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Abstract

Developmental biology and regenerative biology began with the studies of Abraham Trembley
who was a mathematician. Trembley initiated studies with the freshwater hydrozoan, hydra to
determine if the organism was a plant or animal. His first studies in 1740 found that bisection
of the organism lead to the formation of two complete adult appearing hydra and he then
proceeded to perform extensive experiments to evaluate the extent of hydra’s “regenerative
capabilities”. He performed numerous experiments that culminated in the publication of his
book in 1744 on the biology and regenerative nature of hydra. His studies established the early
foundations of regenerative biology that have been built upon over the years and has led to
current studies focusing on cellular and molecular mechanisms. From Trembley’s initial
studies, regenerative biology has grown to encompass the field of regenerative medicine that
applies our understanding of regenerative processes to the human condition.

Early Studies by Trembly with Hydra Established a Foundation for Our
Understanding of the Regenerative Process
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Developmental biology and its subcomponent, regenerative biology began with the studies of
Abraham Trembley who was a mathematician. Trembley initiated studies with the freshwater
hydrozoan, hydra (originally classified as a plant) to determine if the organism was a plant or
animal. His first studies in 1740 found that bisection of the organism lead to the formation of
two complete adult appearing Hydra [1,2]. From this initial observation, Trembly concluded
that hydra was actually an animal and proceeded to perform extensive experiments to evaluate
the extent of its “regenerative capabilities”. He performed numerous experiments that
culminated in the publication of his book in 1744 on the biology and regenerative nature or
hydra [1,2]. His studies established the early foundations of regenerative biology that have been
built upon over the years and has led to current studies focusing on cellular and molecular
mechanisms. From these first studies, regenerative biology has grown to encompass the field
of regenerative medicine that applies our understanding of regenerative processes to the human
condition [3].

Hydra has had an important role in our understanding of regeneration and has become an
important model for the study of regenerative processes and its underlying mechanisms [4].
Briefly, studies by the laboratory of Hans Bode and others see the 2019 review by VVogg, Galliot
and Tsiaris for an excellent discussion of past and current hydra studies have shown that
bisection of a hydra along its longitudinal axis leads to the upper head half regenerating a new
basal disc and the lower basal disc half regenerating a new head; regardless of where the
incision is made along the axis [4]. Concomitant grafting experiments established that the
polarity of hydra is controlled by a series of morphogenetic gradients that dictate that the head

and basal disc only form at specific locations along the longitudinal body axis. Further
experiments defined a head activator gradient (highest at the hypostome- tip of head region)
and a basal activator gradient (highest at the basal disc that defines the inferior end of hydra).
Additionally, it was found that a basal disc activator gradient and a basal disk inhibitor gradient
exists.

Inhibitor and activator gradients provide instructions that define the apical and basal ends of
the adult polyp. In addition to these gradient systems, hydra also utilizes cell-cell and cell-ECM
interactions to further control the regenerative process [5]. Cell-cell interactions, include a
broad range of adhesion molecules such as integrins, tight junctional complexes (septate
junctions, in hydra) and gap junctions to name a few [5]. These molecules function not only in
adhesion and signal transduction, but also serve to facilitate cell trans-differentiation processes
that are essential for regeneration to occur [5]. These cell-cell interactions interplay with cell-
ECM interactions to provide precise control mechanism in the hydra’s regenerative processes.
ECM formation is closely coupled with the above-mentioned regenerative processes as
previously shown [6-8]. Moreover, these matrix studies have shown that hydra’s ECM
components mimic that seen in higher vertebrates and man demonstrating the conservation of
matrix components among the animal groups [9].
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Application of Transgenic Techniques to the Study of Hydra Regenerative
Processes

The first report on transgenic hydra was published in 2006 from the laboratory of Thomas
Bosch [10]. These studies injected the hot EGFP expression vector into the two-eight cell
Hydra embryo with expression of the vector observed 2-3 days after embryonic hatching [10].
In these injected embryos hatching was observed 14-49 days after fertilization. While
expression was transient (8-12 days) in the majority of injected embryos, expression was stably
integrated into the genome in some embryos leading to establishment of transgenic hydra lines
[10]. The laboratory of R.E. Steele confirmed the reproducibility of the hydra transgenic
technique in 2014 with a follow-up publication involving a GFP expression vector construct
that resulted in a 10-20% success rate for obtaining stably integrated transgenic hydra [11]. In
2019 the laboratory of Bosch published a detailed description of the hydra technique in nature
protocols [11]. The authors pointed out that the major limitations of generating transgenic
hydra includes:

1) An inability to apply Cre/loxP or Gal4 technologies into hydra transgenics

2) A limited knowledge of the integration of genomic constructs into hydra that obscures one’s
ability to determine the number of transgene copies incorporated into the genome or the
chromatin context of the integration

3) Genetic manipulations are limited to only the transcriptional level thereby precluding the
development of knockout or genome-editing approaches

Conclusion

Beginning from the early studies of Trembly, hydra has provided a useful animal model for
analysis of the mechanisms involved in the regenerative process. Data from hydra studies have
been translated into other animal systems to include the more complicated vertebrate models
such as zebrafish and mouse. With the advent of transgenic approaches in hydra it will be
possible to better elucidate the molecular mechanisms underlying hydra regeneration. As an
extension of this research, studies are now underway to apply the CRISPR approach to hydra
so that more expansive studies can be undertaken to better understand hydra regenerative
mechanisms.
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