (especially in terms of the
control of proliferation and differentiation), little is understood mechanistically about PI and
the role of the niche in pattern formation. The unique value of regeneration models such as
the axolotl is that they provide the opportunity to understand what Pl is and how it is
controlled during regeneration.

The axolotl regeneration model

Historically, the salamander has been the tetrapod regeneration model of choice since it can
regenerate well both as a larva and as an adult. During the early years, much of the research
involved newts, but over the decades the axolotl (Ambystoma mexicanum) has become the
model organism for a number of reasons. Axolotls can be bred in the lab throughout the year
rather than being collected seasonally from increasing depleted wild populations. The
advances in genomics and techniques for transgenesis have all been developed and
optimized using axolotls [8-10]. In addition, the Accessory Limb Model (ALM) has been
optimized in the axolotl as a gain-of-function assay for the steps and signals that control the
steps of limb regeneration (Figure 1; see below).

As with all regeneration models, there always have been two important limitations. In almost
all experiments, various body parts are amputated, and the sequence of down-stream events
are described. Given the trauma of amputation, there are changes in the expression of many
thousands of genes [11-15]. Since many of these also are expressed in animals that do not
regenerate when wounded, it likely is the case that only a few are critical for successful
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regeneration. Thus there is a signal-to-noise problem that extends to all the many non
regeneration-specific molecular and cellular changes that occur in response to injury.
Obviously, there are regeneration-essential events, and at least one of them does not occur in
animals (e.g. humans) that fail to regenerate in response to amputation. This problem is
additionally complicated by the likelihood that there are many regeneration-essential events
that do or could occur in non-regenerating animals, but do not because of the failure on an
earlier event. This is actually good news in that we do not need to fix all the steps of
regeneration, just the ones that do not work; nevertheless, there still is the challenge of
finding the needle in the haystack.

The second challenge is that historically, and continuing to the present, experiments using
regeneration models are designed to test for loss-of-function. Since the control samples
(untreated) will regenerate, then the experimental samples will be expected to have some
sort of regeneration defect. A classic example of this approach is the fact that denervated
salamander limbs fail to regenerate. This result leads to the conclusion that nerves are
required for regeneration, but it does shed light on the underlying mechanisms that make
regeneration work. In contrast, gain-of-function experiments have the potential to identify
signals and pathways that can induce regeneration when activated. Although experiments on
animals that normally do not regenerate are by nature gain-of-function, if there are multiple
signals/pathways involved (which is likely), it will not be possible to induce regeneration by
testing single candidate molecules. The ALM was developed and optimized to address both
of these experimental challenges to discovering what processes are required for endogenous
regeneration. It thus provides the opportunity to approach regeneration with an engineering
strategy to manipulate these processes therapeutically and thus enhance and induce
regeneration in humans.

The ALM as an assay for signaling that is required for endogenous

regeneration

The ALM was developed as a gain-of-function model for regeneration (Figure 1; [16,17])
based on early experiments demonstrating that ectopic limbs could be induced to form from
wounds on the side of the arm of salamanders [18,19]. The induction of ectopic limbs
requires three conditions; a full-thickness skin wound, a nerve, and cells with different
positional information (PI). A skin wound (without damage to the underlying soft tissues)
alone heals and the skin is regenerated, but no ectopic limbs are formed. If a nerve is
deviated to the site of the wound, then cells are recruited to form an ectopic blastema;
however, this blastema fails to form an ectopic limb and eventually in integrated back into
the tissues of the host limb. Finally, if cells with P1 from the side of the limb that is opposite
to the wound site are grafted to a wound with a deviated nerve (e.g. posterior cells grafted
into an anterior wound site), a blastema forms and continues to develop into a well-patterned
ectopic limb. When analyzed in terms of patterns of gene expression and cellular behaviors,
the mechanism for ectopic limb formation is the same as for limb regeneration in response to
an amputation [17]. Thus the ALM is an assay for the signals that induce each of the steps of
regeneration (gain-of-function) while reducing the trauma associated with amputation.

