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Mechanism of wound healing in annelids
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Abstract

All animals possess some type of tissue repair mechanism. In some species, the capacity to repair
tissues is limited to the healing of wounds, but others posses a striking repair capability to replace the
entire organs. It has been reported that some mechanisms, namely extracellular matrix remodeling,
appear to occur in most repair processes. However, it remains unclear to what extent the process of

wound healing is similar to organ regeneration.
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Introduction

The Phylum Annelid (13,000 living species) is a
line of invertebrate life dating back 540 million
years. Their elongated, segmentated body plan and
other body features have allowed annelids to
specialize at burrowing through substrates, and to
radiate into other ecological niches (class
Polychaeta - segmentated worms in marine
environments; class Oligochaeta - in fresh water
and on land; class Hirudina - leeches - parasites).

Animal species possess different capability to
replace lost body parts through regeneration
(Herlant-Meewis, 1964; Thouveny and Tassava,
1998; Brusca and Brusca, 2003). Some species
such as Planaria, Hydra or starfish can readily
regenerate lost organs or body parts. In contrast,
other species, such as most vertebrates have
limited regenerative capacities. But, all species have
some capacity to heal wounds produced by external
factors during their existence. Many researchers
attempted to find the relationship between the
process of wound healing and regeneration. There
are some indications that these processes might
differ at the cellular and molecular levels. In see
urchins has been suggested that healing of broken
spines occurs by a morphallactic mechanism
involving recruitment of differentiated cells, while
regeneration of removed spines and pedicellaria
occurs by an epimorphic process involving
undifferentiated precursors (Dubois and Ameye,
2001). Also in zebra fish mutant (dob- devoid of
blastema) was found that it failed to regenerate the
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fin but the response in wound healing was normal
(Whitehead et al., 2005). Recently, it has been
shown that both wound healing and regeneration in
axolotl are dependent on epithelial/mesenchymal
interactions, the formation of the wound epidermis,
the restructuring of the extracellular matrix and other
cellular/molecular events (Roy and Levesque,
2006). To see if the cellular mechanisms during
wound healing and organ regeneration are similar,
the sea cucumber Holothuria glaberrima was
investigated (Miguel-Ruiz and Garcia-Arraras,
2007). Animals were lesioned and damaged tissue
included muscle, nerve, water canal and dermis.
The authors founded that cellular events associated
with wound healing correspond to those occurred
during organ regeneration. These include: an
increase in the number of spherule-containing cells,
remodeling of extracellular matrix, formation of
spindle-structures that signal dedifferentiation of
muscle cells and intense cellular division. Thus, it is
possible that regenerative limitations in some
organisms are due to the absence of particular
mechanisms associated with repair or the inability of
activating the repair process in some tissues or
stages.

Annelids: wound healing and regeneration

Annelids have a reputation for impressive
regenerative abilities, but this ability varies widely.
Manny annelid worms are limited in their ability to
regenerate anterior body parts, whereas posterior
segment regeneration is much more common (Bely,
2006). In addition to their ability to regenerate body
segments, annelids generally have a marked
capacity for wound healing (Zoran and Martinez,
2009). The remarkable ability of some annelids to
reconstruct their entire body require coordinated
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activation of multiple developmental, regenerative
and wound healing processes in response to injury.

On the other hand, leeches are incapable to
regenerate lost segments, whereas they generate
an effective response to injury by assembling an
extracellular scaffold of proteins that facilitates the
restoration of traumatized structures (Tettamanti et
al., 2004).

Wound healing in the earthworms could be
used as a biomarker for assessing chemical toxicity.
Wound healing in earthworms is continuing process
from open to healed wound with different stages
and activities (Cooper and Roch, 1986). It involves
the inflammatory response and various cell types,
including immunoactive macrophage-like
celomocytes. Also the influence on cell membranes,
cell division, energy production or use, synthesis of
DNA or RNA and enzymatic pathways should be
sufficient to interfere with the complex processes
required to heal damaged tissue.

Wound healing in earthworms Lumbricus
terrestris (Cikutovic et al., 1999) was monitored after
cutting of three-sided patch of integument of L.
terrestris during 5 days, after exposure to variety
chloride compounds. The authors found that both,
concentration and duration of exposure significantly
reduced wound healing. Similar finding was
observed earlier (Cooper and Roch, 1992; Ville et
al., 1995). Suppression of healing could be the
consequence of interfering chloride compounds with
the membranes of macrophages and other cells that
function in healing process. It was found (Ville et al.,
1995; Goven et al., 1993, Giggleman et al., 1998)
that some organics (polychlorinated biphenyl,
pentachlorophenol, chlordane) suppress
phagocytosis in earthworm celomocytes, probably
by affecting their cell membranes. Another
chlorinated pesticide, lindane, was reported to
reduce RNA synthesis in mammals (Lewis and
Adams, 1985; Thomas and Faith, 1985), which
could also interfere with tissue repair during wound
healing. Cell division, which is also important in the
wound healing process, might be affected with
pollution in soil (Cikutovic et al., 1993).

