
ABSTRACT

Key Terms
Axolotl: an aquatic amphibian with unique
regenerative abilities 
Neutrophil: a type of white blood cell that
is an important part of the immune system
and helps fight infection
Larva: a young form of an animal that is
very different from it's adult form
 Embryo: the early stage of development
of multicellular organism 
Scar tissue: a growth of tissue that marks
the spot where skin has healed after an
injury
Inflammation: a bodily reaction that
causes swelling, pain, and redness
Invertebrate: animals that do not have a
backbone
Hemostasis: the bodily process that stops
bleeding
Paedomorphic: animals that keep some
of the same features they had when they
were younger as an adult
Metamorphic: an animal that has
undergone extreme and rapid physical
changes
Epithelial cell: a type of cell that lines
different surfaces of your body such as
organs, skin, blood vessels, etc.
Re-epithelialization: the process by
which a wound forms new epithelial cells
after an injury
Full thickness excisional wounds: the
type of wound created by scientists in the
axolotl to study their wound healing
processes

Have you ever wondered what a scar is? Or, why can your
body get a scar when it seems like everything is healing
nicely? Scientists have made a lot of progress in
understanding human wound healing, but they have been
unable to develop therapeutic techniques that promote
scar-free wound healing. One of the reasons we have been
unable to promote perfect skin regeneration is that we don’t
fully understand how it works in nature. In this experiment,
scientists studied adult axolotls (figure 1), an animal who
has the ability to perfectly regenerate their wounds. 

The goal of this study was to understand the mechanisms
behind the axolotls’ unique regenerative abilities to one day
potentially apply this information to human regenerative
medicine. Scientists found that both aquatic and terrestrial
axolotls were able to fully repair their wounds, and were
able to learn more about the unique healing processes that
could have led to this. 
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Figure 1: An aquatic axolotl



WHY STUDY AXOLOTLS?
Our skin is one of the most important parts of our body. It serves as
the primary barrier between our internal and external environment.
As it is out first line of defense, it is more easily injured. While we can
repair skin damage, more often than not, we are left with scar
tissue. At least 100 million people a year get scars as a result of
injury or surgery.

Regenerative medicine has struggled to develop techniques that
perfectly regenerate our skin, without any scars. Scientists have thus
turned to the axolotl, an aquatic salamander with the ability to
regenerate it's limbs, internal organs, joints, and more! By studying
the axolotl, scientists are hoping to learn more about how to achieve
perfect, scar-free, skin regeneration.

METHODS
The axolotls were put under anesthesia so that the scientists could
create full thickness excisional (FTE) wounds through the skin of the
axolotls into their dorsal back muscles. Scientists created six wounds on
the axolotls.

Scientists harvested wound tissue at specific time-points throughout the
study. They analyzed the microscopic structure of tissue and used
antibodies to check for certain antigens (markers) in the wound tissue.



Scientists found that the injury response in
axolotls was incredibly unique. They saw that
blood flowed into the wound and that it
clotted, but it did not form a scab like
mammals do. Figure 2 shows the regenerative
process in axolotls after an injury. Scientists
were able to see that aquatic adult axolotls
were typically able to fully regenerate their
skin 80 days after injury. 

Figure 3 shows us what an axolotl looks like at
various stages in its life. Unlike other
salamanders that undergo metamorphosis,
axolotls never fully outgrow their larval, juvenile
stage and remain aquatic for their entire lives! 

Axolotls are considered paedomorphic, as
they maintain a lot of their juvenile skin
features as adults. Scientists wanted to induce
metamorphosis in axolotls, making them
terrestrial, to see if that impacted their
regenerative abilities. In figure 4, we see a
metamorphic axolotl, which is not often found
in the wild! 

The study showed that complete regeneration
in metamorphic axolotls was delayed, taking
about 120 days after injury, but not impossible.
Figure 5 shows us that wounds in metamorphic
axolotls expanded a little following their injury,
and that metamorphic axolotls also had a
lower percentage of wound contraction.

Scientists also noticed that axolotls displayed
signs of an increased amount of leukocytes,
cells that are a part of the immune system and
fight infection and inflammation, in the wound
site. 

RESULTS

Figure 3: This depicts the life cycle of an axolotl. It starts
off an an embryo in an egg sac, hatches a larva, and after
a few weeks will begin to grow it's limbs as it reaches
adulthood

Figure 4: This is an axolotl that has undergone induced
metamorphosis to become terrestrial

Figure 3: This is see the regeneration of an axolotl wound
over time. The white circle represents the site of original
injury.

Figure 5: These graphs depict the differences in
metamorphic and paedomorphic regeneration in axolotls. 



Scientists have been able to discover that axolotls follow a very different healing
process from mammals. Figure  6 shows an overview of the differences in the healing
processes in mammals and in axolotls.

 A big difference is that axolotls had a reduced hemostatic response, which is the
process that stops bleeding. In mammals, hemostasis is achieved through the
formation of a thick clot from platelets and blood plasma. It acts as a temporary plug
to help stop bleeding. In axolotls, instead of forming a thick clot, scientists found a
thin layer of blood plasma at the site of injury.
 In the wound site, axolotls also had a much lower amount of neutrophils, the most
predominant cell type in our immune system that is necessary to fight off infection,
which also led to a reduced inflammatory response. While there was a lower amount
of neutrophils, axolotls still had a strong immune system that prevented infection after
injury.
 Additionally, axolotls had a very rapid re-epithelialization process, which allowed
them to quickly restore the physical barrier between their internal and external
environments.
 This study has provided scientists with a new way in which to study wound repair, by
looking at hemostasis, inflammation, and re-epithelialization.

DISCUSSION 

Adapted by Alfonso Godínez Aguilar from Skin regeneration in adult axolotls: a blueprint for scar-free
healing in vertebrates by Seifert, Ashley W et al., 2012.

Figure 6: This chart shows the length of
different regeneration processes in
mammals and axolotls (both paedomorphs
and metamorphs). It shows that the
regeneration process in axolotls is very
different from that of mammals!