Curr Stem Cell Rep. Author manuscript; available in PMC 2018 September 01.
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The ALM has been utilized in a number of studies to identify proregenerative signals and
pathways (discussed below). From a broader, engineering perspective, one value of this
model is that it demonstrates what has been intuitively obvious, i.e. that regeneration is a
step-wise process. In response to amputation, the entire process of regeneration plays out
and there is no way to stop in along the way. In contrast, with the ALM, there are multiple
steps at which the appropriate signal(s) must be provided, otherwise the system fails to
progress to the next step, resulting in regenerative failure. By this reasoning, each step is a
potential barrier to successful regeneration [5,20], and the strategy to inducing regeneration
in humans is to identify each step and intervene therapeutically to ensure that progression to
the next step can occur. Thus the early steps must by necessity be discovered and
successfully navigated before discovering what the later steps might be.

In the ALM as well as in amputated limbs, wound healing occurs by migration of epithelial
cells from the cut edge of the epidermis, which is followed by formation of the blastema.
This later step is dependent on signals from the nerve that interact with the newly formed
wound epithelium to induce formation of a signaling center that recruits mesenchymal cells
from the adjacent connective tissue (see [5,21,22]. This step that is dependent on nerve-
associated signals in vivo can be regulated by the therapeutic delivery of a defined cocktail
of growth factors [23-25]. In so doing, a deviated nerve is no longer required, and the
downstream pathways (next steps in the regeneration cascade) leading to blastema formation
can be targeted directly.

Similarly, the role of grafted cells with different P1 can be substituted for by chemically
defined ECM macromolecules. As demonstrated in the ALM, an ectopic blastema can be
induced to form (via a deviated nerve or a growth factor cocktail), but this blastema is
unable to form limb structures. When skin is grafted from the side of the limb that is
opposite the host wound, Pl is provided that instructs the blastema cells to make limb
structures. Since the necessary Pl is contained within the dermal compartment of the skin
graft [16], it must be associated with either dermal fibroblasts, the ECM these cells
synthesize, or both. By using the ALM to assay for pattern-inducing signaling, it has been
possible to identify and characterize ECM components that provide this P1 [26].

Pl-associated signalling activity is encoded by modifications of proteoglycans of the ECM
of axolotl limb skin [26]. At least some of this activity is associated with the patterns of
sulfation of heparan sulfate (HS) that are controlled by the spatial and temporal regulation of
the expression and activity of different sulfotransferases. These specific patterns of sulfation
in turn function in regeneration by regulating growth factor signaling. The sulfation code can
be altered over a short time course, and thus it can be stable over time, yet can be modified
and reprogrammed in response to injury to enable the genesis of new Pl over the course of
regeneration (i.e. it is programmable). In addition, there are ECM associated activities that
inhibit a regenerative response in the ALM [26], which reminds us that the lack of a
regenerative response is not the same as lacking the ability to regenerate. The ability to assay
for proregenerative signaling by extracellular macromolecules is exciting in that the ECM is
acellular and can be engineered so as to induce desired outcomes in the context of
regeneration.

Curr Stem Cell Rep. Author manuscript; available in PMC 2018 September 01.
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Mammalian signaling molecules that induce a regeneration response in the

ALM

The realization that the underlying mechanisms of embryonic and regenerative development
are conserved, and used by both salamanders and humans is encouraging in that what works
in an axolotl likely will work in a human, and vice versa (e.g. human recombinant growth
factors induce ectopic blastema formation in the axolotl [23,25]). The lack of a regenerative
response in humans may be a consequence of a failure to produce the necessary signals at
the right time or place, but it is unlikely that there is a problem in the underlying pathways
themselves. This hypothesis is founded on the concept of modern development biology that
since the underlying mechanisms are highly conserved, the diversity and differences in
outcomes are a result of differential regulation of these conserved signals in time and space
[27]. In the case of regeneration, the outcome is determined by the orchestration of these
signals in response to injury. The point being that since mammalian signals and conserved
pathways function to lead to excellent regeneration in an axolotl, these same pathways
should work as well in mammals if regulated appropriated so as to affect a regenerative
outcome.