Heavy metals, such Cd** or Cu?* may affect
enzyme activity necessary for wound healing. It was
shown (Chen et al., 2001) that Cu?" interferes with
an enzymatic pathway in celomocytes leading to
production of superoxide (02'), which is responsible
for killing phagocytosed microorganisms in many
animal species. It has been shown that exposure to
Cd?" in mammals increased infections (Lawrence,
1985), inhibited RNA and DNA synthesis (Daun et
al., 1993) and ATP utilization (Graham et al., 1975),
whereas in L. terrestris celomocytes suppressed
phagocytosis (Roy and Levesque, 2006).

Suppression of the healing process portends
pathological effects in wildlife exposed to
environmental toxicant if they are wounded during
natural activities. Healing of lacerations, punctures
and abrasions of the integument or digestive tract
may be compromised, resulting in microbial infection
or parasite infestation. Injured animals may be even
more susceptible to pathogens if the chemicals that
suppress the healing process also affect
immunoactive cells responsible for phagocytizing
and killing microorganisms.
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During wound healing the extracellular matrix
(ECM) is produced, as well as its structural
component, collagen. Collagen also plays a major
role in the modulation of several cell functions,
including adhesion, migration, growth and
differentiation (Hay, 1991; Birk and Zycband, 1994;
Lim et al., 1994). In addition, fibrillar collagens are
also involved in numerous processes, including
stabilization of tissue shape and form during both
vertebrate development and tissue regeneration
(Birk and Trelstad, 1984; Ingberg, 1994; Fraizer et
al., 1996; Kletsas et al., 2000; Badylak, 2002).
Collagen fibrils are present in both vertebrates and
in lower invertebrates (Bradbury, 1958; Matsuda-
Nakagava and Nicholls, 1991; Sicot et al., 1997).
Previously was demonstrated that Hirudo
medicinalis (Annelida, Hirudinea) could be a very
good animal model for investigation of tissue repair
and wound healing (de Eguileor et al. 2001, 2004;
Grimaldi et al. 2010). The body of leech has a
simple organization. Tissue repair in leeches shows
a high degree of similarity to wound healing in
vertebrates in biochemical and structural-functional
points of view. The wound healing process in
leeches can be divided into three stages:
inflammation, granulation tissue and scar tissue
remodeling. Granulation stage in leeches is
characterized by re-epithelization, angiogenesis and
fibroplasias. During these steps occurs the
formation of new epithelium, followed by the blood
vessels and then by connective tissues (de Eguileor
et al. 2004; Tettamanti et al. 2004) Reorganization
of collagen was studying in leech wound healing
(Tettamanti et al., 2004). After surgical lesion of the
leeches it was shown that newly synthesized
collagen acting as an extracellular scaffold. It directs
and organizes the outgrowth of new vessels and the
migration of immune cells towards the tissue
lesions. In these animals, the collagen fibrils
generated during tissue regeneration, showed
similarities to both the structural pattern of collagen
bundles and assembly processes observed in
several vertebrate systems (fish scales, amphibian
skin, human cornea). Thus, leeches respond to
surgical lesions with the same sequence of wound
healing and tissue regeneration events as that
described for vertebrate (Tettamanti et al., 2005). It
was found that the general architecture of leech
collagen fibril organization and bundle orientation is
identical with the structural pattern of collagen
bundles observed in vertebrate cornea (Birk and
Trelstad, 1984). Thus, it could be hypothesized that
collagen structures, characterized by a striking
structural complexity and multifunctional purposes,
are anatomical system highly conserved throughout
evolution. To support the observation that “Nature
has followed economic and conservative strategies
based on the conservation of a lot of molecules and
related functions” (Ottaviani et al., 2004), probably,
evolution preserved the primitive models because of
their excellent functional utility and effectiveness.
The phases which could be involved in annelid
wound healing is depicted on Figure 1.