Based on this inference, the challenge is to identify when and where specific signals are
required to progress to the next step along the regeneration cascade, and the ALM allows
that to be done. Equally important is that the ALM can be used as an assay to determine if
those signals are present in mammalian wound responses. If a signal is present then it is not
a barrier to mammalian regeneration; however, if it is not present it will be necessary to
provide it therapeutically in order to overcome that barrier and progress to the next steps
along the regeneration cascade. The approach of using the ALM as an assay for signaling in
mammalian tissues has identified proregenerative signals associated with the ECM (heparan
sulfate proteoglycans in particular) of both axolotl and mouse limb skin [26]. This signaling
is associated with spatial differences in the patterns of sulfation of the heparan sulfate (HS)
chains that are predicted to regulate the response of cells to a number of growth factors,
including different members of the FGF family of signaling molecules [28,29]. The
signaling activity varies both temporally and spatially, which is consistent with observations
that HS synthesis is dynamically regulated. In addition to inducing the formation of ectopic
limb structures, there are ECM-associated signals that inhibit blastema formation. Finally, an
artificial ECM containing porcine HS can induce formation of complex skeletal elements
including joints and digit tips when grafted into ectopic axolotl blastemas [26].

The importance of HS and the closely related macromolecule hyaluronic acid (HA) is a
good example of how developmental biology and regenerative engineering can inform each
other and advance the goal of inducing regeneration (Table 1). The importance of HS has
become increasingly appreciated as the field of glycobiology has grown in recent years, and
it now is evident that it plays a critical role in regulation of a number of biological processes,
in particular through its regulation of growth factor signaling [28,29]. On the bioengineering
side, HA has played a central role in the development of biomaterials and hydrogels for
tissue engineering because of its biocompatible properties. Thus these two macromolecules
are an example of a point of convergence in terms of a role in the regulation of regeneration

Curr Stem Cell Rep. Author manuscript; available in PMC 2018 September 01.
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and the engineering of ECM/hydrogels for tissue engineering that likely will have the
potential for advancing our abilities to induce or enhance regeneration in humans.

HA is HS without the complex patterns of sulfation. Both are composed of repeating
disaccharide subunits of glucuronic acid and A-acetylglucosamine that form very large and
abundant ECM macromolecules. The prevalence and biological properties of HA were
recognized early on by tissue engineers, who were by definition looking to repair and
regenerate damaged or lost tissues. The ideas of taking an engineering approach to
regeneration were being actively discussed in the mid-1980s, culminating in the
formalization of the concept of tissue engineering in the landmark paper by Langer and
Vacanti [30]. Publications in the field based on the use of hydrogels, including HA, collagen,
and fibrinogen appeared in the literature coincident with the birth of the field of tissue
engineering, and HA as one of the first biomaterials as a scaffold continues to be widely
used to this day [31-37]. Table 1 identifies a selected group of papers (based on a survey of
approximately 250 publications over the past two decades) pertaining to the use of HA in
regenerative engineering, and provides a guide to the reader who is interested in both the
history and utility of HA hydrogels. The structural properties of HA make it particularly
amenable for engineering into bioactive and biocompatible scaffolds. It promotes cell
adhesion and proliferation, and is very good at maintaining cell viability. In vivo it is
implicated as being important in a number of biological activities including the maintenance
of homeostasis of a variety of tissues such as hyaline cartilage, synovial fluid, and loose
connective tissues. It also is an important participant in the wound healing response to
injury. Given the widespread distribution and abundance in tissues in vivo, it is no surprise
that cells like HA hydrogels.