If the cellular mechanisms during wound
healing are similar to those occurred during organ
regeneration, these report could be expanded with
additional data. Regeneration of annelids was studied
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Fig. 1 Phase during wound healing in Annelids

in few groups, even at molecular level, with
identification of the genes involved in the
regeneration process (Bely and Sikes, 2010). In
review Bely (2006) has described that the most
annelids have the ability to regenerate posteriorly.
The ability to regenerate anteriorly is common but
less widespread. The molecular mechanisms for
regeneration process have not been yet completed.
Some annelids exhibit regenerative abilities very
similar to planarians (Bode et al., 1973; Newmark et
al., 2000), which can completely regenerate a new
organism from small body fragment. However, the
regeneration mechanisms are thought to be quite
different between planarians and annelids. The
planarians regenerate via totipotent stem cells
(neoblasts) that are widely distributed throughout
their bodies (Redien and Alvaro, 2004). The
annelids regeneration is thought to occur primarily
by cellular dedifferentiation and redifferentiation,
without the contribution of totipotent cells (Thouveny
and Tassava, 1998), but lately more date point on
the involvement of stem cells (totipotent cells) in
regeneration process (Grimaldi et al. 2008, 2010).
To better understanding the regeneration
mechanisms in annelids, the genes that are
expressed specifically during the course of
regeneration, were identified on model animal
Enchytraeus japonensis (Myohara et al., 2006).
Besides the known genes which play the roles in
development (e.g genes for ECM, glutamine
synthetase, NICE-5, glucosidase), the new genes
Ejrup1-5 upregulated during regeneration, were
isolated. After structural analyses of the products of
these genes, a variety of putative functions that can
be associated with their protein products were
noticed. These functions include transportation and
binding, transcriptional regulation, protein interaction
and cell adhesion and perhaps some of them play

Hemogasis
Inflammation
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an important role in regeneration. Using in situ
hybridization (Niv et al., 2008), a strong expression
of glutamine synthetase gene occurs in the
blastemal regions of regenerating E. japonensis.
Strong expression was detectable at the cell layer
covering the wound and was found to persist in the
epidermal cells during the formation and elongation
of the blastema. Thus, according the results the
authors suggested that E. japonensis glutamine
synthetase may play roles in regeneration, nerve
function, cell proliferation, nitrogenous waste
excretion, macromolecule synthesis and
gametogenesis.

Regenerative phenomenon has been explored
also on the Echinoderms and many details are
shown in the reviews (Candia-Carnevali, 2006;
Kondo and Akasaka, 2010). Most explored model in
echinoderm regeneration studies is the process of
arm regeneration after lost following traumatic or
self-induced amputation (Candia-Carnevali and
Bonasoro, 1994, 2001; Bonasoro et al. 1995, 1998;
Candia-Carnevali et al. 1995, 1998; Patruno et al.
2001) using the feather star (crinoid Antedon
mediterranea). In this process new structures
develop from migratory actively proliferating cells.
Different type of cells is involved in regeneration,
including those that are considered to be stem cells.
During regeneration, coelomocytes from coelomic
canal and amoebocytes from brachial nerve,
migrate to the distal wound area and are involved in
regenerative process. From migratory amebocytes
is formed a blastema. On the other hand, migratory
coelomocytes contribute to regenerate the celomic
system. Cells proliferate at the blastema, coelomic
canals and brachial nerve. Since the migrating cells
differentiate into new structure of the arm, they are
presumably undifferentiated multipotent stem cells.
But the knowledge about stem cells in crinoids



would be further support with molecular analyses.
Recently, similar results have been reported on the
study of wound healing and arm regeneration in
Ophiderma longicaudum and Amphiura filiformis
(Biressi et al. 2010).

The earthworm provides a unique and valuable
model to investigate the mechanism of regeneration
because this process is rapid and it regeneration of
a complete head and tail requires the reformation of
various tissues and organs. To study the head and
tail regeneration on annelid Perionyx excavatus, the
expression pattern of three labial genes (Pex-la-01,
Pex-lab02, Pex-lab03) was monitored (Cho et al.,
2009). The results indicated that these genes were
expressed only in the head-regenerating tissues.
Also, the authors found that the expression of Pex-
lab01 and Pex-lab02 was up-regulated, and this
indicated their involvement in wound healing and
the blastema formation process during early head
regeneration.

On the other hand, the leeches do not possess
ability to regenerate segments posteriorly or
anteriorly (Hyman, 1940). Only some leeches can
wound heal (Le Gore et al., 1971; Huguet and
Molinas, 1996) and undergo limited nervous system
repair (von Bernhardi and Muller, 1995), without any
tissue or segment regeneration.

Data about wound healing in annelids are very
obscure. The annelids have a big potential for
regeneration of different body part, because they
produce unique and potent molecules. Probably, it
is a reason that they are also investigated as a
wound healing agent (Matausic-Pisl et al., 2010).

The elucidation of the annelid regeneration
mechanisms is thus expected to provide valuable
information that may allow us in the future to explore
strategies to enhance the regenerative capabilities
in vertebrates.

The cellular events that occur during wound
healing, namely the pattern of cell division, ECM
remodeling, and muscle dedifferentiation are similar
to those that take place during regeneration of
complex structures in the animals that posses a
high regeneration capacity. To date a few molecular
studies have been carried out to the understanding
the mechanisms of annelids wound healing and
regeneration.  Additional studies should be
conducted to shed more light on this subject.
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