In spite of being important in a large number of biological processes, the role of HA in
regeneration has not been extensively investigated in model organisms that regenerate well,
such as the axolotl. There are early publications that make a strong case that HA has
important functions in salamander limb regeneration (Table 1; [38-41]). Synthesis of HA is
upregulated during the early stages of blastema formation, and the enzymes that degrade HA
subsequently are expressed resulting a reduction of levels of HA at later stages [38,39].
Given its hydroscopic property, one hypothesized function for HA is that it creates pro-
migratory space into which cells from the wound bed and margin can migrate to form the
blastema [38]. Consistent with this hypothesis is the observation that the early migration of
pre-blastema cells from the dermis is delayed for several days post-amputation [42,43], as if
the space beneath the wound epithelium needs to become permissive to migration; e.g.
synthesis of HA into that space. The role of HA in axolotl limb regeneration has not been
investigated aggressively since these early reports indicating it likely is important. Given the
advances in glycobiology, the availability of the ALM as an assay for proregenerative
activity, and the importance of the sulfated version of HA (HS), there is an opportunity to
revisit HA as another tool in the box to achieve success in the engineering of regeneration in
humans.

Curr Stem Cell Rep. Author manuscript; available in PMC 2018 September 01.
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Conclusion: Engineering the stem cell niche for regeneration

The convergence of tissue engineering and the reemergence of the classical regeneration
model systems such as the axolotl, allow for the development of novel approaches for
engineering the processes for successful regeneration. Among those processes, being able to
control the behavior of the progenitor cells for regeneration is essential for success. These
proregenerative behaviors are regulated by cell-cell and cell-ECM (the niche) interactions,
and thus one important goal for regenerative medicine is to be able to engineer the stem/
progenitor cell niche. Success likely will be achieved through the convergence of
developmental biology and engineering, as for the example discussed above for HA and HS.
The ability to make progress in this endeavor necessitates having assays for proregenerative
signaling, and those assays need to be in animals that can regenerate. Ultimately the
discoveries will be translated for the clinic through mammalian models such as rats, rabbits
and mice; but they do not regenerate intrinsically and thus cannot be used as an assay.
Although the ALM can be used to identify proregenerative signals [26,44], its major
drawback is the time it takes to achieve the endpoint of differentiated limb structures (about
three months). Thus one challenge is to refine the ALM in order to validate shorter,
surrogate end points that could be used as higher throughput assays, in particular for the
multitude of modifications of HS that are predicted to have different biological activities.
The identification of more proximate functional endpoints also will lead to further discovery
of the essential steps of regeneration and the mechanisms that control those steps. Finally,
the utility of regeneration models such as the axolotl ALM reinforces the view that we need
to have an integrated approach to the problem of engineering regeneration based on the
underlying principle of embryonic and regenerative development; hence the emergence of
“regenerative engineering” [1]. As discussed in this essay, an understanding of the ECM
composition and associated biological functions in highly regenerative vertebrates offers a
wide range of possible modifications for engineering bio-inspired, biomimetic materials to
create a dynamic stem cell niche capable of regeneration and scar-free repair.
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Figure 1. The Accessory Limb Model (ALM) as a gain-of-function assay for the signals
controlling regeneration

Making an accessory axolotl limb (ALM; Endo et al., 2004). A, Ectopic limbs with normal
pattern can be induced to form in response to a wound to which a nerve (b/ue) is surgically
deviated, and a piece of skin (reg) from the opposite side of the limb (posterior) is grafted
into the host site (anterior) as indicated by the black arrows. B, Cartoon illustrating the final
arrangement of wound, deviated nerve, and skin graft that will result in formation of an
ectopic limb. C-F, In vivo images of the progressive surgical steps in the ALM beginning
with the full-thickness skin wound (C) that will heal without forming an ectopic blastema. If
this wound is provided with signals from a nerve (D, E) it will be induced to form an ectopic
blastema that does not make skeletal elements. The brachial nerve (b/ack arrows) is isolated
surgically prior to being deviated (D), and then is deviated to the anterior wound bed (E). If
a piece of posterior skin is grafted in combination with the deviated nerve (F as illustrated
in B), it provides additional signals that are sufficient to generate a supernumerary limb as
shown in (G) (two left arms). (With permission from: Bryant SV and Gardiner DM.
Regeneration 2016, 3: 103-122) [45].
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Table 1
The use of hyaluronic acid in tissue engineering and its functional role in endogenous
regeneration
Model Cell Type Approach Outcome Ref Ref
Tissue Engineering
in vivo (Rabbit) Mesenchymal Progenitor Cells Implantation of a HA-based three-  Cells adhered and proliferated on [32]
D scaffold for cells in a full scaffold and lesions filled with this
thickness osteochondral lesion hydrogel, either seeded or unseeded
with cells, achieved a faster and better
healing.
in vivo (Rat) Human Aortic Endothelial Cells Implantation of a glycidyl Implanted GMHA hydrogels showed [33]
(HAECs) methacrylate- HA (GMHA) good biocompatibility, little
scaffold into subcutaneous inflammatory response, i.e. suitable for
locations in rats to promote tissue  modification with adhesive peptide
repair sequences to use for wound healing
applications.
in vitro, in vivo Human Mesenchymal Stem Cells  Implantation of an acrylated HA Viability in vitro was increased up to [34]
(Rat) (hMSC) as a scaffold with BMP-2 and 55% in hydrogels with BMP-2;
human mesenchymal stem cells hydrogels with BMP-2 and MSCs had
(hMSCs) for rat calvarial defect the highest expression of osteocalcin
regeneration and bone formation with vascular
markers for in vivo calvarial defects
in vitro Ventral Mesencephalic Neural Photoencapsulation of cells into After three weeks, the majority of NPCs  [35]
Progenitor Cells HA hydrogels with varying cultured in hydrogels with mechanical
numbers of photocrosslinkable properties comparable to those of
methacrylate groups to investigate  neonatal brain had differentiated into
differentiation in 3D cultures that neurons, while NPCs cultured within
mimic geometry and mechanical stiffer hydrogels, with mechanical
properties of tissues properties comparable to those of adult
brain, had differentiated mostly into
astrocytes.
in vitro, in vivo Retinal Stem-Progenitor Cell Development of HA and HAMC supported RSPC survival and [36]
(Mouse) (RSPC) methylcellulose hydrogel for proliferation in vitro and exhibiting ideal
localized delivery to sub-retinal properties for delivery to the sub-retinal
space space for in vivo study.
in vivo (Rat & Human Umbilical Cord Transplantation of hUCB-MSCs A composite of hUCB-MSCs with HA [37]
Rabbit) Mesenchymal Stem Cells in 4% HA hydrogel composite hydrogel to cartilage defects results in
into defect on the knee to confirm  consistent cartilage regeneration and can
the regenerative potential in be used for the regenerative treatment of
models full-thickness articular cartilage defects.
Regeneration
in vivo (Newt) Limb Blastema Cells Investigation of changes in matrix ~ HA is synthesized in the early- [38]
in response to amputation and its dedifferentiated blastema, is at highest
role in blastema formation level at 10 days of regeneration, and
then degraded rapidly at 25 days of
regeneration.
in vivo (Newt) Limb Blastema Cells Investigation of hyaluronidase HA was the major GAG being [39]
activity and glycosaminoglycan produced, the ratio of HA to chondroitin
synthesis in denervated (fail to sulfate was reduced in denervated limbs,
regenerate) and innervated limbs and, hyaluronidase activity appears at
the cartilage deposition stage, with or
without a nerve.
in vivo (Newt)) Limb Blastema Cells Investigation of the changes inthe ~ HA synthesis began at onset of tissue [40]

Matrix and Glycosaminoglycan
synthesis during the initiation of
regeneration

dedifferentiation, became maximal
within 1 week, and continued
throughout the period of active cell
proliferation. Chondroitin sulfate
synthesis began later, increased steadily,
and reached high levels during
chondrogenesis
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Model

Cell Type Approach Outcome Ref

Ref

in vivo (Newt)

Muscle satellite cells Investigation of influence of the HA, tenascin-C and fibronectin
matrix on newt myoblasts in vitro  influjence cell behaviors (DNA
synthesis, migration, myotube

fragmentation and myoblast fusion).

[41]
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